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This invention  relates: to: electrical: apparatus:

and more particularly to an-. improved: raflway:
electrical and lighting system.

It is an object of “this" invention to: provide a.
system which is:simple and-reliable in.operation;

It is a further object of this Invention to pro-
vide a system which does:not require the use of
expensive voltage regulators,. transformers; and
controls.

Another object -of this invention.is'to provide
an. improved arrangement: for: varying. the
capacity of the refrigeration system so as to pre~
vent frequent cyeling;

Ancther object of this. invention is-to  provide
a system'in which the air-conditioning-apparatus
may be cycled. of modulated-without causing any
Huetuations in the: voltage: supplied:to . the:light-
ing apparatus.

A further object.of this invention. is to elimi-

nate light flicker in"a combination: air condition«-

ing and lighting system such as that.used on rail-
way cars and similar-installations:

Still another object of this invention: is to:pro-
vide a-generator system in:which.one generator
supplies . 220 volts for the air conditioning ap-

baratus and another generator-supplies 120 volts:

for the lighting and ventilating ‘apparatus.

A further objeet of this invention:is to provids.

an irnp-roved'arrangement‘ffor:supplying.. electrical

energy from one railway car to another railway -
car for operating emergency lighting:and .venti--

lating equipment.

More specifically it is-an object:of: this invens
tion to provide a:system using. a.single’ diesel
engine which operates one exciter:and a- pair. of’
alternators ' for supplying current -at different
voltages to the air conditioning and lighting ap-
paratus.

A further object of this invention is-to provide.

o simplified field-control'arrangement.
Still another ebject of this-invention is to pro-
vide a system in which a rectifier may: be used for

exciting the fields of two alternators driven by-a-

common prime mover. »

Further objects and-advantages of the present
invention will be apparent.from the. following.de-
scription, reference being had to the accompany-
ing drawings, wherein a preferred form:.of.thé
present invention is clearly shown..

In the drawings: )

Fig. 1 is a diagrammatié view showing a rail-
way car equipped with a system. embodying fea-
tures-of my invention; -

Fig. 2 is-a diagrammatic view showing a .pre-
ferred circuif arrangement; and’
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Fig. 8 is a diagrammatic view showing a modi-
fied circuit in which the usual-exciter has been -
eliminated and a rectifier has-been provided. for
subplying the necessary field excitation.

For purposes of Mustration, the combination
lighting. and air conditioning system has been
shown. applied to- a railway car whereas many
features of my invention are-equally applicable
to staticnary installations such as may-be-used in
theaters and office ‘buildings.

Referring now to Fig: 1.0f the drawing, wherein
& preferred embediment of my invention has been
shown, reference nymeral 10" designates g con-
ventional railway. car provided with-an air condi~
tioning plenum. chamber 12 located adjacent the
one end of the car and within which a pair:of
refrigerant evaporators 24 and 26 are mounted
as shown. The refrigerating system employs a
multiple cylinder compressor- {4 of the type
adapted to be operated at a- constant speed. The
compressor- 14 is provided. with means 16 for-
rendering one or more of the cylinders- inoper-
ative when - reduced- capacity is desired: ' The
cylinders may be rendered: inoperative in- any of
several well known ways such -as by lifting. one
or more of the discharge valves.

The compressed refrigerant is discharged into
the condenser 20-from- whence the condensed re-

Irigerant flows into- the receiver 22. Liquid rex
30+

frigerant is:supplied-from: the:receiver 22 to the
evaporator sections 24-and-26 through the line 28.
A conventional thermostatic. expansion valve 38
controls the flow of liquid refrigerant to-the

, €vaporator - section 25-in accordance- with -well

40°

~ known -practice.

A-similar thermostatic expan-
sion valve 32-controls the flow of refrigerant to -
the: evaporator section 24.. A solenoid- valve 84-
has -been. provided-in the liquid -refrigerant line
leading to the valve 52 for shutting:off the-supply
of refrigerant to the evaporator section 24 when-
it is desired to.operate the refrigeration system.at
a reduced capacity.

The refrigerant vapor leaving- the evaporator

. sections 24 and.2§-iS. conveyed. to. the. compres-

©e
[

sor. through. the ‘vapor line 35 as.shown. The
compressor. 14 i driven by. 3220 voit alternating
current motor 38, The motor 38 may. be directly
connected to the compressor 14 or it msy. drive

. the compressor through o belt means 43 as in-

dicatedin Fig. 1. -

Bach railway car is’ provided: with a coriplete
power’ system” which supplies all the niecessary
elegtrical energy for operating the refrigerating
apparatus, car- lights and “all other electrical.
equipment. By providing such a separate power
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3
system on each railway car, the load on the head
engine is very materially reduced with the re-
sult that more cars can be used in a single train
and better acceleration can be obtained. In the
modification shown in Fig. 1 of the drawing, a
diesel engine 50 has been provided for operating
the dual alternators 52 and 53 and the exciter 54.
Reference numerals 55 and 58 designate the en-
gine starter and the magnetically controlled en-
gine throttle, respectively.

The heat generated in the diesel engine may
be dissipated by the engine radiator 68 or it may
he dissipated by the heat exchange unit 62 lo-
cated in the plenum chamber {2. The heat ex-

change unit §2 may be used for reheating the -

air during the cooling season and for supplying
heat to the conditioned space during the heat~
ing season. A three-way valve 64 has been pro-
vided for controlling the flow of heating medium
to the heat exchangers 66 and 62. In order to
simplify this disclosure the valve §4 has heen
shown as a manually controlled valve, whereas it
may be automatically controlled in response to
either the temperature, the relative humidity, or
a combination of both within the conditioned
space. .

The preferred electrical arrangement has been
diagrammatically shown in Fig. 2 of the draw-
ing, wherein reference numerals 10 and 72 desig-
nate the main direct current power lines from
whence power is supplied to the various auto-
matic controls to be described hereinafter. Ref-
erence numeral T4 designates a conventional stor-
age battery which is connected across the lines
78 and 12 for supplying emergency direct cur-
rent power when the exciter 54 is not in cpera-
tion. ’

The dual alternators 52 and 53 are direct
connected to the.diesel engine 50 so as to be
operated thereby whenever the engine B9 is in

operation. The engine 50 is preferably a con--

stant speed engine capable of operating the
alternators at uniform speed irrespective of the
load placed on the alternators. The alternator
52 is provided with a field coil 16 which is con-
nected in circuit with the exciter 54 as shown.
The alternator 53 is similarly provided with a
field coil 18 which is connected in parallel cir-

cuit relationship with the field coil 76. Adjust-

able resistances 80 and 82 are provided for
manually varying the resistances of the respec~
tive field circuits in accordance with well known
practice. The flow of current to the field coils
16 and 78 is controlled by means of the constant
current regulator 84 which comprises a carbon
pile 86 and a solenoid 88 which is used for vary-
ing the resistance of the carbon pile 86 so as
to maintain the flow of current through the
regulator 84 substantially constant at all times.
The alternator 52 is provided with an arma-
ture 80 which supplies three phase, 60 cycle,
290 volt current to the power lines 92 for ener-
gizing the car heating elements 94, the compres-
sor motor 38, the condenser fan motor 9§ as
well as any other heavy duty electrical equipment
which it might be found desirable to have on the
car. The fiow of current to the electric heaters
94 is controlled by the switeh 98 and the flow
of current to the compressor motor 38 and the
condenser fan motor 96 is controlled by the
switch 100 arranged in the circuit as shown.
The alternator 53 is provided with an arma-
ture 102 which supplies 3 phase, 60 eycle, 110
volt power to the 110 volt power lines {04 which
in turn supply power to the evaporator fan
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motor 186, the fluorescent car lights 108, and the
car jumper connection 110. A switch unit 12
is provided for disconnecting the 110 volt equip-
ment from the alternator 53. This switch makes
it possible to disconnect the armature 102 from
the circuit when it is desired to energize the
110 volt equipment from a similar alternator
provided on an adjacent car. The jumper con-
nection 110 is intended to be used only in emer-
gencies for connecting the 110 volt equipment on
one car with the 110 volt equipment on an ad-
jacent car so as to provide car lighting and air
circulation on two adjacent cars from a single
alternator when only one of the diesel engines
is in operation. The blower motor 106 is con-
trolled by the manual switch (14 and the lights
are controlled by the manual switch 116.

"By virtue of the above described alternator

arrangement, it becomes practical to provide a
low voltage jumper connection for directly con-
necting the lights and blower motors from two
separate cars to a single alternator without us-
ing any transformers. In the prior art systems

_using a single high votage alternator for supply-
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ing current to the heavy duty air conditioning
apparatus and the lighting equipment, it is neces-
sary to provide special voltage regulators. for
preventing light flicker when the heavy duty
equipment is turned on, and it is also necessary
to provide transformers for supplying 110 volts
to the lights, etc. Voltage regulators and trans-
formers require frequent servicing by specially
trained men and are not too dependable. Thus
it is apparent that many service difficulties may
be eliminated by providing one high voltage al-
ternator for supplying the heavy duty apparatus
and by providing a separate low voltage alter-
nator for supplying current to the lighting and
generating circuits. Even though two alternators
are provided, only one prime mover, one storage
battery, and only one exciter need be provided
when using the system disclosed herein.

The exciter 54 keeps the battery 74 charged
and energizes the field windings 76 and 78 of
the two alternators. It comprises the usual arma-
ture 420, field coil 122, and voltage regulator
and reverse current relay 124 all of which func-
tion in their well known manner and need no
further description.

A master control switeh 130 controls the sup-
ply of power from the line 70 to the various con-
trol circuits as shown. In order to start the
diesel engine, it is first necessary to close the
switeh 130 and then operate the push button
132 which is arranged in series with the solenoid
{34. Energization .of the solenoid 134 lifts the
starting motor switch 136 and the throttle op-
erating switch . 138. Closing of the switch 138
directly energizes the heavy current or pull-in
coil 146 and the voltage or holding coil 142 so
as to initiate operation of the starting motor 56
in accordance with conventional practice. After
the diesel engine 56 has been brought up to
speed, the oil pressure within the diesel engine
will cause closing of the oil pressure operated
switch 144 with the result that the throttle
solenoid 146 will remain energized even aifter
the push button 132 has moved to the open
position and the switches (36 and 138 have
dropped into the open circuit position. Ener-
gization of the voltage. coil {42 and the pull-in
coil. 140 causes closing of the switch {41 with
the result that the pull-in coil 140 will be short
circuited and the switch {41 will be held closed
merely by the holding coil 142, A safety switch
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188 is provided in circuit with the throttle-sole-
noid 146 and is adapted to be opened immediate-
ly.in the event that the diesel engine overheats.
The relay 124 holds open the switch 135 at all
times when the exciter and consequently the

engine 50 are in operation.
The cooling and heating control circuits are

controlled by the switch 152 arranged in series-

with the manually operated change over switch
i154. This latter switch is used to turn on either
the heating equipment or the cooling equipment
depending on which form -of air conditioning is

required. The switch 152" is under eontrol- of

the, solenoid" 156 which in turn is-automatically
energized whenever the blower motor 186 is
turned on by the manual switch 114: Closing ‘'of
the switch 114 causes closing of the switch 152.
The change over switch (54 may be manually
operated or it may be automatically operated
in response to the outside temperature: or any
other: condition which might be used to-indicate
the need for either heating or cooling. By mov-
ing the switch 154 from the full line position
in which it is shown in Fig. 1 to the dotted line
position, the thermostat 169 is placed in control

of the solenoid 162 which in turn controls the

switch 88 -and the flow of current to the electric
heater 24. The thermostat 160 is adapted to
close at a given temperature which indicates the
need for heating:

When the change-over switch 154°-ig in its
full line position, it connects the motor control
thermostat 118 and the modulating thermostat
1712-in circuit: The-thermostat 170 is designed
to close when the temperature in the car first
exceeds that temperature at which: the air con-
ditioning apparatus-should turn on. Closing of
the thermostat 170 energizes the solenoid 174
which then closes the compressor motor control
switch 100. . The solenoid. 174 is also arranged to
operate the time delay switch 176 which is
adapted to close approximately five seconds after
the compressor motor 38 has been energized.
The five second. delay allows the compressor
motor to come up to speed before the switch
176 closes. A dashpot 180. has been provided
for delaying the closing. of ‘the switch 176. ‘The
spring connection 182 has been provided so as
to allow the switch 160 to close witliout waiting
for the. switch 17§ to. move to its uppermost
position.

The thermostat 112 is adapted to close at. a
slightly higher temperature than the thermo-
stat 170 and is arranged in series with the. sole-
noid 184. Before the solenoid 184 .can be ener-
gized .it is necessary that both-the: switch 178

and the.thermostat 172, be in their closed cireuit.

position.  When the solenoid 184.is. first ener-
glzed, it moves. the switch .188.into its upper po-
sition, in which position the- circuit to the so-
lenoid valve 34.is.closed. . This causes.the valve
to open so.as.to allow the.flow. of refrigerant
to. the. evaporator :section 24, whereby. both
evaporator sections are. effective to cool the air
for the space to be conditioned. Lifting of the
switch. 188. also deenergizes. the  unloader 16
whereby. the compressor is- operated at-full ca-
pacity.. When- the switch: 186 returns- to. its
lowermost - position, the. refrigerant valve : 34
shuts. off. the. flow. of refrigerant to the. one
evaporator section and. the. unloader- solenoid
16.-becomes . energized whereby the . compressor
is.operated at-a.reduced: eapacity.

- A. slightly. modified .circuit: arrangement- has.

been shown in Fig. 3. The system shown there-
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in is substantially the same as:-the system showi
in Fig. 2 except. that a . rectifier- 200 has been
provided for energizing the fields of the. alter~
nators.in lieu of the direct current. generator or
exciter 54 shown.in. Fig, 2, The same reference
numerals. have. been used to designate corre-.
sponding: elements in Figs. 2 and 3:and unless
otherwise indicated.the: elements .shown.in Fig,
3 function in.the same manner as the.corre-
sponding elements-shown in Fig, 2.

As indicated in Fig. 3 of the drawing; a rectifier
260 has been provided:for. supplying . direct.cur-
rent. to the power lines 10, 12 during normal
operation. of the-diesel. engine: and the. alter-.
nators . driven thereby. - The- alternator 53-sup-.
plies alternating current. to- the rectifier 200
which rectifies the:current and.supplies: direct
current to the rectifier- output:lines:-202: Since
the rectifier 200-is:incapable:of: supplying: power.
until after the:alternator:53 has:started gener-
ating. current, it .is: hecessary: to- energize: the:
field of the:alternator:directly from-the- storage
battery until the rectifier  output:is-sufficient:to-
properly excite the: fields of: the-alternators.

The switch 204 has: been provided in.the: cir-
cuit  as. shown for directly connecting: the fields
76 -and 78 of: the:alternators-52:and 53 across.
the storage battery until: the output-of:the al-
ternator §3-is. sufficient: to. supply: the: rectifier
with enough power- to- energize: the: relay: 206
which is arranged across:the- output- lines- 202
of the-rectifier. Energization of” the: relay - 206
causes . ¢closing of the. switch 208: The :switch-
208-is arranged: in series:with the: solenoid 210
which, when fully energized; opens:the: switches
135 and 204 and closes the switches 212 and 214,
Opening switch 204 places:the carbon pile. rheo--
stat 216 in series with the field windings:16:and

18 of the alternators 52. and 53- respectively.

The carbon pile rheostat 216:is:controlled by the
voltage coil 220 which ig arranged in-circuit:-ag
shown. The: resistance 218: which is in series
with the field coil 76'is. controlled by the switehes
222 and 224. The switch 222 which is operated
by the solenoid: 114 shorts out a: portion of the
resistance 218 when- the -solenoid 174 closes the
switeh {00 leading to-the- compressor motor- 38
and the condenser-fan-'96. By-virtue of this
arrangement  the- field excitation: of - the alter-
nator 18 is automatically: adjusted- to take care
of the change in load on the alternator -52° when
the. refrigeration equipment is-turned on:

A switch 224 has-been provided for shorting
out a portion of the field resistance 218 when the
electric heaters 94 are turned on in response to
8 demand for- electric: heating, A switecH 225
has been provided for disconnecting the alter-
nator-fields 16 and 18 when the diesel engine-is
not- in - operation. The switch 225 may be a.
manually operated switch or it may. be operated
alutomatically to open the. circuit. in response to
stopping of the diesel engine.

Closing of ‘the switch 212 by.the solenoid 210
connects the output. of the rectifier 200. to the
direct. current power lines: 70,.72.s0 as to -make
it- possible to charge. the. storage. battery. 14.
from the rectifier. Closing. of - the- switch 214
energizes . the solencid 226 which. automatically
closes the switch 112 leading to-the.car jumper
118, the fluorescent. car- lights: 108-- and the
evaporator blower 106. By.virtue-of: this switch-
ing arrangement, it is apparent.that: the-alter-
nator. 53.is .not_called- upon: to: supplypower-to
the car lights, etc., until after the rectifier has
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been supplied with enough power to properly
excite the flelds of: the alternators.

The relay 210 operates much like a Teverse
current-relay in that it is capable of holding
the ‘switches 212 and 214 closed only so long as
the rectifier is supplymg direct current to the
lines 202. Thus, when the d1ese1 engine and
the alternators are stopped, the rectifier be-
comes ineffective to supply the necessary voltage
required for properly -energizing the relay 210
with the result that the switches 212 and 214
open and the switches 135 and 204 close.

While the form of embodiment of the inven-
tion as herein disclosed, cons’mtutes a preferred
form, it is to be understood that other forms
might be adopted, as may come within the scope
of the: cla1ms which follow. ‘

What is claimed is as-follows:

1. In combination, & prime mover, a first gen-
erator including a field circuit and an armature
circuit, a second alternating current generator
including a field circuit and an armature circuit,
a first electric power consuming means, a second
electric power consuming means, current rectify-
ing means connected to the armature circuib of
said second generator for supplying rectified cur-
rent to the field circuits of said first and second
generators, means for supplying current from
said first generator to said first and second power
consuming ‘means, said field circuit of said first
generator including a resistance unit, first means
for shorting a portion of said resistance unit,
second means for shorting a portion of said re-
sistance unit, means operable upon energization
of said first power. consuming means controlling
the first of said shorting means, and means re~
sponsive to energization of said second power
consuming .means : for. controlhng said second
shorting means. .

2. In combmatlon,ia', first generator including
g field. circuit and an armature circuit, a second
alternating current generator including a field
cireuit and an armature circuit, electric power
consuming means, electric lighting means, means
for rectifying current supplied by one of said
armature circuits, means for supplying said recti-
fied current to said field circuits, means for sup-
plying current from said first generator to said
power consuming means, means for supplying
current from said second generator to said light-
ing means, said field eircuit of said first generator
including a resistance unit, means for shorting
a portion of sald resistance unif, and means
operable in response to energization of said
power consuming means for controlling sald
shorting means.

3. In comblnatlon, a, power source, a first alter-
nating current generator driven by said power
source, o second alternating current generaton

driven by said power source, means for rectify--

ing current generated by one of said generators,
said first and second alternating current gen-
erators comprising field coil means, and means

for supplying current from said rectifying means

to said field coil means, electrically energized
means, means for supplying electrical energy to
said electrically energized means from said first
alternating current generator, electric lighting
means, and means for supplying electrical energy
to said electric llghtmg ‘means from said second
named alternating current generator whereby
changes in load on said first named alternating
current generator do notcause sald electric light-
ing means to flicker.

4 In combmatlon, a prime mover a ﬂrst alter-
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nating current. generator driven by said prime
mover, a second alternating current generator
driven by said prime mover, means for rectifying
current generated by one of said generators, said
first and second named generators comprising
field coil means, means for supplying said recti-
fied current to said field coil means, electric
power consuming means, means for supplying
electrical energy to said power consuming means
from said first named alternating current.gen-
erator, electric lighting means, and means for
energizing said electric lighting means from said
second named alternating current generator,
whereby changes in load on said first named
generator do not cause said electric lichting
means to flicker.

5. In combination, a prime mower, a first alter-
nating current generator driven by said prime
mover, a second alternating current generator
driven by said prime mover, means for rectifying
current generated by one of said generators, s said
first and second named generators comprising
field coil means, means for supplying said recti-
fled current. to said field coil means, electric
power consuming means, means for supplying
electrical energy to said power consuming means
from said first named alternating current gen-
erator, electric lighting means, means for ener-
gizing said electric lighting means from said sec-
ond named alternating current generator, where-
by changes in load on said first named generator
do not cause sald electric lighting means to
flicker, storage batiery means, means for con-
necting the out-put of said current rectifying
means.to said storage battery means, and means
for energizing said field coil means from said
storage battery when said rectifying means is
ineffective to energize said field coil means.

6. In combination, a power source, a first gen-
erator driven by said power source, a second
generator driven by said power source, a motor,
means for supplying electrical energy to said
motor from said first generator, electric lighting
means, means for energizing said electric light-
ing means from said second generator whereby
changes in load on said first generator do not
cause the electric lights to flicker, means for
starting and stopping said motor, said first and
second generators comprising field coil means, a
rectifier, means for connecting the out-put of
one of said generators to sald rectifier, means for
supplying rectified current from said rectifier to
said field coil means, resistance means for con-
trolling the flow of current through said field coil
means, and means for varying the flow of current
through said resistance means.

7. In combination, a prime mover, a first alter-
nating current generator driven by said prime
mover, a second alternating current generator
driven by said prime mover, means for rectify-
ing current generated by one of said generators,
said first and second named generators compris-
ing field coil means, means for supplying said
rectified current to said field coil means, electric
power consuming means, means for supplying
electrical energy to said power consuming means
from said first named alternating current genera-
tor, electric lighting means, means for energiz-
ing said electric lighting means from said sec-
ond named alternating current generator, where-
by changes in‘load on said first named generator
do not cause said electric lighting means to flick-
er, storage battery means, means for connecting
said storage battery to the output of said rec-
t1fy1ng means, and means for supplymg current
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from said storage battery to said field coil means
when said rectifying means is ineffective to ener-
gize said field coil means.

8. In combination, a power source, a first gen-
erator driven by said power source, a second gen-
erator driven said power source, a motor, means
for supplying electrical energy to said motor from
said first generator, electric lighting means,
means for energizing said electric lighting means
from said second generator whereby changes in
load on said first generator do not cause the elec-
tric lights to flicker, meang for starting and stop-
ping said motor, said first and second generators
comprising fleld coil means, a rectifier, means for
connecting the output of one of said generators
to said rectifier, means for supplying rectified
current from said rectifier to said field coil means,
resistance means for controlling the flow of cur-
rent through said field coil means, means for
varying the flow of current through said resist-
ance means, means for short ecircuiting said re-~
sistance means, and means responsive to the out-
put of said rectifier for controlling said short cir-
cuiting means.

9. Air conditioning means for an enclosure in-
cluding a multiple cylinder compressor, means
for unloading at least one but not all of the cyl-
inders, a two-position control means for said un-
loading means having a first position for unload-
ing said one cylinder and a second position for
loading said one cylinder, condensing and evapo-
rating means operably connected to said com-
pressor, means for flowing air for said enclosure
in thermal exchange with said evaporating
means, a first thermostatic control means re-
sponsive to a predetermined temperature within
said enclosure for starting said compressor, a
second higher temperature thermostatic control
means for controlling said two-position control
means to move it to unloading position at lower
temperatures to unload said one cylinder under
starting and light load conditions and responsive
to the higher temperature to move the two-posi-
tion control means to the loading position.

10. In combination, a first alternating current
generating means including a field circuit and an
armature circuit, a second generating means in-
cluding a field circuit and an alternating current
armature circuit for generating alternating cur-
rent and a direct current supply means, a single
common power source for driving said first and
second generating means, electric power consum-
ing means connected to the armature circuit of
said first generating means, said field circuits
being connected in parallel circuit relationship,
means for supplying direct current from said di-
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rect current supply means in parallel circuit re-
lationship to both of said field circuits, and a
common constant current regulating means con-
nected in series with both of said field circuits )
and responsive to the flow of current from said
direet current supply means to said field circuits
for providing a substantially constant flow of
current through both of said field circuits.

11. In combination, a first alternating current
generating means including a field circuit and an
armature circuit, a second generating means in-
cluding a field circuit and an alternating cur-
rent armature circuit for generating alternating
current and a direct current supply meauns, a
single common power source for driving said first
and second generating means, electric power con-
suming means connected to the armature cir-
cuit of said first generating means, said field cir-
cuits being connected in parallel circuit relation-
ship, means for supplying direct current from
said direct current supply means in parallel cir-
cuit relationship to both of said field circuits, and
a common constant current regulating means
connected in series with both of said field cir-
cuits and responsive to the flow of current from
said direct current supply means to said field cir-
cuits for providing a substantially constant Sow
of current through both of said field cireuits,
one of said field circuits being provided with an
adjustable variable resistance for regulating its
current flow.

DONALD F. ALEXANDER.
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