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IV—ELEVATOR CONTROLLERS 

TH E elevator controller is one of the mos t important 
and at the same t ime perhaps the mos t compl i ­
cated part of the equipment as it provides m a n y 

of the safety features. The smooth operation of the 
elevator car is largely dependent upon its functioning, 
and the design affects the power consumpt ion to a 
marked degree. Considerable e c o n o m y can be o b ­
tained b y selecting the best type for each particular 
application. 

CHARACTERISTICS 

A m o n g the more important characteristics of the 
control are safety and reliability, al though the m o t o r 
selected should have characteristics that render it 
inherently safe for elevator operation. T h e connec­
tions to the controller must permit s topping the car 
at any t ime under any condit ions of load ; it should 
automatically s top upon the release of the car switch 
handle b y the operator. T h e elevator car must b e 
s topped automatically at each limit of travel to pre­
vent it from traveling into the pi t at the b o t t o m or 
sheave beams at the t o p of the hoistway. T h e question 
of safety is associated with that of reliability. Even 
if the scheme of control is essentially safe, its proper 
functioning depends upon the apparatus being reliable. 

Controllers must be designed and built to withstand 
frequent severe operat ion; one half a million operations 
a year, part ly at least with inexperienced operators 
who do a great deal of ' ' inching" for landings, no t 
being unusual. Frequent plugging is c o m m o n , with 
resultant high currents to be commuta ted . Also 
the location of elevator machinery is no t conducive 
to regular inspection, and frequently maintenance is 
left to the janitor of a building who ordinarily knows 
little about electrical apparatus and its care. 

Elevators are installed in buildings for the purpose 
of carrying passengers between the ground floor and 
the upper floors. M a n y buildings are so tall that it 
would be a distinct hardship and often an impossi­
bility for the tenants to walk up and down stairs. I t 
is, therefore, necessary to have the elevators in opera­
ting condit ion at all times. In the event of fire or 
accident it is important that they should function 
properly to remove the tenants from the upper floors 
of the building. 

Frequently the elevator equipment is located a b o v e 
the hoistway or adjacent to it, so that it is essential 
t o have the controller quiet; otherwise it m a y disturb 
the persons w h o occupy the upper floors. 

Al l unnecessary complicat ions should be eliminated 
from the controller and all essential adjustments should 
be readily understood and easily made. After being 
adjusted the parts should remain fixed under normal 
operating condit ions. 

T h e controller should be neat in appearance and all 
working parts readily accessible for inspection and re­
pairs. I t should be so located as to provide ample 
working space around it, and sufficient illumination 
should be provided to facilitate inspecting and repair­
ing this apparatus. 

FUNCTIONS 

T h e elevator controller performs a number of diff­
erent functions, among the mos t important of which 
are the fol lowing: 
To start the motor and accelerate it to full speed in either 

the up or the down direction, and to stop it at the 
will of the operator. 

T h e starting and the stopping of the motor is per­
formed b y switches which must make and break the 
electric circuit. These switches are subject to con­
siderable burning and should be of such design as 
to withstand this act ion with infrequent repairs and 
renewal of parts. T h e smooth acceleration and re* 
tardation of the mo to r are mos t important, and usually 
present the greatest difficulties in the design of the 
controller. Under different condit ions of loading, the 
mo to r m a y act either as a mo to r or as a generator; 
therefore the usual methods of accelerating and retard­
ing with a posi t ive load m a y not give smooth operation 
when the load is negative. For example; when resist­
ance is inserted in the armature circuit of a d-c. 
mo to r under a posit ive load, the speed of the motor 
decreases in proport ion to the resistance which is in­
serted. If, on the other hand the moto r has a negative 
load and is operating as a generator, the more resist­
ance inserted in the armature circuit, the faster will 
be the mo to r speed. I t can b e readily seen, therefore, 
that the ordinary methods of control are no t suitable 
for elevator service. T h e same remarks apply to a 
slip-ring induction mo to r with resistors in the secondary 
circuit. 
To control the speed of the motor at the will of the operator. 

T h e various methods of speed control will be dis­
cussed under a separate heading. I t is necessary for 
the control to provide for one or more reduced operating 
speeds in order to make a satisfactory landing, par­
ticularly where the car speed is high. These low 
speeds should be posit ive so that they are available 
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when the mo to r is operating as a generator as well 
as under posit ive load. 
To stop the elevator at each limit of travel. 

The elevator car travels in a hois tway which is 
limited at the b o t t o m b y a pi t and at the t o p b y the 
beams which support the sheaves and often the winding 
machinery. 

Low-speed elevators can be readily s topped at the 
top and b o t t o m landings wi thout a preliminary slow­
down device, bu t the higher-speed passenger elevators 
must be slowed down before the terminal landings are 
reached in order to make a successful s top. This can 
be better understood if we consider that the car m a y 
be approaching the b o t t o m landing in one case with 
no-load and in the other case with the max imum load. 
If the car operates at a speed of 400 or 500 ft. per min. 
the loaded car will drift considerably farther than the 
empty car when the controller disconnects the mo to r 
from the line and applies the brake. T h e terminal 
stops must be so adjusted that the car will reach the 
b o t t o m landing with a light load. I t will, therefore, 
drift considerably b e y o n d this landing with the maxi­
m u m load. If the controller provides means for re­
ducing the speed of the car to 50 or 100 ft. per min. 
before the final s top is made the difference in drift 
between no-load and full-load will be ve ry small 
and a satisfactory s top can be made . 
To provide additional means for disconnecting the motor 

from the line and applying the brake in case of 
overtravel. 

The car is s topped at either limit of travel b y the 
regular s low-down and stopping device, bu t should 
this device become inoperative, additional means are 
provided for posit ively disconnecting the mo to r from 
the line and applying the brake in case the car travels 
beyond its ordinary limits. This latter means usually 
consists of hoistway limit switches so arranged that the 
car will open them and s top if it travels beyond its 
usual limits. 
To provide a brake which will positively stop the car and 

hold it securely at the landing. 
T w o forms of brakes are used. One is a mechanical 

brake which is applied b y a spring and released b y a 
magnet. This brake is set when the magnet coil is 
disconnected; it is used for making the final s top and 
holding the load. T h e other is the dynamic brake 
which is used on direct-current machines to assist the 
magnet brake in s topping the machine. This is o b ­
tained b y connect ing the terminals of a d-c. mo to r 
to a resistor, the mov ing load driving the m o t o r as a 
generator. B y changing the resistance in the armature 
circuit the retarding torque can be adjusted to suit 
existing condit ions. T h e satisfactory s topping of the 
car depends upon the proper adjustment of these t w o 
methods of braking. 

The controller should govern the mo to r in an eco­
nomical manner. T h e degree of e c o n o m y will differ 
for each type of equipment . T h e current which passes 

through the resistor units represents a direct loss of 
energy; therefore the longer this resistance is in circuit, 
and the more current that passes through it, the less 
the efficiency of the elevator. 

M E T H O D S OF OPERATION 

A controller m a y be operated in several ways : 
Hand Rope and Lever Control. This consists of 

a rope which runs the full length of the hoistway in 
the form of a l oop . (Fig. 7 shows the electrical equip­
ment) . One half of this loop passes through the elevator 
car. Whi le the car is in operation this rope is stationary. 
In order to start, the operator pulls on the rope. This 
m o v e s the controller and connects the mo to r to the 
line for the proper direction of rotation. W h e n the 

F I G . 7 — S E L F - C O N T A I N E D A - C . S E M I - M A G N E T ELEVATOR 

CONTROLLER 

With phase failure, phase reversal and low-volt age protection. 

desired landing is reached the operator takes hold 
of the rope so that the m o v e m e n t of the car pulls the 
rope in the opposi te direction and brings the car to rest. 
This method of operating elevators is used for low-speed 
freight machines. A lever or hand-wheel m a y be used 
for manipulating this rope instead of having the o p ­
erator pull on the rope directly. At tachments of this 
kind enable the operator to govern the controller at 
higher car speeds, bu t they are rather cumbersome 
and no t as desirable as full electric control . 

Car Switch Control. This method consists of locating 
a master switch in the car. (Figs. 8 and 9 show typical 
control panels.) T h e m o v e m e n t of the master switch 
handle to either side causes the car to travel in the 
direction desired. T h e connect ions are usually made 
so that the movemen t of the handle toward the door 
or front of the car causes a downward mot ion and a 
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movement in the reverse direction an upward mot ion . 
The switch is arranged with a spring for centering the 
handle in case the operator releases it, thus bringing 
the car to rest. The handle is provided with a latch 
for holding it firmly in the "of f" posit ion to prevent 
accidental starting of the car. 

FIG. 8 — F U L L - M A G N E T D - C . ELEVATOR CONTROLLER 

This master switch is connected b y wires with con ­
tactors on the control panel and operates the elevator 
b y energizing the magnets of these contac tors . T h e 
acceleration of the car is au tomat ic so that the car 
switch is used on ly to determine the direction of travel 
and to select the proper operating speed. 

Push Button Control. This me thod of controll ing 
the car provides for automatical ly s topping it at the 
desired landing. (Fig. 10 shows a typical control 
panel.) I t has a particular field of application in 
apartment houses, small hotels, stores, clubs, etc . 
where the service does no t warrant the expense of a 
regular operator. T h e control itself is inherently more 
complicated than other types and therefore is no t quite 
as reliable. I t is a t ime and power waster because so 
m a n y trips are made with light ioads and wi thout 
regard to floor demands. 

A push bu t ton is located near each landing door . 

W h e n a bu t ton is depressed momentari ly, the proper 
connect ions are set up in the controller to m o v e the 
car to that particular landing and to automatical ly 
s top it when it reaches the landing. Inside the car 
is located a series of but tons, one but ton corresponding 
to each landing. W h e n the passenger enters the car 
and closes the landing doo r and car gate he momen­
tarily presses the but ton corresponding to the desired 
landing. T h e car then travels to that landing and 
automatical ly stops. T h e control for elevators of this 
kind is substantially the same as for an elevator using 
a car switch, with the addit ion that a selector switch is 
provided which is driven either b y the machine or b y 
the elevator car and makes the connect ions that auto­
matical ly s top the car at the desired landing. One 
form of selector is shown in Fig. 11. 

Dual Control. Dual , or combinat ion , car switch and 
push bu t ton cont ro l fills a demand where the service 
justifies the employment of an operator for only part 
of the t ime that the elevator must be in service. This 
demand comes in larger apartment houses, industrial 
office buildings, clubs, etc . Its first cost is higher than 
that of any other type , bu t due to the two different 

F I G . 9 — D - C . GEARLESS TRACTION ELEVATOR CONTROLLER 

forms of control is somewhat more reliable than the 
straight push bu t ton cont ro l . Push but tons are pro­
vided at each landing for calling the car to that landing. 
A set of push but tons and a master switch is placed 
inside the car. M e a n s are provided to render the push 
but tons within the car inoperative when the car switch 
is being used. A t the same t ime the connect ions to 
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the landing push but tons are transferred to the annun­
ciator operation. 

M E T H O D OF A C C E L E R A T I O N 

The elevator m o t o r is automatical ly accelerated from 
rest to the operating speed. There are several me thods 
for obtaining this au tomat ic acceleration. A m o n g the 
more c o m m o n methods are the fol lowing: 

FIG. 1 0 — A - C . F U L L - M A G N E T ELEVATOR CONTROLLER 

With floor selector relays for push-button operation. 

Time Element Acceleration. Th is is based on the 
principle that t ime is required to accelerate the moto r . 
Usually the device provides a definite t ime for accelera­
t ion independent of the load of the car. One of the 
most c o m m o n devices of this t ype is a dash-pot, either 
air or oil. 

T h e advantage of this method of acceleration is the 
smooth start which it provides under all condi t ions of 
loading. Sufficient resistance can be provided to 
start the car smooth ly with a light load. W i t h a heavy 
load the t iming device short-circuits sections of resist­
ance until the mo to r develops sufficient torque to 
accelerate the load. Wel l designed accelerators of this 
type are no t materially affected b y variations in line 
vol tage. 

Counter E.M.F. Acceleration. This me thod makes 
use of the principle that the vol tage across the ter­
minals of the elevator mo to r increases with the speed 

of the m o t o r so that magnet contactors connected 
across these terminals have their magnet ism increased 
with the speed of the m o t o r and can be adjusted to 
short-circuit sections of the starting resistance cor­
responding to different mo to r speeds. These magnetic 
contac tors when properly designed are no t affected 
seriously b y atmospheric condi t ions, dust, or dirt, and 
therefore should remain in adjustment. This method 
of acceleration is sensitive to a variat ion in line voltage, 
bu t elevators are usually connected to the same service 
lines that furnish the lighting for the building and the 
vol tage regulation is generally ve ry g o o d . Where 
poor regulation exists, special devices can be used to 
compensate for vol tage fluctuation. T h e starting 
resistor should permit the m o t o r t o deve lop sufficient 
torque to start the max imum load. 

Current-Limit Acceleration. This me thod of accelera­
t ion is dependent upon the current taken b y the motor 
during acceleration. T h e mo to r must draw sufficient 
inrush current from the line to deve lop the torque neces­
sary to start hoisting the max imum load. After this 
load has been started from rest the friction decreases 
as the running friction is less than the static friction; 
therefore, a larger part of the mo to r torque is available 
to accelerate the load, and the m o t o r increases in speed 
until the torque developed is just sufficient to balance 
the load. A t this value of current a relay closes the 
contac ts to the next accelerating switch which in turn 
accelerates the mo to r to a higher balance speed. This 
process is repeated until all of the starting resistance 
has been short-circuited. W i t h this method of control 
the moto r is accelerated at a constant torque value, and 
therefore it reaches full speed quicker with a light load 
than with a heavy load as more torque is available for 
acceleration. 

All magnet ic contactors require an appreciable t ime 
to close so that any control system using contactors 
will have some t ime element. B y modifying the 
design of these contactors the t ime element can be 

FIG. 1 1 — E L E V A T O R FLOOR SELECTOR 

increased. This small t ime element is useful when the 
counter e. m . f. or current-limit me thod of acceleration 
is used t o assist in giving a smooth start. 

Another element which contr ibutes towards smooth 
operat ion is the induct ion in the m o t o r circuit. This 
induct ive act ion checks the rush of current at the t ime 
a contac tor short-circuits a section of armature resist-
tance. T h e induct ive effect m a y be increased b y 
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adding an impedance coil to the circuit or b y a special 
design of the elevator mo to r itself. T h e t ime constant 
of the moto r m a y be increased b y several well known 
methods, thus smoothing out the transition between 
the steps in the controller. ' 

A n elevator moto r m a y be accelerated b y a combina­
tion of t w o or more of these methods . A s pointed out 
above , there is always some t ime element in every 
contactor , which m a y be increased b y special design, 
this giving a combinat ion of time element acceleration 
with either counter e. m.f. or current-limit acceleration. 

V. Methods of Speed Control. T h e speed control of 
the elevator moto r is very closely associated with the 
method of acceleration and m a y assist materially in 
smoothing out this acceleration. T h e method of speed 
control depends upon the type and design of mo to r . 
Some of the methods are as fol lows: 

By Adjusting the Field Strength of the D-C. Motor. 
M o s t direct-current motors can be operated at dif­
ferent speeds b y simply changing the strength of their 
fields. The range of speed obtained depends upon the 
design of the motor . If a considerable change in speed 
is required b y this method, a larger and more expensive 
motor is required than for the ordinary constant-speed 
design. If the moto r is massive and responds slowly 
to a change in field strength, very little difficulty is 
introduced b y this method of speed control . If, how­
ever, the mo to r responds quickly, relays or other devices 
are used to limit the current during the change in 
speed. This method of speed control is ve ry popular, 
particularly for the higher-speed, geared elevators. 
This is a very economical method of speed control . 

By Connecting Resistors in Series and in Shunt with 
a D-C. Motor Armature. T h e shunt resistor has a 
stabilizing influence and limits the speed variation under 
different condit ions of loading. This method of 
control is very c o m m o n l y used to obtain the low speed 
from which a landing is made . W i t h the same amount 
of resistance the speed will va ry considerably, depend­
ing upon whether the moto r has a posi t ive or negative 
load, bu t for making a landing this speed range is no t 
t oo great to obtain practical results. I t is the least 
economical method of speed control of a d-c. mo to r and 
is therefore, generally used only for obtaining the 
landing speeds. 

By Applying a Variable Voltage to D-C. Motor 
Terminals. T h e best known system of this kind is 
where a separate generator is used for each motor , the 
generator field being changed to obtain the different 
motor speeds. Where the generator is properly 
designed the elevator mo to r can be operated from rest 
to full speed in either direction b y changing the strength 
and the direction of the generator field. A g o o d 
arrangement for the motor-generator set is to use a 
single mo to r driving t w o generators in order that the 
elevators m a y be shut down in pairs to eliminate the 
s tandby losses. 

By Applying Several Different Voltages to the Ter­

minals of a D-C. Motor. These different voltages are 
usually obtained from a motor-generator set having 
several different generators, each generator providing 
a different vol tage. T h e transition between voltages is 
obtained b y inserting resistance in the armature circuit. 
W i t h this method of control it is necessary to reverse 
the armature connect ion to reverse its direction of 
rotat ion. One mo to r generator set usually supplies 
several elevators. 

Where a storage bat tery is available the intermediate 
values of vol tage m a y be obtained b y taps taken from 
this battery. 

T h e last t w o methods of control have been used to a 
limited extent. These increase the first cost of the 
installation bu t m a y reduce the cost of power b y elimi­
nating most of the rheostatic loss during acceleration and 
s lowdown. This is of particular advantage in cases 
where the elevator mo to r has little speed regulation 
b y shunt field control . 

By Changing the Number of Poles of an A-C. Motor. 
These motors are of the induction type and m a y have 
either squirrel-cage or wound secondaries. T h e y are 
usually provided for t w o different pole combinat ions; 
one, a large number of poles giving a low speed from 
which the landing is made and the other a smaller 
number of poles providing the regular running speed. 
T h e primary m a y have either t w o sets of windings, one 
for each set of poles, or a single set of windings arranged 
for t w o sets of connect ions. T h e introduction of the 
two-speed a-c. mo to r has enabled the operating speeds 
of a-c. elevators to be materially increased. One of 
the mos t popular combinat ions is a 3 to 1 ratio, although 
motors are n o w built with a 6 to 1 ratio. 

By Changing the Frequency of Power Supply to an 
A-C. Motor. This method of control has been very 
little used up to the present. The most convenient 
method of obtaining the reduced frequency is to provide 
a small frequency changer which can be connected to 
the primary of the elevator mo to r when a low speed is 
desired for making a landing. 

D E T A I L S 

T h e elevator controller is made up of a number of 
unit parts, each of which performs a function in con­
trolling the elevator. T h e parts usually found in a 
controller together with their functions are as fol lows: 

1. A line switch for disconnecting one side of the 
mo to r from the line. This switch m a y be operated 
every t ime the car is m o v e d or it m a y remain normally 
closed and be opened b y a safety device or b y failure 
of line vol tage. 

2 . Reversing switches which change the direction 
of rotat ion of the mo to r and are normally used for 
opening and closing the mo to r circuit. Some of these 
switches operate each t ime the car is m o v e d . For 
magnet control either t w o double-pole or four single-
pole switches are used. 

3. T h e accelerating device which automatical ly 
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short-circuits the starting resistance when the mo to r is 
being brought from rest t o the operating speed. A 
similar device m a y be used t o limit the armature cur­
rent when the field strength is changing. 

4. A dynamic brake for s lowing down the d-c. 
motor when the elevator is brought to rest. This 
brake consists of an electric connect ion between the 
motor terminals and a set of resistors. T h e switches 
for making these connect ions m a y form part of the 
reversing switches or m a y be separate units, the num­
ber depending upon the car speed and the type of 
motor . 

5. A mechanical brake for making the final s top 
and holding the car securely at the landing. This 
brake is usually applied b y a spring and released b y a 
magnet. 

6. Terminal stops for bringing the car gradually to 
rest at either limit of travel independently of the 
operator. Usually two different devices are used for 
this purpose, one of which operates normally and the 
other an emergency device as previously explained. 
The second set is generally known as overtravel limit 
switches. 

7. Some means in the elevator car which will enable 
the operator to control the elevator. This m a y con­
sist of a rope or a lever, a car switch or a set of push 
buttons depending upon the method of control . 

8. A safety switch in the car for s topping in case 
of failure of the regular operating means. 

9. A slack cable device for s topping the m o t o r in 
case the car or counterweight is obstructed in its 
travel. A device of this kind is required on ly for drum 
machines. 

10. High-speed elevators usually have a switch 
operated b y the speed governor which automatical ly 
reduces the mo to r speed if it exceeds a predetermined 
limit. 

11. Ga te or doo r switches t o prevent operating 
the elevator until all door s or gates are closed. 

12. Eve ry controller should p rov ide over load pro­
tection. This m a y consist of fuses, bu t is usually a 
circuit breaker, o r an over load relay operating in con­
junct ion with the main line contactors . 

13. Where the operating device in the car is no t 
self-centering, low-vol tage protect ion should be pro­
vided, to prevent the accidental starting of the ele­
va tor after failure of power until the operating mecha­
nism has been returned to the "off" posi t ion. F o r 
a-c. elevators this device usually protects against the 
failure of power in any phase of the supply circuit. 

14. Alternating current moto r s should have p ro­
tect ion against an accidental reversal of phase which 
would cause them to operate in the wrong direction. 

15. T h e higher-speed elevator controllers provide 
for a low-speed for making a landing. Somet imes the 
control provides for several operating speeds less than 
the maximum running speed. 

16. A floor leveling device is sometimes included 

as part of the contro l . This consists of automatic 
means for bringing the car platform level with the 
landing and maintaining it in this posi t ion. 

Each type o f elevator requires its own special form 
of cont ro l . T h e lower-speed machines require a less 
complicated control than when the elevator is operated 
at a higher speed. Often freight elevators have dif­
ferent requirements f rom passenger machines. Con­
siderable skill and experience is required in the design­
ing of control equipment and selecting the necessary 
features. Each control should contain all of the fea­
tures necessary for a successful operation, bu t any 
addit ional features add to the complicat ion and may 
be undesirable. 

V BRAKES AND OTHER SAFETY 
ACCESSORIES 

Brakes and other safety accessories have little to 
d o with power applicat ion to electric elevators bu t they 
are so vi tal ly a part of the elevator equipment that a 
g o o d idea of the comple te elevator plant cannot be 
obtained wi thout a comple te understanding of these 
features. 

BRAKES 

While the brake is a small part of an elevator machine 
it is an exceedingly impor tant part. Because of the 
frequency of starts and s tops i t is highly essential 
that the car be b rought to rest quickly and without 
shock or jar to the passengers. Also once brought to 
rest it is just as important that the car be maintained 
in its posit ion in the hois tway while passengers are leaving 
and entering it. T h e functions of bringing the car t o 
rest and maintaining it in a stat ionary posit ion are 
obta ined b y the brakes. Elevator brakes are divided 
into three classes,—mechanical, dynamic and magnetic. 

Mechanical Brakes. T h e straight mechanical brake 
is little used. T o some extent it is still being installed 
on hand rope control led freight elevators and side­
walk lifts. M o s t states prohibit its use on any passenger 
elevators because of its lack of protect ion to the car 
and occupants . A s the name implies, it is simply 
lined brake $hoes bearing against a pulley on the moto r 
shaft. I t is applied manual ly with the hand rope 
within the car, and automatical ly at the terminal 
landings b y the traveling nut mechanism on the machine 
which has the double du ty of returning the reversing 
switch to neutral, interrupting the m o t o r circuit; 
and applying the mechanical brake. If, during opera­
tion, the vol tage fails, the brake will no t be automatically 
applied. 

T h e mechanical brakes gives smooth results in s top­
ping because a gradual appl icat ion m a y easily be made 
b y properly manipulating the control rope . 

Dynamic Brakes. In the app ication of dynamic 
braking, advantage is taken of the ease with which a 
direct-current m o t o r m a y b e conver ted into a direct-
current generator. T h e shunt field either partially 
or fully energized is connected to the line, and the 
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revolving armature is shunted with a resistor. Thus 
the mo to r operates as a generator and " p u m p s " current 
through the dynamic braking resistor thereby con­
vert ing the mechanical energy of rotat ion into electrical 
heat. While this type of brake alone will no t bring an 
elevator to rest, particularly if the load is overhauling, 
it will materially reduce the speed so that from that 

FIG. 1 2 — D - C . M A G N E T - O P E R A T E D ELEVATOR B R A K E 

speed the magnetically operated brake m a y easily be 
depended upon to bring the car to a safe and smooth 
s top . On the higher-speed d-c. elevators a graduated 
dynamic braking is furnished, which provides a braking 
more nearly proport ional to load and speed condit ions. 

Wi th alternating current, a braking effect similar 
to direct-current dynamic braking is sometimes fur­
nished when a two-speed m o t o r is used. In this case 
the low-speed winding is connected to the supply lines 
while the armature is rotating a b o v e the synchronous 
speed of this winding. Thus the mo to r acts as 'a self-
excited induction generator and a powerful " d y n a m i c " 
braking is obtained to bring the m o t o r down to the 
synchronous speed of the low-speed winding. In this 
case energy is restored to the line during the braking 
period. 

Direct-current dynamic braking is wasteful of elec­
trical energy because the energy of rotation is lost in 
heat. T h e same applies to the mechanical brake where 
the energy is absorbed in the brake shoes. N o effec­
t ive method, economical of electrical energy, has been 
devised for quickly slowing down and s topping an 
elevator, al though a direct-current m o t o r with a wide 
speed range b y shunt field control is economical in 
slowing down, as is also the two-speed alternating-
current mo to r referred to in the preceding paragraph. 
(See Part I I I . ) 

Magnet Brakes. T h e importance of the magnet 
brake particularly on alternating current cannot be 
over emphasized. See Figs. 12 and 13. T h e reasons 

for its great importance have been outlined in Part I I I 
under the subject of " T h e Elevator M o t o r . " 

T h e magnet brake consists of brake shoes, similar 
to those used with the mechanical brake, operated b y 
an electromagnet. This type of brake should always 
be used in addit ion to any other, except for low-speed 
freight sevice, for the purpose of posit ively holding 
the car stationary at the will of the operator. 

On direct current, the magnet brake has been a small 
problem, bu t on alternating current it becomes a 
difficult one because of difficulties in satisfactory 
magnet design. Various types of magnets are being 
used, such as single-phase long-stroke, polyphase long-
stroke, polyphase short-stroke and constant-stroke. 
T h e constant-stroke magnet is no more than a small 
mo to r designed to remain across the line with the 
rotor stalled. This magnet is sometimes called a 
torque motor. This type of magnet does not seal. 
It is difficult to keep quiet an alternating-current 
magnet that does seal. It is liable to slam in clos­
ure, and unless the laminated parts are perfectly sur­
faced and perfectly aligned it will hum after closure. 
A dash-pot is sometimes used for long-stroke magnets 
to reduce the slap in closing, and sometimes the entire 
magnet is immersed in oil to deaden the noise. One 
type of constant-air gap magnet, which is very quiet, 
absorbs the energy of rotation in a small auxiliary 
mechanical brake. 

It is realized that if a mechanical brake action could 
be accomplished automatical ly in a magnet brake, 
smoother stopping results on alternating current could 
be obtained. Three manufacturers have tried the fol-

FIG. 1 3 — A - C . ELEVATOR B R A K E WITH CONSTANT A I R - G A P 

M A G N E T 

lowing schemes: A single magnet with the main brake 
spring partially counteracted b y a weaker spring is 
used, and a dashpot is so arranged that the brake shoes 
are applied with partial pressure which quickly in­
creases t o maximum. The main object ions to this are 
the use of a dashpot and the fact that the operator 
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does not have any control over the weak and strong 
settings. Another scheme is the use of t w o independent 
magnets or comple te brakes, in which case the operator 
has control over the weak and strong settings, giving 
good stopping results. T h e objec t ion to this is the 
use of t w o magnets. T h e third method consists in 
the use of a single short-stroke polyphase magnet with 
a variable reactance in the magnet circuit proport ioned 

F I G . 1 4 — E L E V A T O R SAFETY G U I D E GRIPS 

to break the seal of the magnet bu t still maintain 
sufficient current in the brake coils to partially counter­
act the brake spring tension. A s the car control switch 
is moved towards the "of f" posit ion, this reactance 
is decreased so the act ion of a mechanical brake is 
practically reproduced. This has worked out suffi­
ciently well so that it is being used on elevators driven 
b y single-speed motors and running 300 ft. per min . 
An object ion to this method is the noise which is always 
present to some extent when the reactance is cut into 
circuit. 

F I G . 1 5 — E L E V A T O R C A R OPERATING S W I T C H 

The last t w o types must be so wired that there will 
be no w a y for the operator to hold the weak brake 
condit ion when the car is close t o the terminal landings. 

A s a safety measure all magnetical ly operated brakes 
are so designed that the brake is released b y the magnet 
and applied b y springs or weights, so that a failure 
of power will always s top the elevator. 

S A F E T Y D E V I C E S 

These m a y be classified as electrical and mechanical . 
The mechanical are so closely allied to the electrical 

that they will be briefly described. T h e principal 
safety devices are, guide^grips and overspeed governor 
wi th governor switch, car-operating switch, car safety 
switch, terminal-limit switches, overtravel-limit switches 
slack-cable switch, doo r switches, compensat ing-cable-
sheave switch, buffers and air cushions. 

F I G . 1 6 — C A R SAFETY SWITCH 

Guide Grips and Overspeed Governor. Guide grips 
have been made in a number of different types such as 
eccentric, dog, roller, and wedge, the wedge type n o w 
being almost universally adopted . See Fig. 14. T h e 
mechanism, is mounted be low the car with a small 
winding drum which is connected to the overspeed 
governor b y a steel cable . T h e holding of this cable 
at excessive car speeds rotates the drum so that the 
wedges force the grips against the guide rails and stop 
the car. 

Usually a fly-ball t ype of governor is used in connec­
t ion with the guide grips so arranged that the cable 
referred to rotates the governor shaft. T h e governor 
is arranged with a grip so that if the normal speed of 

F I G . 1 7 — M A C H I N E L I M I T S W I T C H FOR D R U M - T Y P E ELEVATOR 

the elevator is exceeded b y a fixed amount it holds 
the governor cable and effects the setting of the guide 
grips. 

I t is accepted practise t o install a control switch 
on the governor , so adjusted that the switch will trip 
to open the control circuit and disconnect power from 
the m o t o r at a speed lower than the speed at which 
the guide grips act . This switch prevents the guide 
grips from setting in case of a slight overspeeding. 
T h e switch is arranged so that it cannot be reset 
unless the guide grips are in the running posit ion. 
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Car-Operating Switch. T h e car-operating switch 
usually has the automat ic return or self centering 
feature so that if the operator 's hand is removed from 
the lever it will return to the off posi t ion. See Fig. 15. 
It also is ordinarily provided with a center latch so 
arranged that any accidental leaning against the 
switch will not m o v e the lever to the running posi t ion. 

Car Safety Switch. T h e car safety switch is for 
the purpose of stopping the car in emergency in case 
of the failure of the car v operating switch. Fig. 16. 
It is wired in a separate cable of opposi te polari ty to the 
car-switch cable, so that in case of grounds, etc., in 
the car-switch cable, the car safety switch will no t be 
thrown out of commission. 

F I G . 1 8 — I N S T A L L A T I O N OF ELEVATOR H O I S T W A Y L I M I T SWITCH 

Terminal Limit Switches. These act each t ime the 
car approaches the terminal landings, and function 
t o bring the car to rest at these landings in case the 
operator is careless. See Figs. 17 and 18. T h e y m a y 
be mounted on the car and operated b y cams in the 
hoistway or v ice versa for a t ract ion-type elevator. 
These m a y also be used on a drum-type elevator al­
though frequently limit switches geared to the ele­
va tor machine are used instead. 

Overtravel-Limit Switches. Overtravel hois tway limit 
switches, Fig. 18, are always mounted in the hois tway 
and are operated b y cams on the elevator car. T h e y 
are placed b e y o n d the normal range of car travel, and 
function to s top the car in case of the failure of the 
regular terminal s top limits. I t is ve ry desirable and 
the usual practise t o arrange the connect ions to these 
limits so that the car cannot be backed ou t of them b y 

manipulating the car switch. This gives an added 
safety feature as it requires the operator to call the 
at tention of an electrician or someone connected with 
the maintenance department to the fact that the car 
ran into the overtravel limits, and have the cause of 
this overrunning corrected. 

FIG. 1 9 — S L A C K - C A B L E SWITCH 

Slack-Cable Switch. Ordinarily this is used on a 
drum-type elevator to open the control circuit in case 
of slack cable caused b y the car or counter-weight being 
caught in the guides. I t is operated automatically 

F I G . 2 0 — E L E V A T O R D O O R SAFETY SWITCH 

when the cables slacken. See Fig. 19. I t is sometimes 
mounted on top of an elevator car of high travel trac­
t ion elevators where the cable weight is so great tha t 
the machine m a y no t entirely lose traction in case of 
the bo t toming of the car. 

Door Safety Switches. These, Fig. 20, in combina­
tion with door locks, prevent the car from operating 
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unless all doors are closed and locked. T h e design 
requirements of these devices are in m a n y cases regu­
lated b y safety codes . There are numerous types 
manufactured and m a n y have little value, so that door 
locks and switches should b e investigated before 
installing. Some combina t ions lock the car-operating 
switch in neutral while the d o o r is open . Others inter­
rupt the car-control circuit when the d o o r is open. 
Because the large major i ty of elevator accidents are 

FIG. 2 1 — E L E V A T O R COMPENSATING C A B L E SHEAVES WITH 

SWITCH 

due to no t using suitable doo r interlocks, it is advisable 
to use them even though it decreases the service of 
the elevator to some extent. (See Part I.) 

Compensating Cable Switch. This is connected so 
that it is opened b y the lowering or raising of the c o m ­
pensating cable sheaves in the pit . See Fig. 21 . T h e 
switch interrupts the control circuit and stops the car 
should the sheaves lower to any appreciable extent due 
to cable stretch. Also , in case of the car or its counter­
weight being caught in the guides, the compensat ing 
cable sheave will raise and operate the switch to cut 
off power . 

Buffers and Air Cushions. A buffer is always required 
under the car. Fo r lower speeds a spring alone is 
used, bu t for higher speeds a combina t ion of oil dash-
po t and spring is used, Fig. 22. These must p rovide 
a retarding effect so that max imum retardation will 
not exceed 6 4 . 4 feet per second per second. 

A t one t ime an air cushion was required for certain 
service in certain localities. This consists of a hoist­
way practically air t ight at the lower end for a certain 
percentage of the total height. This involved ve ry 
expensive enclosure construct ion and while effective 
in retarding the mot ion of a falling car it is unders tood 
the air cushion has been practically abandoned as 
unnecessary to safety. Another disadvantage of this 

scheme is the addit ional power required to m o v e the 
car due to air friction. 

PROTECTIVE D E V I C E S 

Besides the various forms of brakes and safety devices 
a b o v e described mos t elevators are protected against 
abuse b y the following apparatus: 

Main Line Service Switch and Fuses. These are 
mounted in an accessible loca t ion in the elevator 
machine r o o m and are usually enclosed in a metal 
cabinet, preferably with an externally operated knife 
switch, and with a mechanical interlock making it 
necessary to open the knife switch before the cover 
can be opened to inspect o r replace fuses. 

Circuit Breakers and Overload Relays. Circuit-
breaker protect ion of individual elevator motors is 
no t ve ry often used inasmuch as the Nat ional Electrical 
C o d e requires fuse protect ion of elevator motors even 
when circuit breakers are used. 

Frequently, however , in addi t ion to the service 
fuses, over load relays are used in order to secure pro­
tect ion against over loading of the elevator itself. 
T h e over load relays are set be low the fuse rating so as 
to prevent the b lowing of fuses. T h e overload relays 
are sometimes made to reset automatical ly with the 
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return of the operating switch handle to neutral, so 
that after an over load it is unnecessary to go to the 
elevator machine r o o m to again place the elevator in 
operat ing condi t ion. 

Overspeed Slow-down Relay. S o m e builders include 
in their electrical equipment a vol tage relay so con­
nected that an overspeeding of the elevator in either 
direction will cause the relay to act and thus auto­
matical ly retard the speed. This relay is set to act 
at a speed be low that at which the overspeed governor 
is set. 

Phase-Failure Protective Relay. Al l alternating-



1 6 2 R E E D : E L E C T R I C E L E V A T O R S Journal A. I. E . E . 

current elevator installations on which the elevator 
mo to r m a y be cont inuously connected to the lines, 
such as hand-rope and push-button control led elevators, 
include some form of phase-failure protect ion. Other­
wise, upon the failure of a phase, the m o t o r m a y be 
stalled on the single-phase condi t ion, and burn out . 
T h e protect ive relay is usually a polyphase, shunt-
wound relay with a control-circuit contac t to maintain 
the control circuit of the elevator controller so long as 
the phases are all alive. T h e failure of any phase 
causes the relay to open the controller circuit and thus 
disconnect the m o t o r from the supply lines. 

Phase-Reversal Protective Relay. M a n y State elec­
trical codes n o w require a phase-reversal protect ive 
relay on all polyphase a-c. installations. Frequently 
the phase-failure and phase-reversal relays are c o m ­
bined in one device. T h e reversal of phases immedi­
ately opens the controller circuit and prevents the 
elevator mo to r being connected to the lines until the 
relation of the phases is corrected. 

VI-POWER CONSUMPTION 
A n y o n e connected with building or industrial plant 

operation is interested in the power consumed b y 
electric elevators. T h e architect and engineer are 
interested. T h e building owner is interested. F r o m 
a conservation standpoint, everyone interested in the 
country 's welfare is anxious to see the mos t economical 
use of electric power for all purposes. 

D E T E R M I N I N G FACTORS 

There are so many factors entering into this problem 
that it is impossible to give any accurate power con­
sumption figures for any one type of elevator with a 
given capaci ty and running at a given speed, with a 
specified load on the car and with a specified number of 
stops per mile of car travel. 

The operator himself is one of the variables. Some 
elevator operators run their cars to g o o d advantage from 
a power e c o n o m y standpoint, bu t m a n y others are 
most careless in the w a y they operate. 

Besides the operator 's effect on e c o n o m y other vari­
ables are inertia (including the weights of the car, 
counterweights, lifting ropes, balancing ropes, or 
chains, all moving parts of the machine e tc . ) , rate of 
acceleration, and design and construction of all parts 
entering into the complete elevator. T o show the 
importance of these factors, one c o m p a n y m a y design 
an elevator for a capaci ty of five tons that will have in 
its make-up approximately one half the material that 
another c o m p a n y m a y deem advisable for the same 
capaci ty and speed. W h e n it comes to power con­
sumption the lighter weight apparatus will naturally 
win out, even though it m a y not last long, due to its 
light construction. Therefore tests showing power 
consumpt ion are naturally subject to all the variations 
that are inherent in elevator manufacture which is 
still somewhat lacking in standardization. 

Regardless of all these variables it is of course possible 
to quote actual test figures for various types of elevators 
so that a general idea of the power consumed m a y be 
obtained. 

T h e power consumpt ion of electric elevators ranges 
from t w o to three kw-hr. per car-mile up to ten or more 
depending upon the variables mentioned above , bu t 
depending most ly upon loads, speeds, rate of accelera­
tion, and number of stops per car-mile. Elevators 
make as m a n y as 25 miles of travel per day s6 that even 
in a day ' s t ime the total energy consumption in a large 
office building is considerable and should be kept down 
to a min imum. 

R E S U L T S OF T E S T S 

Geared, Drum-Type Elevators. A n average of several 
drum-type, geared elevators, with -capacities between 
2000 and 2500 pounds, at 350 to 400 ft. p e r m i n . 
regular service indicates the following results: 

Total miles Kw-hr. per 
Capacity Speed per day car-mile 

2000 350 11.25 3.98 
2500 400 10.90 4.35 
2000 400 15.20 3.58 

Average 12.45 3 .97 

Gearless Full Wrap Traction, 1 to 1 Roping. T h e 
following results were obtained from actual test of an 
elevator rated at 2500 lb. , 500 ft. per min. with 800 lb . 
over-counterweight. Values are averaged for up and 

Stops per car-mile 

Kw. hours per car-mile 

Balanced Full load 

0 1 20 i 82 
50 2 22 3 39 
75 2 90 4 07 

100 3 50 4 80 
125 4 10 5 46 
150 4 28 5 93 
200 5 12 7 10 
250 5 81 9 07 
300 6 50 9 20 
400 7 90 11 50 

1 — 1 — I — I — 

- Full- Wrap Traction i-i Roping 

STOP? PgR C*R-MILC 
IO 200 2SO 300 550 AOO 

F I G . 2 3 — R E S U L T S OF T E S T OF GEARLESS F U L L - W R A P TRACTION 
ELEVATOR, 1-1 ROPING 

Values averaged for up and down operation. 
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down operation. T h e results are plot ted in Fig. 23 . 
The curves clearly show the variat ion in power con­
sumption with load changes and with variat ion in the 
number of stops per car mile. 

Another set of tests on a gearless 1 t o 1 machine rated 
at 2500 lb. , 500 ft. per min., in a ten-story office build­
ing gave the following results. These are up and d o w n 
averages. The car weighed 3900 lb . and there was 
1060 lb . over-counterweight. 

52 Stops per car-mile 
Load in lb Operator 666 1060 1360 2010 2360 2660 
Kw-hr. per car-mile 2 .35 2 .08 1.95 1.87 2 .15 2 .50 3 .22 

104 Stops per car-mile 
Load in lb Operator 666 1060 2010 2660 
Kw-hr. per car-mile 3 .09 2 .86 2 .52 2 .92 3 .86 

208 Stops per car-mile 
Load in lb Operator 666 1060 2010 
Kw-hr. per car-mile 4.91 4 .19 3 .98 4 .25 

416 Stops per car-mile 
Load in lb Operator 666 1060 2010 
Kw-hr. per car-mile 7 .29 6 .75 6 .7 7 .43 

A test was made in a fifteen s tory building. T h e 
elevator was rated at 2750 lb . at 500 ft. per min. T h e 
regular service test with approximately 100 stops per 
car mile gave an energy consumpt ion of between 3 . 3 2 
and 4 . 7 3 kw-hr. per car-mile. 

The effect of increased number of stops is shown in 
the following results obtained from a test in a 22-story 
office building: 

Empty —Stopping at every floor 6 .4 kw-hr. per car-mile 
Full Load —Stopping at every floor 10.4 " " " " " 
2 / 3 Load —Stopping at top and bottom only. . 2 . 4 " " " " " 
2 / 3 Load —Stopping at every ilccr 8 .8 " " " " " 

A 22-floor 600 ft. per min. elevator with express 
service to the tenth floor and local service from the 
tenth to the twenty-second floor, traveling an average 
of 22 miles a day consumed 3 . 5 kw-hr. per car-mile. 
Local elevators in the same building operating at 
400 ft. per min. traveled nine miles per day and con­
sumed an average of 4 kw-hr. per car-mile each. 

Gearless Full-Wrap Traction Elevator 2 to 1 Roping. 
T h e only tests available for publicat ion are shown in 
the following table. T h e elevator was rated at 3000 
lb., 500 ft. per min., 1175 lb . over-counter-weight was 
used. Average up and d o w n results are g iven : 

Stops per car-miie 

Kw-hr. per car-mile 

Stops per car-miie Balanced Full Load 

0 2 .00 3 .80 
50 2 .90 4 .60 
75 3 .40 5 .40 

100 3 .90 6 .00 
125 4 .33 6 .95 
150 4 .81 7 .80 
200 5 .80 8.71 
250 6.78 10.40 
300 7.68 11.10 
400 9 .06 15.20 

Geared Half-Wrap Traction Elevator. A test was 
made on several elevators rated at 2500 lb. , 600 ft. 
per min., with the following average up and down 
results: 

Stops per car-mile Load in lb. Kw-hr. per car-mile 

16 1100 2 .06 
80 4 .20 
96 4.70 
16 2500 2 .40 
80 4 .80 
96 5 .20 

A n elevator running 400 ft. per min. serving an 
18-story building and traveling an average of 2 1 . 8 
miles per day showed a regular service consumption 
of 3 . 2 8 kw-hr. per car-mile. 

Another at the same speed in a 13-story building and 
traveling 19 miles a d a y consumed 3 . 8 8 kw-hr. per 
car-mile. 

T h e average of a lot of 400 ft. per min. elevators was 
3 . 8 kw-hr. per car-mile. 

T h e following test results were obtained with an 
elevator having a capaci ty of 2250 lb . at 500 ft. per 
min. T h e over-counterweight was 580 lb . In this 
case the m o t o r had a 3 to 1 speed variation b y shunt 
field control . Had there been less or no control b y 
shunt field variation the power consumpt ion values 
would have been considerably higher. (See Part I I I . ) 

Stops per car-mile 

Kw-hr. per car-mile 

Stops per car-mile Balanced Full Load 

0 1.50 2 .05 
50 2 .10 3 .00 
75 2 .50 3 .43 

100 2 .92 3 .90 
125 3 .30 4 .46 
150 3 .57 4 .90 
200 4 .23 5.91 
250 5 .30 6.70 
300 5 .90 7 .55 
400 6 .95 8.50 

Lack of proper maintenance will also increase the 
power consumed. I t is evident that all mov ing parts 
such as the machine itself, sheaves, guides, etc . must 
b e properly lubricated at regular intervals in order to 
insure the mos t economical results. Also if the brakes 
are no t properly adjusted the operators will find 
difficulty in making accurate s tops wi thout inching and 
the resultant loss in power . 

CONCLUSION 

While the above test figures are of interest they 
actually are of little compara t ive value on account of 
the m a n y variables indicated under "Determining 
F a c t o r s / ' Some years ago the Cincinnati Gas & 
Electric C o m p a n y made some operating cost tests on a 
great m a n y elevators in its district. T h e averages of 
all these tests are given as fol lows: 



164 Journal A. I. E. E. 

CAPACITY EFFECTS IN INDUCTANCE 
COILS 

A coil of wire wound in any of the familiar forms 
called " inductance co i l s" behaves in an electric circuit 
primarily as an inductance. The potentials of the 
different parts of the coil are, however, different from 
each other and from the potential of the ground. For 
this reason, the coil also behaves to a certain extent 
as an electric condenser, or rather a system of con­
densers. 

On account of the importance in radio communica­
tion of capaci ty effects in inductance coils, careful 
studies of these effects, bo th theoretical and experi­
mental, have been made at the Bureau of Standards, 
Washington, D . C . A n interesting result which has 
been found is that one effect seems to depend pr im­
arily on the capaci ty of the coil to ground. This 
effect is observed when two condensers in series are 
connected across the terminals of the inductance 
coil , and the c o m m o n terminal of the two condensers 
is grounded. If the inductance coil possesses capaci ty 
to ground, the familiar criterion for resonance in the 
system, computed from the known value of the ca­
pacities of the t w o condensers, will not apply. 

If bo th condensers are variable, and the system is 
adjusted for resonance b y successively assigning 
arbitrary values for the setting of one condenser, 
and then tuning with the other condenser, it would 
be expected from elementary considerations, neglecting 
the effects of distributed capacity, that the successive 
resonance values of the capaci ty of the two condensers 
in series, determined as the product of their capacities 
divided b y their sum would be constant. On account 
of the distributed capacities, this simple relation 
does not hold. It is found, however, that under 
the condit ions above mentioned, with the c o m m o n 
terminal grounded, the capaci ty of the two condensers 
in series determined as the product of their capacities 
divided b y their sum, is linearly related to the re­
ciprocal of the sum of their capacities. This relation 
has been verified bo th mathematically and experi­
mentally. 

T h e results of both the mathematical and experi­
mental investigation of this particular phase of the 
problem of capaci ty effects in inductance coils are given 
in a publication of the Bureau of Standards, Scientific 
paper N o . 427 ,"Some Effects of the Distributed Capac­
i ty Between Inductance Coils and the Ground. ' ' 
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Freight Cost per elevator $8.00 per month 
" h. p 1.09 per month 

Passenger... . " " elevator 14. 64 per month 
" " h. p 1.26 per month 

These are, of course, costs for power only, and would 
not apply with present-day power costs. 

Attent ion is called to the fact that the big determin­
ing factor in the cost of elevator operation lies in the 
number of starts and stops and not in the load carried 
b y the car. 

W A Y S IN W H I C H OPERATION A N D M A I N T E N A N C E 

A F F E C T P O W E R CONSUMPTION 

It has already been mentioned that the operator 
himself is one of the important factors determining 
the power consumpt ion of electric elevators. It is 
interesting to note how this factor affects the results. 

If an operator is so expert that he slows down the 
car as nearly as possible to the landing at which he is 
to stop and if he stops the car accurately with the 
landing without ' ' inching' ' he reduces the current used 
in slowing down or running at low speed and reduces the 
number of starts and stops b y eliminating the inching 
operation so frequently used b y unskilled operators. 
Besides this he improves the service of the elevator 
which point is of vital consideration. 

Evident ly from the manner in which m a n y elevators 
are run little attention is paid to this important factor 
in elevator economy . If building owners would realize 
the importance of this point it would be possible b y 
careful instruction and compet i t ion between operators 
to materially cut down the power consumpt ion on 
many installations. 

T O W R ' I S this end a watt-hour meter might be in­
stalled on each elevator. Also car-mile recorders and 
counters for registering the number of stops could be 
added. In this w a y accurate data on the performance 
of each elevator could be obtained. If an operator is 
assigned to a particular machine a bonus might be 
paid to the operator w h o showed unusual saving in 
power consumption due to skilful operation. In a 
large building this would set up a rivalry between 
operators and might be very beneficial from the stand­
point of the power consumed. 
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