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THERMOSTAT AND 'TEMPERATURE_

CONTROL SYSTEM

Frederick M. Jones, Minneapolis, Minn., assignor to
Thermo King Corporation, Minneapolis, Minn., a‘cor-
Poration of Minnesota . : s

Application December 2, 1954, Serial No. 472,573
5 Claims. (CL 257—287) ‘

This invention relates to improvements in a tempera-
ture control system. In general the invention ‘relates to
mechanisms for maintaining a substantially constant tem-
perature in a controlled space. More particularly, the

invention is concerned with vehicles in which perishable’

products are transported and must be ‘maintained at a
desired temperature throughout the extent of the journey
by mechanical means capable of maintaining a substan-
tially constant temperature by either cooling or heating
the space in which the products are stored. Still further,
the invention is concerned with a control system for
operating means for alternately cooling or heating a space
as necessity may require, to maintain a substantially con-
stant temperature therein despite variations in ambient
temperatures. - '

This application is a continuation in part of my co-
pending application Serial No. 136,952, now Patent
2,696,086, dated December 7, 1954.

In my aforesaid patent there is disclosed a vehicle used
for storage and tramsportation of perishable foodstuffs,
through the maintenance of a pre-selected constant tem-
perature which will vary according to the products stored
and transported, and incorporating a mechanical system
that is capable of alternately cooling or heating the storage
space as may be necessary to maintain the constant tem-
perature. The vehicle is known as an “all purpose” car
and may be used on the one hand for produce and similar
perishables requiring a relatively mild constant tempera-
ture such as in the range of 30°-40° F., or the vehicle
may be used for the storage and transportation of severely
frozen foods requiring the maintenance of a constant
temperature. of substantially 0° F. to as Iow as minus
10° F. In many instances the desired constant tempera-
ture is relatively critical, particularly in the low range of
temperatures used in the storing and transportation of
fresh - produce. : For example, choice grades of eating
apples should be maintained at a temperature of substan-
tially 31° plus or minus 1°. -If the fruit is cooled below
29° F. it will freeze, and if the temperature is permitted
to rise for any substantial period of time to a point above
35° F., decomposition sets in and in time the fruit be-
comes soft and pulpy. ' In the normal course of their use,
these 'vehicles ‘are moved in transcontinental service and
will pass from relatively warm climates where fruits and
vegetables -are grown to colder climates where the con-
sumer markets are located. On the other hand, in the
instance of ‘meats and dairy products, the vehicles will
pass from or through relatively cold climates, and in
some instances into warmer climates where the market
is situated. Under these conditions it is not unusual for
the air conditioning system to have to reverse its function
one or more times during a single journey in order to
maintain. a. constant ‘temperature in the storage. space.
Moreover, -during periods of -cleaning and repair, and
particularly in loading, the storage space may be sub-
jected to extreme variations in temperature to such an
extent that the calibration of a thermostat might be wholly
inaccurate..: Still: further,. the products: which are: loaded

" time of loading,
. optimum transit
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be at a temperature, at the
which is at substantial variance with the
temperature, and one of the highly im-
portant advantages of these vehicles and their equipment.
is that both the product and. the space conditions-are
brought to.an optimum condition at the outset of the.
transit period and then maintained at that condition until
the end of the trasit period. For example, fruits and.
vegetables containing- field heat can be loaded in the’
vehicle, and the arrangemeént is such that a direct blast of
air is passed over the products until théy are properly
pre-cooled, whereafter the -direct contact between the
cooled air and the products is terminated and an envelope
of air at. the proper temperature is maintained about the
storage chamber to prevent excessive dehydration of the
product.. Arrangements such as this require accurate
temperature control not’ generally found in thermostats
used - in stationary structires, = )

Because vehicles of the type mentioned are relatively

into the storage space may

_unattended for several days, and must maintain accurate.

temperature control' despite wide variations in ambient’
temperatures, and must necessarily be subjected to con-’
siderable shock and movement, the control thermostat.
must be ‘relatively’ simple and-yet highly accurate since
the setting and control thereof is not done by experts in
the field but rather by persons engaged in the transporta-
tion industry or by employees of the shipper who are
not skilled in the handling of delicate instruments, | .

In the present invention I have provided a simple con-
trol system including asingle thermostat that operates .
suitable switching mechanisms’ for ‘energizing portions of
the mechanical ‘equipment, and containing suitable safe-
guards against undesirable’ operation of the system or
mechanical equipment when such operation’‘is not desired;
More particularly, when the vehicle is used in storing and
transporting frozen foods wherein the upper limit in tem-
berature is critical, the system is capable of adjustment
to prevent heating the space if the- temperature of the’

_product on _loading was below the lower limits of the

thermostat setting, or a drop in ambient temperature
occurs of sufficient magnitude that might otherwise cause’
the space’ températufé to"descend to a point where the
system would call for heat:: - G e

Because the railway ‘vehicle described in my-aforesaid’
application for patent’is or may be-provided with two -
independent - air ‘conditioning units arranged ' either for
simultaneous or sequential ‘operation, the control system
is arranged to provide for the operation. of both wunits-
when necessary to obtain a desired- temperature, or just’
one of the units to maintain the desired temperature, ;

An object is-to provide in combination with heat ex-’
change means adapted for alternately cooling and heéat::
ing a storage space, a temperature responsive control sys-'
tem for properly controlling the operation of the heat. ex-
change means to maintain a substantially constant tem-
perature within the storage space despite variations- in
ambiént temperature. . . ’

Another object is to. provide in combination with beat '
exchange means adapted for alternately cooling and heat:
ing a storage space, a temperature responsive control sys-
tem for operating the heat exchange means in such a man-

" ner.as to maintain a predetermined minimum temperaturé

70

in-the storage space and which will preclude heating the
space in the event the temperature therein descends below .
the predetermined minimum temperature. R
A further object is to provide in combination with wo,
independent heat exchange means adapted to smultane-
ously or sequentially cool and heat a storage space to main-
tain a constant temperature-therein, a temperature respon-
sive control system connected to the heat exchange means: .

. in such a manner as to cause the two units to operate.
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either simultanecusly or sequentially to maintain a sub-
stantially constant temperature in the storage space.

Other and further objects may become apparent from
the following description and claims, and in the appended
drawings in which: : )

Fig. 1 is an elevation of a thermostat with certain parts
broken away to reduce the size thereof, and other por-
tions shown in section to show interior construction;

Fig. 2 is a front elevation of the manually settable por-
tion of the thermostat shown in Fig. 1;

Fig. 3 is a detail view taken on line 3—3 of Fig. 2;
and, .

Fig. 4 is a diagrammatic showing of .a temperature
responsive electrical control system for controlling the
temperature within a storage space.

Having reference to the several figures of the drawing,
the invention will now he described in detail. Referring
first to Fig. 1, general reference numeral 10 indicates in
its entirety one form of thermostat for operating a
switching mechanism for controlling the ooperation of
a temperature changing means. A rod 12 constituting
the driven member is secured at -its inner end to the
inner sealed end of a bellows 14 and operates against

a compression spring 15. Bellows 14 is mounted within -

a casing 16 whose lower flanged portion 18 seals the
open end of the bellows 14 to a plate 20. Extending
from the upper end of casing 16 and through the oppo-
site sides of T 22 is a_conduit 24 whose other end is se-
cured to one end of a sealed thermostatic bulb 26. Bulb
26 is of substantial length and capacity and is surrounded
by a plurality of fins 28. Within the bulb 26, conduit
24 and casing 16, and on the outer surface of bellows
14 is a liguid which. constitutes the thermostatic medium
and is a liquid having a relatively constant viscosity, such
as kerosene or the like. The relationship of the size of
bulb 26 and bellows 14 is critical in that there is a very
large ratio between the size of bulb 26 and the diameter
of bellows 14, so that a relatively slight increase or de-
crease of volume of the thermostatic liguid will effect a
substantial movement of the bellows, and through the
bellows to the rod 12.

Extending from the center of T 22 is a conduit 30
which is joined to a casing 32. Within casing 32 is a
bellows 34 having a threaded rod 36 secured to its inner
end. The outer open ends of casing 32 and bellows 34
are sealed to a plate 38. Within bellows 34, in surround-
ing relationship to rod 36 and extending between the
inner end of the bellows and plate 38 is a heavy coil
spring 40. Surrounding plate 38, and best seen in Fig.
2, is a larger plate 42 which is spaced from plate 38
to form a circular slot indicated at 44. Mounted on the
outer end of rod 36 and seen in Figs. 1 and 2 is a con-
trol knob 46 which has secured thereto a resilient pointer
48. The pointer 48 is adapted to engage in a grooved
portion 56 of any one of a plurality of adjustable stops
52, one of which is shown in cross section in Fig. 3
and consists of a lower portion 54 and an upper portion
56, which are secured with relation to each other by a
screw or bolt 58. i

It is believed that the description and showing of the
thermostat is such.that anyone skilled in the art would
fully comprehend its operation. Briefly, the temperature
sensitive bulb 26 is located in the space whose tempera-
ture is to be controlled, and the rod 12, which operates
against the pressure of spring 15, extends to the switch-
ing mechanism that controls the temperature changing
mechanism. In operation the closed system including
bulb 26, conduit 24, and casings 16 and 32 are filled
with the thermostatic liquid. Casing 32 and bellows 34
represent a variable reservoir for the excess liquid, and
by rotation of the knob 67, rod 36 is capable of chang-
ing the volume of bellows 34. Accordingly the thermo-
stat is calibrated for the different temperatures to be
miaintained within the controlled space, and the several
stops 52 would be adjusted to the positions corresponding
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to the excess liquid present in casing 32 at the predeter-
mined temperatures. Assuming the thermostat to be
pre-set at any chosen temperature, if the temperature of
the enclosed space exceeds the predetermined tempera-
ture, the volume of Hquid in the system will expand and
after having driven bellows 14 and rod 12 to the full
extent of movement permissible, the remaining liquid
would exert pressure against bellows 34 and the coil
spring 40 thercin, thus allowing for expansion of the
thermostatic liquid without destruction of any of the
parts.

Referring now to Fig. 4, is diagrammatically illustrated
a control system for operating mechanical means adapted
to alternately cool or heat the atmosphere within a con-
trolled space. The mechanical equipment consists of
two independent units, each of which is adapted to alter-
nately supply refrigeration or heat, as required to the
controlled space. In my aforesaid Patent 2,696,086 these
units consist essentially of engine driven refrigerant com-
pressors and closed refrigerant systems. Refrigeration
is supplied through the circulation of a refrigerant me-
dium through an evaporator heat exchanger that is in
heat exchange relationship with the controlled space.
Heat is supplied to the controlled space by reversing or
modifying the refrigerant cycle, and examples of such
systems are disclosed in my prior Patents No. 2,509,099
and No. 2,666,298. Having reference to the drawings
herein, unit “A” is provided with a relay 60 that is adapt-
ed to motorize a refrigerant compressor to provide refrig-
eration. A relay 62 is also provided in the circuit to
energize a valve to reverse or modify the refrigerant cir-
cuit. ' It should be understood, however, that the system
is not necessarily restricted to my prior disclosures and
relay 60 may energize any form of motorized means to
provide refrigeration, and relay 62 may energize any
conventional means which will supply heat and at the
same time cut off the source of refrigeration supplied
by relay 60. Unit “B” is independent of unit “A,” but
the circuit shows that the two units may operate con-
comitantly when one unit is incapable of furnishing
the needs of the space. Unit “B” is provided with a
first relay 64 for motorizing a refrigerant compressor,
and a second relay 66 for energizing a source of heat in
the same manner as has been previously disclosed with
respect to relays 6¢ and 62.

The control system disclosed in Fig. 4 is operated by a
thermostat indicated generally at 68 and consisting of a
thermostatic bulb 70 connected by a conduit 72 to a
pressure motor . 74. Extending from the left hand side
of pressure motor 74 is a driven rod 76 that carries a
pair of blocks 78 and 80. The outer end of the driven
member 76 is supported in a bearing 82, and between
bearing 82 and block 80 is a compression spring 84 in-
tended to maintain the rod or. driven member 76 and its
cooperating parts against the pressure motor 74.

Block 78 is provided on one side with a small recess
8¢ within which is pivotally mounted a switch blade
88. On the other side of the block 78 is a larger recess
06 within which is pivotally mounted a switch blade 92.
Block 80 is provided with a recess 94 within which is
pivotally mounted a switch blade 96. Block 80 is also
provided with a larger recess 98 on the opposite side
from recess 94, and within this latter recess is pivotally
mounted a switch blade 109. Switch blade 88 is adapted
to move between a pair of contacts 102, 104. Switch
blade 92 is adapted to move between a pair of contacts
106, 108. Switch blade 96 is adapted to move between
a pair of contacts 110, 112. Switch blade 100 is adapted
to move between a pair of contacts 114, 116. The switch
blades 92 and 100 are joined by a mechanical linkage
118 which is effective to maintain both of these respective
switches in the same over center position as regards
their opposite contacts.

The various contacts and switches of umit “B” are
joined in a circuit which is designated as follows. A
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source of poweér indicated by battery 120 has a conductor
122 extending to switch blade 92. A conductor 124
joins contacts 102, 106. A conductor 126 extends from
switch blade 88 to relay 64 and thence to ground. A
conductor 128 containing a movable switch’ blade 130
extends between contacts 108, 104 and relay 66 and
thence to ground. ' e

The circuit for unit “A” will now be described. ‘From
a source of power designated by battery 134 a conductor
132 joins switch blade 100. A conductor 136 extends
between contacts 110 and i14. A conductor 138 ex-
tends from switch blade 96 to relay 60. A conductor
140 which contains a movable switch 142 joins contacts
116, 112 and relay 62 and thence to ground. A me-
chanical linkage 144 extends between switch blades 130
and 142 so as to assure that both of these switches will
be in the same position relative to their respective cir-
cuits.

With the parts in the position shown in Fig. 4, the
space surrounding thermostatic bulb 70 is above a pre-
determined limit and therefore motor 74 has moved
the driven rod 76 to the left against the resilience of
spring 84. Switches 142, 130 are in an open position
to assure against heating, and the circuit is now arranged
to provide refrigeration to the controlled space with the
aid of units “A” and “B” operating simultaneously. The
circuit for unit “B” will be traced: From the battery
120 current is flowing through conductor 122 to switch
blade 92 and thence through. contact 106, conductor 124,
contact 102, switch blade 88, conductor 126 to relay 64
and thence to ground. This will energize relay 64 and
the refrigerant compressor will supply a cooling medium.
Unit “A” will be similarly energized by power from bat-
tery 134 through conductor 132 td switch blade 100, con-
tact 114, conductor 136, contact 110, switch blade 96,
and conductor 138 to relay 60 and thence to ground.
With both units in operation the temperature in the con-
trolled space will descend and rod 76 will move to the
right, as shown in the drawing. Block 78 is related in
position to block 80 so that the first increment of move-
ment of rod 76 will cause switch 88 to move with a snap
action to contact 104, thereby breaking the circuit be-
tween battery 120 and relay 64 so that unit “B” will
shut. down, but unit “A” continues to .operate. There-
after on a further drop in temperature block 80 will
have been moved by rod 76 to the right and switch 96
will move into engagement with comtact 112, thereby
breaking the circuit to relay 60 and shutting down unit
“A.” In the event that the temperature in the controlled
space rises, causing rod 76 to again move to the left,
switch 96 will be moved through an over center move-
ment from contact 112 to contact 110 to again energize
unit “A,” and this unit will operate in this manner inter-
mittently to maintain the space in a cooled condition.

Assuming now a second condition which might likely
occur in the event the product being transported is se-
verely frozen foods whose temperature on loading in the
controlled space might be lower than the predetermined
setting of the thermostat, or the ambient temperatures
might descend below the predetermined setting of the sys-
tem. Under these conditions the thermostat 68 might
cause rod 76 to move to the right beyond a point where
switch blades 88 and 96 are in engagement with contacts
104, 112. If this should occur, switch blades 92 and
100, being linked together but provided with a limited
degree of lost motion with respect to blocks 78 and 80
by virtue of the larger recesses 9¢ and 98, would none-
theless move through an overcenter position to engage
contacts 108, 116. Under these conditions there would
be the likelihood of energizing relays 62 and 66, but
since switches 142, 130 are in an open position, such
action is not possible. Therefore switches 142, 130
have been placed in the respective circuits and under the
control of a linkage 144 td prevent heating where the
product is severely frozen foods and the shipper is not
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concerned with how low the temperature may descend
since a lowering temperature would have nio effect upon
frozen foods.

Assuming now still andther condition where the prod-
uct being shipped must be maintained at a relatively con-
stant temperature, and ambient temperatures are subject
to considerable variation to the extent that some heat-
ing might be required.. Under these conditions switches
130, 142 would be closed, and the mechanism would
operate in the same manner as described above. Assum-
ing switches 88 and 96 are in engagement with contacts
104, 112, neither unit is providing refrigeration to the
space, but with a further drop in temperature switches
92 and 100 would simultaneously move into engagement
with ‘contacts 108, 116. When this occurs a new circuit
for each of the units would be established, and the cir-
cuit for unit “B” will now be traced. From battery 120
current will flow through conductor 122 to switch blade
92 and thence through contact 108, switch 130, con-
ductor 128 to contact 104, and relay 66, and also through
switch blade 88 and conductor 126 io relay 64. This
would energize the refrigerant compressor, and - also re-
lay 66 which would provide heat instead of refrigeration -
to the enclosed space. The circuit for unit “A” may -
be similarly traced from battery 134 through conductor
132, switch blade 100, contact 116, conductor 140, in-
cluding switch 142, to contact 112 and relay 62 as well
as switch 96 and conductor 138 to relay 60, and both
units provide heat.

As the temperature in the space rises, rod 76 will move
to the left and switch 88 will snap from contact 104 to
contact 102, thereby terminating the operation of unit
“B.” Thereafter, on a further rise in temperature block
80 will cause switch 96 to snap from contact 112 to con-
tact 110, thereby terminating the operation of unit “A.”
If the temperature continues to rise, rod 76 will then
cause the two switches 92 and 100, joined by link 118,
to engage contacts 106 and 114, thereby prepare the two
units to supply refrigeration in the manner previously
disclosed.

A highly important advantage of the invention is in
the provision of a single thermostat in a temperature re-
sponsive system capable of alternately energizing a cool-
ing and a heating system for maintaining a substantially
constant temperature within an enclosed space, and pre-
cludes the possibility of both heating and cooling the
space at the same time, which has been a handicap in
the past where it has been customary to use two indepen-
dent thermostats for the purposes set forth.

As the invention is subject to minor changes that are
within the skill of ordinary mechanics, the invention is
not limited to the extent of the disclosure, but is only
limited to the extent of the appended claims.

I claim:

1. In a system for maintaining a substantially constant
temperature in an enclosed space embodying a first elec-
tromagnetic control device adapted to control a mech-
anism capable of reducing the temperature in said space,
a second electromagnetic control device adapted to con-
trol a2 mechanism capable of raising the temperature in
said space, a circuit including said first and second electro-
magnetic control dewices, first switching means in said
circuit which when operative energizes said first control
device to reduce the temperature in said space, second .
switching means in said circuit which when operative
concomitantly with first switching means is adapted to
energize said second control device to raise the tempera-
ture in said space, and temperature responsive means
consisting of a single thermostat responsive to the space
temperature and operably connected to said switching
means for controlling said control devices to maintain
a substantially constant temperature in said space.

2. In a system for conditioning the atmosphere in an
enclosed space embodying means adapted to alternately
heat or cool said space, means for controlling said. first-
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named means to maintain a substantially constant tem-
perature in said space, comprising a first electromagnetic
device operably associated with said first named means
and when energized initiates operation of said first named
means in such a manner as to normally cool said space,
a second electromagnetic device operably associated with
said first named means and when energized concomitantly
with said first electromagnetic device effects heating of
said space, a circuit including both of said electromag-
netic devices, a first switch in said circuit which when
closed energizes said first electromagnetic device, a second
switch in said circuit which when closed energizes said
second electromagnetic device concomitantly with said
first electromagnetic device, and temperature responsive
means consisting of a single thermostat responsive; to the
temperature in said space and operably associated with
said switches in such a manner as to maintain a substan-
tially constant temperature in said space.

3. In a system for conditioning the atmosphere in an
enclosed space embodying means adapted to alternately
heat or cool said space, means for controlling said first
named means comprising a first electromagnetic device
operably associated with first said means and when
energized initiates operation of said first named means in
such a manner as to normally effect cooling of said space,
a second electromagnetic device operably associated with
said first named means and when energized reverses the
function of said first named means to effect heating of
said space, a circuit including both of said electromagnetic
devices and two pair of spaced contacts, a pair of
switches in said circuit each movable between a respec-
tive pair of contacts for controlling the energization of
both of said electromagnetic devices, and temperature
responsive means consisting of asingle thermostat respon-
sive to the temperature of said space for sequentially con-
trolling said switches in such a manner as to maintain a
substantially constant temperature in said space.

4. In a system for conditioning the atmosphere in an
enclosed space embodying means adapted to alternately

heat or cool said space, means for controlling said first 4

named means comprising a two positioned control device
operably connected to said first named means and when
moved between its opposite positions effects alternate
heating and cooling of said space, a circuit comprising an
electrically operable portion of said control device and
two pairs of spaced contacts with each contact of one
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pair connected in parallel with a respective, contact of
the other pair, a switch for each pair of contacts, and
temperature responsive  means consisting of a single
thermostat responsive to the temperature within said
space and operably connected to both of said switches to
consecutively move both of said switches alternately be-
tween their respective pairs of contacts to alternately
energize and de-energize said control device to heat or
cool said space.

5. In a system for conditioning the atmosphere in an
enclosed space embodying means adapted to alternately
heat or cool said space, means for automatically con-
trolling said first named means to maintain a substantially
constant temperature in said space comprising a first elec-
tromagnetic device operably associated with said first
named means and when energized initiates operation of
said first named means in such a manner as to normally
cool said space, a second electromagnetic device operably
associated with said first named means and adapted for
movement between alternate positions and when in one
of its positions effects heating of said space, a circuit in-
cluding both of said electromagnetic devices, a first
switch in said circuit which when closed energizes said
first electromagnetic device, a second switch in said cir-
cuit which when closed energizes said second electromag-
netic device, temperature responsive means consisting of
a single thermostat responsive to the temperature in said
space and having a consecutive movement connection
with said switches to automatically maintain a substan-
tially constant temperature in said space, and a manual
switch in said circuit with the second electromagnetic
device and when open prevents operation of said second
electromagnetic device when the second switch is closed
to thereby prevent heating the space when.said thermostat
directs such action.
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