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My invention relates to. new and useful im-
provements in a refrigerating system, to a meth-
od of controlling the operation thereof, and to
a control device or apparatus for effecting the
method. In certain installations such, for ex-
ample, ‘as those embodying a storage room oOr
space to be refrigerated, it is desirable to de-~
frost the refrigerant evaporating means or low
side element or coils at each cycle of operation of
the system. It is therefore one object of my in-
vention to provide a method which will insure
defrosting of a refrigerating system for each cycle
of its operation. .

Another object is to provide a control device or
apparatus which is particularly adapted in con-
nection with a refrigerating system for insuring
such defrosting of the system.

The invention consists in the method of control
and the device or apparatus for performing the
same, to be more fully described hereafter and
the novelty of which will be particularly pointed
out and distinctly claimed. .

In the accompanying drawing, to be taken as
a part of this specification, I have fully and clear-
ly illustrated a refrigerating system and the ap-
paratus for controlling the same by which my
method may be performed, in which drawing—

Figure 1 is a diagrammatic view of a refriger-
ating system embodying my invention;

Fig. 2 is a view partly in vertical central section
of a control device forming a part of the system;

Fig. 3 is a detail view in section on the line 3—3
of Fig. 1; and .

Fig. 4 is a graph showing in curve “a” ‘a series
of refrigerant, medium temperatures and in curve
«“p” g corresponding series of air or box tempera-
tures which might occur during the cyclic opera-
tion of the system.

Referring to the drawing by characters of ref-
erence, | designates an enclosed space or com-
partment, such as a cold storage room, to be
refrigcrated and - containing an evaporating
means or low side element 2, such as a pipe coil
which is connected by a refrigecrant return line
3 to the inlet of a compressor refrigerant medium
supply means 4. The means 2 and the return
line 3 comprise the low pressure side of the sys-

tem. The outlet of the compressor is connected .

by suitable piping to a condenser § which dis-
charges into a receiver 6. A refrigerant medium
supply line 1 connects the receiver 6 to the evapo-
rating means 2, the apparatus and structure be-
tween the compressor outlet and the means 2
comprising the high pressure side of the system.
Admission of refrigerant medium to the evaporat-

(Cl. 62—4)

ing means 2 is controlled by a thermostatic ex-
pansion valve 8 having its feeler leg or charged
bulb element 9 clamped or otherwise secured in
intimate heat exchange relation with the return
line 3 adjacent the outlet of the means 2. The
compressor 4 is driven or operated by an electric
motor 10 controlled by a control device I} elec-
trically connected by suitable lead wires 12 to
the current supply line and to the motor.

The device |l comprises a casing or supporting
member 13 preferably substantially rectangular
having top and bottom walls {4, 15 joined by end
walls 16, 1T and closed at its rear by a substan-
tially vertical wall. Within the casing 13 there is
an electric switch or control means 18, preferably
of the mercury tube type, supported in a carrier
{9 and movably supported for rocking or tilting
movement on a horizontal shaft or pivot pin 20
rigidly secured to the rear wall of the casing and
extending through bearing apertures in the car-
rier 18. 'The switch I8 is shown in circuit break-
ing position and is provided with lead wires 21
which extend into an outlet box 22 carried by the
casing and within which the lead wires 21 arecon-
nected to the line lead wires 12. Pivotally se-
cured to the carrier {9, as at 23, Is one end of a
link or connecting member 24 which at its other
end is connected to the free end portion of an

operating lever 25. The lever 25 extends sub--
. stantially horizontally and is pivoted or ful-

crumed, as at 28, on or against the inside face
of the end wall 11 adjacent the bottom wall i5.
The lever 25 is operated by automatically acting
means comprising a temperature responsive
power element 21, a range determining spring 28,
and a differential determining "spring 28. The
element 21 includes & sealed casing 30, preferably
substantislly cup-shaped, secured at its rim by
nuts and bolts 31, or the like, to the underside of
the bottom wall 15 and having a movable wall 32,
preferably a circumferentially corrugated, resili-
ent, metal bellows-having one end secured and
sealed, as at 33, to the wall of the casing 30 adja-
cent its rim and having its other end closed and
sealed by a head or end wall 34. The sealed
¢hamber 35 formed within the casing 30 by the
movable wall 32 is connected by a tube 36 to a
substantially cylindrical metal bulb element 37.
The chamber 35, tube 36, and element 31 are
charged with a suitable volatile fluid responsive
to temperature change. The element 31 is posi-
tioned within the compartment | at a point re-
moved from the.evaporating means 2 such that
it will respond readily to changes in atmospheric
temperature within the compartment {. A stop
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" transverse member 46, as at 53.

2

member 38 is preferably provided to limit expan-
sion of the chamber 35 and collapse of the wall or
bellows 32, and cooperates with the end wall 34.
Secured to the bellows head 34 there is a plunger
or thrust member 38 which extends upward
through an aperture in the bottom wall 15 and
which has a conical end portion seating in a
socket member 40 rigidly secured to the underface
of the lever 25. The lever 25 is moved down-
ward and its upward movement under force of the
power element 27 is opposed by the range spring
28, preferably of a helical coil type, seating at one
end against an adjustable abutment member &1

. screw-threaded on a post 42 rigidly secured to

and depending verticaliy from the top casing wall
{4. The other end of the spring 28 is provided
with a follower member 43 having a bearing point
or member 44 which seats in a socket member 45
rigidly secured to the top face of the lever 25 and
preferably disposed directly opposite to the sock-
et member 40. The free end of the lever 25 is
provided with a transverse forwardly extending
member 46 through which an abutment member
or pin 41 is adjustably screw-threaded, the mem-
ber 41 extending longitudinally of the lever 25
’and projecting beyond the same toward the end
wall 16. ‘The differential determining spring 29
is preferably of the helical coil type and seats
at one end on a conical abutment member 48 se-
cured in the end wall 16 and at its other end seats
against the projecting end of the pin 41, being
held  under compression therebetween. In the
position shown, the force of the spring 29 acting
on the lever 25 cooperates with the force exerted
by the spring 28 to oppose the element 27.

The free end of the transverse member 46 ter-
minates in a pin or post 49 which extends through

a longitudinal slot 50 in the link 24 to provide a.

lost-motion connection between the lever 2% and
the control means 18. The link 24 is normally
urged upwardly to bring and hold the free end of
the slot 50 in engagement with the pin 49 by
means of a spring §f which is coiled about the
abutment member 4T and has one end secured to
the link 24, as at 5%, and has its other end secured
to the lever 25, preferably being hooked under the
Rigidly secured
to the carrier {8 there is a plate member 54 ex-
tending transversely to the shaft 28 and project-
ing on opposite sides thereof. Hinged, as at 58,
to the free end portion of the member ‘54 which
projects toward the end wall 16 is a stop or abut-
ment arm 56 which is normally urged at its free
lower end into engagement with the end wall {6
by a light spring 1. The stop member 56 co-
operates with a stop or lug 58 carried by the in-
side face of the end wall 16, the spring 57 serving
to move the arm 56 into locking engagement with

- the stop 58, as shown in Fig. 2. Secured to the
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outside face of the end wall {6 there is a bracket
member 59 to which a pressure operated power
element 60 is secured. ‘The element 68 preferably
comprises a cup-shaped element casing 6! having
& movable wall, preferably a cylindrical, corru-
gated, resilient, metal bellows 62 closed and sealed
at its inner end by a head or end wall 63 and
secured and sealed at its other end, as at &4, to
the inside wall of the casing 6! so as to provide
a sealed chamber 65 between the beliows and the
casing. The element 60 and the bracket 59 are
rigidly clamped to the wall 16 by nuts and bolts
§6, or the like. A thrust member or push rod
61 is rigidly securad to the end wall 63 and ex-

“tends through the bore of an adjustment sleeve

or member 68 screw-threaded in an aperture in
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the bracket 59. The member 67 also extends
through and is guided in an aperture 69 in the
bracket 59 and projects through an aperture in
the wall 16 for cooperable engagement with the
arm 56. Movement of the member 67T is opposed
by a spring 10 which surrounds the member 61
and is held under compression between the end
wall 63 and the adjustment sleeve 68. The cham-~
ber 65 is in communication with the low pres-
sure side of the system, being connected by a
pipe or conduit Tf to a T fitting 12 in the return
line 3 so that the movable wall 62 is subjected to

the pressure of the refrigerant medium on the low

pressure side of the system. .

~ A safety means 13 is provided to stop operation
of the compressor, and therefore of the system,
should the pressure of the refrigerant medium
in the supply line T and the high pressure side
of the system become excessive.
provides a sealed casing 74 having a movable wall
15, preferably a cylindrical, corrugated, resilient,
metal bellows which is closed and sealed at its
inner end by a head or end wall 76 and which is
secured and sealed at its other end, as at 11, to
the casing T4. 'The casing T4 is clamped to the
top wall {4 by niits and bolts 18, or the like, which

also serve to secure a clamping plate 19 to the

inside face of the wall 14, A thrust member or
plunger 80 is rigidly secured to the end wall 16
and extends downward through an aperture in
the wall {4 and through the bore of an adjustment

The means 13
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sleeve or member 81 adjustably screw-threaded in -

the plate 19. Surrounding the member 80 there
is a helical spring 82 which is held under com-
pression between the end wall 16 and the adjust-
ment sleeve 81, the spring serving to oppose move-
ment of the wall 15 in response to -pressure in the
chamber 83 formed between the casing 14 and the
wall 15. The thrust member 80 cooperates with
the end of the plate member 54 which projects
toward the end wall IT and is operable upon en-
gagement therewith to move the control means {8
from circuit making to its circuit breaking posi-
tion, as shown. The chamber 83 communicates
with the high pressure side of the system and Is
connected by a conduit or pipe 84 to a T fitting 85
in the supply line 1. The power element 60 to-
gether with the spring 51 comprises an automatic
means for moving the control means {8 and start-
ing operation of the system. - :

The operation of my system and control de-
vice is as follows: The position of the parts

shown in Fig. 2 is that which they will assume

when the temperature of the atmosphere of the
compartment | has been reduced to the desired
low temperature. As the temperature within
the compartment | increases, the pressure in the
chamber 35 will increase until the desired high
temperature of, say, 50° F., is reached at which
temperature the force acting through the thrust
member 39 on the lever 25 will overcome the
combined opposing force of the range spring 28
and the differential spring 29, If the evaporat-
ing means 2, when the temperature in the com-
partment ! reaches, say, 50° ¥., has defrosted
which will occur when the temperature of the
refrigerant medium rises to, say, 33° F., then
the pressure of the refrigerant medium acting
on the plunger 67 will have moved the arm 56 out
of abutting relation to the stop 58 so that upward
movement of the lever 25 will move the control
means I8 to circuit making position. However,
should it happen that the evaporating means
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has riot defrosted, due for example to a rapid i

heating up of the compartment f, then arm 56
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" will remain in locked position and when the de-

sired temperature of, say, 50° F.,"is reached, the
lever 25 will move upward against the force of
the light spring 51 which it places under ten-
sion as the pin or post 49 moves upwardly in the
slot 50. This lost-motion operation results be-
cause the control means 18 is locked in circuit

Jbreaking position and its movement is opposed’

by the arm 55 engaging the stop 58. The tem-
perature in the compartment { will now continue

" to rise above the desired point or degree to, say,

51° F., corresponding to a temperature of, say,
33° F., of the refrigerant medium in the evap-
orating means 2 which will assure defrosting
of the evaporating means. When this slightly
higher degree of temgperature in the compart-
ment | and in the ecvaporating means 2 is
reached, which is determined by the resistance
of spring 18, adjustable by the sleeve 68, the pres-
sure of the refrigerant medium exerted in the
chambsr 65 upon the wall 62 will move the
thrust member 67 to release the arm 58 from
a locking engagement with the stop 58, there-
by overcoming the opposition of movement of
the control means and permitting the spring 51
to force the link 24 upward until the bottom of
the slot 50 engages the pin 49 which will rock or

" tilt the control means 18 about its shaft 20 to
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circuit making’ position and start operation of
the compressor and system. Operation of the

. compressor will reduce the pressure in the low

pressure side of the system, permitting the thrust
member 67 to be retracted by the spring 10 to
the position shown in Fig. 2. Then when the
temperature of the atmosphere in the compart-
ment | reaches a desired low point, the force
exerted by the range spring 28 will move the
lever 25 downward against the opposing force
of the power element 21 and the differential
spring 29, thereby moving the control means 8
to circuit breaking position and stop opera-
tion of the compressor. As the control means (8
is moved by the range spring 28, the arm 56 will
be lifted to ride over the stop 58 snapping it
into locking engagement therewith, as shown,
under force of the spring 51. If during the op-
eration of the compressor the pressure in the
supply line T should increase to a point which
would endanger the apparatus, the thrust mem-
ber 80 will be moved downward into engagement
with the plate 54 and move the control means
(8 to circuit breaking position. This will occur
irrespective of the position of the parts, the lost-
motion connection between the link 24 and the
lever 25 and the flexible arm 5% permitting such
movement.

Although I have described the power element
60 as being pressure operated, it is to be un-
derstood that the thrust member 67 may be op-
erated in response to the temperature of the
refrigerant medium in the low pressure side of
the system or return line 3.

What I claim and desire to secure by Letters
Patent of the United States is: )

1. The method of assuring defrosting of a
cyclically operating refrigerating system which
comprises starting each cycle of operation of the
system upon the occurrence of a predetermined
high air temperature in the space to be refrig-
erated provided the temperature of the refrig-
erant medium has prior to the- occurrence of
the high air temperature reached a sufficiently
high temperature to defrost the system, with-
holding starting of the system at the predeter-
mined high air tempera.are when the high air

temperature occurs prior to the defrosting tem-
perature of the refrigerant medium and until the
refrigerant medium temperature has increased
sufficiently to defrost the system, and stopping
each cycle of operation solely upon the occur-
rence in the space to be refrigerated of a pre-
determined low air temperature.

2. The method of controlling the operation of
a refrigerating system which comprises starting
operaticn of the system when a predetermined
high temperature has been reached in the space
to be refrigerated and the refrigerant medium
has attained on the low pressure side of the sys-
tem a rredetermined high degree of temperature
or pressure which will insure defrosting of the
system, stopping operation of the system upon
the cccurrence of a predetermined low tempera-
ture in the space to be refrigerated, and stopping
operation of the system upon the occurrence of
excess pressure in the refrigerant supply line.

3. In a refrigerating system, refrigerant me-
dium evaporating means for cooling a space to
be refrigerated, means operable to supply re-
frigcrant medivm to said means, means respon-
sive to the temperature or pressure of the refrig-
erant medium in the return line from said evap-
orating means and operable to start operation
of said supply means, means responsive {o ex-
cess pressure of the refrigerant medium to stop
said supply means, and means responsive to the
temperature of the atmosphere in the refriger-
ated space and operable to stop operation of
said supply means. -

4. A defrosting control .device for refrigerating
systems, comprising a supporting member, & con-
trol means carried by said member and operable
to start and to stop operation of the system,
means operable in response to predetermined
temperatures in the space to be refrigerated to
move said control means to stop and to stert
operation of the system, means acting upon the
stopping movement of said control means to
oppose the starting movement of said control

" means by said responsive means, and means oper-

able to overcome said opposing means in response
to a predetermined high temperature or pressure
in the low pressure side of the system which will
insure defrosting of the system.

5. A defrosting control device for refrigerating

~ systems, comprising a supporting member, a con-

trol means carried by said member and cperabie
to start and to stop operation of the system,
means operable in response to predetermined low
temperature in the space to be refrigerated to
move said control means to stop operation of the
system, means acting upon the stopping move-
ment of said control means to lock said control
means against starting movement, and means
operable to release sald lccking means and to
move said control means to start operation of the
system in response to a predetermined high de-
frosting temperature or pressure in the low pres-
sure side of the system.

6. A defrosting control device for refrigerating
systems, comprising a supporting member, a con-
trol means carried by said membar and operable
to start and to stop operation of the system,
mzans operable in response to predetermined
low temperature in the space to be refrigerated
to move said control means to stop operation of
the system, means operable to move said control
means to start opcration of the system in re-
sponse to a predetermined high temperature or
pressure in the low pressure side of the system
which will insure defrosting of the system and
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safety means operable to move said control
means to stop operation of the system upon excess
pressure in the high pressure side of the system.

7. A refrigerator confrol device, comprising a
supporting member, a control means carried by
sald supporting member, automatically acting
means operable on movement in one direction to
move said control means, means to oppose move-
ment of said control means in the opposite direc-
tion by said automatic means, 2 lost-rotion con-
nection between said automatic means and said
control means whereby said automatic means may
move in the opposite direction without moving
said control means, a spring placed under stress
upon movement of said automatic means and
operable to move said control means in said oppo-
site direction, and means operable to overcome
said opposing means whereby said spring can
move said control means. .

8. A refrigerator control device, comprising a
supporting member, a control means carried
by said supporting member, automatically acting
means operable on movement in one direction to
move said control means, means to oppose move-
ment of said control means in the opposite direc-
tion by said automatic means, a Jost-motion con-
nection between said attomatic means and said

control means whereby said’ automatic means

may move in the opposite direction without mov-
ing said control means, said connection includ-
ing a spring placed under stress upon movement_
of said automatic means in said opposite direc-

_tion and operable to move said control means

in. said opposite direction, and means operable
to overcome said opposing means whereby said
spring .can move said confrol means. :

9. A refrigerator contrél device, comprising &
supporting member, a control means carried by

said supporting member, automatically acting

means operable on movement in one direction to-

- move said control means, means operable upon
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movement of said automatic means in said one
direction to lock said control means against
movement in the opposite direction by said auto-
matic means, a lost-motion connection between
said automatic means and said control means
whereby said automatic means may move in the
opposite direction without moving said control
means, & spring placed under stress upon move-
ment of said automatic means and operable to
move said control means In said opposite direc-
tion, and means operable-to release said locking

means whereby said spring can move said control’

means. .

10. A refrigerator control device, comprising a
supporting member, a control means carried by
said supporting .member, automatically acting
means operable on movement in one direction to
move said control means, a stop member carried
by said supporting member, an abutment arm
carried by said control means and automatically
operable upon movement of said automatic
means in said one direction to engage said stop
member and lock said control means against
rmovement in the opposite direction by said auto-
matic means, a lost-motion connection between
said automatic means and said control means
whereby said automatic means may move in the
opposite direction without moving said control
means, a spring placed under stress upon move-
ment of said automatic means and operable to
move said control means in said opposite direc-
tion, ‘and means operable to move said arm out

2,081,853

of engagement with said stop member whereby
said spring can move said control means.

11. The method of controlling the operation of
a refrigerating system which comprises estab-
lishing cycles of operation, starting each cycle
when the refrigerant medium has attained on

the low pressure side of the system a predefer- -

mined high degree of temperature or pressure
sufficient to defrost the system but only upon
the occurrence of a predetermined high tem-

perature in the space to be refrigerated, stop-.

ping each cycle of operation upon the occurrence
of a predetermined low temperature in the space
to be refrigerated, and stopping operation of the
system during any cycle upon the occurrence of
excess pressure in the refrigerant supply line.
12. In a refrigerating system, refrigerant me-
dium evaporating means for cooling a space to
be refrigerated, means operable to supply refrig-
erant medium to said means, control means mov-
able to start and to stop sald supply means,
means to oppose operation of said control means
to start said supply means, means operable in
response to predetermined high temperature or
pressure of the refrigerant medium on the low
pressure side of the system to overcome said op-
posing means and to move said control means
to start operation of sald supply means, and
means responsive to temperature in the space to
be refrigerated to move said control means to
stop operation of said supply means independ-
ently of operation of said first-named responsive
means. : )
13. A defrosting control device for refrigerai-
ing systems, comprising a supporting member, &
control means carried by said member and mov-

. able to start and to stop operation of the sys-

tem, resisting means movable into position to
oppose starting movement of said control means,
means operable in. response to predetermined de-
sired low temperature in the space’ to be re-
frigerated to move said control means to stop
operation of the system and to move said re-
sisting means into opposing position, and means
operable to move said resisting means out of
opposing position and to move said control
medns to start operation of the system in re-

_sponse to a predetermined high temperature or

pressure in the low pressure side of the system
which will insure defrosting of the system.

14. A defrosting control device for refriger-
ating systemms comprising a control means mov-
able to one position to stop operation of sald

. system and movable to another position to start

operation of said system, means operable in re-
sponse to a predetermined low temperature in
the space to be refrigerated to move said con-
trol means to said one position, said responsive
means acting upon occurrence of a predeter-
mined higher temperature to move said control
means to said other position, means acting auto-
matically to hold said control means against
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movement by said responsive means to said other

position upon each movement of said control |

means to said one position, and means respon-
sive to a predetermined high refrigerant tem-
perature or pressure which will insure defrost-

ing of the system, said last-named responsive -

means cooperating with said automatic means
at said .predetermined refrigerant temperature
to establish free movement of control means to
said other position.

. . EARNEST J. DILLMAN.
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