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UNITED STATES 

2,193,835 

PATENT OFFICE 
2,193,835 

AIR CONDITIONING SYSTEM 
Frank L. Murphy, Chicago, Philip S. Westcott, 
Oak Park, and Martin P. Winther, Waukegan, 

., assignors to Pullman-Standard Car Mant 
facturing Company, Chicago, Ill., a corporation 
of Delaware 

Application April 18, 1936, serial No. 75,242 
10 Claims. 

This invention relates broadly to air condi 
tioning Systems for enclosures, but for the pur 
pose of disclosure, it will be explained with par 
ticular reference to its application to passenger 
car air conditioning. 
While there is some similarity between the elec 

trical Systems on most railway cars in service 
today, there are nevertheless many variances, due 
to the fact that not all cars were built by the 
Same car builder, or at the same time and due 
further to the fact that the circuits employed 
are necessarily dependent upon the type of car 
to which the system is applied, (i.e. sleeping car, 
observation car, dining car, business car, coach, 
etc.). Consequently, whenever an air condition 
ing System is to be applied to any particular car, 
the electrical control System for the air condi 
tioning equipment must be individually adapted 
to the electrical system already on the car, and 
this is obviously a costly and time-consuming 
task. 
Among the primary objects of this invention, 

therefore, are the following: To separate the 
electrical control for the floor heating system al 
ready on most cars from the electrical control of 
the forced air heating and cooling system to be 
applied to the car; to make a similar separation 
between the control of the latter system and the 
control of auxiliary holdover refrigeration equip 
ment so that the application of the holdover re 
frigeration equipment may conveniently be made; 
to So correlate the parts of the circuit that bal 
anced fusing is feasible and maintenance, in 
Spection and repair facilitated; to provide circuit 
means for positively preventing interference be 
tween heating and cooling; to provide convenient 
means for making the main light switch the 
master control switch regardless of the particular 
electrical control arrangement on the car; to pro 
vide suitable electrical control for the auxiliary 
holdover System; and to provide electrical means 
for indicating when the cooling system is not 
properly performing its function. 
As the disclosure proceeds, further objects and 

advantages of the invention will become ap 
parent. 

In the drawings: 
Fig. 1 is a diagrammatic, isometric view of a 

railway car equipped with an air conditioning 
System; 

Fig. 2 shows a fragment of the floor plan for 
a conventional Pullman car, the preferred loca 
tion of the control panels for the air conditioning 
system being indicated on this view; 

(C. 25-3). 
Fig. 3 is a front view of the master control 

panel, floor heat control panel, auxiliary holdover 
control panel, and indicator lamp compartment; 

Fig. 3a is a longitudinal sectional view through 
the control locker; M 

Fig. 4 is a schematic wiring diagram of the 
entire electrical system for controlling the air 
conditioning equipment, the components of the 
system being shown in their electrical relation 
rather than their physical relation; 

Fig. 5 is a wiring diagram showing particularly 
the elements which are grouped on the control 
panels and their connections, with the other 
components of the air conditioning System. 

Fig. 6 is the same as Fig. 5 except that only the 
circuits dealing with Car Cooling from the Over 
head evaporator are shown; 

Fig. 7 is the same as Fig. 5 except that only the 
circuits dealing with car cooling from either the 
overhead evaporator or the auxiliary overhead 
cooling coil are shown. 

Fig. 8 is the same as Fig. 5 except that only 
the circuits dealing with holdover tank cooling 
are shown; 

Fig. 9 is the same as Fig. 5 except that only 
the circuits dealing with car heating from the 
Overhead heating coils are shown; 

Fig. 10 is the same as Fig. 5 except that only 
the circuits dealing with car heating from the 
floor heat coils are shown. 
The specific disclosure which follows of a 

preferred embodiment of this invention is made 
for the purpose of complying with Sec. 4888 of 
the Revised Statutes, and is not to be construed 
as imposing limitations upon the appended claims 
except as may be required by the prior art. 

General organization. 

The air conditioning system is adapted to be 
used on various classes of vehicles, and the choice 
of a railway passenger car for illustrating an emi 
bodiment of the invention is for the most part 
arbitrary. There are however, some problems 
in air conditioning railway passenger cars which 
make the system of this invention particularly 
suitable for application to this class of vehicles. 
The system disclosed includes means for filter 

ing, cooling, and dehumidifying the air in the 
sumner time, and means for filtering, heating 
and humidifying the air in the Winter time. 
The cooling of the air is accomplished by a 

refrigerating system which is operated through 
a variable speed device from one of the car 
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axles when the car is in notor, or by a stants 
by motor when the car is at stations. The re 
frigerating System includes parallel evaporator 
circuits, one of which is adapted to cool the air 
that is being delivered to the car interior by 
direct expansion coils, and the other being 
adapted to store up refrigeration in the for in 
of ice whenever car cooling is not required and 
there is power available for operating the re 
frigerating System. 
Car heating is accomplished by a steam coi 

in the path of the air that is being delivered 
into the car interior. The steam coil may have 
a humidifier associated with it for delivering 
moisture to the air after it has passed through 
the coil. 
A complete disclosure Cif the physical compo 

nents of the system as well as a general disclose 
sure of the electrical systern controlling the op 
eration of the equipment may be found in the 
application of Frank L. Miurphy, Philip S. West 
cott, and Martin P. Winther, Ser. No. 38,502, 
filed August 30, 1935, and the subject matter of 
that application is specifically made a part of 
the present disclosure. 

Briefly, the system includes a refrigerant 
w compressor 200 (Fig. 1) driven while the car is 
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in motion from an axle driven shaft 20 through 
a magnetic coupling 202 which may be of the 
type disclosed in the patent to Anthony Winther 
No. 1982,461, issued Nov. 27, 1934, and when 
the car is at stations, by an alternating current 
standby motor 203. The compressor feeds to a 
condenser 204 cooled by a fan 205 which is 
driven from the armature shaft of the motor 23 
(the shaft being rotated whenever the com 
pressor is operating). An evaporator coil 28 
in a brine tank 206 is connected in parallel with 
a direct expansion coil 207 mounted in an air 
conditioning chamber 208 just below the roof 
of the car, and suitable valves, indicated gen 
erally in Fig. 1 control the flow of refrigerant 
to the two parallel-connected coils. 
A brine coil 209 is mounted in the air condi 

tioning chamber 208 alongside the direct expan 
sion coil 207 and when under certain conditions 
refrigerant is not available for the coil 27, 
brine is drawn from the tank. 206 (where it has 
been cooled and partly frozen by the evaporator 
coil in the tank) for abstracting heat from the 
air being delivered into the passenger Space, 
The liquid line to the evaporator coil 20 in 

the brine tank and to the direct expansion coil 
207 is indicated at 2 i? and the suction line from 
these coils at 22. The feed line to the brine 
coil 209 is shown at 23 and the return line at . . . 
24. 
Air is drawn from the interior of the car and 

mixed with selected quantities of outside air (the 
latter being passed through filters 25 before 
being mixed with the recirculated air) and then 
forced by blowers 26 through the coils 207 and 
209 into air ductS 2? located along the side 
decks of the car from which the air is distributed 
into the car interior, 
A steam coil 28 in the air conditioning cham 

ber 208 is provided for heating the air in the 
winter time and it may have a humidifier (not 
shown) associated with it. Steam lines for the 
overhead heating coil 28 are indicated at 29. 

Other physical components of the air condi 
tioning system will be identified and located as 
the disclosure of the electrical system controlling 
the apparatus proceeds. - 

3,128,885 
lectrical system-in general 

For convenience of disclosure, the system will 
be described generally from the standpoint of op 
eration, considering first the separable parts of 
the system, as shown in Figs. 6-10 inclusive, and 
then the system as a whole, as shown in Figs. 
4 and 5. 
The more important components of the air. 

conditioning system are designated on the draw 
ings by appropriate titles in order to facilitate 
the disclosure and to avoid confusion, and ref 
erence characters will not ordinarily be applied 
to these parts. Also, it will be convenient to lo 
cate certain elements of the electrical System 
by the use of coordinates, particularly in Fig. 4 
where the components of the system are shown 
in their electrical relation rather than their 
physical relation. 
The electrical controls common to all types 

of cars are as far as possible placed on a master 
control panei, generally designated 220, and other 
auxiliary controls are grouped on a floor heat 
control panel 22, and an auxiliary holdover con 
trol panel 222. A master control panel is al 
ways used but the two auxiliary panels may or 
may not be used, according to particular re 
quirements. 
The following control equipment is mounted 

on the master control panel 220: 

Temperature selector switch("Air conditioning 
control'). w 

Overhead heat relay. 
Wave cut-out and test Switches (for overhead 

heat and it floor heat Wave circuits). 
Selector relay. 
Blower fan start and speed switch. 
Fan motor field resistance units for fan motor 
speed control. 

Cooling pilot relay. 
Circuit breaker relay. 
Circuit breaker thermal unit. 
Shock relief relay contact by-pass condenser and 

protective fuse. 
Speed control field discharge resistor. 
Line fuses. 
The following control equipment is mounted 

on the floor heat control panel 22: 
#1 floor heat relay. 
#1 floor heat temperature switch, 
#2 floor heat relay. . 
#2 floor heat temperature Switch. 
#2 floor heat valve test switch. 
The following control equipment is mounted 

on the auxiliary holdover control panel 222: 

Cooling selector relay. 
Holdover switch. 
Pump relay. , 
Pump line fuses. 
Referring to Fig. 4, the four basic control cir 

cuit groups are (from top to bottom): 
1. Heat controls: . 

a. Thermostats and heat relays with inter 
lock control (No. 2 floor heat thermostat 
circuit is shown in dotted line diagram). 

b. Heat relay valve circuit contacts with valve 
test switches, heat valve solenoids and sole 
noid selection Switches, valve line circuit 
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breaker and interlock control (No. 2 floor . 
heat valve circuit shown in dotted line dia 
gram). S 
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7s are mounted in box-like compartments at the 

9,108,885 
2. Blower fan controls. (All those directly re 

lated to circulation of conditioned air thru 
car-an indication of "in-service' operation): 

a. Blower fan motor start and speed switch. 
b. Cooling thermostat with temperature se 

lection switch and cooling pilot relay. 
C. Heat selector relay to place cooling and 

heating selective controls under the con 
trol of the car attendant for road service 
(blower fan running). 

3. Miscellaneous cooling controls: 
Circuits used only for holdover system shown 

in dash line diagram. 
Without holdover system (without panel 222) 

terminals 'B' and 'C' (panel 220) are 
"jumpered' as shown in dash double-dot 
diagram. 

a. Cooling selector relay (subject to car ten 
perature controls 2-b above). 

b. Compressor drive control. 
Train in motion-shock relief relay (for 

Speed control). 
Train standing-A. C. standby motor start 

er switch. 
c. Miscellaneous holdover system controls. 
Holdover "cut-out' switch, solution tempera 
ture controls, Freon overhead evapora 
tor valve and holdover coil valve solenoids, 
compressor rotation switch, and pump re 
lay. 

4. Speed control field excitation and discharge 
circuit: 

Each of the above basic circuit groups is sepa 
rately fused, the physical locations indicated on 
Fig. 5. The following diagram shows panel 220 
cover plate designations, and also the number of 
the basic circuit as outlined above. 

B 
() ------- --- 

L ECCI EBF BFI ECC EL 
(4) (3) (2) (2) (3) (4) 

Preferably, the control panel assemblies are 
located in a locker 230 (Figs. 2, 3 and 3a) at the 
end of the car passageway. Each panel assembly 
comprises a base 23i upon which the panel equip 
ment (not shown) is mounted. The panel bases 
are secured in the locker by Screws 232 and each 
base supports its panel at a given distance from 
the base by studs 233 and thumb nuts 236. 

Projecting through the control panel 220 are 
the following: 

Blower fan start switch 235. 
Air conditioning temperature selector switc 

236 
Overhead heat valve test Switch 237 
Floor heat No. 1 valve test Switch 238 
Fuses 239 
Cooling test binding posts 240; and 
Speed control test binding posts 24 

Projecting through the panel 22 are the fol 
lowing: 

Body No. 1 floor heat temperature selector 
Switch 242 

Lounge No. 2 floor heat temperature selector 
switch 243; and 

No. 2 floor heat test Switch 244 

Projecting through the panel 222 are the foll 
lowing: 

Holdover switch 245; and fuses 246. 
The indicator lights, generally designated 24 

3 
top of the locker and the locker door 248 is 
equipped with bulls-eye lenses 249 of appropriate 
color to give the desired visual indication when 
the locker door is closed. 

Car cooling from overhead evaporator 207 alone 
The portion of the circuit relating to this func 

tion of the system is shown in Fig. 6. 
Upon closing the main light switch A6, the 

circuit to the exhaust fans is energized, as in 
dicated at B6. The blower fan switch C6 is 
then turned on, starting the blower fan motor, 
the field F6 of which is in series with motor 
speed resistor taps E6. The blower fan switch 
also completes circuit to the temperature pilot 
light H6 (orange) which has in series with it a 
resistor as, the purpose of which is to limit the 
current to the lamp through the mercury tube 
d6, which has a resistor b6 across its terminals 
to prevent arcing in the mercury tube. 
The temperature selector Switch G6 is then 

turned to the right to energize the circuit con 
trolling the cooling apparatus including the cool 
ing pilot relay K6. The contacts I6 of the tem 
perature selector switch G6 determine which one 
of the two mercury tubes JG controls the Opera 
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tion of the cooling pilot relay K6 which in turn . 
governs the entire cooling System. 
ASSuming the temperature selector switch is in 

the “high' position, as shown in Fig. 6 and that 
the “high' cooling thermostat JG calls for cool 
ing, the cooling pilot relay K6 is energized which 
closes the contacts of the shock relief relay L6, 
thereby energizing the speed control field M6 to 
drive the compressor from the car axle. The 
speed control windings M6 are in series with a 
caterpillar resistor N6 which changes the resist 
ance in the field circuit in a manner fully de 
scribed in the Winther patent heretofore identi 
fied, thus limiting the speed of the compressor 
to some predetermined maximuri. 
When the cooling pilot relay K6 has been ener 

gized, and the shock relief relay has closed the 
circuit through the speed control circuit M6, an 
opal light O6 is illuminated to indicate that the 
speed control circuits have been properly closed. 
A high pressure, low pressure switch P6 is 

located in the refrigerant line to cut out the com 
pressor in case of pressures which exceed or fall 
below predetermined maximum or minimum 
values. The switch P6 is connected in Series 
with the operating coil of the shock relief relay 
L6 so that whenever head pressures or Suction 
pressures become dangerous, the refrigerant sys 
tem is shut down. 
At stations where the refrigerating apparatus 

is to be operated by standby power, as for ex:- 
ample 220 volt, 3 phase current, a plug Q5 is 
fitted into a power receptacle to operate an A. C. 
motor for driving the compressor, but the cir 
cuit through the alternating current standby 
motor is not closed until the plug has been 
pushed into the receptacle a sufficient distance 
not only to connect the three A. C. lines with 
the corresponding power lines but also to close 
the circuit through two D. C. terminals which 
energize the coils R6 of an A. C. starting switch 
and close the contacts TS to energize the A. C. 
standby motor. At the same time, the upward 
movement of the armature opens contacts S6 
(before the contacts T6 are closed) which pre 
vents the speed control field M6 from being en 
ergized at the same time that the A. C. standby 
motor is running. 
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4. 
car cooling selection to prevent heating from 
interfering with cooling. This is accomplished 
by means of the rotary interlocking switch W6 
Which noves under common contro, with the 
cooling temperature switch 6. 
The terminals CH and CT project through 

the cover plate of the panel 220 (see Figs. 3 and 
6) so that they may be easily shorted for test 
?ing the operation of the system even though the 
cooling thermostat JB does not call for car 
cooling. 
Terminals SCT and SC likewise project 

through the cover plate in order that the cater 
pillar resistance N6 of the speed control may be 
readily tested. 
Car cooling from either overhead evaporator 207 

or auciliary overhead cooling coil 209 
This portion of the electrical controls is shown 

in Fig. 7. 
The functioning of the circuit up to and in 

cluding the energization of the cooling pilot relay 
X is the same as described under "Car cooling 
from overhead evaporator 207." (A7 of Fig. 7 
corresponding to A6 of Fig. 6; BT of Fig. 7 corre 
sponding to B6 of Fig. 6, etc.) 
The closing of the cooling pilot relay Kill ener 

gizes the cooling selector relay KK which in 
turn 

(d) Closes contacts 2 for holdover cooling, 
subject to availability of the compressor through 
action of the rotation switch W. 

(b) Closes contacts 3 for energizing the evap 
Orator Solenoid X, subject to availability of the 
compressor through action of the rotation switch 
W. 

(c) Closes contacts 5 for energizing the shock 
relief relay L7. 
The energization of the shock relief relay 

closes the contacts which control the energiza 
tion of the speed control field MT, thereby driv 
ing the compressor and moving the compressor 
rotation switch W to position 6 (assuming the 
car speed is sufficient) which closes the other 
side of the circuit through the Solenoid X and 
thus permits refrigerant to flow to the evapora 
tor 207. The caterpillar resistor N functions 
as before to limit the speed of the compressor. 
The functioning of parts NT to WT inclusive 

is the same as parts N6-W6. (Fig. 6) described 
under the heading of "Car cooling from Over 
head evaporator 207 (Fig. 6). 
When the speed of the car falls below a pre- . 

determined minimum, the contacts of the com 
pressor rotation switch W are opened and the 
contacts are closed, the latter contacts being 
in series with the brine pump relay Y and also 
in series with the contacts 2 of the cooling se 
lector relay KK7. Therefore, when the car is 
travelling below a predetermined minimum 
speed, or is at stations where alternating current 
power is not available and the cooling pilot relay 
KT is energized, the pump relay K7 closes con 
tacts which energize the circulating pump Z7 
and causes brine to be circulated through the 
auxiliary overhead cooling coil 209. 

Holdover tank cooling 
The circuits dealing with holdover tank cool 

ing are best shown in Fig. 8 (some reference, 
however, being made to Fig. 7 for related cira 
cuits). 

Before refrigerant is permitted to flow through 
the evaporator coil in the brine tank 20, all 
demand for car cooling must be satisfied. When 

2,93,835 
this condition exists and the car speed is suf 
ficient to operate the compressor, refrigerant is 
permitted to flow through the evaporator coil 
in the brine tarak. After a predetermined amount 
of ice has been formed in the tank as determined 
by suitable controls, the compressor is shut down 
and does not start again until car cooling is 
called for, or until there is need for more ice in 
the holdover tank. 
Since the cooling pilot relay K of Fig. 7 is 

in series with a cooling thermostat JT and the 
( 

temperature selector switch, the closing of the 
circuits for freezing the brine is made dependent 
upon the cooling pilot relay KT (Fig. 7). In other 
words, when the contacts of the cooling pilot re 
lay are open, either because the cooling thermo 
stat JT does not call for cooling or because the 
temperature selector switch is set to "off’ posi 
tion, the circuits for refrigeration control of the 
holdover tank are unlocked and the flow of re 
frigerant through the evaporator coil in the 
brine tank is permitted subject to suitable con 
trol. 1, 

Assuming, then, that the circuit through the 
cooling pilot relay K. (Fig. 7) is open, which in 
turn causes the cooling selector B8 (Fig. 8) to 
become de-energized, and assuming also that the 
auxiliary holdover switch A8 is closed, as well as 
the main switch light, the armature of the cool 
ing selector relay B 

(a) Closes contacts to the solenoid valve H8 
which controls the flow of liquid refrigerant to 
the holdover cooling coil 2fO; 

(b) Closes the contacts 4 to the compressor 
power circuits through the master control panel 
22. 
The flow of refrigerant through the holdover 

cooling coil in the brine tank. 206 is controlled by 
a low pressure switch C8 and a temperature 
switch D8, the two being connected in parallel. 
The former is connected in the suction line from 
the holdover cooling coil 20 and measures in 
effect the average internal temperature of the 
ice block during formation, opening a pair of 
contacts when the pressure drops below a prede 
termined value. The latter consists of a thermo 
static bulb positioned a given distance from the 
evaporator coil and as soon as the bulb is encased 
with ice from the growth on the evaporator coil, 
it acts to open a pair of contacts and thereby 
perform its part in controlling the flow of refrig 
erant to the evaporator Coll. 
The reason for using a combination of pressure 

and temperature control in the brine tank is fully 
disclosed in the Murphy, Westcott and Winther 
application hereinbefore identified, and further 
discussion here is deemed unnecessary. 

It should be noted that either the pressure 
switch C8 or the temperature Switch D8 is capa 
ble of closing the circuit for operating the com 
pressor, but that both switches must be opened to 
break the compressor, control circuit. This is 
due to the fact that the temperature and pres 
sure switches C8 and DB are connected in par 
allel. . 

in road Service, when the holdover tank calls 
for ice formation through either the pressure 
Switch C8 or the temperature switch D8 (and as 
suming that car cooling is not called for), the 
shock relief relay E8 is energized, which in turn 
energizes the field coils F8 of the speed control, 
causing the compressor to be placed in driving 
connection with the car axle. Then, if the com 
pressor rotation switch G8 is in the position 
shown in Fig. 8 (due to sufficient car speed) the 
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9,198,886 
circuit through the solenoid wave for the 
holdover evaporator is closed, which opens the 
valve and permits refrigerant to flow through the 
col 2). 
At stations where standby A. C. 220 volt power 

is available, the plug I-8 is pushed into the pow 
er receptacle and the compressor is operated 
from the A. C. standby motor in the same man 
ner as has been previously described. It will be 
understood that when the armature of the A. C. 
starting switch J8 is lifted, the circuit through 
the speed control field F8 is opened at K through 
the shock relief relay E8, before the armature 
reaches the end of its stroke to close the circuit 
through the A. C. standby motor at the contacts 
L8. 

It will be noted that the check valve in the 
Suction line of the holdover evaporator not only 
serves to prevent refrigerant from condensing 
in that coil, but also makes possible the combina 
tion pressure and temperature control for the 
holdover coil. If a check valve were not used, 
the pressure within the holdover coil would 
quickly rise to a point sufficient to operate the 
pressure switch, and as a result holdover cooling 
would be effected even though not desired. 

Car heating from overhead heat coils 
The description which follows has particular 

reference to Fig. 9. 
On closing the main light switch A9, the ex 

haust fan circuits indicated generally at 89 are 
energized. The blower fan switch C9 is then . 
turned on which energizes the blower fan motor 
field F9 through one or more resistor taps E de 
pending upon the position to which the switch 
is thrown. The switching on of the blower fan 
also energizes the selector relay 9 thereby 

(a) Closing contacts which connect negative 
battery to one side of the Overhead heat relay 
M9 and 

(b) Closing contacts 2' which connect positive 
battery to the inside contacts J of the temper 
ature Selector Switch. 
The temperature selector switch is then turned 

to the left which 
(d) Selects one of the temperature control 

tubes L3 as the means for governing the action 
of the overhead heat relay (the contact K of the 
ten perature selector Switch in this instance being 
the One for medium heating). 
When the mercury in the medium thermostat 

tube L9 closes its contact, the overhead heat re 
lay A9 which is normally energized is shorted 
across 3' and A'. 

ASSunning that the car calls for heating and 
that the overhead heat relay contacts are, there 
fore, in the position shown in Fig. 9, the solenoid 

is energized and draws the plunger S' to the 
right, thereby rotating the valve handle 7' and 
the valve stem to Open the steam port to admit 
steam to the heat coll 28. 

Before the plunger reaches the end of its traw 
el, the valve handle 7 trips a toggle switch. 8 
which opens the circuit to the solenoid 5' and 
prepares the Solenoid 9” (adapted to move the 
plunger.' in the opposite direction) for turning 
of the steam when no further heating is re 
quired. 
When the temperature in the car rises sufn 

ciently to close the contact at 9, the operating 
coll of the overhead heat relay M is shorted 
across 3' and 4 to move the armature against 
contacts which close the circuit through the "of 

thermal element O9 in the circuit. 
either one of the coils 5’ or 9 is energized for 

5 
solenoid of the Overhead heat valve N there 
by shutting off the steam to the heating coll. 
In a similar manner, when the plunger 6' ap 

proaches the end of its travel to the left, the 
toggle switch 8' is tripped to open the circuit 
through the "off' solenoid 9' and prepare the 
"on' solenoid 5' for action when heating is again 
needed. 
An auxiliary circuit is provided for protecting 

against a condition where the heat valve is 
sluggish or sticks during on or off rotation. Since 
it requires current to move the overhead heat 
valve N9 to either on or of positions, it is pos 
sible to protect the circuits against overload due 
to sticky valve operation by introducing a 

Whenever 

more than a predetermined period of time, the 

0 

15 

thermal element O9 closes the contacts for to 
energize the circuit breaker relay P9 and thus 
open the valve operating circuit through the con 
tacts fl'. 
When the temperature selector switch is ro 

tated to the right (cooling side) the inside con 
tacts J9 are separated, thereby disconnecting 
the positive battery line from the overhead heat 
relay M9 to disconnect thermostat control and 
insure that the valve circuit contactor of over 
head heat relay M9 is in the "off' position. 
At the same time, the two other inside con 

tacts are connected (when the temperature 
selector switch is rotated to the right) to pro 
wide a positive battery Supply to the overhead 
heat valve line even though the test switch 5’ 
may have been left in manual position. As a 
result, energy is only supplied to the “off” sole 
noid 9' of the heat valve N9 in order to prevent 
heating from interfering with cooling. 

Car heating from floor heat coils 
The description which follows has particular 

reference to Fig. 10. 
It is desirable to provide some means for in 

suring that sufficient heat will be supplied to the 
car under any and all circumstances to keep 
the pipes from freezing. For example, when the 
car is left in the yard and the car attendant has 
opened the main light switch. Alo, as is custom 
alry, an auxiliary thermostatically controlled 
heating System furnishes sufficient heat to the 
floor heat coils to keep the car from freezing. 

It is also desirable to be able to use the floor 
Aeat coils as auxiliary heating means during 
cold weather when the overhead heat coil is 
operating to take the main heat load. 
When the car is left in the yards and the at 

tendant has opened the main light switch. A? 0, 
the exhaust fan circuits indicated diagram 
matically at Bf 0 are also open as well as most 
of the air conditioning control circuits (see Fig. 
4). As a result, the blower fan start switch CO 
inay be either open or closed since the light 
Switch. Afo is the primary control, and the heat 
selector relay DO is necessarily de-energized. 
The temperature selector switch E O may be left 
in any position as the inside switch contacts 
(the heating and cooling interlock 4' and 5' 
of the heating and cooling interlock switch are 
shorted at ' on the selector relay DO to supply 
positive battery current to the floor heat relays 
Jo and Kf 0, and the contacts 6' and 7' of the 
heating and cooling interlock switch are shorted 
at 3' on the selector relay D0 to supply positive 
battery current to the "manual” setting contacts 
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3. 
8’’ and ’ of the valve test. Stitches 500 856. 
- respectively. Enus, ever, if &G 52.57 e5, 

switches are left in 'naan.' Iositica. 8336. Of 
“automatic' car heating is assages; cigring the 
yard 'out-of-service' operatioG. 
Assuming that the idor aea, Eo. 3 (37) 

temperature selector switch iE is set foE 'O' 
heat selection (as shown in Fig. 0), the Ecg3 
cury tube Life of the floor heat the most8 No. 1 
shorts the winding of the foot aea, Šo. 3 SeaS 
JG to place the valve circuit, con&act, En 'off' 
position and throw both floor heat No. waves 
MG (in parallel) in 'off’ positica. Obviously if 
the temperature within the C&S is S.C. a. ae 
mercury in the tube E does Aci, Segi the Cy 
contact, the floor heat No. 1 valves ECO 2-Ye 
Ope. 
Assuining that the goor nea, No. 2 (E2Ege) 

temperature selector switc.; (380 g Set, or 'g' 
heat selection, the floor nea. No. 2 SeaS ESG is 
energized because ice co: Eies o. 2 SeaS) is 
not shorted by the mercury tube NEC of Ene 300: 
heat thermostat, No. 2. Ezis 2.3 VEFe Circa 
contact associated wit... is 3.0CS 33% No. 2 
relay EKG is pulled to “OE' 2&SigE, SEQWigg 
both floor heat No. 2 waives (CO G. AeS (222 
tive position. 
In road service, When the Gaia igi Sii; in 

AAB is closed, the exha's faSS &Se "3:22:35, he 
blower fan start switch (CGG is at, “OK” positiosa, 
and the heat selecto" relay 380 is eaegge, &e 
contacts i' aid 3' are ogen, SciEag 8.2e i38: 
lock circuits on temperature selector Syrick D 0 
contico, 
The overhead heat, selectio2 (Eig, A23di E2. 

or low) is then inade and Rae contacts ( 2.25d 5 
energize the floor heat relays SEC & d .89. 
The floor aea, engarature selector SWitches 

FAO and G8 nay be operated as ancier yard 
Service. 
The switch airias of the instag tes, SWiices 

HA and I-8 nay be noved iro, a SO2.3%ic 
position to manual position to detes hi.e Wietier 
or not the floor heat Solenoid w87e5 2.5e (28Sea 
atting properly. If they are siggis, O Séctriig, 
the Switch aris are left in Ina, 2.É gositigY aid 
the vayes may be operated Gaitially. 
The temperature selector Spitci. EEG and 332's 

ticularly the inside contacts, interlock the coole 
ing systern with the heatgag systein ad preve2 
the two fron overlapping at 8.3 SEC.e. E. C00 
ing is selected, the contacts (3 and 5 are discGS 
nected to make Sure that a. Eacat, the 290S6&S 
and heat relays are inoperative. (CoE&SC:S 6 
and 2' when bridged by the Swisch as a Siggly 
current to the 'off' Soleroids (5 &he eat WSEVes 
if the valve test switches EEG and 5-66 happeE. 

gs 

to be left in italia positio. 
thus far, the description, as deai i ESP 

With certain segregated politioSS G. he elecsical 
System, and it will (OT be eigii O ceSCEile 
the operation of the syster as a, Ericle, Wril 225's 
ticular reference to the Scheiatic diagra.E, CS 
Fig. 4 (coordinates eig (Sec. She'e possie &O 
assist in locating the 33.58s). 

Road operation, (iii-Service CO2:36:20) 
Car cooling 

Close main liga, Switch (A-2) 
Exhaust fans E. (E-A) 

Close blower fall, start (a di S333d Selectic...) 
switch (C-S, E-3, G-SG) 

Selector relay energized. (3-en-3, 

3,133,636 
E. Opens yard (out-of-service) intern 
lock contacts (C-3, C-C) to heat 
valve test switches (D-2, D-3 and 
D-3) and heat relays (3-6, F-7, 
F-8) to transfer control to the inside 
interlock switch (C-3, C-) of the 
cooling and heating temperature Se 
lector switch (F-3 and E-C). 

b. Completes circuit (D-3 and H--8) 
to overhead tea; thermostat (G-5) 
and relay (5-8). 

emperature selector Switch ('Air conditioning 
Control') roteited to the right to Selec desired 
cooling temperature. (3-89.) 

inside of heat interloc Switc. (C-S) (ro 
stated inder connao CEO. With the 
SWitch for thernostat like Sergerature 
selection (5-8) operates to prevent 22e2.É.- . 
g interfering with cooing). 

G3. Disconnects all heat Eelay (--3) suggly 
(C-E). (Guai'antees feat relay waive 
line contacts (E-2, 3-3 and 3-5.) Wii: 
Boeir 'off’ position during cooling.) (SS3 
"Cs heating' description.) 

2. Completes circuit (C-3) frog, (--E) , 
“Santial” side of waive test switches (D-2, 
S-3, -3) to irasu Se RPSive c3 e5: Siov, 
& heat waive 'off' soiecies (5-2, 3 
E-3), even thogi Waive es; Svicies 
Iney have been left is “E23.22.' gosio. 
(See “Ces' heating' description.) 

Coorg thern Osta, tune ines'City Colas; (3-E 8) 
Eises, coileting circuit to coing lot ejay 
(C-30). (Car cooling called for.) 

(E. Cooling pilot "elay energized (G-EG). 
Cooling pilot contact closes (2-8 t). 

3. Cooling Selector relay ee'giged (G-62). 
Coig SelectO co:26:S raisiergei O. 
'car cooling' position. (C-2: 2: 
G-33.) 

A. ::::ASSy; eWaiporator cooxag of ca. 
COS greSSOr driving ovye; 3Waiacie froE, 

cas' axle (taiga Enotio). 
£. Shocis: 'elief Seay egs)'gized (S-62) 
Sject to the 3e0? Eigh-lovy pies. 
Sise totective sific. (S-2). 

2. Shocis relief relay finalizes to CSS$86, 
(E-3 and E-853), and at S33 
inae, cotto: cost&cs (C-E) ope: . 

-- 

disCO, Electing speed cotto: aedi cis- 5, 
c3ige resis (E-5). 

C. Cooliag gilot lang ignized (5-F43). 
d. Speed control edi ()-?) eye 

gized to provide naga.etic coging 
to drive compress frog car g;ie. 

e. CompreSSC rotatioE Sysicia Eagsfers 
above approx. 5 RE. F. E.) (3-3). 

f. Solenoid Winding of evapora:O: Freon 
Valve energized (3-63) and valve 
opened. 

CornpreSSO driven from A. C. starty gractor. 
G. Standby power plig (exters. O car 
equipment), inserted into "eceptacle. 

b. Receptacle D. C. control contacts 
(3-2) 'bridge' oy pig eeriner; 
completing circuit to standoy Rotor 
automatic staries switc. Writing 
(D-2). 

e. Shocis Felief contro lie inteloci. 
contacts (C-2) (left side of stancy 
startes Switch as E. assert:y) opens 
circuit to shock relief relay Wiigg 
(G-2). This in 62 opens speed 
control fieli contacts (E-83 and 
E-4) to de-energize speeds contro 
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while A. C. standby power is available. 

d. Speed control field (D-4) being de 
energized leaves the driven unit 
(field rotor) free of magnetic coupling 
to the car axle drive. 

e. Standby motor starter switch closes, 
completing A. C. circuit to drive motor, 
which is shaft-connected to speed 
control driven unit, and to compressor 
which is belted to it. 

. Compressor rotation switch (B-3) 
transfers, completing circuit to evapo 
rator solenoid valve (F-3) which 
opens and admits Freon to evaporator 
circuit. 

B. Holdoyer or Secondary car cooling. 
No compressor driving power available. 

a. As compressor does not rotate, corn 

f 

pressor rotation switch contacts 
(B-3) remain on holdover pump re 
lay circuit. 

E. Holdoyer . pump relay energized 
(D-3), 

c. Holdover pump relay contacts close 
(E- ). 

d. Holdoyer pump motor (C-ff) runs 
to drive cold holdover solution from 
the storage tank to the auxiliary Over 
head cooling coil and return to the 
spray header of the storage tank. 

Temperature (80°) pilot light (F-9). 
The temperature pilot lamp lights when car 

is too warm (80° is reached), when special 
damper for fresh and recirculated air control, 
Should a shifted to increase recirculated air 
and decrease fresh air until lamp goes out again. 
The pilot light is controlled directly from a 

heavy duty thermostat tube (E-9) mounted on 
the same plate as the cooling ther Ostat ties. 

Electrical operation is as follows: 
Below 80, the thermostat tube by-pass re 

sistor (E-9) is in series with a permanent 
line resistor (G-9), the two together, 
initing voltage across the anp to about 
6 volts on a 32-volt supply line (flament 
burns at a dull red color). 

At 80°, mercury column (E-9) closes shunt 
circuit around the by-pass resistor (E-8), 
raising lamp voltage to about 25 volts. 

The line resistor (G-9) (always in circuit) 
imits the inaximum current the thero 
stat tube (E-9) must carry. 

The by-pass resistor (E-9) prevents a con 
plete open circuit condition when mercury 
column drops and opens shunting circuit, 
and so reduces arcing at surface of mer 
cury column (E-9) to an amount not 
harmful. 

Holdover tank cooling (in Service). 
(Cooling of car must be satisfied before comi 

pressor capacity is made available for 
holdover tank ice forming). 

Cooling thermostat tube mercury column 
(F-i or F-) lowers until circuit is 
broken to the cooling pilot relay (G-fo). 

a. Cooling pilot relay (G-fo) is de-ener 
gized. w 

Cooling pilot contact (I-1) opens. 
b. Cooling Selector relay (G-2) de-ener 

gized. - 
Cooling selector contacts (C-2 and G-f) 

disconnect "car cooling,' control circuits 
and return to back contact position to al 
low holdover tank cooling as may be re 
quired. 

7 
Boldover toggle switch closed (I-2). 
Holdover pressure and temperature switches 

closed. (H-2, H-3.) 
Compressor driven from either speed control 
(D-4) (train operation), or standby 
motor (external A. C. power available) 
through the operation of the same control 
circuits described previously under "car 
cooling-sprimary evaporator." 

Operation of holdover tanklow pressure and 
temperature switches is briefly as follows: 

a. Low pressure Switch (H-33) oper 
aton CCStrolled by holdover tank 
Freon coil Suction line pressure (a 
measure of average internal temper 
ature of ice block during formation). 
Closes at 23 lbs. alad opens circuit at 

S, 
b. Tenperatigate Switch (-2) co 

Erciled by buo in temperature well so 
placed that the Warfined holdover solu 
Or frc2a the spray header during 

secondary or holdover cooling of car 
will escSe S3 rae to the Warner solu 
tiora as scorn as the surface begins to 
Sae. .is allows refreezing of sur 
328 ice without hayirag to neit down 
Rae Lk of the cake, which would be 

; Saecess23 y to cause the low pressure 
Switcia EC close again alter an initial g. 
frategicag. 

Closes circuit at 38 degrees and opens 
circuit at 34 degrees. 

NoTE-3Either Stitch completes circuit, but both 
must ee opes to break circuit. 
Pre-cooling of holdover tank in Yard, with 
out ceilg subject to the condition of car 
cooling operation first, may be accorri 
plished by: 

g. Closing rain light Switch (A-2) 
2. Elegying blower fan switch off (C-3, 

H-9) 
c. CicSingholdoyer toggle switch (-2) 
id. Sigging in A. C. standby power for 

23 inning standby motor. (d. C. in 
terocic contacts at E-2.) 

Car aegig 
Close rain light Switca (A-2). 
Exhaust fails run. (-) 
Close oilofer fan switch (C-3, F-3 
G-33). 

Selector relay energized. (F-S). 
ti. Ogasas yard (Out-of-service) in 

terlock coatacts (C-3) to heat 
valve test switches (D-2, 
C-3, 9-48) and heat relays 
(5-3, 3- and F-3) in order 
to transfer control to the inside 
laterlock Switch (C-3 and 
C-E) of the temperature se 
lector switch assembly (F-3 
and E-i (). 

. Completes circuit (0-3 and 
3-8) to overhead heat ther 
?nostat (C-2 and G-3) and 
relay (3-3). . 

experature selector Switch (F-8) ('Air 
conditioning control') rotated to the left 
to select desired overhead heating tem 
perature. - 

Inside or heat interlock switch (C-7) 
(rotated Ender common control with 
the switch for thermostat tube tem 
perature selection) operates to: 
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8. Oger ciscus, (C-3). Sea. Wave 

tes& Switches (D-2, 5-8, 
D-3} \fieg) & "OWE. to “ragia 
sai' csilic (see G3 ie o a 
“Circ; it realizes operation”). 

E. Coirseas (3) circuit (C-2) to 
aii heat, eiays (3-6, 5- and . 
3-3). 

Overhead hea: 
Overhead eat, they sta, 23 SecAly 

cois Er (C-C 2.3d. (3-3) 800 CW to 
“bridge’ oveaeaci gas geiay wige gag 
(F-3), thus eEnergizi agi, (ca. easing 
called for). s 

Overhead heat, "eay cox:Scés (3-6) 
transferred to "on position. 

Overhead heat, Yalve “o.” Scleroid 
(3-0) e2ey'gized. 

Wave sole oie ages sists, o&sing 
valveazy &o opes: stea.E. oil, aid air, 
steair 80 rest syste; i. 

At end of Waive at Saizag, Soiercici oggie 
Switcf. (G-6) discogreets 'or' Soleiad 
and connects “os' sole; hoisi (3-4), is: 
preparatio for “of” waive ope'aig cis 
rent from heat relay contact, (3-3) when 
car is sufficiently warried. (recay cois 
umn) (G-, 3-8) in $2eFEcstas a 
rises to 'bridge' across hea Eelay. Wyag 
(3-3). 

Floor heat 
Temperature Selector Switch '0%ased to 
One of the overhead neat enerattge 
selection positions (3-3). 

Floor heat control switc. (E-S OR 
F-6) (two on panel 22 G} turned, to 
Select foor heat temperature desired. 

Floor heat relay (F-S or F-) (two on 
panel 22) energized. Whe floor eat 
thermostat mercury colt Eng (G-5 CE 
G-6) is too iow to "bridge' relay 
winding (S 6 or F-) (eating 
called for). 

Valve control is similar to that described 
for 'Overhead heat' operator. 

Circuit breaker operation 
A Sluggis or Sticking waive overheats 

circuit breaker thernal element 
(H-F) (in series with all heat valve 
(F 2, F -3, F-4) solenoid 'N' lines). 

Thermal element warps control contact 
(Gi-A) closed. 

a. Niagnetic hoid-it winding of thernal 
unit assembly, energized (G-6) 

b. Circuit breaker relay winding ener 
gized (G-1) 

c. Relay contacts (G-2) open, leaving 
heat valve pilot light (G-2) in se 
ries with valve solenoid line, reduc 
ing valve operating current to only 
enough to light the pilot iamp. 

Thermal element (H-F) cools dioWE. - 
Magnetic hold-in winding (Gi-) re 
tards return of warping member 
(H-f) to normal, (open contact p0 
sition) until thermal unit (H-f) is 
thoroughly cooled down and holid-ir 
winding (G-) can no longer oppose 
return to norma. 

thermal element contact (H-) opens. 
a. Relay (G-f) deemergized. 
b. Relay contacts (G-2) close by-pass 

ing pilot light (G-2) and recon 
necting valve solenoid circuit 
(5-2, F-8, F-4) directly to bat 

tery circuit for agaother current in 
plise to 'tree' the Wave. 

When valve continues to stock, the above 
cycle of circuit breaker operations re 
peats accordingly. s 

When attendant notices hea, valve pilot 
lamp (G-2) is lighted, the following per 
tains: 

E. Walve test SWitches (TD-2, C-3 O. 
D-3), normally set 2t "automatic' 10 
position, are each in turn tirai as 
ferred to "manual' position. 

b. The test SWitch Wikic causes heat 
pilot light to go oit, indicates on 
corresponding raine piate, which is 
circuit is involved. 

C, Waye test switch of the circ2.8 acil 
cating 7aiye ("Outle, is left, i. 
"manual' position, disconnec3:g 
Walve from all) of natic eosial, 
control. 

d. Attendant manually shifts valve are: 
back and forti, to "free' sage 3: 
possible. 

if able to secure “free' action once 5. 
more, the test swich is returned to 
"automatic' position. 

If not able to clear the trouble, valve 
is left "free' of electrica) control. 

('est Switch ief, in “manual' post- 33 
tion) and valve operated by h.a.n.d.; 
until terminai is reached for re 
pairs. 

s Yard storage (out-of-service condition) 
tain light switch (A-2) open. 
Exhaust fans (F-) not running. 
Bower fan Switch open (C-S, E-8). 
Selector relay de-energized (E-8). 

a. Disconnects both (--) (-) power (D. 8) 40 
and H-8) to overhead heat, reisy 
(F-83. 

b. Floor heat relay (F-G or F-7) (two or 
panel 22) but under the control of floor 
heat temperature switch (F-5 or F-6) 45 
which assures full thermostatic control 
to prevent car freezing up in winter, 
when car is out of service. (B-) power 
to floor heat thermostat circuits supplied 
through heat selector relay (E-9), yard 56 
operation interlock. (C-E), which is 
closed in this case. 

c. Completes (--) Supply (C-3) to valve test 
Switch "manual' position (O-2, D-3, 
D-) terminals. S. 

Heat valves must have operating current 
Supplied to either “on' or “off” solenoid 
operating windings as valve does not re 
return to 'off' position automatically. 

iSelector relay contact (C-3) assures cur- 60 
rent Supply to heat relay transfer con 
tacts (E-2, E-3, E-4) for proper 
Wave control, even though valve test 
switches (D-2, D-3, D-4) may be in 
'manual' position. 65 

General operation notes 
Test terminals are provided on the panel 220 for 

"Cooling test' and (speed control) “S. C. Test.' 
Cooling test consists of shorting around the 70 
cooling thernostat (F-0 and F-fi) to create 
artificial car cooling control, for checking cool 
ing operation. 

Speed control test is arranged to check the cor 
dition of the caterpillar resistance contacts is 
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(E-5) of the speed control, by measuring 
Voltage drop across same (across "SCT' ID 5 
to "SC-' H-3). 
Some of the more outstanding features of the 

System above described are: 
Heating-cooling interlock 

The outstanding feature of the heating-cool 
ing interlock is that the circuits prevent heat 
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ing from interfering with cooling, and vice versa, 
and yet insure that the floor heat system is in 
operation during yard service. 
Specifically-during cooling: 

1. All heat thermostat relays assured to be 
in the "off’ position. 

2. All heat relay contacts for operating heat 
valve Solenoid circuits assured to be in the 
"off’ position. 

3. Flow of current to the heat valve solenoid 
windings is asssured (the heat relay con 
tacts being in 'off' position means that 
the current goes to the 'off' solenoid of 
the valve). 

During yard Service: 
1. Floor heat relay circuits energized to 
guarantee floor heat control to prevent 
freezing or allow preheating of car be 
fore Service (with a positive flow of cur 
rent to floor heat valve solenoids). 

2. Overhead heat relay control is off (with 
a positive Supply of current to “off” sole 
noid). 

Car heating in road Service 
The System provides full protection and con 

trol of floor and overhead heating but at the 
Same time allows operation of valve test switches 
in determining faulty valve operation. 

In yard service and during cooling, it is de 
Sirable to have the manual side of the test 
Switches connected directly to the power supply 
So that even if a yard man accidentally leaves 
the test Switch in manual position, the heating 
valves will be turned off (the heat relays being 
de-energized by reason of the heating interlock 
for the relays) which puts the valve contacts 
to off position, and, therefore, guarantees a source 
of current for Operating the heat valve sole 
noids. 
During car heating in normal road service, it 

is desirable to have the manual side of the test 
Switches disconnected from the battery so that 
When the heat pilot lights, the faulty valve may 
be located by opening successively the various 
valve control circuits by means of the test switch 
es until the circuit which caused the light to 
stay on is broken, whereupon the light is ex 
tinguished. 
Interlock between blower fan and the cooling 

and heating selection 
The main purpose of this interlock is to pre 

vent the heating and cooling circuits from be 
ing operative unless the blower fan is operat 
ing to enable them to do some useful work. In 
One Sense, the blower fan circuit is an indicator 
that the system is in condition for road service. 
Another purpose is to ensure that the blower fan 
is operating when the evaporator is in service to 
prevent the latter from freezing up. 

Specifically, the blower fan start switch ener 
gizes the heat selector relay and the cooling side 
of the temperature, selector switch, the heating 
side of which is under control of the heat se 
lector relay. 

9 
The function of cooling pilot relay 

Control of cooling thermostat operation is di 
rected into a cooling pilot relay located on the 
master panel so as to provide a flexible arrange 
ment whereby the cooling pilot relay contacts 
may be used to Secondarily control any combi 
nation of cooling circuits required. 
For example: 
l. Cooling pilot relay may directly excite shock 

relief relay to operate the speed control in an 
axe drive mechanical air conditioning system. 

2. Cooling pilot relay may excite cooling selec 
tor relay located on Separate hold-over control 
panel which in turn sets up individual control 
circuits including car Cooling through the pri 
mary compressor-evaporator System, car cool 
ing through the brine auxiliary cooling system, 
and brine tank liquid cooling from the com 
preSSOr. 

3. Pilot relay contact may be used to complete 
circuit to excite a standby motor A. C. starter 
Switch coil. 

4. Cooling pilot relay contact may be utilized 
to excite the starting relays of a direct current 
motor to drive the compressor as in the case of 
the electro-mechanical air conditioning system. 

5. Cooling pilot relay may be used to operate 
the ice water pump or by-pass valve relay of the 
ice system of air conditioning. 

Speed control field eaccitation circuit 
The shock relief relay is an intermediate relay 

under the control of the cooling pilot relay for 
completing the circuit to excite the speed con 
trol field as required. When disconnecting the 
Speed control field after a cycle of operation, 
the inductive discharge across the contacts of the 
Shock relief relay tends to seriously damage them 
from arc burn and a by-paSS condensor across 
the shock relief relay contacts is provided to act 
as a shunt circuit to absorb the rush of induced 
alternating current when the shock relief con 
tacts are opened. An additional protective fuse 
is put in series with the condenser because when 
a condenser fails, it is generally a case of insula 
tion breakdown and unless a fuse is provided 
to open the circuit, a short circuit condition 
would result which would short the entire speed 
control field circuit. 
The induced voltage set up with the discon 

necting of the speed control field by the shock 
relief relay contacts at the end of a cooling op 
eration tends to burn out the cooling pilot light 
intended to operate at normal battery voltage. 
To allow use of a standard car lighting type lamp 
and still not suffer from high induced voltage, 
a by-pass resistor is inserted across the cooling 
pilot light to provide a discharge path from the 
A. C. current set up through the cooling pilot 
light circuit. 
Shock. relief relay interlock with A. C. standby 

service 
The A. C. standby motor starter switch as 

sembly provides a normally closed interlock which 
provides means of completing the circuit to the 
shock relief relay unless the A. C. standby motor 
starter, switch is closed due to plugging in of 
station or yard receptacle when the interlock 
contact on the A. C. Switch disconnects the shock 
relief relay during A. C. motor operation. 

Compressor rotation spitch 
The compressor rotation switch is intended as 

a means of electrical circuit selection depending 
upon availability of the compressor. When the 
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Compressor is running, whether from standby 
power or through the speed control in road ser 
vice, the compressor rotation switch completes 
one Side of the circuit to the overhead evapora 
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tOr and the holdover Freon solenoid valves. 
Whenever the compressor is not available, the 

compressor rotation Switch returns to normal to 
COInplete. One side of the circuit to the brine 
pump relay. 

Cooling selector relay 

The cooling selector relay is mounted on the 
auxiliary holdover panel and is subject to car 
Cooling control through the cooling pilot relay. 
The operation for car cooling involves:- 
1. Completion of circuit to the holdover brine 

pump relay (subject to compressor rotation 
Switch, i. e. Compressor availability). 

2. Cornpletion of circuit to evaporator solenoid 
Valve (Stoject to conpressor rotation switch, 

3. Congletion of circuit through high pres 
Sure and low pressure Freon switch to the coin 
preSSOr power control circuits which inay result in 

(d) Normal excitation of the shock relief 
relay for speed control operation, or 

(b) Standby A. C. motor operation. 
The operation for forming ice in the brine tank 

involves: 
1. Completion of compressor power circuit 

through high-low pressure Freon switch to op 
erate compressor by either 

(a) Normal shock relief relay excitation for 
Speed Control Operation. 

(b) Standby A. C. motor operation. 
2. Completion of circuit to holdover Freon coil 

Solenoid valve (subject to compressor rotation 
Switch, i. e. compressor availability). 
Both auxiliary holdover functions of the cool 

ing Selector relay are subject to holdover tank 
temperature switch and Freon suction side low 
pressure Switch operation. 
The cooling selector relay is made to complete 

all the interlaced circuits with one mechanism so 
that 

1. Car cooling has prior control over auxiliary 
tank cooling, the latter being available only when 
car cooling. is satisfied, and 

2. When car cooling is called for, compressor 
availability will determine whether the compres 
sor power circuits are energized, or he holdoyer 
pump relay. 

Temperature (80°) pilot light 
This light is used to visually indicate that a 

Critical temperature has been reached for cool 
ing Service (chosen at 80°). To maintain a com 
non standard of thermostat tube mounted in a 
Common mounting with cooling thermost at tubes 
which are placed so as to be controlled by the 
temperature of the recirculated air, special cir 
cuit conditions are required to allow operation of 
a pilot light by the thermostat tube directly. 
This is because of the fact that the amount of 
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current required to illuminate the pilot light un 
der normal conditions would seriously damage 
or make inoperative the usual design of thermo 
stat tube used. Where a thermal element of 
greater capacity is to be used, the additional con 
trol resistors described below are not essential. 
To limit the maximum amount of current the 

thermostat tube must carry in lighting the lamp, 
a line resistor (Fig. 4, G9) is placed in series with 
the pilot light, reducing the voltage to the pilot 
light and thus restricting the current through 

false 
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the thermostat to an amount where sufficient ill 
lumination is given by the light to be readily seen 
by the operator. 
Whenever the temperature in the recirculated 

air duct is 80° or above, the mercury column com 
pletes the circuit to the pilot light (causing it to 
be fully illuminated) indicating to the operator 
that the car is too warm and that steps must 
be taken to correct the condition and cool the 
car down to the normal operating range. This 
may be a case of readjustment of the fresh and 
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recirculated air damper to reduce the fresh air 
and increase the re-circulated air, as in normal 
'Service, or it may be an indication that there is 
faulty operation of the cooling system otherwise 
unnoticed but rought to attention by the fact 
that the criticai emperature of 80° has been 
reached. 
When the air has cooled down below 80° and 

the Enercity column is separated in the thermo 
Sta; tube, instead of open circuiting the line &O 
the pilot light, which tends to create destructive 
arcing. at the surface of the mercury in the tube, 
a ther Enosta by-pass resistor (iFig. 4. E9), is pro 
vided which means then that when the thermo 
stat mercury column is below the 80° critical 
point, the current through the lamp is merely fe 
duced down to a point where, while the lamp still 
glows at a dull red, it is insufficient to give a 

indication. Thus, the thermostat tube 
merely acts to change the voltage across the pilot 
light between controlled minimum and maximum 
imits rather than between a conflition of zero 
current and the maximum required for full ill 
lumination at normal line voltage. 

General panel arrangement 
Certain circuits such as the main control cir 

cuits dominated by fuses marked co- and CC 
are best operated from the car lighting circuits 
to take advantage of the controlled line voltage 
effected by the lamp regulator, the latter being 
aimost universally used on railway cars to stabi 
lize the voltage to the car lighting circuits when 
the axle driven generator is operating at high 
speed. 

Certain other circuits, such as the heat control 
circuits, may be Satisfactorily operated from of 
the battery circuit direct regardless of voltage 
fluctuations. . 
The main light switch in the switchboard 

locker of the car becomes the master switch for 
S. electrical equipment in the car with the ex 
ception of the heat control circuits for floor heat 
ing which must remain independent subject to 
the cooling operation interlock, in order to pre 
vent freeze-up of the car in the winter when out 
of Service. Thus, the main light switch becomes 
the key also to the operation of the air condi 
tioning controls so that when the main light 
switch is opened, the air conditioning is com 
pletely shut off too. The electrical load put on 
the system by the blower fan is sufficient to add 
an excessive overload to the lamp regulator. 
Therefore, it becomes essential that the circuit 
to the blower fan be excited by the main line 
switch only on the line opposite in polarity to 
that which involves the lamp regulator controlled 
resistance group, whereas the opposite side of the 
blowerfan circuit is returned direct to the bat 
tery. In this manner, the main light switch re 
mains the key switch to the system and at the 
same time, the lamp regulator is not overloaded. 
As many railroad cars have circuit, applica 

tions where the lamp-regulator is in the positive 
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lamp line necessitating the main line switch con 
trol to be in the negative lamp line, which is op 
posite in arrangement to that usually used on 
Pullman equipment, a means of easy modifica 
tion of the master panel to provide for these ex 
ternal conditions for universal application of the 
panel to any car is covered in the arrangement 
of the power line terminals to the board. 
The blower fan circuit terminals indicated as 

--F and -F are kept independent from other 
circuits on the board. The --L and - lamp 
line power terminals feed the control circuits 
CC-- and CC- as well as the speed control cir 
cuits SC-- and SC-. The B-- and B-terminals 
feed all heat circuits and the auxiliary hold 
over brine circulating pump motor. By con 
venient method of inter-terminal strapping --F 
can be connected to adjacent terminal --L. On 
one side of the power with -F connected to -B 
on the other side of the panel by an equivalent 
interconnecting strap. This would be for Pull 
man service application. 

If the same panel is to be used for application 
to railroad owned cars, --F would be connected 
to the opposite adjacent terminal --B and on the 
other side of the panel, the strap would be 
changed to connect -F to -L. 

All circuit fusing is so arranged as to System 
atically segregate each major grouping of panel 
circuit controls without overlapping so that in 
case of fuse trouble, there is no doubt left as to 
the circuit in which the trouble is to be found, 
thus providing quick and accurate segregation 
of circuits. This also allows balanced fusing On 
both sides of the line for a given circuit, the fus 
ing being of minimum capacity to take care of 
the particular needs of that circuit, thereby pro 
viding a greater factor of safety in fuse protec 
tion than would be possible where the circuits 
interlace as has been done in prior installations 
of this character. 

Fuses are also located on the board in a Sys 
tematic manner so that the various circuits may 
easily be checked. 
Terminals at the top and bottom of the master 

panel are so located as to match up with equiva 
lent terminals for floor heat and holdover panels 
providing quick and accurate means of expand 
ing the function of the master panel to suit car 
conditions whenever any sort of sub-panel is 
added. 

Sunndry 
The particular advantage of the control panels 

which have been described is that they may be 
used on all types of railway cars without modi 
fication. Furthermore, they are adaptable not 
only to air conditioning systems in which the 
compressor is driven through a magnetic clutch 
from the car axle, but also to electro-mechanical 
systems where the compressor is driven by an 
electric motor energized by the axle generator, 
and to ice systems which are interlocked with 
heating Systems. 

It will be understood that various parts of the 
control equipment mounted on the master con 
trol panel 220 may be eliminated under certain 
circumstances, and other equipment may be sub 
stituted in its place without departing from the 
spirit of this invention. Such modifications 
would necessarily be made if the control panel 
were to be used with an electro-mechanical Sys 
tem for example, but the important thing is that 
even this use of the panel does not necessitate 
making up a new panel or completely revising the 
control equipment. Formerly, every time the 
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System was changed in any minor detail, an en 
tire new panel was necessary, even though the 
change in the old panel was in some slight detail. 
Although no means for humidifying the air in 

the winter time is shown in the drawings, it will 5 
be understood that a water spray may be placed 
in the air conditioning chamber and controlled 
by a hygrostat for Supplying the proper amount 
of moisture to the air. 
This application is closely related to a co-pend 

ing application fled by the same applicants and 
bearing Ser. No. 62,004, filed February 1, 1936. 
Reference is made to that application for Sub 
ject matter disclosed but not claimed in the 
present application. 
What we claim, therefore, is: 
1. In an air conditioning System, a cooling cir 

cuit, a heating circuit including a floor heat valve 
having "on' and 'off' solenoids, thernostatic 
means for selectively energizing said solenoids, 
and means for positively supplying current to the 
"off' solenoid whenever the cooling circuit is in 
operation. 

2. For use in an air conditioning system, a 
floor heat valve having "on' and “off' solenoids, 
thermostatic means for selectively energizing 
said solenoids, a manual test switch for the floor 
heat valve, and means for positively supplying 
current to the "off' Solenoid even though the 
manual test switch is left in test position. 

3. For use in an air conditioning system, a 
cooling circuit, a heating circuit including a floor 
heat valve having "on' and "off' solenoids, ther 
mostatic means for selectively energizing said 
Solenoids, a temperature selector Switch for de 
termining which circuit shall be in operation, 
means associated with the temperature selector 
switch for preventing heating from interfering 
with cooling, said last named means being adapt 
ed to positively supply current to the “off' sole 
noid whenever the cooling circuit is in operation. 

4. In an air conditioning System, a main heat 
ing circuit including a heat thermostat, a cooling 
circuit including a cooling thermostat, a temper 
ature selector switch for selecting the circuit to 
be in operation, means associated with said 
Switch for preventing both circuits from being in 
Operation at the same time, an auxiliary heating 
circuit including a floor heat valve thermostat, 
and means for associating the auxiliary heat 
ing circuit with the main heating circuit so that, 
the former is also subject to the heating and 
COoling interlock associated with the tempera 
ture selector Switch. 

5. In an air conditioning System, a heating cir 
cuit including a heat thermostat, a main cool 
ing circuit including a cooling thermostat, a tem 
perature Selector Switch for Selecting the cir 
cuit to be in operation, means associated with 
Said Switch for preventing both circuits from be 
ing in operation at the same time, an auxiliary 
cooling circuit including controls for an aux 
iliary holdover refrigerating system, and means 
for aSSociating the auxiliary cooling circuit with 
the main cooling circuit so that the former is also 
subject to the heating and cooling interlock 
associated with the temperature selector switch. 

6. In an air conditioning system for railway 
cars including a refrigerant compressor driven 
through an electromagnetic speed control de 
vice from One of the car axles, a speed control 
circuit for controlling the operation of said de 
vice, a heating circuit including a heat valve 
solenoid and a thermostat, an air flow circuit in 
cluding a blower switch, and means for alter- is 
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natively energizing the heating circuit or the 
speed control circuit, a control circuit associated 
with said other circuits, and means for sepa 
rately fusing said circuits. 

7. In an air conditioning system for use on 
railway cars having an electrical system includ 
ing a variable Source of electromotive force 
With a regulated line and an unregulated line ex 
tending therefronn, and a master Switch for the 
System in the unregulated line, an air flow cir 
cuit including a blower fan, heating and cooling 
circuits associated with and normally master 
controlled by the air flow circuit, and means for 
Inaking the air flow circuit subject to the master 
switch regardless of the polarity of the regul 
lated and unregulated lines, respectively. 

8. In an air conditioning System for railway 
cars and the like, a primary cooling system, an 
electrical circuit for controlling the primary Sys 
tem including a cooling pilot relay and a ther 
mostat, an auxiliary cooling system, an electri 
cal circuit for controlling the auxiliary System 
including a cooling selector relay adapted to es 
tablish appropriate electrical circuits for oper 
atting the auxiliary System, and means including 
said cooling pilot relay for rendering ineffective 
the control circuit for the auxiliary system when 
ever the primary system is in operation due to 
the requirements of the thermoStat. 
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9. In an air conditioning system for railway 

cars, a selector relay, a plurality of heating cir 
cuits each of which includes a heat valve sole 
noid, a heat thermostat and contacts associated 
with the selector relay, an air flow circuit includ 
ing a blower switch, the selector relay operating 
coil and a temperature selector Switch, an in 
dependent circuit controlling the heating and air 
flow circuits, means for fusing the heating cir 
cuits, and separate means for fusing the air flow 
circuit. 10. In an air conditioning system for railway 
cars, a plurality of relays including a selector 
relay, a master selector switch, a plurality of 
heating circuits each of which includes a heat 
valve solenoid, a thermostat, a temperature Se 
lector switch and contacts associated with one 
of said relays, a separate air-flow circuit includ 
ing a blower switch associated with the selector 
relay, an independent circuit controlling the 
heating and air-flow circuits, means for fusing 
the heating circuits, and separate means for fuS 
ing the air-flow circuits. 

FRANK 1. MURPHY. 
PHLP S. WESTCOTT. 
MARTN P. WINTHER. 
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