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CHAPTER LXXVIII

ELECTRIC ELEVATORS

Electricity has been found to be a very desirable power fot
operating elevators, and has some inherent advantages which
has caused electric elevators to grow rapidly in public favor.
Ordinarily electricity is easily obtained, and the flexibility of elec-
tric equipment allows it to be installed where little room is
available.

There are numerous kinds of electric elevator to meet the
various conditions of service, and they may be classed:

1. With respect to the current, as

a. Direct;
b. Alternating.

2. With respect to service, as

a. Passenger;
b. Freight.

3. With respect to the transmission, as
a. Drawn;

b. Traction.

4. 'With respect to the control, as

a. Non-reversible; f. Full magnet;
b. Reversible; g. Push bution;
¢. Mechanical; k. One speed;
d. Semi-mechanical; 4. Two speed.

e. Semi-magnet;
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5. With respect to the location of the power unit, as

G. Over mounted (overhead);
b. Under mounted (basement).

6. With respect to the velocity ratio between motor and car, as

a. Direct drive;
b. 2:1 reduction;
¢. Multi-reduction.

7. With respect to the transmission as

a. Belt driven;
b. Direct connected.

8. With respect to balancing the load, as

a. Counter-balanced;
b. Compensated.

After describing the essential features of drum and traction
elevators, the numecrous devices comprising the mechanism,
many common to both systems, will be treated in detail.

Drum Elevators.—The term “drum” applies to all elevators
in which the cables leading from the car are both Jastened to
and wound upon a drum. The essential features consist of a
drum operated through gearing, and to which is attached the
cables which support the car.

Power, when applied to the driving gear, turning it in one di-
rection, winds the cables upon the drum and causes the car to
ascend, and when the power is reversed, the drum turns in the
opposite direction, paying out the cables, and causing the car to
descend. ’

The weight of the car is balanced by a counterweight, thus
reducing the energy to be expended in operating the car. Auto-
matic devices, to be described later, are used to insure the proper
and safe control of the movements of the car.
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Ques. How is the coun=~
ter balance usually propor-
tioned for drum elevators?

Ans. It is made heavy
enough to balance the car
with its average load.

Ques. Why?

Ans. To avoid gravity
work as much as possible.

Thus with average load, very
little power is required—just
enough to overcome the friction
of the system. It should be
noted that with this arrange-
ment, the counterweight is
heavier than the car, and while
power will berequired to produce
a downward movement of the
empty car, the work done in
raising the car with full load is
only equal to the weight of half
the load (including friction) plus
the distance raised.

Ques. In construction
what advantages result
from placing the drum
overhead?

Ans. It gives direct trans-
mission, that is, no pulleys are

‘F1G6. 4,113.—~Undermounted full magnes

drum type elevator. The hoisting drum
is driven by worm gear froma motor M.
The ﬂex_xbf; conductors being shown ag
C running from the car H to a con-
nection block B, and thence to the
controller R, The overhead sheaves
at V, the counterweight U, and the car
safety equipment consisting of the
go.vernor%l. the idler S, and the guide
gripping device at A.
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required between drum and
car, also the drum may be
s0 located that one face of
the drum is over the center
of the car, and the other
face over the counter-
balance, thus allowing the
car cables to be fastened
at one end of the drum and
the counterbalance cables
at the other end of the
drum grooves, the car
cables occupying the entire
surface of the drum when
the car is up, and the
counterbalance cables fol-
lowing along side of them,
occupying the entire drum
surface when the car is
down.

P16, 4,114.—Diagram of Otis over-
mounted 1 te 1 traction elevator.
The machine consists essentially of
a motor, a traction driving pulley,
and a magnetically released spring
appliedtobrake,compactlygrouped
and mounted ona continuous heavy

iron bed. The mofor isof the slow
speed sbunt wound type. The
ﬁve from the armature spider to
the pulley is eflected through a
flange integral with the spider and
bolted directly to the pulley, thus
elimunating tortional strains on the
shaft and the use of keys. The
control is full magnet, that is, the
controller is actuated by a master
switch in the car. The object, of
the oil buffer, is to act as a cushion
in bringing either the car or counter
weight to a positive stop_through
the displacement of the oil.
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The arrangement of placing the machine or “‘engine’ as it is called,
that is, the power unit in the top of the elevator shaft, is peculiarly
adapted to electric elevators, when the power is easily conveyed by
electric conductors to the motor. The drum machine, whether over or
under mounted is nearly always overbalanced as the saving in gravity
work compensates for all friction and any extra first cost that might
be received.

Ques. State an objection to drum elevators.

Ans. There is lack of absolute means of stopping the drum
when the car or counterbalance gets to the top of the shaft.

Automatic safety devices are provided to shut off the power and apply

the brake when the car is near its limit of travel. These devices are

adjustable, can be removed, and may get out of order when neglected
by those in charge.

Ques. For what service are drum elevators not suited,
and why?

Ans. For very high lifts, because of the very large size of
drum necessary to take the cables.

Traction Elevators.—This type of elevator derives its name
from the fact that motion is obtained by means of the traction;
that is to say, the friction existing between the driving pulley
and the hoisting cables. In order to produce the necessary
tension for this result, the hoisting cables, from one end of
which is suspended the car, and at the other end, the counter-
weight, pass twice partially around the driving drum and only
once around the idler, although frequently, before leading
into the shaft, they are deflected by the idler in order to lead
them plumb over the counterweight. This accounts for the
necessity of having the same number of groove on each drum.

It should be noted that the grooves are straight for traction
glevators and spiral for drum elevators.

The term ‘‘gearless’” is sometimes ill advisedly applied to
some form of traction elevator, meaning that the power is
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1 FiG. 4,115.—dDiagram of Otisl, over-
" 9 mounted 2 to 1 traction elevator,
L-!. This machine is similar in appear-
t:-!l!-l-!,!-‘. ance to the standard drum ma-

chine, except that a multi-
grooved driving (ﬁl&lley ismounted
1n place of the m, and a non-
vibrating idler leading pulley
takes the place of the vibrating
pulley necessary on the drum
type. The carand the counter-bal-

ance weight hang directly from

IS N

the driving pulley, onefromeither

end of the cables in grecisely the
same manner as with the 1 to 1
drive, the necesssary amount of
traction being obtained by the
extra turn of the cables resulting
from passing around the idler
pulley. The machine is equipped
with a mechanically applied and
electrically released double shoe
brake. The shoes are applied
against a pulleyof amplediameter

and width to diss’f%ate any
heat generated. e brake

shoes, normally, are bear-
ing against the pulley with

a pressure corresponding

g to the compression of the
J two helical springs. en

i current is admitted to the
. solenoid brake magnet, and
i then only, the action of
il the springs for the time
! is overcome, so that _ the
¥ shoes are released, It will be

COUNTER-

seen, therefore, that the brake

oiL
BUFFER

will apply with full force should
WEIGHT a failure of current occur, result-
ing in an immediate stop of the
elevator. The motor 1s com-
pound wound and runs usually at
about eight hundred revolutions
o1l per minute at full car speed and
BUFFER oad. The series field is used only

at starting to obtain a highly

saturated field in the shortest
possible time, and this is then short circuited,
allowing the motor to run as a plain shunt
wound type. In stopping, a comparatively
low resistance field is thrown across the
armature, providing a dynamic brake actionand
a gentle slowing down of the car, the brake
being called upon only to effect the final stop
and to hold the load at rest. Resistance in
series with this extra field as it is called, is
controlled by magnets which depend in their
operation on the speed of the armature. It
is therefore evident that the dynamic or re-
tarding effect of the field is proportional to
the speed; and therefore to the load in the
elevator. Rope guards are provided to pre-
vent the cables leaving their grooves in the
event of either car or counterweight bottoming.
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transmitted to the car without toothed gears; it is in fact,
transmitted through cables and pulleys which is in fact a form

of gear.

There are two forms of the so called gearless traction elevators:

the 1tol or d

ORIVING PULLEY

THRUST BEARING

irect drive type shown

P+G, 4,116.—Diagram of an overmounte
drive. The traction feature is identica

in fig. 4,114 and the
2:1 reduction type
shown in fig. 4,115.
A third form of trac-
tion elevator known
as a multi-reduction
or worm drive is
shown in fig. 4,116,
the essential features
of each being men-
tioned under the il-
lustrations.

By comparing
the three figures it
is obvious that the
direct drive machine
(fig. 4,114) is suit-
able for high speed
service; that the 2:1
reduction machine
(ig. 4,115) is an
adaptation of the
direct drive type per-
mitting of slower
car speeds; the
multi-reduction type
(fig. 4,116), permit-
ting the use of small
high speed motor.

d traction elevator with multi-reduction or worm
1 with fig. 4,115. Attached to the driving pulley

is a gear which meshes with the worm underneath, the latter being direct connected to the
motor. Clearly, the worm gives a large velocity reduction permitting the use of a high
speed motor. The magnetic brake being located to act on a brake pulley attached to the
fast revolvin? motor shaft gives considerable braking power light grip on the brake pulley.

The action o
m detail.

the single worm gear is such as to require a thrust bearing, as later explained



Fics, 4,117 and 4,118—Two types of freight elevator.
desi able as the composite construction shown in fig.
floor boards.

The all wood construction, fig. 4,117, because of fire risk, is not so
4,118, the latter being made entirely of metal with exception of the

298'c
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The multi-reduction type of which fig. 4,116 shows one form permits
the use of a small high speed motor for operating a slow or compara-
tively slow car. Because of the high velocity reduction ratio of the
worm gear, it is self-locking, that is to say, although the worm and
gear unit permits motion to be transmitted from the worm to the gear,
no load that could be put on the car would be heavy enough to cause
motion to be transmitted from the gear to the worm, thus no change
of loading would cause the car to descend, and consequently no car
locking device is required.

Ques. State some advantages of traction elevators.

Ans. The traction elevator may be used for lifts of any height,
because it does not employ a winding drum whose size has to
be considered; the compact and simple arrangement of parts
permits of simplicity of installation and economy of space
especially when over mounted.

Ques. What difficulty is sometimes experienced with
traction elevators?

Ans. Slippage.

With all traction elevators, there is the danger of slippage of the
cables on the driving drum, especially if the cables become greasy.
This slippage is most noticeable when the operator endeavors to stop
in descending with a heavy load, with the result that on high speed cars
when attempting to make a quick stop, the car sometimes shides past
the landing even to the extent of one or more stories.

The fact that the traction drive is not a positive drive is a safe-
guard for the reason that cable strains can never increase beyond a
certain limit, well within the factor of safety of the cables and fastenings.
This means that the danger of the car or weight dropping, as a result
of being pulled into the overhead work, and thus breaking cables or
fastenings, is eliminated.

The Car.—There are two general classes of elevator car:
freight and passenger: these of course vary considerably in
design.

Freight elevator cars are made of wood or iron, with iron braces and
fixtures; their platforms are seldom enclosed, and their design is usually

of the simplest nature, Cars intended for passenger service are enclosed
by a cage of wood or iron—opreferably of the latter material
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b 4, Typical elevator car layouts as given by Warner Elevafior Co., showing
relative sizes of shaft and plaiform for both passenger and freight elevators, the width
of entrarce being the only diffzrence. No. 1 side post, steel guides, machinc and counter-
weight at side; No. 2side post, wood guides, machine and caunterweight at sides; No.3
side post, steel guides, machine at back or averhead, counterweight at side; No. 4 side
post, wood guides, machined back or ovethead, counterweight at back: No. 5 corner
post, steel guides, machine at back or overaeud, counterweight at side; No. 6 corner post
wood guides, machine at back or overhead, counterweight at side; No. 7 side 0st, stee]
guides, machine overhead, weight at side; No. 8 side post, wood guides, machine over-

ead, weight at side; No. 9 side post, wood guides, machine and counterweight at sides.
Layouts No. 1, 2 and 9 are to be preferred when machine is erected in basement, Lay-
outs No. 3, 4, 7 and 8 are to bec{njeferred with machine overhead. Height required above
top floor when machine is placed in basement ‘s 19 feei. Height required above top floor
for overhead constructions is 23 fvet. Pits nrust be made full size of shaft and should be
30 inches deep for speeds under 125 feet per minute, and 48 inches deep for greater
speeds. Allow at least 7 feet by 11 feet for machine to permit free access to all parts.

-_—
NOTE.—In the construction of z freight elevator platform, oak timber can be recom-
mended for all parts except head team, which skeuld be structural steel. In best work ail
foints are tenoned or belted. Tension and brace rods effectually tic the frame together and
prevent it getting out of shape. Structural brackets connect head beam with side pieces.
Guide brackets at top and bottcm of side frame have chilled Zzces which bear against hardwoog
guide strips. The pletform is thus maintained in proper pasition and friction of guides reduced

to a mimmuni.
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In general, elevator cars should be constructed wholly of metal for
safety in case of fire. Wrought iron grill work is largely employed
for the sides and top of passenger cars, as it is not only fire proof but
provides for ventilation and is ornamental in appearance, and at the
same time substantial and of light weight.

In order to guide the car, two guide rails usually and preferably of
iron are mounted vertically in the elevator shaft, and over these rails
fit guide shoes that are fastened to the car. Theése guides are usually
placed on opposite sides of the car, and in some instances at the diagon-
ally opposite corners. In tke former case the installation is said to be
of the side post type, and in the latter case, of the corner post type.

G, 4,128.—Typical modern passenger car. Wood or other combustible material is practically
eliminated, and with the exception of the floor boards, the construction is all metal. Sheet
metal is employed around the lower part and open metal grill work around the upper
portion giving a well ventilated and light yet strong car.

Local conditions determine which type to adopt. The various details
ot car construction are shown in the accompanying cuts.

The Shaft.—The enclosure in which the elevator travels,

called the shaft, and sometimes ill advisedly, the hatchway,

should be enclosed with iron lattice work or grill work.
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The walls should not be solid, because the solid enclosure acts as a
chimney, in case of fire causing the fire to work upward from floor to
floor, rendering escape by elevator impossible. A better lighted and
ventilated shaft is also obtained with openwork construction of the
shaft and of the doors or gates opening into it.

That portion of the shaft enclosure at each floor should be carried
the full height of the opening between floor and ceiling in order to reduce
the possibility ef accident. When grill work is used for this portion
of the enclosure, there should not be more space than one and one-half
inches between the adjacent parts of the grill work to prevent ohjects
being thrust through. Throughout the interior of the shaft there should
be no projections.

F1G. 4,129.—Semi-circular multi-shaft open iron work. With this grouping of the entrance to
cars, the doors of ali ti.e cars can then readily be seen by a person entering the hall,
and he can therefore ascertain at once which car to enter. Thig arrangement, however,
should not be carried beyond the limits of 2 semi-circle, as the cars located in the ex-
tension are liable to be overlooked, and the efficiency of the system as a whole thus
diminished.

In buildings where more than one elevator is installed, it is advisable
to enclose each elevator shaft separately and have the stairways cut
off from the elevator hallways. While this construction is not usually
followed, the reduction in the firc risk that is otherwise present and
the elimination of noises caused by the opening and closing of the
elevator doors, commend it where the additional expense entailed is

not prohibitive.
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All doors and gates leading to tke shaft a: the various floors must
be substantially made and locked or bolted on the shaft side so as to
be opened only by the cperator in the car.

When the car is at the lowest landing, it should rest on spiral springs
called bumpers, cr on oil bumpers, so as to relieve the tension on the
hoisting cables. These bumpers interpose a yielding resistance to the
car when settling to rest and thus often prevent severe shocks or jars.
Below the lowest landing it #s well to have the shaft constructed air
tight as far as its walls are concemed, so that it will act as an air cushion
in case a car fall into it and thus gradually bring the car ‘o a stop.
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P1G. 4,130.—Elevator motor horse power diagram. Three factors determine the horse powe
of the motor thai should be used, namely, the weight to be hoisted, the speed of travel
and the efficiency of the elevator, In the dtagram, tﬁe efficiency of the elevator is assumed
to be 50 per cent. To determine the proper size motor to use in any case follow the diag~
onal line correg.)cmdmg 2o the unbalanced load up to the point where it crosses the wvertical
line corresponding :o the speed desired. The orizontal line at this point will indicate
the horse power of motor required.
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Motors for Electric Elevators.—In estimating the horse
power required for an elevator motor, the load, speec. and effi-
ciency of the system must be considered. Since it is customary
to counterbalance the weight of the car and part of the load
this must be taken into account, that is, only the unbalanced
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load is considered. Accordingly the horse power required may
be obtained from the following formula:

LXS
Horse power = T % 33.000
in which
L = unbalanced load in pounds;

S = speed of elevator in feet per minute;

E

i

efficiency of the system generally taken at 50%,.

FiG. 4,131.—Warner direct current motor. It is compourd wound, having heavy series fieid

windings. _The series windings are used for starting only, and are cut out of circuit as the
motor attains its normal speed, in order to give the constant speed characteristic of the
simple shunt motor. The standard motors up to 40 horse power are variable speed. and
have a controllable range from 500 R.P.M. to 800 R.P.M. Anather type of Warner direct
current motor has interpoles; up to 30 horse power, the range is from 260 R.P.M., to 800
R.P.M., and 40 to 50 horse power the range is 200 R.P.M. to 600 R.P.M,

EXAMPLE.—What size motor will be required for an elevator to operate
at a speed of 400 feet per minute with an unbalanced load of 2,000 Ibs.?
Substituting the values in the formula,
2,000 X 400

H.P.= 533,000 — 48

Ques. What kind of current is suitable for elevator
motors?
Ans. Either direct or alternating, preferably direct.
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Ques. Why?
Ans. Principally, because of the high starting torque of the
direct current motor.
The chief difficulty experienced with alternating current motors is
this lack of ability to start under heavy loads, and for this reason

proportionally larger sizes must be used, the increase in horse power
required being fully 33 per cent.

P1G. 4,132—Warner alternating current motor. It has a standard speed of 900 R.P.M. for
60 cycle circuits, and 750 R.P.M. for 25 cycle cireuits, and is of the wound rotor, slip ring
type. The glip ring type gives high torque with minimum starting current, and has prac-
tically a constant speed regardless of load. An interesting feature of the Warner motors is
that the alternating and direct curient motorsareinterchangeable. Thus,anelevatorbuiltfor
direct curremnt can readily be changed to alternating current in cases of a change in power.

Ques. Is the higher cost of the relatively larger size
alternating current motor offset in any way?

Ans. Besides giving a heavier starting torque, it furnishes an
excess of power which enables the motor to run at full speed
without such noticeable fluctuations with changes in load as
would be the case with a smaller motor.
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Ques. What type of direct current motor gives the best
control?

Ans. The adjustable speed motor having a small percentage
of compound winding.

The series winding is cut out by the controller at normal speed, but
is necessary in starting, insuring a smooth quick start, besides being
of value in the subsequent control of the motor.

About 10 to 15 per cent. series field winding give the best results.
Where no speed control is provided by shunt field resistance, a compound
wound motor is still desirable in order to obtain smooth acceleration.
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P1G. 4,133.—Diagram of A. B. See No. 4 mechanical controller.

Ques. For what service is the squirrel cage induction
motor suited?

Ans. It should be used only for slow and constant speed
freight elevators where the impairment of the line regulation,
caused by the high starting currents, is not important.

The induction motor is being used more and more for driving elevators
and while admirably adapted for some classes of elevater service, it
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possesses certain definite limitations which should be taken into account
when deciding on the type of motor to use.

Tt is not possible to vary the speed of the ordinary induction motor
under all conditions of load, nor is it ever possible to employ with it
the dynamic brake used with the direct current motor.

Accordingly, the use of alternating current motors is limited to slow
speed elevators which may be slowed down and stopped by the mechani-
cal brake alone.

Until such time as a variable speed alternating current motor is de-
veloped and placed on the market, the use of an induction motor with
high speed passenger elevators should not be attempted. In addition,
the high torque polyphase squirrel cage motor can be used where

#1G. 4,135.—Cutler-Hammer direct current reversible single speed semi-mechanical con-
troller for short lift sidewalk elevators. ‘I'he equipment consists of a drum case containing
the line and reverse switch and resistance switch, with a space at the back contuining the
armature starting resistance. Only a single step of starting resistance is provided, and
one current relav. Accordingly, the motor is brought up to full speed in two steps, one
according to the speed obtained with all resistance in circuit and the other to the speed
obtained with all resistance short circuited. The motor is started, stonped and reversed
by means of the drum switch which is usually connected directly to the hand cable. At
the two limits of travel, the elevator may be stopped by buttons on the cable. All of
the operating parts of this controller are enclosed in the drum case and are thus protected
from dust and dirt. The space at the back of the frame containing the resistance is ven-
tilated, but the resistance units themselves are of the enclosed, moisture proof type.

sufficient power and line capacity are obtainable, but the current
inrushes limit the size of the motor in most cases to less than 20 horse
power. .

Elevator squirrel cage motors, when thrown across the line, should not
take more than 214 to 3 times the normal current.
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Ques. What type of alternating current motor is
suitable for elevators of higher speed?

Ans. Polyphase slip ring or external resistance motors.

This type of motor has a high starting torque and suitable secondary
control can readily be provided that will insure a smooth acceleration.
It will start smoothly under load and without requiring for acceleration
more than 150 per cent. of normal current.

Fic. 4,135.—Diagram of Otis mechanical reversing contro! with type B reversing switch.

With this type of motor and the proper controlling device it is possible
to secure a smooth start and to maintain a constant speed under varying
loads. The polyphase, slip ring motor will not run away under condi-
tions where the load tends to drive the motor, but, so far as operating
characteristics are concerned, will approximate the performance of a
shunt wound, direct current motor.

These motors may be used on two phase or three phase circuits
having a frequency of rot more than 60 cycles.
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Ques. Are single phase motors suitable for elevator
service?

Ans. Special elevator type of repulsion induction motors,
which absolutely insure reversal of the motor, can be satis-
factorily emploved.

Standard split phase or standard repulsion induction motors are not
suitable for elevator service.

PiGs. 4,136 and 4,137.—Cutler-Hammer direct current non-reversible single speed semi-
magnet controlier and belt switch for double belt freight elevators. The controller con-~
sists of a sliding cortact type of self-starter, with main line claglper switch, and a separate

belt switch which serves as a pilot switch for the self-starter. The belt switch is designed
to be suitably connected to the belt shifting mechanism of the elevator so that the motor
is started or stopped whenever the operator manipulates the lever that shifts the belt.
The controller xan also be operated by a separate hand cable connected to the belt switch
only. By this arrangement the motor is started in advance of the elevator and is left
running while the elevator is in service.

Elevator Controller.—This is a most important part of an
elevator installation, as upon its proper working depends the safe
and satisfactory working of the car. It performs a number of
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function, such as releasing the brake, starting, accelerating,
slowing, and quickly starting the car. The control may be
classified:

1 ' Fic. 4,138.—Continuous

operating non-reversible

/—A‘—-‘ full mechanical belt

driven elevutor control
system. As shown the
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4 | /[!/,\~ . clevator machi.ie is pro-
H e vided with a tight cen-

~ 0] 1 ter pulley and loose

T\ 5 pulleys on the two sides.

g \ B The belts are shown on

Y the loose pulleys, one

3 H ‘L\- \:‘ - being open and the other
——%’C crossed. Thecountershatt,
& b carries a drum wide
F enough to allow for the
side movement of the
belts when one or the
other is shifted upon the
tight center pulley by
the belt shifter S, 7o
operate the elevator a
hand rope is provided
which runs up the ele-
vator shaft at one side of
the car from bottom to
top of building. This
rope is shown in the dia-
gram at L, and runs around two
small pulleys AA’, Pulley A’ is pro-
vided witha crank pin, which moves
the connecting rod B and thus rocks
the lever R, and thereby moves the
belt shifter S. To cause the car to
ascend, hand rope L is pulled down,
and to make the car descend, the
hand ropeis pulled up. Accordingly,
the lower pulley will rotate in one
direction when™ the hand rope is
pulled to make the car go up and
vice versa. Pulley A is shown in
the stop position, hence, when the
and rope is pulled down for up trip,
the pulley will turn in a counter-
clockwise direction, and thus the belt
will be moved to the right, bringing
open belt into operation. Pulling up
on hand rope rotates A clockwise,
- moving belt to left and bringing
cross belt into operation, thus causing car to descend. P is_a stop rope and is
connected with the two sides of the hand rope as shown and if pulled when car is
in operation, will bring L _to position shown, stopping the car. In operation when the
hang rope L is pulled in either direction, H, draws C to the left and contacts with J, thus
current passes through starting resistance I to motor armature through D. The field
circuit branches off from upper end of I and reaches field coils through F, and reaches
return wire through D and thus the opposite side of the circuit. When C is pulled to left,
E gradually follows by gravity and dash pot control. The elevator machine is proyvided
with a brake, actuated by the belt shifter S. applying brake when belts are in positions
shown; when belt shifter is moved in either direciion, brake is released.
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4,139.—Mechanical control by shipper cable. As shown, an endless cable A, known asa
Shlpfder cable, is led up one side of the shaft and over a pulley C, down through the elevator
car M, as shown, and around a pulley N connected to the switch or regulating apparatus
at the motor. If, then, the operator in the car pull that portion of the shipper cable passing
through the car, either up or down, he regulates the action of the motor and consequently
of the car. For high speeds this style of cortrol is not-satisfactory.

4,140.—Mechanical control by wheel; a method suitable for high speed cars. As showng
the ends of the shipper cables are fastened to the top of the car. The idlers C and E over
which the cables pass are supplied by springs RR on a cross bar A which is fastened across
the top of the shaft. A pulley H is placed at the bottom of the shaft, and a hand wheel S
is used in the car for control, the shipper cable being roped around the pulleys as shown,
that portion of the shipper cable near the hand wheel being replaced by a chain V which
engages with a sprocket wheel mounted on the same shaft with the hand wheel. In
operation, tuminithe control wheel to right or left causes a like movement of the pulley
H, as is evident, thus transmitting the motion to the motor controller.
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1. With respect to the rotation of the motor, as

a. Non-reversible;
b. Reversible.

2. With respect to the current, as
a. Direct;
b. Alternating.

3. With respect to construction, as
a. Full mechanical;
b. Semi-mechanical;

¢. Semi-magnet;
d. Full magnet.

F1G. 4,141, — Cutler-Ham-

mer (Schureman type
F) direct current re-
versible single speed
semi- mechanical con-
troller with self-con-
tained reverse switch
for belted freight ele-
vators controlled by a
hand cable. In this
type, the controller,
reverse switch, and
rheos}t;at are mounteld
together as a single
u(:'lglt The reverse
switch is of the quick
make and break type
and cannot be left
gartly open or closed.

switch revolves
90 degrees each way
from center to oper-
ate. The rheostat is of
the solenoid operated
cross head type with
self - aligning contacts,
the rate of accelera-
tion being governed by
a suction air dash pot.
The piston is packed
with soft leather, held
m place by a compres-
sxons rmgand thereby
forced gently against
the wall of the dash
pot. The rate of ac-
celeration can be ad-
justed by means of a
needle valve,
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Non-Reversible Controllers.—The simplest way in which =

motor can be installed to drive an elevator, is to arrange it so
- as to drive a counter shaft centinuously, in which case the ele-

vator is stopped and started by throwing belts on the tight or
loose pulley as in fig. 4,138.

This system may be fully classified as a continuous operating non-
reversible full mechanical control system. Obviously the term non-
reversible refers to the motor which always runs in one direction as

distinguished from motors which reverse their rotation to reverse the
motion of the car.

9
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1G. 4,142, —Diagram of Otis direct current field control (Leonard device).

A full mechanical reversible or “‘single Dbelt" installaton is shown in
fig. 4,143. As will be seen, the principal difference in the mechanism
is that the tight and loose pulleys are replaced by a single tight pulley
and a reversible controller provided

The foregoing types are simply combinations of an electric motor
with a belt drive transmission.

To avoid the inherent defects of belt drive, and for economy of space,
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f16. 4,143.—Reversible full mechanical belt driven elevator control system. In operatior
current from the line wires passes along the dotted connections H H to the contacts I, 1,1, I.
The upper left hand I contact is connected to the lower right hand contact, and the upper
right hand, to the lower left hand. Switch lever C is connected with the starter by means
of the two springs R R, so that C may be moved either up or down without carrying E
with it. The curved contact O is connected with J, while (?is connected with the ends of
the starting resistance N N by mcans of the wircs F and §, S. Contacts Y Y are con-
nected to K and the lower left hand contact I, to X. If hand rope L be pulled so as to
carry lever C upward, current from the left side line wire will pass through the upper left
side contact I to O, thence to J and through B to armature, returning through B to G,
thence via F and lower S to lower end of N, over lever E, to inner end of C which will be
in contact with the upper right hand I contact and finally to the right side line wire.
Current for the field magnet coils will be drawn from upper left side I contact to adjacent Y
contact, thenee to contact K, through the fields and baci to X, finally to the left side line
wire. Since lever C has been moved upward, the upper spring R will be compressed and
the lower one will be strctched, exerting a_force to move E downward over the lower
contact N thus cutting out the starting resistance. Rctardation is secured by dash pot
M, thus cutting out the resistance gradually. 7o prevent excessive sparking when
the switch is opened incandescent lamps V. are connected across the terminals of the field
circuit. Another method of reducing sparking slightly is by connecting the brake magnet
coil with the binding posts X and K, but when the main circuit is opened, the currents
flowing in tbe two coils meet each other at X and K, flowing in opposite directions, hence
both follow along the main circuit and try to jump across the gaps at the switch, and
thus produce about as much sparking as if they were connected independently of each other.
en C is moved downward, the same line wire runs to the lower commutator brush since
the connections between the two upper I contacts and the two lower ones are crossed. To
reverse the motor, reverse current through armature, that through fields remaining un-
changed, accordingly by crossing the connections between the upper and lower I contacts
the motor is reversed when lever C is moved in opposite directions.
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the motor and winding mechanism are direct connected which is the
form in most general use.

The distinction between the various classes of controller, known
as non-reversible, reversible, mechanical, semi-mechanical, semi-magnet,
full magnet, and push button is illustrated in the accompanying cuts.

PiG. 4,144 and 4,145—Cutler Hammer direct current reversible single speed, semi-magnet
controller with separate reverse switch for slow speed passenger or freight elevator.
Fig. 4,144, self starting; fig. 4,145, Schureman type BR reverse switch. The controller
consists of a sliding contact controller panel with main line magnetically operated clapper
switch, and a separate drum reverse switch. The main clapper switch is controlled directly
from the reverse switch by means of suitable auxiliary contacts, the action of the clapper
switch being such that the motor circuit is always opened or closed with a snap. The main
switch is so interlocked with the rheostat that the motor cannot be started or reversed
antil all starting resistance is in circuit, insuring smcoth acceleration. The reverse switch
is of the drum type designed for use with lever, wheel, or crank control, or may be operated
g{ band cable. The arrangement of contact is such that, although the reverse switch is

the slow break type without a centering spring, the motor circuit is opened at the clapper
main switch, thereby eliminating destructive arcing on_the reverse switch contacts.
mechanical connection may_be made between the traveling nut of the winding drum and
the reverse switch which will serve to throw thg latter to the off position at either limit
of travel. Limit switches may be used, however, and in many cases the use of shelf limit
switches will obviate the necessity of installing the more expensive traveling nut device.
Where shaft limit switches are used the hand cable is connected to the drum reverse
switch only. Two single pole shaft limit switches should be installed, one at either limit
of elevator travel. These can be arranged for operation by the tar, or may be so installed
that one switch is operated by the car and the other by the counterweight. The limit
switches should be connected between the drum reverse switch and the controller p.
50 as to ogen the circuit of the mair switch coil and stop the motor whenever the car
arrives at the top or bottom of the shaft. With all semi-magnet controllers the cal
brake is usually released by the operation of the hand cable. It is possible, however, to use
a solenoid operated brake with these controllers by the addition of suitable contacts or
relays to the controller. In connection with the hatchway limit switches a brake solenoid
and sluck cable switch should always be installed.
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FiG. 4,146.—Cutler Hammer (Schureman iype M)
direct current reversible one or two speed with
slow down full magnet controller for high
speed passenger elevators. Slow down.
‘I'his feature gives about oné-quarter of the
normal speed, the normal speed being for
single speed equipment, the running speed, and
for two speed equipment, the speed obtained with
full field on the motor and all the armature
resistance cut out of circuit. Controller panel.
‘This is built in three sections in which the necessary
armature resistance is mounted. The field and
control resistances are mounted in a suitable frame
on the back of the control panel. The field re-
sistance has a wide range of adjustment so that
the speed of the equipment can be regulated to
the desired value, Suitable interlocks are supplied
so that the main and reverse switches cannot
be energized until all of the starting resistance is
inserted in the armature circuit. Similar inter-
locks are supplied for giving proper sequence in
the operation of the switches. Apparatus on
controller panel. 1. double pole main line
magnetically operated switch; 2, double pole
magnetically operated direction switches; 1, single
pole magnetically operated ‘‘slow down" or “dy-
namic brake” switch; 1, single pole *slow down"
relay; 1, acceleration movement consisting of a
set of crank switches operated by a solenoid and
retarded by a dash pot; 1, try out switch; 2,
control fuses; 1, double coil overload movement.
In addition to the above, for two speed controllers
there is one four step field weakening switch.

Functions of switches. A double pole main line switch breaks both sides of the line

and in connection with the direction switches gives four breaks in the armature

circuit. The direction switches are mechanically interlocked to prevent their sim-
ultaneous operation which would cause a short circuit on the line. These switches
will automaticzlly open on abnormal drop in  voltage and stop the equipment.

The slow down, or dynamic brake switch inserts armature shunt resistarce

in the slow down oposition and also keeps this resistance in circuit in the off

gosition until the motor has practically stopped, thus giving a powerful dynamic
raking effect. The slow down relay handles the acceleratlp% solenoid current,
thus eliminating the areing on the car switch contacts, which would occur_ in
case the accelerating soienoid was handled directly from the car switch. The
time of cutting out thel armature resistance is adjusted by means of a needle valve
in the bottom of a large vacuum dash pot. The try out switch enables the attendant
to run the car directly from the control panel without the necessity of getting
into the car. The control fuses are used as a protection to the operating coils
of the magnet switches and also afford additional protection to the clevator
equipment in the case of grounds or short circuits in the operating cables. The
double coil overload movement is arranged to stop the elevator in case of overload
and can be automatically reset by throwing the car switch to the off position.

This gives a reliable indication a$ to whether the car is overloaded and by having

the resetting feature in the car switch, it is possible to set this overload within the

closest limits. This device therefore possesses an advantage over the hand operated

circuit breaker in that the operator is not compelled to go to the switchboard in case a

slight overload occurs. The only thing necessary is to lighten the load on the elevator.

With a manually operated circuit breaker the operator, under these conditions, invariably

increases the current setting of the breaker when he goes to the panel to reset it and, in

case of continued tripping, eventually ties the breaker in; thus eliminating the overload

protection which the circuit breaker is designed to give. The four step field weakening

switch which is used on two speed equipments is a weight closed switch controlled by an

air dash pot. It is positive in action and is operative both when inserting and when

g}l;ttmg ont the ﬁeldP resistance, insuring smooth acceleration and deceleration of
e motor.
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Full Magnet Direct Current Controllers.—A typical direct
current control apparatus of the full magnet type consists of
several slate panels, mounted on an angle iron frame with all
the connections made on the back of the board.

The solenoid switches mounted on the slate panels are ar-
ranged to perform the following functions:

1. To disconnect in the off position both sides of the line from the
armature, series field, resistance, and brake magnet.
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2. To accelerate the motor automatically by cutting out the armature
starting resistance step by step, and also the series field with the last
step of armature resistance (this by means of individual series relay
control) giving smooth acceleration under all load conditions.

3. To control the speed of the elevator by cutting resistance in or
out of the shunt field circuit of the motor, affording positive speed
control under widely varying loads.
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4. To bring the elevator quickly, but smoothly, from high to low
speeds, regardless of load, making accuratestops at landings an easy matter.

5. To open the circuit to the motor should an overload current flow.

6. To apply the dynamic brake in the off position.

7. To operate the elevator at normal speed from the switchboard for
test purposes.

To these seven functions may be added, as a modification
of the standard controller equipment:

8. To open the shunt field circuit in the off position of the controller.
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#4G. 4,149,—Diagram of Cutler-Hammer, two speed magnet controller.

Ques. How are excessive currents guarded against
during the starting period?

Ans. The acceleration of the motor is governed by current
relays so adjusted as to limit to a predetermined value the cur-
rent taken by the motor.
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Any tendency to overload the motor in starting is checked by the
current relays which, whenever the current rises above a predeter-
mined value, operate to prevent the cutting out of more resistance
until the motor has properly accelcrated and the surge of current,
which follows the closing of each switch, has decreased.

In addition to the protection affarded by the current relays during
the starting period, the motor is insured against overloads while running
by an overload, or circuit breaker, relay which operates to open the
circuit whenever an abnormal current flows. This circuit breaker relay
is interlocked with the car switch in such a way that, should the motor
be stopped by the action of the circuit breaker relay. the relay can be
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reset from the car by merely moving the lever of the car switch to the
off position. This re-establishes the continuity of the circuit and it is
then possible for the operator to start the car again in the usual manner.

Ques. Describe the speed control.
Ans. The controller is arranged usually to give three speeds:
1, slow down speed, 2, normal speed, obtained by cutting out the

armature resistance step by step, and 3, high speed, obtained
by inserting resistance in the shunt field.
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The slow down speed is not a running speed, but is only used for mak-
ing accurate landings.

Ques. What are the features of speed variation by
shunt field resistance?

Ans. Tt is positive at all loads in the elevator, even under
conditions when the car, in descending, tends to drive the motor.
1t is also very economical
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B1c. 4,151.—Diagram of Electron direct current two speed magnet controller.

A further advantage of shunt field control is found in the fact that
it permits the car to be slowed down, regardless of load, enabling the
operator to make more accurate landings and rendering the operation
of the automatic limit switch s more certain.

The shunt field resistance 's mounted directly on the back of the
switchboard panel in a suitable frame and is arranged for a wide range
of adjustment to vary the speed in case it is found necessary.

With the slow down control provided with some controllers the speed
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FiG, 4,152.—Push button control.
In this system a series of push
button are placed both in the
hallway and in the car, In the
hallway there is one button A
at each floor to bring the car to
that landing. In the car at B
there is one button for each
floor and also one for stopping
the car at any point by cutting
off the current. By means of
a cut out device on the control-
ler C the circuits to all push
buttons are automatically
opened after the car starts,
It is therefore impossible for a
second party to interfere with
the movement of the car after
it has been started. It is also
impossible for a second party
to start the car while it is at
landing and a passenger is get-
ting in or out, for while any
door M to the shaft is open,
the controlling circuit is broken.
An automatic door fixture is
¥enemlly used in this system
or locking the shaft donrs so
that none of them can be
opened until the car reaches
the landing, and then only the
door at the landing where the
elevator stops. A passenger
desiring to go from, say, the
second floor to the fourth,
would, if the car were not al-
ready at the second floor. push
the hall button located therein
the same manner as he would
to ring an electric bell. He
need not continue the pressure
on the button, nor, in fact, on
any of the buttons used in the
system, for more than an
instant. The car will then rise
or descend, depending upon
where it may be stationed at
the time, until it reaches the
second floor where it will stop
and automatically unlock the
shaftdoor. The passenger then
steps in the car and closes the
shaft door. Unless he close this
door he will be unable to start
the car.  Wishing to go to the
fourth floor he pushes the but-
ton in the car corresponding to
that landing, and the car -
ascends, automatically stop-
ping and unlocking the door at
that floor as previously des-
cribed for the second floor.
simple modification of theauto-
matic_system just described
is used for dumbwaiters or freight elevators. In this case the ear is controlled entirely
from the landings.
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of the car is reduced to approximately 30 per cent. of normal speed
and from this slow speed it is very easy to make an accurate landing,
the tendency of the car to coast being practically eliminated.

Ques. State an additional advantage of slow down
control.

Ans. It reduces the speed of the car at the two limits of travel
regardless of load, making it possible to set the brake and adjust
the limit switches so that the car will be brought to a full stop
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F16. 4,153, —Diagram of Burdett and Roundtree push button controller for dumbwaiter.

at the last landing, instead of coasting past the limits when
light or heavily loaded and hitting the bumpers at the top or
bottom of the shaft.

Ques. When is the motor series field winding used?

Ans. Tt is used while accelerating, being cut out by the con-
troller at normal speed.
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Erdsagrmrnras

F16. 4,154.—Cutler-Hammer (Schureman type K) direct current reversible single speed push
button controller for passenger elevators or dumb waiters, The push buttons are located
on the car or at various landings. The controller is of panel construction, all wiring being
exposed on the back. _The motor circuits are controlled by means of a single pole mag~
netically operated main line switch, two double pole magnetically operated direction
switches, and a solenoid operated, pivoted arm tvpe rheostat. The main line switch is
equipped with a blow out magnet to suppress arcing. An electrical interlock is used to
prevent the closure of the main line switch except when all of the starting resistance is
in the armature circuit. Push button operated passenger elevators have a gal.‘lf push
switch in the car with a button for each nding, “The pressing of any button wil | auto-
matically send the car to the corresponding landing and bring it to a stop. There is also
an individual push switch at each landing, which, when pressed, will automatically bring
the car to that landing, provided that al the doors are closed and the car is not in use,
An emergency stop switch is mounted in the car to bring the car to a stop at an time,
Push button operated dumb waiters usually have a gang switch mounted at each landing
so that thecar can be brought from or sent to any other landing. Occasionally, however,
installations are made in which a gang push switch is mounted at only one landiug, from
which the car is controlled, and an individual push switch is mounted at each of the other
landings to send the car to the control landing, after it has been loaded or unloaded.
A floorstop is used to determine the direction o% travel and to bring the car t¢ a stop when
opposite the desired landing. On passenger elevators, an emergency stop device 13 used
to bring the car to a stop at any time when the emergency stop button in the car is pressed.
To tpx'e.ve.nt: operation in case any of the doors be left open, a door safety switch is used;
shaft limit switches and a slack cable switch should be used with these controllers to open

the control circuit if the car should over travel or become stuck in the guides. When the

motor is to be operated from a 500 volt circuit, a low voltage control circuit (115 or 230

volts) must be used. This circuit may be either dizect current, or 25 or 60 cycle alternating

current.
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If the series field be heavy, the speed of the motor will increase
very materially when the series winding is cut out, and it may be nec-
essary to provide an extra switch on the controller in order to give smooth
acceleration. This is apt to be the case with an old motor.

Ques. Name two types of resistance employed.
Ans. The armature starting resistance and the dynamie
brake resistance.

These are of the cast meétal grid form.
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F16. 4,155.—Diagram of Darrin automatic push button controller.

Ques. How is the armature resistance proportioned
and why?

Ans. It is in proportion to the horse power output of the
motor at normal speed in order to make the acceleration as
smooth as possible and at the same time to reduce the amount
of current taken from the line in starting.
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The Mechanical Brake.—The proper functioning of the mechanical
brake is rendered positive by disconnecting both terminals of the
brake magnet winding from the line and from the motor armature in
the off position of the controller. This makes it certain that no possible

combination of grounds or short circuits can keep the brake magnet

off position. So long as the brake mechanism is in good working order
mechanically, the positive application of the brake is assured.

The Dynamic Brake.—Power for the operation of the dynamia
brake switch is taken from the motor armature and the brake resist.-
ance is applied directly across the armature terminals.
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PG, 4,156.—Diagram of National direct current type A, one speed gravity rheostat controller.

The application of this brake depends, therefore, not on the line volt-
age but solely on the motion of the armature,

In any form of elevator braking, mechanical or electric, the energy
represented by the inertia of the moving parts must be dissipated in
the form of heat in order to stop the motor.
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resistance. Accordingly, when the dynamic brake is used in connection
with the mechanical brake, the effectiveness of the latter is increased
since it is not called upon to arrest a full powered motor, but one which
has already been deprived of a portion of its energy by having a re-
sistance shunted across its armature terminals.

The Try Out Switch.—Operators are usually instructed to go to
the switchboard every morning before entering the car and to test the
operation of the elevator by means of a try out swilch, so as to ascertain
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Fi6 4,157.—Typical arrangement of braie magnet having a wedge acting between rollers to
release the brake.

that every part of the installation is operating properly. In this way
the car can be run up and down the shaft several times each morning,
testing not only the control apparatus, but also the motor, limit switches,
brake solenoids, etc.

Ques. Describe the try out switch.

Ans. It consists of a single lever normally locked in the central
position, and in the position completing the circuit to the car switch.
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It is, therefore, not possible to operate the elevator from the car while the try out switch
is in use, this fact enabling the try out switch to be used also as a safeguard against the operation
of the elevator while the regular operazor is absent from the car.

The Service Switch.—It sometimes happens that the main line
knife switch ordinarily used as a service switch cannot be so located
that it may be conveniently opened at night, or at other times when
the elevator is idle for considerable periods. ~This condition is frequently
met with in over mounted installations, and unless some provision be
made for opening the circnit to the motor from the car, or from one of
the lower floors of the building, the operator will be obliged to leave
the elevator at the top af the shaft each night, walking down stairs
every evening and up stairs every morning.

PiGs. 4,158 and 4,159.—Cutler-Hammer direct current brake solenoids. Fig 4,158, short pull;
fig. 4,159, long pull. Types of winding. In the case of the shunt wound solenoid, there
is a single coil connected directly across the line to release the brake. The compound
wound solenoid has a shunt and a series coil in the same frame. The shunt coil is wound
for connection directly across the line. While contributing somewhat to the pull on the
,i\lunger, its principal function is to hold the load in the sealed position of the solenoid.

he work of retracting the brake is performed principally by the series windirg which is
so connected as to be cut out of circuit when the motor is running, leaving the shunt
winding in circuit to support the load. The brake will therefore be released whenever the
circuit of the shunt winding is opened. Owing to the reduced self-induction, compaund
wound brake magnets are more rapid in action both in releasing and in applying the brake
than plain shunt wound solenoids. This characteristic results in the preference being given
to compound wound solenoids in all cases where quick starting and stopping is desirable.

Ques. Describe the operation of the service switch.

Ans. It remains closed normally while the elevator is in operation,
not being connected in any way to the car switch or other speed regu-
lating portion of the apparatus. Connection to the single pole service
switch may be either through the safety switch, installed in the car,
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or through any other suitable pilot switch installed on the landingrat
which the operator usually leaves the elevator for the night. The
opening of the switch disconnects one side of the line from the controller
switchboard, enabiing the operator or janitor of the building to open the
circuit to the motor without going to the main line switch.  The service
switch controls, fromone set of contact, the continuity of both the arma-
ture and shunt field circuits. This arrangement is necessary for safety,
so that it will not be possible to open or close the armature circuit
without also opening or closing the shunt field circuit.

¥c. 4,160.—Diagram of Otis style B, direct current, two speed magnet controller,

Controllers in which the shunt field is always opened when the car switch is thrown to the

off position are sometimes called for. This requirement can be met by the addition of relay
circuits serving to open the service switch above described whenever the elevator comes to rest.

Unless there be some special reason for desiring this arrangement, however, it is generally
advisable not to open the shunt field circuit except when the elevator seryice 13 shut down for
the day, the reason for this being that some excitation of the shunt field is desirable while the

elevator is in service in order to obtain the best results in speed control.

The amount of current saved by opening the shunt field momentarily during stops at
landing is not very much, and any gain of this nature is more than ofiset by the larger
armature current taken in starting under these conditions and the greater length of time
which is required to bring the car up to full speed.

. When the service is discontinued for the day there is then reason for wishing to open the
sircuit to the shunt feld, and this is nrovided for by the service switch already described.
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Heavy Load Lifting Device.—It is sometimes desired to have a
high speed passenger elevator equipped so that it can be operated at
a lower speed as a freight elevator for the purpose of lifting occasional
heavy loads such as safes, etc. This has usually been accomplished in
the past by means of back gearing, an arrangement which gives a slower
speed to the car and a correspondingly greater lifting capacity. Such
an arrangement however results in higher initial cost and requires a
great deal of time and labor for throwing the back gears in and out.
The same result can be accomplished electrically with the elimination
of all back gearing. In changing over, the only operation required
with this method is the closing or opening of a knife switch on the
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£1G. 4.162.—Diagram of Otis style GS direct current, two speed controller.
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controller panel, this simple operation enabling one to lift approximately
twice the normal load at half the normal speed.
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FiG. 4,163.—Diagram of Sprague direct current pilot motor control-

ler for type A Sprague elevator.

In order to
use thisarrange-
ment with a
standard Cutler-
Hammer con-
troller it is nec-
essary to have a
motor with a 2
to 1 speedvari-
ation by shunt
field resistance.

The knife
switch referred
to above re-
arranges the
armature start-
ing resistance
and prevents the
weakening of
the shunt field.
This alsoadjusts
the series relays
so that equally
good conditions
of acceleration
are obtained in
both methods of
operation. The
motor will not
beworked above
its rated capac-
ity in either case.

Machine
Type Limit
Switch.—This
switch is in-
tended to insure
the slowing
down of the car
from any speed
not exceeding
300 teet per

minute, and its stoppage at the predetermined limits of elevator travel.
accomplished by means of single pole switches in the

The slow down is
control circuit, while t

he complete stoppage of the car is brought
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about by double pole switches which disconnect both sides of the lines
from the control system, thus insuring that the motor will be stopped
even under conditions which might otherwise tend to impair the control
of the car, such for instance, as grounds or short circuits in some part
of the control system.

Connections to the limit switches are so designed that after the car
has been stopped automatically at either limit of elevator travel it is
possible for tqu)e operator to start and immediately accelerate to full
speed in the opposite direction.

Shaft Limit Switches.—In addition to the machine type limit
switches just referred to, over travel switches should be installed in
the elevator shaft as an extra precaution. These shaft limit switches
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FIG. 4,164.—Diagram of Sprague direct current magnet controller for type T and Y Sprague
sidewalk elevator. .

are arranged to be operatcd by the car which, on passing a given
point, opens the switch thus introducing an additional break in the
control circuit and insuring the stopping of the elevator through the
opening of the line and reverse switch.

Shaft limit switches, when used as over travel switches, should be
so arranged that it is impossible for the operator to move the car after
the switch has opened without first going to the elevator machine,
thus insuring attention to the defect which caused the shaft limit switch
to operate. These switches are sometimes installed alone in preference
to the machine type of limit switch on drum tvpe elevator machines.
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On traction type elevator machines they obviously have to be used
for both the automatic limits and over travel. For automatically slowing
down and stopping the car three single pole shaft switches at either
limit of elevator travel should be used, making a total of six switches
in all. One switch in each of the two sets of three is used to slow down
the car while the other two operate in unison as a double pole switch
to bring the car to a stand still.

In addition two single pole shaft limit switches should be used for
protection against over travel.
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PG, 4.166.—Diagram of PFraser direct current duplex motor controller.

Shaft limit switches may be installed so as to be operated either
by the car or by the counter-weight, or by both.

The Safety Switch.—In order to insure the stopping of the elevator,
even should some accident render the regular control from the car
switch inoperative, a safety switch should be provided. This consists
usually of a single pole switch enclosed in a cast iron box, the handle
of the switch projecting through a slot in the enclosing case.

This safety switch is designed to be connected, by means of a separate
three wire cable, to that part of the control circuit which is in the side
of the line opposite to that i which the car switch is connected. The
third wire in this cable is desirable as a spare. The opening of the safety
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F1G. 4,167, —Diagram of Otis style 2H mechanical reversing switch.

F16. 4,168, — Cutler-Hammer  di-
rect or alternating current
elevator car switch., The oper
ating lever and handle are
mounted vertically on the front
of the switch case, the lever
being latched in the central,
or off position to prevent the
accidental starting of the
elevator. Torelease the latch
it is necessary to depress the
button mounted in the top of
the handle, this action occur
ring naturally when the oper-
ator places hishand on thelever
to operateit. Should the oper
ator remove his hand from the
car switch while the elevator
is in motion a ccntering spring
throws the lever to the off posi-
tion and brings the car to
a standstill.  This insures
constant watchfulness on the
part of the operator and serves
also as a safeguard against
accident should injury orillness
befall the operator while the
elevator is in motion.
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switch will therefore entirely disconnect one side of the control system
from the line, and this switch, in connection with the car switch, makes
it impossible for any combination of ground or short circuit to pre-
vent the operator stopping the car at will.

Alternating Current Controllers.—There are many types
of alternating current controller, the best known being of the
full magnet variety.

As previously stated alternating current motors should pref-

erably be limited to moderate speeds, because it is not feasible
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F16. 4,169.—Diagram of Otis type VAS alternating current, two phase magnet controller,

to employ dynamic braking. This meansthat the car must be
slowed down and stopped by the application of the solenoid
brake alone, and the speed must therefore be one that will permit

NOTE.—Where old elevator equipments are being changed over to the full magnet
system and the old motor is in such good condition that it is possible to use it with the new
equipment, particular attention should be paid to the amount of speed variation that can
be obtained from the old motor. Very few of the older elevator motors are designed for a
wide range of speed variation by shunt field resistance.
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this being done with safety and comfort under all the widely
varying conditions met with in elevator service.

A typical alternating current full magnet controller consists
of several slate panels mounted on an angle iron frame which
serves also as a support for the resistance. Alternating current
solenoid switches mounted on the face of the panel and

F1G.4,170.—Cutler-Hammer, alternati
current, reversible, single speed fi
magnet push button controller for
elow speed passenger or freight
elevators. It is suitable for two or
three phase slip ring induction
motors, 25 or 50 cycles, and also
with self starting, single phase
motors. The latter type motor
should be provided with an inter-
locking connection to prevent quick
reversals. Since there is no satis-
factory and practicable method or
reducing the speed of an alternating
current motor under varying loads,
the speed at which elevator cars
may run when driven by su
motors is limited and the problem is
purely a matter of bringing the car
to an easy and accurate stop. There
are elevators driven by alternating
current motors and operating satis-
factorily at car speed of 275 to 300
feet per minute; however, in such
cases the brake details have been
worked out with extreme care so
that a comparatively easy stop is
made with widely varying loads,
even for such a high speed. -
dinarily, however, it is not g
practice to use altemat'mg current
elevator controllers for installation
when the car speeds are likely to
exceed 200 feet per minute. In
construction of the controller
here shown, the primary circuits are
controlled by a double pole, solenoid
operated main line switch and two
double pole solenoid operated direc-
tion switches. The rheostat is of
the solenoid operated crank accel-
erativn type, retardation being
effected by an adjustable vacuum
dash pot. The starting resistance is
of the cast grid type and is cut out
in equal steps in each phase of the
rotor winding, thereby keeping the

phases in balance at all times. The rheostat and the main line switch are so interlocked

that it is impossible to make a quizk reversal with the starting resistance cutout. A

mechanical interlock is also pravided between the two direction switches so that both

caanot be closed at the same time, Test buttons mounted on the panel permit of the
car being pperated from the switchbaard.
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connected to the resistance (all connections being made at the back
of the board) are arranged to perform the following functions:

. 1. To disconnect the primary wires from the motor and brake solenoid
in the off position of the controller.

2. To accelerate the motor_automatically by cutting the startin
resistance out of the rotor circuit step by step (using series relay control%
and giving smooth acceleration at all loads.

3. To operate the elevator from the switchboard for test purposes.

FIGS. 4,171 and 4,172.—Cutler-Hammer alternating current, reversible, singie s , semi-
maguet contraller with separate reverse switch for slow speed passenger or freight elevators
operated by self-starting, single phase, special elevatar type motors. Fig. 4,171, self-
starter; fig. 4,172, reverse switch. In construction, the self-starter is of the crank
acceleration type, using individual carbon contact levers for each step of resistance. The:
rate of accelerating is under control of a vacuum air dash pot. In operation the con-
tacts in the drum reverse switch are not reguired to break the motor currents, but are
used to reverse the motor connections. Auxiliary coutacts in the switch, handle, and
contrel circuit of the self-starter and the main circuits are made and broken on a special
quick make crank switch actuated by the accelerating solenoid. The special motor which
must be nsed is %rovided with an interlocking contact on the motor W’ ich is closed only
after the motor has practically come to a standstill. Connection is made between this
conzact and the self-starter so as to insure reversal of the motor while running. The
ordinary single phase, self-starting motor will not reverse from high speed unless this
interlocking be provided. Adaptation: 25to 80 cycles, Shaft limit switches may be
installed in the elevator shaft if desired to stop the motor at the travel limits.

N
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The secondary starting resistance is of the cast metal grid
type and is mounted in a frame forming part of the switchboard
support. Connections between grids and terminals and between
the terminals and the various solenoid switches on the con-
troller switchboard are usually made at the factory.
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PuG. 4,173, —Diagram of Otis type alternating current two or three phase mechanical controller.
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Current Relay Acceleration.—The acceleration of the motor is
accomplished by a parallel solenoid self-starter with secondary starting
resistance. A suitable number of double pole alternating current
solenoid switch are used, these being so connected as to cut a section
of resistance out of each of the three phases of the rotor circuit simul-
taneously, the rate of acceleration being governed automatically by a
number of current relay in the rotor circuit. By suitable adjustment
of these relays the starting current is limited to a predetermined
maximum
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Ques. What. is the function of the relay?

Ans. It operates to lift and open the circuit to the succeeding switch
when the starting current rises as each switch in turn is closed, thus
preventing the cutting out of the next step of resistance until the motor
has properly accelerated and the surge of current incident to the closing
of the previgus switch has died down.

In construction each circuit relay has three cails connected between its switch and the
three phases of the rotor circuit. ‘These relays govern the acceleration of the motor.

Limit Switches.—The zutomatic stcpping of the car at the two
limits of elevator travel, in the case of a drum type elevator machine,

FrG. 4,174.—Cusler-Hammer direct or alternating current rotating cam limit switch for use
with controjlers in conneczion with the traveling nut mechanism of the winding drum
machine. The limit switch is doulxle pole, and in operating tostopthe elevator, disconnects
both sides cf the control circuit from the line. In énstalling this type of limit switch the
swifch shaf: is geared to the yoke of *he traveling nut device on the winding machine,
either by spur or bevel gearing. It is essential that a centering device be provided which
will return the limit switch and the yoke of the truveling nut n:echanism to the central
position whemnever the car moves away fron: either limit of its travel. The angular throw
of the rotating cam limit switch is limited to approximately 160° on either side of the
central position and it is necessary that the ratio of the gears between the traveling nut
device and the limit switch be such that the elevator can be slowed down and stopped
‘within this anguaiar movement.

is usually accomplished by a limit switch of the rotating cam or traveling
cam type. These switches are designed to open both sides of the control
circuit to the solenoid switches on the controller switchboard, thus
insuring the stopping of the car through the opening of the motor circuit.

Shaft lirnit switches may be used in place of the cam type limit
switches, if desired. and should be used in the case of traction machines.
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Two shaft limit switches should be used as over travel switches, in
both cases, and should be so connected in the control circuit as to
make it impossible for the operator to move the car in the reverse direc-
tion after over traveling without first going to the winding machine.
This insures protection against phase reversal.

The Brake Solenoid.—This is designed to be connected directly to
the motor terminals. When the circuit to the motor is closed, the
solenoid is energized and the brake released. Upon the opening of the
main line circuit (whether this be done intentionally in operating the
elevator, or is the result of accident) the solenoid is de-energized and the
brake applied. The operation of the brake solenoid is very rapid, and

Fic, 4,175.—Cutler-Hammer direct or alternating current traveling cam limit switch for use
with controllers.: This switch has the traveling nut device incorporated in its own mechan-
ism. It consists of a shaft (desigred to be geared directly to the shaft of the winding
drum) and threaded so as to drive a nut along its length as the car moves from one limit
of its travel to the other, Double pole switches are mounted on rods parallel to the shaft
of the limit switch, and adjustahig on these rods with reference to the traveling cam.
The cam itself follows the motion of the car, and as the latter approaches eitker limit of
its travel, the cam trips out the switches, which in turn slow down the elevator and bring
it to rest. The traveling cam limit switches may be mounted in any position but are pref-
erably located above the drum shaft bearing so as to be out of the way of lubrication
drippings. With both switches pointing inwardly the maximum nurmber of turn that the
shaft of the limit switch can make is 33, and the minimum 30. The best results will be
obtained, however, when the switch is so geared to the winding drum that the number
of turn_made by the limit switch shaft for the full elevator travel is between 18 and 27,
which is obtained with one switch pointing out, and one pointing in. With both
switches pointing out, the range is from 7 turns to 20 turns of the limit switch shaft for
the full elevator travel. The individual snap switches are reversible on their supporting
rods, by reversing the corresponding cam at the same time.

the force applied to the brake considerable. It is recommended,
therefore, that the parts of the brake mechanism used with these sole-
noids, be of rugged construction, a simple toggle or wedge mechanism
being most desirable. It is desirable also that the brake itself be so
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designed as to permit of a gradual, rather than a sudden braking effect,
so as to avoid jarring the car by stopping it too quickly.

The Transmission.—The term “transmission,” as generally
and erroneously used, denotes the system of gearing between the
motor and drum; it properly includes the entire mechanism be-
tween the motor and car, that is, the gearing between motor and
drum and the “final drive’” or drum, cables and pulleys, for all

F1G. 4,176.—Cutler-Hammer altérnating current, reversible, single speed, semi-mechanical
controller with self-contained reverse switch for slow speed passenger or freight elevators;
23 to 60 cycle eircuits with two or three phase slip ring induction motors where rate
full load rotor circuit dges not exceed 150 amperes per phase. It consists of a three pole
drum type reverse switch and a secondary seif-starter, the two being assembled on the
same frame and inter-connected. The drum switch, which performs the functions of both
line and reverse switch, controls the starting, stopping and reversing of the motor, and is
designed to be suitably geared ta the operating shaft of the elevator, As the reverse
switch affords the only control over the line circuit, it is essential that the operating cable
from the car be provided with a centering device. The acceleration of the motor is auto-~
matic and is accomplished by the secondary self-starter which is of the series relay type.
Automatic stopping at the travel limits must ke effected by the traveling nut device on the
elevator machine.
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P1G. 4,177.—Cutler-Hammer alternating current, reversible, single speed, full mechanical
controller for slow spced f.reith or passenger elevators; no electro-magnet or sliding
contacts are used. Tt i1s primarily adapted for use in connection with polyphase alternating
current slip ring induction motors and is arranged for rope or lever operation from the car,
The operating shaft has an extension at each end so that the controller can be adapted
for either right hand or left hand operation. In construction two separate panels are
mounted on a cast iron frame, The resistance is of the cast grid type. The primary
circuit is controlled by two sets of switch, each set consisting of three single pole switches,
equipped with arcing shields, the switches being mounted on a square shaft and insulated.
Each sct is operated by a special internal cam, arranged so as to give an absolute knock
out to the switches when opening, and also an absolute lock cut for the second set when
the first set is thrown in. Secondary resistance is cut out by three triple pole cam operated
switches, In operation, immediately after the primary switches are thrown, a catch
is released, allowing a weight to drop, the motion of which is retarded by a suction dash
pot. The weight in turn drives a shaft on which the necessary cams are mounted for
throwing in the secondary switches. The secondary resistance is eut out simultaneously
in all three phases of the rotor circuit, thus insuring a balanced condition at all times.
The secondary resistance is re-inserted upon the opening of the primary switches and a
latching arrangement is also provided so as to prevent accidental operation of the comr-
troller, if the operating mechanism be not thrown to the central position. In installlng,
it is necessary to place heavy and substantial stops on the elevator machine so as to limit
the angular throw of the controller operating shaft to 90 degrees from the central position
in either direetion of rotation. A notched star wheel gives an accurate indication of the
“off" and “running” positions, Stops are provided on the controller in order to keep the

arts in proper relation for shipment and to take care of excess overthrow of this shaft,
g‘hey are not strong enough, however, to take the blow of the operating mechanism,

it is therefore necessary to pravide stops of sufficient strength on the elevator machine.
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these devices are used to transmit power from the motor to the

car.

The same mistake is made in the case of the automobile

by ill advisedly using the word transmission to denote only the
gear set, whereas it properly includes the entire system between
the engine and rear axle, viz: clutch, gear set, propeller shaft,
universal joints, bevel gear and differential.

Accordingly in the case of the elevator, the transmission
consists of

1.
2.
3.
4.

Gearing between motor and drum;
Drum;

Cables;

Pulleys.

The term ‘‘electric engine’ is used by elevator manufacturers to
denote the motor, controller, drum and gearing between motor and
drum. Presumably because these devices are usually incorporated in
one unit, arises the erroneous usage of the term transmission.

Gearing between Motor and Drum.—There are several
forms of gear used to secure the velocity reduction between the
motor and drum, necessary in most types of elevator. These
may be classified as

1.
. Chain;

. Spur gear;

. Herringbone gear;

S U

Belt;

Worm and wheel gear.

Belt Drive.—In factories or other places where line shafting
is kept running continuously elevators are sometimes driven
from a countershaft, the latter being belted to the line shaft.

Very often the elevator machine is driven directly from the line shaft,
and as the line shaft always runs in the same direction the only way in
which the elevator machine can be reversed is by the use of two beits,
one open and one crossed, as is done in the case of a metal planer in
a machine shop; this form of elevator drive has already been described.
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MGs. 4,178 and 4,179.—Single motor traction drive with traveling pulleys. Fig. 4,178, primary
form; fis. 4,179, modified form. This drive differs from the Fraser arrangement in that
but one motor is used instead of two. The motor in this system runs at slow speed and,
by means of the pulley A on the armature shaft, drives a set of cable, which passes under
this pulley, thence over the traveling pulleys R and S, and has its free ends anchored a%
NN. The frames of the traveling pulleys are respcctively connected b%cables passing over
the upper pulleys C and E with the car H and the counterweight W. In the modified
forr, the two traveling pulleys R and S are combined in a single frame V and a tension
weight T is added as shown. In operation, the motor is controlled as usual from the car.
It must be started to move the car and stopped to bring the car to rest, Both the car
and counterweight move at half the peripheral speed of the driving pulley. If, however,
the set of driving catle after passing over the pulley R and S be led under a pair of sta~
tionary pulley and then have their free ends connected respectively to the traveling frames
R, and g, instead of anchored at the fixed points NN, the speed of the car and counter
weight would be one-third the peri¥heral speed of the driving sheave. By further de-
vetoping this plan, different ratios of car speed to motor speed can be obtained.
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¥1G. 4,180.—0Otis 1 to 1 over mounted traction elevator machine, consisting essentially of a
slow speed shunt wound motor, a traction drivingrg;lley, and a magnetically released
spring applied brake. Full magnet control is used. motor is so governed as to prevent
excessive speed regardless of load. Automatic slow down near the travel limits is secured,
attained by two multi-arm_switches located on the car, one for the u}) and one for the
down motion. These switches are operated by cams in the shaft that open the
contacts, one after the other, as the car approaches the limits of travel. This automatic
featurs being independent of the operator in the car, is effective even though the car
operating device be left in the full speed position. The usual safety devices installed in
connertion with modern apparatus, are used with this type of elevator, including speed
governors, wedge clamp safety devices for gripping the rails in case of the car attaining
excessive speed, and pressure switches. One safeguard resulting from the arrangement
and the method of driving the cables, is the decrease in traction which follows the bottom-
ing of either ihe car or the counterweight on their oil buffers. This minimizes the lifting
power of the motor, until nermal conditions are resumed. Inasmuch as in any properly
constructed elevator the roping is so arranged that the counterweight will rest on its oil
buffer before the car reaches the overhead work, or vice versa, it therefore will be seen
that the above mentioned decrease in tractive effort is a very valuable and effective safety
feature inherent in this type of elevator.
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F2Gs. 4,181 and 4,182.—Fraser cable drive, designed to obviate the disadvantage of the largu
shaft space required for drum elevators in very high buildings, owing to the horizontac
travel of the cables when winding. Fig. 4,181 primary form; fig. 4,182, modified form.
In the primary form, the hoisting machine at C, consists of two motors, superimposed,
each driving a set of endless cable by means of a pulley on its armature shaft. Two
weighted sliding frames M and N, carrying ulleys, are driven by the endless cable. The
frame M is connected to the car O by a cagle passing over the upper pulley H, and the
frame N is connected to the counterweight W by a cable passing over the upper pulley K.
In the modified form, the traveling pulleys are combined in a single frame S, the tension
on the endless cables being maintained by a weight W, acting on the pulleys in the frame E.
In operation, when both motors are running at the same speed, and in opposite directions,
the driving cables move without raising or lowering the car or counterwey ht. The motors,
therefore, run continuously in the operation of the system rcgardless of whether the car
be moving orstandingstill. A magnetic brake B, on the overhead pulley H,isoperated whenr
the car is to remain motionless, so as to orevent any slight variation in the speed of the
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Horse Power of Belts.—There is considerable diversity of
opinion in regard to the proper size of belt per horse power trans-
mitted. If the working strain be 60 lbs. per inch of width, a
belt one inch wide and traveling 550 ft. per minute will transmit
one horse power; if the working strain be 30 lbs. per inch of
width, a belt one inch wide traveling 1,100 ft. per minute will
transmit one horse power. Numerous rules are given by different
writers on belting which vary between these extremes.

A rule commonly used and one which can be recommended
to give an amply large single belt for any service is: a single bel
one inch wide traveling 1,000 ft. per minute will transmit one
horse power.

This corresponds to a working strain of 33 pounds per inch of width.
For double belts, twice the horse power may be transmitted.

Many writers give a safe practice for singie belts in good condition,
a working tension of 45 pounds per inch ot widtn.

Ques. Mention some objections to belt drive?
Ans. ~ Slippage, breakage, and running off the pulleys.

Chain Drive.—On some slow speed heavy duty elevators, a
double reduction gear is used with chain drive for the first

FiGs. 4,181 and 4,182.—Continued.

motors tending to move the car. When motion is to be imparted to the car, one motor is
speeded up, and the other motor is slowed down, thus, there will be a difference in the
heights of the two cable loops. This difference is taken up by the motion of the sliding
frames which, in turn, transmit their motion to the car and countcrwcight, raising the one
and lowering the other, or vice versa, depending upon which of the two motors be running
the faster. The speed of the car in either case wil? be half the difference of the peripheral
speeds of the driving pulleys. The motors are shunt wound, and run normally at 400
revolutions per minute. The speed of eithcr motor can be increased to 520 revolutions per
minute or diminished to 280 revolutions per minute by mcans of a rheostat in the car
which introduces resistance in the field of one motor and cuts it out of the field of the other
motor. Witk driving pulleys 19 inches in diameter, the operator can thus vary the speed
of the car from zero tc 600 feet pcr minute. Owing to the small diameter of the pulleys,
a special kind of cable consisting of a steel wire core covered with manila or hemp is used
to secure the requisite strength and flexibility. A diagram showing the connections for
this system is given in fig. 4,166. The advantages of the Fraser type of elevator, besides
small shaft space.required for its operation, are rapid acceleration and quick stopping, and
the ability to reverse from full speed in one direction to ful! speed in the opposite direction
without producing excessive strains or shocks in the apparatus. To ccunterbalance these
features are the first cost and the operating cost of the system, toth of which are greater
than for the drum type of elevator.
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reduction and worm gear for the
second reduction. There are va-
rious types of chain that may be
used, such as link, roller, and the
so called “silent” chain. The latter
is extensively used because of its
quiet operation, but has the ob-
jection that when the multiplicity
of toothed bars of which it is com-
posed, become worn, thus unduly
elongating the pitch, it must be
replaced with a new chain.

Spur Gear Drive.—This well-
known method of transmitting
power is extensively used in eleva-
tor practice. It is a “positive’”
drive, as distinguished from belt
drive which is subject to slip-
page. For moderate speed motors
or machines in which the speed
reduction between the motor and
drum is not too great. spur gearing
is well suited.

Obviously, where great speed re-
duction is required, as in installation
comprising a high speed motor and
slow speed elevator it is not so well
suited because of the large diameter
of the drum gear required or the

PF1G. 4,183.—Northern spur geared elevator machine for freight and foundry elevator.i
The frame for the hoisting mechanism is self contained. A slow speed motor is used, The
wmachine can be either over or under mounted or below the ceiling of any story with the

rope carried over the pulleys.
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extra gears for double reduction necessary to obtain the necessary
speed reduction. Clearly, such installations are best fitted with worm
gear drive, as any speed reduction is easily obtained without the ne-
cessity of double reduction drive.

*Prof, Harkness, as a result of his investigation on the strength of
gear teeth, found that all the formulze on the subject might be expressed
in one of three forms, viz:

horse power = CVPF = CVP? = CVPF

in which C is a coefficient, V =velocity of the pitch line in feet per
second, P=pitch in inches, and F=face of tooth in inches.
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F16. 4,184.—Gear tooth parts. Systems of spur gearing. Two systems of gear tooth are
used for spur gears: the cycloidal and the involute. Of these, the involute system is
the one more commonly used, especially for cut gearing. The standard involute gear
tooth has a 14 14 degree pressure angle, hence the rack meshing with gears cut according
to this standard has straight sides inclined 1414 degrees from the vertical. Definition:
Circu’r pitch is the distance from center Lo cenler of two adjacent teelh along the pitch circle.
Diametrical pitch is a number found by dividing the number of leeth by the pitch diameter;
that is, it gives the number of teeth for each inch of pitch diameter. Internal spur gears.
The dimension of internal spur gears may be found by the same formulz as those for
external spur gears, except for the modification made necessary by the fact that the center
distance in internal gearing is equal to the diference between the two pitch radii, instead
of the sum. In addition, the term inside diameter takes the place of the outside diameter
of external spur gearing. This diameter, of course, is the diameter of the hole in the blank
before the teeth are cut. In laying out the shape of teeth for internal gearing, inter~
ferences are almost sure to be met with. The points of internal gear teeth must, therefore.
be relieved to avord interference with the flanks of the meshing teeth. Inlerference
occurs also when the pinion has too nearly the same number of teeth as the gear. In this
case there is a tendency for the points of the ginipn and the gear teeth to strike as they
roll into and out of engagement. To avoid this interference, the teeth must be cut by
specially made cutters or shaped on a gear shaping machine.

NOTE.—The strength of gear teeth and the horse power that may be transmitted by
them depend upon so many _variable and uncertain factors that it is not surprising that the
formulz and rules given by different writers show a wide variation. In 1879 ohn H. Cooper
(Jour. Frank. Inst., July, 1879) found that there were then in existence about 48 well estab-
lished rules for horse power and working strength, differing from each other in extreme cases about
500 per cent. In 1886 Prof. Wm. Harkness (Proc. 4. A. A. S. 1886), from an examination
of the bibliography of the subject, beginning in 1796, found that according to the constants
aud formule used by various authors, there were differences of 15 to 1 in the power which

could be transmitted by a given pair of geared wheel.
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From an examination of precedents he proposed the following formula
for cast iron wheels:

.91 VPF

horse power =
V14.65V

P16, 4,185—Gurney nerringbone gear, pinion, and brake pulley. The ratio between gears
is about 5 or 7 to 1, and the teeth in gear and pinion converge from the center of its face
outward at an angle of about 23 degrecs. There is nothing new about this type of spur
gear, as it has been in use for mill purposes for at least a century. It was originally de-
signed to impart a smoother motion to thedriven machines and also to give greater strength
to the teeth, but until recently the only method of producing it was by casting and, of
course, cast gears were not applicable to elevator service. The advantages of the herring-
bone gear are a minimum of friction as compared with the worm and worm gear; smoother
running than with the teeth cut straight across the face; and greater strength due to the
diagonal position of the teeth, which ailows a greater number of teeth to be in mesh with
the pinion at one time.

Herringbone Gear Drive.—This form of gear, sometimes
called double Lelical tooth gear is a type in which right and left
‘hand spiral teeth are both used.
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The advantages of herringbone gears may be stated as follows:
The action is continuous and smooth; there is no shock when the
load is transferred from tooth to tooth, and therefore wear is
practically eliminated; the bending action of the load on the
teeth is less than with straight spur gearing; the gears work
almost silently and without perceptible vibration; back lash is
practically absent and herringbone gears can be used for high
ratios and for great velocities.

PIG. 4,186.—Detail of Kaestner and Hecht clectric brakes. In operation, the brake is mechans
icallgv closed by the spring shown at the lower end, and electrically released by the solenoid
at the top.

NOTE.—The fundamental prirciple of the action of herringbone gear teeth lies in the
tact that all phases of engagement take place simultareously for every gosition of pinion and
ar, providing the relationship between pitch, width of face and angle of spiral is such that
it insures a complete overlap of engagement. Since all the phases o? engagement occur sim=-
ultaneously, it is evident that the load is partly carried b¥l tooth surfaces in sliding contact and
partly by surfaces in rolling contact. The portions of the teeth farthest from t%e pitch line,
which engage with sliding action, tend to wear away more rapidly than the portions nearest
to the pitch line. The pitch line portion, however, is always carrying part of the lead and
the effect of wear at the ends of the teeth merely is to throw more load on the center portiona,
or in other words, there is a constant tendency to concentrate the load near the pitch line
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Ques. Describe the Wuest system of herringbone gears.

Ans. The right and left hand sides of the gears are stepped
half a space apart and do not meet at a common apex at the
tenter of the face, as in the usual type of herringbone gear.

This stepped form wears more evenly under extreme loads than the
ordinary type. s

F1G. 4,187.——Albro-Clem internal grared electric elevator engire. This machine is sometimes
furnished without interral gears, mounting the drum dire:tly on the worm wheel shaft,
using slightly higher pedestal aud out board bearing on the drum. Either method being
part of standard equipment. The internal geared machine is used for large capacity, slow
speed elevators, while the omissibn of internal gears reduces the capacity and increases the
car speed. This machine is buiit for either a. c. or d, c.current, using either electric or
mechanical control in the car.

Worm Gear Drive.—This form of gear is very extensively
used and is especially suited to slow speed elevators driven by
high speed motors. A feature of worm gear drive is that it is
self-locking because of the high velocity ratio, that is to say,
20 change in the loading of the car will produce movement.
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In construction the gearing is
enclosed in a cast iron box or
casing which serves to protect the
gears from dust and ‘also to form a
reservoir for oil used for lubrication.
The worm is generally placed below
the gear, in order that the worm may
run in an oil bath. There are two
kinds of gear:

1. Single gear;

2. Double or tandem gear.

111%3%111'

Ques. Describe the single
gear.

Ans. The worm is direct con—
nected te the motor shaft, and in
operation when it revolves, the
spiral thread of the worm produces
an endwise motion similar to that
of a screw in a nut, but as the worm
is prevented moving sidewise by a
thrust bearing, it transmits motion
to the teeth of the gear with which
it meshes and causes it to revolve,
This motion is transmitted to the
drum which winds and unwinds the
hoist cables.

Ques. What is the undesirable
feature of single worm drive?

Ans. End thrust.

T1G. 4,188.—Portland undermounted worm drive
drum elevator showing machine, car, shaft
counterweights, and arrangement of cables and
pulleys, also controller an safety devices.
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Clearly with a heavy
load there is consider-
able pressure endwise
on the threads of the
worm which is accom-
panied by friction (loss
of power) and wear,
moreover & special form
of bearing called a
thrust bearing is re
quired to take this end

thrust.
J‘ — .
I = Ques. Describe
’J’ = some forms of end
| =

thrust bearing.
Ans. For light serv-

i ice, discs of bronze and

steel suffice to take the
il thrust; for medium duty
ball bearings should be
used; and for heavy
duty, roller bearings.

The details of con-
struction are shown in
the accompanying cuts.

Ques. What is the
Wit object of a double

WORM

or tandem worm gear?
Ans. To eliminate the end thrust.

Ques. Describe a double worm
gear.

Fic. 4,189.—Reedy single worm drive with ball bearing
end thrust. The shaft on which the worm is cut is
direct connected to the motor through a coupling
with pulley shaped flange which is used as a braking
surface. The single worm drive is suitable for rel
atively slow car speed and light loads. n con-
struction worm drives are arranged * ‘u oil.
accordingly the worm is placed below “eel,
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Ans. Two worms, usually forged solid to one shaft are em-
ployed; one, a right hand worm, and the other left hand. These
warms mesh with two gears of equal size.

As originally designed by the inventors, the worm gears used were
made with straight faces, the teeth being cut at the angle of the thread
of the worm, and the gears were set so that they meshed together as in
fig. 4,190 and 4,191. Later some makers used spur gears in addition
to two worm wheels and bolted them together in pairs as in figure 4,192,
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#xGs. 4,190 and 4,191.—Farly design of tandem worm drive machinery in which the two geas
wheels meshing with the two worms, mesh with each other. In construction, the
gears are of bronze, cut on a spiral gear cutter, and the worms are a part of the steel worm
shaft, The motor C is equipped with self-aligning, self-oiling bearings. Drum D is secured
and driven by six coupling bolts fitted into a flange forged to the drum shaft. An electro-
mechanical brake is used, the friction arms or shoes, RR, are made of cast iron, lined with
cork formed to fit the brake wheel E. The pressure is applied by a spring S and released
by energizing the magnet. The Limit stop device is mounted on the brake magnet, and
is driven by a sprocket chain O from the gear shaft I. The slack cable device consists
of a balanced bar under the drum which acts upon the controller to stop the motor upon
the slacking of the ropes. A centrifugal governor at V, driven by a belt U, from the worm
shzft, applies the brake whenever the normal speed is exceeded. It will be noted that the
casing around the worm drive forms a reservoir allowing the worms to run in oil, thus
securing the most efficient lubrication.

The spur gears were enough larger in diameter than the worm gears %o
prevent the latter meshing.
Another and better construction is to use two spiral gears meshing
*ogether with the worms driving them.
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™G, 4,192.—Tandem worm drive machine with independent concave face gears meshing with
the worm as shown by the portions of the larger gears cut away above the worms. As
shown, there are four gear wheels bolted together in pairs, the two larger ones meshing
with each other, and the two smaller ones with the worms.
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F1G. 4,193.—Reedy tandem worm drive. This differs essentially from the single worm
drive in that intermeshing right and left han ears are used in place of the single gear,
‘The use of the double gear has the advantage dividing the pressure between the worm
and gear so that greater loads and speeds are obtainable than rre advisable with the
single gear. The manner in which the gear wheels and worms mtermesh produces, more-
over, a three point contact which permxts the gearmg ltﬂelf to compensate for any end
thrust of the worm shaft, thus eliminating the necessity of thrust bearings.
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Double Reduction Worm and Internal Gear Drive.—
For very slow heavy duty freight elevators, operated by high
speed motors, the excessive speed reduction necessary is best
obtained by double reduction drive employing a combination of
worm and internal spur gear.

The general arrangement isshownin fig. 4,194, in which the worm drives

a large spur gear which has attached to its shaft a pinion meshing
with the internal gear on the drum.

#3G. 4,194.—~Warner internal spur gear freight elevator machine, fitted for mechanical control.
The gear spider S and drum D are made wn one casting with a heavy cast iron neck between
them. On top, the motor M, is the controller box C, containing the switches and rheostat.
N. is the brake, R, shipper pulley, and A A, the limit stop.

Ques. Why is an internal gear used?
Ans. In order that the drum will rotate in the same direction
velative to the worm as in single reduction gear.

It is desirable that the drum in lifting the load should revolve so as
to bring the thrust of the end of the worm shaft toward the back end
of the gear case-
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TG, 4,195.—Albro-Clem in-
ternal gear worm drive
freight elevator.

Drums, Cables, Pulleys.
Counterweights. — These de-
vices constitute that portion of
the transmission that may be
called the final drive.

On winding drum machines,
the lifting and counterweight
cables arc attached to the drum,
which is spirally grooved with a
concave groove to receive and
guide the cables.

The lifting and counterweight
cables are so attached to the
drum and arranged that, while
the lifting cables are being wound
up, the counterweight cables are
being unwound, as shown in
figurc 4,188.

The idler pulley slides from
side to side as the cables wind
on or off. From the illustration
it is clear, that they alternatcly
use the same grooves in pairs.
These grooves or scores as they
are called, are, in the case of the
overhcad type, so made, that
they run from the end of the
drum toward the center one
grove on each side

Ques. In the case of the
overhead type, how are the
grooves or ‘‘scores’’ made?
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o) (o @ Ans. They are so arranged that

they run from the ends of the
drum toward the center, one
groove on each side.

When the engine is set to one side
of the shaft, either on a foundation
or a suitable frame on one of the
other floors of the building, the
grooves run in [pairs side by side
from one end of the drum to the
other and are made to lead right
hand or left as the conditions re-
< quire.

Ques. How are the counter-
weights arranged?

Ans. Two weights are used, as
in fig. 4,188, one, which is at-
tached to the drum to offset a

o certain percentage of the load to
/\ be lifted, and another to counter-
\O / balance the car. The latter weight

travels in the same runways as the

F1G. 4,195.—Usual method of proving the counterweight. As shown the counterweight W is

joined to the drum D instead of to the car M, the connecting cable C, being wound around
the drum in the opposite direction to that in which the hoisting rope R is wound,and
anchored thereto. Ks the drum rotates, the two ropes or sets of rope move in opposite
directions; the one set is therefore wound into the grooves on the drum left free by the
unwinding of the other set. The counterbalance is generally given a weight equal tothe
weight of the car and its fixtures plus the weight of the average hveload. When the average
load is being carried by the car, the elevator is balanced, and the motor need then furnish
only sufficient power to start the car and keep it moving against frictional resistances.
With a live load in excess of the average, the motor will be required to furnish more
power in raising the car and less power in lowering it. Thus, witha load in the car equal
in weight to the maximum load, the power supplied by the motor on the up trip must be
sufficient to raise the number of pound represented by the difference between the maxi-
mum load and the average load. On the down trip, however, the maximum load may be
sufficient to lower the car without requiring any power from the motor. On the other hand,
if the car be empty on the down trip, the motor, must provide sufficient power to raise
the weight of the counterbalance which, as previously stated, is generally equal to the
weight of the car and its fixtures plus the weight of the average live load. In ordinary
passenger service. the average load carried by an elevator is usually less than one-half
the maximum load for which the car is designed, very often not more than one-third the
maximum load.



2,926 HAWKINS ELECTRI CITY

2,928

HAWKINS ELECTRICITY

———

Before Starting.—The main switch connecting the motor with the

supply circuit must be cloli

ever, until it is positively

or switch of the operating device in the car is in its off position,

Starting.—In all cases
in order that a reasonable
the acceleration must be

In starting, considerably more
normalspeed, and the more abrupt the
the stress in the various parts of the

Stopping.—An abrupt
on the braking apparatus.

Frc. 4,200.—Cutler Hammer direct o

thecar should be startedgradually, although
average speed be maintained between floors
rapid.

] power is required than after the car has reached it
§ start thegreater thisabnormal Power and thegreater

equipment.

| stopping of the car produces a severe stress

f the stops be made within the distance

r_alternating current single pole shaft limit switch,

It consists of a slate base on which 1s mounted a pivoted arm carrying a large roller at

A coiled spring, bearing against the

of ty the car. Where shaft limits are used throughout as in the case of traction elevators,
ordinarily one shaft limit 1s used for slow down, two for final stop (as this must be double pole).

Forspeeds over 300 feet per minute, additiona! limit switches should be used forslow down,
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that the operator can see the landing at which he aims, the best results
will be obtained for moderate speed cars. This allows the operator about
eight feet in which to bring the car to a stop from full speed. A skillful
operator can readily de this, but an unskillful one may require a much
longer distance.

Sudden Reversal.—On account of the waste of power and the
strain on the apparatus, it is advisable not to suddenly reverse the
direction of travel of the car; also, to bring the floor of the car on a

) level with the landing at the first stop, not run past and then back up.
or stop too soon and thus have to start and stop again.

i

#1G. 4,201.—Machine limit stop or safety device placed on the machine to prevent over travel
in case the stops on the shipper rope become inactive by the breaking of the rope. It
consists of a threaded extension A on the drum shaft upon which a traveling nut E
moves in a fixed ratio to the movement of the car. The shipper rope pulley N is on that
portion of the drum shaft which is not threaded, and carries a bracket R that extends
over the threaded portion. Owing to two lugs on the nut E which fit in slots in the bracket,
the nut can move only parallel with the shaft when the drum rotates unless the shipper
rope sheave N moves also.  On each side of the nut E there are claws that engage with
similar claws on the inner sides of the nuts V and S when E and V or E and S come to-
gether. Check nuts on the outer sides of the nuts V and S securely clamp the latter to the
drum shaft, so that when the nut B engaﬁes either with V or S'it will, by means of the
bracket S, shift the shipper rope sheave N, thus cutting off the current from the motor

ind applying the brake. If the nuts V and S be located on the threaded portion of the
haft so that contact is made between them and the nut E when the car reaches its limits
Jf travel, the operation of the device will stop the car automatically at both these points.

By giving attention to these points, not only will the power used, and therefore the
rating expense be reduced, but the useful life of the motor starter contacts will be prolonged.
ese contacts suffer most from the sparking and flashing produced by switching off the

curzent when the motor has just started or while it is running very slowly.

Motor Starter Contacts.—These contacts should always be kept
smooth and bright. A piece of fine sand paper rubbed over them is the
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best means of producing the desired result. After sand papering, the
loose particles should be blown out with a bellows.

The bearings and cams of the motor starter should be kept clean
and well oiled, and if a dash pot be provided to prevent the contact
arm moving over the contacts faster than is necessary to secure the
proper acceleration of the motor, this should be adjusted so that the
arm will descend in from five to seven seconds.

Fics. 4,202 and 4,203.—Gurney centrifugal safety governor. Fig. 4,202, governor under norma
operating conditions; fig. 4,203, governor in operation through car exceeding a prede-
termined speed. The governor is located at the top of the shaft and directly connected
to the car safety. When the car exceeds a predetermined speed, for which the centrif-
ugal governor is adjusted, the car safety is automatically brought into action, gradually
stopping the car and locking it securely to the guidesby a powerful gripping pressure. Non-
corrosive metal is used for the operating parts of this device, insuring its being in working
g?ngitignuat all times. There are no springs in the governor to assist or retard the action

the balls.

As _the retarding action of the dash pot may be overcome by gravity,
a spring, magnetic attraction, or by the motion imparted from the
motor, the shafting, or the elevator machine, the method of adjustment
will depend upon which form of motor starter be used.

Caution in Adjusting.—An important point to remember in con-
nection with the cleaning, oiling, or adjusting of the motor starter,
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and in fact in connection with the ‘cleanitiy, oiling; or*iidjusting of any -
parts of the elevator equipment, is to open the main switch connecting
the motor to the supply circuit before commencing these operations; -
this will tend to prevent accidents of an electrical or a mechanical nature,

Car Stops.—TIf, in the operation of an elevator, the car stop for some
unknown reason, the operator should at once shift his controlling
device in the car to the off position. If, then, upon shifting the con-
trolling device again to start, the car refuse to miove in either direction,
some one of the following occurrences has probably taken place: It
may be that the car or counter weight has met with some obstruction
and the slack cable device has ogerated; that there is a poor contact in
the switch or connections; that thefuse or circuit breaker has opened the

F1Gs. 4,204 and 4,205.—Cutler-Hamaner direct or alternating current double pole slack cable

switch for use with controllers. Fig. 4,204, case closed; fig. 4,205, open. In con-
struction the switch is enclosed in a cast iron case from which ?mjects a shaft designed

- for attachment to the slack cable arm of the winding machine. In operation should the
cable become slack, the movement of the slack cable arm through an angle of a few degrees
in either direction serves to trip the switch, opening both sides of the line to the control
system and stopping the car. e slack cable switch cannot be automatically reset, but
after having tripped out must be reset by hand, thus compelling the operator to go to the
source of the trouble before the elevator can be again operated.

motor circuit; or that the current has been turned off the supply wires,
In any case, the motor should be examined before starting, to see that
no damage has been done to it. :

Car Stops between Landings.—When thishappens, owing toa failura
in supply of power, an effort should be made to have the main switch
opened, the brake released, and the worm shaft turned either by pulling
on the brake pulley or with a wrench on the end of the armature shaft
soas to bring the car to a floor landing and allow the passengersto get out.
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F1G.. 4,206.—Warner worin drive over mounted traction elevator machine with control board; for
minute. The largest machines are ball beafing throughout. The motor is of the interpole type.
contacts, except the pressure switch, which has copper and carbon contacts.

spceds up to 600 feet per
The switches have metal
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In some elevator motors, the free end of the armature shaft is purposely made square
%o facilitate turning the shaft with a wrench as just mentioned.

Car Beyond Control.—If the operator find he has lost control of
the car and cannot stop it, he should not become frightened but allow
it to make the full run, relying on the limit stops to automatically bring
the car to a standstill at éither end of its travel.

#1G. 4,207.—Otis spring return oil buffer or cushion. These are placed in the shaft one under
the car and one under the counterweight, and are arranged to bring either the car or the
counterweight to a positive stop, thrauzh the telescoping of the buffer—this occurring
at a carefully calculated rate of speet, which is regulated by the escape of oil from one
chamber of the buffer to another.

Limit Stops.—The operafor should not rely on the limit stops to make
a top or bottom landing, but should operate the controlling device in
the car as he would to make uny intermediate landing. It is advisable,
however, to test the adjustment of the limit stops and determine if
they remain in proper working order by trying them once daily by
means of the car.
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Caution While Car is in Motion.—The operator should neves
leave his car while it is in motion, and he in turn should never allow
a passenger to enter or leave until the car has stopped at a landing.

The majority of elevator accidents have resulted from carelessness in observing this
simple rule, showing that more attention should be given it by operators than heretofore
has been the custom. As the operator opens the doors at a landing he should call out “‘up"
or “‘down,” depending upon the direction in which the car is making the trip, and while %e
should allow ample time for passengers to reach the car from wherever they may be standing,
it may be necessary in certain cases to add, ‘‘step lively, please.”

Leaving Car for the Night.— When the elevator is left for the
night, the car should be brought to the lowest landing and allowed to
remain there. Care must be taken to open the main switch connecting
the motor to the supply circuit, before leaving the premises. In fact,
whenever the car is tc be left idle for any length of time, this switch
should be opened to prevent any possibility of the motor starting up
and causing damage.
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CHAPTER LXXIX

ELECTRIC CRANES

By definition, a crane is a machine for lifting, lowering and
moving a load in a horizontal direction, as distinguished from a
hoist which simply lifts and lowers a load.

The numerous and diverse conditions of service require a
multiplicity of type, and accordingly cranes may be classified:

1 With respect to the motive power, as

a. Steam;

b. Pneumatic;
¢. Hydraulic;
d. Electric.

2. With respect to the character of the horizontal motion, as

[swing cranes;

jib cranes;
column cranes;
pillar cranes;
pillar jib cranes;
derrick cranes;
walking cranes;
|locomotive cranes.

a. Rotary

(bridge cranes;
13 tram cranes;
b. Rectilinear traveling cra;nes;
gantry cranes.

¢. Combination rotary and rectilinear.

In addition to these, there are some miscellaneous types
known as

1. Sheer legs;
2. Transporters;

3. Telphers {cablew““;

mono-rail systems.
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The following definitions of the various type show the inherent
features of each:

Swinging cranes.—Having rotation, but no trolley motion.
Jib cranes.—Having rotation and a trolley traveling on the jib.

Column cranes.—Identical with the jib cranes, but rotating
around a fixed column (which usually supports a floor above).

Pillar cranes.—Having rotation only, the pillar or column being sup-~
ported entirely from the foundation.

F1Gs. 4,208 and 4,209.—Sheer legs. This is a type of lifting appliance used for handling ex*
tremely heavy loads such as ship's boilers and heavy guns. The load rope passes over a
pulley at the head of the legs A and is led to the winding drum B, which is driven by the
motor C. The bottom of the back leg D is traversed by a screw E. driven by the motor F
s0 as to traverse the load in or out. Occasionally a second hoisting drum and motor are
provided to handle light loads at quick speeds. "It will be noted that with this type of
crane, loads can only be picked up and deposited along a horizontal line which is a con=
tinuation of the center line of the screw.

Pillar jib cranes.—Identical with the last, except in liaving a jib
and trolley motion.

Derrick cranes.—Identical with jib cranes, except that the head
of the mast is held in position by guy rods or stiff legs, instead of by
attachment to a roof or ceiling.
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Walking cranes.—Consisting of a pillar or jib crane mounted on
wheels and arranged to travel longitudinally upon one or more rails,

Locomotive cranes.—Consisting of a pillar crane mounted on a
truck, and provided with power capable of (fropelling and rotating
the crane, and of hoisting and lowering the load.

Bridge cranes.—Having a fixed bridge spanning an opening and a
trolley moving across the bridge.

Tram cranes.—Consisting ot a truck, or short bridge traveling
longitudinally on overhead rails, and without trolley motion.

Traveling cranes. — Consisting of a bridge moving longitudinally
on overhead tracks, and a trolley moving transversely on the bridge.

J

MG, 4,210.—Electric derrick crane. The load hangs from the end of the jib A, which is sup-
ported by the pin B,and rope C, which leads to the jibbing drum D, by which the jib can
be lowered. e load rope E, is led to the drum F. Drums D and :* are driven by motor
G. A clutch is provided by which the drum 1) may be put in or out of gear with drum F.
When D is out of gear, the drum F is used to lift or lower the load. When the two drums
are clutched together they run in opposite directions, so that when drum D is hoisting
the jib, drumn F pays out the load rope, and vice versa. Thus, whether the Jjib is being
lifted or lowered, the load remains steady, and simply runs in or cut in a horizontal line,
The jib and the motors and gearing are carried by the vertical mast H, which turns in
bearings 1] in the framing K. The driver's platform L is also attached to the mast,
and the various conzrolling switches and lcvers are placed on this platform. To slew the
mast and jib, a toothed wheel M is fastened to the framing and gearing. With this is
provided a pinion, the shaft of which is carried in bearings on the mast, and is driven by
the slewing motor N. This type or crane will serve an area having a radius equal to the
maximum horizontal radius of the jib, and forming a segment of a circle embracing an
arc of rather less than 270 degrees.
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Gantry cranes.—The same as a traveling crane except that the
bridge member is supported on structural legs of suitable height, which
are provided with wheels and suitable geanng, so that the crane may
be propelled bodily along the tracks which are on the ground.

Rotary bridge cranes.—Combining rotary and rectilinear move.
ments and consisting of a bridge pivoted at one end to a central piet
or ﬁost, and supported at the other end on a circular track, provided
with a trolley moving transversely on the bridge. '

Essentiais of Rotary Cranes.—In this type of crane, the
construction is such as will permit the load to be lifted, lowered,

— i tive jib crane. The essential parts are: A, jib; B, jib pivot;
Flc.é'21}c>1fxe ]g%::t;frﬂiégcg:’g ll‘),fagel: for jib, and which controls the radial p'osnlon of J.lb':
D, jib shifting drum;_ B, hoisting rope leading from hook; F, hoisting drum; G, hoisting
mzstor; H, framing; I, pin; J, turning or slewing wheel; K, truck; L, pinion; M, turning

and propelling motor. R

and moved radially. An example of rotary crane is shown in
fig. 4,211, which illustrates the essential features of a locomotive

jib crane.

As shown in the figure, the hook, which engages the load, hangs
froxrf the end of the jib A, which is supported by the piece B, and rope
C. which leads to the drum D. By winding in Or paying out tbe rope



ELECTRIC CRANES 2,939

C, the radius of the jib in the horizontal plane can be increased or
diminished.

The rope for hoisting the load is brought over a pulley at the head
of the jib and led to the drum F. Drums D and F are usually arranged
to be driven from one motor G, clutches being so arranged that when
the motor is in gear with the one drum, it is out of gear with the other.
The jib and hoisting gear are carried by the framing H, which turns
upon the pin I, the turning or slewing being accomplished by means
OF the wheel J, which is secured to the platform of the truck K and
pinion L (carried by bearings in the framing H), which is driven by
the motor M.

Voeee e

PrGs. 4,212 and 4,213.—Niles crane construction: bridge ends or trucks. The bridge ende

are built up of plates and angles, as illustrated, or of heavy steel channels or 1 beams,
depending upon the type and capacity of the crane. Heavy gusset plates connect the
girders and bridge ends, and prevent the girders getting out of square. All con=
nection holes are drilled and reamed after the parts are assembled and squared. In best
construction, finished body bound bolts with lock washers are used for connecting these

arts. The truck wheels are bronze bushed, extra heavy, and double flanged, the treads

eing accurately finished to equal diameters. They revolve on turned stee%eaxles of large
diameter, which are fitted in bored holes in the reinforced bridge ends and securely held
by key plates. This construction gives large bearing surfaces and extremely low bearing
Eressure values, ensuring minimum wear. Bronze washers are provided between the

ubs of the truck wheels and the web plates. The truck wheel gears have teeth cut from
solid stock and are forced by hydraulic pressure on the hub of the truck wheels and keyed.
The bridge ends extend beyond the wheel and are capped at the ends with a removable
steel glate, provision being made for attaching wooden bumper blocks, which prevent
the wheels and gears of two cranes coming in contact when several cranes are on
the same runway. The truck wheels may be easily removed by taking off the steel caps,
jacking up the bridge ends just enough to remove the weight from the wheel, withdrawi
the axle and rolling the wheel out. Lubrication of the truck wheels is &)rovided by internal
eiling through the center of the axle. The bridge drive shaft is carried at the ends by self-
oiling cap bearings, so located as to eliminate overhung gears or pinions.

It is usual for the framing to be capable of making a complete circle.
The motor M is also used to drive the truck along the rails.

A vertical shaft driven from this motor passes through the pin I,
and drives one or both of the axles by means of bevel gear. Clutches
are provided so that the motor M may be used for slewing or traveling,
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The load is balanced by the weight N. A foot piate for the operator
is provided on the framing just infront of the balance weight, and
the controllers and clutch levers are within easy reach.

Ques. What area is served by a locomotive jib crane?

Ans. It is equal to twice the maximum radius of the jib,
and a length depending on the length of track laid.

Ques. What is the effective radius of the jib?

Ans. Its projection on the horizontal plane passing through
the pivot on the lower end of the jib.

P1G. 4,214.—Niles crane construction: Bridge end trucks showing the iwo bearings for bridge
drive shaft and the steel plate with bumper block at end of truck.

Ques. What is the most economical position of the
inclined brace in a jib crane?
Ans. The position in which the inclined brace intersects the

jib at a distance from the mast equal to */; of the effective radius
of the jib.

Essentials of Rectilinear Cranes.—This form of crane differs
from the preceding type in that the load is moved linearly
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mstead of radially. The essential features of rectilinear cranesg
are shown in fig. 4,215, which illustrates a rectilinear crane of
the traveling type.

In construction a pair of cross girder AA, known as the bridge, are
supported on the end carriages BB. The wheels of the end carriages
run on rails mounted on elevated structures or gantries CC. The
purpose of the crane is to lift, transport, and deposit loads anywhere
within an area a little less than the width between the gantries and of
a length depending on the length of the gantries. Rails are laid on
the cross girders AA, and a crab or trolley runs on these rails.

The trolley has two motions, each driven by its own motor.
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?1G. 4,215.—Electric traveling crane. The parts are: AA, cross girders known as the bridga,
BB, end carriages; CC, elevated track structure or ganiries D, hoisting drum; it.
hoisting motor; F, transverse propelling motor; G, longitudinal propelling motor: H
cage or operator’s platform.

The hoisting motion, for lifting and lowering the load, consists of
the drum D, driven through suitable gearing by the motor E.

To traverse the crab along the cross girders, the motor F drives one
pair of wheel through gearing.

For the purpose of traveling the crane along the gantry, the motor
G is mounted at the center of one of the cross girders, and from each
end of the motor, a shaft is led to drive one wheel in each of the end
carriages.

Ques. What is the object of mounting the traveling
motor at the center of the cross girders?
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P16S. 4,216 ard 4,217.—Niles crane copstruction: Box section bridge girders. The standard
bnx sectian girders are built up of two web plates, four heavy angles and universal mill
top and bottom cover plates. The web plates are reinforced at frequent intervals by
heavy vertical angles and connected together by diaphragms to prevent vibration and
skewing diagonally when the crane is startud suddenly. All holes in the angles and plates

mmﬁosmg the girders are laid out to templates, and after being assembled, are reamed

to the proper size to receive the rivets wirhout the use of drift pins. The bridge motor
is bolted in a horizontzl position to a beavy structural stecl bracket, riveted to the girder
adjacent to one set of vertical angles and diaphragm plates ccnnecting the web plates
described above, in order to prevent distortion of the girders. At the ends of the girders

are placed heavy vertizal and horizontal angles which reinforce the webs and serve as a

connection to the bridge engs.

FIG. 4,218.—Niles crane construction: Bridge drive for oox section girders. The web plates
of the box section girders are reinforced by heavy stifening angles, placed near the bridge
drive motor and arc cennected biy diaphragms, preventing distortion of thegirders by motos
or gears. The bricge motor is bolted in a harizontal position to a heavy structural steel
bracket riveted to the girder. The motor gear and pinion are enclosed and run in self-
oiling bearings. The cross shaft is of extra hcavy stecl and is sef.ciently strong to skid
the truck wheels with the crane fully loaded, thereby preventing distortion in the shaft
due to careless handling. The shaft is supported at uniform intervals by adjustable
split babbirted bearings which can te removed without disturbing any other part. They
have oil reservoirs aud are provided with wick feed lubrication. | The truck wheels ar¢
extra heavy with double flarges, the treads being accurately machkined or ground to equal
diameters. A powerful foot brake of the post type is provided, operated by a foot leve
conveniently located in the cage. The brake is simple in construction and extremetl;
powerful in action. A substantial platform with angle iron hand mil extends alorg th,
ixrde,r on the bridge drive side, provid:rg easy access to the bricge motor, gears an:

earings.



ELECTRIC CRANES 2,943

Ans. To obtain an equal amount of twist in both parts of the
shafting, so as to avoid cross wind.

Ques. What is the cage?
Ans. A platform or housing for the operator, and containing
the control devices.

Ques. Where is it located?

Ans. It is attached to the bridge at H, fig. 4,215. This posi-
tion gives the operator a clear view of the hoisting operations.

CIRCULAR GANTRY
RADIAL PROPELLING MOT®R

SPUR DOUBLE REDUCTION
GEARS

F1G. 4,219.—Electric combined rotary and rectilinear crane. In construction most of the
parts are identical with those of fig. 4,215, and the lctters on these parts are the same for
each figure. This type differs from fig. 4,215, in the replacement of one gantry by a pivot
P, and the other straight gantry by a circular gantry which may be either an arc or a
complete circle as desired.

Essentials of Combined Rotary and Rectilinear Cranes.
—A modification of the traveling crane, which combines the
functions of the two classes, rotary and rectilinear, consists in
pivoting one end of the bridge of a traveling crane and sup-
porting the other end on a circular gantry as shown in fig. 4,219.

The illustration shows the most of the mechanism to be identical
with that of the traveling craie.
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One end of the bridge is pivoted at P and at the other end, a section
of the circular gantry 1s shown. :

In construction the circular gantry may continue all the way around
or only for a short arc, as may be desired. The figure clearly shows that
the rotary motion is obtained by operating motor G, and the rectilinear

! motion, by motor F, while hoisting and lowering is effected by motor E.

FIG. 4,220.—Niles crane construction: Standard grab bucket trolley suitable for operation
with a two rope grab bucket, one rope beiny attached to bail of bucket and the other
attached to the opening mechanism. The troiley framing consists of heavy steel channels
securely riveted together, making a self-contained and rigid construction to which the
mechanism is attached. The trolley is of the double drum type, each drum being operated
independently of the other or in unison through the medium of one train of compensating
gears. The hoisting drums are finished all over, and haye grooves cut so that the bucket
is lifted vertically without twisting, and the load is distributed equally to both bridge
girders. The bearings in the drums are bronze bushed and revolve on a steel drum shafs
in which allowance has been made for all bending strains and in which all torsional strains
have been eliminated. The steel drum gears are forced directly on to the drums and keyed.
All shafts run in self-oiling cap bearings with removable bushings. Any shaft may be
removed without interfering with any other. One drum is fitted with a powerful foot
brake of the post type, perfectly balanced and positively withheld from contact with the
brake wheel, except when applied by the operator for the purpose of opening the bucket.
The brake is operated by a foot lever conveniently located in the cage. The bucket is
held by two sets of rope, the tension in which is always equalized through the compen-
sating ‘gears, avoiding the possibility of slack ropes and insuring the retention or the
bucket by one of the ropes should the other break. The hoisting mechanism is controlled
by powerful brakes, preveating the dropping of the bucket or running down bg gravity
under any condition of service, FHoisting, lowering, opening or closing the bucket is,
under the complete control of the operator at all times, The opening of the bucket or
dumping of the load is by the simple application of the foot brake. When the open
bucket comes in contact with the material to be handled, the controller is moved to the
hoisting position. This closes and thereby fills the bucket, which, without further man-
ipulation, is hoisted to the: desired dumping point. The mechanism is always in position
to re&)aat the operation, insuring, by its simplicity, high speed of operation with moderate
speed of mechanism. Clutches or other parts liable to excessive wear are eliminated.
Regtlxlfarly built with direct or alternating current motors, which are bolted directly to the
steel frame.
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Essentials of Transporters.—By definition a transporter is
a lifting and transporting machine designed to carry loads between
two fixed points. It is used chiefly for handling comparatively
light loads at quick speeds and employed largely for the con-
veyance of materials such as coal in bulk. For the latter service
it is provided with an automatic grab instead of a hook. Fig.
4,221 shows the essential features.

Y

B ]4)1,221.b—Electric transporter. The parts are: A, load rope; B, carriage; C, beamr
, grab.

In operation, the grab being full, the electrically driven drum winds
in the load rope A. The carriage B, being held by a trigger at the
bottom end of the beam C, the winding in of the rope lifts the grab.
When it is heaved right up to the carriage, it locks itself to it, and at
the same time lets go the trigger.

The carriage is pulled along the beam, but as the rope is now single
urchase, the carriage is pulled along at double the speed at which the
oad was hoisted.

On arriving at the top end, the carriage is held by a trigger and the
grab is freed from the carriage. The motor is now reversed, and the
grab, after being lowered a given distance, discharges it contents. The
motor is again reversed, thus hoisting the grab upto the carriage, to which
it locks itself and frees the trigger.
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On reversing the motor, the carriage runs down the beam, and at
the bottom end is caught by the trigger, while the grab is released and

continues to run down till it plunges into the material, thus completing
the cycle.

Ques. How long does a complete cycle take in this type
of apparatus?

d1Gs. 4,222 to 4,224, —Northera low junior and express type electric crane, floor controlled
Figs. 4,222 and 4,223 showing over mounted trolley; fig. 4,224, under mounted trolley,

Ans. From one-half to one minute.

Ques. What is the grab load?
Ans. From one to one and one-half touns.
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Crane Motors.—For driving the traveling, traversing, and
slewing motions of crane, series wound motors of a generally
similar type to those used for electric traction give satisfactory
results, this work being in fact a simple class of electric traction.
The driving of the hoisting motion presents a more difficult
problem, for though it is easy to lift the load up, it is not always
S0 easy to get it down again in a satisfactory manner.

Automatic Electro-magnetic Brakes.—It is customary to
fit the hoisting motion with an electro-magnetic brake. This

P1G. 4,225 —Sectional view of Shaw type Z Crane motor. The frames are of cast steel §F'ﬂt
diagonally and when assembled with bearings completely enclose the armature, he
motor has four salient poles cast integral with the frame and so shaped that the field coils
can easily be put in place. The brake is attached to the lower half of the frame so that
the motor can be taken apart without disturbing it except that the band must be removed
by taking out the two pins holding same.

may consist of a band brake which is normally kept on by a

spring or weight and released by an ironclad solenoid, or it

may be a disc brake in which the discs are normally pressed
together by a spring, an electro-magnet being provided to pull
back the pressure plate and release the discs.

The coil of the solenoid or electro-magnet is in circuit with
the hoisting motor, so that when current is switched on to the
motor, the brake is released, and when it is switched off, the

brake is applied. This makes an excellent safety device, but .
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as it can only be off or full on, it cannot be used to regulate
the descent of the load when lowering.

In cases where the driver has access to the gear, as in locomotive jib
cranes and derricks, an addition may be made to the electro-magnetic
brake in the form of a hand or foot release lever, by which the brake
can be released or its pressure regulated. Loads are then hoisted by the
motor, and are allowed to run down by their own weight, the speed of
descent being regulated by the brake.

Where the driver operates the gear from a distance, the arrangement
just described is not practicable, and some automatic or electrically con-
trolled arrangement must be used to check the speed of descent of the load.

168, 4,226 and 4,227.—Niles crane construction: Electric brake. It is of the ironclad solenoid
typeand is fitted with a removable brake band which engages almost the entire circumference
of a turned and balanced wheel. The band is of special steel and lined with a renewable
friction wearing surface. The brake is equally effective in either direction. The brake is
always on when there is no current flowing through the motor and is always off whea
motor is running.

Automatic Mechanical Brake.—A common arrangement
is the automatic mechanical brake. The brake is usually of
the disc type, and is arranged to allow the gear to run freely
in the direction of hoisting, but holds it from running inthe
opposite direction, being applied by a screw, or it can be ar-
ranged to be operated automatically by the load.
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The brake is released by running the motor in the direction
for lowering. As the motor releases the brake, the load tends
to put it on again; consequentiy the speed of descent depends
upon the speed of the motor, and this can, of course, be regulated
by the driver by means of the contrcller.

Eddy Current Brake.—This type of brake is only used to
a limited extent. It consists of a wheel, generally of copper or

G, 4,225.--Niles crane construction: Mechanical load brake. It is of the double disc type
with hard bronze wearing surfaces. It is automatic in action and self-contained, all
thrusts being taken up within itself. The brake will not permit the load to run down
unless the motor is revolved by power in the lowering direction. The brake, together with
the intermediate steel gears, runs enclosed in a case, making a self-contained unit, insuring

erfect accessibility, ideal lubrication and protection from dust and mechanical injury.
g‘he turned steel shafts revolve in self-oiling cap bearings, fitted with removable bronze
bushings, the caps being attached by through bolts.

other metal of low electrical resistance, which is arranged to
rotate between the poles of an electromagnet. The wheel is
driven by the descending load, and eddy currents are generated
in it, which give rise to a retarding torque. The eddy currents
and the consequent torque are regulated by varying the strength
of the magnev by means of a regulating switch and resistance.
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Rheostatic Brake.—For this form of braking, the controller
{s provided with several positions on the lowering side, called
brake points. In these positions the controller alters the con-
nections of the motor to those of a series dynamo, so that it
generates current when driven by the descending load, the:
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ng of freight at a marine terminal presents

FIG. 4,229.-—Shaw overhead wharf crane. The handli
two distinct but closely related problems: the loading and unloading of ships and the
distribution of freight on the pier. The crane here shown is designed for such service and
travels on tracks carried above the roof of the shed. The boom, when in working position,
stands with the outer end extending over the ship and the inner end projecting through the
doorway into the shed. The usual working angle is 24 to 30 degrees from the horizontal,
but this angle can be varied as the height of the boat and other conditions may require.
A trolley, comprising merely a light frame with the necessary pulleys and wheels, from
which the hoisting block hangs, travels out and in from one end of the boom to the

other. When the crane is not in service the boom can be raised to a nearly vertical posi-
i d is

tion, in which position the lower end is withdrawn from the shed and the upper en
removed from over the ship. The shed doors can then be closed, the crane can be moved
to another location, and ships can sail or dock without interference with the crane boom.
This crane is adapted especially to those terminals in which a railroad track is extended
along the edye of the pier. Having no supports outside of the railroad track, the space
is clear, so that long material, such as poles, railroad rails and structural steel, can be
handled between ships and cars without swiveling. The shed should have a height sufficient
to give clearance for handling freight over the sides of the largest ships entering the port when
floating light at high tide or river stage. A capacity of 6,000 pounds is considered suitable
for most terminals, but this, as well as other details. can be varied %o suit local conditions,
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eenergy being absorbed by the controller resistance. The speed
of lowering is regulated by varying the resistance.
Regenerative Control.—Instead of a series motor, a shunt
wound motor may be used to drive the hoisting motion. A
shunt motor has the advantage that its speed can be efficiently

~

MG, 4,230.—Shaw gant%wharf cranes as installed for the Panama R. R. Co., Laboca (now
Balboa) Panama. ese cranes have sloping booms, the upper ends of which are brou%}lt
over the halds of vessels and the lower ends of which are then within the sheds. This
construction permits freight_being carried to and fro betweea ship’s hold and inside of
shed at a single handling. It carries the freight in a straight 1 ne and avoids moving a
great mass of structural work or machinery whenever a piece of f_re?ht is moved. When
it is desired to move the crane along the wharf, the boom is raised to a nearly vertical

sition. It then clears both the ship's rigging and the columns carrying the shed roof.
n its mout recent development, the sloping boom wharf crane runs, not on the wharf,
but on the shed rcof, thus leaving the deck of the wharf entirely free from obstruction.

. NOTE.—Cost of Cranes. The cost of cranes depends to so great an extent upon the
design, motor equipment, etc., that no reliable average figures can be given. As a rough
approximation, the cost of a hand operated traveling crane may be taken at from about 5 to
7 cents per pound of total crane weight and the cost of an electric traveling crane at from about
10 to 13 cents per pound of total crane weigh*.
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regulated over a fairly wide range by inserting resistance in its
field circuit. By this means considerable variation of speed in
lifting and Towering may be obtained without the necessity of
having variable speed gear in the hoisting train, and when
lowering, the shunt motor, if overhauled by a load, becomes a

/)

/

,-f.

PiGs. 4,231 and 4,232.—Shaw half gantry wharf crane suitable for piers on which the shed.
are set so far back that it is not practical to reach the ship from overhead tracks. ‘This
crane has the same boom and operating machinery as the overhead type shown in fig.
4,229, but travels on one elevated track carried by the building columns and one surface
track at'the edge of the pier. Such a crane gives the same advantages of direct and rapid
handling, but not the unobstructed pier. The leg of the gantry is formed with an openiug
to allow the freight to pass through. This opening can be made wide enough to permit
long rlpaterial, such as railroad rails, to pass from boat to cars or vice versa without
swiveling,

— -

dynamo and feeds current back to the circuit, thus automatically
controlling the speed of lowering. This system has been in use
to a limited extent for some vears,
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Collector Gear.—To convey current from the mains to the
moving crane a collector gear, generally similar to that used for
electric tramway work, is employed. For overhead cranes copper
wires about one-quarter to three-eighths inches diameter are
stretched along the gantry, being supported at the ends by
globe strain insulators. Troiley wheels or slides, mounted on
the end carriage, make contact with these wires.

@165, 4.233 to 4,235.—Niles crane construction: Contact type limit switch. It consists of a
worm wheel with machined teeth actuated by a turned steel wonn which is attached
directly to the hoisting drum shuft. The body of the switch has heavy soapstone sides
between which are located the worm and wheel. The switch blades are of heavy hard
dsawn copper with ampie carrying capacity; the blades are arranged for easy examination
and cleaning. The release mechanism is operated by a positive stop on the worm wheel
with a by pass attachment which prevents damage to the switch by over hoisting. The
switch blades are of a quick break type operated by a owerful spring. When the switch
js open the motor cannot be operated until the switch is set by hand, after which the
hook can be hoisted to the maximum height in the danger zone. When the hook is out
of the danger zone, the release stop is automaticaliy reset.

From trolley wheels or slides, insulated cables are led to the switches
and controllers, and to another set of trolley wires on the cross girders.
Contact with these wires are made by sliders or troliey wheels on the
crab, from which cables are led to the motors.

For locomotive jib cranes overhead or underground collector gear is
ased, similar to that used for tramway cars. _As derrick cranes only
swing backwards and forwards through a portion of a circle, collector
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gear is not necessary, Connection from the supply mains to the moving
part of the crane can be satisfactorily made by means of flexible armoured
cable.

Controllers.—The class of controller most commonly used
for crane work is that known as the drum, or tramway type.
In these controllers the wires and cables are brought to a series
of fixed contact, usually arranged in a straight line. A Seriea
of corresponding contact are attached to a revolving drum,

FzG. 4,226, —Diagram showing method of mounting the Palmer safety limit stop. It is wot
geared to the hoist nor operated by a traveling nut. Instead, a trip rope is used, one uizd
of which is attached to a latch lever inside the enciosing casc of the device while the other
end, after passing through a pulley, is secured to a fixed su port. The trip rope is passed
through the hoisting ropes so that the hoist block cannot fail to come in contact with it
at the upper limit of travel. Further upward movement of the hoist block causes a spring
to trip the latch lever of the limit stop, open the motor circuit, cstablish a dynamic braking
action and bring the motor promgtly to rest. When the hoist block strikes the trip rope
it is promptly stopped. It cannot e raised further, but can be lowered by simply throwing
the controller lever to the reverse position. Rcsetting of the limit stop device is accom=
plished by means of the simple arrangement as shown.

the various combinations of connection for hoisting, lowering,
etc., being obtained by rotating this drum into different positions.
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Power Required to Drive Cranes.—The power required
to drive the different parts of a crane is determined by allowing
a certain friction percentage over the power required to move the
dead load. On hoist motions 3314 per cent. is allowed for triction
of the moving parts, thus giving a motor one-third greater capac-
ity than if friction were neglected.

For a bridge and trolley motions, a journal friction of the track wheel
axles of 10 per cent. of the total weight of the crane and load is allowed.
There is then added an allowance of 3314 per cent. of the horse power
required to drive the crane and load plus the track wheel axle friction
to cover friction of the gearing.

Telpherage.—This word is defined as: Automatic aerial
transportation as by the aid of electricity, especially that system in
which carriages having independent motors are rum on a stout
wire conducting an electric current.

Telpherage is a name introduced by the late Prof. Fleeming Jenkin to
designate a system devised by him, by which the transmission of a vehicle
by electricity to a distance is effected independently of any control
exercised from the vehicle; it is an aerial electrical railway.

Telpherage properly includes those systems employing a wire or
cable for a track, but the term is erroneously applied to systems using
a rail. There are two divisions of telphers.

1. Automatic;
2. Non-automatic.

NOTE.—Power required for travelling cranes and hoists. Ulrich Peters, in
Machinery, November 1907, develops a series of formule for the power required to hoist
and to move trolleys on cranes. The following is a brief abstract. Resistance to be over-
come in moving a trolley or crane bridge. Pi=rolling friction of trolley wheels, P2 =journal
friction of wheels or axles, Ps=inertia of trolley and load. P =sum of these resistances=

F1+Fad
P1+Pe+4+Ps=(T4+L) [ ———

. D 1932t
coefficient of rolling friction, about .002°(.001 to .003 for cast iron on steel); Fz2=coefficient
of journal friction,=.1 for starting and .01 for running, assuming a load on brasses of 1,
to 3,000 lb. per sq. in.; [F2 is more apt to be .05 unless the lubrication be perfect]; d-=diam.
of journal; =diam. of wheels; V =trolley speed in feet per minute; t=time in seconds in
which the trolley under full load is required to come to the maximum speed. Horse power =
sum of the resistances Xspeed, feet per min. +33,000. Force required for hoisting and lowering:
Fb =actual hoisting force, Fo =theoretical force or pull, L =load, V =speed in feet per min.
of the rope or chain, c =hoisting speed of the load 1., c +V =transmission ratio of the haist,
e =efficiency =Fo-+Fh. The actual work to_raise the load per minute =FpV =Le¢=FoV +e,
The efficiency e is the product of the efficiencies of all the several parts of the hoisting mechan-
ism, such as pulleys, windlass, gearing, etc. Methods of calculating these efficiencies, with
examples, are given at length in the origina! paper by Mr. Peters.

)in which T =weight of trolley, L =load, F1=
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Ques. What are automatic telphers?

Ans. Those which are driven by electric motors, the control
being apart or remote from the telpher. The original telphers
were automatic, the teipher being placed in the middle of the train.

FiG. 4,237.—Niles electric mono-rail heist, built in capacities from three-quarters to six tona.
They will run on straight and curved tracks, and are generally provided with a separate
motor for traversing, The haist is self-contained in one heavy cast iron frame to which
the motors are attached end on, and the power is transmitted directly from the armature
shaft to the drum shaft through worm and worm wheel. The traversing mechanism is
also driven by worm and worm wheel, similarly to the hoisting mechanism except that,
when the trolley is arranged to run on a single I beam, a double set of transmission gears
is used. The worm gear mechanizm is enclosed in oil and dust proof casings, and is
noiseless in operation. In addition to the braking effect obtained by use of the worm
and worm wheel, a powerful electric brake is attached to the hoist motor. These hoists
when mounted on a traveling bridge nay be used as small capacity cranes. When used
as cranes, the hoists are usually arranged to run between the two I beams or channels of
the bridge, and the controllers for raising and lowering the hook and operating the tra-
versing mechanism may be placed either on the hoist or on the brid e, and may be operated
by cords from the floor or from an operator's cage attached to the bridge.

Ques. What is the chief use of automatic telphers?

Ans. They are employed for handling coal, ore, and bulle
material.
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Ques. Define non-automatic telphers.

Ans. Non-automatic telphers are those which are controlled
by an operator who travels with the load and who operates
both the telpher and hoists from a cab or case which is attached

to the telpher or carriage.

Non-automatic telphers arc employed for bulk material, Eke the
automatic telpher, and are also used for the hoisting and conveying of

F16. 4,238.—Shaw mono-rail system, showing fixed tongue track switch in upper foreground,

The two 1 beams, as shown, constituting the main or shaft through track and the third

I beam constituting the spur or curved track, terminals near the point of tangency of

these cenzer lines and have rigidly secured to each a cast steel extension piece or tongue,
the projecting portion of which is on the same level as, and constitutes a continuation of,
the gottom flange of the I beam. These tongues are so shaped as to leave betwsen them
open slots, through which the truck sides of the trolley pass, as it traverses the track
switch., On approaching a track switch at which the operator desires to run from the
main to the spur track, he pulls the steering lever, which is located on the trolley, near
the controllers. This raises a horizontal roller to a position in which it engages a curved
rib on the underside of the central switch torgue and swivels the leading truck, thereby
diverting it on to the spur track. By a positive and very simple means, which is not
dependent on the operator, the trailing truck is also guided on to the spur track. No
steering is necessary to return from the spur to the main track, nor to run through the track
switch on the main track in either direction. The hoist motion is -quipped with motor
and load brakes, the lafter being of the multi-disc type and being located in the hoist
gear case and lubricated by the same oil as the gears. The travel motion is equip;
with a faot brake. An automatic limit stop is provided to prevent the lower black being
accidentally wound up into the tiuiley machinery,
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miscellaneous material, boxes, cases and barrels, the package freight
of railways and the mixed cargoes of steamships.

Ques. How is a telpher suspended, and driven?
Ans. From one or more wheels in tandem, of which ene or
all are driven by the electric motor or motors.
In the minimum head room two ton type designed for railway and

steamship terminals the vertical space from the underside of the roof
girders to the bottom of the hoist hook is 4 ft. 9 in. (144.8 cm.). The

) j,_ )
cl

OA
s LA MOVABLE
TELPHER
PITY TRACK

. . .

P16, 4,239.—Typical arrangement of mono-rail tracks. The track is supported on brackets
attached to buildings, or is supported on A .bents. Supports under straight track are
spaced 20 feet apart, and on curves, the spacing is 8 feet, Forlongspans, cables or trusses
are used. The tracks may be either fixed or movable. In the figure, the side tracks BB’
are fixed, but C is movable, being attached to a traveling bridge. The speed of this
bridge is from 300 ft. to 900 ft. per min, The motor driving this bridge would have a load
factor of .16. The telpher train is passed from these side tracks B’, by means of a gliding
switch upon the movable track ({ This track therefore may be placed an{where over
the area between the fixed side tracks. The telpher returns by means of the track B/,
to its starting point A. By the operation of this movable track all the space can be served;
this operation is called transferage. The minimum allowable radius of curves is 8 ft.

width of the hoist is 3 it. 3 in., and 4 ft. 8 inches to the limit line for 10
degrees swing.  From the center of the rail to the inner limit of the

telpher and hoist is 16 dnches.

Ques. Describe the power features.
Ans. Energy in the form of either direct or alternating cur-
rent is communicated to the motors by conductors which lie
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-

paralle] to the track, the contact being made by shoes or wheels.
Sometimes storage batteries suspended from the telpher or
“he carriage are employed. On steep grades the telpherage

X o
F16. 4,240.—Brown electric hoist on Tain steel piate trolley {c!evis connection) as used by
Pittsburgh Glass Co., in their warehou=e at Cleveland, O. he hoist is operated from the

floor and is used for loading, unloading, and transporting boxes of plate glass in the ship~
ping department,

traction, in some installations, has been assisted by supplementary
cables, either fixed or movable.

Telpher Motors.—The sizes of motor for telphers and
hoists will depend upon the class of work to be done; the motors
for telpher tractors vary from 5 to 15 h. p. and for the hoists,
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from 3 to 75 h. p., the loads being from 500 Ib. to 30,000 1b.
The load factor for the tractor motor is .25 and for the ‘hoisting
motor .16. The driving wheels and the motors may be con-
nected by gears or by chain drive. The maximum service
efficiency of the motors is that corresponding to the efficiency
obtained between one half and three-quarters full load. The
motors are of slow or medium speed.

P1G. 4,241—Brown motor driven trolley. I¢ consists of two steel side plates connected by
separator bolts. The steel pins which serve as axles for the wheels, are supported in
castings which in turn are bolted to the side plates. These castings together with steel
axles and wheels are easily removed, The wheels are bronze bushed and equipped with
lubricating cups. The trolley i equipped with a crane mstor for traveling under full
load at a rate of 350 feet per minute on straight track. Itis provided with a standard
type controller with either pendent cords for floor operation, er handles for cab operation.
It can be used with an electric hoist either hooked in, with a clevis connection, or built in.
Current collectors are provided to take the current from wires or conductor bars strung
along the I beam tracll:.

Direct current 250 volt or, 500 volt series wound motors are preferable
for tractors and hoists through alternating current motors afford
satisfactory results. The motors should be dust and weather proof,
and should have a 50 per cent. reserve in their rating. The average
combined efficiency of tﬁe motors and gearing, for the tractor and hoist,
is from 65 per cent. to 75 per cent.

Brakes.—The mechanical type of telpher brake is used and
the hoist brake is of either thz electro-mechanical or
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electro-dynamic types. Spur gears and chain drive on the tractor
transmit the power from motor to track wheels, and either spur
or worm gear is used to transmit power to the hoisting drum.

Trackage.—Telphers either run in one direction on a closed
track circuit, or to and fro over a single line. On the single
line the automatic telphers reverse themselves on completing
their tri\ps.

D
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FIG. 4,242.—Cableway. The essential clements of construction are BB’ towers; C, cable;

D, hauling rope; E, hauling rope drum; F, hoisting rope; G, hoisting drum; H, hoisting
rope slack carriers.

Ques. How is the spacing between the cars regulated?
Ans.  Automatically by a block system.

Essentials of Cableways.—The term cableway may be
defined as a rectilinear horsting and conveying apparatus supported
by a cable.

The elements of construction are shown in fig. 4,242. A strong steel

wire rope or cable is stretched between the towers BB’. On this rope
runs the carriage C, pulled backwards and forwards by the hauling rope
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D, which is operated by the capstan drum E. One end of the hoisting
rope F is secured to the carriage, and is led round the various pulleys
shown and to the hoisting drum G.

The slack of the hoisting rope, when paying out, is supported by the
carriers H. These earriers are dropped by the carriage when running
from B to B’, and are picked up again when returning from their posi-
tion, being detcrmined gy buttons of different size arranged on the rope.
%oaliis are hoisted and lowered by drum G, driver E being held by its

rakes.

To travel the load, the two drums are clutched together. Driver E
then hauls the carriage along, while drum G takes in or pays out the
hoisting rope, so that the vertical position of the load is unaltered.

Ques. What is the range of the apparatus?

Ans. It will take up and deposit loads anywhere along a
line directly underneath the main cable, and by means of switch
blocks it may be made to serve an area having a width of about
15 feet or so each side of the cable.

NOTE.—Telpher performance. The loads hoisted and conveyed on_telpher hoists
have been as high as fifteen tons. The maximum speed of conveying on a straight level track
is about 1,000 feet per min. The running speed is reduced at curves, according to their radii.
For terminal work, the capacity of each hoist is two tons at 60 feet per min. (18,288 m. per min.)
Two hoists can be combined so as to raise four tons. The motors being series wound, the
speed of hoisting will increase as the load is diminished. For freight, handling from two to four
carriage hoists constitute a train which has a total maximum carrying eapacity of cight tons.
Such trains are used for assorting as well as for distributing, eccording to consignments.
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CHAPTER LXXX

ELECTRIC PUMPS

The electrical engineer or electrician who has to specify or
install electric pumps, should not only understand the electrical
features, but have a knowledge of the conditions of operation
of the “water end” in order to respectively make proper selec-
tions and satisfactory installations. Accordingly each should
at least be familiar with the elementary principles of hydraulics,
of which an outline is here given as an introduction to the main
subject.

Hydraulics.—The term hydraulics is commonly, though ill
advisedly, defined as the science which treats of liquids, espectally
water i1 motion. Properly speaking there are two general
divisions of the subject:

1. Hydrostatics;
2. Hydrodynamics.

Hydrostatics refers to liquids at rest, and hydrodynamics to liquids
in motion. The outline here given relates to water.

Water.—Those who have had experience in the design or
operation of pumps, have found that water is an unyielding
substance when confined in pipes and pump passages, thus
necessitating very substantial construction to withstand the
Ppressure, and periodic shocks or water hammer.
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Accordingly to Kopp, as corrected by Porter, the following table
gives the relative volumes of water at different temperatures comparea
with its volume at its temperature of maximum density or 39.1° Fahr.

Relative Volumes of Water at Different Temperatures

|
Degrees Volume D Volume Degrees Volume
39.1 1.00000 95 1.00586 158 1.02241
41.0 1.00001 104 1.00767 167 1.02548
50.0 1.00025 ‘113 1.00967 176 1.02872
59.0 1.00083 122 1.01186 185 1.03213
68.0 1.00171 131 1.01423 194 1.03570
77.0 1.00286 140 1.01678 | 203 1.03943
86.0 1.00425 149 1.01951 212 1.04332

231 FT HEAD

NGER:« Do ==
~ 10119 sam

DIAM.OF PLU "S5 NOTAL WEIGHT ON PLUNGER
AREA = 101790 LBS.

~_WATER PRESSURE 100 LBS.

FiG. 4,243.—Hydraulic principles: 1. Any quantity of water however small may be made ta
balance any weight however great. The figure shows a locomotive on a turn table
balanced by a hydraulic pivof or plunger, Assuming no leakage or friction at the joint,
and that the vertical pipe leading to the plunger cylinder is very small, it is evident that
it could be filled to the elevation shown with a very small quantity of water—say one
quart. If the total weight of locomotive, turn table, etc., and the plunger be 101,709 ibs.,
and the plunger area be 1,017.9 sq. ins., then the water pressure per sq. in. on the piston
necessary to balance the load =101,796+1,017.9 =100 lbs, ence the load will be
balanced when the pipe is filled with water to a height of 100 X2.31 =231 ft.
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Ques. What is the most remarkable characteristic
of water?

Ans. Water at its maximum density (39.1° Fahr.)will expand
as heat is added, and it will also expand slightly as the tem-
perature falls from this point.

Ques. What is the weight of a cubic foot of water at
maximum density?

Ans. Tt is generally taken at the figure given by Rankine,
62.425 1bs. per cu. ft.

Some authorities give as low as 62.379. The figure 62.5 commonly
given is approximate. The highest authoritative figure is 62.428. At
62° Fahr,, the figures range from 62.291 to 62.36. The figure 62.355 is
generally accepted as the most accurate, though for ordinary calculations
the figure 62.4 is generally taken, this corresponding to the weight at
53° Fahr.

Weight of Water per Cubic Foot at Different Temperatures

Temp. Weight P Temp. Weight I] 'I‘em?‘. Weight “ Temp. Weight
deg. F. Ibs. per || deg. F. Ibs. per || deg. F. 1bs. per deg. F. 1bs. per
cu. ft. cu. ft. cu. ft. | cu. ft.

32 62.42 80 62.23 | 130 61.56 180 60.55
35 62.42 l\ 85 62.18 135 61.47 ‘ 185 60.44
40 6242 | 90 62.13 140 61.37 190 60.32
45 62.42 95 62.08 ‘ 145 61.28 | 195 60).20
50 62.41 100 62.02 | 150 61.18 | 200 60.07
55 62.39 105 61.96 155 61.08 | 205 59.95
60 62.37 116 61.89 160 60.98 209 59.84
65 62.34 115 61.82 l 165 60.87 210 59.82
70 62.31 120 61.74 | 170 60.77 211 59.79
75 62.28 125 61.65 l‘ 175 60.66 212 59.76

Ques. What is the weight of one gallon of water?

Ans. For aU. S. gallon or 231 cu. ins,, it is generally taken at
3814 lbs.
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Head and Pressure.—These are the two primary considera-
tions in hydraulics. The word head signifies the difference in level
of water between two points, and it is usually expressed in feet.

There are two kinds of head:

1. Static head;

2. Dynamic head.

ELEVATED
TANK

OYNAMIC HEAD —

——— e n{ao—-l

form——— STATIC. MEAD

\

STATIC LIFT a

=

i

OYNAMIC
{ "tl— LIFT

F16. 4,244.—View of elevated tank with pump in operation maintaining the supply which is
being drawn upon as shown, illustrating the terms static lift, dynamic lift, static head, and
dynamic head.

The static head s the height from a given point of a column, or body
of water at rest, considered as causing or measuring pressure.

The dynamic head is an equivalent or virtual head of water in motion
which represents the resultant pressure due to the height of the water from
a given point, and the resistance to flow due to friction.

Thus, when water is made to flow through pipes or nozzles there is
a loss of head. These terms are illustrated in fig. 4,244. Here the
dynamic head is greater than the static head in the supply line to the
tank, and Jess in the tank discharge line because of frictional resistance
to the flow of the water. The following table gives the loss of head due
to friction of water in pipes of various sizes and for various rates of flow.
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Friction of Water in Pipes

Loss of head in feet due to Friction, per 100 teet of amooth, straight cast iron pipe

Gall -Inch 34 -Inch 1-Inch 134-Inch | 13%-Inch 2-Inch 234-Inch | 3-Inch 4-Inch
P::‘“ ipe Pipe Pipe Pipe tpe Fipe Pipe Pipe Pipe
Minute | yel. | Fric. | Vel. | Fric.| Vel.| Fric. IVel. Fric.| Vel. | Fric. | vel. | Fric.f Vel. | Fric. \rel.‘ch. Vel. | Fric.,
Z | 210 T : N . R PP Y IO PN Pt
3 |31e i [ g
4 {421 861 0.40/ 0.63 ong5ana bangdhooo
. 5.26 07| 0.60) 0.79 09033005 0.1 |, e
10.521 .14) 2.18) 1.57] 1 .36 0.65 0.12| 0,45 0.05L... Hr. ..
e 92| 465 2.72| 2 1.53| 08t 0.98 0.25 0.68 0.1Lf .. }...0
29' 7.90) 3.15 204 1.29) 1.31 0.43 0.91| 0.187. .. .|.euy
-36,11.9 4.56! 255 1.96 1.63) 0.66 1.13) 0.27|... .. s
43,16.90| 4.72 08 2.73) 196 0.92 136/ 038[... f.cuo
'51122.3C| 5.51 366, 2.2/ 1.23 1.59 0.51{... .]....
55 28.50| .30 4.68| 2:62| 1.5% 1.82| 0.65| 1.02| 0.18
68/35.20| 7.08 5.80| 2.95/ 1.97 2.02| 0.80| 1.17| 0.20
.7243.20| 7.87 7.10 3.30 2.38 .227| 0.98| 1.28| 0.24
-0181.00{11.02!37 5/13.20| 4.60 4.42| 3.18| 1.83| 1.79| 0.45.
TR 14.00| 4.93| 507 3.41| 2.11| 1.0 0.52
1574 25.00 8.54| 860 4.54| 3.52| 2.55| 088
e 36:00| 7.84/12.00) 5.45| 4.97| 3.08| 1.22
38.90| 8.16/1301 508! 5.40| 3.18) 1.33
54.00| 9.80 18.72| 6.80| 7.72| 3.84| 1.82
.- .[11.43 23.70| 7.92 9.75| 4.45|"2.40
13107/30.90| 0.08 12.80( 5.11| 3.12
S0 h0s216.00] 6.32( 4.72
....11.2819.70| 8.40| 4.80
12.45 22.70| 6.90| 5.50
12.70 23.80| 7.03| 5.71
13.62 27.10| 7.66| 6.70
8.90| 8.80
10.20(11.30
11.50(14.10
12.16,18.00
12.30[16.40
o Ll . | Lk 12:77117.50
Gallo 5-1nch. 8-Inch 8-1nch 10-Inch 12-Inch 16-Inch | 20.inch | 24.Inch | 30.Inch
P"“S ipe Pice Pipe Pipe Pipe "\_P:pe Pipe Pipe Pipe
Minute Fric. | Vel. | Fric| Vel. | Fric. | Vel. | Fric.| Vel. | Fric. | Vel. | Fric. Vel. | Fric, vet. | Fric. Vel. | Fric.
—_— |- e [ — —— | | —
70 005 (- - ol cxfs . R R
100 0.20 | '1.14/ 0.10]. . . ool
120 041 }_1.42 0.18). oo 5 5
125 046 | 148 0:20|.
50 063 | 1.71] 0.23.
75 0.84 | 2.00| 0.34|.
00 1.08 | 2.2! \ 0.44/.
25 1.33| 2.57 0.53. .
50 | 1.60 | 2.80| 0.66| 1.60/ 0.16 |.
70 1.86 | 3.03; 0.81| 1.70| 018 |.
75 1.94 | 3.06| 0.82| 1.73 0.19 |.
00 2.25 | 3.40] 0.92| 1.90| 0.26 |....|.
50 2:99 | 3.98['1:21| 2.:20| 0:29 | .. ..
400 3181 4.54{ 1’58 2.60! 040 [ R
50 475 5.1 é.oe 2.92| 0.46 | 1.80.0.150]
470 - 5.30 | 5.49| 2.23| 3.07( 0.55 | 1.92/0.170(.
500 5.80. 5.80( 2.33] 3.20| 0.58 { 2.04/0.200| 1.42' 0.
50 6.90 | 6.16! 2.81| 3.52] 0.70 | 2.25/0.236/ 1.57 0.
300 8.107 6.72 3.36| 3.4 0.83 | 2.46/0.282 1.71|0.
50 9.40 | 7.28) 3.93 4.16 0.96 | 2.66/0.327  1.85 0.
00 10.80 | 7:84| 4.56| 4.48/ 1.10 | 2.86/0.368 2.00/ 0.
50 12:30 5.00| 4.80! .1.24 | 3.06/0.422! 213 0.
800 5.84| 5.12| 1.41 | 3.28/0.476| 2.27 0.
50 6.25) 5.48 1.63 | 3.48/0.534 241 0.
00 7.22| 575 1.76 | $.68.0.502|-2.56| 0.
50 7.85) 6.08 2.05 10.653| 2.70' 0.
1000 860 6.40 2.16 | 4.08(0.718/.2.84 0.
1100 10.22( 7.03| 2.51 | 4.50/0.860| 3.13 0.
1200 11.92| 7:67| 3.04 | 4.91/1.040/ 3.41 0.
1500 ....| 9.60| 4.48 | 6.10/1.480, 4.20(O.
2000 ,|12.70| 7.65 | 8.102 5.60( 1
2500 | .|10.10/3.810| 7.00|
3000 12.10/5.300| 8.40
3500 g 14.10(7.200 9.80
4000 . R T S 6.38/0.956/ 4.10 [0.
5 2 | 7.9610.144 .13 [0.

When pipe is slightly rough, ndd.
Vel.—Velocity feet per second.

15.per cent. ‘When very
Fric.—Friction head in fe2t,

rough, add 30 per cent.
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Friction of Water in Elbows

Lossof head ia feet, due to Iriction in varipus sizes of smooth 80° elbows when di. the given { water
g | Vinch |Lif-tach |13.Inch | 2-Inch |2feloch | 3elnch | 4-loch | S-lnch | @lnch | 8-loch |10-Inch |12-Ioc)
] —
éii“—'{‘—“—l“ gl 5|8 |9-u‘-d-;-&»_j
v P IZ|F'Z| 3 || 3 I 3 = TI=3
SIE[SI&|S[E|s | SRS |E (S (|2 |E 2 |E|S|E(3 2|22
| o iiall [ B s e
8| 204008| 1.300.06| . efoas
10 4.08022| 260021 | H e orafianfesrifae Foasnfvefeiafis rixefsssfone oo
15! 6.120.49| 390/0.28| 220000, .. .|. R B o PR e e e 1
20| B180A7| 520,062 :mjow.... v i1 R R st i B ]
251020/ 1235 0.20/0.80| 4.550 25 '2.80 D.09 R RN B33 e HR
30|12.24/195( 7.80/1.15| 5:400.36| 3.08 0.13 MR | Masifaialesis
35(14.28:2.68| 9.10/1.60| 6.37|0.50, 3.57.018( 2.2000.00 (... |- [L|. . T L LTI
40116.32/346(10.40|2.05| 7.280:64| 4.050.23 2'620.11 ;| 11| ‘ 0 A e iy
481,77 1302 70] 87191081 | 4.600.20| 2.950.14| 2.02/0.08]. Py il Rop
so| 1l 9.100°99| $51'035 3300.48| 227008/, | 1TITLT I
70[. . 12.74[198] 715070| 4 500.34 318/0.10| §.79/0.08| 1. | Safasn]es
300/ .. | 10.20 1 41| 6.54,0.74| 54/0.20( 256 0,10/ R
120) 0. [ ] 112.25.2.24 nall.n 5450.46( 806 0'15( 1.960.06(. . .| .| . |.
10l 15/ | 9890158 8.80/0.66 3.840.22| 2az 008 | 0| 0.
1432016 7.92 0.90| 4.450.30 2840.13| 200 0.0/ . .
200(. .. [ 1307 2.00| 908 1.18( 5111030, 3 27.0.38| 2.280.07 . . .
250 N - |11.28 1 54| 640002/ 4.0810.25| 20.0.1211.600.04
1248 3,35/ 600070, 4420.23| 30301411 70008
300(0 0. g 13.622.83| 706059 4.90.0.36| 3400.18(1 %0008, ,
<[] peliad) s72050) 3800 12.20,0.00/ o
400 10! 3 10.2011.591 6.54/0.03] 4.54'0.20/280/0.10( e ivivas
i | . |11s02.01| 735081| 5120302920131 Ko 0.8 . .|
0.l 1216.2.26| 778090, 549046107 0,141 920.06
8o 12772.47) K171 01| 6.600.453200.16/2.000.07(1 40/0.04
50 | | 12.26/2.24| 540 1.00/4.50,0.36/3.00 0.152.10/0.07
| | SR et . Thasrza 7.0110.70 1.40/0.29(3.080.14
| l | "~ [145103.02 8.0011.00 8 00,0403 20 029
R s Po | | ey | . .|. .. 9:6011.44 6.10/0.58/4.20 0 )

When pipe 1s slightly rough. add 15 per cent.
locity 1a fect per second. Fri

Vel.—Vel

. When very rough, add 30 per cent.
ric. —Friction head in feet.
Table shows loss for one elbow, and 18 based on Weisbach's Formula for short radius bends.

The term pressure is used in its ordinary sense in terms of pounds
At 62° Fahr. the pressure per square inch of a column

per square inch.

of water of one foot head is .43302, or .433 lbs.
one cubic foot of water would weigh .433 X144 =62.352. On this basis
the pressure in pounds per square inch for different heads of water are
as given in the following table.

At this temperature

Pressure per Lb. per Sq. Ins. Corresponding to Various Heads of Water
— — ——
Head ’ I

feet 0 1 2 3 4 5 6 7 8 9
0 0.433] 0.866] 1.299] 1.732| 2.165| 2.598| 3.031| 3.464) 3.897
10 4.330 | 4.763| 5.196| 5.629| 6.062| 6.495| 6.928| 7.361| 7.794| 8.227
20 8.660 | 9.093| 9.526] 9.959/10.392(10.825(11.258(11.691|12.124/12.557
30 | 12.990 [13.423/13.856/14.289|14.722(15.155(15.588/16.021/16.454(16.887
40 | 17.320 {17.753|18.186|18.619(19.052{19.485(19.918|20.351(20.784|21.217
50 | 21.650 [22.08322.516/22.949/23.382(23.815(24.248(24.681{25.114|25.547
60 | 25.980 |26.413/26.845|27.279(27.712|28.145|28.578/|29.011(29.444/29.877
70 | 30.310 |30.743(31.176|31.609|32.042(32.475|32.908(33.34133.774/34.207
80 | 34.640 |35.07335.506|35.939|36.372]36.805(37.238|37.671/|38.104/38.537
80 | 38.970 |39.403|39.836(40.269|40.702(41.135|41.568|42.001|42.436/42.867
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Head in Feet of Water Corresponding to Various Pressures

T e r—
Pres-
sure 0 1 2 3 4 5 6 7 8 9
0 2.309| 4.619] 6.928 9.238| 11.547| 13.857 16.166| 18.476{ 20.785
10 23.0947 | 25.404| 27.714 30.023| 32.333| 34.642 36.952| 39.261| 41.570 43.880

20 | 46.1894 | 48.499| 50.808 53.118 55.427| 57.737| 60.046| 62.356 64.665 66.975
30 [ 69.2841 | 71.594| 73.903 76.213 78.522| 80.831 83.141 85.450 87.760( 90.069
40 | 92.3788 | 94.688( 96.998| 99 307 101.62 1103.93 106.24 1108.55 |110.85 113.16
50 | 115.4735 |117.78 (120.09 |122.40 124.71 1127.02 (129.33 |131.64 [133.95 136.26
60 | 138.5682 |140.88 (143.10 |145.50 147.81 1150.12 (152.42 154.73 |157.04 159.35
70 1 161.6629 [163.97 (166.28 |168 59 170.90 (173.21 (175.52 |177.83 180.14 (182.45
80 |184.7576 187.07 (189.38 [191.69 (194.00 196.31 198.61 |200.92 (203.23 [205.54
90 |207.8523 [210.16 [212.47 (214 78 217.09 1219.40 [221.71 [224.02 |226.33 228.64

———————

In ordinary calculation, it is common practice to estimate that every
foot head is equal to one-half pound pressure per square inch, as this
allows for ordinary friction in pipes.

Ques. In pump operation what is the total static head?
Ans. The static lift plus the static head.

Ques. What is the total dynamic head?
Ans. The dynamic lift plus the dynamic head.

Lift.—When the barometer reads 30 inches at sea level, the
pressure of the atmosphere at that elevation is 14.73 1bs. per
$q. in., that is to say, this pressure will maintain or balance a
column of water 34.019 ft. high when the column is completely
exhausted of air, and the water “s at a temperature of 62° Fahr.
In other words, the pressure of the atmosphere then lifts the
water to such height as will establish equilibrium between the
weight of the water and the pressure of the air. Similarly in
Jump operation, the receding piston or plunger establishes the
7acuum and the pressure of the atmosphere lifts the water from
‘he level of the supply to the level of the pbump. Accordingly
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lift as relating to pump operation may be defined as the height
in feet from the surface of the intake supply to the pump.
Strictly speaking, it is the height to which the water is elevated by

atmospheric pressure, which in some pumps may be measvred by the
elevation of the inlet valves and in others by the elevation of the piston.

Ques. What is the practical limit of lift?
Ans. 20 to 25 ft.

Pie. 4,245.— Hydraulic principles: 2. Pressure exerled anywhere upon 6 mase of liquid is

transmilled undiminished in all directions, and acls wilh the same force on all equal surfaces,
and in a dwection at right angles to those surfuces. CI) (fig. 4,2145) is a vessel composed
of two cylindrical parts of uncqual diameters, and filled with water to e.  The bottom
of the vessel C1) supports the same pressure as if its diamcter were everywhere the same
as that of its lower part; and it would at first sight seem that the scale M N of the balance
in which the vessel CD is placed, ought to show the same weight as if thcre had been
placed in it a cylindrical vessel having the same weight of water, and having the diameter
of the part D. But the pressurc cxerted on the bottom of the vessel is not all '.ransmi'.t?d
to the scale MN; for the upward pressure upon the surface # o of the vessel is precisely
equal to the weight of the extre quantity of water which a cylindrical vessel would contain,
and balances an equal portion of the downward pressure on . Consequently the pressur¢
on the plate MN is simply equal to the weight of the vessel CD and of the water whict
it contains.

Ques. What conditions would require shorter lifts?
Ans. Long inlet lincs, multiplicity of inlet elbows, and
high temperature of the water.
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Ques. Why must the lift be reduced as the tempera-
ture of the water is increased?

Ans. Because the boiling point of water corresponds to the
pressure.

Theoretically a perfect pump will draw water from a height of 34 ft.
when the barometer reads 30 ins., but since a perfect vacuum cannot
be obtained on account of valve leakage, air contained in the water and
the vapor of the water itself, the actual height is generally less than 30 feet,
and for warm or hot water considerably less.

F16. 4,246.—Hydraulic principles: 3. The pressure exerted by a liquid on @ surface is pro-
portional 1o the area of the surface. Two cylinders of diflerent diameter are joined by a
tube and filled with water. On the surface of the two pistons M and S, which hermetically
close the cylinders, but move without friction, Let the area of the large piston M be, say
thirty times that of the smaller one S, and let a weight, say of two pounds, be placed upan
the small piston. The pressure will be transmitted to the water and to the large piston,
and as this pressure amounts to two pounds in each portion of its surface equal to that
of the small piston, the large piston must be exposed to an upward pressure thirty times
as much, or 60 1bs. If now a 60 1b. weight be placed upon the large piston, both pistons will
remain in equilibrium, but if the weight be greater or less, the equilibrium will be destroyesd,

When the water is warm, the height to which it can be lifted decreases,
on account of the increased pressure of the vapor. That is to say, for
illustration, a boiler feed pump taking water at say 153° Fahr., could
not produce a vacuum greater than 21.78 ins., because at that point
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the water would begin to boil and fill the pump chamber with steam,
Accordingly, the theoretical lift corresponding would be

21.7
34X Wg =24.68 ft. approximately.

The result is app-oximate because no correction has been made for
the 34 which represents a 34 foot column of water at 62°; of course, at
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PiGs. 4,247 and 4,248 —Hydraulic principles: 4. The pressure upon any particle of a fluid
of uniform densily is proportional to ils depth below the surface. Example 1. Let the
column of fluid ABCD, fig. 4,247, be perpendicular to the horizon. Take any points,
X and Y, at different depths, and conceive the column to be divided into a number of
equal space by horizontal planes. Then, since the density of the fluid is uniform through-
out, the pressure upon X and Y, respectively, must be in proportion to the number of
equal space above them, ard consequently in proportion to their depths. Example 2.
Let the column be of the same perpendicular height as before, but inclined as is fig. 4,248;
then its quantity, and of course its weight, is increased in the same ratio as its length ex-
ceeds its height; but since the calumn is partly supported by the plane, like any other
heavy body, the force of gravity acting upon it is diminished on this account in the same
ratio as its length exceeds its height; therefore as much as the pressure on the base would
be augmented by the increased length of the column, just so much it is lessened by the
action of the inclined plane, and the pressure of any part of C’D’ will be, as before, pro-
portioned to its perpendicular depth, and the pressure of the inclined column A’C’D’'B’
will be the same as that of the perpendicular column ABCD.

153° the length of such column would be slightly increased.

It should be noted that the figure 24.68 ft. is the approximate theoreti-
cal lift for water at 153°; the practical lift would be considerably less.
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F1Gs. 4,249 and 4250.—Hydraulic principles: 5. Fluids rise to the same level in the opposits
arms of a U tube. Let A B C be a recurved tube; if water be poured into one arm of the
tube, it will rise to the same height in the other arm because tﬁe pressure acting upon the
lowest part at B, in opposite directions, is proportioned to its depth below the surface of
the fluid. Therefore, these deﬂths must be equal, that is, the height of the two columns
must be equal, in order that the fluid at B may be at rest. . Unless this part be at rest,
the other parts of the column cannot be at rest.” Moreover, since the equilibrium depends
on nothing else than the heights of the respective coiumns, therefore, the opposite columns
may differ to any degree in quantity, shape, or inclination to the horizon. Thus, if vessels
and tubes vary diversely in shape and capacity, as in fig. 4,250, be connected with a
reservoir, and water be poured into any one of them, it will rise to the same level in all of
them. The reason of this fact will be further understood from the application of the principle
of e%l;nl moments, for it will be seen that the velocity of the columns, when in motion,
will be as much greater in the smaller than in the larger columns, as the quantity of matter
is less; and hence the opposite moments will be constantly equal. ence, water con-
veyed in aqueducts or running in natural channels, will rise just as high as its source.
Between the place where the water of an aqueduct is delivered and the spring, the ground
may rise into hills and descend into valleys, and the pipes which convey the water may
follow all the undulations of the country, and the water will run freely, provided ne pipe
be laid higher than the spring
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The following table shows the theoretical maximurr 1ift for different
temperatures, leakage not considered. .

Theoretical Lift for Various Temperatures

Absolute | Vacuum Absolute | Vacuum
Temp. pressure in Lift Temp. pressure in Lift
Fahr. of vapor inches in Fahr. of vapor inches in
Ibs. per of teet Ibs. per of feet
8q.ins. | mercury sq. ins. mercury
102.1 1 27.88 31.6 182.9 8 13.63 15.4
126.3 2 25.85 29.3 188.3 9 11.6 13.1
141.6 3 23.83 27 | 193.2 10 9.56 10.8
153.1 4 21.78 24.7 197.8 11 7.52 8.5
162.3 5 19.74 22.3 202 12 5.49 6.2
170.1 6 17.70 20 205.9 13 3.45 3.9
176.9 7 15.67 17.7 209.6 14 [ 1.41 1.6

Elementary Pumps.—There are three elements necessary
for the operation of a pump:

1. Inlet or suction valve;

2. Piston or plunger;

3. Discharge valve.

Simple pumps may be divided into two classes:
1. Lift pumps;
2. Force pumps.

A lift pump is one which does not elevate the water higher than the
lift; a force pump operates against both lift and head.

Lift Pumps.—Figs. 4,251 to 4,253 show the essentials and
working principle of a simple lift pump.

In construction there are two valves in this type of pump, which
are known as the foot valve and the bucket valve. In operation
during the up stroke the bucket valve is closed and foot valve open.
allowing the atmosphere to force the water into the cylinder.

When the piston begins to descend, the foot valve closes and bucket
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Fics. 4,251 to 4,253.—Elcmentary single acting lift pump showing essential features and cycle of operation.

valve opens,
which transfers
the water in the
cylinder from
the lower side
of the piston to
the upper side
as in fig. 4,252.

During the
next up stroke,
the water, al-
ready trans-
ferred to the
upper side of
the piston, is
discharged
through the
outlet as in fig.
4,253,

It will be
noted that as
the piston
begins the up
stroke of dis-
charge it is sub-
ject to a small
maximum head,
and at the end
of the up stroke
to a minimumn
head as indi-
cated in fig.
4,253. This
variable head is
sosmallin com-
parison to the
head against
which a force
pump works
that it is not
ordinarily con-
sidered.

Force
pumps.—The
essential fea-
ture of a force
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Fics. 4,254 to 4,256.—Elementary single acting force pump showing distinguishing feature of closed cylinder.
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pump which distinguishes it from a lift pump is that the cylinder
¢s always closed, whereas in a lift pump it ¢s alternately closed
and open when the piston is respectively at the upper and
lower ends of its stroke.

As shown in figs. 4,254 to 4,256, the cylinder top is closed by a cover,
the piston rod passing through a stuffing box; this keeps the cylinder closed.

In addition to the foot and bucket valves of the lift pump, a head
valve is provided.

=
R

So

STUFFING
BOX “~_

INLET VALVE
QPEN

DISCHARGE
VALVE
CLOSED

Prcs. 4,257 and +4,258.—Elementary single acting plunger pump showing essential parts. The
distinction between a plunger and a piston should be carefully noted.

In operation, during the up stroke, atmospheric pressure forces water
into the cylinder as in fig. 4,254; during the down stroke this water is
transferred from the lower to the upper side of the piston as in fig. 4,255;
during the next up stroke, the piston forces the water out of the cylinder
through the head valve which closes when the piston reaches the end
of the stroke and the cycle is repeated. The positions of the valve are
shown in the cuts.

A simple form of force pump, is one known as a single acting plunger
ump, a type extensively used, its cycle of operation being shown in
gs. 4,257 and 4,258. The figures show the distinguishing features, such

@s closed cylinder, plunger, and only two valves.
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In operation during the up stroke water fills the cylinder, inlet valve
opens, and outlet valve closes, as shown in fig. 4,257. During the down
stroke, the plunger ‘‘displaces’ the water in the barrel, forcing it through
the discharge valve against the pressure due to the head.

Ques. What is the difference between a piston and a
plunger?
Ans. A piston is shorter than the stroke, whereas a plunger

is longer than the stroke.
S

/A [
] ===
ef
3
INLET g
VALVES _a B D
=~ - _j:l

Fics. 4,259 and 4,260.—
Eiementary double acting
force pump. It is a com-
bination of two single acting
pumps and gives a nearer
uniform flow than the single
acting pump.

The word plunger is very frequently used erroneously for piston even
by those who ought to know better.

Double Acting Force Pump.—By fitting a set of inlet and
outlet valve at each end of a pump cylinder it is rendered double
acting, that is, a cylinder full of water is pumped each stroke
instead of every other stroke.

With this arrangement the piston need have approximately only
half the area of the single acting piston for equal displacement, and
accordingly the maximum stresses brought on the reciprocating parts

are reduced approximately one-half, thus permitting lighter and more
compact construction.
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In the double acting pump there are no bucket valves, a solid piston
being used. The esscntial features and operation are plainly shown
in figs. 4,259 and 4,260. There are two inlet valves A, B, and two dis-
charge valves C, D, the cylinder being closed and provided with a piston.

In operation during the down stroke, water follows the upper
face of the piston through valve A. At the same time the previous

P16, 4,261.—Air and vacuum chambers. The air chamber is for the purpose of introducing an
air cushion to counteract the solidity of the water, thus preventing shocks as the water
flows through the valves. Similarly, a vacuum chamber is sometimes attached to the
suction pipe. When the column of water in the suction pipe of a pump is once set in
motion, it is quite importaat, especially undet ‘igh speeds and long intake lines, tc keep
the water in full motion, and when it is stopped, to stop it gradually and easily. This is
accomplished by placing a vacuum chamber on the suction pipe, as shown. The action
of the vacuum chamber is practically the reverse of thas of the air chamber. The object of the
vacuum chamber is to facilitate changing continuous into intermittent motion. The
moving column of water compresses the air in the vacuum chamber at the ends of the stroke
of the piston, and when the piston starts the air expands (thus creating a partial vacuum
above the water) and aids the piston in setting the column of water in motion again.

charge is forced out of the cylinder through valve D, by the lower face
of the piston. During these simultaneous operations, valves A, and D,
remain open, and B, and C, closed, as in fig. 4,259.

During the up stroke, water follows the lower face of the piston
through valve B. At the same time, the previous charge is forced out
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PIGS. 4,262 to 4,265.—Water for rice
cuitivation in Louisiana. One cen-
tral power plant furnishes current
for three pumping stations on
different parts of the same ranch.
This tract of land is located at
Ellis, Louisiana, and owned by Mr.
Floyd Williarus. The motive pawer, .
is a 200 horse power four cylinder oil engime direct connected to a 170 kva. 2,300 volt alter«
nator. The current at this voltage is_distributed over their own transmission line to
theee pumping_stations. One station is located near the power plant, another X4 mile
away and the third 14 miles away. Each pumping plant 1= equipped with a 75 hurse power
vertical 2,200 volt motor, direct connected to a vertical centrifugal pump. Each one of
these pfuimp; has a capacity of 3,000 to 4,000 gallons per minute, ang irngates about 250
acres of land.
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of the cylinder through valve C, by the upper face of the piston. During
these sirgultaneous operations, valves B, and C, remain open, and A, and
D, closed.

Air Chambers.—These are placed upon pumps on the head
or discharge side of the discharge valve, and contain air for
the purpose of introducing an aér cushion to counteract the
solidity of the water, thus preventing shocks or water hammer
as the water flows through the valves; and also for the purpose
of securing a steady discharge of water.

The water being under pressure in the discharge chamber, compresses
the air in the air chamber during each stroke of the water piston and,
when the piston stops momentarily at the end of the stroke, the air
expands to a certain extent and tends to produce a gradual stopping
of the flow of water, thus permitting the valves to seat easily and without
shock or jar.

The capacity of the air chamber varies in different makes of pump
from 2 to 314 times the volume of the water cylinder in single cylinder
pumps, and from 1 to 2}4 times the volume of the water cylinder in the
duplex type. The volume of the waler cylinder is represented by the area
of the water piston multiplied by the lengih of stroke.

For single cylinder, boiler feed pumps and those employed for elevator
and similar service the volume ofp the air chamber shoulcil be 3 times the
volume of the water cylinder, and for duplex pumps, not less than twice
the volume of the water cylinder. High speed pumps, such as fire
pumps, should be provided with air chambers containing from 5 to 6
times the volume of the water cylinder.

The diameter of the neck should not exceed one-third the diameter
of the chamber. When the pumps work under pressure exceeding
80 or 90 pounds per square inch, it is frequently ound that the air
gradually disappears from the air chamber, the air passing off with
the water by absorption. Air should be supplied to the air chamber
except at slow speed. At higher speed and with no air in the air chamber

NOTE.—In large pumping plants small air pumps are employed for keeping the air cham-
bers properly charged. In smaller plants an ordinary bicycle pump and a piece of rubber tub-
ing are used to good advantage.
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the valves are apt to seat heavily and cause more or less jar and noise,
and the flow of water will not be uniform. The water level in the air
chamber should be kept down to from 14 to 14 the height of the air
chamber for smooth running at medium and high speeds.

S0 181 18

PiGs. 4,266 and 4,267.—Sectional view of water end, illustrating lift of valve, and slip.
Fig. 4,266, lift for slow or moderate speed; fig. 4,267, lift for high speed. The cuts clearly
show the relative position of the suction and discharge valves during the movements of
the piston. Pump slip or slippage is a term used to denote the difference between the
calculated and the actual discharge of a pump, and is generally expressed as a percentage
of the calculated discharge. Thus, when the slippage is given'as 15 per cent. it indicates
that the loss due to slip amounts to 15 per cent. of the calculated discharge. Slippage
is due to two causes, the time required for the suction and discharge valves to seat.
When pumps run very fast the piston speed is so high that the water cannot enter the
pump fast enough to completely fill the cylinder and consequently a partial cylinder full
of water is delivered at each stroke. High speeds also increase slip page, due to the seating
of the valves. Fig. 4,267 represents a sectional view of the water end of a pump, showing
the position of the valves during a quick reversal in the direction of the arrows, which
illustrates the position of the valves corresponding to high speeds. The valves in a pump,
like almost every other part in the operation of machinery, do not act instantaneously,
but require time to reach the seats. hen pumps run at high speed the piston will move
a considerable distance, while the valves are descending to their seats, and water flows
back into the pump cylinder until the valves are tightly closed. The valves will remain
in the raised position shown in fig. 4,267 until the piston stops at the end of the stroke.
and under high speed the piston will reach the position on the return stroke indicated
by the dotted line L by the time the valves are closed. The cylinder will be filled up to
this point with water from the delivery chamber so that no vacuum can be formed until
after the piston reaches this position. ~ The volume of water that can be drawn into the
cylinder must necessarily be represenited by the cubic 1.nches of space, minus the quantity
which flows back during the time the valves are closing. It will thus be seen that the
actual volume of water discharged is considerably less than a cylinderful, and the difference,
whatever it may prove to be, is called, and is due to slippage. Fig. 4,260 represents the
same pump running at a comparatively low speed. It will be noticed that the valves
have not been raised as high as in fig. 4,267, because a longer time being allowed for the
discharge of the water, a smaller orifice 1s sufficient. It will be seen also that the piston,
moving at a lower velocity, cannot travel as far in fig. 4,266 before the valves seat, and
consequently a vacuum can be created in the cylinder earlier in the stroke, and a larger
volume of water can therefore be drawn in during the return stroke. In the latter case
it is evident that the volume of water drawn into the cylinder will be nearly equal to a
cylinderful and consequently the loss by slippage must be corres?ond.lngly less. In order
to reduce the loss by slippage several valves are used instead of a single valve of equal
area. A flat disc valve will rise a distance equal to one-fourth the diameter of the port or
of the opening in the seat to discharge the same volume of water that can flow through the
port in the same time. In practice the rise exceeds this proportion of one-fourth a trifle,
owing to the friction of the water, and this 1s especially true at high speeds.
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Capacity of Pump.—This term relates to thc amount of
water a pump is able to deliver when operated, at a specified
speed. There are two kinds of capacity:

1. Theorctical capacity;

2. Actual or net capacity.

The theoretical capacity represents the pumping ability of a per-
fect pump, and is cxpressed as the volume in cubic feet or gatlons displaced

by the pump per minute.

F1Gs. 4,268 to 4,272.—Metal valve with screw seat details. Fig. 4,268, screw seat; fig. 4,269,
stud fig. 4,270, metal valve; fig. 4,271, spring; fig. 1,272, assembly.

Since it is impossible to construct a perfect pump, it is customary in

computing capacity, to first calculate the theoretical capacity and
then make allowance for the various losses due to slip, leakage, etc.

Ques. What is slip?

Ans. The back flow of water through the valves while they
are in the act of closing.

Ques. Where is leakage liable to occur?
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Ans. At the stuffing box, valves, piston and joints.

Ques. Name two kinds of leakage?
Ans. Water leakage and air leakage.

How to Figure Capacity.—RULE: Multiply the area of the
piston in sq. ins. by the length of the stroke in ins., and by the
number of delivery strokes per minute, divide the product by 1,728,
to obtain the theoretical capacity in cu. ft., or by 231 to obtain
theoretical capacity in U. S. gallons. The result thus obtained
ds 2o be multiplied by an assumed factor representing the efficiency
of the pump to obtain the approximate net capacity.

The rule expressed as a formula is

7854 D2 XL XN

Approximately net capacity = 1798

X{(1—f) cu. ft., or

7854 DX,
=—8—23;<—->v< N X (1—f) gallons

ia which
D2 =square of piston or plunger diameter in sq. ins.;
L =length of stroke in ins ;
N =number of delivery stroke per minute;
f=factor representing assumed slip in per cent. of displacement;
1,728 =cu. ins. in one cu. ft.;
231 =cu. ins. in one U. S. gallon.

_ EXAMPLE.—What is the approximate net capacity of a 3X5 double
scting power pump running at 75 revolutions per minute with an assumed
slip of 5 per cent., applying this formula?

7854 X32X5X 150
1,728

Approximately net capacity = X (1—.05) =2.91cu.ft.

_ 854X 32X 5X150
n 231

X (1—.05) =21.8 galis.
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AN Ques. What kind of a pump
- S- will pump more than its theo-
retical capacity, and why?

|
|
|

Ans. A single acting lift pump
having bucket valves, because the
column of water does not cease
flowing when the bucket descends,
that is, especially at high speeds
the foot and head valves remain
open all the time, and the bucket
valve accordingly under such con-
ditions is the only valve essential
to operation.

—G~DISCHARGE HEAD OR PRESSURC———

LR

Horse Power of Pump.—The
power required to elevate water
at a given rate to a given eleva-
tion is expressed in horse power,
as theoretical or actual, according
to whether the various losses are
considered. Ina pump thereisto be

4
0 SURFACE OF WATER—— —§ M&

Fic. 4,273.—Suggestion relating to the installation of
deep well pumps. The cylinder should be placed at
such depth as to insure its being constantly submerged,
and unless tests show that the water level does not
recede materially it is advisable to place the cylinder
near the bottom of the well. In placing the cylinder
in the well special care should be taken to make all pipe
and sucker rod joinis tight. For convenience in ship-

ing, cylinders are usually sent with the plunger and
ower valve screwed together, and these must be dis-
connected before lowering the cylinder in the well. The
well is supposed to have a straight clear_bore'of the
size specified so that the pump parts will go into it
when reasonable clearance is allowed, and also to furnish,
sufficient clear water to supply the pump. The letters
A, B, C, etc., are items necessary to intelligently select
the best style of deep well pump. In addition it should
be known if the water level recede when pumped, and
how much, also capacity in gallons required.

o o e e ()= DEPTH T

TOTAL DEPTH £/ WELL— s o oo e e e

A > ——— o o )
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considered the horse power at the water end, and also at the
power end. The horse power at the power end represents the
actual power to be applied and includes that lost by friction.

Theoretical Horse Power at the Water
End.—The theoretical horse power required
to raise water at a given rate to a given
elevation is obtained by the following
formula:

T. H. p.= LXWX(LAH)
33,000

in which
V =volume in cu. ft. per minute;
W = weight of one cu. ft. of water:
L =Ilift in ft.;
H =head in ft.

-,

EXAMPLE.—What is the theoretical horse power
required to raise 100 cu. ft. of water 200 ft., with a 10 ft.
1ift when the water is at a temperature of 75° Fahr,,
and when at 35° Fahr.?

For a temperature of 75°, one cu. ft. of water
according to the table (page 2,965) weighs 62.28
lbs. Substituting this and the other data in the
formula,

T.H.P.=

100X 62.28 X (10+200) _
33,000 =39.63

FiGs. 4,274 and 4,275.—Deming double acting deep well cylinder
\ with ball valves, The inner cylinder is of heavy seamless

drawn brass tubing, while the outer casing is of galvanized
pipe, and the ball valves, cages and plunger are of brass. The plunger can be readily
withdrawn for renewing the leathers without removing the drop pipe.  In operation, the
water is discharged on up stroke through discharge valve D1, which is located in the top
of pump plunger. D2 is the discharge valve on down stroke. Sl is the suction valva op
down stroke. S2 is the suction valve on up stroke.
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Now if the water have a temperature of only 35° as might be in very
cold weather, the weight of one cu. ft. will increase to 62.42, and the
horse power would accordingly increase in proportion to the ratio of
the two weights, or

. 62.42
T. H. P. (at 35° Fahr.) =39.6 — =39,
(at 3 ahr.) =39 3x62.28 9.7

By observing the very slight difference in the two results it will be
seen that, for ordinary calculation, the temperature need not be con-
sidered, taking the usual value 62.4 Ibs.

Horse Power Absorbed at the Water End.~—The actual
horse power required at the water end of a pump (not including
slip or mechanical efficiency) is equal to the theoretical horse power
plus an allowance for the friction of the water through the pipes
and pump passages. The latter being usually very small as
compared with the former, may be neglected.

There is also friction of water in the elbows which is usually taken
into account.

The tables on pages 2,967 and 2,968 give the approximate friction of
water in pipes and elbows, from which the virtuai head to be used is
easily found and which when inserted in the T. H. P. formula will give
the “actual horse power” as above defined.

The Electrical Horse Power.—The number of watt required
by the motor of an electric pump must be sufficient to furnish
power for:

1. Lifting the water;

2. Loss due to slip;

3. Overcoming the friction of water in traversing the system

from intake to point of delivery;

4. Overcoming the friction of pump and gearing;

5. Overcoming the friction of the motor;

6. Electrical losses in motor.

NOTE.—If the quantity of water be given in gallons, W is taken as 814 1bs., instead of
62.4 1bs,
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g F1Gs. 4,276 to 4,279.—Pumping from
o Snake River in Idaha. Pigs.
4,276 and 4,277 show the irrigation plant of.t‘fm
Crystal District Improvement Co., at Weiser,
Idaho. This plant consists of two 10 inch centri-

fugal pumps operated by two motors, one 50 hcrss

3 o+ P08 b, power, and one 75 horse power; both are 440 valf,

g 1190(1’0 R.P.M. m:ag:hxnesil i hen blg;h ?‘:lgﬁm't?"‘ in

ion they deliver nearly 7,000 gallons per minute into the five miles of distributing
Yl%ir::h?ch irX te 1,500 acres of sandy loam. Figs. 4,278 and 4,279, illustrate the plant
of the Weiser ﬁat Line Pipe Co., Weiser, Idaher This plant is similar to the other, and
has one 30 horse power motor and 8 inch pumﬁ), and one 25 horse power motar and 6 inch
pump. Thetwo pumps deliver over 3,000 gallons per minute into three miles of pipe line
which is used to irrigate about 500 acres. Before these plants were installed the land was

covered with sage brush and now grows alfalfu, grain, etc.
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Accordingly, as must be evident, the actual power to be supplied to
the motor is considerably less than the theoretical power required to
lift the water,

For illustration, assuming that a certain pump have an efficiency of
85 per cent. and the motor which runs it, 88 per cent., then the combined
efficiency, or efficiency of the system is .85X.88=.75. That is to say,
if the electrical power delivered to the motor be 100 horse power and
the efficiency of the system be 75 per cent., then ounly

100 X.75="75 horse power
is available for elevating the water,

How to Figure the Cost of Electric Pumping.—To get
the actual electrical power required, first, the theoretical head
should be increased by the loss of head in feet due to friction
in the pipe line, as determined fromn the accompanying tables.
The result determined in this way must then be considered for
the power loss in the pumping unit. This is determined by
dividing the theoretical horse power by the efficiency of the
system expressed as a decimal, thus:

WXH
H. P. ired =— ...
P. required by motor 33.000XE 1)

in which
W = weight of water pumped per minute in pounds;
H =total dynamic head;
E =efficiency of the system comprising pump, motor, and
gearing connecting them. ’

_EXAMPLE.—It is required to pump 300 gallons of water per minute
against a combined static lift and head of 200 ft. The pipe line is 400 ft.
fong and contains 5 ninety degree elbows. e

From the table showing friction of water in pipes (page 2,967), the
friction loss in 100 ft. of 5 in. pipe, discharging 300 gals. per min. is
2.25 ft. Accordingly for 400 ft. 1t is 4X2.25=9 ft. From the table
showing friction of water in elbows (page 2,968), one 5 in. 90° elbow,
discharging 300 gals. per min.=.36 II:: Five elbows=5X.36=1.8 ft.
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The total dynamic head is therefore, 2004+9+1.8=210.8 ft. Now
the weight of water pumped per minute is 814X300=2,499 Ibs.

z(issuming an efficiency of 75 per cent. for the system, and substituting
in (1)

2,499X210.8
P. = 33,000 .75 =21.3 horse power.

Having determined the actual horse power to be delivered to the
motor, the cost per hour for operating the pump can be readily deter-
mined by multiplying the horse gower just obtained by .746 and by
the central station charge per kw. hour. Thus, if the charge be 10c, then

Cost of pumping =21.3 X.746 X.10 =$1.59 per hour

Electric Pumps.—Pumping machinery of various form
constitutes a part of practically all operations involved in
modern industrial development, and in many cases, such as
irrigation and drainage projects, sewage disposal, mining, etc.,
pumps are of vital importance, and in many instances they
are operated by electric power to advantage.

To meet the varied conditions of service, there are a mul-
tiplicity of type which may be classified:

1. With respect to the cycle of operation, as

a. Reciprocating { single acting;

double acting;
b. Rotary; el
9 single stage;
¢. Centrifugal {multi_smge;

2. With respect to the number of cylinder, as

. Single cylinder;
Duplex;
Triplex;

. Quadruplex, etc.

an on

3. With respect to the reciprocating part, as

a. Piston;
b. Plunger.
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4. With respect to the stuffing box, as

2. Inside packed;
b. Outside packed.

- =

= SR
Fig. 4,230.—Derming antomatic 3 X 3 triplex pistan feed pump and receiver. It is designed
to automatieally drain steam coils, radiators, heaters, etc., of the water of condensation
constantly_collesting therein, and te retwrn this water to the boiler at a temperature
otherwise impassible without the use of a special water heater. The outfit includes the
?ump and cast iron receiver, with a float connected to a lever at the top of the receiver
or operating the motor controlling switch. The pump and receiver are mounted on a
cast iron bed plate, this being also extended to receive the electric motor, which is con-
nected to the pump by single reduction spur drive. The pump and receiver are set below
the water level of the steam coils, so that the eondensation will flow to the receiver by
gravity. As the water flows into the receiver the float rises, and by moving the lever
at the top, starts the motor and pump by throwing in the switch and automatic starter.
The pump is also automatically stop, ed when the water in the receiver is lowered by
pumping, the variation of water level being regulated by properly locating the buttonms
on the chain which passes through the switch lever.

5. With respect to the valve arrangement, as

a. Single valve;

b. Multi-valve;

¢. Bucket valve;
d. Pot valve.
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6. With respect to the pressure, as
a. Low pressure;

b. Medium pressure;
¢. High pressure.

7. With respect to the velocity of direction of the drive, as

a. Single reduction;
4. Double reduction;
¢. Multi-reduction.

F16. 4.281,—Fairbanks-Morse electrically driven irrigating plart at Payette river, near Payette,
Idaho, whichfurnisheswater to irrigate 600 acres of orchard land.” The two 7 inch centri-
fugal pumps are driven by two 75 horse power indaction motors, delivering 2,700 gallons
Per mmute into 660 feet of 30 inch pipe.

8. With respect ta the drive construction, as

a. Spur gear;

b. Spiral gear;

c. Worm gear;

d. Combinration silent chain and toothed gear;
. Combination belt and toothed gear.
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Reciprocating Pumps.—The large variety of pump repre-
sented under this heading are used for almost every condition
of service. They are either single or double acting, single or
multi-cylinder, vertical or horizontal, piston or plunger, etc.,
as may be best suited to any particular condition of service.

The principles of operation have been given under elementary
pumps, and the accompanying cuts illustrate the trend of
design and construction

P16 4,282.—Double acting piston water end, showing sectional view of piston, cylinder,
stuffing box, valves, and water passages. The lower row of valve are the inlet valves, and
the upper row the discharge valves.

Water Ends.—There are, properly speaking, four kinds of
water end to power pumps:

1. A piston packed with fibrous material within the cylinder, as shown
in fig. 4,282. The letter P in fig. 4,283 and the following cuts indicates
the plunger.

2. Inside packed plunger, with a stuffing box used for heavy pressures
in hydraufic apparatus, or as shown in fig. 4,283 for larger plungers.
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3. A single acting outside packed plunger as in fig. 4,284.

4. Two plungers, fig. 4,285, connected outside of the cylinder with
a stuffing box in two cylinder heads, through which the plungers work.

The construction of the water ends of single cylinder and duplex
pumps is practically the same; any slight differences which may be found
are confined to minor details which in no way affect the general de-
sign or operation of the pump.

|
Pump Valves.—The valve apparatus is perhaps the most J
important part of any form of pump and its design has a material
bearing upon its efficiency.

¥1G. 4,283.—~Double acting inside packed plunger water end showing sectional view of working
parts.

The valves shown in fig. 4,282 are carried by two plates or decks, the
suction valves being attached to the lower platc and the delivery valves
to the upper one. The upper deck, and sometimes both decks, are re-
movable.

The valves are secured to the seats by means of bolts or long screws,
which, in turn, are screwed into the seat, as shown in figs. 4,286 and
4,288 or capped as in fir. 4.289.
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Pic. 4,284.—Single acting outside packed
plunger pump. In construction, the
moving part consists of the plunger AB
working in the stuffing box KL. There
are two valves or sets of valve, F and
E. The stuﬂinﬁ box KL being on the
outside can be_kept in perfect adjust-
ment, and with proper design the
suction and discharge valves may be
examined by the simple removal of a
bonnet.  The strong points of this
pump are its simplicity, and the ready
accessibility for examination and ad-
justment of all parts on which the
operation of the pump may depend.
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yokes and outside rods, the yokes and a portion of the rods being shown in the figure.
The construction is virtually a combination of two single acting plunger pumps so con-
nected as to give the equivalent ot a double acting pump cycle,

F1G. 4,285.~—Double acting outside plunger water end, These plungers are connected by
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The valves in all pumps except the large sizes, which may properly
be classed with pumping engines, are of the flat rubber disc type, with a
hole in the center to enable the valve to rise easily on the bolt, the
latter serving as a guide.

A conical spring is employed to hold the valve firmly to its seat, the
spring being held in position by the head of the bolt, or cap, as shown.,

Certain improvements in pump valves have been made which tend
to increase the durability and to prevent the liability of sticking, which
is not an uncommon occurrence after the valves have become badly
worn. The improved forms of pump valve are shown in figs. 4,288
and 4,289. When these valves leak, through wear, the disc may be
reversed, using the upper side of the disc next to the valve seat. his

4
i
2

=

M
Y

PiGs. 4,286 to 4,289.—Various details of pump valve constructiorn.

can be done with ordinary valves also, provided the spring has not
injured the upper surface of the disc.

Valve seats are generally pressed into the plates, although instances
may be found where they are screwed. When pressed in they may be
withdrawn by substituting a bolt having longer length of screw thread
than the regular bolt, and provided with a nut and yoke, as shown in
fig. 4,290. The bolt is slipped through a yoke and screwed into the seat.
By turning the nut the seat can generally be started without difficulty.

Fig. 4,291 revresents the customary gland and siuffing box, in which
the gland is adjusted by the nuts C and D upon two studs. After the



ELECTRIC PUMPS 2,997

adjustment has been properly made, lock nuts are tightened which leaves
the gland free, yet preserves the alignment.

It has been proven by practice, after long and costly experiments,
that a number of small valve instead of one large valve are more du-
rable. Worthington, Dunham, Leavitt, Holly and other leading pump
engineers had occasion to find the truth of this statement early in
their careers.

H. F. Dunham confines his practice to four or four and one-half inch
valves in all cases except for pumps of very small capacity; the author
censiders this good practice, as larger valves involve too great lift, and
the smaller sizes necessitate an undue multiplicity of valve unit. The
“slamming” of large valves under moderate speeds proved itself a

PuG. 4.290.—Jig for removing valve seats of the press fit type. It consists of a bolt with extrs
length of thread, a yoke and nut as shown. The operation is apparent from the cut.

F1G. 4,291.—Detail of stuffing box for piston pump.
difficulty hard to overcome, until the principle of keeping the valve

area as low as possible within reasonable limits had been fully demon-
strated.

Rotary Pumps.—This type of pump may be defined, as
. 6ne having a revolving piston, or pistons which partake of the
nature of cams, rotating upon an axis and being tn contact at one
or more points with the walls of the enclosing chamber. In opera-
tion, a rotary pump continuously “scoops’ the water from its
chamber, the operation being somewhat similar to bawing a
boat with a scoop.
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FiGs. 4,202 to 4,297.~Various types of rotary pump. Fig. 4,292 represents one of the oldest
and most efficient forms of the rotary pumfa. Cog wheels, the teeth of which are fitted
to work accurately into each other, are enclosed in an elliptical case. The sides of these
wheel turn close to those of the case so that water cannot enter between them. The shaft
of one of the wheel is continued through one end of the case (which is removed in the figure
to show the interior) and the opening made tight by a stuffing box or collar of leather.
A crank is applied at the end to turn it, and as one wheel revolves, it necessarily turns the
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Rotary pumps may be divided into several classes according to vhe
forms of, and methods of working the pistons or impellers, as they
are usually called, that is, according to the construction and arrange-
ment of the abutment.

The abutment receives the force of the water when driven forward
by the pistons or impellers and also prevents the water being carried
around the cylinder, thus compelling it to enter the delivery pipe.

In the construction of the impellers or pistons, and of the abutments,
lie the principal differences in rotary pumps.

In some pumps the abutments are movable, and are arranged to draw
back, as shown in fig. 4,297, to allow the piston to pass. In others
the pistons give way when passing fixed abutments, and in others the
pistons are fitted with a movable wing, as in fig. 4,296, which slides
radially in and out when passing the abutment.

Rotary pumps are expecially suitable for low pressures, and the
absence of close fitting parts renders it possible to handle water con-
taining a considerable quantity of impurity, such as silt, grain and
gravel. This type of pump is compact and is generally self-contained,
especially in the smaller sizes, and will deliver more water for a given

Pics. 4,292 to 4297.—Continued.

other, the direction of their motions being indicated by the arrows. The water that
enters the lower part of the case is swept up by the ends of each cog in rotation; and as it
cannot return between the wheels in consequence of the cogs being always in contact there,
it must necessarily rise in the ascending or forcing pipe. Fig. 4,293 represents a pump
similarly constructed to the foregoing, but having cams, shaped so as to reduce the wear.
In Eve's pump, shown in fig. 4,294, a solid or hollow drum, A, revolves in a cylindrical case.
On the drum are three projecting pieces, which fit close to the inner periphery of the case.
The surface of the drum revolves in contact with that of a smaller cylinder, B, from which
a portion is cut off to form a groove or recess sufficiently deep to receive within it each
piston as it moves past. The diameter of the small cylinder is just one-third that of
the drum. The shafts of both are continued through one or both ends of the case,and the
openings made tight with stuffing boxes. On one end of each axle is fixed a toothed wheel
o? the same diameter as its respective cylinder; and these are so geared into one another,
that when the crank attached to the drum axle is turned (in the direction of the arrow)
the groove in the small cylinder receives successively each piston, thus affording room for
its passage, and at the same time, by the contact of the edge of the piston with its curved
part, ?reventing water passing. In operation, the water that enters the lower
part of the pump through the suction pipe is forced round and compelled to.rise in the
discharging one, as indicated by the arrews. Other pumps of the same class have a por-
tion of the small cylinder cut off, so that the concave surface of the remainder forms a
continuation of the case in front of the recess while the pistons are passing; and then,
by a similar movement to that in the figure described, the convex part is brought in con-
tact with the periphery of the drum until the return of the piston. The next improvement
in rotary pumps is shown in fig. 4,295, This type was used for many years as fire pump.
The Silsby fire engine is practically this pump in design although it has packing strips
in the center of each of the long teeth of the elliptical gears. Fig. 4,296 shows a design
with a piston passing through the eccentric rotor. The simplicity, and operation of
this type is apparent from the illustration. In the design shown in fig. 4,297, a sliding
partition or abutment, A, is used to imprison the water. As the piston or inside
cylinder turned around, the abutment was %ushed up and fell of its own gravity. A strip
of metal supported this abutment and furnished a suitable ‘wearing surface upon the surface
of a revolving cylinder and also accommodated itself to the tilting motion introduced by
the eccentricity of the revolving cylinder.
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F1G. 4,208, —Transparent view of Taber rotary pump showing all parts. If consists of a
circular barrel containing four vanes or valves projecting through slots of a cylinder
eccentric to the circular bairel, and arranged to move in or out to maintain contact with
the interior surface of the circular barrel, as shown. In operation, when power is applied
to the pulley, the valves automatically adjust themselves to the inside surface of the
barrel and create a vacuum which starts the Eow of liquid.

¥1G. 4,299.—Deming rotary force pump designed to meet the demand for pumps for pumping
small quantities of oil or gasoline. It is also recommended for pumping water for house
supply or other purposes where power is available, and the liquid is entirely free from
gritty substances. It is simple in construction, consisting of a pair of machine cut gears
running together in a tight case. It is mounted on an iron base frame with babbitted
bearing for shaft. Suction connection at either side, and dischargz 2t the top.
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weight and space occupied than the reciprocating types, while its
simplicity of construction not only lessens the liability to derangement,
but enables persons having a limited knowledge of machinery to set
up and operate these pumps successfully.

Rotary pumps have an advantage over single stage centrifugal pumps
in working under widely varying heads. They are usually not eco-

SIDE ELEVATION FRONT ELEVATION

Fi1cs. 4,300 to 4,302.—Views of ordinary or
simple centrifugal pump (Gwynne
pattern).

nomical, but when carefully designed with the impellers of the correct
cycloidal shape, like those used in positive rotary blowers, they give
a moderately high efficiency.

Centrifugal Pumps.—This type of pump may be defined
as one tn which curved vanes or impellers, rotating inside a close
fitting casing, draw tn the liquid at the center and, by virtue of
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centrifugal force, throw
out the liquid through an
opening at the periphery of
the casing.

Centrifugal pumps are
divided into four classes:

1. Simple;
2. Conoidal;
3. Volute;

. single stagez
4. Turbine {multi-stage.

The simple or ordinary type
consists of a series of blade,
which are rigidly fixed on a shaft
and enclosed in what is called
the whirlpool chamber. When
the blades are rapidly revolved,
the centrifugal force thus created
throws the water through the
outlet in the casing.

The general appearance of the
conoidal pump (named from the
cone shaped impeller) is some-
what different from the ordinary
centrifugal pump, on account of
the widening of the pump cham-
ber toreceive aspecial form of im-
peller, which consists of a double
conical shaped core, on which
radial vanes are cast or mounted.
The peculiar shape of this

¥1Gs. 4,303 and 4,304.—Gwynne's conoidal type centrifugal pump and detail of impeller,
The arrows indicate the direction in which the impeller turns, In construction, A, is the
inlet; B, discharge; C, the bottom chamber within which the impeller consisting of disc
K, and blades or vanes 1 to 8, revolve closely without touching the surrounding casing.
T6 chamber C, are attached the conducting case D and D’, which form between them an
easy curved spiral discharge passage, gradually enlarging toward its outlet B. The shaft
G, passes through the stuffing box F, thence through and into the sleeve R, which is
securely bolted by wide flanges to the case D, thus forming a central rigid and long
bearing for the spindle. The driving pulley P, has its bearing babbitted and runs on the
outer diameter of the sleeve R. S is the driving clutch secured to spindle by the feather
key and set screw S/, and engages by the lugs to the driving gulley. Means of lubrica=
tion 1s afforded by the oil holes . The vanes on disc K, extend above the disc to exclude
dirt from the bearings, and partially relieve the downward pressure upon the disc. The
spaces above and below the disc are connected by the holes kk through the disc, equalizing
the vacuum therein, relieving it from downward pressure, and balancing it so that no
lower bearing is reauired.
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core serves to modify gradually
the direction of the incoming
current, thereby preventing
waste of power. The pump

amber is divided into two
parts by a radial partition,
which extends entirely around
the interior of the chambers
and encloses the base of the
conoidal impellers. This par-
tition prevents the impinge-
ment and consequent disturb-
ance of the two entering
columns of water. Conoidal
pumps are especially suitable
for supplying water to surface
condensers, or for irrigation,
pumping sewage, or purposes
where the liquid pumped is
accompanied by sand, mud,
silt, etc. ‘I'hey are compara-
tively inexpensive and the
space required by them, rel-
ative to the quantity of water
delivered, is claimed to be
about one half that of a cen-
trifugal pump of the ordinary
pattern. They are designed
for a maximum head of 30 feet.

Volute pumps are built for
medium lifts, but for all capac-
ities. They are desirable for
heads up to 70 feet, without
necessitating the use of pumps,
which are either especially
largeor very expensive. Volute
pumps run at moderate speed.

Figs. 4,305 to 4,307.—Three styles of
impeller for centrifugal pumps. Fig,
4,305, shows a form used for small
sizes and for thick liquids; fig. 4,306,
is a hollow arm type used in large
pumps, and has the advantage that
the water is thrown outward without
any churning action, and that there
are no dead spaces; fig. 4,307 is used
for dredges and has the advantage
that the sand is prevented grinding
between the blades and the casing,
yet large openings are free for the
passage of sand and mud.
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The turbine type may be defined as a centrifugal pump having sta-
tionary guides or diffusion vanes inside the casing. The diffusion vanes
are placed between the periphery of the impeller and the case which
take the place of the usual whirlpool chamber and assist in guiding
the water to the outlet without internal shock or commotion.

The very limited head at which it was possible to operate the earlier
pumps with economy has been overcome by connecting two or more
units upon one shaft and operating them in series, that is, passing the
water through each unit in succession, thus the head is divided between
the units by a multi-stage operation and by roviding a sufficient number
of units or stages, they may be operatedp with heads even exceeding
two thousand feet without impairing the economy.

;G. 4,308.—Sectional view of a typical single suction standard volute pump designed for direct
connection to moderate speed motors or for belt or gear drive. single suction opening
is provided on the side furthest from the driving power, thus affording the facibity for

connecting the suction pipe. The casing is in one piece with feet for mounting on the

base plate. The side plates are removable, affording access to the internal parts of the
pump. There is a male and female joint between the side plates and casing insuring
perfect alignment. The bearings are fastened to brackets cast integral with the side
plates, there being a male and female joint between the bracket and bearing body. The
impeller is of the enclosed type of cast iron or bronze as required. Alberger regular volute
pumps are of the same type and general design, except that the respective sizes are of
greater diameter, thus permitting a slower speed for a given head, making this type
particularly suitable for engine drive. Standard and regular volutes can be built for heads
up to about 85 feet, provided the available speed of the driving power will permit. Stand-
ard volute pumps are built in sizes having discharge openings from 1 14 inches up to 72
inches in diametves.
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sucTioN®
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f1Gs. 4,309 and 4,310,—Method of priming centrifugal pumps. All centrifugal pumps which
do not operate with pressure on the suction side, must have the casing and suction pipe
filled with the fluid to be pumped, before starting. This priming is accomplished by some
combination of the following devices:—hand primer, foot valve, flap valve, check valve
or ejector. If a hand primer be used, the air cock on the top of the pump is opened, and
the primer is worked until water flows through this cock. Then tge pump is started.
If there be a foot valve on the bottom of the suction pipe, the pump can be primed by
running water into it from an overhead tank, hose, city main, etc., as the valve will hold
the water in the pump. Where steam is available and a foot valve is not used, the pump
can be primed by means of an ejector as shown in fig. 4,309. The valve A is opened;
then the steam valve B is opened. The current of steam will draw the water up through
the suction pipe of the ejector and fill the pump. A and B can then be closed and the
~umn can be started. Where a foot valve is used, a steam ejector can be used as
shown in fig. 4,310. The valve A is opened; then the steam valve B is opened. The
current of steam in the ejector will draw the air out of the pump casing, and the water
will rise through the suction pipe of the pump. When water begins to flow from the
ejector pipe, the pump is primed. A and B can be closed and the pump started. When
bolting the pump to the foundation, care must be taken not to spring the bed plate.
Every joint 1n the suction pipe should be air tight. The pump should be installed to run
in the direction indicated by the arrow on the casing. The stuffing bozes should be packed
roperly and the water seal ring should be in the proper position. The bearings should
ge cleaned and filled with a good grade of engine oil. Long sweep elbows only, and as
few of them as possible should be used in the suction and discharge piping. It is also
advisable o use large pipe lines, as this reduces the power necessary to drive the pump
and will save money in the long run. To prevent freezing in cold weather, the pump
should always be drained when not in use, by unscrewing the plug in the bottom of the
pump casing.

NOTE.—In priming a centrifugal pump where steam is not available and it is imprac-
ticable to fill the suction line with water, a hand or power oPerated. air pump should be pro-
vided. The use of an air pump requires the placing of a valve on the discharge line of the
centrifugal pumg. Such a power operated pump should be driven by its individual motor.
In priming multi-stage pumps, it is necessary to exhausc the air thoroughly from each stage,
and if primed by exhauster, it should be connected to each stage. The pump should be started
only after it is entirely filled with water. The pump must not be run empty, as the clearance
rings and shaft sleeves, which in good designs have very small clearances, will bind, heat and
cut if run dry. When first starting the motor, be sure to see that its direction of rotation
agrees with that of the pump, as pump must not run in a direction opposite to that for which
it is intended. This will be usually stamped on the casing or may be marked on the blue
print of the pump. After the pump is,primed, the shaft should be turned over one or two
revolutions to allow all air to free itself from the vanes of the impeller.
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The turbine pump has created an entirely new field of application
for centrifugal pumps, embracing mine drainage, water works, and
numerous other services where rotary pumps are desirable but have
not been employed, owing to their former limited efficiency at high heads.
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G, 4,311.—Characteristic curves of No. 88 Gould single stage double suction centrifugal
pump operating at 1,740 R. P. M. constant speed. Characteristics: The curve marked
head shows the variation in total head generated by the pump as the capacity increases
from zero to maximum. The B.H.P. curve illustrates tke change in horse power

input at the pump shaft as the capacity varies, and the ¢ficiency curve shows how the

efficiency of the pump changes with its outfrut. From inspection of the head curve it
is seen that the pump will deliver 2,200 G. P. M. against 79 feet, 2,000 G. P. M. against

90 feet, 1,800 G.B. Mp against 97 feet, and that the head at no delivery is above 108 feet.

This point is actually somewhat higher, in case pump is driven by an independent motor

or turbine, as the speed will increase as the load decreases. From the B. H.P. and

Efficiency curves we find that 62 horse power is required to pump 2,200G.P. M. and

that the efficiency of the pump is 70 per cent. under these conditions. Likewise the

efficiency is 74 per cent. when pum%ing 2,000 or 18,000 G. P. M. and 62 B. H. P. and 61

B. H. . respectively is required. The pump efficiency is 70 per cent. or better over a

capacity range of from 1,440 G. P. M. to 2,200 G.P. M. It is further to be noted that the

ower curve reaches its peak at a point nearly coincident with the maximum efficiency.

n other words, if a motor be chosen of just sufficient power to drive the pump at its most
efficient capacity—in this case 1,900.-G.P. M., that motor cannot be overloaded, or other-
wise damaged, by any change in the head against which_pump will operate. As the
capacity of the pump decreases the power also decreases. Power can therefore be saved
by throttling the discharge until just the desired ¢uantity is obtained. At the point of
no delivery about 28 H. P. is required to rotate the impeller. The eficiency at this point
is, of course, zero, as all the power is absorbed in overcoming friction and no useful work
is performed. If the head curve were continued to zero head, about 2,430 G. P. M. would
be discharged, and the efficiency would again be zerc, as no useful work would be per-
formed under such condition,
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As a sinking or station pump for mine service, the turbine pump is
ideal. There are no valves, guards or springs, no reciprocating parts,
and, most important of all, there is no contact surface in the machine
except the shaft and its bearings. The design is such that parts sub-
jected to the action of mine water may be made of acid resisting metal,
and, when desired, lead lined.
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Fi16. 4,312.—Section of Goulds single stage single suction centrifugal pump, enclosed impeller
type, showing parts.

NOTE.—The importance of correct head determination: In estimating the total
head against which a centrifugal pump must operate, use great care and do not resort to guese
work; select a motor somewhat larger than apparently necessary so that in case of increased
head there will be sufficient power. The total head against which a centrifugal pumgl operates
is made up of the sum of four factors, namely: suction lift, discharge head, friction head (due
to losses in pipe line), and velocity head. The suction lift is the vertical distance from the
level of the water to be pumped to the floor level of the pump. If the water level be above the
center line of the pump, the pump is then said to operate under a suction head, or “flooded
suction,” and the distance must be subtracted from the sum of the remaining factors. The
discharge head is the vertical distance between the floor level of the pump and the level to
which the water is elevated. The friction head is determined by referring to tables on pages
2,967 and 2,968 which give the losses in pipe lines and elbows for different sizes.  The
velocity head (H) in feet is determined by solving for H in the equation H =V, +64.4 where V
is the velocity in feet per second of the water at the discharge nozzle of the %ump. The velocity
head need be considered only when the sum of the other %actors is less than 20 feet. If the
actual head be found to be greater than that for which the pump was designed less than the
desired capacity will be discharged. If pump be driven by a direct current motor its speed
can be increased so as to discharge more water against the higher head, provided the motor
is large enough to carry the increased load. 1f an induction motor be used, however, it would
be necessary to fit the pump with a new impeller and, possibly a larger motor. These brief
examples are cited to illustrate the importance of accurately determining the total head.
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Visckarge

F1G. 4,313.—Vertical three stage turbine I)ump show-
ing relative arrangement of impellers A, and
guide passages B. Thispump has the suction
entrance at the top; the discharge leaves the
collecting chamber of the last (lowest) impeller

T tangent to the circle. The shaft rests in a

i thrust bearing at the top, and is furthe: held

1 by bearings formed in the successive_sections of

t the case. At the bottom it is provided with a

i

special balancin%] arrangement. Each impeller,
where it joins the guide passages of the pre-
ceding case section, i¢ fitted into the case so as
to form as tight a joint as possible without intro-
ducing any great frictional resistance to rotation,
' With the exception of the entrance opening, the
T external surface of the iinpeller is exposed to the
- delivery pressure, so that there is a resultant up-
s AR e ward pressure on each impeller,equal totheareaof

i itsentrance multiplied by the differ-

| O <—Suction ence between the entrance and dis-
i § charge pressures of that stage. If
1 H all the impellers be alike, the total
upward thrust is equal to the prod-
uct of entrance area multiplied by

A

T
' Vzeza the total head on the pump. The

;\\\‘. 3} L \ pumps are so proportioned that this

5 s SIS : Y T S upward thrust slightly exceeds the
7 H \ N weight of the rotating portion, con-
4 : A \ sisting of impellers and shaft. The
/ g ' excess of upward pressure, however, is
' el 1 relieved by the balancing device lo-
o M | B2 - cated al the lower end of the shaft, with
<z, V¢ o the resull that the rolating parl is pre-

7 D’ t ’Q cisely balanced, thus relieving lhe

N T H et thrust bearing of all load while the
7 : — N \ pump is running. The balancing
§ . A \ device referred to consists of two
(A N chambers, C and D, formed cen-
s ST s = trally in the bottom of the lowest

S ¢ 8 section of the gump case. The

- =N large chamber encloses a pro-
\Q\ jecting hub E on the lower surface

PSS S of the impeller. This hub rotates

LA with the impeller, and the joint be-

A—> \ tween the hub and the walls of the

] chamber is, therefore, loose enough
// toallow water from the delivery side
of the last impeller to leak into
. chamber C, and establish the full
v discharge gressure_ in that chamber, Thesmalllower
\ chamber D contains a plug H, which may be ad-
¢ justed endways by means of screws. The forward end
M of this plug fits closely into a recess in the face of the
H- | G hub E, which recess communicates, by way of the
‘D hollow central part of the hub and the passage g, with
entrance side of the last impeller. In operation, when chamber C becomes filled with
water, or rather when leakage through the joint around the tube E has raised the pres-
sure in the chamber C tothe delivery pressure, the total upward pressure on the impellers
is greater than the total weight of the rotating part of the pump. The rotating element is
therefore lifted until the recess in hub E is raised clear of the plug H. _In this position the
pressure in chamber C is relieved through the passage g, with the result that the rotating
element again settles down over the adjusting plug H. As this action tends to recur, a
position of equilibrium is established near the point where the plug just enters the recess
in the hub E. The precise positlon of this point may be altercd by the adjusting screws
of the plug H, thereby adjusting the endwise position of the impellers in the casing
When the pump is not in operation, of course the upward pressure of the water does not
act, and the weight of the rotating part must be carried by the thrust bearing.

ol LA a1

=7
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For mine service, it is preferable that they be driven by electric
motors, thereby minimizing space and requiring little attention other
than that which is necessary to insure the proper lubrication of the
pumps and motors. In addition to the various types of centrifugat
pump just described, there are two modifications of design with respect
to the inlet feature, namely: the single inlet, in which the water enters
the case parallel to and in line with its center, and the double inlet,
in which the suction pipe is divided, forming a U shape, and enters the
case at both sides of the center.

Ques. What are the uses of the single and double
inlet types?

Ans. The single inlet type is used for clear water only,
while the double inlet type will pass everything that enters
the suction.

Motors for Reciprocating Pumps.—When direct current
motors are used, the compound wound type is generally selected
for single acting pumps, on account of the rather pulsating
load, but for double and triplex pumps having steadier load

) NOTE.—In multi-stage centrifugal pumps and in single stage pumps where the pressure
is high, an effective check valve as well as a gate valve should be placed in the discharge line.
This should be installed between the gate valve and the pump. Fn shutting down the pump
in cases where there is a foot valve and possibility of water hammer, it is advisable that the
discharge valve be first closed before shutting off the power.

NOTE.—Where the suction lift of a centrifugal pump is not very high it is frequently
advisablc to install a foot valve. By its use, the priming of the pump is simplified, if water be
available for that purpose. Care must be taken, however, to keep the foot valve from becomi
choked by foreign substances in the water, and for this purpose an efficient strainer shou'llg
be provided. It is not advisable to use a foot valve where the pump is to work against a very
high static head, for instance, into standpipes, reservoirs, etc.; by shutting off the driving power
the pump would stop suddenly, and the water rushing back might close the foot valve before
rthe discharfe check valve could act, thus producing a very heavy water hammer. The foot
ivalve should be of flap type, rather than multi-spring type, and of ample size so as to
introduce no more friction in the suction line than necessary. It is advisable that the suction
inlet should be so arranged or placed as to prevent foreign objects being drawn into the pump
or clogging up the foot valve. If there be very much refuse or other substances in the water,
such as sticks, twigs, leaves, etc., it would be well to have a large outside screen to prevent
too frequent stoppage of the water through the strainers. The foot valve or strainer should
be pflaqed sufficiently deep in the water to prevent whirl in the surface and consequent drawing
in of air.

NOTE.—Before starting a centrifugal pump and its motor, care should be taken to clean
the bearings, as dirt and substances may get in during shipment or erection. They should
then be filled with a pure, clean mineral oil. This oil should be changed when it becomes
dirty and the bearings thoroughly cleaned at the same time. At regular intervals these
bearings should be examined.

NOTE.—In operating centrifugal pumps, where there is a considerable amount of air
or gases in the water, the air stop cock on top of casing should be opened occasionally; in ex-
treme cases, the cock may be left partially open.
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characteristics, the shunt wound type is used to advantage. Both
squirrel cage and phase wound induction motors are suitabie,
the latter as a rule being selected where it is desirable to reduce
the starting current to a minimum, or where a somewhat
variable speed is required. Synchronous motors may be, and are
frequently used for driving large pumps. By pass valves must
then, however, be provided for reducing the torque at starting.

1XRE

ALLIS5CHALMERS

F1G. 4,314.—Sectional view of Allis-Chalmers three stage centrifugal pump showing con-
struction. The parts are: 1, cast iron casing; 2, bronze enclosed runner; 3, cast
iron return guide; 4, bronze wearing ring; 5, cast iron thrust plate; 6, bronze diffusers;
7, balancing disc; 8, open kearth steel shaft; 9, bronze shaft sleeve: 10, bronze water
seal ring; 11, packing; 12, cast iron glands; 13, cast iron bearing cap; 14, cast iron
babbitted shell; 15, cast iron hinged lid; 16, cast iron flexible coupling; 17, bronze oiling
ring; 18, bronze return guide bushing; 19, bronze spacer sleeve; 20, bronze shaft sleeve;
21, cast iron suction cover; 22, cast tron set collar; 23, water seal piping.

Motors for Centrifugal Pumps.—On account of the peculiar
characteristics of the centrifugal pump, special care is required
in selecting the type of motor best suited. With a reciprocating
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#15. 4,215.—Rotating element or impellers of Allis-Chalmers five stage centrifugal pump showing runners and balancing disc.

pump operating at constant speed an
increase of the resistance increases the
pressure and therefore the load on the
motor, but with a centrifugal pump,
an increase of the resistance reduces
the load. The volume of water de-
livered by a reciprocating pump is
not affected by the reduction of the
head, but the required power is re-
duced. A reduction of the head with
a centrifugal pump, however, increases
the volume of water, and as the
efficiency at the same time goes down
rapidly, the load increases. It is
accordingly of importance to know
what this overload, caused by a re-
duction of the head, amounts to—
the duration of this overload. The
capacity of the motor should as a rule
be governed by the low and not the
high head conditions. The condition
of starting must also be given careful
consideration in selecting the motor.

In starting a centrifugal pump the.
discharge valve may be closed until the
motor comes up to speed, so that the
motor may start as nearly light as
possible. At rest, the torque required
1s small, usually from 15 to 25 per cent.
of full load torque, and this drops from
5 to 6 per cent. as soon as the machine
starts. The pump casing is full of
water, however, and as the machine
comes up to speed this water is churned
around in the casing, causing the motosr
to load up as it approaches full speed.
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when with pumps of the usual design, it takes from 40 to 50 per cent.
of full load torque to drive it, even though pumping no water.

Shunt wound direct current motors and either squirrel cage or phase
wound induction motors are well adapted for this type of pump and
will readily meet the above conditions.

A synchronous motor may lead to difficulties unless proper pre-
cautions are taken in designing the starting winding and auxihary
starting equipment.

The Drive.—The reciprocating pump, because of the nec-
essarily low speed at which it must operate requires a high

F1G. 4,316.—Deming single acting plunger triplex pump with single reduction belt drive.
As shown, a short belt is used which runs over an idler having spring tension, the idlet
serving to maintain the proper belt tension and to give a large arc of contact with the small
pulley. This type has the desirable feature of quiet running in addition to its compact
arrangement, ¥t makes a desirable arrangement for light service such as tank pumping
in residences, apartment houscs, hotels, or wherever notse is objectionable.

velocity reduction between the motor and pump. Accordingly
some form of gearing which constitutes the ‘‘drive’” must be
interposed between the two machines.

Of the various type of drive, the single reduction belt gear, as shown

in fig. 4,316, is the simplest but has the disadvantages of requiring =
large pulley and is subject to slippage and breakage of the belt.
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F16. 4,318.—Dem-
ing smgle acting
plunger triplex
pump with single
reduction her-
ringbone drive.

his drive is a
refinement of the
drive shown in
fig. 4,317, in that
herrmgbone gears
are used in place
of spur gears, this
giving the advan-
tages due to her-
ringbone gears,
viz.: continuous
and smooth
action, elimina-
tion of shock, and
reduced wear.

F16. 4,317.—Dem-
ing smgle acting
plunger triplex
pump withsingle
reduction spur
drive. As con-
structed the
pinion is made of
rawhide, both
pump and motor
being mounted on
a cast iron bed
plate. This is a
compact drive
and is suitable for
light service
where space is
limited and where

some noise is not

objectionable.
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FIG. 4,319.—Deming single acting plunger trip'ex pump with single reduction, so called
silent chain drive. This drive is desirable where quiet running is essential and space
limited. It gives a positive connection betwren motor and pump, but when worn, the
operation of the chain becomes jerky, necessitating replacement.

P1G. 4,320.—Deming single
acting plunger triplex
pump with double
reduction spur gear
drive. As shown, the
pinion gear on_ the
motor engages with a
large gear on the inter-
mediate shaft which
has at its other end a
small gear or pinion
which engages with a
farge gear on the pump
shaft. Asisevident, a
large speed reduction
between motor and
pump is obtained in a
small space. The ar-
rangement permits the
use of a high speed
motor with a heavy
duty pump.
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The single reduction spur drive
shown in fig. 4,317, avoids the large
pulley necessary in belt drive, and
gives a “positive” connection be-
tween motor and pump, but its
operation is accompanied by noise
which may be more or less objection-
able according to location.

A refinement designed to secure
quiet running is the herringbone
single reduction drive, shown in fig.
4,318, or a so called silent chain as
in fig.4,319. These single reduction
drives are suitable for low or moder-
ate pressures, but for heavy duty

and large pumps, a higher velocity

reduction between motor and pump
is desirable, requiring double re-
duction drives.

T16. 4.321.—Deming single acting plunger triplex pump with double reduction combina-

tion short belt and spur gear drive.

This type has the desirable features of quiet

running and compactness. When a rawhide pinion is used pructically all noise is elim-
inated. This type of drive is desirable for tank pumping in residences, apartment houses,

hotels, or wherever noise is objectionable.

The cut shows plainly the idler pulley with its

spring holding the belt in proper tension, and also the increased arc of contact secured on

belt pinion by the use of the idler.

Fig. 4,320 shows
a double reduction
spur gear drive
which makes a com-
pact unit, and fig.
4,321, a combina-
tion spur gear and
belt double reduc-

ion drive, the belt

rendering the drive
lessnoisy than when
both reductions are
by spur gear, and
vet retaining a high
degree of compact-
ness.

6. 4,322.—Coulds double acting piston triplex pump with double reduction combination
long belt and spur gear drive. As shown, the intermediate shaft carrving the spur

pinion gear is extended and supported by outboard b
though on some designs this bearing is integral wi
shows the long belt connection permitting placement of m

earirg for carrying the driving pulley,
th the pump structure. The cut clearly
otos in any desirable location.
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FIG. 4,326 —Sectional view of Goulds double acting piston tnplex pump with doubte reauction

combination long bell and spur gear drive, showing construction. The parts are: 101, base;
102, standard; 103, main gear;, 104, crank shaft; 105, crank pin 106, main pinion;
107, pinion shaft; 108, pulley; 109, gear guard; 110, connecting rod; 111, u per con-
necting rod box; 112, lower connecting rod box; 113, cross head; 114, cross head pin;
{13, cross head shee; 116, cross head guide; 117, cylinder; 118, cylinder lining: 119,
cylinder head; 120, cylinder bottom flange; 121. stuffing box; 122, gland; 123, piston rod;
124, piston rod nut; 125, piston body; 126, piston follower; 127, piston packing; 128,
drain pipe and plug; 129, valve box; 130, valve box cover; 131, hand hole cover; 132.
valve seat; 133, valve plate; 134, valve stemn; 133, valve spring; 136, rubber valve disc;
137, air chamber; 138, gear key; 139, water passages; 140, discharge pipe; 141, suction
1pe.
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Where there is ample space and in locations where it is desirable to
place the motor at some distance from the pump the type of spur gear
and belt drive shown in fig. 4,322 is desirable.

Fig. 4,324 shows a form of worm drive. This gear gives a high
velocity ratio on single reduction and is quiet in operation.

Control Devices ; Water End.—For the proper operation
of pumps under different conditions various devices have been
applied to eifect the proper control. Fig. 4,325 shows an auto-
matic pressure regulator and by pass which may be used to

P16. 4.324.—Hill double acting single cylinder piston_pump with single reduction worm
drive. This form of drive secures practically silent operation, a desirable feature in
house tank pumping. The worm is provided with ball bearing thrust collar to reduce
end friction. The wheel forming connection between motor and worm shafts also acts
as a flywheel as well as a hand wheel for turning around by hand when necessary to pack
or work at the machine. Suitable flexible coupling is also formed with this wheel. The
position of the worm below the gear wheel allows it to run in an oil bath, thus giving
maximum lubrication.

advantage when the demand on the pump is practically constant.
The pressure on the pump is controlled by the pressure in a
compression tank. The regulator is adjusted to open the by
pass valve when the limit pressure is reached. Again, when the

pressure begins to drop, the by pass closes and the pump dis-
charges into the tank.
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F1G. 4,326.—Goulds type K by pass control consisting of gate valve, discharge check valve,
and relief valve.

[World Radio History|
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For boiler feeding, a pump is generally run continuously at a
fixed speed, delivering enough water to supply the maximum
demands of the boilers, while the actual quantity required may
vary. To allow for this variation a by pass should be provided.
By means of a gate valve in the by pass pipe the feed may be
regulated, the surplus water returning to the source of supply,
as shown in fig. 4,326.

PFI1GS. 4,327 and 4,328.—Deming single pole float switch, and diaphragm pressure regulator,
Fig. 4,327, switch; fig. 4,328, regulator. The switch is of the single pole sliding contact
type for use with self-starting for automatically starting and stopping the pump motor
with open tank systems. ‘This switch is intended to break solencid currents only and must
not be used to handle main line currents. The dlaghragm pressure regulator controls a

single pole switch designed primarily as a pilot switch for use with a self starter, although
it mmy also be used for throwing a small motor directly on the line in such cases where
a single pole switch only is required. Direct or alternating current motors in capacity
not aver 14 horse power, 110 volts, and 14 horse power, 220 volts to 250 volts can be handled
in this way.

Control Devices ; Power End.—There are various devices
for automatically starting and stopping the motor when prede-
termined conditions of pumping are reached. These consist of
pressure regulators, float switches, etc.

Tig. 4,329 illustrates the method of automatically controlling an
electric house pump when the open tank pumping system is used. The
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pump is usually placed in the basement, the discharge pipe passing
‘up through the building to the open tank in the attic, where it is gen-
rerally located. In the tank is placed a float which follows the water
level, and a chain from the float passes over pulleys through the auto-
matic switch arm (the switch being usually located near the tank), and
then to a counterweight. Small buttons attached to the chain above
and below the switch arm afford a means of regulating the points where

WU
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P¥G. 4,329, —Automatic control for electric house pump, consisting of float switch, starter, and
connection, as shown.

the motor will start and stop. The figure shows the starting rheostat,
fuse block, main switch, and wiring.

In place of a tank float, control may be effected by means of
the varying pressure of the water due to the head.
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Pig. 4,330, direct, or alternating

three phase, three wire; fig. 4,332, alternating current, two

331, alternating current,

gle phase, two wires; fig. 4,

phase, four wire.

Fi1Gs. 4,330 to 4,332.—Wiring diagrams for Hill double pole automatic pressure tank switch,
current, sin i

The method, which operates
on the same principlé as the
well known diaphragm damper
regulator placed on steam
heating boilers, is illustrated
in fig. 4,333. The cut shows a
switch operated by a pressure
diaphragm.

Water is piped to the dia-
phragm chamber through a
quarter inch pipe from tank
or discharge of pump.

Aspressure rises,diaphragm
moves lever until ball falls
across center, throwing switch
open suddenly.

When pressure in tank de-
creases, on account of lower-
ing of the water level, lever is
moved until ball falls to the
opposite side, closing switch
and again starting motor and
pump. The apparatus is set
for different pressures by ad-
justing the thumb nut shown
in the cut. A valveshould be
placed on the quarter inch
pipe to permit water to be
shut off in case it be necessary
to clean or repair switch.
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P16, 4,333.—Hill electric tank pump and method of pressure control. The illustration
shows a double pole switch connected with a diaphragm pressure regulator, whose operation
i described in the accompanying text. The switch here shown is designed for pumps up
to 24 horse power direct current, and 5 horse power alternating current, 110 or 220 vo'ts,
The switch 1s not intended for a closer regulation than about 15, })ounds variation in
water pressure. That is, if the switch be set to throw at 50 Ibs., it will not throw on again
and start the motor until pressure in tank has gone down to about 35 lbs. Sometimes @
closer regulation can be had, but the former serves for most cases, and avoids the too .
frequent starting and stopping of the motor,
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CHAPTER LXXXI

AIR COMPRESSORS

The ever broadening field for the use of compressed air, and
the rapid increase of invention of compressed air appliance,
have produced a number of change in the design of the earlier
compressors the scope of which was confined almost entirely
to mine and tunnel work.

Compressed air is used in almost every art known to man,
and in many cases its use depends so much upon its economical
production, that the modern compressor must embody every
refinement which has proved to be of practical value.

The Compression of Air.—When the space occupied by a
given volume of air is changed, both its pressure and temperature
are changed in accordance with the following laws:

Boyle’s law: At constant temperature, the absolute pressure
of a gas varies inversely as its voluwme. .

Charles’ law: At constant pressure, the volume of a gas is
proportional to its absolute temperature.

In the ordinary process of air compression, therefore, two
elements are at work toward the production of a higher pressure:
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1. The reduction of volume by the advancing piston;

2. The increasing temperature due tc the increasing pressure
corresponding to the reduced volume.

The application of the two laws is illustrated in fig. 4,334,
which shows a cylinder fitted with an air tight piston. If the
cylinder be filled with aeir at atmespheric pressure (14.7 Ibs.
per sq. in. absolute) represented by volume A, and the piston
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F16. 4,33¢.—Elementary air compressor illustrating the phenomena of compression as stated
in Boyle’s and Charles’ laws.

be moved to reduce the volume, say to 14 A, as represented by
B, then according to Boyle's law the pressure will be trebled or
= 147 X 3=44.1 lbs. absolute, or 44.1—14.7=29.4 gauge
pressure. In reality, however, a pressure gauge on the cylinder
would at this time show a higher pressure than 14.7 gauge
pressure because of the increase in temperature produced in
compressing the atr.

Now, in the actual work of compressing air, it should be care-
fully noted that the extra work which must be expended to overcome
the excess pressure due to rise of temperature is lost, because after
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the compressed air leaves the cylinder it cools, and the pressure
drops fo what it would have been <f compressed at constant temper-
ature.

Accordingly, in the construction of air compressors, where
working efficiency is considered, some means of cooling the
cylinder is provided, such as projecting fins, or jackets for the
circulation of cooling water.

: Paldepney 4
P16, 4,335 —Ingersoll-Rand imperial air compressor cylinder with Corliss inlet valves, and
direct lift dscharge valves, The construction provides short, free passages for the enter-
ing air and minimizes clearance. The walls of the valve chamber or seat are water jacketed,
so that the entering air encounters a cold valve and passage walls.

Ques. What is “free air?”

Ans. Air at ordinary atmospheric pressure and temperature,
whatever these may be.

NOTE.—In air compressor problems careful distinction should be made between gauge
pressure and absolute pressure, the former being the pressure as indicated by a pressure gauﬁ:e.
as distinguished from absolute pressure which is the gauge pressure plus 14.72 lbs., the
iv;eight o1 bhel l;t'mosphere at sea level, when the barorueter reads 30 ins. or, for ardinary calcu-
tions. 14.7
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F1G. 4,336.—Alr compression characteristics; curvzs showing the thermal result of air com-
pression and expamsion, The simplest application of this diagram is that which gives the
ﬁ:uge Eres_sm'e represented at different points of 1he stroke. This is shown in the vertical

es. But incompressing air, heat is praduced, and it is important 20 know the temperature
at anv given pressure, ulso the relative volume. All of these are shown in the diagram.
The initial volume of air equal to one is taken &nd divided into ten equal parts. Each
division between two horizontal lines, shown by tae figures at the right, representing one-
tenth of the original volume. The Lorizontal and verticallines are the measures of volumes,
pressures and temperatures. The figures at the top indicate pressure in atmospberes
above a vacuum; the corresponding figures at the bottom denote piessures by the gauge.
At the right are volumes from one tenth to one: at the left, degrees of temperature from
zero to 1,000 degrees Fahr. The two curves wh ch begin at the upper left hand corner
and extend to the lower right are the compression curves. The upper one is the adiabatic
curve, or that which represents the pressure at any point on the stroke, with the heat
developed by compression remaining in the air; the lower is the isothermal, or the S~
sure curve uninfluenced by heat. The three curves which begin at the lower left g;em
corner and rise to the right are heat curves, and represent the increase of temperature
corresponding with differznt pressures and volumes, assuming in one case that the temger-
ature of the air before admission to the compresscr is zero, in anmother 60 degrees, and in
another 10C degrees. Beginning with the adiabatic curve, it will be noted that for one
volume of ir, when compressed without cooling, the curve intersects the &rst vertical
line at & point between .6 and .7 volume, the gauge pressure being 14.7 pounds. If
it be assumed that this air was admitted to the compressor at a temperature of zero, it
will reach about 100° when the gauge pressure is 14.7 pounds. If the air had been ad-
mitted to the compressor at 60°, it would register about 176° at 14.7 pounds gauge pres~
sure. If the air were 100" before compression, it would go ‘II\F to about 230° at this pres-
sure. Following this adiabatic curve until it interszcts line No. 5, represer.ting a pressure
of five atmospheres above a vacuum (53.8 pounds gauge pressure), the total increase of
temperature on the zero heat curve is about 270°; for the 60° curve it is about 370°, and
for the 100° curve it is 435°% The diagram shows that when z volume of air is cam-
pressed adiabatically to 21 atmospheres (294 pounds ga.uge pressure), it will occupy
a volume a litrle more thun one tenth; the total increase of temperature with an initial
temnerature of zero is about 650°; with 60° initial temperature it is 800° and with 100°
initial it is 900P. It will be observed thut the zero heat curve is flatter than the othess,
indicating that when free air is admitted to a compressor cold, the relative increase of
temperature is less than when the air is hot, This points to the importance of iow initial
temperature. {t is plain that a high initial temperature means a higher temperature
throughout tke stroke of a compressor. The diagram gives the loss of temperature during
compressior. from initial temperaturesof 0°, 60°, 100°, Comparing the compre:sian curve
from zere with the compression curve from 100°, it will be noted that in campressing the
air from, say, 1 atmosphere to 10 atmospheres, the original difference, which at the start
was only 100°, has now been about dcubled; that is, it has reacked 200°, and in carryisg
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The Heat of Compression.—This subject has probably
received more consideration in air compressor design than any
other.. The principal losses in the earlier compressors were
traceable to this source.

it 0 e A9 L N
PiGs, 4,337 to 4,344.—Parts of Ingerso!l-Rand’s Corliss type inlel valve. The working pressure
is distributed over the entire valve surface, which is almosta half circle. In operation,
ample port opening is provided at the beginnmg of the stroke, when the piston is moving
most slowly. This opening increases toward mid-sfroke; with the piston at its highest
slf)eel;i the port is fully open, The closing of the valve is timed to coincide with the stoppiﬂ
of the

iston at the end of the stroke. Thus air is admitted for full stroke and shut
suddenly at the end, so that there can be no escape of free air.

P1G. 4,336.—Text Cantinued. .
the compression to 20 atmospheres, the difference now becomes about 250°, Each
vertical division represented by the figures at the left is equal to 100°, and the space
between any two adjacent vertical lines may be sabdivided into 100 equal parts
representing 1° each. Where there is a system of cooling the air during compression,
the lines on the indicator eards can be traced between the adiabatic and isothermal curves
on the diagram. In practice, the best compressors show a line about midway between
these two curves, For all practical purposes, in using the diagram it is best to follow the
adiabatic curve in all determinations, except where the exact pressure line is known. Thia

diagram will be found convenient to those who are called wpon to the pressure at
different points in the stroke of an zir compressor and it points out the common error of
neglecting to take into consideration in calculating, the fact that, at the of

stroke, one atmosphere in volume al-eady exists. Beginning at the upper, left hand corner,
the adiabatic pressure curve intersects the first vertical line at that point in the stroke,
when the pressure on the gauge will register 14.7 pounds. The next vertical line shows
where the gauge reaches 294 pounds, and it is evident here that the piston of an air com-
pressor travels much farther in reaching 14.7 pounds than in doubling that pressure or in
reaching 29.4 pounds; thus an air compressor is an engine of unevenly distnbuted resist-
ance. During the early stages of the strcke it has a slowly accumulating load to carry,
while later on this load is multiplied very rapidly. This is one of the reasons for heavy
fiywheels in air compressors
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By reference to a table giving the temperatures at end of
compression for various terminal pressures, it is seen that aside
from the injurious effect such high temperatures would have
on the lubrication of the cylinder and valves of an air
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P1Gs. 4,345 to 4,349.—Parts of Ingersoll-Rand Imperial direct lift discharge valve and assembly.
he valve proper is machined from steel and ground to seat; the projecting lip or rim above
the seat is caught in the back lash of the compressed air when the piston stops and assists

the spring in closing the seat quickly. The valve is cup shaped.

Pi1cs. 4,350 to 4,352.—Ingersoll-Rand direct lift inlet valve, vuth its bonnet and locking nut.
£ach unit is self-contained, screwing into place in the cylinder and locked with an auxiliary
n?t The valve seats in the cage o0 that its condition is easily ascertained on the removal
of a unit.

compressor, thethermal loss would grow as the pressure increased,
if no means were provided for abstracting this heat during com-
pression. It should be noted that the heat of compression, as al-
ready explained, represents work doneupon the air forwhich thereis
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usually no equivalent obtained, since the heat is all lost by
radiation, before the air is used.

Simple Compression.—In the earlier compressors, compres-
sion was accomplished in one stage or single cylinder machines,
and the heat of compression was removed by injecting water
into the cylinder in the form of a spray; or, in another type,
the water was used as a piston for compressing.

SE

-
e e
. M&
.

#1G. 4,353.—Ingersoll-Rand air cylinder with hurricane inlet valves.

The spray injection cylinder has now given way almost
entirely in this country to the dry or jacketed cylinder. '

Ques. What are the features of the spray injection
process?

Ans. A higher thermal efficiency may be attained than by
the dry process, but from a commercial point of view its

ing the loss due to the heat of compression.
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P1Gs. 4,364 to 4,375.—Cross section of Ingersoll-Rogler valve and parts. In construction A
is the valve seat; B, the valve bolt; C, the valve bolt nut; E, a washer placed between the
valve seat and the valve proper. F is tha valve; G a washer placed between the valve and
cushion plate H. L is the guard; J, the valve springs, placed inside the four pockets of the
guard and which act on the valve. Washers E and G, valve F, and stop plate H are
clamped by means of valve bolt B and kept from turning by a dowel pin D. The portions
M of the valve F are integral spring arrs. They are ground to about half the thickness
of the valve {noper, and are made narrow, giving elasticity. The portions M of the valve
F are integral spring arms. They are ground to about half the thickness of the valve proper
and are made narrow, giving them great elasticity. These portions M should not be
confused with the term springs; they are merely connecting arms between the fixed
and the moving sections of the valve and serve to hold the valve in one position and seat it
always in the same place. With valve at “est, it is held in its seat by the four main springs J,
against a slight tensicn of the integral valve arms M. As soon as the air pressure required
to open is reacked, the valve opens against these four coil springs to very nearly its full
opening. It then comes in contact with the cushion plate I—{)and moves the last Lg inch
to 14 inch of its travel against its addit.onal spring tension, the cushion plate having a
certain amount of elasticity. it being fixec in the center only. When the piston passes the
dead center on the return stroke, the valve closes. The function of the cushion plate is to

act as a buffer, absorbing any shock that might otherwise fall on the valve, thus prolonging
the life of the valve and reducmg the noise.
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Ques. How are the cylinder diameters of a compound
compressor proportioned ?

Ans. They are so proportioned as to divide the work of
compression equally between the given number of cylinders.

F1G. 4,376.—Ingersoll-Rand Imperial type, compound or two stage duplex belt driven air com~
pressor with underneath intercooler. The cranks are at 90°, thus giving the advantages of
stress reduction, and nearer uniform effort inherent in this sequence of crank.

Ques. Describe the cycle of compound compression
with intercooling,

Ans. Free air is admitted to the low pressure cylinder, where
it is partially compressed, and then forced into an tntercooler.
The intercooler acts as a receiver and at the same time removes
the heat of compression of the intake cylinder before the air
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is admitted to the secend stage cylinder. In the high pressure
cylinder the process of compression is completed and the air
is delivered to the receiver at the required terminal pressure.

The final temperature in each cylinder will be the same if the work
has been divided equally and the intercooler properly designed, but it
will be very much lower than if the compression were done in one
cylinder. For instance, in compressing air to 100 pounds pressure in
a two stage compressor, the air is compressed from atmospheric pres-
sure to, say, 2614 pounds in the intake cylinder and is delivered to the

P1G. 4.378.—Ingersoll-Rand triple compression, or three stage high pressure air and gas com-
pressor. Probably the largest demand-far high air pressures comes from the mining and
contracting fields where pnenmatic haulage is employed. Scieatific and experimental work
calls for still higher pressures in air and gas and the U. S, Government uses high pressure
air for a variety of purpose.

intercooler at this pressure and at 240° Fahr. * (atmospheric temperature
at 60° Fahr.). If all of the heat of compressicn be taken out by the
intercooler, it is admitted to the high pressure cylinder at atmospheric
temperature and is there compressed from 2613 pounds to 100 pounds
and delivered to the receiver at 240° Fahr.*

In a single stage compressor the air is compressed from atmospherio
pre%sureh to 100 pounds in one cylinder and reaches the receiver at
482° Fahr.*

*® NOTE.—Radiation and cooling influence of water jacket not considered.
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#1G. 4,379.—Compression curves. If the heat of compression be removed as fast as generated,

and the compression proceed under a, uniform tempesature, it is said to be ssothermal,
and the compression curve follows the line A B C in the diagram. If the isothermal com~
pression of air were practicable, and if the heat absorbed from the air by the cooling agent
could be applied to the air during its re-expansion in use along a similar isothermal curve,
the result would be perfect thermo-dynamic efficiercy, and 1t is toward an approximate
realization of these ideal conditiens that the best compressor practice is directed. The line
A D E in the diagram represents the other extreme, ar adighalic compression, during which
no heat is removed from the air, and in consequerce of which the temperature rises, as
indicated in the diagram on page 3,026. The result of this rise of temperature is plain;
since a given weight of air at a given pressure occupies & volume proportional to its abso-
jute temperature, the volumes at all pressures are greater in adiabatic than in isothermal
compression in a ratio increasing with the pressure, and since the work of compression and
discharge is represented by the area in the diagram to the right of the curve along which
compression is accomplished, it will be seen that the area A D E C B stands for the waste
of energy caused by allowing the heat of compression to remain in the air. The problem of
economy, therefore, becomes oae of the abstraction of the heat generated in the air during
the process of campression; and the most obvious solution lies In keeping the air during
that period in intimate contact with cold water. In the early days of slow running machines
the injection of a water spray irto the cylinder was attended with success, but the danger
and impracticability of such a method with modern speeds must be apfarent. and have in
fact caused the direct spray to be generally discarded. Asa partial substitute for the
injection of water, gnood practice requires the water jacketing of the air cylinder, but
owing to the short interval within which compression takes place, there is very little actual
cooling of the air therein, and the jackets are chietly useful in keeping the cylinder walls
cool enough for efiestive lubrieation, and in the prevention of cumulative heating. At
ordinary speeds, the indicator card from an air cylinder in good condition, shows a compres
sion line approaching the adiabatic curve A D E much more closely than the isothermal
A B C, so closely indeed, that within the usual and proper ranges of single cylinder com~
pression, no great error 1s introduced by, regarding the compression: as adiabatic. Any
claims as to approximately isothermal single stage compression must attract suspicion
whether supported by cards or not, since such cards can be based only on abnormally slow
running, a spray injection, or most probably on leaky suction valves or piston. 'l
foss of energy in adiabatic (approximately single stage) campression is represented by
the area A D E C B. The saving effected by two stage compression is, therefore, repre-

sented by the unshaded portion D E H B. it is evident that this unshaded area, repre-

senting the two stage saving, will increase or decrease with the terminal pressure.
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Ques. What is the principal advantage of compound
ompression over simple compression?

Ans. The reduction of the loss due to the heat of com-
pression.

Other important advantages due to compounding may be enumerated
as follows:

£16. 4,380.—Rand air cylinder showing control devices. Unloading device: The speed of
a belt driven air compressor cannot be controlled the same as that of a steam driven
machine; its regulation must be accomplished either by throwing off the load, or by stopping
the machine during the intervals when there is no demand for compressed air. Accord-
ingly on belt driven compressors a device is provided called an unloader, which is placed
in the air inlet pipe close to the intake cylinder, and unloads the compressor by cutting
off the supply of air. When the unloader is in action, no work is done by the machine
excepting that necessary to overcome friction. Relief starting valve: This device is
used on compressors employing poppet inlet valves. One is placed in each head and
consists of a_screw, with a knurled handle, threaded into an inlet valve bonnet, and when
screwed in, it forces the inlet valve from its seat. By thus holding an inlet valve open
in either head, the compressor may be started without load, and when full speed is at-
tainﬁd. the valves may be closed, and the compressor permitted to perform its regulas
work.

1. Cooler intake air;

2. Better lubrication;

3. Reduction of clearance losses;

4. Lower maximum strains and nearer uniform resistance.

The temperature of air leaving the intake cylinder being low, the
ocooling influence of the jacket is better, the cylinder walls are cooler
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between strokes, and the air enters the cylinder cooler thap in a single
stage compressor, The lubricant for cylinders and valves is not subject
to the pernicious influence of high temperatures; and the clearance
losses, or losses due to dead spaces, are less in a compound compressor
than in a simple compressor. Clearance loss in an air compressor is
principally a loss in ca acity, and therefore affects only the intake cyl-
inder; it increases with thé terminal pressure, but since the terminal

NG, 4.381.—Ingersoll-Rand Imperial unloader, It operates by closing the air intake, and
automatically regulates the compressor, maintaining the line pressure within a satisfac-
tory range. It consists of a valve on the compressor intake pipe, normally held opeti
by "its own weight. When receiver pressure rises above normal this pressure is com-
municated through a small pipe from the regulating valve, acting to cﬁme the valve in
the intake pipe, thus shutting off the air supply. The regulating valve can be adjusted
for any working pressure by means of a spring adjusting screw.

NOTE.—Air compressor builders and those who use compressed air will agree that the
problem of heating or cooling air is a difficult one. Hot air in the cylinder of an air compressor
means a reduction in the efficiency of the machine.  The trouble is, that there is not sutficient
time during the stroke to cool thoroughly bg any available means. Water jaqketmgl is the
generally accepted practice, but it does not by any means effect thorough cooling. The air
in the cylinder is so large in volume that but a fraction of its surface is brought in contact with
the jacketed parts. Air is a bad conductor of heat and takes time to change its temperature.
The piston while pushing the air toward the head, rapidly drives it away from the jacketed

surfaces so that little or no cooling takes place. This is especially true of large cylinders, where
the economy effected by water jackets is consideratly less than in small cylinders. Engiueers
who are shown indicator cards from iarge air compressors with pressure lines running away
srom the adiabatic, naturally regard them with suspicion, and look for leaks past the piston
or through the valves. Such jeaks will explain many isothermal cards, and until soniething
Setter than a water jacket is devised, it is well to seck economy in air compression through
sompounding. The great advantage of compounding is in the fact that more time is taken
to compress a certain volume of air, and that this air while being compressed is brought inta

contact with a larger percentage of jacketed surfaces.
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NOTE.—Since the power driven compressor is almost always a constant speed machine
various methods of regulation are employed. Constant speed means constant piston dis-
placement; the problem of delivering a variable volume of air with constant piston displace-
inent, becomes one of making a portion of that displacement non-effective in the compression
and delivery of air. Only the })undamental principles of several methods of accomplishing
this will here be discussed.

OTE.—The firat method is really one of unloading, rather than of regulating. A
pressure controlled mechanism is arranged so that when pressure exceeds normal a communicalion
-15 opened bet-ween the two sides of the compressing piston. Usually this is accomplished by open-
ing and holding open one or several of the discharge valves at both ends of the cylinder, the
air is then simply swept back and forth from one side of the piston to the other through the
open valves and the air discharge passage. When normal pressure is restored, the valves are
automatically closed, and compression and delivery are resumed. Evidently this is practically
a total unloading of the machine for a longer or shorter period—a sudden release from load
and a sudden resumption of load. Moreover, the air which is swept back and forth by the
piston in its travel 1s air under full pressure; so that when the discharge valves suddenly
close, the piston at once encounters a full cylinder of air at maximum pressure. These facts
iimit regulators of this class to machines of comparatively small capacity.

NOTE.—The second method provides, by means of a pressure operated device, for the
partial or lotal closing of the compressor intake under reduced load. To avoid the danger at-
tendant upon such an operation acting suddenly, these devices are provided with some damp-
ing mechanism so that they are compelled to operate slowly, making the release or resumption
of the load gradual. The cutting down of the air intake results in a rarefication of the air
entering the cylinder, and a greater range between initial and discharge pressures, with a
corresponding increase in the range of temperatures. This method of regulation, therefore,
is not suitable for very great load variations.

OTE.—The third method is very similar to the first, except that here the inlet valve,
instead of the discharge valves, are held open when the machine is unloaded, the piston thus sim-~
ply drawing in and forcing out air at atmospheric pressure. It is open to the same criticism
(though in somewhat less degree) as the first method, namely, undue shock and strain on
release and resumption of load.

NOTE.—The fourth method uses a pressure controlled valve on the com pressor discharge
of single slage machine, combining also the functions of o check valve to limit the escape of air
from the receiver or air line. Excessive pressure blows the discharge to atmosphere, instead
of into the line. This arrangement is also used on two stage machines by placing it on the
low pressure discharge to the intercooler. Then, when the governor valve is opened by excess
pressure, the low pressure cylinder discharges to atmosphere, and the high pressure cylinder
acts simply as a low pressure cylinder with intake at atmospheric pressure. This device is
more of a relief valve than an unloader, for the piston must continue to compress to a pres-
sure which will open the discharge valves; this volume of compressed air is wasted.

NOTE.—The fifth method provides auxiliary clearance spaces, or pockets, at each end
of the cvlinder, which are successively “‘cut in’" as load diminishes. The excess air is simply
compressed into these clearance spaces and expanded on the back stroke. The capacity of
the cylinder is reduced without any appreciable waste of power; for the energy used in com-
pressing the clearance air is given gack by its expansion.

NOTE.—On power driven compressors with Corliss intake valves, several different
methods of unloading or regulating are used. By one method, the Corliss valve is held open
for the full admission stroke, and also for a part of the compression stroke, this latter portion
being determined by the unloading called for. Evidently this is practically equivalent to a
shortening of the stroke of the compressor. By another method the Corliss intake valve
s opened full at beginning of admission, but closes later in the admission stroke. The air ad-
mitted to that point is expanded or rarefied for the remainder of the compression stroke, and
then compressed, the volume of compressed air delivered being of course reduced. This
arrangement is productive of an excessive temperature range in the cylinder. Still a third
method opens and holds open the intake valves at the end of the cvlinder, or at op posite ends
in duplex machines. The effect of this is to make ineffective one out of every two strokes.
If still further unloading be necessary, the intake valves at the other end of the cylinder or
cylinders are opened and held open. The three arrangements just outlined all operate by a
pressure controlled mechanism which actuates some form of trip on the Corliss air valve
gear.

NOTE.—Three things are to be avoided in the successful unloader or regulator for power
driven machines; first, a_sudden release or resumption of load, throwing heavy strains on
the machine; second, undue rarefication of the intake air, resulting in a wide range of cylin-
der pressures and temperatures; third, the blowing off of compressed air to the atmosphere
with a waste of power.
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pressure of the intake or low pressure cylinder of a compound com-
pressor is much less than the terminal pressure of a simple compressor,
the volumetric efficiency of the compound compressor is greater than
that of the simple compressor.

The life of a compound compressor is lorger than that of a simple
compressor for like duty. The maximum strains on most all wearing
parts of a compound compressor are less than those of the simple com-
pressor, due to better distribution of pressures, and the resistance due

to compression is more uniform, which influence on the power distri-
bution tends to higher steam economy.

Intercoolers.—A properly designed intercooler should reduce
the temperature of the air back to the original point, that is,’

X

P1cs. 4,382 to 4,384.—Ingersoll-Rand overhead intercooler and intermediate separator. On
small sizes it is placed crosswise beneath the air cylinders; in sizes heavy 16 inch and
larger the intercooler is crosswise of the compressor and above the air cylinders. It
consists of a shell containing a nest of galvanized iron tube through which cold water
eirculates. The discharge from the low pressure cylinder passes over, across, and between
these tubes, being directed back and forth transversely by suitable baffle plates. Pro-
longed contact with cooling surfaces and complete subdivision is obtained by the design
of the water heads, which give a lengthened circulation of cooling water, resulting in eco-~
nomical use of water. In construction the baffle plates are held in place by a system
of spreader, which constitute a frame for the nest of tube. Since the tubes and inside
water head are free in the shell, they can expand or contract without causing leakage.
The entire set of tube can be withdrawn at one end of the intercooler for cleaning, if
necessary. On the overhead intercoolers, the connection between intercooler and high
pressure air cylinders forms a water separator through which the air passes. Entrained
Mmoisture is caught and drains to the chamber in bottom of the separator, where a drain
cock is provided for its removal. This resulss in the delivery of practically dry air to
the high pressure cylinder.

NOTE.—TIt is usually desirable to start a power driven compressor with no load, throw-
ing on the load gradually after normal speed has been reached. This is in fact essential in
machines driven by electric motors, for the heavy inrush of current in starting under load
is dangerous, particularly where power is taken from a transmission circuit supplying other
motors, Evidently almost any of the unloading devices noted in_the previous section can
be used for this purpose if properly arranged for manipulation. The usual form, however,
is simply a by pass valve to atmosphere on the line close to the compressor protected by a
check valve between it and the receiver to prevent the return of air from the line when the
starting unloader valve is open. This check valve is essential where several compressors serve
one line, permitting cutting in or out any machine without unloading the others. This by
pass valve is opened on starting, when the compressor simply compresses to a pressure suffi-
cient to open its discharge valves, this air escaping to atmosphere. When normal speed is
reached, the by pass or unloading valve is gradually closed and load resumed. On two stage
machines, an unloader valve should be éarovided on the low pressure discharge to the inter-
cooler, as well as on the high pressure discharge to the line. In the latter case, both cylin>
ders operate momentarily as low pressure evlinders.



AIR COMPRESSORS : 3,041

to the temperature of the intake air. It can even do more than
this, especially in winter, when the water used in the intercooler
is of low temperature. A simple coil of pipe submerged in water
is not an effective intercooler, because the air passes through
the coil too rapidly to be cooled to the core, and such inter-
coolers do not sufficiently split up the air to enable it to be cooled
rapidly. This splitting up of air is an important peint. A nest

PFiG. 4,385.—Ingersoll-Rand horizontal afiercooler with brass tubes. It consists of a horis
zontal shell s?ported on cast foot pieces, Air inlet and discharge connections are usually

at the top and the water drain at the bottom. Within the shell is a nest of tinned brass
tubes expanded in steel tube plates at each end, an expansion joint being provided at
one end. Baffle plates face a cross circulation of the air over the tubes.” The cooling
water enters the lower set of tube, traversing each row, forward and back, leaving at
the top of the one end of the after canler. In another design galvanized iron pipes are
used instead of brass tubes. These pipes are of two sizes, the larger telescoping the smaller
and so0 arranged n pairs that water flows in through the inner tube and out through
the annular space between the inner and outer tubes.

NOTE.—H. V. Haight in American Machinist says: ‘‘In multi-stage air compressors,
the efficiency is greater the more nearly the temperature of the air leaving the intercooler
approaches that of the water entering it. The difference of these temperatures for given
temperatures of the entering water and air is diminished by increasing the surface of the
intercooler and thereby decreasing the ratio of the quantity of air cooled to the area of cool-
ing surface. Numerous tests of intercoclers with different ratios of guantity of air to area
of surface, on being platted, approximate to a straight line diagram for which the following
figures are taken:

Cu. ft. of free air per minute per sq. ft. of air cocling surface ... 5 10 15

Diff. of Temp. F. between water entering and air leaving....... 12.5° 25° 37.5°
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of tube carrying water and arranged so that the air is forced
between and around the tubes is an efficient form of inter-
cooler. If the tubes be close enough together and are kept cold,.
the air must split up into thin sheets while passing through.
Such devices are naturally expensive, but first cost is a smal}
expense when compared with the efficiency of the compressor,
measured in terms of coal and water consumed. Receiver inter-
coolers are more efficient than those of the common type because

&

F1c. 4,386.—Horizontal air receivers. The discharge from an air compressor is more or less
pulsating in character, and the receiver is analogous to an elect.rical rectifier, that is it
receives and absorts the pulsations, delivering a steady flow to the pipe iine. It is, in
a very small degree, an accumuiator in which excess ener%‘y is momentarily stored and
withdrawn. The receiver should be placed as close as possible to the compressor or after-
cooler, and it is good practice to make the pipe between the receiver and compressor a
size larger than that leaving the receiver. A safety valve and pressure gauge should
be provided, and when the receiver is out of doors, the safety valve should be piped back
into_the compressor Toom to avoid freezing. There is some cooling of the air in the h
receiver, and sinve cooling involves condensation, the receiver should preferably be placed
out of doors, where its cooling effect will reduce the moisture in the air. A drain cock
should be provided at the lowest point which should be opened often for the discharge
of accumulated water, Primary or main receivers, or those next to the compressor,
should be so piped up that the air will enter at the top anc leave near, but a little above,
the bottom. 1 secondary receivers this arrangement should be reversed. On long
pipe line systems small receivers, or moisture traps, should be placed at the low points
in the lines, the piping entering end leaving at the top. These will catch the moisture
condensed in the lines, which should be withdrawn frequently through a drain cock.

NOTE.—The successful intercooler must provide for a complete and minute subdivision
of the air passing through it, that the heat may be dissipated without any dependence upcu
the heat conducting Gualities of the air itself. The air should be split up into thin sheets or
etreams so as to dissipate its internal heat. There must be an ampl% cooling su:face presented
to this subdivided air stream.
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the air is given more time to pass
through the cooling stages because
of the freedom from wire drawing
which may take place in intercoolers
of small volumetric capacity.

After Coolers.—The function of
an after cooler is fo reduce the tem-
perature of the air after the final com-
\ pression. In doing this it serves as
a drier, reducing the temperature of
| air to the dew point, thus abstracting
moisture before the air is started on
its journey. In cold weather, with
the air pipes laid over the ground,
an after cooler may prevent ac-
cumulation of frost in the interior

FiG. 4,387 —Ingersoll-Rand vertical type after cooler,
124 in section. In construction, it has a shell
or body made of steel throughout, with the ex-
ception of the head, which is an iron casting.
Tinned brass tubes expanded in steel tube plates
stand vertically in the body with provision for
expansion and contraction at the lowerend. Water
enterc it the lower end of the nest of tube leavi
at the top. The air enters at the top or head, an
leaves at the bottom, surrounding the tubes in
transit and traveling counter current to the water.

open funnel in the water discharge shows the
flow of water and permits of its proper adjustment.
[ 3 The enlargement of the body at the bottom gives a
wET — little receiver capacity and also catches the con-

g densed moisture which may be drained off at

intervals. A plate in front of the air discharge, guards against the escape of water which

may be splashed up by the flowing air.

NOTE.—The after cooler has been devised to perform the cooling and drying functions by
bringing the hot moist air from the compressor-discharge in contact with the water cooled
surfaces of such extent acd during such a time that the moisture in the air will be condensed
and deposited before it can enter the distribution system. Obviously the proper propor-
tioning of the cooling surface and air velocity to volume of air to secure complete after cool-
ing is a rather complex problem which needs a wide experience for its best solution.

NOTE.—After coolers, with adequate cooling surface, and properly supplied with water,
will readily reduce the temperature of the compressed air to within 15 or 20 degrees of that
of the cooling water. Olwviously, the cooler the water supplied, the more complete the cool-
ing and drying effected. The following figures (accordn‘ilr%l to Ingersoll-Rand) are based on
good cooling results with air at 80 to 1C0 lbs. pressure: en the temperature of the coolin
water is 50, 60, 70, 80, 90 degrees Fahr., the gallons per hour required per 100 cubic feet o
free air per minute, are respectively 120, 140. 160, 180, 200.
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walls of the pipes, for where the hot compressed air is allowed tc
ool gradually, the walls of the pipe in cold weather act like a
surface condenser and moisture may be deposited on the insids,
for the same reason that frost appears on the inner side of a
window pane. Another advantage of the after cooler is that
it keeps the temperature of the pipe uniform, otherwise this pipe
will be hottest near the compressor, gradually cooling down and
being thus subject to irregularities of expansion and contraction.

The Saving Due to Compounding.—The table here given
will serve to illustrate the large saving that it is possible tc

Work Lost in Terms of Isothermal and Adiabatic Compression

One Stage Two Stages Four Stages
Gauge | Percentage l Percentage | Percentage | Percentage { Percentage | Percentage
Pres- | of work lost | of work lost | of work lcst | of work lost | of work lost | of work lost
vares ;| in terms of | in termsof | in terms of | in terms of | in terms of | in terms of
isothermal adiabatic isothermal adiabatic isothermal adiabatic
compression | compression | compression | compression | compression | compression
60 30.00 23.00 13.38 11.80 4.65 4.45
80 34.00 25.26 15.12 13.12 5.04 4.80
100 38.00 27.58 17.10 14.62 8.00 7.41
200 i 52.35 34.40 23.20 18.88 9.01 8.27
400 ; 68.60 40.75 29.70 22.90 12.40 11.04
600 83.75 44.60 32.65 24.60 15.06 13.10
800 90.00 47.40 35.80 26.33 16.74 14.32
1000 96.80 49.20 39.00 28.10 16.90 14.45
1200 106.15 51.60 40.00 28.60 17.45 14.85
1400 108.00 52.00 41.60 29.40 17.70 15.00
1600 110.00 53.30 42,90 30.00 18.40 15.54
1800 116.80 54.00 44 .40 30.60 19.12 16.05
2000 121.70 54.80 44.60 30.80 20.00 16.65

NOTE.—In the above table no account is taken of jacket cooling, it being a well known

tact among pneumatic engineers that water jackets, especially cylinder jackets, though use-
and perhaps indispensable, are not efficient in cooling, especially so in large compressors.
The volume of air is so great in proportion to the surface exposed and the time of compres~
sion so short, that very little cooling takes place. Jacketed heads are useful auxiliaries in
cooiing, but it has become an accepted theory among enginecrs that compounding or stage
compressions is more fertile as a means of economy than any other system that has yet been
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effect by compounding. This table gives the percentage of work
lost by the heat of compression, taking isothermal compression,
or compression without heat, as a base.

Altitude Compression.—The height of the atmosphere sur-
rounding the earth has been variously estimated to extend from
fifty miles to twenty thousand miles, and since air has weight
it exerts a pressure upon surrounding objects which is equal to
the weight of the air column above the object.

Since air is very elastic its weight will cause it to have a variable
density throughout its height and exert varying pressures at ditferent
altitudes.

At the sea level an atmospheric column balances a column of mer
cury 30 inches high and of equal area, which corresponds to a pressure
of 14.7 pounds per square inch. The variation in pressure for different
elevations has been determined by barometric observations and by
examining a table of such observationsit willbenoted that theatmospheric
pressure decreases with increasing height, and as a consequence one
pound of air occupies a greater volume at an altitude than at the sea
level (at the same temperature); or a cubic foot of air weighs less at
a2 higher altitude than at a lower one.

In descending the shaft of a mine the contrary effect is noticed, but
in a mine or any level below the sea, increase in density is counter-
balanced by increase iin temperature as the center of the earth is
approached. The temperature of the atmosphere also changes with
increasing altitude, but is not always uniform for any two places at the
same elevation.

NOTE.—Continued from page 3,044.
devised. The two and four stage figures, as given in this table, are based on reduc~
tion to atmospheric temperature 60° Fahr. between stages. This is an important condition,
and in order to effect it, much depends on the intercooler. This device represents a case of
jacket cooling which in practice has been found to be efficient where engineers specify inter~
coolers of proper design. While cooling between stages the air may be split up into thin layers
and thus cool it efficiently in a short time, a condition not possible during compression. ’i:his
splitting up process should be done thoroughly, and while it adds to the cost of the plans
to provide e:ficient coglers, it pafys in the end. A rule which might be observed to advan-
tege among engineers is to specify that the manufacturers should supply a compressor with
eoolers provided with one square foot of tube cooling surface for every ten cubic feet of free
air per minute furnished by the compressor at its normal speed, Referring again to .the
table, it will be noted that when air is compressed to 100 pounds pressure per square inch
in a single stage compressor without cooling, the heat loss may be 38 per cent. The condition,
of course, does not exist in practice, except, perhaps, at exceedingly high speeds, as there
be some absorption of heat by the exposed parts of the machine. It is safe, however,
to say that in large air compressors that compress in a single stage up to 100 pounds gauge
pressure, the heat loss is 30 per cent. This, as shown in the table, may be cut down more
than one-half by compounding or compressing in two stages, and with four stages this lose
is brought down to 8 per cent. theoretically, and perhaps to 3 or 5 per cent. in practice, &
higher pressures are used, the gain bv compounding is greater.
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The volumetric efficiency of an air compressor, expressed in terms
of free air, is the same at all altitudes (for the displacement in a given
size of cylinder is the same); but the volumetric efficiency, expressed
in terms of compressed air at a given pressure, decreases as the alti-
tude increases, for the quantity of air taken into a given cylinder per
stroke being less dense at an altitude (due to lower initial or atmos-
pheric pressure) it must be compressed into a smaller space for a given
terminal pressure.

Example.—300 cubic feet of air, at atmospheric pressure of 14.7
pounds, compressed to 80 pounds gauge, will represent a volume of
300X 14.7+94.7=46.6 cubic feet.

If the atmospheric pressure were 16.1 pounds in the above example,
then the volume delivered would be 300X10.1+94.7=34.1 cubic
feet; qr the volumetric efficiency of a compressor performing the above
work at the lower initial pressure would be but 73.2 per cent. of what
it would be at the higher initial pressure.

In order, therefore, that an air compressor may deliver, at an altitude corresponding to
¢he lower initial pressure, a volume of compressed air per stroke equal to that which it would
deliver at a level corresponding to the %xgher initial pressure, the corresponding intake
aylinder must be proportionately larger for the lower initial pressure as compared with

highar initial prossure.
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CHAPTER LXXXII

ELECTRIC HEATING

Electricity is extensively used for heating both for domestic
and industrial purposes. Its chief advantages are its clean-
liness and the ease with which it can be controlled.

Some of the domestic appliances on the market are not quite
satisfactory, but improvements are continually being made.

For instance, some are not sufficiently robust in construction
to withstand kitchen wear; in others, the heating elements
either soon fail, or else the temperature obtained gradually falls
too low to be of practical service. Others have live parts
that can be easily short circuited. This point should be noted
in selecting heating devices.

The cleanliness of electric heat is its chief feature, no polluting
gas, smoke, or soot being given off; in short, nothing but heat
is generated.

With electric heating there is less waste heat than with any
other method, because the heat can be generated or applied
at just those parts of the appliance where it can most effectively
do its work. It should be noted, that this does not mean that
electric heating is more economical than other methods, for
on the contrary it is more expensive except when electricity
can be obtained at a very low cost, and moreover, the cost of
the heating devices is high.
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With an electric cooker, the surrounding atmosphere is not heated to
anything like the extent that it is by a coal, gas, or oil cooking stove,
and there are no fumes. Lhis is a great advantage, especially during
the summer months. As for control electric heating may be started and

stopped with an ease which is impossible with any other method.

16, 4,388.—Simplex electric coffee percolator. Starting with cold water, through the cir-

culating process as shown, drip coffee is ready in a few minutes, depending upon the
degree of strength required. Three degrees of heat are provided, permitting quick
making, and allowing the coffee to be kept hot at the lowest current consumption.

Production of the Heat.—For domestic and some industrial
purposes, heat is produced by electricity by forcing it through
resistance wires, raising the temperature of the latter, and
applying the heat thus generated to the articles to be heated.
Resistance wires are made of special materials and are capable
of withstanding high temperatures without deteriorating.
Metals and alloys having high specific resistance or low temper-
ature coefficient of resistance are largely used for resistors.
The following are the principal resistance wires:
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Advance.—This material is a copper nickel alloy, containing no zine.
It is uniform in its composition and constant in its resistance under all
conditions of service. It is recommended for apparatus in which tke
wire is subjected to repeated heating and cooling.

Calido.—This is a high percentage nickel chromium alloy con-
taining a small percentage of 'iron. The melting point is about 2,822°
Fahr. * It is recommended for electrically heated devices.

Climax.—This is a high resistance nickel steel alloy. It is well suited
for use in rheostats. It is one of the cheapest resistance metals.

Excello.—This is adapted for use in electric heating devices.

Ferro-nickel.—This alloy has a high current carrying capacity, on
account of its low specific resistance. As it will rust, it can only be used
where it is not attacked by moisture.

German Silver.—This is an alloy of copper, nickel and zine. The
grade of the wire designates the percentage of nickel. The 18 per
cent. grade is the most common.

The resistance of any particular grade depends upon the degree of annealing; hard
wire is slightly higher in resistance than soft. German silver was for many years the
only rcsistance alloy obtainable, but it is now being generally displaced by materials of
the same specific resistance but of supcrior qualities.

Ia Ia is recommended for use in instruments and electrical devices
where a low temperature coefficient is desired.

Ideal.—This is an alloy of nickel and copper, and contains no zine.
The manufacturers state that its temperature coefficient is nil.

It may be used at an incipient red heat of 968° Fahr., and is adapted for resistors and
measuring instruments.

Krupp Metal.—This is a special grade of nickel steel adapted for
resistors. .

Manganin.—This is a material developed by the Reichsanstalt, for
use in instruments and standards.

The alloy which was shown to be the best for ordinary purposes is one containing 83
per cent. of copper, 12 per cent. of manganese, and 3 per cent. of nickel.

Monel Metal.—This metal contains approximately three parts

nickel to one of copper. . .
The resistance varies somewhat in different lots, and according to temper. The vari~
ation is, however, no greater than that of 18 per cent. German silver.

Nichrome.—This alloy is practically non-corrosive, has an extremely
high melting point (about 2,822°Fahr.) and is far superior to nickel in its
ability to withstand high temperatures,

1t is especially recommended for use in electrically heated appliances and resistance
elements generaily where extreme conditions are encountered.

Nichrome 11. This alloy is strongly resistant to oxidation. It
has been especially developed for use in carbon combustion furnaces,
and other laboratory furnaces where the more extreme temperatures
are to be met.

Nickel.—Due to its high temperature coefficient nickel is very
efficient for use in resistance thermometers and owing to its non-corrosive
qualities it may be employed for rheostats where acid fumes are to be
met with.

Superior.—This is recommended for use in rheostats, arc lamps, resist~
ances, ete
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F1GS. 4,389 to 4,399.—Various

tyoes of neating unit,

Therio.—An alloy of copper, manganese
and aluminum for work where low thermo--
electric effect against copper is demancled.
Compared with manganin, this alloy gives
a higher specific resistance, does not oxidize
so fast, and is more stable in its electrical
and mechanical behavior. This materialis
especially suitable for shunts. Temperature
coefficient is -.0000031 per 1° Fahr.

Yankee silver.—This is a new alloy
with most of the qualities of ““‘18 per cent
German silver.” It will withstand re-
peated heating and cooling and often
gives satisfactory service where German
silver fails.

Heating Units,—The term heating
unit is given to that portion of a cooker
or heater which gives out the heat for
warming an oven or hot plate or for
raising the temperature of a room. It
consists of some material which is more
or less a bad conductor of electricity,
and when current is taken through it,
by making it form a portion of an elec-
trical circuit, it becomes hot owing to
the resistance it sets up to the current.
In order to meet the varied conditions
of service there are numerous forms of
resistor or heating unit, and these may
be classified as :

1. Exposed coils of wire or ribbon
open to air and wound around insu-
lating material;

2. Wire or ribbon in the form of coil
or flat layer embedded in enamel, as-
bestos, mica, or other insulators;
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3. Filling of metal fixed on enamel, mica, or glass;

4. Metallic powder mixed with clay and compressed in forms,
and crystallized silica in tubes of glass.

5. Incandescent filaments in vacuum.

A common form of heating unit for use in percolators, chafing dishes,
flat irons, etc., is the encased dise, the resistor being either a ribbon
wound on a mica disc or a grid stamped from a thin sheet of the alloy
and mounted between thin sheets of mica.

Electric radiators for room heating consist usually of a resistance wire
wound on asbestos tubes covered with a coating of fire proof cementing
compound. When air is thus excluded, German silver may be used as
a resistor.

The “Cartridge’” type of unit is used for grids, broilers, and disc stoves.
It consists of a high resistance ribbon wound on a mica cylinder and
coated with insulating cement. In placement, it is inserted in a hole
in the casting which is to transfer the heat to the point where it is
wanted. When a comparatively low operating temperature is required,
as in fexible heating pads, asbestos insulated wire woven into a sort of
honeycombed mat is used.

The following details are given of some of the heating units
in general use:

The Eclipse element consists of high resistance ribbon crimped
to give greater length and free air space, wound over mica strips with
the ends connected'to heavy eyelet terminals.

The Calor element has a base of fireclay with grooves into which
spirals of fine high resistance wire are placed.

The Phoenix element has spiral wire coils held lightly at short
intervals by porcelain insulators mounted on a suitable base.

The hot point element is made up of nichrome wire or ribbon,
wound lightly around thin strips of mica, then further covered with a

thin mica covering and inserted very tightly into grooves or slots made
in the hot plate or iron base to receive the finished strips.

The Belling element consists of a fire clay strip with spirals of
nichrome wire stretched across the width of the base, notches being
provided in the base for receiving the ends of the spiral and holding
them tightly in position in the manner shown.

The Jackson element has a different class of fire clay base with
quite a smoo_th surface, the section of the strips being a flat oval wire

or ribbon of nichrome, is wound tightly over the strip in one continuous
length and clamped between heavy terminals at each end.
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The Tricity elements consist of nichrome ribbon wound over thir
mica and clamped between thin sheets of mica and metal. The

method of winding provides for uniform distribution of heat at any
loading.

The Bastian or Quartzalite element consists of a spiral of nl-
chrome wire or ribbon coated with a film of oxide insulation. The spiral
is held in or on a tube of quartz. The turns of the spiral may be close
together without fear of short circuit. This gives it a “hot rod” ap-
pearance.
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fM1G. 4,400.—Arrangement of internal circuit for heaters giving three heating valves. In the
diagram A, represents onc third of the heating circuit; BB, two thirds. With switch S on,
one-third of full heat is given; with §’, two thirds, while with both S and $’ on, the heater
works with full power. At T, are two terminals to which the ends of the flexible cord
from the plug are secured.

Temperature Regulation in Electric Heaters.—Many
appliances have only one internal circuit so that only one heating
value can be obtained. There are, however, a great number
which have their resistances divided into two or more parts,
which can be connected in different ways, so that several heating
values can be obtained.

In the simplest case, the internal circuit consists of two parts
of equal heating capacity, each being independently controlled
by an ordinary switch, or the two by a double switch, thus
permitting operation

1. With either circuit on;
2. With both circuits on.
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In some cases the internal circuit is divided into two parts
of unequal heating capacity so three heating values can be
obtained, by operating

1. No. 1 circuit alone;
2. No. 2 circuit alone;
3. Both circuits.

Thus, any degree of refinement of control can be obtained
by providing enough internal circuit charges.

+] |- +| |- +| |-

P1gs. 4,401 to 4,403.—Internal circuits of heater. As shown the heater wires are divided
into three sections: A, B, and C, connected to the external terminals P. A three hole
socket S has one conductor of a twin flexible cord connected to the two outer sockets,
and the other to the middle socket. The socket piece may thus be put on the pins in
three different ways, as shown in the three figures. In fig. 4,401, section A only of the
heater is in circuit; in fig. 4,402, sections B and C are connected, and in fig. 4.403, all
sections are in circuit. The signs + and — in each figure indicate the heater end of the
flexible cord, the other terminating 1n a plug connection or switch .plug on the wall. In
some apparatus, a three or four hole socket is made to fit a corresponding number of pins
in one position only, and is connected through a triple or quadruple flexible cord to a
two or three way switch adjacent. The various degrees of heat are then obtained by
altering the position of the switch.

Room Heating.—Only in a comparatively few instances
is electricity employed to advantage in the heating of rooms,
such practice being confined chiefly to intermittent auxiliary
service in offices and dwellings, ticket booths, etc.
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The following empirical formula gives the energy required in watts
‘or heating rooms:

B.t.u.perhour _2.71(T—T)N

3.41 3.41
where T —T: is the temperature difference in degrees Fahr.' between
the heated surface and the room, and N is the number of squace feet
of radiating surface. Thepower required to kcep an ordinary sized room

warm when the outside air is near the freezing point ranges from about
1 to 2 watts per cubic foot.

watts=

Ques. ' Is electric heating an economical method?
Ans. No.

v Wil l/'/'i'/" /! I
,’%/' ; /:/ }:”/ / 1 /il
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FiG. 4,404.—Underseat method of car heating; view showing seat and placement of heater.
At the Montreal meeting of the American Street Railway Association some years ago,
Mr. I. F. McElroy read an exhaustive paper on the subject of car heating, from which
the following abstracts are taken: In practice it is found that 20,000 B.t.u. are necessary
to heat an 18 to 20 foot car in zero weather. When the outside temperature is 12 14° Fahr.,
only 16,000 B.t.u. are required, etc., which shows the necessity of having electric heaters
adjustable. The amount of heat necessary in a car to maintain a given inside temperature
dependson: 1, the amount of artificial heat which is given toit; 2, the number of passengers
carried. The average person is capable of giving out an amount of heat in 24 hours
which is equal to 191 B.t.u. This is evidently an error, as Kent says that a person gives
out about 400 heat units per hour, and tests by the Bureau of Standards show approxi=
mately uiic came (413) for a person at rest, and about twice that for a man at hard
labor (835).

Loss of Heat.—Heat escapes from buildings in two ways:
1, by conduction through the windows, walls, roof, and foor,
and 2, by leakage of warm air.
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Ques. Upon what does the loss by leakage depend?

Ans. Upon the tightening of the doors and windows, and
upon the construction of the walls, floor and roof, especially in
wooden buildings.

FiGs. 4,405 to 4,408.—Wiring, diagrams for Consolidated heaters for use_along truss plank,
and view of truss plank in position showing wiring in moulding. Fig. 4,405, 8 heater
equipment; fig. 4,406, 16 heater equipment; fig, 4,407, 24 heater equipment; fig, 4,408,
truss plank heater.

If the outer walls be exposed to wind, the loss of heat by conduction
will be increased from 10 to 30 per cent., and if they be not wind tight,
the loss by leakage will be increased to an unknown amount.

Ques. What is the law relating to the rate at which
heat is lost through walls and windows?
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Ans. It is proportional to the difference in temperature
between the inside and outside air.

The following table shows the loss of heat per square foot of window
and wall surface, for one degree Fahr., difference of inside and outside
temperature, the loss being expressed in heat units per hour.

Loss of Heat per Sq. Ft. of Surface

Kind of Surface A Kind of Surface o e
4 in. brick wall....... .68 Window, single glass. . . . 776
8 in. brick wall....... .46 Window, double glass. . . .518
12 in. brick wall. ... ... .32 Skylight, single glass....| 1.118
16 in. brick wall....... .26 Skvlight, double glass. . .| 621
20 in. brick wall....... .23 Ceilings, fire proof . . .. .. 145
Floors, fire proof . . . . .. 124 Ceilings, wooden tean s | .104
Floors, wooden beams. . .683 Ordinary wooden wall,
'I lathed and plastered . . 1

The losses given in the table will be increased under special conditions
about as follows:

For northerly exposure, and strong winds, 10 per cent. Building
heated during the day only, 10 per cent.; same with northerly exposure
and high winds, 30 per cent. Churches, public halls, etc., heated only
occasionally, 50 per cent.

Ques. What must be considered in computing the loss
of heat in a room.

Ans. All the surfaces must be taken into account, also the
surroundings.

If the room be located over a cold cellar, or lower side of floor exposed
to cold, proper allowance must be made.

EXAMPLE.—What wil! be the loss of heat per hour in a single room
wooden structure when the temperature inside is maintained at 70° Fahr.,
while the outside is at 32°,  Size of room 10X10X10, having three 3X6
windows. Here all surfaces must be considered.

Area of windows=3 (3X6) =54 sq. ft.
Area of walls =4 (10X 10) —54 = 364 sg. .
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Area of floor =10X10=100.

B. t. u. lost through windows=(70—32) X.776 X 54=1,552.4
B. t. u. lost through walls =(70—32)X.1 X346=1,314.8
B. t. u. lost through floor =(70—32) X.083X100= 315.4

Total loss of heat perhour..................=3,222.6 B.t. u.

Electric Water Heaters.—These devices are made in a
variety of form to suit different conditions.

#2GS. 4,408 and 4,410.—Ex:erior and sectional view of Good Housekeeping electric water
heater designed to be connected on the circulation pipe of a kitchen boiler or other storage
vessel for hot water. There is a resistance coil using 750 watts perhour (or greater consump-
tion if desired, depending on the hot water requirements). The water is circulated from the
bottom of the storage tank through the inlet in the water heater around the heating coil
and through the outlet into the top of the storage tank. In operation, when aﬁ the
watet in the tank has been heated and the hot water circulates through the inlet of the
water heater around the copper tube, the expansion of the liquid in the copper causes the
diaphragm to buckle fromn convex to concave, which turos off the electricity, thus no
current will be used unti! the water in the tank has cooled sufficiently to reduce the pressure,
thereby allowing the diaphragm to vuckle back and the circuit to be closed, When hot
water is drawn from the top of the tank, cold water will replace it through the inlet around
the copper tube reducing the pressure, the diaphragm will buckle back thereby closing
the circuit, and only sufficient electricity is used to bring the temperature of the cold
water up to the predetermined temperature of about 180° Fahr. in thc bottom of tank.
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The various methods of heating water may be classified
1. With respect to reserve capacity, as

a. Non-storing;
b. Storing.

56, 4,411.—Simplex electric immersion heater, The most common way of boiling water is
to apply heat to the outside of the vessel in which it is contained. But as heat radiates
in all directions much of it is last and only a part is usefully applied in heating the water,
In other words when the heating agent surrounds the water only the heat that strikes in
is used, that which strikes out is entirely lost. But if the water should surround the
beating agent all the heat given off would be used. Advantage is taken of this fact in
the Simplex heater by immersing the coil in a vessel of water.

2. With respect to the heating element, as

a. External element;
b. Immersed element.

The so called “instantaneous” is an examtple of the non-storing class
and consists of a heating element and coil of pipe through which water
passes, the rate of flow, and consequently the temperature being
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T1Gs. 4,412 and 4,413.—Section of Fuller electric “geyser.” In construction the body is made of porcelain, and is in three

rts, B, B’, and B”, the inside of B is hollowed out, and contains a number of Qlatinum.diaphragm P, separated from one
another by porcelain rings R, and connected alternately with the terminals T, T’ by platinum lugs L, L. "Each diaphragm
has a hole punched in it for the water to pass through. The stack of diaphragms and rings is tightly ccgmpressedp by the
porcelain grid G, which screws into the top of B. The double pole turn switch S, performs the double function of controlling
the current and the water supply. The current flows through the leads L’ to the terminals T, T/, and so through the water
between the + and — connected platinum electrodes. The water enters through a metal or rubber pipe at the point P/, and
after passing through the cock C (which is actuated by the switch spindle), and traversing the apparatus it emerges by the
outlet O. The path of the water through the geyser is indicated by various small arrows, the metal inlet and outlet pipes being
insulated by porcelain tubes PT, PT. At the outlet the water passes an earthin,g screw ES, so that any electrification it may
possess is neutralized. ES is connected through the outlet tube M and wire W' to one of the four bolts b, . At their lower
ends these bolts are similarly connected by wires W/, W”, to horizontal bolts ', b’, which secure the flange I of the inlet tube I
to the body of the geyser. This tube carries an earthing terminal ET, which is enerally connected to the water main; though
this connection is unnecessary if the supply to the geyser be brought through a continuous metal pipe. The flange F’ of
M, is bolted to B’ by two bolts b”, b, which are connected by wires to the vertical bolts b, b. Thus every external metal
part, including the feet f, is efficiently earthed, and all chance of a shock is avoided.
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controlied by a valve. Nothing can be more ridiculous than to call these
affairs “instantaneous” heaters, as no physical change takes place
instantaneously.

According to the table below prepared by the Simplex Co. the cost
for heating water to different temperatures at different rates per kilowatt
hour is given, for initial temperature of water 60 degrees Fahr., efficiency
of apparatus 857%,.

Cost of Heating Water

ONE PINT
Total Watts used for Cost in cents with current at
emperature  5m. 10m. 20m. 1 hour 3e.  5¢. 10c. 20e.
00°F........ 164 82 4104 1368 .041 .068 .136 .272
I1505......... 372 186 93 3] .093 155 .31 .62
175%........ 468 234 117 39 170195 .39 .78
2000 ...... . 576 288 144 48 A4 24 48 96
..., 624 312 156 52 156 .26 .52 1.04
ONE QUART
_ Total Watts used for, Cost in cents with current at
Temperature  5m. 10m. 20m. 1 hour 3c.  5c. 10c. 20c.
100°F..... 324 162 81 27 .08 136 .272 .544
1500, ....... 744 372 186 62 186 31 .62 1.24
175%. ....... 936 468 234 78 .24 .39 .78 1.5
200°......... - 1152 576 288 9% .288 .48 .96 1.92
q2°........ . 1248 624 312 104 312,52 1.04 2.08
ONE GALLON

Total Watts used for Cost in cents with current at
emperature  5m. 10m. 20m. | hour 3c. 5c. 10e. 20c.
100°F........ 1296 648 324 108 .32 544 1,088 2.17
150°......... 2976 1488 744 248 J4 1.24 2.48 4.9
175......... 3744 1872 936 312 .94 1.56 3.12 6.24
200°......... 4608 2304 1152 384 115 1.92 3.84 7.68
.. ....... 4992 2496 1248 416  1.25 2.08 4.16 8.32

A system illustrating the storing class, stores up in a tank, well lagged
with insulating material, a small quantity of hot water, a further supply
being available very quickly by means of the heating element attached
inside. Heaters of fhe immersion type have a heating element consisting
of resistance wire placed in tubing of small diameter, bent into flat or
long spirals of varying length, adapting them to shallow or deep vessels,
The coils are immersed into the liquid to be heated.
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Electric Cooking Appliances.—The multiplicity of cooking
appliance now manufactured may be classed as

1. Portable;

2. Stationary.

Portable devices are designed for “cooking at the table.”
There are any number of such appliance, such as electric coffee
pots, toasters, grills, kettles, chafing dishes, frying pans, cake irons,

FaG. 4,414 —Simplex electric range consisting of oven, broiler, toaster, and two or more
disc heaters with separate cooking utensils. Heating in top and bottom of oven are
controlled by a three heat switch.” The broiler has a corrugated top slanting slightly
toward a grooved end which receives the juices of the meats. A separate smooth top
fits on the broiler for making griddle cakes, toast, etc.

etc. With the exception of baking or roasting, a complete meal
can be easily cooked at the table with these portable devices,
some of which are illustrated in the accompanying cuts.
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P1G. 4,415.—Plan of an all clectric kitchen with bakery, grill, serving, preparing and wash room for a London restaurant. The equip-
ment comprises: Bread and pastry bakers’ oven, range of roasting ovens, with boiling table oven, vegetable cooker, pudding
cooker, stock pot, boiling pans, fish and potato frier, double grill and toaster (a rack and canopy running the whole length over
them with motor and small exhaust fan), carving and serving table, bain Mare, hot cupboards, water heater, scouring and clean-
ing sinks, folishin and cleaning motors and utensils. The \'cgctablc‘frcparmg cleaning and wash room being fitted with vege-

table and fruit peelers, plate and dish washers, cutlery and plate polishing tables, washing and rinsing sinks, cupboards, ete., ete.
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There are a number of stationary cooking devices, such as
complete ranges, or ‘‘cookers,” ovens, grills, etc.,, the details
of which are illustrated in the accompanying cuts.

Electric Flat Iron.—The most difficult problem in the
manufacture of a reliable device of this kind, is the proper con-
struction of the heating elements tu withstand the consequence
due to the occasional neglect of being allowed to remain in

77

J)

Z

F1us. 4,416 to 4,419,—Details of construction of electric iron. Figs. 4,416 and 4,418, heating
elements; fig. 4,417, iron base; fig. 4,419, assembly.

circuit when not in use. Another difficulty is to distribute the
heat generated, evenly over the entire working surface of the
iron. The design should be such that the iron is quick acting
without liability to over-heat. The irons, now turned out by
many manufacturers, possess these qualifications in a high degree.

A typical design of electric iron is shown in figs. 4,416 to 4,419.

The heating elements E, E, consist of two resistance wires wound
on cores of strip copper, carefully covered with a thoroughly fire-proof
insulating material and bent to fit the shape of the iron. V shaped
slot is formed in the head of the central iron B, and the ends of the coils
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are wedged lightly into the opening. A sheet of mica is inserted between
the central core and the coils, and the coils are then pressed against
it and fastened at theiron with a clip C. Another sheet of mica and a
thin sheet of copper sheath held in place by a clip at the heel, con-
stitutes the complete heating element of the iron. The coils are detach-
able and interchangeable. In case of a burn out, only one side need be
replaced. By means of a detachable plug the iron can be used in any
room wired for electricity, by attachment to any electric lamp socket.

Electric Soldering Bits.—The forms most commonly used
are shown in fig. 4,420. The bits here illustrated range in power

O e S S m

i XIS

MG, 4,420.—Nest of electric soldering bits, showing various forms and sizes.

consumption from 55 watts for the small, long, narrow pointed
tool, suitable for intermittent telephone switchboard repair
work, to 350 watts for the largest size, equal to a 8 pound
soldering copper.

The heating element has a copper core with mica insulation, on
which the fine wire heating coil is placed, and over which a steel shell
is brazed in place. The soldering tip screws on to the copper core with
a conical contact, which insures good heat conductivity. The leading in
wires are taken out to binding posts, located in the interior of the handle,
through lavite parts which keep the conductors separated. The handle
can be unscrewed over the attachment cord to expose the binding posts.
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The Electrical Thawing of Frozen Water Pipes.—A
method usually employed in heating frozen pipes is shown in
fig. 4,421. A, B, C, represent a line of 214 inch pipe about 600
to 700 feet long, leading from a stand pipe to the heuse supply.
The secticn A, B is underground and frozen solid; the section
C, B is above ground and frozen to the height of 50 feet. The
current is desired from 25 kilowatt lighting transformer; the
two ends of the frozen pipe being connected to the secondary

SUPPLY

TANK

— c
HOTEL f
BASEMENT ]

Ar:. - B8

SWITCH i
F?2°° V-q WATER RHEOSTAT

P16. 4,421.—Diagram illustrating the clectrical thawing of frozen water pipe. The description
in the accompanying text serves to give anidea of the amount of electrical energy required
for a particular installation.

110 volt terminals of the transformer in series with the ammeter,
switch and water rheostat as shown, by means of No. 00 cable.
The passing of a current of 275 amperes through the pipe for a
period of 214 hours would result in thawing the pipe.

Wiring for Electric Heating and Cooking.—The use of
electricity for such service in addition to lighting, necessitates
the installation of suitable extra outlets. The proper location
of such outlets are matters which should be attended to by the
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architect and the owners. However, an extra 25 ampere recep-
tacle and a few feet of wiring, installed as shown in fig. 4,422,
solves the problem in many cases.

The Underwriters’ rules give the exact requirements necessary to pass
inspection.

Most electric heating appliances are connected to the circuit through
a length of flexible cord and a plug connection; so that they can be
readily disconnected for cleaning purposes, or for moving from one
place to another. Generally such appliances, especially radiators and
convectors, are sent out by the makers with a length of twin flexible con-
ductor attached ready for joining up to the consumers’ plug connections.
The plug should have an outer casing of hardwood or something similag,

i
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P1G. 4.422.—Extra receptacle for electric heating purposes. It should be carefully determined

whether the wiring be of large enough size to carry the maximum current without over=
heating. See Underwriters’ rules.

so that it will not break if dropped; and it should be so constructed
that no strain can be thrown on the connections between the flexible
conductors and the terminals.

One difficulty with electric heating appliances is the deterioration of
the insulation of the flexible cord near the point of attachment to
the heater. Owing to the heat developed in the adjacent apparatus, the
insulation becomes hard and loses its flexibility; and there is some risk
of the flexible conductors short circuiting, or breaking and setting up
a momentary arc.

This difficulty arises more particularly with such devices as flat irons,
kettles, and cooking appliances. Only the best flexible cord should be
used, and when the portion next to the heater has become stiff, it should
be cut off and a fresh connection made.
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CHAPTER LXXXIII

SOLDERING AND BRAZING

A knowledge of soldering and brazing is useful to the elec-
trician, and the acquirement of proficiency in these operations
will be found of value.

Those who have made a first attempt at soldering will agree
that it is a distinct art in itself, and while it looks easy, is not;
moreover, skill cannot be acquired without considerable prac-
tice; however, the information to be obtained in books will be
found helpful, not only to the beginner, but also to the
experienced workman, '

Solder.—The word solder is a generic name for fusible alloys
used to unite different metal parts. In electrical engineering,
the solder used is practically always an alloy of tin and lead.
As the electrical conductivity of such an alloy is usually about
one seventh that of copper, the best joint between copper
conductors is made by bringing the copper surfaces as close
together as possible and using a minimum of solder.

For jointing, especially where work has to be done in awkward
positions, it is essential that the solder should have a plastic
stage between its liquid and solid states.

The curve in fig. 4,428 gives the melting points of 4% lead solders as a

function of the percentage of tin, according to tables published by the
Smithsonian Institute.
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Ques. Name two classes of solder.
Ans. Soft and hard.

Ques. What is soft solder?
Ans. An alloy composed of lead and tin. Sometimes othe
metals are added to lower the melting point.
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P16. 4,423.—Cliaracteristic curve showmg the melting points of tin lead sclders, according to

the Smithsenian Instituticn tables.  Authorities differ as to the exact values. Those

iven m_emp's handbaok result in a cerve lying considerably below the curve in the

gure, while Hutte's pocketbock gives values resulling m a curve slightly higher. All,

however, azree in showing a nrarked minimum of the melting point with about 60 to 60

per ceat. of tin. These differences are doubtless due to the degree of points of the in-

gredients used. A good electrical solder complying with the conditions mentioned above

contains 40 to 45 per cent. of tin, and melts at about 428° to 446° Fahr. with pure in-
gredients, or lower with commercial samples.

Ques. What is hard solder?
Ans. An alloy composed of copper and zine, or copper.
zinc, ard silver.

Hard solder in general is sometimes erreneously called spelter.
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Ques. What necessary relation must exist between
solder and the metals with which it is to unite?

Ans. The solder must have a lower melting point than the
metals to be joined to it.

The melting point should approach as nearly as possible that of the
metals to be joined so that a more tenacious joint is effected.

Ques. How can the fusibility of a solder be increased?
Ans. By the addition of a small portion of bismuth.

Ques. How do the melting points of soft and hard
solder compare?

Ans. Soft solder melts at a low temperature compared to
hard solder which melts at a red heat.

Soft Solders.—These consist chiefly of tin and lead, although
other metals are occasionally added to lower the melting point.
Those containing the most lead are the cheapest and have the
highest melting point. According to the tin content they may
be classed as

1. Common or plumber’s;

2. Medium or fine.

Common or plumber’s solder consists of one part of tin to
two parts of lead, and melts at 441° Fahr. It is used by plumbers
for ordinary work, and occasionally for electrical work where
wiped joints are required, for instance, in large lead covered
work. Medium or fine solder consists of equal parts of tin and
lead, or half and half, and melts at 370° Fahr. This solder is
always used for soldering joints in copper conductors, and for
soldering lead sleeves on lead covered wires.

The following table gives the melting point and relative
hardness of various #n lead solders.
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Melting Points and Hardness of Tin Lead Solders

Percentage Percentage

Melting Brinell Melting Brinell

Temp. Hardness Temp. Hardness
Tin Lead Deg. F. Test Tin Lead | Deg. F. Test

|
0 |100 618.8 | 3.9 | 60 40 | 368.6 14.6
10 90 577 .4 10.1 66 34 356.0 16.7
20 80 532.4 12.16 70 30 365.0 15.8
30 70 491.0 14.5 30 20 388.4 15.2
40 60 446.0 15.8 920 10 419.0 13.3
50 50 401.0 15.0 100 0 ' 466 .0 4.1
|

In the table which follows will be found the proper solder and
flux to use with various metals.

Soft Solders and Fluxes for Various Metals

Metal to be Soldered

Flux

Block tin........
Tinned steel. ... ..
Galvanized steel . .
Zinc
Pewter
Iron and steel. ...
Gold
Silver
Bismuth

Stearin

Chloride of zing, rosin, or
Chloride of ammonia.. . .

Tallow or rosin. . .. .. ..
Chloride of zinc
Chloride of zinc or rosin
Hydrochloric acid
Hydrochloric acid
Gallipolioil. . ..........
Chloride of ammonia. . . .
Chloride of zinc
Chloride of zinc
Chloride of zinc

|

SOFT SOLDER

Tin ‘ Lead
[

. Aly- | Phos-{ Bis-
Zinc | mi~ | phor muth
. num | tin
25 3 2
50
1 34
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Hard Solders.—The various solders known as “hard”
solders are used for joining such metals as copper, silver and gold,
and such alloys as brass, German silver, gun metal, etc., which
require a strong joint, and often a solder the color of which
is near that of the metal to be joined.

Ques. What is the difference berween hard soldering
and brazing?

Ans. According to common usage hard soldering (which is
the term used by jewelers) ordinarily means that silver solder
is used, whereas, brazing is generally understood to mean the
joining of metals by a filler of brass.

A distinguishing characteristic of hard soldering is that a soldering
bit cannot be used as in soft soldering because of the excessive temperature

(red heat) which necessitates a blow pipe, gas forge, or coke or charcoal
fire. The chief advantage of a brazed joint is its superior strength.

The following table gives the various hard solders, proper
flux, and metals for whick they are suited.

Hard Solders and Fluxes for Various Metals

HARD SOLDER
Metal to be soldered Flux

Copper | Zinc [ Silver | Gold
Brass, soft............ Borax............... 22 78 |
Brass, hard............ Borax............... 45 55
Copper............... Borax............... 50 50 ]
Gold................. Borax............... 22 | 11, 67
Silver................. Borax............... 20 10 70
Castiron.............. Cuprous oxide.. ...... 55 45
Iron and steel........ . Borax............... | 61 36

As will be noted from the table, most of the hard solders are alloys
of copper and zinc. An easily fusible hard solder may be made of
one part copper to two parts zinc, this, however, makes a joint that
will be weaker than when an alloy more difficult to melt is used.
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»

A hard solder that is readily melted is made of 449, copper, 50% zinc,
49, tin, and 2%, lead.

A hard solder for the richer alloy of copper and zinc may te produced
from 53 parts copper and 47 parts zinc.

/2N
. \\\
; < |\

F1G. 4,424.—Plumber’s gasoline furnace, adapted to heating soldering pots and copper bolts.
In construction, the gasoline supply for the blast passes through AA, and is provided
with valve H and clean out plug I. The lower end of the supply extends nearly to the
bottom of the reservoir. The gasoline passes through coil E, which is partially filled with
wire, usually a scrap of small wire cable, to prevent flame running back into the reservoir.
The fuel issues from a single small hole at F, which _is turned so that the flame will impinge
on the coil. Air pressure on top of the gasoline in the reservoir is necessary to make a
blast. The air cock is shown at G. For ordinary purposes sufficient pressure can be
obtained by blowing air in the hose at C with the lungs, but for a short blast, a bulb con-
taining check valves, shown at D, is used to increase the pressure. The filling plug is
at B. 7To light the furnace, valve H is opened and some of the gasoline allowed to
play on the coil, from which it falls back into the bottom of cup K. Admit about two
tablespoonfuls to cup, close H, and light the gasoline through one of the holes in K.

en coil is sufficiently heated, gas instead of liquid will come from the end F, forming a
blast which increases in intensity as E becomes hotter. The strength of the blast is reg-
ulated by valve H. One pumping keeps the furnace in working order until the lowering of
the gasoline level has provided so much room that the pressure of the expanded air is
not sufficient to maintain the blast; it then becomes necessary to pump in more air, or
to replenish the gasoline and again establish the pressure.

Ques. What is the nature of alloys containing much
fead?

Ans. Since lead does not transfuse with brass, the strength
of the joint is decreased.
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Ques. What is the effect of tin?
Ans. It increases the brittleness of the solder.

Miscellaneous Solders.—In addition to the solders already
given, there are a number that are of value for various purposes.

Very Hard Yellow Solders.—The following formule make excellent
hard solders for all purposes where a high melting point is required:

No. 1. Copper, 58 parts; zinc, 42 parts.

No. 2. Sheet brass, 85.42 parts; zinc, 13.58 parts.

No. 3. Brass, 7 parts; zinc, 1 part. :

No. 4. Copper, 53.3 parts; zinc, 43.1 parts; tin, 1.3 parts; lead,
.3 part.

The hardest solders are given first. The following four have lower
melting points than those above, and are more suitable where it is
desired to solder brass alone.

No. 5. Brass, 66.66 parts; zinc, 33.34 parts.

No. 6. Brass, 50 parts; zinc, 50 parts.

No. 7. Brass, 12 parts; zinc, 4 to 7 parts; tin, 1 part.

No. 8 Copper, 44 parts; zinc, 49 parts; tin, 3.2 parts; lead, 1.2
parts.

Silver Solders.—These are not, as might be inferred from the name,
employed only for the purpose of joining silver, but because of their
great strength and resistance are used for many other metals. Like
all other solders, they may be divided into the two groups: hard, and
soft. Silver solders are usually employed in the shape of wire, narrow
strips, or filings. The following are especially adapted to soldering
silverware:

Hard Solders
No. 1. Copper, 1 part; silver, 4 parts.
No. 2. Copper, 1 part; silver, 20 parts; brass, 9 parts.
No. 3. Copper, 2 parts; silver, 28 parts; brass, 10 parts.

Soft Solders

No. 4. Silver, 2 parts; brass, 1 part.

No. 5. Silver, 3 parts; copper, 2 parts; zine, 1 part.

No. 6. Silver, 10 parts; brass, 10 parts; tin, 1 part.

The following silver solders are suitable for cast iron, steel and copper:

No. 1. Silver, 10 parts; copper, 10 parts.
No. 2. Silver, 20 parts; copper, 30 parts; zinc, 10 parts.
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Tn addition to the various silver solders aiready given, two other
formula should be included.

No. 1. Yellow brass, 70 parts; zinc, 7 parts; tin, 1114 parts.
No. 2. Silver, 145 parts; brass (3 copper, 1 zinc), 73 parts; zing
4 parts.
Miscellaneous Silver Solders

Solder for siilver plated work: No. 1. Finc silver, 2 parts; bronze,
1 part. No. 2. Silver, 68 parts; copper, 24 pacts; zinc, 17 parts.

£€16. 4,1425.—Soldering pot.

Solder for silver chains: No. 1. Fine silver, 74 parts; copper,
24 parts; orpiment, 2 parts. No. 2. Fine silver, 40 parts; orpiment,
20 parts; copper, 40 parts.

¥16. 4,426.—Ladle for removing solder from soldering pot and for pouring same in making
wipe joints, etc.

Resoldering silver solders: These silver solders are for resoldering
parts already soldered. No. 1. Silver, 3 parts; copper, 2 parts; zinc,
1part. No.2. Silver, 1 part; brass, 1 part; or, silver, 7 parts; copper,
3 parts; zinc, 2 parts.

Readily fusible silver solder for ordinary work: Silver, 5 parts:
copper, 6 parts; zinc, 2 parts.

French solders for silver: No. 1, for fine silver work: Fine silver, 87
narts; brass, 13 parts. No. 2, for work 792 fine: Fine silver, 83 parts:
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brass, 17 parts. No. 3, for work 712 fine: Fine silver, 75 parts; brass,
25 parts.  No. 4, for work 633 fine: Fine silver, 66 parts; brass, 34
parts. No. 5, for work 572 fine: Fine silver, 55 parts; brass, 45 parts.

German Silver solders.—German silver is a very hard alloy of
copper (50 to 60%), nickel (15 to 25%), and zinc (15 t0209%). A German
silver containing 1 to 29, of tungsten is called platinoid. These alloys
have a high electrical resistance, platinoid being higher than the other
varieties of German silver; the resistance increases uniformly between
32° and 212° Fahr.

(A

PiGs. 4,427 to 4,430.—Various joints, Fig, 4,427, butt joint made by squaring the ends,
tinning one, and sweating the other to it by heating with torch; this is a comparatively
weak joint. Fig. 4,428, blow joint; fig. 4,429, copper bit joint, the only difference
between these is that the solder 1s floated by a torch in fig. 4,428, and by a bit i1 fig. 4,429,
the latter joint being heavier than the former. Fig. 4,430, round wiped joint.

German silver solders possess considerable strength, and are often
used for soldering steel. The color is very similar to that of steel.

In preparing German silver solders, the copper is melted firsi, and then
the zinc and nickel added simultaneously.

Soft German Silver Solders

No. 3. Copper, 4.5 parts; zine, 7 parts; nickel, 1 part.

No. 4. Copper, 35 parts; zinc, 56.5 parts; nickel, 8.5 parts.
The following No. 5 formule given by Kent is similar to No. 4.
No. 5. Copper, 38 parts; zinc, 54 parts; nickel, 8 parts.
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Hard German Silver Solders

. These soiders, sometimes called steel solders, contain a large propor-
tion of nickel and are very strong. They require a very high heat for
lr)rieltmg, and usually cannot be fused without the aid of a bellows or

ast.

No. 1. Copper, 35 parts; zinc, 56.5 parts; nickel, 9.5 parts.
No. 2. Copper, 38 parts; zing, 50 parts; nickel, 12 parts.

Ques. How is the solder usually applied in soldering
German silver articles?

Ans. In the form of a powder or in very small pieces or lumps.

Fics, 4,431 to 4,433.—Round wiped joint; preparing the pipe ends. These ends to be united
are sawed squarely across, to make the joints true with the pipe. It is usual to prepare the
female end first, as shown in fig. 4,431. The end is ﬂareé) or belied out with a turnpin,
which is a taper boxwood plug, so that the pipe 1s enlarged a quarter of an inch. The
cup thus formed serves to retain the solder. The internal and external surface must be
shaved or scraped bright and clean with a shave hook, a small too! with a heart shaped blade
set at right angles to its stem or handle. Immediately after a little tallow is applied to
the parts to preserve them from the oxidizing action of the atmosphere, which would other-
wise tarnish the surfaces, and form a film to which the solder cannot adhere. The male
end of the pipe is tapered off with a rasp. as shown in fig. 4,432, cleaned with a shave hook
and “touched’ as before; the two pieces are brought together as in fig. 4,433, and are
then ready for the joint.

The solder may be powdered in a mortar if taken from the fire at the
right temperature, when it is brittle. This operation is a somewhat
difficult one, and so the usual, and perhaps the best plan, is to cast it
in the form of a bar or cylinder and then place the latter in a turning
lathe, and adjust the tool so that fine shavings are cut off. The shavings
are then heated until they become brittle, at which stage they are
easily pulverized in a mortar.
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F1G. 4,434.—Method of wiping a horizontal joint.

Gold Solders.—The hard solder or gold solder which the jeweler
frequently requires for the execution of various works, not only serves
for soldering gold ware, but is also_often employed for soldering fine
steel goods, such as spectacles, etc. Fine gold is only used for soldering
articles of platinum. The stronger the alloy of the gold, the more
fusible must be the solder. Generally the goid solder is a composition
of gold, silver, and copper. If it is to be very easily melted, a little
zinc may be added. The shade of the solder is regulated by varying
the proportions of silvér and copper.

No. 1. For 18 carat gold: Gold (18K), 9 parts; silver, 2 parts;
copper, 1 part.

No. 2. For 16 carat gold: Gold (16K), 24 parts; silver, 10 parts;
copper, 1 part. »

The cloth used for wiping is a pad of moleskin
or fustian about four inches square made from a piece twelve inches by nine, folded six
times, and sewed to keep it from opening; the side next the pipe is saturated with hot
tallow when used. If the lead has been brought to the heat of the solder, and the latter
properly manipulated and shaped while in a semi-fluid or plastic condition, the joint
gradually assumes the finished egg shaped appearance. In making the joint a quantity
of solder is taken from the pot by means of the ladle, the solder bein, previously heated
so hot that the hand can be kegt. within two inches of its surface. ’Ighe solder is poured
lightly on the joint, the ladle being moved backwards and forwards, so that too much
solder is not put in one place. The solder is also poured an inch or two on the soiling,
to make the pipe of proper temperature. Naturally the further the heat is run or taken
along the pipe, the better the chance of making the joint. The operator keeps pouring
and with the left hand holds the cloth to catch the solder, and also to cause the same to
tin the lower side of the pipe, and to keep the solder from dro ing down. By the process
of steady pouring the solder now becomes nice and soft zm&J %egms to feel shaped, firm
and bulky. When in this shape and in a semi-fluid condition the ladle is put down, and,
with the left hand, the operation of wiping, as illustrated, is begun working from the soiling
towards the top of the bulb. If the lead cool rapidly, it is reheated to a plastic condition
by a torch, or a heated iron. When the joint is completed, it is cooled with a water spray,
so that the lead shall not have time to alter its shape.

No. 3. For 14 carat gold: Gold (14K), 25 parts; silver, 25 parts;
brass, 1214 parts; zinc, 1 part.

Aluminum Solders.—In soldering aluminum it is necessary
previously to tin the parts to be soldered. This tinning is done with
the iron, using a composition of aluminum and tin. A pure aluminum
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soldering bit should be used. To prepare an aluminum solder, first
melt the copper, then add the aluminum gradually, stir well with an
iron rod, next add the zinc and a little tallow or benzine at the same
time. After adding the zinc do not heat too strongly. To avoid
volatilization of the zinc, according to Machinery, the following alumi-
num solders have been successfully used:

Aluminum Solders

. . Phos- q -
Tin ALu‘:nml- Zinc | Copper rE‘;S{h Lead 1;)]1351; Silver ,ﬁﬁf,‘; rgixt l\g:sgi-
um
95.00 5.00
78.50 | 2.00119.00 0.50
66.70 33.30
20.00 | 70.00 10.00
97.00 3.00
6.00 | 89.50| 4.50
71.25 | 2.25]26.00 0.50
60.00| 4.00| 8.00| 4.00 12.00 12.00
37.50 25.00 | 37.50
8.00( 92.00
30.00 20.00 50.00
80.00 | 2.25}17.00 0.75
66.00 | 15.50 9.00 7.00 t 2.25
15.50 | 2.50|78.25 2.50| 1.25
20.00 | 65.00 { 15.00
49.05 20:314 1.15 26.06 3.43
30.00 | 70.00
4.00194.00¢ 2.00
85.10 | 10.80 : 1.35| 2.78
60.00 15.00 5.00 | 10.00 5.00 by
86.00 14.00
98.00] 1.00 1.00
20.00 | 70.00 10.00
48.00 | 2.00(27.00 23.00
90.00| 5.00 | 5.00
84.95 1 15.05 |
|
*109, phosphorus. 1+This solder also contains 0.25 % vanadium.

1This solder also contains 5% chromium.

Novel’s solders for ajuminum as given by Kent are as follows:

Tin 100 parts, lead 5 parts; melts at 536° to 572° Fahr.
Tin 100 parts, zinc 5 parts; melts at 536° to 612° Fahr.
Tin 1,000 parts, copper 10 to 15 parts; melts at 662° to 842° Fahr.
Tin 1,000 parts, nickel 10 to 15 parts; melts at 662° to 842° Fahr.
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Novel’s solder for aluminum bronze: Tin 900 parts; copper 100 parts;
bismuth 2 to 3 parts. It is claimed that this solder is also suitable for
joining aluminwin to copper, brass, zinc, iron and nickel.

Soldering Fluxes.—The word flux, means a substance
applied to a metal to make solder flow readily on its surface. The
action of a flux is largely that of cleaning the surface, and of
reducing any oxide on the surface to the metallic state.

If a piece of sheet copper be carefully cleaned by means of’
emer cloth and heated over a gas flame, the surface will be

\

FiG. 4,435.—Method of wiping a vertical joint. A small piece of cardboard cut open is placed
under the joint to catch excess solder, or as shown, a lead flange cut open is placed around
the pipe and held in place by twine.

seen to tarnish rapidly and assume a dark brown appearance.
A small piece of resin dropped on the surface will melt, and
when the liquid runs, the initial brightness of the surface will be
found to reappear.

There are a number of flux suitable for various kind of solder-
ing, but pine amber resin is the best for electrical work as it
does not cause corrosion. A corrosive flux, such as zine chloride
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solution (killed spirits)
should be strictly excluded
from any electrical work.

The Underwriters’ code
permits the use of a flux
composed of chloride of
zing, alcohol, glycerine, and
water. This preparation
is easily applied and re-
mains in place. It permits
the solder to flow freely
and is not highly corrosive.
This flux is made as
follows: Zinc chloride, 5
parts; alcohol, 4 parts;
glycerine, 3 parts. An-
hydrous zinc chloride crys-
tals should be used de-
solved in alcohol. The
glycerine makes the flux
adhesive. To prevent the
alcoholigniting, themixture
may be diluted with water.

4,438, double branch cross,
1me by protecting the first with

2.

Fig. 4,436, branch joint with concave neck; fig. 4,437, branch joint with

h more diffisult to wipe than the one shown in fig. 1,436; fi

this style looks well and is very easy to wipe Lecause one bLranch may be wiped at a t

There are a number of
prepared flux on the mar-
ket, but are not to be
recommended because of
the ridiculously high prices
demanded.

For electrical work, es-
pecially when very small
wires are used, rosin should

chalk or paste; fig. 4,439, regular cross joint, more difficult than the double branch because there are four edges to

swell neck, this style is muc
take care of at one heat.

F16. 4,436 to 4,439 —Various wiped joints.
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be insisted upon to avoid any corrosion. No one flux can be
assigned to any one metal as being peculiarly adapted or fitted
to that metal for all purposes. The nature of the solder often
determines the flux. The following fluxes are extensively used.

PiGs. 4,440 to 4,444.—Various wiped joints. Fig. 4,440, anrgle cross, a joint more difficult
to make than the regular cross; fig. 4,441, combination branch and round joint,
sometimes made where it is most convenient to have a branch joint come at a point where
two ends of the supply line must be joined; fig. 4,442, V joint, generally used on telephone
branch cables; fig. 4,443, so called Y joint, usually made on lead waste pipe; fig.
4,444, common flange joint.

Resin.—This substance, one variety being called rosin, is difficult
10 define. It is undoubtedly an exudation from the trunk and limbs
of trees, but these exudations vary so much in all thetr vroperties that
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the terminology of them is wide, complicated and in some cases, con-
tradictory.

Rosin solidifies after exudation from the tree and is insoluble in water,
but soluble in alcohol.

Colophony, or rosin, is the kind of resin used as a flux, and consists
of other coagulated exudation obtained from cuts in the bark of trees
belonging to several specics of Pinus, largely grown in America, and on
the west coast of France. It comes in lumps but can be granulated
by grinding in a coffce grinder or simply by hammering.

The resin may be sprinkled over the surface to be soldered or may be
applied in liquid form by dissolving in alcohol. It is used as a flux for
brass, copper, gun metal, lead, tirned steel.

Chloride of Zinc.—This flux, which may be used for brass, copper,
gun metal, block tin, tinned steel, gold, silver, bismuth, is prepared as
follows: Place three parts of hydrochloric (muriatic) acid and one part
of water in a glass, weoden, or lead vessel, and add pieces of zinc as long
astheacid attacks the zinc. Put in the zinc gradually to prevent “boiling
over.” Care should be taken to get a saturated solution, that is, te
add all the zinc that the solution will dissolve. After settling, the clear
solution should be poured off and the latter is then ready for use.

Another flux made with zinc chloride that is especially adapted to
the soft soldering of iron and steel (because it does not make rust spots)
consists of the ordinary zinc chloride with addition of one-third spirits
of sal-ammoniac and cne-third part rain water; the mixture is filtered
before using.

A formula which dispenses with the use of chloride of zinc consists of:
Water, 80%; lactic acid, 10%; glycerine, 109%.

An acid free soldering fluid consists of: 5 parts chloride of zine,
25 parts of boiling water. Another: 20 parts chloride of zinc; 10 parts
ammonic chloride; 100 parts boiling water. Another formula consists
of chloride of zinc, 1 drachm; alcohol, 1 ounce.

Rosin and Tallow.—A mixture commonly used consists of rosin and
tallow with the addition of a small quantity of sal-ammoniac. This is
adapted to tinned ware, because of the ease with which it may be wiped
off the surface after soldering.

Another mixture consists of: 114 1bs. olive oil; 114 lbs. tallow;
12 oz. pulverized rosin. Let the mixture boil up and when cool add
134 pints of water saturated with pulverized sal-ammoniac, stirring
constantly.

Soldering Grease.—In a pot of sufficient size and over a slow fire
melt together 500 parts of olive oil and 400 parts of tallow, then stir
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in slowly 250 parts of rosin in powder, and let the whole boil up once.
After cooling, add 125 parts of saturated solution of sal-ammoniac
while stirring; use when cold.

Ammonia Soap.—Mix finely powdered rosin with strong ammonia
solution. This is suitable for soldering together copper wires for clec-
trical conduits.

Soldering Fat for Iron.—Olive oil, 50 parts; sal-ammoniac. 50
parts.

Soldering Fat for Aluminum.—Mlelt together equal parts of rosin
and tallow, half the quantity of chloride of zinc being added to the
mixture.

Soldering Salt.—Mix equal parts of neutral chloride of zinc, free
from acid, and powdered sal-ammoniac. When required for use, 1 part
of the salt should be dissolved in 3 or 4 parts of water.

Soldering Paste.—Consists of ncutral soldering liquid thickened
with starch paste. In using apply more lightly than the soldering liquid.

Borax.—This flux is most frequently used for hard soldering. It
should be applied to the soldering secam either dry or stirred to a paste
with water. It is advisable to use borax which has been dried by heat
(calcined borax).

For soldering steel on steel, or iron on steel, melt in an earthen vessel:
borax, 3 parts; colophony, 2 parts; pulverized glass, 3 parts; steel
filings, 2 parts; carbonate of potash, 1 part; hard soap, powdered,
1 part. Flow the melted mass on a cold plate of sheet iron, and after
cooling, break up the pieces and pulverize them. This powder is thrown
on the surfaces a few minutes before the pieces to be soldered are brought
together. The borax and glass dissolve, liquefying all impurities, which,
if they were shut up between the pieces soldered, might form scales.

Cryolite.—Fincly powdered cryolite is suitable for hard soldering
copper and copper allcys, or a mixture of 2 parts powdered cryolite,
and 1 part phosphoric acid may be used. For hard soldering of aluminum
bronze, a mixture of equal parts of cryolite and barium chloride is used.

Muller’s Hard Soldering Liquid.—This consists of equal parts
of phosphoric acid and alcohol (80 per cent.).

Dry Soldering Preparation.—A good preparation consists of two
vials, one of which is filled with chloride of zinc and the other with
ammonium chloride. T~ use, dissolve a little of cach salt in water,
apply the ammonium chloride to the object to be soldered and heat the
latter until it begins to give off vapor of ammonium, then apply the
other, maintaining the heat in the meantime. This answers for very
soft solder. For a harder solder dissolve the zinc in a very small portion
5f the ammonium chloride solution (from 4 to 1% pint).
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The various fluxes and their use are given in tabular form
in the accompanying tables. According to Haswell, the proper
fluxes to use are as follows:

For iron, use borax For zinc, use chloride of zinc
“ tinned iron, use rosin * lead, use tallow or rosin

copper and brass, use sal lea«d and tin, use rosin and
ammoniac sweet oil

Pigs. 4,445 to 4,448.—Various soldering bits, or so called “irons." Fig. 4,445, ordinary
edge bit; figs. 4,446 and 4,447 hatchet bit; fig. 4,448, pointed bit.

Soldering Bolts or Bits.—The erroneously called soldering
“iron” or bit consists of a large piece of copper, drawn to
a point or edge and fastened to an iron rod having a wooden
handle as shown in fig. 4,445, There are a variety of bit which
may be classed

1. With respect to their shape, or construction as

a. Pointed; ¢. Hatchet;
b. Grooved; d. Reservoir.
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9. With respect to the method of heating, as

a. Externally heated; b. Internally heated { ;f:&‘iifglgg;c‘ﬂ. by

The various types of bit are shown in the accompanying cuts.
M g .

E

£46s. 4,449 and 4,450.—Kageman self-heating gas soldering bit for bench work. Pig. 4,449,

single torch; fig. 4,450, double torch. Any shape or weight of copper point for any class

of work may be easily substituted by means of a set screw . One end of a flexible tubi
is attached to the nozzle or male screw near the handle A, and the other end is connec
to the gas main M. (gg main preferred.) Before lighting, close the Bunsen holes E by
means of the air slide I}, open the governor F, turn on gas main M, light near copper point
at G, and gently open Bunsen holes by means of slide D, If flame apFeat within
chamber E, turn off gas, sli%vtly close holes by means of slide D, and light again.
Shut off gas at main cock M. Where the gas main is already installed it is advantageous
to bore a hole in the bench near the wall, connect a flexible metallic tubing to the
gas main, pass tubing through the hole and fasten tubing to the underside near the
outer edge of the bench. In that way the hose will hang freely and will hardly be
noticeable, The soldering iron can be used away from the bench at any desired distance,
depending upon the length of the tubing. The double torch, fig. 4,410, has two burner
tubes generating two short but intensely hot blasts. The double flame is intended to heat
heavy coppers quickly, and when the desired temperature is reached one flame is shut
off by a half turn of the governor, the remaining flame keeping the point at a steady tem-
gee;a.ture throughout the day. For smaller coppers one flame 1s sufficient. When a large

ting power is required it is often desirable to use both blasts throughout the day.

A heavy bit is preferable for jointing work, as one weighing less than
two pounds does not retain the heat long enough.

Tinning the Bit.—Preliminary to soldering, the bit must
be coated with solder, this operation being known as “tinning.”
To tin a soldering bit. heat it in a fire or gas flame until hot
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enough to melt a stick of
solder rapidly when it is
lightly pressed against it
When the bit is at the
right temperature, the
heat can be felt when it is
held closetotheface. When
hot enough clean up the
surface of the copper with
anold file. If the temper-
ature be too high, the
copper surface will be
found to tarnish immedi-
ately, in which case the
soldering bit must be
allowed to cool slightly
and the cleaning repeated.
When the surface only
tarnishes slowly a little
flux is sprinkled upon it, it
is then rubbed with a stick
of solder. After the molten
metal has spread over the
whole of the surface which
it is desired to tin, the
superfluous solder iswiped
off with a clean damp rag,

The surface should then
present a bright silvery
appearance when properly

tinned.
Once a soldering bit
has been well tinned
care should be taken not
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to overheat it. If the bit at any time reach a red heat it will be nec-
essary to repeat the whole tinning process before it is fit to be used
again. No good work can be done with an untinned or badly tinned bit.

Ques. If the bit be forgotten and left in the fire what
should be done?
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FiGs. 4,454 and 4,455.—Tinning block for electric soldering tool. 1t is made with two soft
bricks. One brick 1s used to support the soldering tool, and the other to contain the
tinning material and to furnish a maternial which will keep the copper bit bright enough to
receive its coating of “'tin." Fig. 4,405 represents a section ot the tinning brick, which is
scooped out on top as shown by the lower line. Into one end of the hollow in the brick,
some sal-ammioniac is placed to help tin the copper bit. Sal-ammoniac is a natural flux
for copper and aids greatly in keeping the tool well tinned. Next, some melted solder is
run into the hollow of the brick, and lastly enough resin to fill the cavity nearly to the top.
When the tool is not in use, the electricity is switched off and the tool permitted to lie
in the resin. If it be desired to repair the tin coating a little when the tool is in use, the
latter is rubbed on the brick below the layer of solder, and the layer of resin.  If the tool
be in very bad conditian, it may be pushed into the sal-ammoniac once or twice and then
rubbed in the solder again. It requires but little heat to keep the brick and its contents
ready for use. In fact, the brick is a fair non-conductor of heat and prevents the escage
of heat from one side of the tool. When momentarily not in use, the tool remains in the
solder which becomes melted underneath the layer of resin. When the copper bit becomes
too hot, it will begin to volatilize the resin, thus calling attention to this fact, whereupon
the electricity should be turned off from the tool.
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Ans. Heat to redness and then plunge into cold water,
when most of the hard oxidized surface will scale off.

Ques. What kind of fire quickly destroys the tinning?
Ans. A soft coal fire.

Soft Soldering.—The theory of soft soldering is that: as the
solder adheres to and unites with the surface of the copper _hen

bl
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F1G. 4,456.—Picking up solder with a hot bit. This is the p.oper method for small work.
Rest the bar of solder on some support as a brick or piece of wood and touch it with the
end of the hot bit. Some of the solder will melt and remain on the bit. It is then trans
ferred to the part to be soldered, and if the surfaces be in proper condition and fluxed
when the bit touches the surfaces, the solder will leave the bit and cover the surfaces.
In picking up solder from the stick, care should be taken not to leave the bic in contact
with the solder too long or some of it will drop off. The larger the bit and area tinned,
the more solder will the bit hold,

the bit is tinned, so will it adhere to and unite the surfaces of the
metals to be soldered.

Soft soldering, as well as hard soldering, or brazing, consists
of welding together two or more pieces of similar or dissimilar
metals by means of another metal ot lower melting point.

In order to solder successfully wire joints, the following in-
structions should be followed:
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1. Clean and tin the bit as previously explained.

2. Feat the bit in the fire until it reaches the right temperature
Do not try to solder a joint with a bit so cool that it only melts the |
solder slowly. nor with one so hot that it gives dense clouds of smoke
when in contact with rosin. Burned rosin must be regarded as dirt.

. 3. Remove the bit from the fire and hold it, or preferably support. .
it on a brick or block of other material which does not conduct heat
readily.

4. Wipe the surface clean with a rag. Apply solder until a pool
remains on the flat surface, or in the greove, if a grooved bit be used.

5. Sprinkle with rosin, lay the joint in the pool of solder and again
sprinkle with rosin.

6. Rub the joint with a stick of solder so that every crevice is thor-
oughly filled.

7. Remove the bit, and lightly brush superfluous solder from the
bottom of the joint. See that no sharp points of solder remain which
may afterwards pierce the insulation.

When the joint is first placed on the bit, the solder should run up
into the joint. This will occur only when the joint is well made and
thoroughly cleaned, and if the workmanship be perfect it is even possible
to fill the joint completely by feeding in solder below the joint as it
melts and runs up into the joint.

A well soldered joint should present a smooth, bright appearance
like polished silver. Wiping the joint before it cools destroys this
appearance, and is also liable to produce roughness, which is detrimental
to the insulation.

In order to prevent the insulation on the wire near the joint being
damaged, the process of soldering should be carried out as quickly as
possible, and for this reason the tendency to burn the insulation is less
with a kot bit (a quick bit) than with a cooler one.

Ques. How is a joint soldered with a torch?

Ans. The flame is directed on the middle of the joint, and
when a sufficient rise of temperature has taken place to melt
the solder readily, the joint is rubbed with rosin and solder
alternately until it is thoroughly saturated with solder. The
usual precaution of brushing any points of solder off the joint
wvith a clean rag must, of course, be taken.

In using the torch there is considerable danger of damaging the
insulation with the flame. This may be minimized by wrapping the end



3,090 HAWKINS ELECTRICITY

hickness by a torch,

They should be held firmly to-

heated asin fig. 4,461 by a hot bit, or if the metal have considerable t!

When two surfaces are to be united by sweatiug, first see that the surfaces are perfectly clean,
e of tinfoil over one surface and the other surface on top.
When cool, the surfaces will be found to be firmly united.

gether by a clamp or other means and

then flux as in fig. 4,460. Put a piec
until the solder melts.

FiGs. 4,457 to 4,461 —Sweating.

‘of theinsulation with selvedge
tape before soldering. When
big joints are being made it
is sometimes advisable to wet
the tape in order to prevent
the conduction of heat along
the copper to the insulation.

Sweating.—In this
operation the surfaces are
cleaned, heated, and
covered with a film of
solder. The soldered sur-
faces are then placed to-
gether and heated by
passing the bit over the
outside surface until the
solder melts and unites
the two surfaces.

Sweating is often em-
ployed for the temporary
holding together of work
which has to be turned or
shaped, and which could
not be so conveniently
held by other methods.
After having been turned
or shaped, the separation
of the parts is readily
effected by the aid of heat.

Babbitting Boxes.—
Although some special
machines are provided
with ball bearings, most
dynamos and motors have
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plain babbitted bearings, accordingly electricians and repair
men should know how to babbitt a box should occasion arise
for such operation.

Formerly, bearings for the joumals of machinery were constructed
of brass or other alloys, for the purpose of minimizing friction.
Hard cast iron, which afforded an admirable surface becoming glazed
over with a sort of skin after a little use, white efficient for sliding sur-
faces, had to be avoided for journals, as irreparable damage might be
done to the bearing when overheated. Later practice evolved the idea

i

MG 4,462, —Sweating brasses. When brasses are sweated together, liners AA, are sometimes
*)laced between them, as shown, to allow for wear when they are in_the machine. The
aces of the brasses and liners are planed smooth and rubbed bright. They are then heated
in the forge, and when hot, the brasses fluxed witi: sai-ammoniac and tinned by the method
emplglyed in tinning the soldering copper. The liners, if of iron, are fluxed with borax and
tinned. The pieces are tlien put together and heated sufficiently to melt the solder. I
not heavy enough to make a tight joint, they are weighted down until cold. When the
pieces have been bored out and finished in the machine shop, they are melted apart and

the liners taken out, a number of thun liners being substituted.

of using a softer or elastic metal, popularly and erroneously known as
anti-friction metal, which would accommodate itself to inequalities of
the surfaces in contact, thus working with far less friction than iron or
bronze, while on the other hand it would be much cheaper than a

copper tin alloy.

Of the various so called anti-friction metals, Babbitt is ex-
tensively used. This is a soft white metal composed of tin
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copper and antimony. Many different compositions of these
metals are used for babbitt metal; the alloy originated by
Isaac Babbitt was composed of tin, 4514 parts; copper, 114 parts;
antimony, 13 parts; lead, 40 parts.

At the beginning this proportion was used for all purposes, but it
has been found that there is no one composition that will bring equally
good results in all kinds of machinery, hence are given the following
different proportions:

Babbitt metal for light duty is composed of 89.3 parts of copper,
1.8 parts of antimony, 8.9 parts of lead.

Babbitt metal for heavy bearings is composed of 88.9 parts of copper,
3.7 parts of antimony, 7.4 parts of lead.

Lead and antimony have the property of combining with each other
in all proportions without impairing the anti-friction properties of either,
the antimony hardens the lead, and when mixed in the proportions of
80 parts lead, by weight, with 20 parts antimony, no other known com-
position of metals possesses greater anti-friction or wearing properties
or will stand a higher speed without heat or abrasion.

The operation of babbitting a box should be done in accord-
ance with the following instructions to obtain good results.

1. Avoid overheating the babbitt, as this is destructive to
the qualities of the metal and also entails a considerable
loss on account of the dross or scum that has to be skimmed
off the ladle.

To ascertain the proper temperature, the time honored test is to
try it with a dry pine stick. The temperature should be such that the
stick will char without catching fire. Cover the metal with powdered
charcoal and put in the ladle a lump of sal-ammoniac.

Of course, it is sometimes necessary to heat the babbitt hotter than
this to insure its running to all parts of the box when the section to be
filled is thin, but if possible, in such cases, the box should be warmed
up to prevent excessive chilling of the metal.

o NOTE.—The practice of lining journal boxes with a metal that is sufficiently fusible to
be melted in a common ladle is not always so much for the purpose of securing anti-friction
properties as for the convenience and cheapness of forming a perfect bearing in line with the
sha.?t.e without the necessity of boring it. Boxes that are bored, no matter how accurately,

require care in fitting and attaching them to the frame or other parts of a machine.
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2. If the box is to be babbitted with the shaft in position
for a mandrel, be careful to get the shaft properly lined and
central in the box.

To hold it in position use an outside support if convenient, but if
not, small pieces of lead hammered to the right thickness may be used
to hold it at the proper height and in a central position. It is°not
good practice, however, to use the shaft for the purpose of casting
the bearings, especially if the shaft be of steel, for the reason that the
hot metal is apt to spring it; the better plan is to use a mandrel of the
same size or a trifle larger for this purpose. For slow running journals,
where the load is moderate, almost any metal that may be conveniently
melted and will run free will answer the purpose. For wearing properties
with a moderate speed there is probably nothing superior to pure zinc,

but when not combined with some other metal it shrinks so much in
cooling that it cannot be held firmly in the recess, and soon works loose.

3. The shaft should be smoked or greased so that the babbitt
will not adhere to it.

4. The ends of the box should be stopped with clay or card-
board washers cut to snugly encircle the shaft dand held to the
face of the box, to prevent the babbitt escaping.

Liners made of cardboard should be inserted between the halves of

the box and should touch the shaft on each side so that the box can be
divided without trouble after the pouring is completed. ’

5. A small hole at one end will be sufficient to insure the lower
part filling properly.

6. With a large box and shaft, it is best to pour the lower part
first and then the upper one.

7. Care should be taken that there is no water or dampness
in the box, as serious consequences may follow if this precaution
be neglected.

A rusty box is likely to throw the babbitt, as water will be liberated
when the hot metal is poured on it. A small lump of rosin dropped in
the ladle just before pouring increases the fluidity of the metal some-
what and reduces the liability of the babbitt to explode when the interior
is slightly damp, although no risks should be taken in this direction.
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8. If the oil hole be used to pour through, it will be necessary
to drill it out and cut the oil grooves after the box is taken apart.

9. If the babbitt be poured from the side, a plug of pine wood
can be inserted in the oil hole down to the shaft to keep it clear.

10. The shaft is sometimes wrapped with a stout cord laid in
a Spiral direction to get the proper oil runs, but it is usually
better to cut them afterwards with a round nose chisel.

Brazing.—This is the art of uniting metals by means of a
hard solder. Originally, as its name implies, it was devoted
to the union of brass or other copper alloys.

—

F1G, 4,463.—Ordinary mouth blow pipe.

The theory of brazing is the melting of a low fusing metal
against the metals to be united while they are in such a condition
of cleanliness and temperature that the metal welds itself to them.

Brass filings have been generally replaced by spelter, which
is a composition of about equal parts of copper and zinc; this
is used for brass work. For tubes, & composition of 8 parts of
brass tube filings to 1 of zinc is used.

Brass or gun metal united by this process will produce a joint
as hard as the metal pieces united.

Iron and steel, especially small pieces of finished work, may
be united, by the same means. The process of brazing consists
essentially of

1. Cleaning the parts to be brazed;

2. Applying the hard solder and flux;

3. Heating.
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The work is first carefully cleaned with acid, and some fine spelter
is mixed with borax to form a flux, a little water being added to make a
paste. The compound is placed between the parts to be united, as much
surface as possible being brought in contact, the two being held firmly
together, in the case of small pieces by tongs, and heated until the flux
and spelter are melted, the parts being held together until the spelter
unites with the metal and soklidifies.

Sometimes the work cannot be easily gripped, and so, after inserting
the spelter and borax as before, the parts are bound with iron wire and
REDUCING FLAME

BLOW PIPE _15'«_"")?;.‘ =
B W OXYDIZING BLUB
CONE

CANOLE

P16, 4,464.—Method of using the mouth blow pipe. This is for small work, #10ugh the in-
tensity of the heat thus produced is very great, the volume of flame is small, O1, some blow
pipes a ball or enlargement is made at A to catch any moisture or saliva, thus increasing
the efficiency of the instrument. The torch as shown, gives two flames as follows:
1, oxydlizing flame, commonly caused by the chemica! uses of oxygen with another sub~
stance. If more oxygen be supplied than'is needed for perfect combustion, the free oxygen
in excess makes an oxydizing flame, one that rusts or burns the metal. A flame may be oxy-
dized in one place and reducing in another; 2. reducing Aame, defined as a flame in which
the fuel is in excess of the oxygen necessary for perfect combustion. The tendency of such
a flame .s to draw scme oxygen from the burned parts of the metal, 1t prevents buming withio
its radius.

placed in a clear coke fire until the operation is complete. The super-
fluous metal around the joint will in each case need to be removed by
means of the file.

There are various methods of brazing, such as
1. Butt brazing;

2. Lap brazing;

3. Dip brazing;

4. Muffle brazing.
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Butt Brazing.—This method consists of placing the two
pieces to be brazed butt to butt. If two thin pieces are to be butt
brazed, the pieces must be held in position in a bench vise, or
clamp, and the heat applied with a torch or blow pipe.
The surfaces to be brazed are fluxed and then clamped in position
and the proper hard solder, as given in the tables, applied.

FIRM SUPPORT FOR TAP LIGHTLY WHEN SOLOER
CLAMP MELTS

CHARCOAL

P1G. 4,465.—Butt brazing two lengths of small pipe. After cleaning the ends to be brazed
and fluxing, they are clamped in position butt to butt using a vise and clamp as shown, or
other means. A little brazing solder is sFrinkled over the joint and heat applied. When
the pieces are hot enough to melt the solder it must flow into the joint, butt brazing the
two pieces. By giving one of the pieces a slight tap on the end, when the solder melts, the
surplus solder is squeezed out, making a good and firm joint. If the pipes be large or, of
considerable length, the heat is quickly conducted away, necessitating a charcoal backing
or more adequate means of heating.

Heat is then applied by means of a blow pipe, or Bunsen
burner, until the pieces are hot enough to melt the solder, which
will then flow into the crack.

By.giving one of the pieces a slight tap on the end, they are
brought tightly together. After cooling, the superfluous solder
is scraped off.
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Lap Brazing.—In this method the parts to be brazed are
overlapped. Band saws are always lap brazed, the two ends
being filed tc make an accurate joint. Silver solder is generhlly
used, it being applied between the two surfaces, or the surfaces
are coated with borax and the solder allowed to flow into the
joint from the edges. The operation of lap brazing a saw is
shown in fig. 4,466.

N

MG, 4,466.—Lap brazing. A band saw is a good example of this method. In making the
13{) the two ends are chamfered by filing to make an accurate joint as shown. Silver
solder is generally used, it being applied between the two surfaces, or the surfaces are
coated with borax and the solder allowed to flow into the joint from the edges. After
firmly clamping the parts in position, the solder is laid over the joint, or it may be placed
between the two pieces to be united. When the heat is applied, the solder melts and the
two pieces must be squeezed tightly together to force out surplus solder. Silver coins
contain 10 per cent. of copper and make a good hard solder. When using a coin, po
it until very thin and then place between the two surfaces to be brazed.

Dip Brazing.—This consists of dipping the work into molten
solder until the parts are heated sufficiently to be united by it.
For duplicate work this method is well suited, and is exten-
sively employed in bicycle manufacture.

NOTE.—Cast iron soldering. A new process consists in decarbonizing the surfaces of
the cast iron to be soidered, the molten hard solder being at the same time brought into con-
tact with the red ho: mietallic surfaces. The admission of air, however, should be garefulgr
guarded against. First pickle the surfaces of the pieces to be soldered. as usual, with acid,
and fasten the two pieces together. The place to be soldered is now to be covered with a
metallic oxygen compound, and any one of the customary fluxes, and heated until red hot. The
preparation best suited for this purpose is a paste made by intimately mingling together cuprous
oxide and borax. The latter melts in soldering and protects the pickied surfaces, as well as the
cuprous oxide from oxidation through the action of the air. During the hegtm%wthe cuprous
oxide imparts its oxygen to the carbon contained in the cast iron and burns it. Metallic cop-
per separates in fine subdivision. Now apply hard solder to the place to be united, which iz
melting, forms an alloy with the eliminated copper, the alloy combining with the decarburized
surface of the cast iron.
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Muffle Brazing.—As indicated by the title, a tube or muffle
is used in this method for enclosing the parts to be brazed.
The object of the muffle is to insure uniform heating; it is
especially adapted to brazing alloys, the melting temperature
of which are rather close to that of the solder.

F1G. 4,467.—Brazing by immersion or dipping. The brazing solder is melted in a pot on the
coal fire, as shown, or better in a gas furnace, flux being placed on top of the solder. In
brazing, hold the object first in the flux a little while to heat and coat the article with a
film of flux. Then, when it is lowered into the solder, the latter will flow in the joint and
firmly attuch itself. Before dipping, the article to be brazed is coated with a special anti-
flux graphite, covering all the surface except that which is to be brazed. The layer of
flux in tge pot may be kept from }3 inch to 2 inches deep.

Brazing of Copper.—For coppersmith’s work the joints are
prepared either by #hinning or cramping. The first process
consists simply of scarfing the edges to a long bevel, and is
used for heavy material only. The second, a necessity for
lighter work, is rather more elaborate; rotches are cut at a
slight angle into one of the edges to be united, and the teeth
thus formed are bent alternately to left and right. The edge of
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the other piece is thinned and inserted between the cramp, so
that alternate pieces come on opposite sides of the thinned
edge, supporting it.

Copper joints to be brazed are cleaned by covering the parts with a
strong brine made from salt and water; they are then heated to a cherry
red and plunged into clean fresh water, which also has the effect of an-
nealing the copper. Scouring follows with clean water and sand rubbed
on with a wad of tow.

The brazing mixture is made of borax and spelter in equal parts,
with water, and is preferably made a day or two previously. The
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FIG. 4,468.—Quickly constructed furnace for brazing; view showing broken casting in position
ready for brazing,

' repared portions of the article to be jointed are placed together and
astened, if for a pipe, by being bound with iron wive. The over lapping
edges are closed by means of a mallet on a stake or mandrel.

The mixture is then laid evenly along the joint, and the pipe or other
article placed upon a clear coke fire, the temperature of which is easily
regulated. Presently, the borax fuses and forms into drops, and then
the solder melts, which is indicated by blue fumes from the zinc. Prob-
ably it will be necessary to sprinkle a little more powdered borax, and
the pipe may have to be tapped with a mallet or hammer to cause the
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lapped parts to open slightly and permit of the solder flowing readily in
between them. Salt is often strewn on the surface immediately after
the solder has run, to kill the borax, as it would leave a hard scale
interfering with future filing.

All flanges to be brazed to copper pipes must be of copper or what is
known as brazing metal, 98 copper to 2 of tin, as gun metal flanges
would melt before the spelter ran.

The hole in the flange is slightly tapered, and the end of the pipe also,
to form a clearance in which the spelter may flow, acountersink bein
gisg formed in the face side of the flange, and the pipe slightly upen

t 1t.

G, 4,469.—Brazing furnace without fire bricks. At opposite sides of the top are standarde
upon which sleeves freely slide, and which are held at any desired height by thumb screws.
ach sleeve carries a burner to which gas and air pipes are connected, each pipe being pro.
vided with a valve for regulating the flow. The two burners can thus be adjusted so that
the meeting points of their flames will be at any desired height above the table.

After the mixture is placed in the joint and the parts put together,
the countersink is stopped with clay, to retain the solder. The pipe
is then slung vertically over the fire, with the flange underneath, and
the previous process carried out.

It will frequently be necessary to close the pipe with a clay tamping
or a wooden plug to prevent the heat from going up it. Projections
from flanges are protected from the fire by means of a covering of clay.
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Table of Brazing Soiders

|
Description | Copper Zinc I Tin Lead
|

Coppersmiths’ strong spelter. . .......... 75 25
Coppersmiths’ spelter. .............. .. 58 42
Ordinary refractory spelter. . . ........... 50 50
Hard white solder............ . .. 7" 571 | 28 1414
Half white, easily fusible............. ... 44 50 415 11
Spelter, readily fusible......... .. " 3315 | 6624

A few additional brazing solders are here given with thei
characteristics and colors.

Miscellaneous Brazing Solders

PERCENTAGE : .
Characteristics Color

|
Copper Zinc Tin Lead
58 42 Very strong Reddish yellow
53 47 Strong Reddish yellow
48 52 Medium Reddish yellow,
54.5 43.5 1.5 0.5 Medium Reddish yellow
34 66 Easily fusible White
44 50 4 2 Easily fusible Gray
55 26 15 4 ‘White solder White

Heating Methods in Brazing.—On account of the higher
temperature required in brazing, a flame is generally used
instead of a heated bit. For small work a blow pipe or torch
is used, and a forge for large work. A torch alone is ordinarily
insufficient as the heat must be put where it is needed and held
there. This is usually done by building around the work with
*harcoal which becomes incandescent from the heat of the
Jasoline flame, and also gives off some heat from its own com-
>ustion.
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If the article to be brazed be very small, it can be placed bodily ina
hole scooped in a bit of charcoal as shown in fig. 4,470.

CHARCOAL

fiG. .4,470.—Brazing a small chain link in charcoal with a blow pipe. Fiace the broken link
in a small hole scooped in the charcoal and heat with the candle flame and blow pips

after applying the solder and flux.

Tn brazing in the smith’s forge it is well to hold the work high up,
that is, so that it does not rest on the coal, but is kept suspended between
banks of incandescent fuel so that the heating will be as near uniform

as possible,

@1G. 4,471.—Brazing the joir,t of a pair of tweezers. The surfaces to be brazed are cleaned
some of the spelter applicd to each surface, and the pieces ticd togcther with a fine iror
wire and heated sufficiently to melt the spelter. The heat may be applied with a blow
pipe or by holding the pieces in a pair of hot tongs. When the speiter is melted the piece
is cooled and the iron wire is taken off. When the pieces are clamped in hot tongs, the
iron wire is sometimes omitted, the pieces being placed in their proper relation and the
tongs depended on to keep them there, or stops may be arranged to determine thi

location of the pieces.

A charcoal fire should be used, but if bituminous coal be used, coke
enough of it to do the work, as the sulphur in the soft coal is to be
avoided where good brazing is desired.
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A gas furnace is very desirable for brazing. An air blast is necessary
as in the forge but a comparatively small blower will suffice.

The accompanying cuts show the various methods of heating in
brazing.

COMRESSED AIR

GASOLINE

FILLING PLUG

®IG. 4,473.—Gasoline torch with rests for holding soldering bit. In construction A is a
hand air pump, which may have automatic, or hand operated valve; B is the reservoir
containing gasoline and compressad air, the latter being furnished by the pump. A valve
V, prevents leakage of the compressed air through pump. A pipe C projects to bottom
of reservoir, as indicated by dotted lines, and connects with vaporizer E through needle
valve F. A trough D is for holding a small quantity of gasoline to heat vaporizer E ir
starting. Two supports I{ and G clamped to the vaporizer support a soldering bit so that
it will rest in the flame in heating. In operation, the reservoir is filled about two-thirds
full through filler plug and the pump given a few strokes to compress air in the top of reser-~
voir. After heating vapwrizer E, with a little gasoline placed in D, ncedle valve F, is opened
slightly. The gasoline under pgessure in the reservoir will flow through needle valve F,
into the vaporizer and ignite. As the vapor becomes hotter the valve may be given more
opening and when fully heated an almost colorless flame of great heat will issue from the
end of the vaporizer. ~Air supply is admitted into the vaporizer through the small holes
shown. In attaching the supports H, G, care should be taken not to cover any of the
air holes, because this will cause a poor flame.
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Lead Burning.—This process, sometimes erroneously called
autogenous soldering, consists of joining pieces of lead together
by simply. placing the edges to be joined close to, or overlapping
each other, and then melting them so that they flow and intermingle
with each other, forming one piece, and retaining the same condi-
tion of unison on solidifying.

In some cases a strip of lead is melted at the same time as
the edges; this makes a raised, and consequently a stronger
seam. The process is uscful only for joining lead to lead and
would not answer so well for joining lead to copper or to brass.

edges of a butt seam placed together on a piece of flat board, and the secam shaved ready
for burning. The width of the shaving is governed by the thickness of the lead to be
joined. For 5 1b. lead the rear should be about 3§ inch wide, that is the edge of each piece
should be shaved to a width of ¥ inch. Fig. 4,475 shows a lapped seam ready for burning.
The face of the under side is shaved the width of the scam, and the over lead on the under
side, as well as on the upper face, the width being a little less than the width of the seam
for butt burning. The shaving is done with an ordinary shave hook and straight edge.

In lead burning, a hydrogen flame is used in connection with
a jet of air, the hydrogen being produced in a machine or gen-
erator as explained fully in Guide No. 4, page 928, fig. 1,128.

For joining lead sheets together by burning, it is essential
that the pieces touch or overlap each other when in the hori-
zontal position, and overlap when in either slanting, upright, or
overhead positions. It is not necessary to soil the sides of the
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seams, because the lead will flow only where it is directed by the
flame jet. No fluxes are necessary.
The details of preparation of butt and lap seams are shown
in figs. 4,474 and 4,475.
To burn either of these seams, first regulate the gas and air cocks or

the gas and oxygen cocks of the generator as the case may be, so as
to obtain a ‘‘hard solid flame.”

PG, 4,476.—Process of burning a butt seam in two sheets of lead.

For flat butt burning the end of a stick of lead should be held on
the seam so as to be melted at the same time as the other lead, as shown
in fig. 4,476.

Before beginning to burn the seam, a stick of lead should be held in
the hand and the flame made to play upon it so as to ascertain the
hottest part of the flame to apply to the seam.

If the flame tarnish or smoke the lead stick, more air or oxygen should
bé burned in, but if the lead turn to a silvery brightness, when the flame
impinges, the heat will be right and the part of the flame to be used will
be ascertained.

Now tack the two ends of the seam by melting little beads on them
to hold the pieces in position.
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The burning can now be started, beginning being made at the right
hand end. The flame is lifted 1mmed1ately when the metal begins to
flow and reapplied at a distance of from 1§ to }4 inch, according to the
thickness of the lead being joined together, giving the appearance
shown in fig. 4,476.

During the process of burning, the sheet lead will be expanded
when the heat is applied, and being a poor conductor, the heat is not
distributed to the adjoining sides of the seam, hence the heated parts
will rise up and leave hollow spaces undemeath When this happens,
leaving places where the lead does not rest in the board the lead melts
more readily, with the result that a hole is made, through which the
molten metal will flow. To prevent this, the lead should be held down
with the end of the stick of teeding lead, which is held in the left hand
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Fic 4, 477 .—Edge burning. In this case no feed lead is necessary, but a slight jar has to
be given to start the first bead on cither the vertical or the horizontal seam.
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CHAPTER LXXXIV

WELDING

The art of forcing two pieces of metal into union by means of
heat and pressure, is known as welding.

Until the introduction of clectric welders, it has always been
a difficult process, requiring considerable experience and skill
of hand and eye. Not only must the temperature of the heated
iron be properly judged for a successful weld, but the metal
itself must be protected from the effect of the oxygen in the air.

Oxidation of Iron.—If a piece of iron be heated in contact
with air, it will absorb oxygen from the air, thus forming a
scale of oxide of iron on the surface. The hotter the iron, the
more rapidly will the scale form.

Ques. What is the character of the oxide of iron?

Ans. It is in the form of scale which does not firmly adhere
to the iron, and cannot be welded.

Ques. Why does it prevent welding?

Ans. Because it lies between the two surfaces to be united
and prevents them coming into contact.

Methods of Preventing Oxidation.—There are two methods
used in welding to prevent the formation of oxide of iron, and
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both methods are based upon some means of protecting the
hot iron from the oxygen in the air.

Oxidation is prevented by using

1. A reducing fire, or

2. A protective coating.

Ques. What is a reducing fire?

Ans. One in which all the oxygen is consumed in the com.
bustion.

Ques. How is the oxygen completely consumed in
practice?

Ans. By having a closed thick bed of fire for the air to pass
through before coming in contact with the iron and by main-
taining a moderate blast.

Care should be used to regulate the air supply so that there will be

just enough and no more, otherwise air will be blown through and
cause oxidation.

Ques. What is a protective coating?

Ans. A substance containing no oxygen, which is applied
to the heated metal, and which possesses certain qualities which
prevent oxidation.

Ques. What is the usual name for a protecting
coating?
" Ans. Flux.

Fluxes.—These require considerable care in their prepara-
gion. Although their use in greater or less quantity has gen-
erally no effect on the composition of the metal, their defective
manufacture tends to produce inconvenience when they are
used, and in consequence, the bad execution of the weld. The
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cleaning fluxes for the various metals are most conveniently
used in powdered form.
The usual composition of fluxes for the various metals are
as follows:
Cast Iron.—Equal parts of carbonate and bicarbonate of soda to

which is added 10 to 15 per cent. of borax and 5 per cent. of precipitated
silica. Ordinary table salt may also be used.

Ques. When and how should the cast iron flux be used ?

Ans. Only when the metal does not run freely, and then
only sparingly.

Ques. What is the effect of too much cast iron flux?

Ans. It causes the metal to harden so that it cannot be
drilled or machined.

Steel.—Borax, boracic acid, sodium chloride (salt).

Ques. When should the steel flux be used.
Ans. Only when the metal will not run.

Mild Steel and Wrought Iron.—Same as for steel, used sparingly
or not at all.

Copper, Brass, and Bronze.—Same as above. When used for brass
make a paste with a little water.

Aluminum.—Flux consists of: 15% lithium chloride: 45% po-
tassium; 30% sodium; 79, potassium fluoride; 3% bisulphate of po-
tassium. Another flux for aluminum is plain borax.

Various Welds.—There are many ways in which the joint
between two pieces to be welded can be made, and the selection
of the method to be used is made with reference to the use of
the finished object, the strains it is to resist, and the equipment
for making the weld,
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The following are the principal kinds of weld, and are de-
scribed under the accompanying cuts. These are classified
according to the way the ends are formed prior to making the
weld, as

1. Scarf weld;

2. Butt weld;
3. Lap weld:

LAP WELD JUMP WELD
CLEFT OR SPLIT WELD

Fi1Gs. 1,178t0 4,482.—Various welds. Fig. 4,478, scarf weld. In this weld the two pieces are cham~
fered, that is beveled. If the iron be of uniform thieknessit is first upset at the point where
the weld is to be made to make it a little thicker, then it is scarfed. g‘o scarf, the upset end
is thinned down, generally with the peen of the hammer, drawing it out thin at the point
and crowding the metal together at the stick. The faces to be welded are given a crown
shape to facilitate squeezing out of the slag as the weld is closed. Fig. 4,479, buit weld.
This is an end to end weld. Usually the two pieces are upset a litt'e at first, and then ends
welded together. They are hammered on end to bring them together, and as this tends to
upset the pieces some more, they are drawn out to the required size after the weld has
been made. In preparing the ends, the surfaces to be welded are made convex as in the
scarf weld, in order to allow thc slag to work out. Fig. 4,430, lap weld: a weld in which
the faces of the two pieces overlap. When the faces are not crowned or rounded care should
be taken to begin hammering at the center and work outward to foree out all the slag.
Fig. 4,181, cleft or split weld; a “tongue and groove’ form of weld. One of the pieces
after upsetting on the end to gain width, is split in the center making a V shaped groove:
the other piece is chamfered on both sides bringing it to a point to form a V tongue to
fit the groove. In welding the two pieces they are “stuck’ together by hammering on the
end, and then on the sides of the groove piece to close the weld, The V groove should not
have straight sides but slightly rounded as shown so that the slag may be forced out in
closing the weld. Fig. 4,182, jump weld. A weld formed by bringing the ends of a bar
together and jumping them upon the anvil, or with & heavy hammer.

4. Cleft or split weld*
5. Jump weld;
6. Glut weld.
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In addition to these there are two processes, known as
. 1. Fagoting;
2. Building up.
It will be noticed from the illustration of the various weld that the
surfaces are in most cases rounded or curved. This is done so that
when the hecated ends are brought together they will unite first in the

center. Any slag or dirt which may have adhered to the hcated surfaces
will then be forced out as the welding proceeds from the center outward.

When making a lap weld, the hammering should begin at the center
in order to work all the slag out, as the faces in this case are not rounded.

Ques. What is fagoting?
Ans. This operation consists in assembling a quantity of

F1G. 4,483, Glut weld. A weld inwhich the ends of the lwo parts are tapered down, and the angles
filled with wedges of iron, the whole being welded together while checking the length with:
a trammel, excess material being subsequently cut away. This type of weld is generally
used in repair work where it is necessary to maintain unchanged the lengtk of the broken
part.

iron junk such as old bholts, pieces of chain, turnings, and other
scrap iron, and forging the mass into a billet or slab.

The various articles after being carefully assembled into a firm:
rectangular pile, usually built up on a flat iron base, isheated in a furnace
and then welded under a steam hammer.

Ques. What is ‘“building up’’?
Ans. The process of making a multi-piece forging.
That is, a forging built up out of several pieces forged to the approx.

imate shape, ard then welded together.

Forge Fuels.—Several kinds of fuel, such as, charcoal, coal,
coke, and gas are used for heating metal in welding. Perhaps
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bitwninous coal is mostly used, though for general work coke
is considered the best.

Ques. What kind of bituminous coal or coke is most
desirable?

Ans. A grade containing the least percentage of sulphur.

The effect of sulphur is to make iron brittle while hot.

FrG. 4,484.—Fagoting. When a quantity of wrought iron in small pieces, such as scrap iron,
turnings, etc., is welded up into a slab or billet, the operation is called fagoting, For this,
a flat piece of iron, generally fagoted up of small pieces, is laid on a board and the pieces
of scrap iron piled on top of this, making a firm rectangular pile with large pieces around
the outside and small pieces in the center, or the flat piece on the board may be omitted.
It is then heated in a furnace and welded under a steam or a machine hammer.

Ques. What difficulty is encountered with anthracite
coal?

Ans. There is trouble in getting a hot enough fire, especially
on a small forge.

Ques. What substances should not be in the fuel or
fire?

Ans. Lead, sulphur, brass or bronze.
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Systems of Welding.—Welding is and has long been a matter
of great practical importarce, chiefly in the manufacture of
iron and steel, and of the various tools, utensils and implements
of those metals. Iron has the valuable property of continuing
in a kind of pasty condition through quite a wide range of
temperature, below its melting point, and this is a circum-
stance highly favorable to the process of welding. Most metals,

P1c. 4,485.—Making a scarf for a scarf weld. To do this, the upset end is thinned down,
generally with the peen of the hammer, drawing it out thin at the point and crowding the
metal together at the stock by drawing the hammer as shown at M. The faces to be
welded should be rounded as shown at S, so that the pieces first come in contact at the
center, in order to give the slag and impurities an opportunity to squeeze out as the weld
15 being closed.

however, pass quickly, when sufficiently heated, from a solid
to a liquid condition, and with such welding is more difficult.
The term welding is more generally used when the junction of
the pieces is effected without the actual fusing point of the metal
having been reached. Sheets of lead have sometimes been united
together by fusing the metal with a blow pipe along the two edges
in contact with each other, and this has been called autogenous
soldering, or burning if the heating were done with a hot iron.
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According to Percy, “the difference between welding and autogenous
soldering is only one of degree. The term welding is also used in speaking
of the uniting of articles not metallic. Most metals when in the form
of powder can be consolidated or welded into a perfectly homogeneous
mass by sufficient pressure, without the aid of heat. The same is true
of various non-metallic substances, such as graphite, coal, and probably
many others.

The various systems of welding may be classified:
1. With respect to the method of working, as

1. Hand welding;
2. Machine welding,

FIGS. 4,486 and 4,487.—Correct shapes for jump and lap welds.
F1G. 4,488 and 4,489.—Incorrect shapes for jump and lap welds.

2. With respect to the treatment of the metal, as

1. By hammering;
2. By fusing (autogenous).

3. With respect to the method of heating, as

1. By forge fire;

2. By blow pipe;

3. By combustible mixture;
4. By electricity.
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Ques. Define blow pipe welding.

Ans. It consists in uniting the metal pieces by means of a
flame of appropriate temperature with the addition of metal
of the same composition, the joint thus obtained is called autog-
enous.

Ques. What is a blow pipe?
Ans. An instrument in which the flames are produced and
projected on the metallic parts to be welded.

Ques. What is the character of the flames produced
by the blow pipe?
Ans. They are of unusually high temperature.

Ques. What kinds of fuel are used in the blow pipe?

Ans. First oxy-hydrogen was used, then oxy-acetylene, and
later, oxygen and coal gas, and oxygen and benzol, etc.

Ques. What is the characteristic of autogenous weld-
ing with the blow pipe?

Ans. It looks easy, but isn’t, and an inexperienced workman
may produce a joint of perfect appearance, though defective
under the surface.

Ques. What are the features of the oxy-hydrogen and
the oxy-acetylene flames?

Ans. The temperature of the oxy-hydrogen flame is approx-
imately 4,000° Fahr., and the oxy-acetylene flame, 6,300°,
giving with the latter flame about five times greater number
of B. t. u. per cu. ft., than with the oxy-hydrogen flame.

Ques. How is the oxy-acetylene torch adjusted?

Ans. Before lighting the torch, the regulator on the oxygen
tank should be set to give the proper pressure. The average
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pressuresused are, acetylene, 1 to 8 lbs.; oxygen, 2 to 20 lbs.,
corresponding to a range of work from 1%” to 1}4” in thick-
nesses. For greater thicknesses two torches may be used, or
preheating of the parts resorted to. The acetylene is lighted
first, the regulator being adjusted to the working pressure so
that there is a fairly strong flame. The full working pressure
of the oxygen is then turned on, after which the pressure is
slightly varied by regulation until the two cores which appear
in the inner flame at first are merged into one smaller core

giving the proper welding flame.
s GRS - F1G. 4,490.—Davis-
N - Bournonville oxy-
; . MeD acetylene blow-
ipe, or ‘‘torch."
tconsists of a head
piece for receiving
the mixing nozzles
or tips, and a handle or barrel, the two
being rigidly connected by the oxygen
and acetylene supplﬂ pipes to form the
operating tool. The acetylene pipe
opens into the barrel which is packed with
orous material to Erevent any possibility of the
ey ame’s passing back beyond this point. " Inter-
changeable “’gas-proportioning and mixing nozzles” of varying capacity are provided,
adapting the torch to a large range of work. The mixing of the two gases takes place within
these interchangeable tips, each size tip providing a prescribed volume of gases but alwaysin
definite proportions which closely approximate the exact theoretical proportions necessary
for the combustion reaction, without any excess of either gas, thus providing a neutral
flame, or, one to which is fed no excess of either acetylene or oxygen which might change
the properties of th' metal operated upon. Both gases being admitted to the mixin
chamber at appreciable pressure, and at right angles to each other, the maximum of
molecular contact of the two gases is secured. The working pressure of both gases are con-
trolled by regulators on the tanks. The type of torch shown, the ‘‘positive mixture
torch,” isfor light, medium or heavy welding.

Ques. How is the torch handled in autogenous weld?
Ans. The torch should be given a rotary motion, accompanied
by a slight upward and forward movement with each rotation.

This movement assists in blending the metal and reduces the liability
of local overheating. It is desirable to keep the metal surrounding the
spot operated upon to a fairly high temperature to prevent excessive
conduction of heat away from this spot.

Ques. What should be done when fusion occurs?

Ans. New metal should be added from a “weld rod” of suit
able composition.
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The surface should be thoroughly fused before adding metal from the
welding rod, and the latter should be held close to, or in contact with
the surface.

Thermit Welding.—This process consists in pouring super-
heated thermit steel around the parts to be united. This thermit
steel is produced by the chemical reaction between finely divided
aluminum and iron oxide when ignited. This reaction when
started in one spot continues throughout the entire mass,
without the supply of heat or power from outside and produces
=

1
]
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Fics. 4,491 to 4,493.—Mould for thermit welding of locomotive frame that has been broken
between the pedestals at A. The mould surrounding the broken part should be so arranged
that the molten thermit will run through a gate to the lowest part of the mould and rise
through into a large riser. In the mould here shown the thermit is poured through gate B,
and rises into space C, after passing through and between the ends of frame F he
mould must allow for a reinforcing band or collar of thermit steel to be cast around the
ends to be welded. Space G, for forming this collar, and the opening between the frame
ends must be filled begare ramming up the mould. Yellow wax 1s or inarily used for this

purpose. The shape of this band or collar should be as indicated by the view of the com, leted
weld at D. The thickest part is directly over the fracture and the band overlaps the edges of
the break at least one inch, Pattern for the riser, pouring and heating gates can be made of
wood. ‘The riser C should be quite large because the steel that first enters the mould is
— chilled somewhat by coming into contact with the metal, even when pre-heated. This
chilling effect is overcome by using enough thermit steel to force the chilled portion up
into the riser and reglacing it by metal which has practically the full temperature received
during reaction. The mould must be of a refractory material owing to the intense heat.

When the mould and box are filled and tamped, the wooden runner and riser patterns are

withdrawn. The mould is then ready for pre-heating and the drying operation, which

causes the wax matrix to melt and run out.
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FiGs, 4,492 anJ 4,493.—Thermit pipe clamps and mould. Fig. 4,492, pipes held in clamps.
%\/Iould1 é)urtly assembled for therm:t welding. Fig. 4,493, mould fully assembled ready
or weld.

FIGs. 4,494 to 4,406.—Thermit pipe welding operation. PFig 4,494, slag flowing into mould
and coating inside of pipe and inside of mould. Fig. 1,495, slug in mould and steel following,
displacing slag in bottom part. PFig. 4,496, both slag ana steal in mould but steel scparated
from pipe and mould by film of slag. ' In making a butt to butt thermit pipe weld, the pipe
ends are first faced very accurately and are then held tightly together by means of clamps.
A cast iron mould is then placed around the pipe cnds and the proper amount of thermit
ignited in a small flat bottom crucible or ladle. As soon as the thermit reaetion is over
(about !4 minute), the contents of the crueible are poured into the cast iron mould. The
liquid alumina or slag which foats on top of the molten mass in the crucible, naturally
goes into the mould first and covers the inside of the mold and the outside of the pipes
with a protective coating which prevents the superheated liquid steel, which flows in
afterwards coming in contact with either. The heat of the entire mass, however, serves to
bring the pipe ends up to a welding temperature at which time they arc squeczed together
by means of the clamps and a butt weld effected. The entire thermit mass can then be
knocked away from the pipes and nothing will stick to either the pipe or the mould. A
slight upset will be observed on the outside of the welded pipe but tllw inside diameter is
in no way affected. "'he necessary apparatus, consisting of the pipe facing machine, pipe
clamps, crucible and mould are light aad portable and can e carried to any point where
work is to be done. As no outside power is required, the welding can be executed wherever
the pipes are laid. It has been found in practice that two men, one facing the pipe with
the pipe facing machine and the other doing the welding, can complete a weld inside of
ten minutes and make from 40 to 50 fnished pipe welds per day.
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F1G. 4,497.—Open mould and crucible in position for making Clark thermit rail 1:g'loim:. Inits

original form the Clark joint consisted of a combination of splice bar and thermit steel,
it being Mr. Clark's opinion that the head of the rail could be supported by using plates
that would come under the ball of the rail. Furthermore, in order to hold the rail rigid,
he considered it important that there should be no play in the bolts, so the holes in the
lates and rails were drilled round and machine bolts used after rea for a drive fit.
fn order to keep the bolts and plates from working loose, and to afford bonding between
the rails, a thermit steel shoe was cast around the base. In practice, the rails and splice
bars are drilled with holes 3ie of an inch less in diameter than the bolt to be used. The
splice bar is then ag;;lied in the ordinary way and held in Place bya coulx(nle of temporary
bolts, a drift pin being driven into one hole each side of the joint to keep the rails in
position. The remaining holes are then reamed with straight end cutting reamers, after
which the machined bolts are driven and tightened up in the usual manner. After pre-
heating the rail ends, the thermit steel is run into an open mould surrounding the lower part
of the rails. In the latest type of Clark joint, rivets are substituted for the machined
bolts, the riveting being accom lished by a pneumatic riveter mounted on a flat car
manipulated by means of a small derrick. A madification of the Clark joint has recéntly
been_adopted by the United Railways & Electric Co.,. of Baitimore. The object of the
modification was to obtain a larger weld of the base, and in order to do this, the thermit
steel was poured into an enclosed mould box instead of into an open mould and the rail ends
were egre eated to a red heat with the moulds in place before the thermit charge was
ited. Furthermore the design of the fish plates is somewhat charged, being of special
:ign. one inch thick and 32 inches long and so formed as to fit snugly the carbon of the
head and base of the rail. At the same time, they &'ovide a minimum amount of space
between the web of the rail and the vertical sides of the fish plates. The channel bars and
rails are of the same kind of steel (high carbon) and both are punched at the mill with
ten 4 inch holes, spaced 3 inch centers and beginning 2 inches from the end of the rail,
The joint has been applied thus far exclusively to 7 inch girder groove rail weighing 103
pounds per yard, These 7 inch girders sections are undercut by the manufacturers g
inch so as to provide a space of 3§ inch at the base when the rail ends are butted. This
procedure more effectively enables the thermit steel to weld the rail and fish plates into
2 solid mass at the joints.

T
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. 4,498 —Thermit preheater. Directions for operatings The lpreheater is connected
with compressed air supply at A. The air pressure ahoufc'i be at feast 15 lbs. per sq. in.,
but 50 Ibs. or more is recommended. Valve B allows the compressed air to flow into the

also depending upon the air ressure. The burner will take u few minutes to get properly
sta because the hose ﬂptf burner pige are cold, tending to liquify the gasoline vapor.
Gradually as the burner pipe becomes ot the flame will become steady. ~The burner ig
more easily if at first an excess of gasoline be used, as the flame becomes more

steady this excess should be cut down. Unless the mould be intricate so thas a stro
flame would tend to break it, the air should be increased after the flame is well started,
and then the gasoline increased correspondingly. Too much air will tend to extinguish
the flame. Too much gasoline will result in liquid gasoline dripping from the end o _the
urner pipe. If wax has been used as a pattern it should of course have been provided
with a vent connecting the heating gate with the riser. Shortly after the burner is started
this wax will melt out, running out of the heating gate and eoming from the riser in the
form of a heavy white vapor. . This heavy white vapor should be ignited at the top of
the riser and pouring fate to eliminate the fumes from the room and the burner removed
low the liquid Wax to run out. If the mixture be right there should
no flame at the end of the burner ptxlx:e when it is taken away from the mould. If there
should be a flame at the burner pipe the air valve and probally the gasoline valve should
be opened wider, After the wax is burned out small sheet iron plates should be placed
over the riser and over the pouring gates to hold the heat in the mould. If one part heat
more rapidly than another, the heat should be regulated by means of these lates, and by
shifting the burner pipe in, out and sideways. Toward the end of the pre eating, place
the burner in the riser and'in the pouring gate so that any loose sand may be blown out
through the heating gate. In stopEmg the burner turn off the gasoline valves D and B
completely, but leave the air valye turned on or perhaps open it wider to blow all gaso-
line vapor out of the burner pipe. Drain the water out of the water separator from
time to time through the pet cock at the bottom. All the above applies equally well to

sene and to gasoline.
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superheated liquid steel and superheated liquid slag (aluminum
oxide) at a temperature of approximately 5,400° Fahr. From
30 seconds to one minute is sufficient time to bring into reaction
almost any amount of thermit. The thermit steel when poured
into a mould surrounding the ends of the sections to be united
dissolves the metal with which it comes in contact and amal-
gamates with it to form a single homogeneous mass when cooled.
It is necessary, however, in all cases to preheat the sections

5
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¥1Gs. 4,499 and 4,500.—C and C electric arc welding apparatus. Fig. 4,499, operator with
one type of head shield and combination electrode holder for both metallic and graphite
electrodes. Fig. 4,500, graphite electrode holder and hand shield.

before pouring the thermit steel, as otherwise they would exert
a chilling effect on the incoming metal and prevent successful
{usion.

The essential steps of the operation, therefore, are to clean the
sections, and remove enough metal to allow for a free flow of thermit
steel, then surround them with a mould, preheat by means of a gasoline
torch, ignite the thermit in the crucible suspended over the pouring
gate of the mould, and then pour the thermit steel.

Ques. What is the average composition of thermit
steel?
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Ans. Carbon, .05 to .1; manganese, .08 to. 1; silicin, .09 to .2;
sulphur, .03 to .04; phosphorus, .04 to .05; aluminum, .07 to .18.

Electric Welding.—By the electric process, all metals and
alloys can be welded, and dissimilar metals and alloys united,
because the temperature can be maintained or increased while
the weld is being made. An ordinary forge fire, involving as it
does, the possible inclusion of dirt, irregular heating, difficulty
of inspection and control of heat, cannot comply with the best
conditions of welding which are:

Pig. 4,601,—Operator using C and C electric arc welding metallic electrode, The electrode
itself is melted and supplies the extra metal necessary for weiding or building up.

1. The impossibility of introducing foreign matter into the weld.

2. Uniform heating of the area to be welded.

3. Continuous inspection during the process of heating.

4. Early and complete regulation of the hLeat.

All systems of electric ‘welding are based upon the principle
of causing a current of electricity to pass through a high
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resistance, thereby generating heat. There are, however, im-
portant differences in the manner in which the heat so generated
is applied to the welding of metals.

The amount of work done in a given time to force a current through
a resistance 1s

watts =amperes Xvolts
and since by Olm's law, volts=amperesXohms,
watts =amperes? Xohms
or expressed in the usual symbols
W=IR

Pi1G. 4,502, —Thomison welder. Portable, pressure and cut out, mercury slile, with regulator
and automatic break switch. Copper wire Ma. 23 to No. 15 Power 1.5 kw, Time,
fraction of second. To operate, inove lever at right to position shown; hold back levers
at center and insert wire; return lever at right to opposite position; press button and the
weld is made,

which shows that in order to ohtain a considerable heating effect by
means of electricify, it is only necessary to send a large current through
a conductor of high resistance.

NOTE.—Prof. Eiihu Thomson, in 1§77, at the Franklin Institute, Philadelphia, while
experimenting with inductian coils caused the discharge of a Leyden battery to pass through
the fine wire coil, which thus became a high pressure primary, while at the same time the ends
of the coarse wire coil were brought into Iright -ontact. e noticed that these ends were
vartially welded together, so that 1t took son:e little force to separate them. His invention of
electric welding was accordingly the outgrowth of this early observation. In 1881, when it
was lmﬁpssmle to obtain ¢opper wire in long lengths for dvnamo fields, which necessitated
the making of frequent joints in a heavv eil, Prof. Thomson discussed the possibility, of
electrically welding these wires, and in 1885 he constructed a practical electric welding machine
for velding small sections of wire and tools. The various methods of electrical welding are
here briefly described.
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F1Gs. 4,503 and 4,504.—Views of Toledo spot welder showing parts. Two wires run to the machine from the source of supply.
Connect these to the wires from the welder marked "line.” A half-inch water pipe connected to the city water is ampte for cooling.

SIZE WIRE TO USE WHEN WELDER IS NOT MORE THAN 150 FEET FROM SOURCE OF POWER

Kw. | Kva. 110 Volt 220 Volt 440 Volt bl R v e
&x ca Wire | Fuses | Switch | Wire |Fuses| Switch | Wire | Fuses| Switch | to operate {HI'p of D. A.C.
pacity | pacity

No. | amp. amp. No. | amp.] amp. No. | amp.| amp. welder  |'C motor | dynamo

5 7.8 6 60 60 8 30 30 10 15 15 7.5 KV.A 7.5 7.5 K.V.A.
10 15 2 150 150 8 75 75 8 40 50 15 ¢ 15 15 o
15 20 0 200 200 4 100 100 8 50 50 20 . 20 20 o
20 30 000 300 300 2 150 150 6 75 75 30 . 30 30 .
35 50 000 000 900 00 250 250 2 1125 125 50 . 50 50 v

The above is safe carrying capacity for intermittent service, where current is never on more than two to three seconds.
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Thomson Process.—This method, invented by Elihu Thom-

son, appears to be capable of being employed with a variety of
metal on a very extensive scale. A current of electricity heats
the abutting ends of the two objects which are to be welded,
these being pressed together by mechanical force, and so ar-
ranged with the electric current that there is great and rapid
accumulation of heat at the joint, in consequence of the greater
relative conductivity of the rest of the circuit. This method of
welding in some cases partakes of the nature of autogenous
soldering, the pieces of metal being actually fused while uniting;

Mics. 4,503 and 4,508.—Spot welding.—This is the process of joining or fusing together elec-

trically two or more melal sheets or parts without any preparation of stock. Mechanioally it
is equivalent to riveting, but it is stronger and can be done much more quickly and
economically. The principle of spot welding is simple. Two electrodes, or welding poinf

A and B, fig. 4,505, are brought to bear on the plates where it is desired to make the wel
and a heavy current at a low electrical pressure is passed through the electrodes. The
metal plates, as they are much poorer conductors of electricity, offer so great a resistance
to the flow of current that they heat to a molten state, and then, by applying pressure
on the electrodes, the metals are forced together and the weld is made, asshown in fig. 4,508,
Current. Single phase, alternating current must be used in electric welding. Where
two or three phase current is furnished power must be taken from one phase o the 1pc»lyh
phase system. As pressure is reduced in machines by a transformer to a very lcw voltage,
there is no possibility of the operator receiving a shock. Weldable materials. Wrought
iron and steel are the best materials for electric welding. Rust, scale and dry paint act as
insulators and should be removed from steel before welding so that the current may flow
freely. Gnading or sand blasting is recommended for this purpose, as pickling causes
material to rust very quickly on exposure to the air. Galvanized iron can be welded but
the coating must be burned off first, making the operation a trifle slower than with plain
sheets. Copper, brass, bronze and aluminum are usually unsatisfactory materials for
weldirg as they are such good conductors of electricity they offer practically no resistance
to the flow of current.
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JhG. 4,507.—Toledo butt welder; view showing different parts. There are no auxiliary devices
required when installing a welder, except the switch, fuses and water supply. Two wires
run to the machine from the source of suppiy. Connect these to the wires from the welder
marked ““line.” The switch to cut off the current when the machine is not in use and the
fuses are usually mounted on the wall, A half-inch water pipe connected to the city water
mains will afford an ample supply of water under all conditions. [Instructions for
operating: 1. Se1 the welder on either a wood or cement foundation and fasten down
by lag screws or holts. If set on wood foundation, the machine should be grounded by
connecting a smal! copper wire from frame of machine to a water or gas pipe. 2. The
wiring to the machine should be arranged with fuses and a double pole, single throw switch.
3. The transformer furnished with the machine is located in the base and is used to trans-
form the current from the source of supply (either a dynamo or transformer) to the three
to five volts used in the welding operation. The primary coils are connected to the double
pole switch at the side of the machine. 4. Rubber tubing is furnished to connect the
machine to city water supply and through the dies to the sewer. A globe valve should
be inserted ahead of the welder to regulate the flow of water; just enough to keep the dies
from becoming excessively heated. The amount of water required for this purpose is
small and a % inch feed pipe to the welder will be ample. 5. After connecting the machine
and water connections, the machine is ready to operate. Set the regulator handle to the
extreme left hand side or No. 1, and the double pole, double throw switch to the left. Place
two pieces to be welded in the copper dies, which are set from ¥4 in. to 1 in. apart, according
to the size stock to be welded. Let the ends of the stock touch each other; then turn on
the current by means of the switch. If the stock do not heat rapidly enough, turn regulator
handle to the right, or No. 2; if not enough heat be obtained at this point, keep on until
point No, 5 is reached. Tf enough heat be not obtained, throw the double pole switch
to the right and the lever handle to No. 1. The maximum current is obtained when the
regulator is at the right, or at point No. 5, with the switch in the right hand position.
A little experimenting will give the correct heat necessary for getting the best results.
Copper, brass, tool steel and all other metals that are deteriorated by high temperatures
must be heated quickly and pressed together with sufficient force to push out all the
burnt metal from the weld. On flash or upset welding of iron or steel‘? not more than
once the diameter of stock is taken up in the weld. For example, in welding two pieces of 14
in. round stock, not more than }{ in. of ¢ach piece is taken up by the weld, or a total of 14 in.



WELDING 3,127

PiGS. 4,508 to 4,516.—General hints on electric welding. Cast iron cannot be commercially
welded, as 1t is high in carbon and silicon, and passes suddenly from a crystalline toa
fluid cordition when brought up to the welding temperature. Jrom or steel. It isnec-
essary to keep the temperature below the elting point to avoid injury te the metal, and
consequently considerable pressure is required to make the weld. “The stock should be
placed in the dies as shown in fig. 4,508 for a flash weld, and as shawn in fig. 4,509 for an
upset weld, A representing the dies, and B, the stock to be welded. High carbon steel
can be welded, but must be annealed after weldinyg to evercome the strains set up by the
heat being applied locally at one place. Good cummercial results are hard to obtain
when the carhon runs as high as point 75 or above, and can only be done by an experienced
operaior.  When below point 25, the aperator can always be sure of making a good weld.

o weld high carbon steel to low carhon steel, the stock should be clamped 1n the dies
as shown in fig. 4,510, with the low carbon stock estending comsiderably further out from
the dies than the high carbon stock. Nickel ateel. This welds readily, and a small
percentage of nickel materially increases the tensiie strength of the metal. Iron to
copper. These metals can be welded to each other, et it will be found necessary to reduce
the cross section of the copper as skown in fig. 4,5311. Copper aad brass. When welding
copper and brass the pressure must be less than when welding iron. The metal is allowed
to aczually fuse or melt at the juncture, and the pressure shouid omly be sufficient to force
out the burnt metal. This burnt portion being foreed ont, accounts for the good results
obtained in welding these metals. The current must be cut off the instant the ends
of the metal begin to soften. This is done by using an automatic switch which opens
at any predetermined point. The sliding head is actuated by either a spring or weight to
force the heads together as soon as the metal safiens, and this automatically operates
the switch. As copper and brass are good contductors of the electric current, a larger
volume of current at lower secondary voltage is used and the sliding heads are arranged
to move with the least possible friction. The dies should be set apart approximately three
times the diameter of the stock far brass and four for copper. See figs 4,512 and 4,513.
A rtepresents the dies, and B, the stock to be welded. The welds when properly made
will stand the strain of the rolling or drawing process to reduce them to a smaller size.
Spat welding. To weld two pieces of sheet steel az one small place or spot is called
spot. wellirg. TFor convenience of handling the steck this is usually done in a machine
with vertical clamping dies.  Where the size and shape of the pieces to be welded will
adniit,, the work can be done in a butt welder equaily as well. In this case one of the dies
is slightly pointed and the stock welded between tke dies as shown in fig. 4,514, Another
way 1s shiown by fig. 4,515, where two pieces of copger rad C, one of them slightly pointed,
are clamped in the dies A. If galvanized iron is to be welded it will be found necessary to
use two pointed dies instead of cne flat and ons pointed.  Jump welding. This is for
light stack only and the best results are obtzined hy slightty pointing one of the pieces
as shown in fig. 4,516. The other piece is held with a Emrtinn extending outside the die,
then bring them together, turn on tke curreat und weld quicklv.
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in other cases, as with iron, nickel, or platinum, the union may
take place without fusion, as in ordinary welding.

In electric welding the intensity of the pressure which forces the
metallic surfaces together depends on the kind of metal being
welded. Copper, brass, tool steel and all other metals that
are deteriorated by high temperatures must be heated quickly
and pressed together with sufficient force to push out all the
burnt metal from the weld. In case of large articles, hydraulic
pressure can be used to force their surfaces into contact with
each other.

P1Gs. 4,517 and 4,518.—Flash weld, and upset weld. A flash weld is generally used on stoch
that is wide and thin; where it is rectangular in shape, and where it is not possible to
have the welding faces cut square and true. Also in welding tubing to forgings, or
tubing to tubing. In all cases where a small amount of stock is to be taken up in
welds, or when it is desired to shear or grind off the fin, a flash weld is made. Upset
welding is used in all cases where the weld is to be hammered, using the heat generated
in the welding. Also for small rods or rings where it is not necessary to have a uniform
thickness of stock. On brass or copper a flash weld is made. Three times the diameter
of stock between the dies should be allowed on brass and four times on copper, but ~nly
once the diameter of stock is actually taken up in the weld.

Zerner or Electric Blow Pipe Process—In this method,
an electric arc 1s drawn between two carbon electrodes. This are
is then caused to impinge upon the metal surfaces to be welded
by means of an electrcmagnet. The arc is pointed to con-
centrate the heat, and the metal is fused around its point of
contact with the arc. This method is applicable to a rather
limited range of small work, such as welding small steel and
brass castings, plates, tubes, tanks, etc.
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Bernados Process.—The metal to be welded is connected 10
one pole of an electric circuit. When iron or steel is being welded,
for which a high temperature is needed, the metal is made the
positive and the carbon the negative. In the case of lead, or

any metal requiring a comparatively low temperature, this
polarity is reversed.

The supply of current is generally furnished by a dynamo, and a
series regulating resistance is used for steadying the arc and adjusting
the amount of current. This process is of very considerable value in
the filling up of blow holes, cracks, etc., in steel castings.

e

P1G. 4,519.—Diagram illustrating the electric blow pipe. In order to overcome the difficuity
in the Benardos process of the extreme concentration of heat in the portion of the metal
which forins one pole of the arc, apparatus has bcen devised by Werdmann, Zerener.
and others, in which phenomenon of the magnetic blow pipe is practically applied. It
ijs well known that when a magnel or electromagnet is brought near an electric arc, the laller
is deflected in trying to sel itself in a direction at right angles to its length and to the magnetic
lines of force, as shown in the diagram. The apparatus usually consists of two carbon rods,
to each of which one pole of the electric circuit is connected, and an electromagnet
energized by a shunt current is suspended over the arc. When the current is turned oa
a strong magnetic field is formed which produces a blow lamp effect on the arc, and by
placing the article to be welded or brazed at varying distances from this flame, the heat
can be regulated. The various sizes of lamp of the Zerener type require from 25 to 75
amperes or more, at about 70 volts. The Coffin type of lamp consists of two eccentric
carbons attached to a suitable handle. Between the two is the iron core of an electro-
magnet, the winding of which is connected in series with the arc. This_apparatus is
another form of the electric blow pipe. A different type of electric blow pipe apparatus
is that devised by De Tunzelmann. In this there is no magnet or electromagnet, but
the two carbon rods are held in a frame nearly at right angles to one another. The feed
of the carbons is adjustable, and special carbons are used containing a_percentage of
metallic oxide. A long arc in the form of a horizontal flame is easily maintained. This
apparatus is particularly useful for brazirg, and for the welding of thin steel strip. Various
sizes of the apparatus are made for currents varying from 25 amperes to 400 amperes Of
maore. at about 55 to 70 velts.
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The carbon, which is held in a suitable holder, with hand shield, is
placed in contact with the metal and withdrawn a short distance, the
arc following and being maintained generally from 3£ to 114 inches in
length. By withdrawing the carbon from the work the current ceases.
The arc is moved about until the whole surface on which it plays becomes
molten, and where necessary additional metal in the form of rod or
small pieces is melted in.

Some excellent. work has also been done by this process in the way of
making longitudinal seams in boats and barrels of thin plate steel.
Small pieces of steel scrap are laid over the abutting edges, and by means
of the arc arc raised to a welding temperature. It is usual to complete
the work by hammering.

Another considerable application is the making of a joint by simply
fusing the two edges together. An example of this is the dished end
of steel barrels. A further important application has been in the welding
on of flanges to steam pipes, the manufacture of special tube fittings,

T T T
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PiGs. 4,520 to 4,525.—Davis-Bournonville long style C welding torch It is designed for
medium and heavy weldiag, for boiler repairs and for general shop work requiring a strong,
rugged toreh. Weight, 21bs. Length, over-all, 20 inches. Fitted with five tips, Nos. 6,
7,8, 9, 10, using oxygen rressures of 12, 14, 16, 18, 20 Ibs. respectively. This torch is
used on metal from }£” thick upward.

such as tees, ethows, sockets and bends, and in making large pipes out
of steel by welding the longitudinal seam.

The Bernardos process is of much value in the repair of castings,
as it often enables valuable castings which have some small defect to
be made quite sound, thereby saving the whole of the cost of labor
expended on them. Generators employed for this system are usually
compound wound, having a pressure of from 70 to 85 volts.

Slavianoff or Modified Bernardos Process.—In this method,
an electrode which is of the same material as the metal to be welded
15 used instead of a carbon electrode.—This change is made so as
to prevent the hard welds which sometimes result with the
Bernardos or Zerener processes, owing, principally, to the transfer
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of carbon from the electrode to the weld. A direct current of

about 130 amperes and 24 to 26 volts across the arc is adapted
for this process.

The arc is not a long one, as in the Bernardos process, the length

being only about 1§ or 3f; inch. This process is not as rapid as the

Bernardos, but, if subsequent machinery be required or the material be
thin, it is the better method.

f16s. 4,526 to 4.528.——13:&3-Bournonville ox:vgraph', fig. 4,526, a motor rheostat and tracing
device; fig. 4,527, cutting torch; fig. 4,528, oxygraph, This machine will cut steel up to
six inches in thickness, at the rate of three to twelve inches per minutc, a larger size cut-

tingup to 18 in thickness, and another modification, for circle or straight line cutting only,
taking in armor plate up to 247 thick. It hasan clectrically propelled rolling tracer, which
is guided along the lincs of a drawing, and the cutting flame will make an exact repro-
duction in one machine of one-half the dimensions, in another of the exact size of drawing.
Steel can be cleanly and smoothly cut at short angles and of any irregular shape. The
machine is desirable for die makers, blanking out connecting rods, crank shafts, etc. The
motor can be connected to a lighting circuit or to a battery. The automatic uninter-
rupted feed adapts the machine to quantity work, and to all work where accuracy, as well
as smoothness of cutting surfaces, or roughing out close to the required finished surface
are essential.

floho and Lagrange Process.—The apparatus used usually
consists of ‘a lcad-lined wooden tank, filled with an electrolyte
of any conducting liquid solution, either alkaline or acid.
The positive pole of a dynamo, giving usually about 200 volts, is
connected directly to the inner leaden sheath. The bar of steel or other

metal to be heated, is connected to the negative pole and plunged into
the bath,
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Directly the bar touches the liquid, electrolysis is set up and the
water splits up into its component parts, the oxygen going to the leaden
sheath and the hydrogen clinging to the metal, forming a complete
gaseous envelope around it, and thus preventing the metal actually
touching the solution. Here again, a high resistance to the flow of
current is offered by the hydrogen sheath, and the electric energy is
transformed into heat.

It is difficult with this process to control the temperature, but some
practical applications have been made, one of the most successful being
the annealing of wire by passing it rapidly through the solution.

A modification of the system consists in replacing the liquid by pows
dered carbon or charcoal, the article to be heated forming one pole,
and the carbon, the other pole. When the article touches, or is inserted
in the powdered-carbon, the resistance of the latter and its poor contact
with the metal generate heat which is conducted to the object.
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CHAPTER LXXXV

ELECTROLYSIS

This term signifies the decomposition of a chemical com-
pound in solution, called the electrolyte, into its constituent
elements, called 4ons, by the passage of an electric current
through it.

There are two kinds of ions: 1. The electro-positive ions
called cations and, 2. The electro-negative ions called anions.

The former appear at the cathode and the latter at the anode. The
current may be regarded as being carried through the electrolyte by
the ions; since an ion is capable of carrying a fixed charge only of -+
or — electricity, any increase in the current strength necessitates an
increase in the number of ions.

An experiment illustrating electrolysis is shown in fig. 4,529. The
electrolytic treatment of copper is one of the most important electro-
metallurgical processes. Copper thus obtained possesses a purity
unattainable by any other means. The electrolytic cell used for this
purpose is known as a copper bath.

Industrial Electrolysis.—A few applications of electrolysis
in various manufacturing enterprises is here given briefly, yet
with sufficient detail to give a clear understanding of the prin-
ciples underlying the use of electricity or electrolysis in the
following industries: Alkali and bleach; aluminum; bullion
refining, chlorates; hypochlorites, ozone, organic chemicals;
oxygen and hydrogen; sodium and potassium; also the wet
methods for extracting copper, nickel, tin, and zinc.



3,134 HAWKINS ELECIRICITY

Alkali and Bleach.—The term alkali denotes, in the chemical
industry, sodium or potassium hydrate or carbonate, while
bleach denotes hypochlorite of lime.

When an electric current is passed through a solution of sodium
chloride in water, using electrodes which are not attacked by the chloride
or by free chlorine, the chloride is split up into its constituent parts,
the metal sodium 1s separated at the cathode, while the gas chlorine

T

1. 4,520.—Electrolysis of copper. Fill the U shaped glass tube shown above, with a solutiop
B, made by dissolving some crystals of copper sulphate or bluestone. Immerse i the
solution two platinum electrodes C and D, attached to the copper wires E and F, sealed
in the glass tube G and H, which are held in the tube openings by loosely fitting rubber
corks K and L. Attach the {)ositive pole of the battery N, to the terminal of the elec:
trode C, and the negative e of the battery to the upper terminal of the electrode D
The electric current from the battery will then pass from the Blatinum anode C, through
the copFer sulphate electrolyte B, to the platinum cathode D, thence to the negative
terminal of the battery. The passage of the current through the electrolyte will result
in the liberation of the constituent ions of the latter, oxygen gas being liberated at the anode C,
metallic copper deposited on the cathode D, and the copper sulphate solution B, changed
to sulphuric acid. Allow this action to continue until all the copper has been taken from
the electrolyte and deposited on the cathode, completely plating the latter with metallic
copper, then reverse the current through the electrolyte by changing the connections
at the battery terminals. The copper plated cathode D, will now become a copper anode
with the platinum plate C, for a cathode, and electrolytic action of the current wi

return the copper deposit on D to the electrolyte, and transfer it to the surface of the
mlatinum plate C.



ELECTROLYSIS 3,135

forms in minute bubbles at the surface of the anode and rises to the
surface of the liquid in the cell.

The metal sodium, however, has a great affinity for the hydroxyl
constituent of water, and it at once enters into union with this, and

roduces sodium hydrate and hydrogen gas at the surface of the cathode.

hese changes are the basis of all the patented processes and cells
for the production of alkalies and chlorine products by electrolysis.
Both chlorine gas and sodium hydrate are, however, very active chemi-
cals, and the various electrolytic cells and processes for their production
differ considerably in the details of cell construction and in the means
taken to prevent the sodium hydrate formed at the cathode and the
chlorime formed at the anode, entering into further reactions
within the cell, or from sharing in the electrolysis in the place of the
sodium chloride which it is desired to split up.

Aluminum.—This is the lightest metal known, with the
exception of magnesium, and until the year 1891, pure aluminum
was produced entirely by chemical and metallurgical methods.

The process of aluminum manufacture consists in the electrolysis
of a fused mixture of the fluorides of sodium, calcium and aluminum,
in which alumina (aluminum oxide) is dissolved. When an electric
current is passed through such a mixture of fused salt, using carbon
electrodes, aluminum separates as drops of molten metal at the cathode,
while oxygen is liberated at the anode and at once unites with it to
form carbonic acid gas. The bath is kept in the fused state by the
heating action of the current. The action taking place in the electro-
lytic bath is therefore, virtually, a reduction of the alumina or aluminum
oxide by the carbon of the anode; but this reduction would be impossible
without the aid of the current tc first separate the oxygen and alumi-
num, which have great affinity one for the other.

The aluminum separated at the cathode is in the molten state and
falls to the bottom of the bath, and it is allowed to collect there, being
removed at stated intervals, either by a syphon or by tilting. Fresh
alumina is fed into the bath at short intervals to replace that which
has been decomposed by the current; and the process is, therefore,
a continuous one.

The fused salts employed to dissolve the alumina do not undergo
any change; but care must be given to the purity of these and of the
alumina used for feeding into the bath, in order to obtain high gradc
aluminum by this process of manufacture, silicon and iron being the most
troublesome impurities.

Bullion Refining.—In the extraction of gold and silver
from their ores, and from old articles of plate and jewelry, the
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precious metals are generally obtained ailoyed with one another,
and with copper as an impurity. The technical name for this
product is “bullion.”

The general principle of electrolytic bullion refining is to use the
alloy of precious metals, or bullion, as an anode in an electrolyte which
dissolves only one of the two metals to be separated, and to use a sheet
of the pure metal that is being deposited, as cathode.

For silver deposition an acid solution of nitrate is employed as the
electrolyte (the Moebius process), while for gold an acid solution of
gold chloride is found to yield the best results (the Wohlwill process).
In the former case, gold and lead remain undissolved, and collect as

PG, 4,530.—Electrolysis in lower New York. The figure illustrates current movements as
discovered. The power house is located near the navy yard in Brooklyn. A portion
of the returninyg currents, as shown by arrows, flows over the New York and Brooklyn
bridge to Manhattan, thence north to Willlamsburg bridge via underground mains,
subway structures, and other metals, and passes cver that bridge_back to Brooklyn,
thence through mains to rails and negatives, to power house. In this case damage may
be expected at three points: 1, where currents leave bridge metals an the Manhattan
side; 2, where they leave pipes toenter Williamsburg bridge: 3, where they leave same bridge
for pipes in Brooklyn side. When the two bridge structures are connected in Manhattan
as proposed, then there will be further changes in the direction of current. Before the
Wiﬂiamsburg bridge was built, these currents recrossed through the river bed, leaving
mains all along the docks in the Manhattan side, for the river, and leaving the river for
mains or other metals along the docks of the Brooklyn side. Traces of these currents have
been found as far north as 23d st., a, distance of over two miles from the Brooklyn bridge.
Since the Williamsburg bridge has been built, nearty all traces of these: currents flowing
north of it have disappeared, showing that the mass of metal composing the structure
acts as a short circuit or path of lower resistance which carries practically all of the re-
turning currents flowing from Manhattan back to Brooklyn.

a slime or mud on the floor of the vat, while in the latter case silver
chloride forms, and collects as an insoluble precipitate in the same
manner.

Chlorates.—Chlorate of potash or of soda is produced
electrolyticallv bv the electrolysis of the corresponding chloride.
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The electrolytic and chemical changes which first occur when a solu-
tion of sodium or potassium chloride is electrolyzed by the aid of
electrodes not acted on by the products of the electrolytic decomposi-
tion, have been already described under Alkali and Bleach.

Hypochlorites.—Sodium hypochlorite is a compound whose
molecule contains two atoms of oxygen less than the chlorate
and is expressed chemically by the symbol NaCIO. It is
produced at some intermediate stages in the electrolytic
process for making chlorate.

F1G. 4,531.—Arrangement of Gibb's process. The process consists in the electrolysis of potas-
sium chloride solutions, using a copper or iron cathode and a platinum anode. S is the
supply tank; V, the electrolytic ce 1; R, the refrigerators; and P, the pump by means of
which the exhausted electrolyte is returned to the supply tank, while the chlorate pre-
cipitates out as crystals. The reason for using the refrigerator is that in solutions containing
only 3 per cent. of chlorate, the latter will not crystallize out upon natural cooling, as it
would if present in large quantities. This low percentage of chlorate present is necessary
to obtain quick recovery, as otherwise the presence of hydrogen will cause secondary
reactions. and cut down the cfficiency of the conversion. The pressure employed is about
4 volts per cell, of which 1.4 is required to convert the chloride into chlorate. " The circuit
density is about 500 amperes per sq. ft. of anode surface.

If the cell designed for chlorate production be worked with a low
current density, and at a temperature which does not rise above 68°
Fahr., little chlorate will be produced, and sodium hypochlorite will be
formed in its place.

Ozone.—This is condensed oxygen, and contains three atoms
of this gas in the volume usually occupied by two. It is repre-
sented chemically by the symbol Ga.
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Ozone can be produced by chemical methods, but it is also produced by
the sparkless discharge of electricity through dry air or oxygen from con-
ductors charged at a high pressure and it is always formed when a fric-
tional electric machine of the old plate type is worked with an air discharge.

Since ozone is a very active oxidizing agent, and is of value for killin
the disease germs in contaminated water, the electrostatic method o
producing it in air has been developed upon an industrial scale.

Alarge number of ozonizers have been patented in Europe and America,
and some of these are now being employed in connection witll water
purification and organic chemical works. The principle of the con-
struction is much the same in all, two metallic conductors, kept charged
with electricity at a high pressure, being separated by a tube or shect,
of glass, and dry air being led through the space thus formed between
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€1Gs. 4,532 and 4,533.—Gibb’s cell and battery of three cells. The cells consists of a wooden
frame A, covered with some metal B, such as lead, not attacked by the electrolyte. The
cathode consists of a gird of vertical copper wire C, kept in position by cross bars D, of
some insulating material. The grid is placed in a vertical position against one side of
the cell frame, and kept in place b tﬂe anode of the adjoining cell, from which it is
insulated by the strips, F, and bars D. The opposite side of the cell from that occupied
by the cathode is partially closed by the anode indicated by dotted lines. This consists
o{a thick lead plate L, covered with platinum foil on the outer side E, (fig. 4,533), and
is held in position by the cathode and framework of the following cell. G is a pipe, reaching
to the bottom of the cell, by which the potassium chloride is continuously supplied, and
it is the overflow pipe to convey the mixed solution of the chloride and chlorate as well
as the liberated hydrogen gas away from the cell. S, S, S, S, are lugs projecting from the
framework by means of which any number of cell can be bolted together to form a series
of cell. In fig. 4,533, the heavy plates X and Y, are used to close the ends of the wooden
framework and form a fully ciosed series of cell with only the openings at the various
supply and overflow points. Current connections are made at the points M and N.
In normal operation, the cell is continuously fed by each of the supply pipe G, with
a solution of potassium chloride, the rate of supply being so regulated as to maintain the
temperature of the cell at 122° Fahr,, and the amount of chlorate in the discharged solu-
tion slightly under 3 per cent. Since the plates C and L., of each cell are in metallic contact,
due to the lead lining, the electrolysis occurs between the anode of one cell and the catl.ode
of the following cell (sce narrow space between cells), this space being not more than
one-eighth inch wide. The fact that the cathode is a urid allows the electrolyte to circulate
around it, and all the solution thus passes upwards and out of the cells at H. The percent-
age of chlorate in the overflow solution is low, and refrigeration is necessary to recover
it as shown in fig. 4,531.
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them. An induction coil is usually employed for laboratory experiments,
to raise the pressure to that required for ozone production (8,000 to
10,000 volts), but transformers are required for large installations.

Organic Chemicals.—In the manufacture of organic chem-
icals and dyes. there are many stages of chemical change to
he passed through before the final product is obtained, and
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¥1G. 4,534.—Aussig bell cell. The parts are: A, anode; B, electrolyte; D, bell; E, drive
supply pipe; F, overflow pipe; G, chlorine exit pipe; CC, cathodes.

in these, what are called “‘reductions” and “oxidations” play a
leading part. To ‘‘reduce” a chemical compound is to bring
it to a lower stage of oxidation (Z.e., with less oxygen) while to
“oxidize” it, is to raise it to a higher stage.
When water, slightly acidified with sulphuric acid, is electrolyzed,
oxygen gas is liberated at the anode, and hydrogen gas at the cathode.

At a moment of such liberation, these gases are in the ionic or nascent
state and they are much more active than when the atoms or ions have
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united to form molecules. If, then, the organic compound which it is
desired to oxidize be present in the cell near the anode, and the com-
pound which it is desired to reduce be present in the cell near the
cathode, and a diaphragm be employed to divide the two compartments
of the cell, the nascent oxygen and hydrogen at the moment of their
liberation will bring about the desired effects. This, then, is the prin-
ciple of the use of the electric current for oxidizing and reducing changes
in the manufacture of organic chemicals,
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Oxygen and Hydrogen.— Dilute sulphuric acid is employed
in one form of apparatus as electrolyte, namely, that patented

by Schoop, the more customary electrolyte being a solution of
caustic soda.

The primary products of electrolysis in this case are hydroxyl (OH)
and the metal sodium (Na) but these immediately enter into secondary
chemical changes which produce oxvgen gas at the anode and hydrogen
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gas at the cathode. The gases obtained in this way are not quite free
from impurity, but for industrial requirements they are sufficiently
pure, and this method of manufacture is much cheaper and more
cleanly than the usual chemical methods of production.

Sodium and Potassium.—The method which Sir Hum-
phrey Davy employed to produce a few grains of potassium
and sodium is now used to manufacture these metals by the ton.

It is necessary to work with a fused electrolyte in place of an aqueous
solution in this case. Owing to the readiness of sodium and potassiuvm
to enter into combination with water, the difficulties of operating the
process upon a commercial scale are chiefly due to this great chemical
activity of the alkali metals.
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P16, 4,536.—Castner cell. The parts are: A, cathode chamber; BB, anode chambers;
C, eccentric for producing a rocking movement of cell; D, pivot support for framework
of cell; E, slate walls of cell. The Castner cell is of the mercury type in which advantage
is taken of the property possessed by mercury of forming an alloy with sodium, fluid at
the ordinary temperature, this alloy being known chemically as an amalgam. When the
amalgam is heated with water it is decomposed, and a solution of sodium hydrate is
formed, while the mercury is restored to its original condition of purity. Hence, if a
layer of mercury be employed as cathode on the floor of a ceii in which a solution of sodium
chloride is being decomposed by the current, the sodium liberated at the surface of the
mercury will at once enter into union with it, and will be kept safc from further chemical
or electrolytic changes. The layer of mercury, in fact, acts as a reservoir for the sodium
atoms, or ions, brought to its surface, and stores up these until they are wanted.

Wet Extraction Processes for Metals.—Copper, nickel,
tin and zinc have all been extracted from their ores or slags
by the use of electrolytic processes, and in many cases these
processes are still being worked upon an industrial scale.

Copper.—The principle of the wet copper extraction processesis as
follows: The ore is roasted to drive off the sulphur, and then leached
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in suitable vats with a solution which will dissolve the copper and leave
the other metals and impurities undissolved. This solution is then
electrolyzed in order to recover the copper as a cathode deposit.

Nickel.—The roasted ore is leached with a solution containing both
copper and calcium salts as chlorides, and the copper is first deposited
by electrolysis. The last traces of copper are then removed from the
electrolyte by chemical means, and the nickel is in turn deposited by

* use of a higher voltage from the remaining solution. .

Tin.—The Béhne process depends upon the use of sulphuric acid
as a leaching agent and upon electrolytic deposition of the tin, from
the sulphate solution so obtained. In the recovery of tin from old
tin cans and tin scrap by electrolysis, sodium hydrate is used as the
electrolyte.

Zinc.—A great amount of investigation and large sums of money
have been spent upon processes for extracting zinc from its ores, by
aid of electrolysis, gut only two of these have achieved any industrial
success. The Hoepfner process depends upon the use of the waste
calcium chloride solution from ammonia soda works, and was worked
out chiefly as a process for recovery and utilization of the chlorine from
this waste product; zinc, testing 99.96 per cent. puriti, and bleach
being the products finally obtained. The Swinburne-Ashcroft method
(the other successful process) is not a wet extraction process, but depends
upon the electrolytic separation of zinc from fused zmc chloride,
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CHAPTER LXXXVI

ELECTRO-PLATING

This process consists in obtaining an electro-deposit of one
metal, used as an anode, upon some metallic articie which 1s con-
nected to form the cathode in an electrolytic bath, that is to say,
the substance upon which it is desired to deposit the metal is
connected with the negative pole of the source of current, and
the metal which is to be plated upon is connected with the
positive pole.

The chemical nature of the electrolyte employed depends upon the
kind of plating. For plating with gold or with silver, the electrolyte
;sdaalways alkaline, for plating with nickel or with copper, it is usually

Substances other than metal can be electroplated by first coatin

their surfaces with powdered graphite or plumbago, as in the case o
electrotyping.

Ques. What is the most essential condition for suc~
cessful electro-plating.
Ans. Cleanliness.
The merest trace of grease or dirt is sufficient to completely spoil
the plating; in fact, the presence of even the small amount of grease

caused by handling the article with the naked hand is often sufficient
to prevent an adherent deposit.

Ques. How are articles to be plated cleaned?
Ans. This is generally done by means of emery paper or wet
sand; the article is also scrubbed with a scratch brush.



3,144 HAWKINS ELECTRICITY

Ques. What is the next operation ?

Ans. The articles are treated with caustic soda and then
thoroughly rinsed in running water.

Ques. What is sometimes done before placing articles
in the plating bath, and why?

Ans. They are sometimes dipped in acid; this is partly for
cleansing purposes, and partly to slightly roughen or frost the
surfaces.

Ques. Mention some other important considerations
ia electro-plating.

Ans. 1, The current density per square foot or square inch
of surface; 2, the condition of the anode and its size compared
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with that of the cathode; 3, the concentration and composition
of the depositing solution; 4, the presence of impurities in the
solution.

When the anode is made from impure material, the solution
rapidly becomes contaminated with mpurities, and gives unsatis-
factory results. When the anodc is very large in comparison with the
cathode, the solution usually becomes too concentrated. When the
depositing solution is too strong, the metallic salt often crystallizes
out upon the anode and cathode, thus preventing a good deposit and
increasing the resistance of the bath.

FIG. 4,544.—Heating tanks. Small
shops usually depend upon gas
or oil stoves placed under the
various tanks or jars containing
solutions that must be kept hot,
such as lye, rinsing water, gold
solutions, etc., as either offers
a means of keeping up the de-
sired temperature with very
little trouble or expense. Larger
establishments, however, find
it cheaper and better in every
way to use steam jacketed
tanks, as here shown. These
can be purchased in regular
sizes, holding from three
gallons up to forty gallons,
and the smaller and medium

sizes are rapidly finding favor in many macnine shops and factories where it is important
to cleanse the work quickly and cheaply. Still larger tanks for heavy work are made
of boiler iron and heated by a steam coil placed in the bottom of the tank; _this usually
is allowed to simply lie upon the bottom of the tank, so that it may be readily removed
should it become necessary in cleaning the tank or rcgalrmg the coil. In arranging the
tanks in the plating rooms, much will depend upon the work to he done and the space
that is available; the only rule that can be given, thercfore, is to follow the order in which
the work is handled in both polishing and plating rooms, so that little time and labor
will be lost in carrying work back and forth, with the consequent dripping of the lye and
acids, etc., upon the floor.

Ques. What is stripping?

Ans. Metals of a like character do not adhere firmly to each
other; thus electro-deposited gold will not adhere to a gold
surface, and so on. Worn articles of electrc-plate, which are to
be re-plated, require tnerefore to have the whole of the previous
plating removed before receiving a new coat. This process of
removal, which is accomplished by various acids, is technically
known as stripping.
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Current Supply for Electro-plating.—Low pressure direct
current is used for this purpose, the pressure used being from 1
to 16 volts, depending upon the nature of the electrolyte em-
ployed, and the rate at which the plating is accomplished.

Ques. What are the objections to the use of primary
batteries for electro-plating ?

Ans. The current furnished is not constant; the increasing
internal resistance of the battery causing a gradual diminution

F1G. 4,545.—Smee cell with carbon plates for use with silver and gold plating solutions,
Directions: Amalgamate the zincs and fill the jar to within about one inch of the wooden
support with a mixture of 1 part oil of vitrio[l to 10 parts water. After using remove
zincs and carbon, and_wash them in clean water. Armalgamating solution for cell
zinces FORMULA: Water, 1 gallon; corrosive sublimate, 1 pound; muriatic acid, 1
pint. Mix in the order named. Dissolve the corrosive sublimate in hot water. The
zinc must be thoroughly cleaned before it can be properly amalgamated. This should
be done by immersing it in a solution of lye or potash, after which rinse in clean cold water,
then place the zinc in the amalgamating solution, and the mercury will readily adhere to it.
Another method of amalgamating zinc is to clean it by dipping in dilute sulphuric acid
and rubbing on metallic mercury with a cloth or brush. Electropoion solution:
FORMULA: Water, ¥4 gallon: oil of vitriol, 1 quart; bichromate soda, pulverized,
134 Ibs. Mix in order named. Pour oil of vitriol slowly in water, and at the same time
keep stirring the mixture which will become hot, While the mixture is still hot, stir in
the bichromate ot soda, When cold, the solution is ready for use.

of the current in the working circuit throughout the period of
operation. Furthermore, the high price of zinc and its excitants
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make them expensive; they require much time and labor for
setting up and removing after tbe completion of operations;
they give off fumes which are injurious to the health, unless they
be placed by themselves in properly built and ventilated closets.

The adverse conditions obtaining in the case of batteries, have resulted

in the general adoption of suitable types of dynamo especially where
the operations require a large and constant current.

There are many cases, however, where the lack of power facilities
prevents the advantageous use of dynamos, or metor generator sets,

F16. 4,546.—Optimus double commutator, belt driven electroplating dynamo having a
capacity of 750 amperes at 6 valts, or 375 amperes at 12 volts., Two commutators are used
in order to keep down the current density in the commutator bars.

so that the use of batteries becomes compulsory. In such cases, several
cells of Bunsen, Daniel, or Wallorten type, properly coupled together
may be used. As a rule those Bunsen cells having a pressure of 1.8
volts each, will produce sufficient cnrrent to run about twenty gallons
of nickel electrolyte. Nickel is a very hard metal and cannot be de-

posited rapidly by low pressure baitery currents.

Dynamos for Electro-plating.—Where power is available
it is much more economical to employ a dynamo. Although
the first cost is greater, the capacity of the outfit is not only
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greatly increased, but the work facilitated by the constancy of
the current supplied, and comparatively little attention required
by the dynamo itself.

Ques. How do plating dynamos differ from those de-
signed for electric lighting and power?

Ans. They are proportioned to deliver a large current at low
pressure, instead of a low current at high pressure.

-

g L
PG, 4,547.—Optimus frame and field magrets of plating dynamo.

This necessitates large commutators and large brush gear, also large

inductors. Some dynamoshave douhle commutators to secure sufficient

brush contact Jarea to take care of the large current. The construction
of electro-plating dynamos is shown in the accompanying cuts.

Current Required, and Size of Wire.—The amperes
required to plate one square foot with a deposit of each of the
various metals are given in the following table and will be found
useful for determining the capacity of dynamo in square feet

.
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of plated surface, and also for determining the sizes of wire
leading from the main lines to the various tanks.

F1G. 4,548.—Hanson and Van Winkle motor generator set consisting of a six volt dynamo and
an altermating current moior. For mining and other purposes, recavery of gold, etc.,
this forin «f outfit is desirable, as the current to operate the mctor can be carried to the
{)omt maost available for the location of the dynamo, and the expense of maintaining

ong lines of heavy copper conductors materially reducesl.

Amperes required to plate one squarei Carrying capacity of copper

foot. wire.
Solutian and metal. Average amperes. “ Size. Amperes.
Nickel.,................ . 4 ‘;{/6" ... 0625 3
W 125 12
Brass. ..........c.vn.. 6to 8 ... 1875 o7
Bronze................... 6to 8 51«{1". .. .250 %9
8" ... L3125 6
Coppel.......coovnn S0 a0 Gto 8 %u' 375 110
. 8" ... 500 196
Acid copper. ..........n. 10 to 12 547 626 306
Silver.. .....ooviirennn. 2 %". .. .750 441
g7, .. .875 601
Gold.. ..., 1% 1, ..1.000 785
ZINC, .ot i 10 ilg”...1.125 994
1
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F16. 4,549.—Electroplating outfit with two wire system of distribution.
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F1G. 4,550.—Electro-plating outfit with three wire system of distributior, The apparatus consists of: A, multig})lar dynamo;
B, positive lire; C, neutral line; D, negative line; E, ammeter; F, tank rheostat; G, field rheostat; H, tan volt-
meters; I, Starrett voltmeter; 1_] , still solution; X, plating apparatus. The three wire distributing system is
generaliy employed in the larger e ectroplatin%establishments where a variety of solutions are in use, thus necessitating
the emﬁloyment of different voltages in the different solutions. It is well known that a higher voltage and ater current
strength can now be advantageously used in many solutions in the working of which it was_formerly assumed that only a low
voltage could be employed. Furthermore, the necessity for reducing the time of deposition without impaliring the quality
of the work is desirable for economical reasons, and it is effected by agitating the solution and employing a higher voltage
with a proportional increase of the current stre th. Since the general run of stock dynamos nave capacities ranging
from 4 to 6 volts, the three wire system of dist;}%ution not only effects a saving of over 37 per cent. 1n the cost of copper
conductors, but permits of desirable voltage variation. For example: with a dynamo capacity of 10 volts, a pressure of 10
volts can be obtained in some of the tanks by connecting them to the outside wires of the system, while five volts can be

obtained in other tanks, by connecting the latter to either one of the outside wirte and to the neutral wire.
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Fi16s, 4,551 and 4,552.—Optimus wiring diagram for two wire and three wire installations.
Fig. 4,551 shows the usual method of connccting tanks with a two wire dynamo; each
tank has a separate rheostat, thus permitting independent regulation of voltage for each
tank. Fig. 4,552 shows a three wire installation, so wired that each tank can be thrown
across the low voltage or across the high voltage line independently of the other tanks.
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Special attention should be given to install wires amply large to
carry the heavy current, In this connection, it should be noted that a
40 foot conductor must have a cross sectional area equal to one square
inch, to carry 1,000 amperes, without heating.

The current density is especially important and varies with different
metals. With a higlt current density the deposit may be crystalline or
wdery, and will not adhere well to the cathode. "What is required
1s to regulate the current so that the deposited metal may be smooth
and adherent, and capable of being burnished without being detached.

Hard and fast lines cannot be laid down, but, generally speaking,
with high current densities the deposit is powdery, and of a_dark color,
when it is said to be “burnt.”” Much higher current densities can be
employed if the solution be rapidly circulated by means of a pump or
agitated by blowing in air. .

Electro-plating Outfits.—These vary in general arrange-
ment and equipment according to the character of the work
done, its amount, and the source of current supplied. Fig. 4,549,
shows the general arrangement of an outfit for plating with
three different kinds of metal. The current is distributed on
the two wire system, and a rheostat is provided for each tank.

Pig. 4,550, shows the general arrangement of an electro-
plating outfit wired for the usual solution tanks and also for
the operation of mechanical plating apparatus, on the three
wire system of distribution.

Rheostats and Switchboards.—Rheostats are employed
for varying the current strength required for working different
kinds of solutions or for handling various sizes of baths. When
metals such as silver and copper, which require low resistance
solutions, are to be deposited in connection with such metals
as nickel and brass, which require high resistance solutions,
a considerable drop in voltage is required for the former, in
order to prevent the blackening of the work.
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A rheostat inserted in the field of the dynamo will maintain an initial
voltage on the whole system, but rheostats at each tank are necessary
to further reduce the current to the proportions required by the solu-
tions in those tanks. While the field rheostat effects the voltage by

$1G. 4,553.—Form of rheostat for controlling heavy currents. It hasa capacity of 800 amperes.
The variation of voltage obtainable is 2.1 volts. It js suitable for solutions containing
175 to 200 square fect of nickel, 125 fcet of copper or brass work, or 75 feet of zinc work.
The capacity of rhcostats of this and other types ranze from a few to many hundreds
of amperes, 50 that no difficulty is cxperienced in selecting those of proper capacity to suit
any combination of tank capacity and character o¢ solution. Xll platers understand
that different voltages are required 1o operate successfully different kinds of solution,
and that when a sufficient voltage is to be generated for a solution of the highest resistance,
and at the same time utilized in low resistance solutions, the 1ank nearest the dynamo,
with the customary method, receives the most current, and a tendency to burn and
blacken is noticed to a marked degree. When metals such as stlver and copper are to be
deposited in connection with such metals as nickel and brass. a higher voltage is required,
and considerable drop in voltage is demanded in the lower resistance solutions so as not
to blacken the work.

Notie.—The use of voltmeters at each tank is very desirable, as it is well known that the
¢haracter of the deposit obtained by the use of a certain salution largely depends upon the
regroduction of certain voltages and amperage values of the applied current, The ordinary
galvanometer, which indicates only a change _of polarity, is insufficient for this purpose, while
on the other hand a sensitive voltmeter wiii indicate aay irregulartty of power, due to the
slipping of belts, short circuits in tanks, etc.
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setting a fixed resistance in the dynamo field, it does not affect the
amperage except to a small extent.

When a rheostat is placed between the main line and the tank, the
amperage is reduced in proportion to the reduction of the voltage.
Therefore it is necessary that a tank rheostat should be capable of
carrying the amperes of current required by the solution in its particular
tank, otherwise the proper amount of current will not flow into the tank.

¥IG. 4,554.—General Electric voltage regulator for use with electrolytic dynamos. It is
sometimes desirable in electro-plating, where more than one tank is operated from a
single machine, to maintain a constant voltage under all load conditions without manip-
ulating the field rheostat. To meet these requirements, the regulator here shown has
been designed.

Mechanical Electro-plating Apparatus.—A great variety
of form have been designed to reduce the cost of plating articles,
which in the absence of some form -of mechanical plating appa-
ratus must be strung or plated in trays. The cheapening in the

NOTE.—The substitution of steel for the high priced copper or brass has increased the
demand for electro-plating more than any other cause, In plating brassor bronze on steel in
a stationary tank there is a tendency to an excess or deficiency of the copper. This seems to
be overcome in the mechanical plater. The deposit of nickel, brass, copper, zinc, etc., in the
mechanical plater is a more protective coating for the same amount of metal used, resembling
more a burnished metal.
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: n’F gpgaratus_. It consists of a barrel A, in which are
%laced the articles to be plated. This barrel is revolved by belt device over the pulleys
or C, which provide two speeds. The barrel is removable at any time without inter-
fering with the device. The anodes D, D, are curved to fit the periphery of the revolving
barrel,and when the anodes are hung at each side of the tank, as shown, the work is always
equidistant from the ancles, thereby insuring a regular deposit of even depth. In setting
up and operating the mechanical electro-plating apparatus, connect the anode rod to the
positive wire of the main line, and the cathode rod to the negative wire. Use suitable
size wires for this purpose, as shown by the branch heles in the rod connections. Insert
a rheostat in the negative line between the tank and the main line. When the barrel is
being filled or emptied move the rheostat lever to the off point, so as to prevent the burning
or blackening of the work when it is being removed from the tank. This should receive
ﬂarticular attention when a hxgh voltage current is used. All contact points should be
ept perfectly clean. A strip of thin sheet lead, or a split length of rubber hose, bent into
the shape of a U, should be placed over the entire length of the anode rod to prevent
the slop and dirt from the solution impairing the contact of the anode hooks with
the positive rod, The revolving barrel may be operated at two speeds,” In order to
obtain the correct speeds, the countershaft should be driven at the rate of 10 revolutions
per minute. The following voltages should be used with the various solutions: Acid
copper solution, 13° Baume, 213 to 5 volts; cyanide copper and brass solution, 12°-15°
Baume, 4 to 5 volts; nickel solution, 10° Baume, 4 to 5 volts; zinc solution, 20° Baume,
6 to 10 volts. With the lower speed, almost any kind of article which will not hang to
the periphery of the barrei, may be handled with the lower voltages, The higher speed
and the higher voltages should be used for round articles, or those having no sharp edges
or corners, with a consequent shortening of the time of deposition. The best resuits are
obtained when the articles fill about one-half the barrel. The average length of time
required to obtain a good deposit of the different metals under proper working conditions
is approximately as follows: Acid copper solution, 20 to 40 minutes; cyanide copper and
brass sotutions, 30 to 45 minutes; nickel solution on brass, 15 to 30 minutes; nickel solution
on steel, 45 to 60 minutes; zinc solution, 124 to 2 hours. In the case of all solutions, the
crystallization of the salts during cold weather tend to give a great deal of trouble. There-
fore, all solutions should be kept at a temperature of 70 to 80 degrees Fahr., thereby per-
mitting_the use of denser und more highly conductive solutions, with a consequent
shortening of the time of deposition. A loop of bare steam pipe immersed in the solution
will serve to supply the necessary heat.
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cost of plating has been so marked that mechanical plating
apparatus is now recognized as a necessity in the metal manu-
facturing industry.
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¥1G. 4,556.—Waverly voltmeter with birding pests for fourteen lanks, thus enabling the
operator to use only one instrument in obtaining the reading of any number of tank up
to fourteen, by simply moving the switch lever to the tark numbers indicated on the
switch of the instrument, and, when uscd in connection with tank rheostats, will enable
the operator to reproduce at all times the same electrical corditions which by observation
and experience he has found neceusary in order to ubtain a sutisfactory deposit of uniform
thickness and color in the shortest possible time.

P1c. 4,557.—Connections and manipulation of rheostat on large copper, brass, and bronse
solutions where variations of voitage are necessary to secure different colors.

The Tanks, or Vats.—These vessels are for holding the
plating solutions, and should be made of well seasoned wood, liquid
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Ques. How should gilding solutions be kept?

Ans. In small enamelled iron tanks, provided with legs, so
as to permit the placing of a gas burner, lamp, or stove beneath
the tank.

A thermometer should be permanently fixed to the tank below the
surface of the solution, for ascertaining the right temperature of the
latter. The thermometer should be entirely of glass as the presence of
any metal attachment will be dissolved by the heat of the gild solution.
Thermometers with enamelled scales enclosed in glass tubes are the
most suitable,

L 0 oy g
1)

FiGs. 4,560 to 4,562.—Various dipping vessels. Fig. 4,560, deep glazed earthenware dipping

basket; fig. 4,561, shallow glazed earthenware dipping basket; fig. 4,562, aluminum wire
dipping basket. ‘The aluminum basket is adapted for use in washing and dipping in all
acng solutions, but cannot be used in potash solutions. Different shapes and sizes of
basket are required for various kinds of work. Successful dipping depends, however,
chiefly upon quick and careful handling rather than u{ion the shapes of the dip, therefore.
the holes in these baskets should be as large as possible, so as to allow the acid or cyanide
solution to drain out quickly.

Dipping Vessels.—These are employed for holding the
articles and dipping them into the various solutions used in
cleaning the articles preparatory to the plating.

All dipping vessels used in acid solutions should be made of vitrified
or glazed stoneware or glass. Various forms of dipping vessel are
shown in the accompanying illustrations.



ELECTRO-PLATING 3,161

—_—

Scouring, Swilling and Rinsing Troughs.—These are
usually made of wood, lined with lead and divided in the middle
by a partition, one part being used for scouring and the other
for holding clean water for rinsing the articles after they have
been scoured clean.

Scouring and Wash Out Brushes.—There are a variety
of thesc, made of various materials, and in many different pat-
terns and sizes suitable for different kinds of work.

P1Gs. 4,563 to 4,567—Vaurious brushes. Fig. 4,563, jeweler's shoe handle wash out hand brush;
fig. 4,564, flat scouring brush; fig. 4,565, cotton potash brush; fig. 4,566, sawdust brush;
fig. 4,567, wire foundry brush.

Fig. 4,563 shows a jeweler's wash out brush. They are made with
both straight and curved handles, and of brass or stee] wire, bristles
and tampico fibre. Extra soft brushes are made of goat’s hair.

Fig. 4,564 shows an example of a flat scouring brush of tampico
fibre. Their sizes are indicate by the number of knots included in the
length, and the number of rows of knots included in the width, The
brush shown is 5 rows wide, and 15 knots, about 10 inches long. Flat
brushes for nickel scouring are made of extra stiff tampico; they range
in width from 2 to 3 rows, and in length from 6 to 8 inches.

Brushes made of cotton and other vegetable fibre are commonly
known as potash brushes, They are used tor cleaning work requiring
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strong alkaline solutions for removing grease. Brushes made of animal
fibre cannot be used for this work, as they would soon wear away under
the dissolving action of the potash.

Other useful forms of brush are the horse hair sawdust brush shown
in fig. 4,566; various forms and sizes of wire foundry brushes shown in
fig. 4,567; cup shaped brushes of wire or bristles for watch case work,
and steel wire scratch brushes, operated by lathes, for cleaning and remov-
ing sand and scale from castings, which cannot be removed by pickling
processes. Figs. 4,568 to 4,571 show a circular steel wire casting brush.

PiGs. 4,568 to 4,571.—Hanson and Van Winkle swing type, circular steel wire, casting brush.
The steel wires are twisted in knots and the knots are hung on rods around the hub, as
shown in fig. 4,571, so that they will turn around the rods if the work be held too close to
the brush wheel, In using the brush the work should be held so as to be just in contact
with the ends of the wires. The brush.shown is about 15 inches in diameter, and should
not be run much faster than at the rate of 1,000 revolutions per minute. If the brush be
run too fast, or if the work be held too close, the wires will become crystallized and soon
break off. After the brush has been run for a while, the ends of the wires will become
bent and drag over the surface of the work; the brush should then be taken off the spindle,
turned around, and replaced with the hub next to the collar on the spindle, so that the
wire ends will again strike the surface of the work. When the wires are worn out a new
set of knot can be readily substituted for the old set by unscrewing the nut N and taking
off the hub plate P.

In the packed type of scratch brush, the wires are attached evenly
to the surface of the hub. The wires used are stiffer and will wear longer
than those of a swing brush, but they are more liable to breakage from
careless handling, and do not reach into uneven work as well as the
latter.

Tumbling or Rattling Barrels.—Small objects, such as
small castings, stampings, etc.. that are not required to have
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square edges, are best cleaned by tumbling, or rattling, as it
is called in foundries. Large quantities of work are thus easily
and cheaply cleaned without much manual labor, which is the
expensive item in polishing. If rough castings are being worked,
the sand, scale, etc., adhering to them is allowed to remain in
the barrel, where it acts as a polishing powder, brightening the
parts which are not reached by the metal of other castings;
but when tumbling for a bright finish, the sand, dirt, etc., are
exhausted by means of the blower, so that the surfaces are
finely polished by friction only—burnished, as it were, by

Fi1G. 4,572.—Hanson and Van Winkle tumblin% barrel with convex head for dry tumblin?
O

Tﬁe_ type of barrel is especially adapted for removing burrs and for smoothing small

castings. This barrel gives three distinct motions to the articles: rolling, shaking, and
spreading.

rubbing against other metal of the same kind. A strong exhaust

should be kept up when polishing in this way or the finish will
be dead instead of bright.

Bright work can only be obtained by long continued tumbling, and the
bright finish comes rather quickly after all the pieces in the barrel
become smooth, accordingly, 1t is necessary not to add any pieces once
the barrel is charged, or the work will not finish evenly.

Ques. How should the speed be regulated in tumbling?

Ans. The speed should be so adjusted that the articles will
have time to “tumble’” down upon and slide over each other
as much as possible.
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If run too fast, centrifugal force will cause the articles to cling to
the sides.

Steel Ball Burnishing Barrels.-—Burnishing with steel
balls is done both on small articles preparatory to plating and
also- on articles that have been plated and require a highly
burnished finish.

This process is intended for burnishing large quantities of small
metal articles and for that purpose is more practical, more effective,
and more economical than any other method. This process is especially

~

PiG. 4,573.—Hanson and Van Winkle tumbling barrel for wet grinding or polishing. It is
or

intended for sand and water grinding, washing out core gand, etc., and is adapted for brass
castings. The barrel is provided with a gland for connecting a water pipe to supply a
constant flow of water.

adapted for figured work as the steel balls used readily slide in and out
of the crevices, angles, and curves and give the parts being tumbled
a high luster that cannot be obtained by any other method.

Almost as fine a surface may be obtained by burnishing in this manner
as can be obtained by buffing.

It should be noted that successful burnishing by this method depends
upon using enough steel balls of proper size. The balls used run from
é/g inch to 14 inch in diameter, but for general use the smaller balls do

etter work.

As the balls do the burnishing enough should always be used. so
that the articles will not rub one another. A good rule is to use two
Eails of ball for each pail of work and for each pail of work a pail of

ot water is needed. Before adding the water dissolve in same about
six ounces of borax soap, ivory soap, or some other mild, pure quali
soap. Common soaps will not answer as they contain alkalies, etc., whi
attack both the balls and the work.
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Polishing Powders.—In order to hold fine powders on the
wheels and buffs, they must be mixed with some medium that
will perform this office and at the same time act as a lubricant,
to the work.

The best powder consists of the largest proportion of powder pe:
part of ‘“‘binder.”

P5G. 4,574.—Hanson and Van Winkle steel ball octagon shape burnishing barrel. It is mudz
Of cast iron and has a hard mayple lining. .

Manufacturers put up powder in the form of a cake that is hard
enough so that a small amount of composition may be evenly dis.
tributed over the entire cutting surface of the buff by holding the
cake against the buff while it is in motion.

Dolishes are generally designated by the manufacturer in such a
way as to show the metal they are to be used upon, and the grade of
E:)lishing material as: Nickel rcuge, hard No. 1. nickel rouge, hard

0. 2, etc.

The polishing compositions generally employed are various prepara-
tions of rouge, tripoli, crocus, white rcuge, Vienna lime and powdered
purnice stone, described as follows:
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Rouge. This is used either in stick or powdered form, the
former to remove any scratches and to put on the first polish; the
latter mixed to the consistency of their soft paste with alcohol
and water for giving the finished polish or color. Rouge is put
up in various grades, either in hard or powdered form, suitabla
for use with different kinds of metal.

FP1G. 4,575.~Method of applying lacquers. Tnstructiars: Use a glass tumbler or porcelain
cup as a container. Apply a flowing coat with a soft brush. ~A stif brush will cause
foaming or small air bubbles, and will require a heavier body lacquer. Prepare the work:
the same as for plating. It must be absolutely clean and free from grease or moisture.
It requires only the smallest amount of moisture to ruin the work. Use the lacquer as thin
as possible without showing iridescent colors. Dry in a temperature of 100° Fahr., if

ssible, using a thermometer. Brush lacquers will dry in the ordinary temperature, but
aking 1mproves the finish, Iridescent colors are in most cases caused by the lacquer
being too thin, or by carelessness in removing the pclishing composition or rouge from the
work. Iridescent colors will often disappear when the article is given a second coating
of lacquer after the first has dried. When the body becomes too heavy it needs thinner.
Be sure to use only a thinner of the same grade as the lacquer.

These various grades are known by the trade as gold rouge,
silver rouge, nickel rouge, brass rouge and glass polishing rouge.
Gold rouge is the finest of all.
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All gold and silver work being finished on buffs should be
washed in hot soap suds containing a little ammonia, then rinsed
in hot water and dried in boxwood sawdust, or with clean soft
rags. Other kinds of sawdust are liable to discolor the metal.

Tripoli is used mixed with tallow and beeswax, melted together
and run into moulds of convenient size. If made in the shop, care should
be taken to avoid the use of an excess of either tallow or beeswax, as
the former is liable to stick to the work and may be removed only with
great difficulty; while the latter will render the work greasy and dirty,
and retard the work of buffing or polishing.
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€1G. 4,576.—1'he lacquer room. W hen possible, a scparate rooin should be used for lacquering,
“or a portion of the shop may be partitioned off for the purpose in order to avoid all dust
or moisture. If the room be heated by steam pipes, it is advisable to have the regulating
valves outside. The lacquer room should be light, dry, and well ventilated. When it is
necessary to use artificial light, it is safer and better to use incandescent lamps. Do not
have a stove or gaslight near the lacquer room, as both the lacquer and thinner, as well
as the gases which arise from them, are very inflammable. The most suitable dryers for
this ?urpose are shee: metal ovens, zinc lined wooden ovens, or wooden closets with dust-
ﬁroo doors, these to contain a steam radiator with regulating valves on the outside.
ods or hooks can be placed at a convenient height on which to suspend the work with
wires. Shelves or racks of wire netting will also be found very convenient. Keep a ther-
mometer in the dryer. Keep the temperature at about 100° Fahr.

Crocus is used mixed with tallow and oil, only a sufficient amount
of the latter ingredients being used to allow the mixture to be made
into cakes, and to furnish the proper lubrication. Crocus compositions
are used chiefly for finishing steel goods such as fine cutlery, surgical
instruments, tools, etc., which require a high finish. It is also used
for finishing plated articles of brass or nickel.
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Vienna lime is used in buffing nickel and silver ware. In order
to be effective it must be used while slacking. It is usually put up in
the form of pressed bars which are dipped into paraffine and then
wrapped in paraffine paper. This treatment makes it air tight, and
prevents it slacking until it is being used, when it is disintegrated
with slight pressure, and slacking in the air gives the metal a chemically
clear surface. It is extensively employed in watch factories.

Pumice stone or rotten stone powder is employed for polishing
Britannia metal and other soft metals, which would roughen, become
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PFIG. 4,577.—Wiring details, two wire, four tank installation.

distorted in shape, or melt under the ordinary methods of polishing.
Such articlcs are polished with small leather wheels and bobs of walrus
hide, bull neck leather, or sheepskin, according to the requirements
of the work, revolving in a box containing the powder mixed with a
little oil. The amount of oil used should be just enough to keep down
the dust and prevent the powder flying all over the room, but not
enough to make the powder lumpy or sticky to the fingers. The polisher
holds the work with one hand, so that it will barely touch the wheel,
and applies the pumica to the work with the other hand.
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Solutions for Electro-plating with Different Metals.—
These may contain the necessary constituents in various per-
centages. The following solutions are considered the best in
gencral practice.

Twenty-four carat Gilding Solution.—Take 12 pennyweight

of pure gold, roll it out as thin as possible with jewelers’ rolls. Heat it
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F1G, 4,578.—Wiring details, three wire, four tank installation.

gently with a blow pipe to a red heat, and after it has been allowed to
cool, cut it up into small pieces, and place the latter in a porcelain lined
evaporating dish. Then pour in two parts C. P. hydrochloric acid,
and one part C. P. nitric acid; the latter should be added slowly and
stirred with a glass rod. Place the dish in a sand bath over a gentle
heat until all the metallic gold disappears, then accelerate the evapora-
tion of the acid by occasionally tipping the dish from side to side until
all the acid is evaporated, leaving the chloride of gold on the bottom
and sides of the dish, in the torm of a brown deposit.
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of fine gold and the latter being composed of 80 parts of copper, 83
parts zinc, and 6 parts nickel.

_The best solution for silver plating is the double cyanide of
silver and potassium solution.

The single cyanide of silver is prepared by adding a solution of
cyanide of potassium to a solution ot nitrate of silver until a precipitate
ceases to form.

The double cyanide of silver and 4potassium is prepared by dissolving
an equivalent of silver cyanide (134 parts) in a solutior containing an

#xG. 4,581, —Polishing and buffing head. Polishing and buffing heads range in size from thoss
rufficiently strong to run wooden polishing wheels up to 16 inches in diameter, and those
designed to run 9 or 10 inch buffs at 3,000 revolutions per minute, to those known as light
polishing heads, capable of being operated on a bench without the use of a counter shaft.

equivalent of cyanide of potassium (65 parts). The silver plating solu-
tion is made up with distilled water, the proportion by weight of silver
per gallon of water varying from 14 ounce to 5 ounces or more.

The best nickel plating solution is that which is made up of the
double sulphate of nickel and ammonium, in the proportion of 12 ounces
to one pound of the double salt to each gallon of solution. The crystals
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should be dissolved in boiling water in a wooden tub, frequently stirred:
and cold water added to make up the desired quantity. After the
solution has become cool it should be filtered through a large volume,
1,000 gallons or more, held in large lead lined tanks.

Electro-plating with copper is employed chiefly to form a coating
on iron, steel, tin, zinc, lead, Britannia metal and pewter articles pre-
paratory to silver plating the same, for the reason that silver will not
adhere perfectly to those metals, while on the other hand, silver wil¥
adhere perfectly to copper and copper to the soft metals.

The copper plating solutions employed for this purpose, and for
electrotyping are acid solutions of copper sulphate.

Prss. 4,582 to 4,591.—Steel spindles used with polishing head.

Polishing and Grinding Machines.—Thcesc machines, or
heads consist of a stand carrying a small pulley between two-
bearings with shaft extended at each end to take the various
buffing, polishing and grinding wheels, brushes, ete.

Fig. 4,581, shows a type of polishing and buffing machine suitable:
for both light and heavy work. It 1s provided with tapered steel.
spindles, wide bearings, and is designed for high speed. The forms of:
steel spindle used for different kinds of work are shown in figs. 4,682

to 4,591,
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Foot power polishing wheels are made in a great variety of form,
and are chiefly used ir. small jewelers' establishments for buffing watch
cases, rings and other small articles.

Polishing Wheels.—These are made of canvas, wood, felt,
leather, and walrus hide. Rough heavy castings are first ground
upon coarse solid emery or carborundum wheels, usually run
at a slow speed, not exceeding 1,000 revolutions per minute.

Where no exhaust fan is provided, some form of glass or metal shade

B16. 4,592.—Hanson and Van Winkle polishing and grinding machine with electric motor
drive, The magnetic frame is made of a coebination of cast iron and cast steel, having
many ribs around the top, back, and bottom to assist in kee ing the motor cool under all
conditions of load, and enabling it to withstand heavy overl%ads. The poles are of steel
castings, and are of round cross section, The switch, startin, box, and regulator are
contained within the stand, with the operating handlesextending t%rough suitable openings,

n important feature of these machines is the ability of operator to regulate the speed of
the wheels, running them a the spreds most suitable for the work in hand. This regulation
of the si)eed Is accomplished by the simple movement of a handle, the speed remaining
Practica

should be placed over the wheel for preventing the particles of emery
and metal flying into the face and eyes of the workman.

Where emery wheels are continuously used, their grinding surfaces
soon become glazed, and tend to cut very slowly. The glaze should
be vemoved by means of an emery wheel dresser,
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Canvas wheels are commonly called roughing out wheels.

The first operation in polishing rough castings after they have been
trimmed up and the gates removed, is the use of canvas wheels set up in
No. 60 or 70 emery. They are composed of several thicknesses of
canvas or duck, cut into discs and glued or cemented together to the
required thickness. They are not fitted for working on machine parts,
tools, etc., in which sharp edges and square corners are necessary.

Wood wheels are usually employed for roughing out work in which
sharp corners and straight edges must be preserved. As these wheels

AL T
— \
AN
\ \ \
W
Qoo \ e
\ \2 y
2
220 \ ] -q\’; ,{
% Y,
e \ ’{ 2, s,
%
; N> %
3800 \ %, @'/ &S
v & & ¥
1505 A 3 @ \"o)
\ AR e &
- @ S
2, AN R, N
% & N
2300 ,
Q%._ N - Ly ™~
) ZL J&
100 "b"e T’v‘,’ g
o T,
| Nite i
- ! &R Ve —
| Tt
- | | I —
[ 8 w 12 }1Y 10 3 W a 2 <3 = N n H o "s8

G, 4,593.—Speed curves for emery and polishing wheels. There can be no hard and fast

rules for the speed of emery and polishing wheels since there is so great a variety in the
nature of the work to be done, but a peripheral speed of about a mile a minute for ordinary
emery wheels is commonly regarded as good practice. For water tool grinders the speed 15
usually about two-thirds that of dry grinders, while on the other hand, polishing wheels
are generally run at about one and one-half, and buff wheels at twice the speed of dry

i i ining the revolutions
that will give the above speeds and will be preferred by many to a table of figures. It
is only necessary to trace a vertical line from the figure representing the diameter of the
wheel to the proper curve and from the intersection point to trace a horizontal line t0

the figure which will give the revolutions per minute,
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are run at speeds ranging from 1,000 to 3,000 revolutions per minute,
they are usually built of selected kiln dried lumber one-ha inch thick
laid up with the grain cross in alternate layers, and then rigidly glued
together. They are usually rovered with heavy oak tanned leather,
They may be used on any work requiring a hard, firm wheel, and they
may be set up in any grade of coarse or fine emery.

When the emery begins to wear off, they should be washed in a wheel
washer, or the old emery and glue may be removed by means of ar
emery stick or buff stick.

Felt wheels are the kind most extensively used, as they are the best
suited for general purposes. They can be used for roughing, grinding,
polishing and finishing, and when the glue and emery have been

A

FaG. 4,594.—Walrus or sea ho-se leather. Walrus leather has a peculiarly tough grain making
it especially adapted for polishing wheels. It is extensively used for polishing iron, steel,
brass, cutlery, silverware, esc., where a fine polish is required. It can be used with emery,
‘¢rocus, rouge, or rotten stone and gives a smooth fine finish to the work. The leather
is used in_the form of solid wheels or cut into strips which are used for covering wood
wheels. Walrus hides are invariably uneven in thickness and in order to avoid any mis-
understanding as to thickness when purchasing, it has long been a recognized custom of
the trade to measure the thickness at the part of the hide marked A.

removed, and a little suitable polishing compound, such as rouge or crocus
is applied, they will give the highest polish to nickel plated articles of
iron or steel. They are made in several grades, known as Mexican
brown, French gray, Spanish white, ete. The Spanish white is the
most expensive in first cost, but as it lasts longer and gives better results

than the others, it is the cheapest and best in the end.

Walrine wheels niade of Walrus hide represent the most efficient
type of leather wheel. Their flexibility and elasticity combined with
their hardness render them especially suitable for hard grinding. They
are made of discs of hide varying from 3{ to 114 inches in thickness.
The hides require from three te five years for tanning and possess &
very tough graig
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These wheels are used chiefly in giving a fine polish to silverware,
brass goods, bicycle parts, stoves, cutlery, edge tools, agricultural
implements, etc. They can be used with crocus, emery, rouge, or
rotten stone, and give a smooth fine finish to the work.

In using Walrine wheels, screw on pindle only tight enough to hold
in place. Any flutter or side motion can be remedied by side pressure
of the hand, or by either loosening or tightening the net on the s indle.
Always run in the direction indicated by the arrow marked on the face
of the wheel.

For silver, nickel, or brass work, use the soft and medium grades;
for stove, axe and plow work, and for saddlery hardware use the medium
grade; for gold, brass, emery hard grinding “and for grease or oil work
use the hard grade.

Ques. How do buffing wheels differ from the various
kinds of grinding and polishing wheel?

Ans. They differ in that they are usually made of loose
sections of sheep skin, or unbleached cotton cloth or muslin.

Ques. How are they used?

Ans. Various kinds of buffing composition are held against
the buff from time to time, for setting them up during the
progress of the work.

Ques. At what speed do buffs cut best?
Ans. At a speed that will make them stand up stiffly.

For cutting down work, buffs should be run at speeds ranging from
16,000 to 15,000 feet per minute, rim velocity, while for coloring work,
they should be run from 5,000 to 8,000 feet per minute. As a rule,
the larger the buff the greater will be the amount of work that may be
accomplished in a given time.

Pickles and Dips.—While the best polish is secured by
grinding and wheel polishing, many articles are best cleaned
chemically by immersing them in solutions which dissolve the
scale, grease, etc., adhering to them, leaving a clean but rough
surface which must be polished afterwards.
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Ques. What are pickles?

Ans. Solutions intended for prolonged action on rough
surfaces.

Ques. What are dips?

Ans.  Solutions intended for momentary action on a surface
already smooth.

Fre. 4,595—Dipping or immersion; a method of chemically cleaning many articles consisting
of dipping them in solutions which dissolve the grease scale, etc. Successful dipping de-
pends chiefly upon quick and careful handling rather than upon the dips themselves, ar}d
the holes in these baskets should be as large as possible to allow the rapid escape of acid
or cyanide. The usual sizes of hole in dipping baskets are 14, Y, 34, 14, %, %, %, to 1
inch in diameter.

Ques. What precautions should be taken in pickling

and dipping?
Ans. The art