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The present invention relates to air condition-
ing systems by means of which the conditions in
a space or a plurality of spaces may be controlled
both in warm weather and in cold weather. The
5 invention is directed not only to the specific man-
ner of controlling the conditioning of the air it-
self but further relates to the combination of sev-
eral such systems into a single large system in
which the supplies of cooling and heating medi-
~ 10 ums are controlled in new and novel manners.
One of the objects of the present invention is
the provision of an improved system of control-
ling the circulation of a temperature changing
fluid, such as water, which is utilized to vary the
. 13 temperature of air to be conditioned.

More specifically, the present invention has for
an object the provision of a circulation control-
ling system in which any one of a plurality of cir-
culating devices may be utilized to circulate a

20 temperature changing fluid and providing means
by which another of such circulating devices is
placed in operation when the temperature of the

- circulating fluid returning from the devices to be
heated or cooled thereby reaches a predetermined

28 value.

Another object of the present invention is the
provision of a cooling system for cooling a circu-
lating medium in which the cooling apparatus
cannot be placed in operation unless the fluid

30° medium is in actual circulation.

More specifically, it is an object of the present
invention to permit the operation of a cooling
apparatus only in the event the pressure of a cir-
culating medium which is cooled by the cooling

35 apparatus changes from its static value there-
by indicating that the fluid to be cooled is
actually in circulation,

Another object of the invention is the provision
of a cooling system of the type in which. part

40 of the cooling apparatus, such as the condenser
of a mechanical refrigeration sysfem, is cooled
by means of the use of circulating a cooling fluid
therethrough, such as circulating water through
such a condenser, and in which the cooling appa-

43 ratus is rendecred inoperative after a time period
if, in-the meantime, the circulation of such cool-
ing fluid has not commenced or, if during the
operation of the cooling apparatus, the flow of
the cooling liquid through the condenser is not

50 maintained in sufficient volume to accomplish its .

purpose as a cooling liquid for the cooling appa-
ratus.
More specifically, it is an object of the present
invention to render the cooling apparatus of a
88 mechanical refrigeration system inoperative in

(CL. 62—4)

the event the pressure of the condenser cooling
water is not changed from a value equal to the
static pressure.

A further object of the invention is the pro-
vision of a cooling system that includes a plural- &
ity of cooling apparatuses and arranging the sys-
tem in such a manner that the cooling appa-
ratuses are brought into operation alternately
upon consecutive demands for cooling. In other
words, upon a call for cooling, one of the cooling 10
apparatuses is brought into operation and re-
mains in operation until such call for cooling is
satisfied and upon the next subsequent call for
cooling the other cooling apparatus is brought
into operation and remains in operation until the 16
call for cooling is satisfied.

A further object of the invention is the provi-
sion of a cooling system in which a pair of cool-
ing apparatuses are alternately brought into op-
eration upon consecutive demands for cooling, 20
and in which both cooling apparatuses are
brought into operation upon an increased de-
mand for cooling. Stated in another way, it is
an object of this invention to provide a plurality
of cooling apparatuses, both of which can be 28

_placed in operation at the same time in the event

both cooling apparatuses are needed in order to
obtain the desired cooling action, but in which if
the demands for cooling are sufficiently small
that only one cooling apparatus need be used 30
then these cooling apparatuses are alfernately
operated upon consecutive demands for cooling.

Another object of the invention is the provision
of an air conditioning system in which the sup-
ply of air to be conditioned to a plurality of con- 3§
ditioners is provided in a single large room or
enclosure to which return air and fresh air is
supplied.

Another object of the invention is the provision
of a large room or enclosure to which return or 4%
fresh air is supplied under the control of suitable
automatic controls, together with a plurality of
air conditioning devices, each of which then re- ~
ceives its supply of air for conditioning from this
central or single room or enclosure. 45

A further object of the invention is the pro-
vision of a novel electrical damper operating sys-
tem wherein the dampers are too numerous or too
heavy to be operated by a single electrical motor-
ized mechanism wherefor a plurality of such 50
mechanisms are necessary.

More specifically, it is an object of this inven-
tion to move a first damper from a first position
to a second position by an electrical motor means
which requires an appreciable time to so move 58
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thefirst damper, and to have such motor means in
turn operate mechanism which causes a second
motor means that controls a second damper to
exactly follow the motor of the first motor means.
In this manner, both dampers are operated sub-
stantially simultaneously by the use of commercial
equipment available on the market.

A further object of the invention is to control
dampers in an air conditioning system in such a
manner that they are moved from a position
permitting a maximum supply of air to pass
therethrough to a position in which a minimum

supply of alr is allowed to pass therethrough and
back to a position in which a maximum amount
of air is allowed to pass therethrough as the out-
door temperature rises from a relatively low
value, passes through an intermediate value, and
then rises to an extreme or high value,

A further object of the invention is the provi-
sion of a combined cooling and dehumidifying
system in which the dehumidifying action is ob-
tained by decreasing the volume of air flowing
through a cooling coil wherefor its speed of flow
is reduced and it is cooled to a greater extent so
as to remove more moisture therefrom. -

More specifically, an object of the invention is
the provision of an air conditioning system hav-
ing a cooling coil only part of which is normally
used for cooling puposes, a small amount of air
being allowed to flow through the other portion
thereof at a slow rate so as to obtain a high de-
gree of cooling and dehumidification upon a de-
mand for dehumidification. .

Another object of the invention is the provi-
sion of an air conditioning system in which auxil-
iary damper means permits the flow of a small
amount of air through a cooling coil upon a de-
mand for dehumidification whereby such small
amount of air moves at a slow rate and is cooled
to a relatively great extent so as to remove a
substantial amount of moisture therefrom.

A further object of the invention is the pro-
vision of an air conditioning system in which a
plurality of air conditioners are supplied with a
temperature changing fluid from a single source
and in which the rate of flow of this temperature
changing fluid to the various air conditioning de-
vices is changed in accordance with changes in
the temperature of the temperature changing

fluid as it returns from all of the air condition-

ing devices.
Other objects of the invention include various

~ combinations and sub-combinations to be dis-
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closed hereinafter in detail, as well as various

.combinations of the features set forth above and
will be found in the drawings, the detailed de- °

scription and the appended claims.

For a better understanding of the invention,
reference may be had to the following detailed
description and the accompanying drawings, in
which:

Fig. 1 is a diagrammatic showing of the man-
ner in which the chilled and heated water is sup-
plied for the complete air conditioning system
and including the controlling apparatus therefor,

Fig. 2 is a diagrammatic showing of the gen-
eral arrangement of the air conditioning devices
and the manner in which a common supply of
air to be conditioned is provided for all of the air
conditioning apparatuses,

Fig. 3 is a diagrammatic showing of the con-
trol apparatus for that part of the apparatus
shown in Fig. 2 by means of which the common
supply of air to be conditioned is provided for the
various air conditioning devices,

2,177,602

Fig. 4 Is a diagrammatic showing of the cor-
trol system utilized on each of the air condition-
ing devices shown in Pig. 2,

Fig. 5 is a modified showing of a portion of
the apparatus of Fig. 1 and,

Fig. 6 is a modified showing of another por-
tion of the apparatus of Fig. 1.

Turning now to the drawings, while a supply
of chilled and heated water may be provided for

the varlous air conditioning devices utilized in
the present invention in any manner desired, the

. bresent invention includes a specific manner of

providing such a supply of chilled and heated
water. Referring first to Fig. 1 of the drawings,
chilled or heated water is supplied to the air
conditioning devices by means of a2 main deliy-
ery pipe indicated at 10. Connected to this main
delivery pipe 10 is a pair of branch delivery
pipes Il and 12 which are respectively connected
to the outlets of a pair of circulating pumps
13 and 14 which are respectively driven by elec-
tric motors 5 and 16. The inlets of the pumps
13 and 14 are respectively connected to branch
inlet pipes {7 and 8 which in turn communi-
cate with a main inlet pipe 19. After the heated
or chilled water has passed through the various
air conditioning devices in a manner to be ex-
plained hereinafter, it is returned by a main re-
turn pipe 20. The main inlet pipe 19 and the
main return pipe 20 are respectively connected
to the outlet and inlet of a heat exchanger 21I
by means of pipes 22 and 23. Located in the pipe
22 is a manually operable shut-off valve 24 and
2 similar manually operable shut-off valve 25
is located in the pipe 23. It will be apparent
that by opening these valves 24 and 25, the heat
exchanger 21 can be placed in communication
with the circulators 13 and 14 and with the main
return pipe 20 and that by closing these valves
24 and 25 it is impossible for any water to flow
to or from the heat exchanger and into or out of
main inlet pipe 19 or the main return pipe 20.

The heat exchanger 21 is utilized to provide
heated water or steam during cold weather. In
the instant invention, this is accomplished by
providing the heat exchanger 21 with a supply
of steam through the medium of a steam supply
pipe 26, under the control of a modulating or pro-
portioning valve 21. This supply of steam may
be obtained in any desirable manner either from
an individually controlled boiler or from a cen-
tral power station, and the pipe 26 may be fur-
ther provided with a manually operable valve 28
for the purpose of preventing ‘the flow of steam
to the heat exchanger 21, After the steam has
passed through the heat exchanger 2! it is re-
turned to the individual boiler or disposed of in
any desirable manner, as by permitting it to flow
to a drain by means of a pipe 29.

Modulating or proportioning valve 21 may take

&1
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any desired form and may be controlled in any _

desired manner, As herein shown, this valve in-
cludes a valve stem 30 which is connected to a
rack 31. Cooperating with the rack 3/ is a pinion
32 which is carried by the main operating shaft
33 of a motor mechanism 34. This motor mech~
anism 34 is supplied with power by means of line
wires 35 and is controlled by a thermostatic
mechanism generally indicated at 36.

The thermostatic mechanism 36 includes a bell
crank pivoted at 3T and having a control arm
38 and an actuating arm 39. The control arm
38 cooperates with a control resistance 40 which
is connected to the motor mechanism 34 by

85

70

means of wires 41 and 42. The control arm 38 is 75
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likewise connected to the motor mechanism 34
by means of a wire 43. The actuating arm 39 is

positioned by a bellows 44, one end of which en-

gages the actuating arm 3% and the other end
of which is secured to a suitable .support 48.
Connected to the bellows 44 is a controlling bulb

‘48, the connection being by means of a connect-
The bellows, bulb and connecting.

ing tube 41.
tube are charged with & sultable volatile fiuid, as
is well known in the art, by means of which vari-

sponse to temperature changes at the controlling
bulb 46. A coiled spring 48 has one of its ends

attached to the actuating arm 39 and ifs other:

end attached to the support 45 and serves to op-
pose the variable pressures built up in the bel-
lows 44.

This thermostat 36 may respond to any desired
temperature and is herein shown as having its
controlling bulb 46 located in heat exchange re-
lationship with the pipe 22 which leads from the
heat exchanger 21 and connects to the main inlet
pipe {9 for the circulators 13 and {4. The ar-
rangement of this thermostat is such that sub-
stantially 6° F. are required to cause the control
arm 38 to completely traverse the control resist-
ance 40 and the setting is such that this 6° tem-
perature Is from 132° F. to 138° F. 'The manner
in which such a potentiometer type thermostat
may control a motor mechanism such as the motor
mechanism 34 to position a valve is now thought
to be well known in the art. This mechanism
may take the electrically balanced form as will
be described hereinafter in connection with the
control of certain other phases of the air condi-
tioning system, or may be of the mechanical fol-
Jow-up type such as disclosed in Lewis L. Cun-
ningham Patent No. 1,989,972 granted February

5, 1935. In any event, the thermostat 36 variably’

positions the valve 27 through the medium of the
motor mechanism 84 so as to maintain the tem-
perature of the hot water leaving the heat ex-
changer between 132° F. and 138° ¥, With the
parts in.the position shown, the apparatus is op-
erating on a cooling cycle, wherefor the manually
operable valves 24 and 25 are closed as Is the
manually operable valve 28. Therefore, no steam
is being supplied to the heat exchanger 21 and
the temperature of the controlling bulb 48 corre-
sponds to the surrounding atmosphere which, of
course, would be lower than 132° F. As a result,
the actuating arm 38 is engaging the extreme
right-hand end of control resistance 40 and the
proportioning valve 27 is completely open. How-
ever, since the manually operable valve 28 is

closed no steam is flowing to the heat exchanger

21.

In order to supply chilled water to the air con-
ditioning system, a tube and shell cooler 80 is
provided. This cooler connects to a pair of cold
water storage tanks 51 and §2 by means of pipes
§3. These cold water storage tanks 851 and 52 in
turn connect with the main inlet pipe 19 for the
circulating .pumps by means of a pipe 54 which
is provided with a manually operable valve §59.
The main return 20 is connected to the cooler 50
by a pipe §6 and a manually operable valve 57 is
included in this pipe §6. As in the case of the
heat exchanger 21, these manually operable
valves 58 and 57 make it possible to valve off the
cooling system or to place it in communication
with the air conditioning devices. As indicated
above, the system is operating under a hot
weather cycle so as to provide chilled water
wherefor the valves 5§ and §7 are in their open

“-pressor motors 82 and 63.-
- able pressures are created in the bellows 44 in re- -

3

positions. The purpose of the cold water storage

-tanks §1 and 82 is to provide a relatively large

supply of cold water which is capable of taking
care of any sudden or unusual demands on the
cooling system.

_The water in the cooler 50 is adapted to be
_cooled by means of a mechanical refrigeration

system which includes a pair of compressors 68 - B
and 61 which are respectively driven by com- -

The hot gaseous re-
frlgerant compressed by the compressor 60 is led
to a condenser 64 by means of a pipe 65. Simi-

larly, the hot gaseous refrigerant compressed by

the compressor 61 is led to a condenser ¢ by
means of a pipe 61. The hot refrigerant is cooled
and liquefied by these condensers in the usual

manner and is then discharged into a liquid re-

ceiver 68 by mesans of connecting pipes 69. From
this Hquid receiver the refrigerant passes to the
cooler §0 through a pipe 10 which is provided
with an expansion valve Tf. The refrigerant is
expanded in the cooler 50 through the medium of
the usual expansion coil and cools the water con-
tained therein. The refrigerant then returns to
the compressors 608 and 61 by means of pipes indi-
cated at-72.

The condensers 64 and 66 are herein shown as
being of the water cooled type to which water is
delivered from a cooling tower. 13 by means of
pipes 14. The return water from the condensers
64 and 66 is led to a condenser water pump 15
by means of pipes 16. This pump is driven by a
condenser pump motor 17 and the water is forced
by this pump 15 through a pipe 18 which com-
municates with the spray 18 of the cooling tower
13. i

The circulating pump motors 15 and fb are
electrically controlled by a system which will now
be described. The motor 13 is controlled by a
relay which includes a relay coil 80 that positions
an armature 84 which in turn operates switch
arms 82 and 83. Upon energization of the relay
coil 80, the switch arms 82 and 83 are moved into
engagement with contacts 84 and 85, respectively.
In a similar manner, the circulating pump motor
16 is controlled by a relay that includes a relay
coil 86 which operates an armature 871 that posi~-
tions a pair of switch arms 88 and 89. Upon
energization of the relay coil 86 the switch arms
88 and 89 are respectively moved into engagement
with contacts 90 and 91.

The energization of these relay coils 80 and 86
is controlled by three manual switches 92, 93,
and 94 by a thermostatic switch generally indi-
cated at 95. The three manual switches 92, 93
and 94 are of the single-pole, single-throw type
and need no further explanation. The thermo-
static switch 95 includes a switch carrying arm
96 which is pivoted at 97 and carries & mercury
switch 98. ‘This switch carrying arm 96 is posi-
tioned by a bellows 99 which is connected to a
controlling bulb (00 by means of a connecting tube
101. The bellows, bulb and tube are charged with
volatile fluld wherefor variable pressures are cre-
ated in the bellows 99 upon changes in the tem-~
perature at the controlling bulb {00. A spring
{02 has one of its ends secured to the switch
carrying arm 96 and its other end secured to a
support 103 and serves to oppose the variable
pressures created in the bellows 99. As shown,
one end of bellows 98 engages the switch carrying
arm 86 and its other end is secured to the sup-
port 103.

This thermostat 85 may respond to any desired
temperature and is herein shown as responding
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to the temperafure of the water which is being
returned to the cooler 50. In other words, this
thermostat 95 responds to the temperature of the
water as it leaves the various air conditioning
devices. The arrangement is such that mercury
switch 98 is in the open circuit position in which
it is shown in Fig. 1. Whenever the temperature
of this returned chilled water is at or below 41°
F., and is moved to closed position whenever the
temperature of this water rises to or above 43° F.

Either relay coil 80 or 86 can be energized by
closing its associated manual switch 92 or 93.
With the parts in the position shown in Fig, 1,
the manual switch 92 is closed wherefor the relay
coll 80 is energized by a circuit as follows: Line
wire 105, wire 106, wire 1071, manual switch 92,
wire 108, wire 109, and relay coil 80, to ground
‘110, it being noted that the other line wire 11
is likewise connected to ground 110. Since relay
coil 80 is energized, the switch arms 82 and 83
are engaged with contacts 84 and 85. Engage-
ment of switch arm 83 with contact 85 energizes
the circulating pump (% by a circuit as follows:
line wire 105, wire 106, wire 112, wire 113, wire
114, wire 1185, contact 85, switch arm 83, wire 116,
circulating pump motor 15 and ground {18. The
circulating pump 15 is, therefore, in continuous
operation. Now, in the event the manual switch
84 is also closed as shown in Fig. 1, then the ther-
mostat 95 is operative to energize the other relay
coll 86 if the temperature of the return water
rises to 43° F,, so as to close the mercury switch
88. Assuming that the return water temperature
does rise to this value, then the relay coil 86
will be energized by a circuit as follows: Line wire
105, wire 106, wire 112, wire 113, wire 111, man-
ual switch 94, wire 118, the left-hand electrode of
mercury switch 98, the middle electrode thereof,
wire 119, switch arm 82, contact 84, wire 120, wire
121, relay coil 86 and ground {10. Energization
of relay coil 86 moves switch arms 88 and 89 into
engagement with contacts 80 and 9f wherefor
circulating pump motor 16 is energized as fol-
lows: Line wire 105, wire 106, wire 112, wire 113,
wire 114, wire 122, contact 9i, switch arm 89,
wire 123, circulating pump motor 18, to ground
{10. In this manner, when the temperature of
the returned chilled water rises to some undesir-
able high value, such as 43° F,, thereby.indicating
that the load on the air conditioning devices is
relatively heavy, the other circulating pump is
brought into operation in order to increase the
flow of chilled water to the air conditioning de-
vices whereby to take care of this excessive load,
In the event the temperature of the returned
chilled water drops to 41° F., mercury switch 98
returns to the position shown in Fig. 1 and the
circuit for relay coil 86 is interrupted thereby
causing deenergization of the circulating pump
motor 186, i

If the manual switch 92 be opened and the
manual switch 92 be closed instead, then the re-
lay coil 86 is continuously energized by a circuit
as follows: Line wire 105, wire 106, wire 112, wire
124, manual switch 93, wire (25, wire 121, and
relay coil 86 to ground {10. The circulating pump

motor 16 is therefore continuously energized

under these conditions. If the manual switch 94
is still closed and if the temperature of the return
chilled water should rise to 43° P, then the relay
coil 80 is energized as follows: Line wire 108, wire
106, wire 112, wire 1183, wire 117, manual switch
84, wire 118, mercury switch 98, right-hand elec-
trode thereof, wire 126, switch arm 88, contact
80, wire 121, and wire 109 to relay coil 80 and

2,177,602

ground 1108. Such energization of relay coil 80
energizes the. circulating pump motor (5 by the
circuit set out above.

From the foregoing it is seen that either circu-
lating pump motor 15 or 16 can be placed into
continuous operation by means of closing either
the manual switch 92 or the manual switch 93. In
addition, in the event the manual switch 94 is
closed, the other circulating pump motor will be
energized whenever the temperature of the re-
turned chilled water rises to 43° 7., irrespective
of which one of these motors is manually oper~
ated continuously. Also, if both manual switches
92 and 93 are closed then both circulating pump
motors 15 and 16 are operated continuously irre-
spective of the temperature of the returned
chilled water. This arrangement makes it pos-
sible to even up the wear and tear on both cir-
culators by placing elther of them in continuous
operation and permitting the other to be auto-
matically brought into operation. During cold
weather it has been found that in this particular
system sufficlent hot water is supplied to the air
conditioners irrespective of how cold it gets out-
side by only operating one circulator. Therefore,
the manual switch 94 should be left open. during
the winter operation and the desired circulator
can then be placed in operation by closing one

_or the other of the manual switches 92 or 93.

In the event the switch 94 is left closed in the
winter, during which time the cooler §0 is valved
off by closing of the valves 55 and 57, it will be
apparent that the temperature at the control
bulb 100 will be that of the surrounding atmos-
phere which under all usual conditions would be
above 43° F., wherefor both circulating motors
13 and 16 will be in continuous operation even
though only one of the switches 92 or 93 is closed.

‘The compressor motors 62 and 63 are con-
trolled, in'a manner which will now be explained,

in accordance with the temperature of the water -
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leaving the cooler 50. In order to control these -

- compressor motors in a particular manner, which

will become clear hereinafter, three thermostats
responsive to the temperature of the chilled water
are provided. These thermostats are generally
indicated at 130, 131, and 132.

The thermostat 130 includes a switch carrying
arm 133 which is pivoted at 134 and supports a
mercury switch 135. This switch carrying arm
133 is positioned by one end of a bellows 136, the
other end of which is secured to a support 137.

The bellows 136 communicates with a controlling

bulb 138 through a connecting tube (39. The
bellows, bulb and tube are charged with a suitable
volatile fluld so that variable pressures are cre-
ated in bellows (36 upon temperature changes at
the bulb 138, and the variable pressures thus cre-
ated at the bellows 136 are opposed by a coiled
spring 140 which has one of its ends secured to
the switch carrying arm 133 and its other end
secured to the support 137. .

The thermostat 131 is a substantial duplicate
of the thermostat 130 and includes a switch
carrying arm (41 which is pivoted at 142 and
supports a mercury switch 143. This arm is
positioned by a bellows 144 that has one of its
ends secured to a support (45. The bellows 144
is connected to a controlling bulb 146 through a
connecting tube 147, the bellows, bulb and tube
being charged with a suitable volatile fluid. A
colled spring 148 opposes the variable pressures
created in bellows {44 as a result of tempera-~
ture changes in the bulb 146.
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The thermostat 132 is likewise generally sim- 18
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{lar to the thermostats 130 and 181, This ther-
mostat includes a switch carrying arm 149 which
is pivoted at 150 and supports a mercury switch
15§. This switch carrying arm 149 is positioned
by a bellows 152 which has one of its ends con-
nected to a support {53. The bellows 152 com-
municates with a controlling hulb {54 through
s connecting tube 155 and a coiled spring 156
opposes the variable pressures created in bellows
152 upon temperature changes at the bulb i54.
As indicated above, these three thermostats
180, i31, and 132 respond to the temperature of
the chilled water and for this purpose the bulbs
138, 146 and {54 of these thermostats have been
shown as positioned in heat exchange relation-
ship with the pipe 53 which is connected to the
outlet of the cooler 50. The thermostat {30 is
arranged in such a manner that the mercury
switch 135 thereof moves to closed circuit posi-
tion whenever the temperature of the chilled
water rises to or above 42° F., and moves to open
position whenever the temperature of this cooled
water falls to or below 34° P. The thermostat 13
is arranged so that its mercury switch moves
to closed circuit position whenever the tempera-

. ture of the chilled water rises to 39° and moves
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to open position whenever the temperature there-
of falls to 35° F. The mercury switch 151 of the
thermostat 132 is of the double circuit type which
closes a circuit regardless of which way it is
tilted.. This mercury switch can operate at any

temperature within the temperature limits of the -

thermostat 131 for reasons which will become ap-
parent hereinafter. For the purpose of this ex-
planation, it will be assumed that the mercury
switch 151 is in the position shown in Fig. 1 in
which its left-hand electrodes are closed when-
ever the temperature of the chilled water is at
or below 36° F. Whenever the temperature of
this water rises to or above 38° F. the mercury
switch 151 is tilted to the opposite position in
which its right-hand electrodes are closed.

The control system for the compressor motors
82 and 63 additionally includes certain safety
controls in the form of a pressure responsive
switch generally indicated at 160, a second pres-
sure responsive switch generally indicated at {61,

and a thermal cut-out switch. The thermal .

cut-out switch includes a pair of switch arms {62
and 182 which are normally in engagement and
are. so held in engagement by a bimetallic ele-
ment $84. This bimetallic element {64 is adapt-
ed to be heated by an electrical heating element
165. The arrangement is such that if the heat-
ing element 165 is energized for a predetermined
length of time the bimetallic element (64 is
raised in temperature sufficiently that it goes far
enough to the right to move out from under the
end of switch arm 163. This permits switch
arm 163 to separate from switch arm {62 to open
the circuit therebetween. This circuit then can
only be again completed by manually moving
these switch arms 162 and 163 into engagement.
Thermal switches of this type are well known
in the oil burner art by the name of “safety
switches” and the thermal switch of the present
invention may well take the form shown in Fred-
erick S. Denison Patent No. 1,958,081 granted
May 8, 1934. :

The pressure responsive switching mechanism
160 includes a switch carrying arm 166 which is
pivoted at 167 and carries a mercury switch 168.
This switch carrying arm 166 _is positioned by a
bellows 169 which is supported by & support
110. 'This particular pressure responsive switch-

8

ing mechanism 180 responds to the pressure in
the main inlet pipe 18 to the circulating pumps
13 and 14, For this purpose the bellows 189 is
connected to this pipe 19 by means of a pipe
17i. The pressures to which the bellows {69 is
thus subjected are opposed by a coiled spring
{12, The purpose of this pressure responsive
switching mechanism 160 is to determine whether
or not either one of the circulators 13 and {4 is
in operation. When neither of these circulators
is in operation there will be a predefermined
pressure in the pipe 19 or 3 static pressure which
depends entirely upon the head of water in the
system. In the particular system to which the
present invention was applied this static head
was substantially 42 pounds. Now, it will be evi-
dent that upon operation of either one of the
circulators 13 and !4, there will be a decrease
in pressure inthe pipe 19 which is on the suction
side of the pumps {3 and i4. The switching
mechanism (60 is, therefore, so arranged that
the mercury switch 168 thereof is in open circuit
position whenever the pressure in pipe 19 is at
or above the static head of the system and
moves to closed position whenever the pressure
in this pipe is reduced therebelow. If is, there-
fore, evident that the mercury switch 168 will
be open whenever neither circulator is operating.
Also, it will be apparent that mercury switch
168 will close in the event either of these cir-
culators is operating. The mercury switch {68,
therefore, by its position gives an indication as
to whether or not the water is being circulated
to the air conditioning devices.

The pressure responsive device (81 is similar
to the device 160 and includes a switch carrying
arm (713 which is pivoted at (74 and carries &
mercury switch 175. This switch carrying arm
{13 is positioned by a bellows 176 which has one
end secured to a support {717. This bellows {16
responds to the pressure on the inlet or suction
side of the condenser. water pump 75 and is,
therefore, connected to the pipe 76 by means
of a pipe 178. The pressure thus produced in

the bellows 176 is opposed by a coiled spring 4

§79. In this particular system the static head
of the condenser water circuit is substantially
50 pounds. This is slightly higher than the static
head in the circulating system by reason of the
cooling tower being at a higher point than are
any of the air conditioning devices. The pres-~
sure responsive switching mechanism 15f is,
therefore, arranged so that mercury switch 178
is in the open circuit position shown whenever
the pressure on the inlet or suction side of the
condenser water pump 75 is at or above 55
pounds, and is closed whenever this pressure is
lowered. It will, therefore, be evident that mer-
cury switch {75 is open unless the condenser
water pump 75 is in operation.

The control system for the compressor motors
62 and 63 further includes five relays which re-
spectively have operating coils 185, 186, (87, 188,
and 189. 'The relay coil 185 operates an arma-
ture 180 which in turn controls switch arms 91
and 192. Upon energization of the relay coil 185
switch arms 191 and 192 are moved into engage-
ment respectively with contacts 198 and 194,
Similarly, the relay coil {86 controls an arma-
tureé 195 which positions a pair of switch arms
196 and 187. TUpon energization of the relay coil
186 these switch arms 196 and 197 respectively
move into engagement with contacts 198 and (99.
The relay coil 187 operates an armature 200 which
moves a single switch arm 201 into engagement
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ith a single contact 202 when the relay coil 187
is energized. In & similar manner, the relay cofl
188 controls an armature 208 which moves a sin-
gle switch arm 204 into engagement with a single

. contact 205 upon energization of the relay coil

188." The relay coil 189 controls an armature 208
which positions switch arms 207 and 208 so as to
move them into engagement with respective con-
tacts 209 and 210 whenever the relay coil 188 is
energized. )

The thermostatic switching mechanism 182,
which was explained in detail heretofore, oper-
ates a motor mechanism 215 which is provided
with a main operating shaft 216 to which s crank

- 217 is secured. This motor mechanism 215 is of

a type well known in the art which makes suc-
cessive half revolutions of 180 degrees under the
control of the mercury switch 151. Electrical
power is furnished to this motor mechanism 215
in a manner which will be set forth in detail
hereinafter. The crank 217 is connected to one
end of a cable 218 which is partially wound about
a disc 219 and is secured thereto as indicated at
220. A coiled spring 221 has one of its ends se-
cured to the disc 220 and its other end secured to
a sultable support 222 and serves to bias the disc
218 to the position shown. This disc 219 is loosely
mounted upon a shaft 223 which carries a ratchet
224. Pivotally carried on the disc 219 are a plu-
rality of pawls 225 which are adapted to cooper-
ate with the ratchet 224 so as to cause counter-
clockwise rotation thereof upon counter-clock-
wise rotation of the disc 219. As is usual in
such ratchet constructions, the ratchet 224 is not
moved, but remains stationary, upon clockwise
movement of the disc 219. The shaft 223 oper-
ates a contact arm 226 which is adapted to en-
-gage contacts 227 and 228, Assuming that power
Is available for the motor mechanism 215, and
with the parts in the position shown in Fig. 1, if
the mercury switch 151 of the thermostatic mech-
anism 132 is tilted to the opposite position in
which its right-hand electrodes are bridged, then
the crank 247 will be driven in a counter-clock-
wise direction through 180 degrees. As the crank
arm 217 starts this counter-clockwise movement,
it will pull upon the cable 218 and cause g counter-
clockwise rotation of the disc 219, By properly
correlating the radius of the disc 219 with the
length of the crank arm 211, the disc 219 is
moved a half revolution in counter-clockwise di-
rection by the time arm 2(7 has moved through
8 quarter revolution, or is pointing in a down-
ward direction. Such a half revolution of the
disc 219 causes the shaft 223 to be driven through
a half revolution by means of the pawls 225 and
ratchet 224. This causes movement of switch
arm 226 so that it disengages contact 221 and
moves into engagement with contact 228. Now,
as the crank 217 completes the other quarter of
its half revolution, or goes from its downwardly
pointing position to the horizontal position in
which it points to the right, the spring 22( re-
turns the disc 219 to the position shown in Fig. 1.
During this movement of the disc 21 8 the shaft
223 remains stationary by reason of .the ratchet

- and pawl connection between the shaft and the

70
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disc. It will thus be seen that an increase in
the temperature to which the thermostat | 32 re-
sponds to 38° F. causes switch arm 226 to disen-
gage contact 227 and move into engagement with
contact 228. .

If the temperature now falls to 36° F. so that
mercury switch 151 returns to the position shown
in Fig. 1, then the motor mechanism 2(5 will

8,177,602

move crank 217 through another half revolution
in counter-clockwise direction. During this half

revolution of the crank 217, the disc 249 remains

stationary since the only thing that happens is
that slack is produced in the cable 218 until the
crank is pointing upwardly. Rotation of disc 219
in a clockwise direction under the action of spring
221 at this time is prevented by a sultable stop
(not shown). Upon the downward movement of
crank 217, the slack is taken up by the time the
crank 217 reaches the position shown in Fig. 1.
On a subsequent rise in temperature to 38° F. the
shaft 228 will move through another half revolu-
tion and move switch arm 226 back into engage-

ment with contact 227, If the temperature then -

again falls to 36° F..the crank 217 will again re-
turn to its original position but the shaft 223
will remain stationary. In other words, the
switching mechanism 226—221--228 is operated
to a new position every. time the temperature
rises to 38° F. after it has fallen to 36° F. but is
never operated upon temperature fall,

As has been brought out above, the circulator
13 is in operation by reason of the fact that man-
ual switch 92 is closed. The pressure in pipe 19
should, therefore, be such that the mercury switch
68 is closed. The mercury switch 135 of the
thermostat 130 is shown open, which indicates
that the temperature of the chilled water is below

-34° F. The mercury switch 143 of the thermo-

stat 131 is therefore also open since this mer-
cury switch opens when the temperature of the
chilled water falls to 35° F. In addition, the mer-
cury switch 151 of the thermostat 132 has its
left-hand ele¢trodes closed since they are closed
when the temperature of the chilled water falls
to 36°"F. Chilled water is, therefore, being cir-
culated to the various air conditioning devices
or other apparatus and after a time period it is
obvious that the temperature of the chilled water
will rise due to the taking on of heat by the

I
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chilled water. 'When this temperature rises to ,

38° F. the mercury switch 151 will be tilted so
as to close its right-hand electrodes whereupon
the contact arm 226 will disengage contact 2271
and engage contact 228 in the manner heretofore
explained. This, however, does not cause opera-
tion of either of the compressors. As the tem-
perature continues to rise, the mercury switch
143 of the thermostat 131 closes at 39° F. This

causes operation of the compressor motor 63 .

provided the mercury switch 168 of the pressure
responsive switching mechanism 160, which re-
sponds to the operation or non-operation of the
circulating pumps, is closed. It should first be
noted that power is always available for the motor
mechanism 215 provided this mercury. switch 168
is closed, by a circuit as follows: Line wire 230,

45
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wire 231, mercury switch 168, wire 232, wire 233, .

wire 234, motor mechanism 215, to ground {10,
it being noted that the other line wire 235 is also
connected to ground 110. 'Now, upon closure of
the mercury switch 143 of the thermostat (31

. due to a rise in the chilled water temperature to

39° F. and with the contact arm 226 now en-
gaging the contact 228, relay coil {88 is ener-
gized as follows: Line wire 230, wire 231, mer-
cury switch 168, wire 232, wire 233, wire 236,
mercury switch 143, wire 231, contact arm 228,

ccontact 228, wire 238, wire 239, and relay coll

188 to ground 110, It will be noted that this
relay coil cannot be energized in the event the
mercury switch 168 is in open circuit position.
Energization of relay coil 188 moves arm switch
204 into engagement with contact 205 whereupon
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electric heater 165 and relay coil 189, in series,
are energized as follows: Line wire 230, wire 240,
wire 241, wire 242, contact 205, switch arm 204,
wire 243, switch arm 162, switch arm {63, wire
244, wire 245, electric heater 165, wire 246, relay
coil 189 to ground 110, Energization of electric
heater 165 starts heating the bimetallic element
164, as heretofore explained. Energization of
relay coil 189 moves switch arms 207 and 208
into engagement with contacts 209 and 2106. En-
gagement of switch arm 207 with contact 209
energizes relay coil 186 as follows: Line wire 230,
wire 231, mercury switch (68, wire 232, wire 233,
wire 236, mercury switch {43, wire 237, contact
arm 226, contact 228, wire 238, wire 247, wire
2438, switch arm 207, contact 209, wire 249, and
relay coil 186 to ground (0. Energization of
this relay coil {86 energizes the compressor motor
83 and the condensing pump motor 11. The
circuit for compressor motor 63 is as follows:
Line wire 230, wire 240, wire 241, wire 250, switch
arm {96, contact {98, wire 251, and compressor
motor 63 to ground {i0. The circuit for con-
denser pump motor 17 is as follows: Line wire
230, wire 240, wire 252, switch arm 197, contact
199, wire 253, and wire 254, to condenser pump
motor 17T and ground {1{0.

It will thus be seen that a rise in the tem-
perature of the chilled water to 39° PF. causes
energization of the heating element §65 and op-
eration of the compressor motor 63 and the con-
denser pump motor 77. It will be noted that
none of these devices could be energized or placed
in operation, as the case may be, if the mercury
switch {68 were not in closed position. In other
words, it is impossible to energize the compressor
or the condenser water pump in the event neither
of the circulating pumps 13 or 14 is in operation.

Operation of the condenser water pump 75
should cause circulation of the condenser water
and reduce the pressure on the suction side of
the pump ¥8. If this pump does operate and
reduces this pressure, then the mercury switch
{78 of the pressure responsive switching mechs-
nism {64 will move to closed position. Closing of
this mercury switch shunts the heating element
(8% by a circuit as follows: ¥rom the upper end
of heating element 165, wire 255, mercury switch
{78, wire 286, and wire 285 to the lower end of
heating element (65. Shunting of this heating
element operatively deenergizes the same where-
upon no further heat is delivered to the bimetallic
element {84. It will, therefore, be apparent that
if this pressure is reduced quickly enough after
the initial energization of heating element (65
so as to prevent sufficient heating of bimetallic
element {64, the switch arms {62 and (63 will
not separate and the apparatus can remain in
operation.

Assuming that the load on the apparatus is
not particularly high at this time, the operation
of compressor motor 63 will provide sufficient re-
frigeration to cool the chil'ed water down to 35° F.
In so doing, the water will pass through a tem-
perature of 36° F. whereupon mercury switch
161 of the thermostat 132 will return to the
position shown in Fig. 1 and cause a further half
revolution of the motor mechanism 215. As ex-
plained’ above, however, this will only serve to
bring the motor mechanism 215 back to the posi-
tion shown and the contact arm 226 will remain
on the contact 228. When the temperature has
thus been lowered to 35° F. the mercury switch
143 of the thermostat 131 opens so as to deener-
gize the various relays whereupon the compressor

7

motor 63 and -the condenser pump motor 11 are
deenergized. The parts are, therefore, in the po-
sition shown in Fig. 1 except that contact arm
226 is engaging contact 228.

Since no refrigeration is now being furnished to
the chilled water, its femperature will gradually
rise. When it rises to 38° F. mercury switch 151
will again be operated so that its right-hand
electrodes close. 'The motor mechanism 245 goes
through a. further half revolution and this time
moves contact arm 226 back into engagement
with contact 227. Upon a still further rise to
39° F., mercury switch {43 will again close. This
time, however, since the contact arm 226 is en-
gaging the contact 227, the relay coil 187 will
be energized instead of the relay coil {88. This
circuit is as follows: Line wire 238, wire 23!,
mercury switch 168, wire 232, wire 233, wire 236,
mercury switch 143, wire 237, contact arm 226,
contact 227, wire 260, wire 264, and relay coil {87
to ground 140. It will again be noted that this
relay coil cannot be energized unless the mercury
switch 168 is in closed circuit position. Energiza-
tion of relay coil 187 moves switch arm 20! into
engagement with contact 202 to energize heat-
ing element 165 and relay coil 189 by a circuit as
follows: Line wire 2308, wire 240, wire 244, wire
262, wire 263, wire 264, contact 202, switch arm
20(, wire 265, wire 243, switch arm 162, switch
arm 63, wire 244, wire 245, heating element 165,
wire 246 and relay coil 189 to ground {48. This
causes movement of switch arms 207 and 208
into engagement with contacts 209 and 210, En-
gagement of switch arm 207 with contact 209
will not cause energization of relay coil 186 as
it did formerly since contact 226 is disengaged
{rom contact 228, but engagement of switch arm
208 with contact 210 does cause energization of
relay coil i85 as follows: Line wire 230, wire 231,
mercury switch 168, wire 232, wire 233, wire 236,
mercury switch {43, wire 287, contact arm 228,
contact 227, wire 260, wire 265, wire 267, switch
arm 208, contact 2{8 and wire 268 to relay coil
185 and ground (10. Energization of relay coil
185 moves switch arms §9{ and 192 into en-
gagement with contacts 183 and {94 to energize
compressor motor 82 and condenser pump motor
77. The circuit for compressor motor 32 is as
follows: Line wire 238, wire 246, wire 24{, wire
262, wire 263, wire 269, switch arm 191, contact
198, and wire 276 to compressor motor 82 and
ground {§8. The circuit for condenser pump
motor 77 is as follows: Line wire 238, wire 240,
wire 241, wire 262, wire 27{, switch arm 162,
contact 194, wire 272, and wire 258 to condenser
pump motor 77 and ground {{0. Operation of
the condenser pump should cause a decrease in
the pressure in pipe 76 as explained before to in
turn cause closure of mercury switch §15. If this
occurs in time, the heating element 165 is shunted
before the switch arms 162 and 163 separate hy
reason of excessive heating of bimetallic element
164, It will be seen at this time, automatically,
the compressor motor 62 has been energized in-
stead of the compressor motor 63. In other
words, consecutive demands for cooling have re-
sulted in alternate operation of the compressors.

It will be noted that irrespective of which com-
pressor is in operation, the relay coil 189 is en-
ergized. If it should happen that a single com-

‘pressor is not able to prevent the temperature of

the chilled water from rising to 42° F., then the
mercury switch 135 of the thermostat 130 will
close. When this occurs, a circuit for relay coil
186 is established as follows: Line wire 230, wire
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231, mercury switch 168, wire 232, wire 273, mer-
cury switch (35, wire 274, wire 248, switch arm
201, contact 209, wire 249, and relay coil 186 to
ground {10. Energization of relay coll 186 en-
ergizes compressor motor 63 as heretofore ex-
plained. Also, closure of this mercury switch
135 establishes an energizing circuit for relay
coil 185 as follows: Line wire 230, wire 231, mer-
cury switch 168, wire 232, wire 213, mercury
switch .185, wire 275, wire 267, switch arm 208,
contact 210, wire 268, and relay coil 185 to ground
f10. Such energization of relay coil 185 ener-
gizes compressor motor 62 by the circuit set forth
above. It is, therefore, seen that irrespective of
which compressor may be in operation at the
time, & rise in the chilled water temperature to

" 42° F, causes the other compressor to be placed
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in operation.

The two compressors are, of course, of such
capacity as to lower the temperature of the cool-
ing water regardless of the load. Since mercury
switch 135 does not open until the temperature
has fallen to 34° F.,, both of these compressors
will continue to remain in operation even after
mercury switch 143 moves to open position. Pref-
erably, the mercury switches 135 and (43 should
open at the same time but practically it is im-
possible to get this accurate a response in two
different instruments, wherefor the mercury
switch 135 has been indicated as opening at 34°
F. and the mercury switch 143 as opening at
35° P,

From the. foregoing, it will be seen that the
system of Fig. 1 can be utilized to provide either
heated water or chilled water for circulation to
any desired point of use and particularly to air
conditioning devices for summer and winter cool-
ing and heating. The arrangement is such that
the chilled water can be circulated at one of two
speeds depending upon the temperature of the
chilled water being returned from the point of
use. Furthermore, these two speeds are accom-
plished by using two circulators, either of which
can be placed into continuous operation and the
other of which is automatically placed into op-
eration upon such a rise of temperature of the
returned chilled water. The system further pre-
vents operation of the refrigeration system for
cooling the water in the event neither of these
circulators is in operation. In addition, the re-
frigeration system is caused to shut down if the
condenser water pump does not come into op-
eration within a predetermined time after the

refrigeration system is placed in operation. This

time delay is of particular utility where operation
of the condenser water pump is measured by a

change in the presure of the condenser water due -

to the fact of its circulation. The system of Fig. 1
further provides an arrangement in which a plu-
rality of refrigeration devices are utilized and in
which both can be operated simultaneously, or
in which they are separately operated alternately
upon subsequent and consecutive demands for
.cooling.

Turning now to Fig. 2 of the drawings, while the
supply of chilled and heated water which is pro-
vided by the apparatus described in connection
with Fig. 1 can be used in any desired manner, I
prefer to utilize it in connection with an air condi-
tioning system which includes a plurality of air
conditioning devices. Three of these air condi-
tioning devices are indicated at 280, 281 and 282,
These air conditioning devices are all located in a
room 283 which is utilized as a mixing chamber or

a controlling cbamber by means of which fresh air

"in the form of windows, for example.
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or return air is furnished to the various air condt-
tioning devices 280, 281 and 282.
provided with openings 284 and 285, which may be
These
openings 284 and 285 are defined by plates 286, 287
and 288. Located between the plates 286 and 287,
and disposed within the room 283, are dampers
289, These dampers 289 are each rotatably
mounted upon shafts 290 and these dampers com-
prise the exhaust dampers for exhausting air from
the room 283 when the fresh air dampers are
open. In a similar manner, dampers 291 are
pivoted on shafts 292 and are disposed between
the plates 287 and 288. These dampers comprise
the fresh air dampers and permit the taking into
the room 283 of fresh air when they are open. The
plate 287 is provided with an angularly-disposed
extension 2983. Also located within the room 283,
is a partition 294 which runs substantially parallel
to the ceiling 295 of the room. This partition 294
is provided with an extension 296 and a further
extension 297. Disposed between the extension
296 of the partition 294 and the exfension 293 of
the plate 287 are dampers 298 each of which is
pivotally mounted upon a suitable shaft 299, The
space between the celling 295 and the partition 294

is utilized for returning air from the various spaces

conditioned by the air conditioning devices 280,
281 and 282 and the dampers 298 control the flow
of this return air into the inlet ends of these vari-
ous conditioning devices. Suitable bafile plates
300 and 301 may be respectively pivotally con-
nected to the plate 288 and the extension 297 and
positioned in such a manner as to properly baffle
the return air or fresh air, as the case may be,
Located between these various sets of dampers
and the air conditioning devices 280, 281 and 282
are suitable filters 302 which are supported by
brackets 303 that permit the easy removal of these
filters. )

Referring now to both Figs. 2 and 3, the manner
in which these various sets of dampers are con-
trolled will now be explained. The fresh air
dampers 291 are controlled by the main operating
shaft 305 of a motor mechanism which may take
any desired form. The connection between one of
the fresh air dampers 291 and this main operating
shaft 305 includes a crank 366 which is secured to
the main operating shaft 305, and a connecting
link 307 which connects this crank 306 to the
damper. This damper and the other fresh air
dampers are interconnected by links 308 by means
of which all of the fresh air dampers are simul-
taneously moved in the same direction and to the
same extent.

This main operating shaft 305 is operated by a
reversible motor means which is herein shown as
comprising a pair of motor rotors 309 and 310
which are secured to a common rotor shaft 311.
Associated with the rotors 309 and 310 are field
windings 312 and 313. ‘The rotor shaft 311 is con-
nected to the main operating shaft 305 through
suitable reduction gearing indicated generally at
3i4.

Energization of the fleld windings 312 and 313 is
controlled by a relay mechanism generally indi-

cated at 315. 'This relay mechanism 315 includes’

an armature 316 which is pivoted at 317 and
includes legs 318 and 319. Associated with the
leg 318 is a main relay winding 320 and an auxil-
iary relay winding 321. In g similar manner, a

~main relay winding 322 and an auxiliary relay

winding 323 are associated with the leg 319 of the
armature 316. Secured to the armature 316,
through the medium of a piece of insulating mate-

This room 283is
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rial 324, is a switch arm 328 which is normelly dis-
posed intermediate a pair of contacts 826 and 321,
Upon energization of the main relay winding 322
to a higher degree than that of main relay winding
320, armature 816 will be rotated counter-clock-
wise and switch arm 325 will move into engage-
ment with contact 326. On the other hand, if the
main relay winding 320 becomes more highly ener-
gized than the main relay winding 322, then arma-
ture $16 is rotated in a clockwise direction and
switch arm 325 moves into engagement with con-
tact 321.

The main relay windings 320 and 822 are con-
nected in series across a source of power herein
shown as the secondary 328 of & transformer 328
having a high voltage primary 330. This series
circuit is as follows: Secondary 328, wire 831, wire
332, wire 333, main relay winding 320, wire 334,

. wire 335, main relay winding 322, wire 336, wire
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331, and wire 388 to the other side of secondary
328. In order to energize one or the other of these
main relay windings more highly than the com-
panion relay winding, two thermostats generally
indicated at 340 and 341 are arranged to substan-
tially short-circuit one or the other of these main
relay windings under certain conditions.

The thermostat 340 includes a switch carrying
arm 342 which is pivoted at 343 and supports &
mercury switch 344, This switch carrying arm
242 is positioned by one end of a bellows 345, the
other end of the bellows being fastened to a suit-
able support 346. ‘The bellows 345 is charged with
a suitable volatile fluid wherefor variable pressures
are created therein upon variations in the temper-
ature at the bellows 345 and these variable pres-
sures are opposed by a coiled spririg 347 which has
one of its ends secured to the switch carrying arm
382 and its other end secured to the support 346,
Mercury switch 384 is of the double circult type
which has a pair of electrodes in either end so that
one or the other of the pairs of electrodes is
bridged by the mercury contained in the mercury
switch. In other words, the mercury switch 344
comprises & single-pole, double-throw switch.
This thermostat responds to the temperature of
the outdoor atmosphere and the arrangement Is
such that s circuit is closed through the electrodes

in its right-hand end whenever the outdoor tem-

perature is at or sbove 60° F. Whenever the out-
door temperature falls below this value the mer-

cury switch 344 is tilted in the opposite direction so -

that the circuit through the right-hand electrodes
thereof is broken but a circuit is established
through its left-hand electrodes.

The thermostatic switch 34( differs from the
thermostatic switch 340 only in that it is set to
operate at a different temperature. This ther-
mostat 381 includes a switch carrying arm 348
which is pivoted at 349 and supports s mercury
switch 350. This switch carrying arm 348 is po-
sitioned by one end of a bellows 35l, the other
end of which is secured to a suitable support 352,
The bellows 351 is also charged with volatile
fluid so that varying pressures are created there-
in upon temperature changes in the bellows and
these variable pressures are opposed by a coiled
spring 353 which has one of its ends secured to
the switch carrying arm 348 and its other end

secured to the support 352. This mercury switch .

350 is also of the double circuit type. This ther-
mestat likewise responds fo the temperature of
the outside air and the setting of the thermostat
is such that the right-hand electrodes of the
mercury switch are closed whenever the outside
temperature is at or above 70° ¥. If the outside
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temperature falls to a value below 70° F., the
mercury switch 350 is tilted in the opposite direc-
tion and opens & circult through the right-hand
electrodes while closing a circuit through the
left-hand electrodes.

As stated above, thése two thermostats coop-
erate in controlling the relative energizations of
the main relay windings 320 and 322. For the
purpose of again equalizing the energizations of
these two main relay windings, the main oper-
ating shaft 305 operates a balancing contact arm
354 which cooperates with a balancing resistance
355. With the parts in the position shown, the
outside temperature is above 70° F., wherefor a
circuit is closed through the right-hand elec-
trodes of each of the mercury switches 344 and
350 of the thermostats 340 and 341. As a result,
the main relay winding 322 is substantially short-
circuited as follows: From the upper end of main
relay winding 322, wire 335, wire 356, wire 357,
the right-hand electrodes of mercury switch 344,
wire 358, the right-hand electrodes of mercury
switch 350, wire 359, wire 360, a protective re-
sistance 361, wire 362 and wire 336 to the lower
end of main relay winding 322. This short
circuit of the main relay winding 322 would be
complete were it not for the protective resistance
361. Also, with the parts in the position shown,
the fresh air dampers are completely closed and
the balancing contact arm 354 Is engaging the
extreme left-hand end of balancing resistance
255. Under these conditions, the main relay
winding 3208 is substantially short-circuited by
& circuit as follows: From the upper end of main
relay winding 320, wire 334, wire 356, wire 363,
balancing contact arm 354, wire 364, wire 366,
a protective resistance 361, wire 368 and wire 333
to the lower end of main relay winding 320, Here
again, complete short-circulting is prevented hy
reason of the protective resistance 367. Were it
not for these protective resistances 361 and 367,
it will be apparent that the secondary 328 of the
transformer would be completely short-circuited.
These protective resistances prevent such com-
plete short-circuiting so that a small amount of
current fows through the main relay windings
298 and 322. The two protective resistances are
equal in value wherefor the main relay windings
were equally energized. As a result, the arma-
ture 36 is in the intermediate position shown
wherein switch arm 325 is disposed between con-
tacts 328 and 327 and is not engaged with either
of them.

- Assuming that the outdoor temperature should
fall below 70° F. but still remain above 60° P.,
it will be apparent that such outdoor air could
well be used in the air conditioning devices
since it is of an intermediate temperature. If
this should occur, the mercury switch 344 remains
in the position shown in Fig. 3 put the mercury
switch 350 moves to its opposite circuit closing
position wherein a circuit is completed through
its left-hand electrodes. This change in circuit
connections removes the substantial short-cireuit
for the main relay winding 322, which was traced
above, and establishes an additional substantial
short-circuit for the main relay winding 320.
This new circuit is as follows: From the upper
end of main relay winding 320, wire 334, wire
356, wire 357, right-hand electrodes of mercury
switch 344, wire 358, left-hand electrodes of mer-
cury switch 350, wire 369, wire 366, protective re-
sistance 367, wire 368, and wire 333 to the lower
end of main relay winding 320, The main relay
winding 322 is now considerably more highly en-
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ergized than main relay winding 320 wherefor
armature 316 is rotated in a counter-clockwise
direction and switch arm 325 is moved into en-
gagement with contact 326. Engagement of these
parts sets up a series circuit through the auxiliary
relay winding 323 and the field winding 312,
which is as follows: Secondary 328, wire 331 , Wire
310, switch arm 325, contact 326, wire 311, auxil-
lary relay winding 323, wire 312, field winding
312, wire 313, and wire 338 to the other side of

. secondary 328. The energization of auxiliary re-
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lay winding 323 exerts an additional pull on the
leg 319 of armature 316. In this particular appa-
ratus this auxiliary winding is not necessary but
the motor mechanism used herein is a standard
one of general application which is normally con-

trolled by a resistance type of control rather than

by on and off switches and this auxiliary pull
is utilized to increase the contact pressure upon
light engagement of this switch arm and the
contact 326 when the motor mechanism is vari-
ably controlled by such variable resistance con-
troller. The energization of field winding 312
causes rotation of main operating shaft 305 in
such a direction that the fresh air dampers 291
are moved towards open position and the bal-
ancing resistance 355 towards the right-hand
end. As the balancing contact arm 254 moves
along the balancing resistance 355, the orig-
inal substantial short-circuit traced for main
relay winding 320 is gradually removed by
reason of the inclusion therein of part of the
balancing resistance 355. However, this main
relay winding 320 remains substantially short-
circuited by reason of the second shunt circuit
which was established upon movement of mer-
cury switch 350 to its position wherein a circuit
was completed through its left-hand electrodes.
When the main operating shaft has been moved

sufficiently far that balancing contact arm 2354

engages the extreme right-hand end of balancing
resistance 355, a substantially, complete short
circuit for the main relay winding 822 is estab-
lished as follows: From the upper end of main
relay winding 322, wire 335, wire 356, wire 363,
balancing contact arm 354, wire 314, wire 360,
protective resistance 361, wire 362 and wire 336
to the lower end of main relay winding 822. The
energization of these main relay windings are
again thus equalized and the extra pull of auxil-
iary relay winding 324 is not sufficient to main-
tain switch arm 325 in engagement with contact
326. These parts, therefor, slightly separate and
interrupt the circuit through the auxiliary wind-
ing 323 and the field winding 312. Deenergiza-
tion of the auxiliary relay winding 323 enables
switch arm 325 to move further from the contact
326. The main operating shaft 305 ceases rotaf-
ing upon deenergization of the field winding 312
and remains in its new position. This position of
the main operating shaft 305 wherein the
balancing contact arm 354 engages the extreme
right-hand end of balancing resistance 355 is
such that the fresh air dampers 291 have been
moved to a full open position.

If the outside temperature should again rise
to above 70° F., the parts would be restored to
the position shown in Fig. 3 wherein the fresh
air dampers are completely closed. On the other
hand, if the outside temperature should con-
tinue to drop and falls to below 60° F., then not
only the mercury switch 350 would be tilted so
that a circuit is closed through its left-hand
electrodes, but the mercury switch 344 would also
be tilted in a similar manner so that a circuit

- heretofore explained.
switches is well known in the art and no further-
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is completed through its left-hand electrodes.
Under these conditions the short circuit of wind-
ing 320 is opened, and a substantially complete
short circuit for main relay winding 322 is estab-
lished as follows: From the upper end of main
relay winding 322, wire 335, wire 356, wire 357,
left-hand electrodes of mercury switch 344, wire
375, protective resistance 361, wire 362, and wire
336 to the lower end of main relay winding 322.
Main relay winding 320 is now more highly ener-
gized than main relay winding 322 wherefor arma-
ture 316 is rotated in a clockwise direction and
switch arm 325 moves into engagement with
contact 327. This establishes a series circuit
through the auxiliary relay winding 321 and the
field winding 313. 'This circuit is as follows: Sec-
ondary 328, wire 331, wire 370, switch arm 325,
contact 321, wire 376, auxiliary relay winding 321,
wire 3711, field winding 313, wire 313, and wire
338 to the other side of secondary 328. The en-
ergization of auxiliary relay winding 321 exerts
an additional pull on leg 318 of armature 316 so
as to move switch arm 325 into more firm en-
gagement with contact 321. Energization of field
winding 313 causes rotation of main operating
shaft 305 in a direction opposite to that in which
it was rotated by the energization of fleld wind-
ing 312. In other words, fresh air dampers 291
are moved back towards their closed position and
the balancing contact arm 354 moves along bal-
ancing resistance 355 towards its left-hand end.
‘When the main operating shaft 305 has thus been
rotated sufficiently far to move balancing con-
tact arm 354 to the extreme left-hand end of
balancing resistance 355, as shown in Fig. 3, the
fresh air dampers will again be completely closed
and the first mentioned substantially complete
short circuit for the main relay winding 320 will
again be established. The main relay windings
320 and 322 are, therefore, again equally ener-
gized and the pull of auxiliary winding 321 is not
sufficient to maintain switch arm 325 in engage-
ment with contact 327. These parts therefore
separate, and deenergize the auxiliary relay wind-
ing 321 and the field winding 313. Deenergiza-
tion of the auxiliary relay winding 321 enables
a wider separation of the switch arm 325 and the
contact 321. Deenergization of the field winding
313 causes main operating shaft 305 to cease
its rotation.

As a practical matter, the limits of movement
of main operating shaft 305 to fresh air damper
open position and fresh air damper closed posi-
tion would be obtained by the use of limit switches
rather than through the balancing out process
The use of such limit

description thereof is thought necessary herein,

From the foregoing it will be seen that the
fresh air dampers are closed whenever the out-
side air temperature is above a certain value or
is below a lower predetermined value. These
values, for the purposes of explanation, have been
selected as 70 F. and 60° F.

Whenever the fresh air dampers are closed it
is desired to have the return air dampers open
and whenever the fresh gir dampers are open it
is desired to have the return air dampers closed.
In other words, this invention contemplates that
either fresh or return air will be furnished to the
air conditioning devices 280, 281, and 282. In
order to accomplish this, the main operating shaft
305 operates a variable resistance controller which
in turn controls the return air dampers through
3 motor mechanism which will now be described,
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This variable resistance controller comprises a
control arm 380 which is operated by the main
operating shaft 305 and which cooperates with
a control resistance 38f. The arrangement is
such that the control arm 380 engages the ex-
treme right-hand end of control resistance 381
when the main operating shaft 305 is in such
position that the fresh air dampers are com-
pletely closed and engage the extreme left-hand
end of this control resistance 38{ when the main
operating shaft 385 is in such position that the
fresh air dampers are completely open.

This controller comprised by the control arm
380 and contro] resistance 38/ controls a relay
mechanism generally indicated at 382. This relay
mechanism 382 is in all respects similar to the
relay mechanism 318 heretofore described. In
other words, it includes an armature 383 which
is pivoted at 384 and is provided with legs 385,
and 386. Cooperating with the leg 385 is a main
relay winding 381 and an auxiliary relay winding
388. Likewise, a main relay winding 389 and an
auxiliary relay winding 398 cooperate with the
leg 386 of the armature 383. A switch arm 391
Is secured to the armature 383 through the me-
dium of a piece of insulating material 392. This
switch arm is normally disposed between a pair
of contacts 393 and 394. The main relay wind-
ings 3871 and 389 are connected in series across
any suitable source of power such as the secondary
395 of a step-down transformer 336 which Is pro-
vided with a high voltage primary 391. 'This
series circuit is as follows: Secondary 395, wire
398, wire 398, wire 400, main relay winding 387,
wire 401, wire 402, main relay winding 389, wire
403, wire 4064, and wire 405 to the other side of
secondary 39§.

This relay mechanism 382 controls the ener-
gization of a reversible motor means which is
herein shown as comprising two oppositely act-
ing motors. One of these motors comprises a
rotor 406 and a cooperating field winding 407 and
the other comprises & rotor §08 and a cooperative
fleld winding 409. 'These two motor rotors are
secured to a common rotor shaft 4{6 which is
connected to a main operating shaft 411 through
reduction gearing generally indicated at 4i2.
This main operating shaft 411 operates a crank
413 which is connected to one of the return air
dampers 298 by means of a link §14. The remain-
ing fresh air dampers 298 are interconnected by
links 415 so that all of these return air dampers
move simultaneously in the same direction and
to the same extent.

The controller comprised by the control arm
380 and the control resistance 381 is adapted to
gradually vary the respective energizations of
the main relay winding 387 and 389 in a manner
which will be explained hereinafter. In order
to rebalance the energizations of these main re-
lay windings, whenever they are unbalanced, the
main operating shaft 4{{ operates a balancing
contact arm 416 which cooperates with a balanc-
ing resistance 417.

With the parts in the position shown, the con-
trol arm 380 is engaging the extreme right-hand
end of control resistance 381 wherefore main
relay winding 389 is substantially completely
short-circuited by 2 circuit as follows: From the
upper end of main relay winding 389, wire 402,
wire 418, wire 419, control arm 386, wire 420, wire
421, a protective resistance 422, wire 423, and
wire 403 to the lower end of main relay winding
389. The main relay winding 387 is also sub-
stantially completely short-circuited by a circuit
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as follows: From the upper end of main relay
winding 387, wire 401, wire 418, wire 424, balanc-
ing contact arm 416, wire 425, wire 426, a pro-
tective resistance 427, wire 428, and wire 400 to
the lower end of main relay winding 387. These
two protective resistances are equal so it will be
apparent that under these conditions the main
relay windings 387 and 389 are equally energized.
The switch arm 391 is therefore disposed inter-
mediate contacts 393 and 394 and is not engaging
either of them. The main operating shaft 4ft
is stationary and in such position that the re-
turn air dampers 298 are all in open position.

If the fresh air dampers 291 should now start
to move towards open position by reason of
proper rotation of main operating shaft 305 as
a result of change in outdoor temperature as ex-
plained above, control arm 389 will begin to move
along control resistance 381 towards its left-hand
end. - Such movement of the control arm 380
gradually inserts all of the control resistance
381 in the shunt circuit just traced for the main
relay winding 389. This renders the short circuit
for the main relay winding 389 less complete so
that less current flows through the short circuit
or shunt and more flows through the main relay
winding 389. When this increased current flow
through the main relay winding 389 becomes
sufficiently high the armature 383 will be rotated
in a counter-clockwise direction far enough to
bring switch arm 391 into contact with contact
393. When this occurs, the auxiliary winding
390 and field winding 407 are energized in series
by a circuit as follows: Secondary 395, wire 405,
wire 429, switch arm 39{, contact 333, wire 436,
auxiliary relay winding 390, wire 431, field wind-
ing 407, wire 432 and wire 398 to the other side
of secondary 895. This energization of fleld
winding 407 causes rotation of main operating
shaft 411 in such direction that the balancing
contact arm 416 moves towards the r‘ght-hand
end of balancing resistance 417 and the return
air dampers 298 are moved towards closed posi-
tion. 'The initial engagement of switch arm 391
with contact 393 was very light, but the ener-
gization of the auxiliary relay winding 390
created an additional pull on the leg 388 of ar-
mature 383 by means of which switch arm 391 is
held more firmly in engagement with contact 393.

This movement of balancing contact arm 416
towards the right-hand end of balancing resist-
ance 417 gradually inserts part of the balancing
resistance 417 into the short circuit or shunt
circuit for the main relay winding 387. As a re-
sult, more current flows through the main relay
winding 387 but at the same time the control arm
380 is continuing to move along control resist-
ance 38! towards its left-hand end so that at
all times the main relay winding 389 is energized
more highly than the main relay winding 387.
When the control arm reaches the center of con-
trol resistance 381 and the balancing contact arm
416 reaches the center of balancing contact 417
these main relay windings will be energized at
the highest value that they are ever energized.
As these two arms continue their movements the
energization of these main relay windings there-
upon decreases but the main relay winding 388
is always more highly energized than the main
relay winding 387 until a limiting position is
reached. By the time the fresh air dampers have
been completely opened, the control arm 380 has
reached the extreme left-hand end of control re-
sistance 38{. When this occurs, a new substan-
tially complete short circuit for main relay wind-
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ing 3817 is established as follows: From the upper
end of main relay winding 387, wire 401, wire
418, wire 419, control arm 380, wire 433, wire 426,
protective resistance 421, wire 428, and wire 400
to the lower end of main relay winding 387.
Main relay winding 389 remains more highly en-
ergized than main relay winding 387 until the
main operating shaft 311 has moved balancing
contact arm 416 into engagement with the ex-
treme right-hand end of balancing resistance
411. When this occurs, a new substantially com-
plete short circuit is established for the main re-
lay winding 389 which is as follows: From the

upper end of main relay winding 389, wire 402,

wire 418, wire 424, balancing contact arm 416,
wire 434, wire 421, protective resistance 422, wire
423 and wire 403 to the lower end of main relay
winding 389. The main relay windings 387 and
389 are now equally energized and the pull ex-
erted by the auxiliary winding 390 is not suffi-
cient to maintain switch arm 39! into engage-

_ment. with contact 383. These parts, therefore,

separate and interrupt the series circuit through
the auxiliary winding 390 and the fleld winding
407. Deenergization of the auxiliary relay wind-
ing 390 permits the switch arm 391 to move tur-
ther away from the contact 383. Further rota-
tion of main operating shaft 411 ceases, of course,
upon deenergization of field winding 4067. Under
these conditions, the return air dampers 298 are
completely closed.

Whenever the outdoor conditions change again
5o as to close the fresh air dampers 291 the con-
trol arm 380 will begin moving away from the
left-hand end of control resistance 381 and will
move towards its right-hand end. This will in-
crease the energization of main relay winding

387 in respect to the energization of main relay

winding 389, in a manner which should now he
apparent. Armature 383, therefore, rotates in
& clockwise direction and switch arm 39( will
engage contact 394. This establshes a circuit
through the auxiliary relay winding 388 and the
fleld winding 409 as follows: Secondary 395, wire
405, wire 429, switch arm 391, contact 394, wire

435, auxiliary relay winding 388, wire. 436, field

" winding 408, wire 432 and wire 398 to the other
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side of the secondary 395. Main operating shaft
411 is now rotated in the opposite direction so
that return air dampers 298 begin moving to-
wards open position and the balancing contact
arm 416 begins moving away from the right-
hand end of balancing resistance 411 and towards
its left-hand end. Energization of the auxiliary
relay winding 388 increases the contact pressure
between the switch arm 381 and contact 394 as
previously explained in connection with contact
393. The main operating shaft 411 will con-

tinue rotating in this new direction until the

parts return to the position shown in Fig. 3
wherein the control arm 380 is engaging the ex-
treme right-hand end of control resistance 381
and the balancing contact 416 is engaging the
extreme left-hand end of balancing resistance
411. When these positions are again assumed the
main relay windings 387 and 889 will again be
equally energized and the switch arm 391 will
disengage contact 394 to deenergize the auxiliary
relay winding 388 and the field winding 409.
Further movement of the main operating shaft
411 ceases and the return air dampers are now
again in their full open position.

As in the case of the motor mechanism which
controls the fresh alr dampers 291 these end or
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limit positions would be obtained in acfual prac-
tice by the use of limit switches.

Whenever the fresh air dampers open and the
return air dampers close, it is desirable to open

the exhaust dampers 289 in order that the air re- .

turning from the air conditioning devices may be
exhausted to the atmosphere. .This is accom-
plished by having the main operating shaft 411
operate a control arm 440 which cooperates with a

control resistance #41. These parts are connected -

to a motor mechanism 442 by means of wires 443,
444 and 445. Power is supplied to this motor
mechanism 442 by line wires 446. This motor
mechanism 442 is provided with a main operating
shaft 44T which operates a crank 448. This crank
448 is connected to one of the exhaust dampers
289.bx means of a link 449. All of the exhaust
dampers 289 are interconnected by means of links
450 so that all of them move in the same direction
and to the same extent. In view of the foregoing
description of the manner in which the return air
dampers are controlled, it is now thought that it
will be obvious how the movement of control arm
440 in respect to the control resistance 441 ,as a
result of rotation of the main operating shaft 411,
controls the motor mechanism 442 so as to open
and close the exhaust dampers 289 upon closing
and opening of the return air dampers 298.

From the foregoing it will be seen that when-
ever the outside air temperature is above 70° P,
the fresh air dampers and the exhaust dampers
are closed and the return air dampers are open.
This means that the air being taken out of the
spaces to which conditioned air is being supplied
will be returned to the air conditioning devices
for reconditioning. If the outdoor temperature
falls below 70° F. but remains above §0° F., the
Iresh -air dampers and the exhaust dampers are
opened and the return air dampers are closed.

This means that fresh air is delivered to the air :

conditioning devices and the air being withdrawn
from the spaces being conditioned, instead of re-
turning to the air conditioning devices for re-
conditioning, is exhausted into the outside atmos-
phere. If the outdoor temperature continues to
drop so that it falls below 60° F.,, then the parts
are returned to the position shown wherein the
return air dampers are open-so that return air is
again used for conditioning purposes instead of
fresh air. . ,

It will be noted that although these dampers
are all controlled in an on and off manner, motor
mechanisms of the type which generally give a
modulating or variable movement have been uti-
lized. The reason for this arrangement is that
the - ordinary commerecial two-position motor
mechanisms are provided with auxiliary switches
that are onlyoperated when the motor mechanism
reaches an extreme position. In this instance, it
would mean that the fresh air dampers would
have to completely open before the motor mecha-
nism for operating the return air dampers would
be placed in operation. In turn, the return air
dampers would have to completely close before
the exhaust dampers would begin to open. These
motor mechanisms necessarily operate relatively
slowly in order to develop the necessary force and
if ordinary two-position motors were ut‘lized and
equipped with auxiliary switches so that one was
operated by another then it will be obvious that
a considerable delay would-obtain between a de-
mand for a change between the position of one of
the dampers and the time when all of them would
be so changed.

On the other hand, it is desirable to use this
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go-called “dual control” wherein one motor
mechanism causes a second motor mechanism to
operate in a manner similar to which the first
motor mechanism has been operated in that only
one set of control thermostats is necessary, it
often being impossible to use one set of controlling

" thermostats to directly control a plurality of
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motor mechanisms by connecting them up in
parallel since many of the standard motor mecha-
nisms on the market cannot be hooked up in
parallel. A relay would, therefore, have to be
interposed to use such a system. Again, if the
motor mechanism could be hooked up in paraliel
it is possible that the placing of such & large num-
ber of motor mechanisms under the control of a
single set of controlling thermostats would require
so much power as to exceed the rating of the
thermostats. In the present.arrangement, motor
mechanisms of the proportioning or modulating
type are used which are ordinarily provided with
auxiliary potentiometers in order to give a “dual
control”. As pointed out in the above explana-
tions, as soon as the motor mechanism which con-
trols the fresh air dampers begins to operate the
fresh air dampers, it also begins to operate the

- dual potentiometer. This means that the return

air dampers begin to move to their new position
as soon as the fresh air dampers begin to move.
In turn, the exhaust dampers also begin to move
just as soon as the return air dampers begin to
move. The present system, therefore, makes it
possible to have all of these sets of dampers
moving at the same time wherefor the time de-
lay between a demand for a shift in damper po-
sition and the time such shift actually occurs in
all of the dampers is greatly reduced. Of course,
in smaller systems, wherein the number of
dampers is less and wherein they are of less
weight and therefore require less power, a single
motor mechanism can be used and mechanically
interconnected to all of the dampers in such a
manner as to give the desired results, but the
present system, as will be seen, is concerned with
a large installation wherein the dampers are
numerous and are heavy and by this system sub-
stantially simultaneous movement of all of the
dampers can be obtained, although a plurality
of motor mechanisms are employed and this is
obta‘ned without the utilization of a plurality of
sets of controlling thermostats or the interposi-
tion of a relay between a single set of thermo-
tats and the plurality of motor mechanisms.
Returning now to Fig. 2 of the drawings, each
of the air conditioners 280, 28! and 282 is pro-
vided with a combined heating and cooling coil,
these coils being indicated at 460, 461 and 462.
The pipe 10 which delivers the heated or chilled
water from the circulating pumps 13 and 14 is
connected to each of these combined heating and
cooling coils in any desired manner. In this dia-
grammatic showing of the invention, the pipe 10
is shown connected to a four-way connection 463
from. which pipes 464, 465 and 466 lead. The
pipe 464 connects to the cooling and heating coil
460 and the pipes 465 and 466 are adapted to be
connected to the cooling, and heating coils 461
and 462. In the case of e&ch of these condition-
ers, the combined heating and cooling coil does
not extend all the way to the bottom of the con-
ditioner but oniy extends to partitions indicated
at 467, 468 and 469. These partitions form two
passage ways through each conditioner, the low-
er passage of each of which comprises a by-pass
passage. In the case of the conditioners 280 and
281, an additional partition in each, which are
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indicated at 410 and 411, provides for the pas-
sage of a relatively large amount of air through
the combined heating and cooling coils and also
provides auxiliary passages by means of which
a relatively small amount of air can pass through
the heating and cooling coils. Located in this
auxiliary passage of the conditioner 280 is a
damper 472 which is pivoted upon a shaft 473,

Located in the main passage of this conditioner

are face dampers 414 which are pivoted on shafts
415. These dampers 415 are interconnected by
means of a link 416 so that they both move in
the same direction and to the same extent. Lo-
cated in the by-pass passage is a by-pass damper
411 which is pivoied on a shaft 4718. The damper
417 is connected to one of the dampers 414 by
means of a link 479, the arrangement being such
that the damper 4171 moves to the same extent{ as
the dampers 414 but in an opposite direction. In
other words, as the face dampers 474 move to-
wards open position the by-pass damper 477
moves towards closed position and vice versa.

As indicated above, the air conditioner 28t is
exactiyy the same as the air conditioner 280 and
it includes an auxiliary damper 480 which is
mounted in the auxiliary passage thereof and is
pivoted on a shaft 481. It also includes a pair
of face dampers 482 which are located in the
main passage-way and are pivoted on shafts 483.
These face dampers are interconnected by a link
484 in such a manner that they move in the same
direction and to the same extent. Located in the
by-pass passage is a by-pass damper 485 which
is pivoted on a shaft 486. This by-pass damper
485 is connected to one of the face dampers 482
by a link 187, the arrangement being such that
the by-pass damper 485 moves to the same extent
as the face dampers 482 but in the opposite di-
rection.

Located in the main passage of the air condi-
tioner 282 are a plurality of face dampers 488
which are pivoted on shafts 489. These face
dampers are interconnected by links 490 in such
manner that they move in the same direction
and to the same extent. Also located in the by-
pass chamber are by-pass dampers 491 which are
pivoted on shafts 492. These dampers are inter-
connected by a link 493 and one of them is con-

"nected to one of the face dampers 489 by a link

484 in such manner that the face dampers and
the by-pass dampers move the same amount but
in opposite directions. The partition 468 of this
conditioner 282 is provided with an opening in
which is located a normally closed auxiliary
damper 495 that is pivoted upon a shaft 446.

The heated or chilled water, after flowing
through the combined heating and cooling coil
460, passes by way of a pipe 500 to a four-way
connection 501. Similarly, the water passing out
of the combined heating and cooling coils 461
and 462 also return to this same four-way con-
nection 501 by means of pipes 502 and 503. The
main return pipe 20 is also connected to this
four-way fitting 501, .

Each conditioner is provided with a water spray
for the purpose of raising the humidity of the air
being conditioned in the winter as will be ex-
plained hereinafter. These sprays are indicated
at 504, 505 and 506. The spray 504 is shown
connected to a spray water pipe 5§07 which in-
cludes an electrically operated Vvalve 508 by
means of which the supply of spray water may
be turned on and off. The sprays 505 and 506
should be similarly provided with a supply of
spray water and & controlling valve.
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three conditioners are respectively provided with
fans which are operated by fan motors 509, 5i0
and 5{i. These fans serve to pull air through
their associated conditioners, which air will be
either return air or fresh air as determined by
the outdoor thermostats as explained in connec-
tion with Fig. 3, and deliver this air to various
zones or spaces to be conditioned. These fans
are controlled under certain conditions by a
thermostat having an element 512 which responds
to the temperature of the water leaving all of the
various air conditioning devices and is herein
shown as applied to the main return pipe 20.
This thermostatic element 512 operates a mer-
cury switch 513 and moves the same to open cir-
cuit position whenever the temperature of the
return water falls below 90° F. For all tempera-
ture values above 90° F. this switch is closed.
This switch is used during cold weather opera-
tion when the apparatus is utilizing hot water
and it will be obvious that during summer op-
eration when cold water is used the mercury
switch 513 will be continuously open, The vari-
ous fans are also controlled by a single-pole, dou-
ble-throw switch which includes a switch arm
514, a winter contact 515 and a sumiaer contact
516. Power is supplied by line wires 571 and
518, the latter being connected to ground (0.
The switch arm 514 is shown engaging the sum-
mer contact 516 and under these conditions all
of the fan motors are continuously energized by
circuits as follows: Line wire 517, wire 519, switch
arm 504, summer contact 516, wire 520 and wire
521, at which point the circuit branches.and goes
in three directions. The first branch goes by way
of wire 522 to the fan motor 509 and to ground
110, The second branch goes by way of wire 523
and wire 524 to fan motor 510 and to ground
1i10. The third branch goes by way of wire 523
and wire 525 to fan motor 511 and ground (10.
It will, therefore, be seen that during summer
operation all of the fans of the various air con-
ditioners are in continuous operation.

For winter operation the manual switch 514 is
moved into engagement with winter contact 515.
A new circuit is then established for the various
fan motors which is operative to energize these
fan motors only in the event the temperature of
the return water is above 90° F. It will be noted
that this circuit goes from line wire 511, wire
519, switch arm 514, winter contact 515, wire 526,
mercury switch 5{3 and wire 527 back to wire
521, at which point the circuits for the various
fan motors are as described above. As a result,
during the winter the fan motors are only in op-
eration provided the temperature of the return
water is above 90° F. Under ordinary circum-
stances, the temperature of this water will al-
ways be above 90° P. and the purpose of this mer-
cury switch 513 is for shutting down the fans
under extraordinary conditions.

As noted above, the air conditioners 280 and
281 are exactly the same. It will be noted that

 the air conditioner 282 differs somewhat from
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these other two air conditioners. However, the
control systems for the air conditioners are ex-
actly the same and the results obtained by these
two types of air conditioners are substantially
the same although they are accomplished in dif-
ferent manners.

Referring now to both Figs. 2 and 4, the man-
ner in which these air conditioners are controlled
will now be explained. The face and by-pass
dampers are operated by a motor mechanism
that includes a main operating shaft 530 which

2,177,802

is coupled to a rotor shaft 531 through suitable
reduction gearing indicated generally at 532.
This rotor shaft is operated by a reversible mo-
tor means which herein takes the form of two
oppositely acting motors, one of which comprises
a rotor 538 and associated field winding 534 and
the other of which comprises a rotor 535 and an
associated field winding §36. Energization of
these field windings is controlled by a relay
mechanism generally indicated at 531 which in-
cludes an armature 538 that is pivoted at 539
and is provided with a pair of legs 540 and 541.
Associated with the leg 540 is a main relay wind-
ing 542 and an auxiliary relay winding 543. In
a similar manner, a main relay winding 544 and
an auxiliary relay winding 545 are associated
with the leg 541 of the armature 538. Secured
to this armature 538 is a switch arm 546 which is
secured thereto through the medium of a block
of insulating material 541. This switch arm 546
is normally disposed intermediate a pair of con-
tacts 548 and 549 but does not normally engage
either of them. The main relay windings 542
and 544 are connected in series across a suitable
source of power indicated herein as the secondary
550 of a transformer §5( having a high voltage
primary 552, which is connected to suitable line
wires 553 and 554. This circuit is as follows:
Secondary 550, wire 555, wire 556, wire 551, main
relay winding 542, wire 558, wire 9859, main relay
winding 544, wire 560, wire 561, and wire 562
back to the other side of secondary 550. In the
absence of any other electrical circuits it will be
obvious that these two main relay windings will
be equally energized at all times so that the arm-
ature 538 will assume the position shown in Fig.
4 wherein switch arm 546 is disposed intermedi-
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either one of them. .

The energizations of these main relay wind-
ings 542 and 544 are primarily unequalized or
unbalanced by a space temperature responsive
thermostat generally indicated at 563. This
thermostat can respond to the space temperature
of the particular space which is being condi-
tioned by an air conditioner to which the control
system of Fig. 4 is applied or could respond to
the temperature of the air being withdrawn from
such space. This thermostatic mechanism 563
includes a bell crank pivoted at 564 and which is

provided with a control arm 565, a corrector arm .

566 and an actuating arm 5671. The control arm
565 cooperates with a control resistance 568 and
the corrector arm 566 cooperates with a corrector
resistance 569. One end of a bellows 510 engages
the actuating arm 567 and its other end is se-
cured to a suitable support §7f. The bellows 510
is charged with a suitable volatile fluid so that
variable pressures are created therein upon tem-
perature changes. and these variable pressures
are opposed by a coiled spring 572 which has one
of its ends secured to the actuating arm 567 and
its other end secured to the support 511.

The energization of these main relay windings
542 and 544 are also additionally varied by a
space relative humidity responsive device gen-
erally indicated at 573. This device includes a
bell crank pivoted at 514 which is provided with
a control arm 515 and an actuating arm 576.
The control arm 51% cooperates with a compen-
sating resistance 571. A relatively humidity re-
sponsive element 578 has one of its ends secured
to the actuating arm 516 and its other end se-
cured to a suitable support 519. A coiled spring
580 has one of its ends secured to the actuating
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arm 576 and its other end secured to a suitable
support 581 and serves to maintain the relative
humidity responsive element 578 under proper
tension at all times. This relative humidity re-
sponsive device 513 also includes an auxiliary on
and off switch. This is indicated as being con-
stituted by a switch carrying arm 582 which is
pivoted at 583 and which carries a mercury
switch 584. In operation, when the value of the
relative humidity to which the element 578 re-
sponds rises to such a degree that the control
arm 515 moves to the extreme left-hand end of
compensating resistance 517, the actuating arm
516 engages the switch carrying arm 582 and lifts
the same about its pivot 583 so as to tilt mercury
switch 584 to a position opposite that shown in
Fig. 4, wherefor a circuit is closed therethrough.

The energization of these main relay windings
542 and 544 are additionally modified by an out=
side temperature responsive controller generally
indicated at 585. This controller includes a bell
crank pivoted at 586 which includes a control
arm 587 and a compensating resistance 588 with
which stich control arm is associated. ‘The bell
crank further includes an actuating arm 589
which is positioned by one end of a bellows 598,
the other end of which is secured to a suitable
support 581. The bellows 590 is charged with a
suitable volatile fluid so that variable pfessures
are created therein upon temperature fluctua-
tions and these variable pressures are opposed
by a coiled spring 592 which has one of its ends
secured to the actuating arm 589 and its other
end secured to the support 581. This outdoor
temperature responsive thermostat can be lo-
cated out of doors or could be located in any
other suitable position so that it responds to
outdoor temperature changes.

Regardless of the manner in which the ener-
gizations of these main relay windings 542 and
544 are unbalanced, they are adapted to be re-
balanced by means of a balancing potentiometer
which includes a balancing contact arm 593 that
is driven by the main operating shaft 530 and
which cooperates with a balancing resistance 594.

During the winter operation, the energizations
of these main relay windings 542 and 544 are
adapted to be varied by a space temperature re-
sponsive thermostat generally indicated at 59%.
This thermostat includes a bell crank pivoted at
596 which is provided with a control arm 587
and an actuating arm 598. The control arm 5§97
cooperates with a control resistance 599. The ac-
tuating arm is positioned by a bellows 600, one
end of which engages the actuating arm 598 and
the other end of which is secured to a suitable
support 601. The bellows 600 is charged with a
suitable volatile fluid and the variable pressures
created therein upon temperature change are op-
posed by a coiled spring 602 which has one of
its ends secured to the actuating arm 598 and its
other end secured to the support 601.

In order to selectively place this thermostat
595 in control of the relay mechanism 537 or to
place the two thermostats 563 and 585 and the
relative humidity responsive device 573 in control
thereof, a triple-pole, double-throw switch is uti-
lized which is generally indicated at 603. This
switch is herein shown as manually operated, al-
though it will be understood that it could be
automatically operated if desired. This switch
includes three switch arms 604, 605 and 606.
When the switch is placed in summer position
the switch arms 604, 605 and 606 respectively en-
gage contacts 607, 608 and 609. When it is placed
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in winter position, the switch arms respectively
engage contacts 610, 611 and 612. Only two of
the switch arms of this switching mechanism 603
are utilized for varying the control of the relay
mechanism 537 and the other switch arm there-
of is utilized to control certain other portions of
the system which will be described later.

The lower end of main relay winding 542 is
connected to the switch arm 605 by a wire 613
and the lower end of main relay winding 544 is
similarly connected to the switch arm 604 by a
wire 614. The summer contact 607 which co-
operates with the switch arm 804 is connected to
the left-hand end of each of the resistances 588,
511 and 568 by wires 615, 616 and 617. The sum-
mer contact 608 which cooperates with the switch
arm 605 is connected to the right-hand end of
each of these resistances by means of wires 618,
619 and 620. The winter contact 610 is connected
to the left-hand end of the control resistance
599, by means of a wire 622. Likewise, the win-
ter contact 61 is connected to the right-hand
end of this control resistance 599, by a wire 625.
The center of corrector resistance 569 is con-
nected to the junction of wires 558, and 559, and,
therefore, connected intermediate the main relay
windings 542 and 544, by means of wires 627, 628,
629 and 630. The control arm 575 is likewise con-
nected intermediate these main relay windings
by being connected to the junction of wires 627
and 628, through a rheostat 63{, by means of
wires 632 and 633. The control arm 587 is sim-
ilarly connected to the junction of wires 628 and
629, through a rheostat 634, by means of wires
635 and 636. 'The control arm 597 is directly
connected intermediate these main relay wind-
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ings by being connected to the junction of wires -

629 and 630, through g protective resistance 623
by wires 624, 637 and 638. The balancing contact
arm 593 is connected to the junction of wires
637 and 638, through a rheostat 639, by means of
wires 640 and 641. The opposite ends of the bal-
ancing resistance 594 are connected across the
secondary 550 by a wire 642 which connects to
the junction of wires 561 and 562 and by a wire
643 which connects to the junction of wires 555
and 556. -

Assume that the switch 603 is in its summer
position. Also, assume that the indoor tempera-
ture responsive device 563 has a range of 75° P.
to 90° F., that the outdoor temperature respon-
sive mechanism 585 has a range of from 75° F. to
105° F. and that the relative humidity responsive
control 513 has a range of from 30 per cent to 60
per cent. With the parts in the position shown,
the temperature of the space being controlled is
substantially 821%,° F., the outside temperature is
substantially 90° F., and the relative humidity of
the space is substantially 45 per cent. The con-
trol arms of the three controllers are, therefore,
engaging the center of their associated resist-
ances-and, in order to maintain the main relay
windings 542 and 544 equally energized, the bal-
ancing contact arm is in the middle of balancing
resistance 594 wherefor the main operating shaft
530 is intermediate its limits of motion.

If the inside temperature should rise, the con-
trol arm 565 will move along control resistance
568 towards its left-hand end. Such movement
of this control arm will reduce the energization
of main relay winding 544 in respace to the en-
ergization of main relay winding 542 whereupon
armature 538 will be rotated in a clockwise di-
rection and switch arm 586 will gradually move
towards contact 548. When this rise in space
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temperature has beén sufficient, this switch arm
546 will lightly engage contact 548 whereupon a
circuit for the auxiliary winding 543 and the
field winding 536 is established as follows: Sec-
ondary 550, wire 555, wire 556, wire 644, switch
arm 546, contact 548, wire 645, auxiliary relay
winding 543, wire 646, field winding 536, wire 647,
wire 561, and wire 562 to the other side of sec-
ondary 550. Energization of the auxiliary wind-
ing 543 exerts an additional pull on leg 540 of
armature 538 and pulls the switch arm 546 into
firm engagement with contact 548 thus prevent-
ing chattering between these parts. Energiza-
tion of the field winding 536 drives the main op-
erating shaft 530 in such a direction that the bal-
ancing contact arm 583 moves upwardly along
the balancing resistance 594. Such movement
of the balancing contact arm gradually equalizes
the energizations of the main relay windings 542
and 544 and when they are substantially equal
the switch arm 546 will just separate from con-
tact 548. This deenergizes the auxiliary relay
winding 543 and the field winding 536. Deener-
gization of the auxiliary relay winding 543 re-

moves the additional pull on leg 540 of armature -

538 wherefor switch arm 546 separates more
widely from contact 548 so as to give a substan-
tial break between these parfs. Further rotation
of main operating shaft 530 ceases, of course,
upon deenergization of field winding 536.

On the other hand if the temperature of the
space being controlled should fall, control arm
565 will move along control resistance 568 to-
wards its right-hand end. This causes the ener-
gization of main relay winding 542 to become
less than that of main relay winding 544, where-
upon armature 938 is rotated in a counter-clock-
wise direction so as to move switch arm 546
towards contact 549. When this fall in the tem-
perature of the space becomes sufficiently great,
switch arm 546 will lightly engage contact 549
whereupon a series circuit through the auxiliary
winding 545 and the field winding 534 is estab-
lished as follows: Secondary 550, wire 555, wire
556, wire 644, switch arm 546, contact 549, wire
648, auxiliary relay winding 545, wire 649, field
winding 534, wire 647, wire 561, and wire 562 to
the other side of secondary 550. Energization
of the auxiliary relay winding 545 increases the
contact pressure between the switch arm 546 and
contact 549. Energization of the field winding
534 causes rotation of main operating shaft 530
in the opposite direction so that balancing con-
tact arm 593 moves downwardly along balancing
resistance 594. Such movement gradually equal-
izes the energizations of main relay winding 542
and 544 and when they are substantially equally
energized the switch arm 546 will barely sep-
arate from contact 549. This deenergizes the
auxiliary relay winding 545 and the field winding
534. Deenergization of the auxiliary relay wind-
ing 545 allows switch arm 546 to separate more
widely from contact 549. Further rotation of
‘main operating shaft 530 ceases, of course, upon
deenergization of field winding 534.

The arrangement is such that only a relatively
small part of the movement of the main controlier
563 is required to cause the main operating shaft
530 to move from one of its extreme positions,

wherein the balancing contact arm 593 engages -

one end of the balancing resistance 594, to its
other extreme position, wherein the balancing
contact arm 593 engages the other extreme end
of balancing resistance 594. The function of

the humidity responsive controller 513 and the:
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outdoor température responsive controller §88 is
to vary that portion of the main controlling re-
sistance 568 which will be effective to move the
main operating shaft 530 from one of its extreme
positions to its other extreme position. Referring
first to the humidity responsive controlier 513, a
rise in relative humidity causes its control arm

515 to move towards the left-hand end of the - -

associated compensating resistance §17. The ef-
fect of such movement is to reduce the energiza-
tion of the main relay winding 844 in respect to
the main relay winding 542 so as to cause a
movement of the main operating shaft 530 in the
same direction as is caused by a rise in tempera-
ture of the space being controlled. This means

that for the main operating shaft 530 to again -

assume its central position, the temperature of

10

the space being controlled must drop. On the

other hand, if the relative humidity falls so that
the control arm 575 moves towards the right-
hand end of compensating resistance 511, the
energization of main' relay winding 542 is re-
duced in respect to the energization of the main
relay winding 544, This causes' a movement of
main operating shaft 530 in the same direction
as would a fall in the temperature of the space
being controlled. Therefore, in order for the
main operating shaft 530 to again assume a cen-
tral position between its extreme limits of move-
ment the temperature of the space being con-
trolled must rise. In other words, a rise in the
relative humidity of the space-being controlled
lowers the control point of the space temperature

responsive controller so that a lower space tem-

perature will be maintained therein, and a fall
in relative humidity raises the control point of
the space temperature responsive thermostat so
that a higher. temperature will be maintained
therein. As is well known in the art, the effec-
tive result of these changes of control point of
the space temperature responsive thermostat
upon fluctuations in relative humidity provides
8 substantially constant effective temperature
control if the adjustments are properly picked
and this is taken care of by the range of the
controls set out above.

If the outdoor temperature should rise, the
control arm 587 will move towards the right-hand
end of the compensating resistance 588. This
produces a movement of main operating shaft
$30 such as would be produced by a fall in space
relative humidity or a fall in space temperature.
In other words, the value of the temperature
being maintained in the space being controlled
will be raised upon a rise in outdoor tempera-
ture. On the other hand, this value will be

" lowered upon a fall in outdoor temperature.

These three controllers, therefore, which respond
to the temperature of the space being controlled,
the relative humidity of the space being con-
trolled, and the outdoor temperature, operate to
give a substantially constant effective tempera-
ture in the space being controlled so long as the
outdoor temperature remains constant and this
effective temperature in turn is raised or lowered
as the outdoor temperature rises or falls. Since
the range of the inside temperature responsive
controller is from 75° F. to 90° ¥., whereas the
range of the outside temperature responsive con-
troller is from 75° F. to 105° F., the temperature
of space will be raised one degree for each 2
degree rise in outside temperature wherefor a
variable differential between these two tempera-
tures is maintained.

‘The corrector resistance 568 of the space tem-
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perature responsive controller 563 has two func-
tions. First, it gradually inserts resistance in the
circult connection between the main relay wind-
ings 582 and 544 whenever this controller moves
from its central position. This means that al-
though the controller moves to either of its ex-
treme positions, neither of the main relay wind-
ings can be completely short-circuited so that
these main relay windings always are energized
to at least a small extent and never lose com-
plete control of the armature 538. The other
function of this corrector resistance 569 is to
make it necessary that there be substantially
equal temperature changes in.order to move the
main operating shaft 530 from one of its extreme
positions to its other extreme position regardless
of whether the control point of this controller be
near the middle of its range or near either ex-
treme thereof. The function of the rheostats 631
and 634 is to limit the effect of the relative humid-
ity responsive controller 513 and the outdoor
temperature responsive controller 585 upon the
energizations of the main relay windings 542 and
544 to such an extent that the space temperature
responsive controller 563 always has dominating
control of the system. The function of the
rheostat 639 is to determine the amount of move-
ment necessary by the main operating shaft 530
and, therefore, necessary by the balancing con-
tact arm 583 to rebalance the energizations of
main relay windings 542 and 544 upon a given
movement of the main controller. By adjusting
this rheostat the amount of movement of this
main controller 563 to cause a complete move-

ment of the main operating shaft 530 from one

of its extreme positions to its other extreme posi-
tion can be determined. By always maintaining
a smail amount of the resistance 639 in circuit, a
complete short-circuit of either one of the main
relay windings 542 and 544 is prevented even
though the balancing contact arm 593 moves to
either of its extreme positions in respect to the
balancing resistance 994.

Applicant does not claim any novelty in this
compensated effective temperature control sys-

" tem per se since this invention is disclosed in an

60

application of John E. Haines, Serial No. 38,946,
filed September 3, 1935, to which reference may
be had for a more detailed description of the ex-
act operation of such systems. _

In the winter operation, the switch 603 is
thrown to the opposite position. It will then be
noted that the left-hand end of the control re-
sistance 599 of the winter controller 585 is con-
nected to the wire 614 which is the same wire to
which the left-hand end of the control resistance
568 of the summer controller 563 is connected.
Such operation of this switch 603 also connects
the right-hand end of this winter control resist-
ance to the same wire that the right-hand end
of the summer control resistance is connected
during the summer operation, but it will be noted
that the left-hand end of the winter control re-
sistance is the low temperature value hereof,
while the left-hand end of the summer control
resistance is its high value. It, therefore, will
be obvious that the winter controller 595 moves
the main operating shaft 530 in a direction oppo-
site to that in which it is moved by the summer
controller 563. Now, this winter controller may
have any desired temperature limits which, for
instance, may be from 68° F. to 72° F. This
means that the main operating shaft 530 moves
from one of its extreme positions to its other
extreme position when the temperature of the

17

space being controlled rises from 68° F. to 72° F.
The resistance of this winter controller is such
that the controller must completely traverse the
control resistance 9599 in order to cause move-
ment of the main operating shaft 530 from one
extreme position to the other extreme position.

The summer portion of the control system ad-
ditionally includes a motor mechanism 660 which
is diagrammaltically shown as including a main
operating shaft 661 that operates a crank arm
662 which is biased to the position shown by
mcans of a coiled spring 6§63 which has one of its
ends secured to the crank 662 and its other end
secured - to a suitable support 664. This main
operating shaft 661 is driven by a suitable motor
through reduction gearing. This motor is shown
herein as comprising a rotor 665 and a field
winding 666. As will be evident from the fore-
going description, normally no attempt is made
to control the relative humidity of the space being
controlled during the summer operation. How-
ever, if the relative humidity rises to the ex-
treme value of 60 per cent, then, as explained in
connection with the operation of the humidity
responsive controller 573, mercury switch 584 is
moved to closed position. When this occurs, the
field winding 666 is energized from a source of
power herein shown as the secondary 667 of a
transformer 668 having a high voltage primary
669 which is connected to the line wires 553 and
554. This energizing circuit for the field wind-
ing 666 is as follows: Secondary 667, wire 670,
switch arm 606, summer contact 609, wire 671,
mercury switch 584, wire 612, field winding 666,
wire 613, and wire 6714 to the other side of sec-
ondary 661. Energization of this fleld winding
causes rotation of main operating shaft 661 in
a counter-clockwise direction whereupon the
right-hand end of the crank 662 is moved up-
wardly against the bias of the spring 663. When
the crank 662 has thus been raised to a predeter-
mined extent it can rise no further by reason of
any suitable stop means herein diagrammatical-
1y shown as a pin 615. The motor then stalls and
maintains the crank 662 in this upraised position.
Upon a fall in relative humidity in the space be-
ing controlled, the mercury switch 584 will im-
mediately open and deenergize the field winding
§66 whereupon the crank 662 will return to the
position shown in Fig. 4 under the influence of
spring 663. Such types of power failure motors
are well known in the art and any well known
type can be utilized.

The winter control also includes:means for
controlling the spray valves of the various alr
conditioners, one of which is indicated at 508.
This spray valve is controlled by a relative humid-
ity responsive controller generally indicated at
676 which includes a switch carrying arm 611
that is pivoted at 618 and carries a mercury
switch 679. A relative humidity responsive ele-
ment 6886 has one of its ends secured to the switch
carrying arm 677 and its other end secured to a
suitable support 681. A coiled spring 682 has one
of its ends secured to the relative humidity re-
sponsive element 680 and its other end secured to
a suitable support 683 and serves to keep the ele-
ment 680 under proper tension at all times. The
adjustment of this device is such that the mer-
cury switch 679 is in open circuit position when
the relative humidity of the space is above 40
per cent. Remembering that the conditions as-
sumed in connection with the summer operation
was a relative humidity of 45 per cent, it will be
seen that the mercury switch 679 is in open posi-
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tion as shown in Fig. 4. If the relative humidity
should fall below 40 per cent, at any time during
the winter operation, the spray valve 508 is ener~
gized by a circuit as follows: Secondary 667, wire
€70, switch arm 606, winter contact 612, wire 684,
mercury switch 679, wire 685, spray valve 508,
wire 686 and wire 674 to the other side of ‘sec-
ondary 667. This admits water to the spray of
the associated air conditioner which water is
picked up by the air passing therethrough and
operates to raise the relative humidity thereof.
Referring again to Fig. 2 of the drawings, it was
stated above that the control system of Fig. 4
was utilized with each of the conditioners 280,
281 and 282 and that this control system was the
same even though the conditioner 282 is of a
somewhat different type than the conditioners
280 and 281. When this system is connected to
the conditioner 281, the main operating shaft 530
is connected to one of the face or by-pass damp-
ers thereof and the crank 662 is connected to
the guxiliary damper thereof. During summer
operation, therefore, the auxiliary damper is nor-
mally closed. With the conditions assumed, the
face dampers and the by-pass damper are each
half-way open so that half of the air passing to
the conditioner passes through the combined
heating and cooling coil and is cooled, and the
other half by-passes the same. If the space tem-~
perature rises, the face dampers are moved to a
more wide open position and the by-pass damper
is moved to a more nearly closed position so that
more air is cooled and less is by-passed. A rise
in relative humidity will bring about the same
result as will a fall in outdoor temperature. In
the case of a fall in inside temperature, a fall in
relative humidity or a rise in outside temperature,
the face dampers are moved towards closed posi-_-
tion and the by-pass damper is moved towards
open position so that less air is conditioned or
cooled and more air is by-passed around the com-
bined cooling and heating coil. In this manner,
the face and by-pass dampers are controlled so as
to maintain a substantially constant effective
temperature for constant outside temperature and
one which is raised and lowered as the outdoor
temperature rises and falls. In connection with
the conditioners 280 and 281, it will be noted that
generally only a portion of the combined cooling
and heating coil is utilized. Jf the relative hu-
midity should become excessive, then the crank
662 opens the auxiliary damper 4712 of the con-

_ditioner 280 or 480 of the conditioner 281 which

allows part of the air to flow through the remain-
ing portion of the combined heating and cooling

coil. Assuming that we have a condition where- -

in the outside air is relatively cool but very humid,

outside air will be furnished to the conditioners

and this may cause the inside relative humidity
to become excessive although the inside temper-
ature is relatively low. Under these conditions,
all of the air would be by-passing the combined
heating and cooling coil were it not for the aux-
iliary damper. 'This provides a cooling of some of
the air and removal of moisture therefrom. On
the other hand, suppose the face dampers are
part way open. Then, if the auxiliary damper is
open there is a larger passageway for the air
to pass through the combined heating and cooling
coil wherefore its velocity therethrough will be de-
creased and, since it is moving more slowly, it will
be called to a further extent wherefore more mois-
ture will be removed therefrom than if this aux-
iliary damper had not been opened.

During the winter operation of the conditioners
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280 or 281, the auxiliary dampers thereof will be
closed at all times and the face and by-pass
dampers will be operated in a manner to permit
more air to be heated when the space tempera-
ture becomes low and less air to be heated when
the space temperature becomes high. .

In connection with the conditioner 282 all of
the heating and cooling coil is utilized at all times.
In this type of conditioner, if the relative humid-
ity becomes excessive so that crank 662 is oper-
ated in the manner set out above, the auxiliary
damper 495 isopen. If at this time the face dam-
pers are completely open, then some of this air
will pass down through the auxiliary damper 495
and into the by-pass passageway so that less ait
is passing through the combined cooling and
heating coil which will slow up its motion to g
certain extent thereby permitting it to be cooled
to a further degree so as to remove more moisture
than would otherwise be removed. While the
total amount of dehumidification done will not be
increased to a great extent, due to the fact that
the by-passed air is not dehumidified, the open-
ing of damper 496 will nevertheless decrease the
amount of cooling done without corresponding
decrease in dehumidification, thereby permitting
dehumidification without overcooling the space.
On the other hand, if the face dampers are closed
by reason of a cool inside temperature but an
excessive relative humidity causes opening of this
auxilary damper, this will allow a relatively small
amount of air to pass through this cooling and
heating coil. This small amount of air has g
large bassageway through which to pass and it
will, therefore, move very slowly so that it will
be cooled to a great extent and a large amount
of moisture will be removed therefrom. During

the winter this auxiliary damper 495, of course,

remains closed at all times and the amount of
air passing over the heating and cooling coil is
increased and decreased as the space temperature
falls and rises.

Regardless of which type of conditioner is used,
when the relative humidity becomes too low dur-
ing the winter, the associated water spray valve
opens so0 as to add water to the air passing

-through the conditioner.

From the foregoing it will be seen that the pres-
ent invention provides a novel manner of supply-
ing cooled or heated water to a plurality of air
conditioners, the provision of this water being
controlled in a manner set forth in detail in the
first part of this description. The various con-
ditioners are all provided with fresh or return
air from a single source under the control of a
single controlling system. Further, the fans of
the conditioner are operated continuously in the
Ssummer and under the control of a return water
temperature controller in the winter. ‘The con-
ditioners are arranged in a manner such that
upon excessive relative humidity conditions,
either a small or relatively small amount of air
is permitted to flow through a cooling coil, or the
flow area for the air through the cooling coil is
increased wherefore it flows through the cooling
coil at a relatively slow rate and is cooled to a
relatively great extent so as to remove a substan-
tially great amount of moisture therefrom. Al-

though the two types of conditioners are specifi-

cally different, they hoth function in substantially
the same manner in this dehumidifying action.
The present invention also contains many fea-
tures of novelty which have been pointed out in
detail hereinbefore. ’

Reverting to the apparatus of Fig. 1, the pres-
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sure responsive switching mechanism 160 there-
of, which determines whether or not chilled water
is being circulated, is connected to the suction
side of pumps I3 and 14 by being connected to
the pipe 19. Similarly, the pressure responsive
switching mechanism (61, which determines
whether or not the condenser water for the re-
frigeration apparatus is circulating, is connected
to the suction side of the condenser pump 75.
Both of these pressure responsive switching
mechanisms therefore respond to a lowering in
pressure in order to give the desired control func-
tions. It will be obvious that these switching
mechanisms could operate upon an increase in
pressure instead of a decrease in pressure and
be connected to the outlet side of the respective
pumps.

Turning to Fig. 5, the switching mechan’sm
161A is identical with the switching mechanism
161 except that the mercury switch IT5A thereof
is reversed so that it moves to closed circuit posi-
tion upon an increase in pressure rather than
upon a decrease in pressure. The tube 1T8A
which connects to the actuating bellows IT6A is
connected to the pipe 18 which in turn is con-
nected to the outlet side of the pump 15. It will
be apparent that upon operation of the pump 15,
the pressure in the pipe 18 will increase where-
fore mercury switch {15A will close to connect

wires 255 and 256 so as to give the same result as |

the switching mechanism 168 of Figure 1.

Similarly, in Fig. 6, the switching mechanism
160A is identical with the switching mechanism
160 of Fig. 1 except that the mercury switch 168A
is reversed so that it -closes a circuit between
wires 231 and 232 upon an increase in pressure.
The actuating bellows 169A is connected to the
outlet side of pumps {3 and 14, by being con-
nected to the main outlet pipe {0, through a
connecting tube 171A. Here again, it will be
obvious that upon operation of either of the
pumps 13 or 14, the pressure in pipe 10 will in-
crease so as to move mercury switch 168A to
complete a circuit between wires 23f and 232 in
the same manner that the mercury switch 168
of Fig. 1 closes a circuit between these wires upon
a, decrease in pressure.

Regardless of which type of responsive mecha-
nism is utilized, the result is to Indicate the
operation or non-operation of the particular
pump involved and it is to be understood that
either manner of determining whether or not
these various pumps are in operation can be used.

While a specific modification of the invention
has been disclosed herein, it will be readily ap-
parent that numerous changes can be made in
the various details without departing from the
spirit of the invention. I intend, therefore, to
be limited only by the scope of the appended
claims.

I claim as my invention:

1. A refrigeration system of the class described,
comprising, in combination, a refrigerating de-
vice including a water cooled condenser, means
to circulate water through said condenser, means
to place the refrigerating device and sald con-
denser water circulating means into operation,
time delay means to render said refrigerating
device inoperative after a time period, and means
responsive to a change in the condenser water
pressure as a result of actual circulation thereof
to prevent operation of said time delay device
whereby the refrigerating device remains in
operation in the event the condenser water is
actually circulated to the condenser.
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2. A refrigeration system of the class described,
comprising, in combination, a refrigerating de-
vice including a water cooled condenser, means
to circulate water through said condenser, means
to place the refrigerating device and said con-
denser water circulating means into operation,
time delay means to render said refrigerating
device inoperative after a time period, and means
responsive to an increase in the condenser water
pressure as a result of actual circulation thereof
to prevent operation of said time delay device
whereby the refrigerating device remains in
operation in the event the condenser water is
actually circulated to the condenser.

3. Arefrigeration system of the class described,
comprising, in combination, a refrigerating de-
vice including a water cooled condenser, means
to circulate water through said condenser, means
to place the refrigerating device and said con-
denser water circulating means into operation,
time delay means to render said refrigerating
device inoperative after a time period, and means
responsive to a decrease in the condenser water
pressure as a result of actual circulation thereof
to prevent operation of said time delay device
whereby the refrigerating device remains in
operation in the event the condenser water is
actually circulated to the condenser.

4. A temperature changing system of the class
described, comprising, in combination, a supply
of temperature changing fluid, a plurality of
circulating devices to circulate said temperature
changing fluid, a temperature changing device
to which the temperature changing fluid is circu-
lated, means to place any one o: said circulating
devices in operation, and means responsive to
the temperature of the circulating fluld as it
returns from said temperature changing device
to place another of said circulating devices into
operation irrespective of which of the circulating
devices is already in operation.

5. A cooling system of the class described,
comprising, in combination, a cooling device, a
supply of cooling fluid therefor, a pair of eircu-
lating devices to circulate the cooling fluid to
said cooling device, means to place either of said
circulating devices into operation, means respon-
sive to the temperature of the circulating fluid
as it leaves said cooling device to place the other
of said circulating devices into operation upon
a rise in the temperature of such fluid irrespec-
tive of which of the circulating devices is already
in operation, refrigeration system means includ-
ing a pair of actuating devices, said refrigeration
system means requiring cooling water and opera-
tive to lower the temperature of the cooling fluid,
means responsive to a rise in the temperature of
the cooling fluid to place one of said actuating
devices into operation and to place the other of
said actuating devices into operation upon a
subsequent rise in the temperature of the cooling
fluid after the temperature thereof has been
lowered by the operation of the first actuating
device whereby consecutive demands for coolin®
of the fluid cause alternate operation of the
actuating devices, means responsive to a further
rise in the temperature of the cooling fluid to
place both of said actuating devices in operation
regardless of which one thereof is operating at
the time, means to circulate cooling water to said
refrigeration system means when either of said
actuating devices is placed in operation, means to
prevent operation of said actuat'ng devices a
timed period after either of them is placed in
operation, and means responsive to a change in
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pressure of the cooling water as a result of
circulation thereof to prevent operation of said
last named means.

6. A cooling system of the class described,
compris'ng, in combination, a cooling device, a
supply of cooling fluid therefor, a pair of circu-
lating devices to circulate the cooling fluid to said
cooling device, means to place either of said circu-
lating devices into operation, means responsive
to the temperature of the circulating fluid as it
leaves said cooling device to place the other of
said circulat’ng devices into operation upon a rise
in the temperature of such fluid irrespective of
which of the circulating devices is already in
operation, refrigeration system means including
a pair of actuating devices, said refrigeration
system means requiring cooling water and opera-
tive to lower the temperature of the cooling fluid,
means responsive to a rise in the temperature of
the cooling fluid to place one of said actuating
devices into operation and to place the other of
said actuating devices into operation upon a sub-
sequent rise in the temperature of the cooling
fluid after the temperature thereof has been
lowered by the operation of the first actuating
device whereby consecutive demands for cooling
of the fluid cause alternate operation of the actu-
ating devices, means responsive to a further rise
in the temperature of the cooling fluid to place
both of said actuating devices in operation re-
gardless of which one thereof is operating at the
time, means to circulate cooling water to said
refrigeration system means when either of said
actuating devices is placed in operation, means to
prevent operation of said actuating devices a
timed period after either of them is placed in
operation, means responsive to a change in pres-
sure of the cooling water as a result of circula-
tion thereof to prevent operation of said last
named means, and means.responsive to the actual
circulation of the cooling fluid to prevent opera-
tion of either of said actuating devices in the
event such fluid is not being circulated.

7. An air conditioning system of the class de-
scribed, comprising, in combination, a plurality
of air conditioners, common means for supplying
fresh and return air to said air conditioners, said
common. means comprising damper means to
selectively supply fresh air or return air to gll
of said conditioners, a first motor means in con-
trol of part of sa‘d damper means and movable
from a first position to 'a second position in a
substantial period of time, control means in con-
trol of said first motor means to move the same
from its first position to its second position, a
second motor means in control of another por-

tion of said damper means and movable from .

a first position to a second position in a substan-
tial period of time, a controller associated with
said second motor means to cause the same to
assume a number of positions between its first
and second positions, and connections between
said first motor means and said controller by
which said controller is gradually moved from
its one extreme position to its other extreme
position as the first motor means moves from its
first position to its second position whereby the
second motor means is caused to follow the
movements of said first motor means.

8. A combined cooling and dehumidifying sys-
tem comprising, in combination, a cooling and
dehumidifying chamber through which air to be
conditioned is adapted to flow, said chamber
being provided with a main passageway and a
by-pass, a cooling coil located in said main pas-
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sageway, damper means to control the flow of
air through the main passageway and the by-
bass, means responsive to demands for cooling in
control of said damper means, additional damper
means operable to provide commun:cation be-
tween the main passageway and by-pass on the
upstream side of the cooling coil, and means

responsive to relative humidity conditions in con-

trol of said additional damper means.

9. In an air conditioning system, in combina-
tion, an air conditioning ‘chamber, a cooling coil
located therein, means to cause air to flow
through the air conditioning chamber, - means
responsive to the effective temperature of the
air to be controlled in control of said cooling
coil for placing said cooling coil in operation
when the effective temperature of the air rises
to a predetermined value, a controller for con-
trolling the flow of air through said cooling coil,
and means responsive to- relative humidity for
controlling said controller in a manner to de-
crease the -air flow upon increase in relative
humidity and to increase the air flow upon de-
crease in relative humidity.

10. A cooling system of the class described,
comprising, in combination, a source of fluid to
be cooled, means to circulate the cooled fluid to
& point of use, a plurality of cooling devices to
cool the fluid, means responsive to an initial
demand for cooling of the fluid to place one of
said devices in operation and responsive to a
subsequent demand for cooling after said initial
demand has been satisfied to place the other of

20

30

said devices in operation whereby said devices -

are alternately operated upon subsequent de-

" mands for cooling, and means responsive to the

actual circulation of said cooled fluid to prevent
operation of either of said cooling devices if
such circulation is not taking place.

11. A cooling system of the class described,
comprising, in combination, refrigeration sys-

tem means including 2 plurality of actuating

devices operative to cool a supply of cooling fluid,
means responsive fo temperature demands to
place the first of said devices into operation upon
an initial demand for cooling and to place an-
other of said devices into operation upon a sub-
sequent demand for cooling after said first de-
mand has been satisfied, said refrigeration sys-
tem means including a portion which requires
the removal of heat therefrom, means to circu-
late heat removing fluid to said portion, and
means responsive to the circulation of said heat
removing fluid and to the circulation of said cool-
ing fluid to prevent operation of any of said
actuating devices if both of said fluids are not
being circulated.

12. A temperature changing system of the class
described, comprising, in combination, a tem-
perature changer for varying the temperature of
a supply of temperature changing fluid, a plu-
rality of circulating devices to circulate said
temperature changing fluid, means to place any
one of said circulating devices into operation,
means responsive to temperature changing de-
mands to place another of said circulating de-
vices into operation irrespective of which circu-
lating device is already in operation, and means
responsive to the actual circulation of said tem-
perature changing fluid to prevent operation of
said temperature changer in the event the tem-
perature changing fluid is not being circulated.

13. A temperature changing system of the
class described, comprising, in combination, tem-
perature changing means for changing the tem-
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perature of a supply of temperature changing
fluid, said temperature changing means includ-
ing a plurality of actuating devices, a plurality
of circulating devices to circulate said tempera-
ture changing fluid to a point of use, means to
place any one of said circulating devices into
continuous operation, means to automatically
place another of said circulating devices into
operation upon a demand for a larger rate of
flow of temperature changing fiuid irrespective
of which of the circulating devices is already in
operation, and means responsive to demands to
place one of said actuating ‘devices into opera-
tion upon an initial demand and to place an-
other of sald actuating devices into operation
tipon the next subsequent demand after said first
demand has been satisfled.

14. A temperature changing system of the
class described, comprising, in combination, tem-
perature changing means for changing the tem-
perature of a supply of temperature changing
fluid, said temperature changing means includ-
ing a plurality of actuating devices, a plurality
of circulating devices to circulate said tempera~
ture changing fluid to a point of use, means
to place any one of said circulating devices into
continuous operation, means to automatically
place another of said circulating devices into
operation upon a demand for a larger rate of
flow of temperature changing fluid irrespective
of which of the circulating devices is already in
operation, means responsive to demands to place
one of said actuating devices into operation upon

“an initial demand and to place another of said

actuating devices into operation upon the next
subsequent demand after said first demand has
been satisfied, and means responsive to the actual
circulation of said temperature changing fluid
to prevent operation of any of said actuating
devices if said temperature changing fluid is
not being circulated.

15. A cooling system of the class described,
comprising, in combination, means to cool a
supply of temperature changing fluid, and in-
cluding a portion requiring the removal of heat
therefrom, a plurality of circulating devices to
circulate said temperature changing fluid to a
point of use, means to place any one of said
circulating devices into continuous operation,
means responsive to an increased demand for
circulation of said temperature changing fluid
operative o place another of said circulating
devices into operation irrespective of which one
of said circulating devices is already in opera-
tion, means to circulate a heat removing fluid
to said portion of said cooling means, and means
to prevent operation of said cooling means re-
sponsive to the non-circulation of said heat re-
moving fluid.

16. A cooling system of the class described,
comprising, in combination, a cooling device for
cooling a supply of temperature changing fluid
and including a portion which requires the re-
moval of heat therefrom, a plurality of circulat-
ing devices to circulate the temperature chang-

ing fluid to a point of use, means to place any

one of said circulating devices into continuous
operation, means responsive to an increased de-
mand for circulation of said temperature chang-
ing fluid to place another of said circulating, de-
vices into operation irrespective of which one of
said circulating devices is already in operation,
means to circulate a heat removing fluid to said
portion of the cooling device, and means re-
sponsive to the circulation of said heat removing
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fluid and to the circulation of said temperature
changing fluid operative to prevent operation of
said cooling device unless both of said fluids are
being circulated.

17. An air conditioning system, comprising,
in combination, a plurality of air conditioning
devices adapted to have air to be conditioned
passed therethrough, common means for sup-
plying fresh and return air to all of said air con-
ditioning devices, said common supply means
including damper means to control the flow of
fresh air and return air, a cooling coil in each
of said air conditioning devices, other damper
means in control of the flow of air in heat ex-
change relationship with said cooling coil, means
responsive to demands for cooling in control of
said other damper means, and means responsive
to a demand for dehumidification also in con-

‘trol of said other damper means to retard the

rate of air flow in contact with said cooling coil
whereby the air is cooled to a greater extent so
as to remove more moisture therefrom.

18. An air conditioning system, comprising,
in combination, a plurality of air conditioning
devices adapted to have air to be conditioned
passed therethrough, common means for sup-
plying fresh and return air to all of said air
conditioning devices, said common supplying
means including damper means to control the
flow of fresh air and return air, a cooling coil
in each of said air conditioning devices, other
damper means in control of the flow of air in
heat exchange relationship with said cooling
coil, means responsive to demands for cooling in
control of said other damper means, means re-
sponsive to a demand for dehumidification also
in control of said other damper means to re-
tard the rate of air flow in contact with said
cooling coil whereby the air is cooled to a greater
extent so as to remove more moisture therefrom,
s plurality or refrigerating devices to cool a
supply of cooling fluid for all of said cooling coils,
and means responsive to an initial demand for
cooling of said fluid to place one of said refrig-
erating devices into operation and responsive to
a subsequent demand for cooling to place an-
other of said refrigerating devices into opera-
tion.

19. In a system of the class described, in
combination, means for supplying gaseous re-
frigerant under pressure, a condenser for con-
densing the compressed refrigerant, means in-
cluding 2 pump for circulating a cooling medium
through said condenser, means for selectively
placing said gaseous refrigerant supplying means
out of operation or for conditioning said supply-
ing means for operation, and means actuated by
the pressure on the inlet side of said circulating
pump for actuating said control means in a man-
ner to place said gaseous refrigerant supplying
means out of operation when the pressure of said
cooling medium increascs, and to condition said
supplying means for operation when the pressure
of said cooling medium decreases.

20. In a system of the class described, in com-
bination, compressing means for raising the
pressure of a gas, a condenser for condensing the
compressed gas, means including a pump for
causing flow of cooling medium through said
condenser, control means for simultaneously
starting said compressing means and said pump,
and means for placing said compressing means
out of operation upon failure of flow of said
cooling medium.

21. In an air conditioning system, in combi-
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nation, & conditioning chamber, means for caus-
ing air to be conditioned to flow through said
conditioning chamber, means in said chamber
for cooling and dehumidifying the air passing
therethrough, a by-pass passage for air around
said cooling and dehumidifying means, damper
means for controlling the relative volumes of air
passed through said cooling and dehumidifying
means and through said by-pass passage, tem-
perature responsive means for controlling said
damper means in a manner to increase the vol-
ume of air passed through said cooling and de-
humidifying means upon an increase in cooling
load, and moisture responsive means for con-
trolling said damper means in a manner to de-
crease the volume of air passed through said
cooling and dehumidifying means upon an in-

crease in humidity. C

22. In an air conditioning system, in combina-
tion, a conditioning chamber, means for causing
alr to be conditioned to flow through said con-
ditioning chamber, means in said chamber for
cooling and dehumidifying the air passing there-
through, a by-pass passage for air around said
cooling and dehumidifying means, damper means
for controlling the relative volumes of air passed
through said cooling and dehumidifying means
and through said by-pass passage, temperature
responsive means for controlling said damper
means for determining the relative volumes of
air passed through said cooling and dehumidify-
ing means and through said by-pass passage,
and means including moisture responsive means
for varying the flow area for the air through
said cooling and dehumidifying means in ac-

cordance with changes in humidity, .

- 23. In an air conditioning system, in combina-
tion, a conditioning chamber, means for causing
air to be conditioned to flow through said con-
ditioning chamber, means in said chamber for
cooling and dehumidifying the air passing there-
through, damper means for varying the volume
of air passed through said cooling and dehumidi-

fying means, temperature responsive means for

controlling said damper means, and means re-
sponsive to humidity for also controlling said
damper means in a manner to increase the vol-
ume of air passed through said cooling and de-
humidifying means upon decrease in humidity,
and to decrease said volume upon increase in
humidity. -

24. In a system of the class described, a re-
frigeration system including a pair of heat ex-
changers and actuating means connected to said
heat exchangers for causing transfer of heat
from one of said heat exchangers to the other,
means for circulating heat exchange fluid
through one of said heat exchangers, control
means for placing said actuating means and said
circulating means into operation, time delay
means for rendering said actuating means in-
operative after a time period, and means re-
sponsive to the flow of said heat exchange fluid
for rendering said time delay means inoperative
for maintaining the actuating means in opera-
tion in the event that the heat exchange fluid
is actually circulated.

25. In a system of the class described, a re-
frigeration system including a pair of heat ex-
changers and actuating means connected to said
heat exchangers for causing transfer of heat from
one of said heat exchangers to the other, means
for circulating heat exchange fluid through one
of said heat exchangers, control means for start-
ing said actuating means irrespective of the cir-

2,177,602 (

culation of heat exchange fluid, and means for
placing said actuating means out of operation
upon failure to circulate of said heat exchange
fluid. '

26. A system of the class described, comprising
in combination, flow control means for a stream
of fluid comprising a plurality of flow control-

ling sections, a first motor means in control of
-one of said sections and movable from a first

bosition to a second position in a substantial
period of time, control means in control of said
first motor means to move the same from its first
position to its second position, a second motor
means in control of another of said fHow con-
trolling sections, and movable from a first posi-
tion to a second position in a substantial period
of time, a controller associated with said sec-
ond motor means to cause the same to assume &
number of positions between its first and second
positions, and connections between said first mo-
tor means and said controller by which said con-
troller is gradually moved from its one extreme
bosition to its other extreme position as said
first motor means moves from its first position
to its second position whereby said second motor
means is caused to follow the movements of said

first motor means.. :

27. In an air conditioning system, in combina-,

tion, an air conditioning chamber, means for sup-
plying fresh and return air to said chamber,
damper means for controlling the flow of fresh
air into said chamber, reversible electric motor
means for moving said damper means from one
position to - another, temperature responsive
means for controlling said motor ‘means, said
temperature responsive means including a first
switching means for causing operation of said

motor means from a position providing a maxi--

mum flow of fresh air towards closed position as
the temperature varies from a predetermined
intermediate value in one direction, and second
switching means controlled by said temperature
responsive means for causing operation of said
motor means in the same direction when said
temperature varies in the opposite direction from
said predetermined intermediate value. :

28. In a control system, in combination, a de-
vice to be controlled, reversible electric motor
means for actuating said device from one posi-
tion to another, a control circuit for said motor
means, electric current controlling means inter-
posed in said control circuit for controlling the
position assumed by said motor means, condition
responsive means for actuating said electric cur-
rent controlling means, said condition responsive
means and said electric current controlling means
being arranged with respect to said motor means
in a manner to cause operation of said motor

means to drive said device to be controlled from -

one end of its normal range of movement towards
the other end as the condition to which the con-
dition responsive means . responds varies from
a predetermined intermediate value in one direc-
tion, and for causing operation of said motor
means in the same direction when the condition
varies in the opposite direction from said prede-
termined intermediate value.

29."A combined cooling and dehumidifying
system, comprising in combination, a cooling and
dehumidifying chamber through which air to be
conditioned is adapted to flow, said chamber be-
ing provided with a main bassageway and a by-
pass, a cooling coil located in said main passage-
way, damper means to control the flow of air
through said main passageway and said by-pass,
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additional damper means to provide communica-
tion between said main passageway and said by-
pass on the upstream side of said cooling coil,
means responsive to the demand for cooling in
control of one of said damper means, and means
responsive to relative humidity conditions in con-
trol of the other of said damper means.

30. An air conditioning system, of the class
described, in combination, a cooling and dehu-
midifying chamber through which air to be con-
ditioned is adapted to flow, cooling and de-
humidifying means in said chamber, a by-pass
around said cooling and dehumidifying means,
damper means for controlling the relative vol-
umes of air passed through said cooling and
dehumidifying means and through said by-pass,
other damper means for varying the flow area
for the air through said cooling and dehumidi-~
fying means, means responsive to the demand for
cooling for controlling one of said damper means,
and means responsive to the demand for de-
humidification for controlling the other of said
damper means.

31. An air conditioning system of the class de-
seribed, in combination, & cooling and dehumidi-
fying chamber through which air to be condi-
tioned is adapted to flow, cooling and dehumidi-
fying means in said chamber, means for passing
air to be conditioned through said cooling and
dehumidifying means, flow control means . for
varying the quantity of air passed through said
cooling and dehumidifying means, means respon-
sive to the demand for cooling for controlling
said flow control means, other fiow control means
for varying the flow area for the air through
said cooling and dehumidifying means, and means
responsive to the demand for dehumidification
for controlling said other flow control means.

32. An air conditioning system of the class
described, in combination, a cooling and dehu-
midifying chamber through which air to be con-
ditioned is adapted to flow, cooling and dehu-
midifying means in said chamber, means for
passing air to be conditioned through said cool-
ing and dehumidifying means, flow control
means for varying the quantity of air passed
through said cooling and dehumidifying means,
a second flow control means for varying the flow
area for the air through said cooling and de-
humidifying means, means responsive to the de-
mand for cooling for controlling one of said flow
control means, and means responsive to the de-
mand for dehumidification for controlling the
other of said fiow control means.

33. An air conditioning system for condition-
ing a space, in combination, cooling and dehu-
midifying means through which air to be con-
ditioned is adapted to be passed, damper means
for increasing or decreasing the flow area for the
air through said cooling and dehumidifying
means without substantially varying the quan-
tity of air passed through said cooling and de-
humidifying means, and means responsive to the
demand for dehumidification for controlling said
damper means.

34. An air conditioning system for condition-
ing a space, in combination, cooling and dehu-
midifying means through which air to be con-
ditioned is adapted to be passed, damper means
for increasing or decreasing the flow area for
the air through said cooling and dehumidifying
means without substantially varying the quan-
tity of air passed through said cooling and de-
humidifying means, and means influenced by a
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condition of the air within said space for con-
trolling said damper means. - o

35. A control system of the class idescribed,
comprising, in combination, & plurality of de-
vices which it is desired to operate simultaneous-
ly from a first position to a second position, &
separate motor means for each device which
requires a. substantial period of time to move
such device from said first position to said sec-
ond position, a controller for one of said motor
means, sald controller being of the type assum-
ing only either a first position or a second posi-
tion, connections between said one motor means
and said controller for causing said one motor
means to assume its first position when said con-
troller assumes its first position and for caus-
ing said one motor means to assume its second
position when said controller assumes its second
position, a controller for another of said motor
means, said last mentioned controller being of
the graduating type and connected to said other
motor means in a manner to cause said other
motor means to assume intermediate positions
in accordance with the position of said last men-
tioned controller, said last mentioned controller
being actuated by said one motor means to there-
by cause said other motor means to follow the
movements of said one motor means.

36. In combination, refrigeration system means
including a pair of actuating devices and con-
densing means associated therewith, said con-
densing means requiring condenser water for
cooling the same, means to place one of said
actuating devices into operation upon demand
for cooling, means to place the other of said
actuating devices into operation upon a subse-
quent demand for cooling after said first de-
mand has been satisfied, whereby said actuating
devices are alternately operated upon consecu-
tive demands for cooling, means to place both
of said actuating devices into simulfaneous op-
eration upon an increased demand for cooling
irrespective of which actuating device is operat-
ing at such time, condenser water pumping means
for circulating cooling water to said condensing
means and placed into operation upon operation
of either of said actuating devices, time delay
means to prevent further operation of said ac-
tuating devices after a time period, and means
responsive to a change-in pressure of the cool-
ing water as a result of circulation thereof to
prevent shutting down of said actuating devices
by said time delay device.

37. In a system of the class described, in com-~
bination, compressing means for raising the pres-
sure of a gas, a condenser for condensing the
compressed gas, means for passing cooling me-~
dium through the condenser, means for control-
ling the flow of cooling medium, means for actu-
ating said cooling medium flow control means
to cause flow of cooling medium, means for start-
ing said compressing means irrespective of flow
of cooling medium, and means responsive fo the
flow of cooling medium for placing said compress-
ing means out of operation upon failure to flow
of said cooling medium.

38. An air conditioning system for condition-
ing a space, in combination, a cooling and de-
humidifying means through which air to be con-
ditioned is adapted to be passed, thermostatic
means responsive to the temperature of sald
space for controlling said means in a manner to
maintain a predetermined temperature in said
space, damper means for increasing or decreas~
ing the flow area for the air through said cool-
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ing and dehumidifying means without substan-
tially varying the quantity of air passed through
said cooling and dehumidifying means, and means
influenced by the humidity in said space for con-
& trolling said damper means,

© 39, An air conditioning system for condition~
ing a space, in combination, a cooling and de-
humidifying means through which air to be con-
ditioned is adapted to be passed, thermostatic
means responsive to the temperature of said
space for controlling said means in a manner
to maintain a predetermined temperature in

2,177,603

sald space, damper tiedns for blocking off 8 por-
tion only of said cooling and dehumidifying means
to flow of air for thereby varying the flow aresa
for the air through said cooling and dehumidi-
fying means, and means influenced by humidity
of the air for operating said damper means in
2 manner to reduce the flow of air through said
portion upon fall in humidity, while increasing
the flow through said portion upon rise in hu-

midity, I
JOHN H. SPAAN.,
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