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' 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 regardiess of the particular
electrical control arrangement on the car; to pro-

vide suitable electrical control for the auxiliary .

holdover system; and to provide electrical mears

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. 1is a diagrammatic, isometric view of a
railway car equipped with an air eondltioning
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;

(CL. 257—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; ’

Pig. 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. b 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
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the circuits dealing with car heating from the 30

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 rallway passenger car for illustrating an em-
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 fllter-
ing, cocling, and dehumidifying the air in the
summer time, and means for flitering, heating
and humidifying the air in the winier 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 motlon, or by & stand-
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 inferior by
direct expansion coils, and the other being
adspted to store up refrigeration in the form
of ice whenever car cooling is not required and
there is power available for operating the re-
frigerating system.

Car heating is accompiished by a steam cofl
in the path of the air that is being delivered
into the car interior. The steam coil may have
s humidifier associated with it for delivering
moisture to the air after it has passed through
the coil. ’ )

- A complete disclosure ¢f the physical compo-
nents of the system as well as a general disclo-
sure of the electrical system controliing the op-
‘eration of the equipment msay be found in the
application of Frank L. Murphy, Philip 8. West-
cott, and Martin P. Winther, Ser. No. 38502,
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’

‘ compressor 200 (Fig. 1) driven while the car is

40

55

in motion from an axle driven shaft 201 through
a magnetic coupling 202 which may be of the
type disclosed in the patent to Anthony Winther
No. 1,982,461, issued Nov. 27, 1934, and when
the car.is at stations, by an alternating current
standby motor 208. The compressor feeds to a
condenser 204 cooled by a fan 205 which is
driven from the armature shaft of the motor 203
(the ‘shaft being rotated whenever the com-
pressor is operating). An evaporator coil 218
in a brine tank 206 is connected in parallel with
a direct expansion coil 207 mounted iu 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 201,
brine is drawn from the tank 208 (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 210 in

the brine tank and to the direct expansion coil -

2017 is indicated at 211 and the-suction line from
these colls at 2i2. The feed line to the brine

coll 209 is shown at 213 and the return line at .-

214, : -

Air is drawn from the interior of the car and
mixed with selected quantities of outside wir (the
latter being passed through filters 218 before
being mixed with the recirculated air) and then
forced by blowers 216 through the coils 287 and

209 into air ducts 217 located along the side

70

decks of the car from which the air is distributed
into the car interior. ‘ . :

A steam coil 218 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 218 are indicated at 218.

75

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

2,108,885

_Pump relay. : .
. Pump line fuses. )

Electricel system—in general

TFor convenience of disclosure, the system will
be described generally from the standpeint 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 ang 5.

The more important components of the air
conditiohing system are designated on the draw-
ings by appropriate titles in order to facilitate
the disclosure and io 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 fypes
of cars are as far as possible placed on & master
control panel, generally designated 220, and other
suxillary controls are grouped on a floor heat
control panel 221 and an auxiliary holdover con-
trol panel 222. A master confrol panel is al-

- ways used but the two auxiliary panels may or

may not be used, according to particular re-
quirements. 4 o

The following control equipment is mounted
on the master control panel 220:

Temperature selector switch , (“Air conditioning
control”) . : 4

Overhead heat relay.

Valve cut-out and test switches (for overhead

. heat and #1 floor heat valve 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. i

" Speed control field discharge resistor.

Line fuses.

"The following control équipment is mounted
on the floor heat control panel 221:

'#1 floor heat relsy.
"#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.

]

. 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 fliocor 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

mn
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breaker and interlock control (No. 2 floor -

heat valve circuit shown in dotted line dia-
gram)., .

»
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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:

Cireuits 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 tem-
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.

=3 =5l
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Preferably, the control panel assemblies are
localed in a locker 230 (Figs. 2, 3 and 3a) at the
end of the car passageway. Each panel assembly
comprises a base 23 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 234.

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 241

Projecting through the panel 221 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 fol-
lowing: i

Holdover switch 245; and fuses 2“.

The indicator lights, generally designated 241
are mounted in box-like compartments at the

3

top of the locker and the locker door 248 is
equipped with bulls-eye lenses 248 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 fleld 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 a6, 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 energizer the circuit con-
troliing 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 J6 controls the opera-

10

20

25

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 J6 calls for cool-
ing, the cooling pilot relay K6 is energized which
closes the contacts of the shock relief relay L8,
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 fleld circuit in a manner fully de-
scribed in the Winther patent heretofore identi-
fied, thus limiting the speed of the compressor
to some predetermined maximum. .

When the cooling pilot relay K& 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 heen properly closed.

A high pressure, low pressure switch P& 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 Q% 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&mwer 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 T8 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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car cooling selection to prevent heating from

interfering with ccoling. This is accomplished
by means of the rotary interiocking switch V§

which moves under common control with the:

cooling temperature switch I6.

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 thourh the

cooling thermostat J€ does not call for car
cooling.

Terminals SCT and SC Ilikewise 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 267
or auziliary overhead cooling coil 209

This portion of the electrical conirols is shown
in Fig. 7.

The functlonihg of the circuit up to and in-
cluding the energization of the cooling pilot relay
K7 is the same as described under “Car cooling
from overhead evaporator 207" (AT of Fig.
corresponding to A6 of Fig. 6; BT of Fig. 7 corre-

" sponding to Bé of Fig. 6, etc)
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The closing of the cooling pilot relay K1 ener-
gizes the cooling selector relay KKT which in
turn

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

(b) Closes contacts 3 for energizing the evap-
orator solenoid X7, subject to availability of the

compressor through action of the rotation switch-

w7,

(¢) Closes contacts § for energizing the shock
relief relay L.

The energization of the shock relief relay L1
closes the contacts which control the energiza-

tion of the speed conirol fleld M1, thereby driv-

ing the compressor and moving the compressor
rotation switch W1 to position 6 (assuming the
car speed is sufficient) which closes the other
side of the circuit through the solenoid X7 and
thus permits refrigerant to flow to the evapora-
tor 201. The caterpillar resistor N7 functions
as before to limit the speed of the compressor.

The functioning of parts NT to V1 inclusive
is the same as parts N6-V6 (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- o

determined minimum, the contacts 8 of the com-
pressor rotation switch W7 are opened and the
contacts 7 are closed, the latter contacts being
in series with the brine pump relay Y7 and also
in series with the contacts 2 of the cooling se-
lector relay KK1. Therefore, when the car is
travelling below a predetermined minimum
speed, or is at stations where alternating current
power is not avaliable and the cooling pilot relay
K1 is energized, the pump relay K1 closes con-
tacts which energize the circulating pump Z1
and causes brine to be circulated through the
auxiliary overhead cooling coil 209.

) qudover 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 cir-
cuits). _

Before refrigerant is permitted to flow through
the evaporator coil in the brine tank 206, all
demand for car cooling must be satisfled. When

2,163,835

this condition exists and the car speed is suf-
ficlent to operate the compressor, refrigerant is
permitted to flow through the evaporator coil
in the brine tank. 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 KT of Fig. 7 is
in series with a cooling thermostat J7 and the

10

temperature selector switch, the closing of the _

circuits for freezing the brine is made dependent
upon the cooling pilot relay X7 (Fig. 7). In other
words, when the contacts of the cooling pilot re-
lay are open, either because the cooling thermo-
stat J1 does not call for cooling or because the

" temperature selector switch is set to “off” posi-
' tion, the circuits for refrigeration contrel of the

holdover tank are unlocked and the flow of re-
trigerant through the evaporator coil in the
brine tank is permitted -subject to suitable con-
trol.

Assuming, then, that the circuit through the
cooling pllot relay K1 (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 B8

(a) Closes contacts | to the solenoid valve H8
which controls the flow of liquid refrigerant to
the holdover cooling coil 210; v

(b) Closes the contacts 4 to the compressor
power circuits through the master control panel
22¢.

The flow of refrlgerant through the holdover
cooling coil in the brine tank 208 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 210 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 coil.

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 D8 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 fleld coils ¥8 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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circuit through the solenoid valve H8 for the
holdover evaporator is closed, which opens the

valve and permits refrigerant to flow through the |

coll 210.

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 fleld 8 is opened at K8 through
the shock relief relay ES8, before the armature
reaches the end of its stroke to close the circuit
through the A. C. standby motor at the contacts
Ls.

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 cotls

The description which follows has particular
reference to Fig. 9.

On closing the main light switch A8, the ex-
haust fan circuits indicated generally at BS are

energized. The blower fan switch C8 is then.

turned on which energizes the blower fan motor
fleld ¥9 through one or more resistor taps ES§ de-
pending upon the position to which the switch
is thrown. The switching on of the blower fan
also energizes the selector relay I9 thereby

(a) Closing contacts |’ which connect negative

battery to one side of the overhead heat relay -

MS$ and

() Closing contacts 2’ which connect positivs
battery to the inside contacts J§ of the temper-
ature selector switch.

The temperature selector switch is then turned
to the left which

(a) Selects one of the temperature control
tubes L9 as the means for governing the action
of the overhead heat relay (the contact K8 of the
temperature selector switch in this instance being
the one for medium heating).

When the mercury in the medium thermostat
tube LI closes ifs contact, the overhead heat re-
lay 28 which is normally energized is shorted
across 3’ and 4°.

Assuming 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 §’ to the
right, thereby rotating the valve handle 7’ and
the valve stem to open the steam port to admié
steam to the heat coil 218.

Before the plunger reaches the end of its trav-
el, the valve handle 1’ trips a toggle switch §’
which opens the circuit to the solenoid ¥ and
prepares the solencid 9° (adapted to move the
plunger 8§’ in the opposite direction) for turning
off the steam when no further heating is re-
quired.

When the temperature in the car rises suffi-
ciently to close the contact at L9, the operating
coil of the overhead heat relay M9 is shorted
across 3’ and # to move the armature against
contacts which close the circuit through the “off”

‘heating
- ARoor hent coils to keep the car from freezing.

5

solenoid 9’ of the overhead heat valve N9 there-
by shutting off the steam to the heating coil.

In a similar manner, when the plunger 6’ ap-
proaches the end of its travel to the leit, the
toggle switch 8’ is tripped to open the circuit
through the “off” solenoid 8’ 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 N$ to either on or off positions, it is pos-
sible to protect the circuits against overload due

_to sticky valve operation by introducing a

thermal element O9 in the circuit. Whenever

" either one of the coils 5’ or 9’ is energized for

10

16

more than a predetermined period of time, the

thermal element O9 closes the contacts 10’ to
energize the circuit breaker relay P9 and thus
open the valve operating circuit through the con-
tacts 11°,

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 oircuit 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-
vide a positive battery supply to the overhead
heat valve line even though the test switch §’
may have been left in manual position. As a
result, energy is only supplied to the “off” sole-
noid & 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 sund sll 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 Ai0, as is custom-
ary, an augiliary thermostatically controlled
system furnishes sufficient heat to the

It is also desirable to be able to use the floor
heat coils' as auxiliary heating means during
cold weather when the overhead heat coil is
operating to take the main heat load.

Fhen the car is left in the yards and the at-
tendant has opened the main light switch AI0,
the exhaust fan circuits indicated diagram-
‘matically at Bi8 are 2also open as well as most
of the air conditioning control circuits (see Fig.
4), As a result, the blower fan start switch Ci0
may be either open or closed since the light
switch A{0 is the primary control, and the heat
selector relay DI8 is necessarily de-energized.
The temperature selector switch EI0 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 1’’ on the selector relay DI8 to supply
positive battery current to the floor heat relays
Jio and K10, and the contacts 6’ and 7’’ of the
heating and cooling interlock switch are shorted

-at 3’’ on the selector relay DI0 to supply positive

battery current.to the “manual” setting contacts
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8" and 9" of the valve test switches 0 and
T—{0 respectively. Thus, even If the vaive test
switches are left in “manusl” position instead of
“gutomatic” car heating is asssured durlng the
yard “out-of-service” operation. )
Assuming that the floor heat No. 1 (body)
temperature selector switch P10 g set for “low”
heat selection (as shown in Fig. 10), the mer-
cury tube L6 of the floor hest thermosict MNo. 1
shorts the winding of the fSoor heat No. I relay
Ji6 to place the valve circuit contact in *“off”
position and throw both floor heat No. 1 valves
Mi6 (in parallel) in “off” positicn. Ooviously if

_the temperature within the car ls such that the

mercury in the tube L{0 does not reach the top
contact, the foor heat No. 1 valves DLI0 are
open.

Assuming that the Boor heat No. 8 (lounge)
temperature selector switeh G0 s set for “high”
heat selection, the floor hedt No. 2 reloy E(0 is
energized becguse the fcor heat Wo. 2 relay s
not shorted by the mercury tube N0 of the foor
heat thermostat Wo. 2. Thus the velve circuib
contact associzted with the Aoor heat No. 2
relay B0 is pulled to “on” position throwling
both flcor heat Wo. 2 valves ©10 to thelr opsre~
tive position. ) '

In road service, when the main lght switsh
AlD is closed, the exhaust fang éve running, the
blower fan start switch €16 i ot “on” position,
and the heat selector relay DS is energlzed, the
contacts 1”* and &'’ are opsn, plecing the Inter-
lock circuits on temperabure selector switeh DO
control,

The overhead heat selection (high, medium
or low) is then made and the coniacts £ and B
energize the fAoor heat relays FI6 and HiO.

The floor heat temperature selector switches

710 and Gi0 may be operated as under yard

service. -

The switch arms of the manuel test switches
Hi) and I—18 may be moved from sulomatic
position to manual position {o determine whether
or not the floor heat solenoid valves are oper-
ating properly. If they are sluzgish, or sticking,
the switch arms are leff in manual position and
the valves may be operated manually.

The temperature selector switehh BID and par
ticularly the inside contacts, interlock the cool-
ing system with the heating system and prevens
the two from overlapping ai any #ime. If cogl-
ing is selected, the contacis 4 and § are discon-
nected to make sure that ali heat thermostats
and heat relays are inoperative. Contacts 6°°
and 7"’ when bridged by the switch arml supply
current to the “offi” solenoids of the heat velves

" if the valve test switches (0 and I—(8 happen

70

78

to be left in manusl position.

Thus far, the description has dealt primeriiy
with certain segregated portions of the electrical
system, and it will now ke helpful to describe
the operation of the system s g whole, with par-
ticular reference to. the schemetic diagram of
Fig. 4 (coordinates being used where possible to
assist in locating the perés).

Road operation (in-service condition)

Car cooling
Close main light swiich (A—2)
Exhsaust fans run (Fe—I)
Close blower fan stert (and speed selection)
switch (Cae§, H—-8, G—I18)
Selector relay energized, (F==0)

0,105,886

@. Opens yard (out-of-service) Inter-
lock contacts (C—38, C—1) to heat
valve test switches (D%, D—3 and
D—4) end heat relzys (F—=8, F—1,
P--8) to transfer confrol to the inside
interiock switch (C—3, C—1) of the
cooling and heating temperature se-
lector switch (F—9§ snd E—Ii0).

b. Completes circuit (D—08 and H—8)
to overhead heat thermostat (G—8§)

: and relay (F—=8).

Temperaturs selector switch (“Air conditioning
control”) rotated to the right o select desired
cooling temperature. (E—{8.)

inside or heat interlock switch (C—8) (ro-
tated under common conirol with the
switch for thermostat tube temperaiure

selection (B—18) operates to prevent heat- .

ing interfering with cooling).

@. Disconnects all heat relay (4-B) supply

(C—T). (CGuaraniees heat relay vaive
line contacts (B—2, B—8 ang B—4) will
be in “off” position during cooling.) (Szc
“Car heating” description.)

B. Completes circuit (C—3) from (+B) ic &

“manurl” side of vaive test switches (D—1,
D3, D—34) to insure velve current fow
$0 heat valve “oif” solenocids (F—2, g,
Py, even though valve test switches
may have been ieft In “monusl”’ position.
(See “Cer heating” description.)

Cooling thermostat tube mercury column (Fe—i )
rises, completing circuit o cocling pilot relay
(G—10). (Car cosling called for.)

@. Cooling pilot relay energized (G—(8).
Cooling pilot contact closes G—Ii{}.
©. Cooling selector relay energized (G—02).
Cooling selector contacts transferred (o
“car cooling” position, (G—I0¢ and
[E D i
A, Primery eveporaior cooling of car,
Compressor driving power avaligble from
car axle (traln wmotion).
7. Shock vellief relay enevglzed (D—(19)
subject to the Freon high-low pres-
sure proteciive switch (F—1[2).
b. Shock relief relay makes top contach
(H—18 and HF—[(4), and at ths same

e

time, botlom contacts (T—(85) open

disconnecting speed control Geld dis- &

charge resistor (B—I15).

c. Cooling pilot lamyp lighted (FL—[4).

4. 8peed conirol feld (O—i4) ener-
gized to provide magnetic coupling
to drive compressor from car axle.

¢. Compressor rotation switch transfers
above approx. 5 1L, P. H.) (B[,

7. Solenoid winding of evaporator Freon
valve cnergized (F—{3) and valve
opened,

Compressor driven from A. C. standby motor.

g. Standby power plug (external to car
equipment), inserted into receptacle.

. Receptacle D, C. conirol contscis
(B—i2) “bridged” by plug clement
completing circuit {0 standby motor
automatic starter switch winding
(D—12).

¢. Shock relief comfrol Iine interlock
contacts (C—I[8) deft side of standby
starter swiich arm assemibly) opsns
circuit to shock relief relay winding
(D—02). This In turn opens speed
-control field comfacts (H—-[3 and

18
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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. w .

. Compressor rotation switch (B—I13)
transfers, completing circuit to evapo-’
rator solenoid valve (F—I18) which
opens and admits Freon to evaporator
circuit. .

B. Holdover or secondary car cooling.

No compressor driving power available.
a. As compressor does not rofate, com-

“~h

pressor rotation switch contacts

(B—123) remain on holdover pump re-
lay circult. )

b, Holdover - pump relay energized
(T—13),

¢. Holdover pump relay contacls close
E—--1D.

4. Holdover pump motor (C--f{) runs
to drive cold holdover solution from
the storage tank to the auxiliary over-
head ecooling 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 be shifted to increase recirculated air

and decrease fresh air until lamp goes out again.
The pilot light is controlied directly from a

heavy duty thermostat tubé (E—9) mounted on

the same plate as the cooling thermestat tubes.
Flectrical operation is as follows:

Relow 80°, the thermostat tube by-pass re-
sistor (£—8) is in series with a permanent
line resistor (G—8), the two together.
limiting voltage across the lamp to about
8 volis on a 32-volt supply line (fllament
burns at a dull red color).

At 80°, mercury column (E—8) closes shunt

circuit arcund the by-pass resistor (—8),

raising lamp voltage to about 28 volts.

The line resistor (G—9) (always in circuit)
iimits the maximum current the thermo-
stat tube (E—8) must carry.

The by-pass resistor (E—§) prevents a com-
plete open circult condition when mercury
column drops and opens shunting circuit,
and so reduces arcing at surface of mer-
cury column (E—9) to an amount nob
harmiul.

Holdover tank cooling (in service).

{Cooling of car must be satisfled before com-
pressor capacity I1s made svailable for
holdover tank ice forming).

Cooling thermostat tube mercury column
(F—i0 or F—1{) lowers until circuit is
broken to the cooling pilot relay (G—18).

a. Cooling pilot relay (G—i0) is de-ener-
gized. )

Cooling . pilot contact (I—11) opens.

b. Cooling selector relay (G—12) de-ener-
gized.

Cooling selector contacts (G—12 and G—i¥)
disconnect “car cooling,” control circuits
and return to back contact position to al-
low holdover tank cooling as may be re-
quired. :

. Holdover toggle switch closed (I—I2).

Holdover pressure and temperature switches
closed. (H~—12, H—i3.)

Compressor driven from either speed control
(D-—18) (train operation), or standby
motor {(external A. C. power available)
through the operation of the same control
circuits described previcusly under “car
cooling—Primary evaporator.”

- Operation of holdover iank low pressure and
temperature switches is briefly as follows:

a. Low pressure switch (H—i{3) oper-
atlon controlled by holdover iank
Freon. coil suction line pressure (2

measure of average internal temper-
ature of ice block during formation).
Closes at 28 1bs. and opens clreuit &t
10 1bs. ’

b. Temperature switeh (H—18) con-
trolied by bulb in temperature well so
vlaced that the warmed holdover sclu-
tion from the spray hesder during
secondary or holdover cooling of car
will expose same o the warmer solu-
tlon as scon as the surface begins to
melt. This allows refreezing of sur-
face ice without having to melt down
the bulk of the cake, which would be

, meeeseary 0 cause the low pressure

switch to close again after an inifial g

freszing.
Closes circult at 38 degrees and opens
cireult at 34 degrees. ‘

Norz—Either swiich completes circuit, but both

must be open fo break circuilt.

Pre-cooling of holdover tank in ¥ard, with-
ocut belng subject to the condition of car
gocling operation fArst, may be accom-
plished by:

a. Closing main light switch (A—2)
b. Leaving blower fan switch off (C—8§,
H—9
¢. Closing heldover toggle switch (I—12)
4. Plugging in A. €. standby power for
running standby motor. (D. C. in-
terlock contacts at B—i2.)
- Car heellng
Close main Hght switch (A—2),
Exhaust fans run. (F—-0D
Close blower fan switeh (C—§, H—8
Selecior relay energized. (F—§).
@. Opens yard (Out-of-service) in-
terlock comtacts (C—3) to heat
valve test switches (D—%,
D—3, D—4) and heat relays
(F¥—8, ¥—17 and P—8) In order
to transfer control to the inside
interlock switch (C—3 and
C—1) of the temperature se-
lector switch assembly (F—8
“and B—10). :
b. Completes circuit B—8 and
E—8) to overhead heat ther-
mostat (G—7 and G-——8) and
relay (F—8). .

Tempersiure selector switech (P—8) (“Air
conditioning control”) -rotated to the left
to select desired overhead heating tem-
perature.

Tuside or heat interlock switch (C—1)
(rotated under common control with
‘the switch for thermostat tube tem-
perature selection) operates to:

i0.
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&. Open circult (C—8) heot valve
et switches (D=—2,, M,
D—E83 when thrown to “men-
ual” pesiticn (see outline on
“Cirenit breaker opergtion™).

b. Completes (B) circuit (O—T1) o

ail hest relays (F8, P—T anad .

B0},

QOverhead heab:

Overhead heat thermostet tube mercury
column (O—7 ond G—2) too low &o
“bridze” overhezd hest reley winding
(F—8), thus energizing it (car hesting
celled for). o

Overhead heat relay conbscts (Be()
tramsierred to “cn” position,

Overhead heat valve “on” solencld
{(FP—40) energized.

Valve solenoid plunser shiffs, rotating
valve arm to opek steam port and admit
stesm %0 heet system.

At end of velve arm swing, solencié topggle
switch (G—48) disconnects “on” solemoid
and comnects “cf” solenocid (F—4), n
preparation for “off” velve opsreting cur-
rent from heat relay contzct (B—{) when
car is sufficiently warmed (mercury cole
umn) (G—7i, G—§) ir thermosiet tube
rises to “bridge™ across heat relsy winding
(F—8).

. Floor heat

Temperature selector switch rotated to
one of the overhead hest tempersture
selection positions (F—2).

Ficor heat confrol switech (-5 or
F—6) (iwo on panel 28() turned, to
select fioor heat temperature desired.

Floor heat relay (F—8 or 1) (two on
panel 22{} energized when fioor heat

. thermostat mercury ceolumn (G—S8§ or

- G—6) is too Iow to “bridge” relay
winding (8 or F-T)} <(heating
called for),

Valve control is similer to that described

for “Overhead heat” operstion.
Circuit breaker operation
A sluggish or sticking valve overheats
circuit breaker thermal -element
{(H—) (in series with all heat valve
(F—2, F—3, F—4) soienoid “N” lines).
Thermal element warps control contact
(G—1) ciosed.

a. Magnetic hoid-in winding of thermal
unit assembly, epergized (G—I{)

b. Circuit breaker relay winding ener-
gized (G—D

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 lamp,

Thermal element (H-—{) cools down.

Magnetic hold-in winding (G—i} re-

tards return of warping member

(H—1{) to normal, (open contact po-
sition) until therma! unit (H—i) is
thoroughly cooled down and hold-in
winding (G—I) can no longer oppose
return to normal.

Thermal element contact (H—{) opens.

a. Relay (G—I) deenergized.

b. Relay contacts (G—2) close, by-pass-
ing pilof light (G—2) and recon-
necting valve solenoid circuit
(P2, F—3, F—&) directly to bat-

tery circuit for amother current im-
puise fo “Ifree” the valve.

When valve continues ¢o stock, the above
cycle of circuit breaker operations re-
peats accordingly.

When altendant notices heat valve pilot
lamp (G—2) is lighted, the following per-
tains:

. Valve test switches (D—2, D—§ or

' D—4), normally set a2t “cutomatic”
position, are each In twrn frans-
ferred to “manusl” position.

b. The test switch which causes hesat
pilot light {o go out, Indicates on
corresponding name plate, which
clreuit is involved.
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2. Valve test switch of the circuls indi-

cating valve trouble, iz Jleft im
“manual” position, disconnesting
valve from sutomstic thermostat
control. R

d. Atiendant manually shifts valve arm
back and forth, ¢o “free” same if
possible.

If able to secure “free” action once

more, the test switch is returned to
“gutomatic” position. :

If not able o clear the trouble, valve
is left “free” of electrical control,
(Test- switch left in “manual” pesi-
tion) and valve operated by hand
until terminzl is reached for re-

pairs.

Yard storage (out-of-service condiiion)

Main light switch (A—2) open.
Exhaust fans (—{) not running.
Biower fan switch open (C—§, H—8).
Selector relay de-energized (F—§).
a. Disconnects both (4+) (—) power (D—8)
and H—8) to overhead heat reizy
{(F—383.
b. Floor heat relay (F—8 or 1) (iwo on
panel 221) but under the control of floor

heat temperature switch (75 or F—8§)

which assures full thermostatic control
to preveni car freezing up in wing er,
when car is out of service, (B+) power
to floor heat thermostai circuits supplied
through heat selector relay (F—8§), yard
operation interlock (C—T), which is
closed In this case. : ’

¢. Completes (--) supply (C—3) to valve test
switch “manual” position (D—2, D—3,
D—4) terminals,

Heat valves must have operating current
supplied to either “on” or “off” solencid
operating windings as valve does not re-
return to “off” position automaticaliy.

Selector relay contact (C—3) assures cur-
rent supply to heat relay transfer con-
tacts (E—2, E—3, E—4&) for proper
valve conirol, even though valve test

swiiches (D—2, D—3, D-—4) may be In-

“manual” position.
General operatwn 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
cooling thermostat (—10 and F—i{) to create
artificial car cooling control for checking cogi-
ing operation.

Speed control test is arranged to check the con-
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(E—15) of the speed control, by measuring
" voltage drop across same (across “SCT” D—I16

to “sCc—" H—I3).

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-

10

15

20

25

30

a5

40

65

70

L]

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:

1. Cooling pilot relay may directly excite shock
relief relay to operate the speed control in an
ax’e drive mechanical air conditioning system.

2. Cooling pilot relay may excife 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
jce system of air conditioning.

Speed control field excitation 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 fleld circuit.

The induced voltage set up with the discon-
necting of the speed control fleld 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 .

10

15

20

25

30

85

40.

45

50

656

60

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 receptacie when the interlock
contact on the A. C. switch disconnects the shock
relief relay during A. C. motor operstion.

- Compressor rotation swiich

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 solencid valves.

Whenever the compressor is not available, the
compressor rotation switch returns to normal io
complete 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 conirol 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
switech, i. e. compressor availability).

2. Completion of circuit to evaporator solenoid

‘valve (subject to compressor rotation switch,
i. e. compressor availapility).

3. Completion of .circuit through high pres-
sure and low pressure Freon switch to the com-
pressor power control circuits which may result in

(@) Normal excitation of the shock relief
relay for speed control operation, or
(8) Standby A. C. motor operation.

The operation for forming 1ce 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 excitatmn 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 suctxon side low
pressure switch operation.

The cooling selector relay is made to complete
all the interlaced cn'cmts with one mechanism so
that

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

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

Temgperature (80°) pilot light
This light is used o visually indicate that a

'

critical temperature has been reached for cool--

ing service (chosen at 80°). To maintain a com-
mon standard of thermostat tube mounted in a
common mounting with cooling thermostat tubes
which are placed so as to be conirolled 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 & thermal element of
greater capacity is to be used, the additional con-
trol resistors described below are not essential.
To Hmit 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 theé cuarrent through’

‘false indication. Thus,

. 2,108,835

the thermostat to an amount where sufficient il-
lumination is given by the light to be readily seen
by the operator.

Whenever the temperature in the recirculated
air duct is 30° 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

10

recirculated air damper to reduce the fresh alr -

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 brought to attention by the fact
that the critical temperature of 80° has been
reached.

When the air has cooled down bﬂlow 80° and
the mercury column Is separgsied in the thermo-
stat tube, insiead of open circuiting the line ic
the pilot light which tends to create destructive
arcing. at the surface oi the mercury in the tube,
a thermostat by-pass resistor (Fig. 4¢ E8), is pro-
vided which means then that when the thermo-
stat mercury coclumn, is below the 80° critical
point, the current through the lamp is merely te~
duced down to a point where, while the lamp still
glows at a dull red, it is insufficient to give a
the thermostat tube
merely acts to change the volfage across the pilog
light between confrolled minimum and maximum
limits rather than between a coniition of zero

.current and the maximum required for full il-

lumination at normal line voltage.
General panel arrangement
_ Certain circuits such as the main control cir-

" cuits dominated by fuses marked CC+ 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
almost universally used on railway cars to stabi-
lize the voltage to the car lighting circuits when
the axle driven generator is operaumg at high
speed.

Certain other circuits, such as the hea.t control
circuits, may be satisfactorily operated from off
the -battery circuit direct regardless of voltage
fluctuations.

The main Jlght switch in the switchtboard
locker of the car becomes the master switch for
a1l 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 ccoling 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
resists,nce group, whereas the opposite side of the
blower:fan 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 tlme,\the Iamp regulator is not overloaded.

As many railrpad. 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 provde 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
clrcuits on the board. The +L and L 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 auxillary hold-
over brine circulating pump motor. By con-
venient method of inter-terminal strapping +F
can be connected to adjacent terminal 4L 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 circult 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 & 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.

Summary

The particular advantage of the control panels
which have been described is that they may be
used on all types of rallway 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

11

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

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 filed 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, & heating circuit including a floor heat valve
having “on” and “off” solenoids, thermostatic
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, &
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 ficor
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. ITn 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 & 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 sélector switch.

6. In an sir 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-
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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 therefrom, and & 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
making the air flow circuit subject to the master
switch regardless of the polarity of the regu-
jated 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 inciuding a cooling pilot relay and a ther-
mostat, an auxiliary cooling system, an eleciri-
cal circuit for controlling the auxiliary system
including a cooling selector relay adapted to es-
tablish appropriate electrical circuits for oper-

ating 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.

2,108,835

9. In an air conditioning system for raflway
cars, a selector relay, & plurality of heating cir-
cuits each of which includés 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, & temperature se-
lector switch and contacts associated with one
of said relays, & 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 L. MURPHY.
PHILIP S. WESTCOTT.
MARTIN P, WINTHER.
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