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This invention relates to air
tems.
It is an object of this invention to provide an

‘conditioning sys-

’

‘air conditioning system for a building having -

novel control arrangements.

‘More specifically, it is an object of this inven-
tion to provide a cooling system for a building
having a novel interlocking control arrangement
whereby satisfactory and safe operation of the
cooling system is assured.

Another object is to provide a novel control
arrangement for a plurality of fresh air damp-
ers so that all of the fresh air dampers will be
controlled by a single set of controls. Installa-
tion and upkeep costs are thereby materially re-
duced.

A further object is to provide novel control ar-
rangements for a building air conditioning sys-
tem to maintain desired temperatures within the
various zones of the building.

The combining of these novel control arrange-
ments into a single complete air conditioning
system that is accurate in its temperature regu-
lation and flexible in operation also form objects
of this invention. ] .

Other objects and advantages will become ap-
parent to those skilled in the art upon reference
to the accompanying specification, claims and
drawings.

For a more thorough understanding of this in-
vention, reference is made to the accompanying

drawings in which,

Figure 1 diagrammatically discloses a building
having the air conditioning system of this in-
vention applied thereto;,

Figure 2 is a diagrammatic view showing the
manner in which the refrigerating apparatus is
operated;

Figure . 3 is a view showing how the air con-
ditioning apparatus for the first floor is oper-
ated; :

Figure 4 is a diagrammatic view showing how
the cooling coil of the second floor is controlled
and how the volume dampers controlling the
supply of conditioned air to the second floor are
operated;

Figure 5 discloses the manner of controlling
the fresh air damper for the second floor; and

Figure 6 discloses the manner of controlling’
the cocling coil for the third floor, of controlling
the volume dampers of the third floor and of
controlling the fresh air damper of the third
floor by the control mechanism for the fresh air
damper of the second floor. -

When Figures 2 to 6 are placed end upon end
they disclose the complete ‘control system of this
invention. '

Referring now to Figure 1 there is diagram-
matically shown for purposes of illustration a
building {0 having a basement i, g first floor
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12, a second floor i3, a third floor 14 and a roof
5. The first floor may have any number of
rooms, two of which are shown at I8 and (7
and the second and third floors are shown to
have rooms 18, 19, 20 and 21. )
Room i6 of the first floor is cooled by a cool-
ing unit generally designated at 23 having a
cooling coil in the form of an evaporator 24 and
a fan 25 for circulating air over the cooling coil
24. The room 17 of the first floor is cooled by a
cooling unit generally: designated at 26 having

- cooling' coil 27 in the form of an evaporator

and a fan 28 for passing air over the cooling
coil 27.

The rooms 18 and 19 on the second floor are
cooled by an air conditioning unit generally des-
ignated at 30. This air conditioning unit in-
cludes a cooling coil 31 in the form of an evapo-
rator and air to be conditioned is withdrawn
from the spaces or rooms 18 and 19 through a
return duct 32. Suitable grills 33 and 34 are
provided in the return duct 32 for this purpose.
Outside or fresh air is also supplied to the air
conditioning unit 30 through an outside or fresh
afr ‘duct 35. Return air and outside air are
drawn through the air conditioning unit 30 over
the cooling coil 3{ by means of a fan 36 driven
by a fan motor 37 and the ¢ooled air is delivered
to the spaces 18 and 19 through a supply duct 88.
Air from the supply duct 38 is discharged into
the room (8 through an inlet 39 and air is also
discharged into the room 19 through an inlet 4.

The supply of outside air to the air condition-
ing unit 30 is controlled by a fresh air damper
41. The fresh air damper 41 is operated through
a crank arm 42, a link 43, and a crank arm 44
by a proportioning motor 45. The supply of air
to the space 18 is controlled by a volume damper
46 which is operated through a crank arm 47, a
link 48 and a crank arm 49 by 3 proportioning
motor 89. In a like manner the supply of air
to the space 19 is controlled by a volume damper -
51 operated through a crank arm 52, g link 53
and a crank-arm 54 by a proportioning motor 55.

The air conditioning apparatus for the third
floor is in all respects the same as that for the
second flocor and includes an air conditioning
unit 57 having a cooling coil 58 in the form of an
evaporator. Return air is supplied to the air con-
ditioning unit 5T through a return air duct 59
having grills 60 and 61. Outside air is supplied
to the air conditioning unit 57 by a fresh air
duct 62. A fan 63 circulates the air through the
air conditioning unit 571 and this fan is operated
by a fan motor 64. The fan 63 discharges air
into a supply duct 65 which opens into the
spaces 20 and 21 through inlets 66 and 61.

The supply of outside air to the air condition-
ing unit 87 is controlled by a fresh air damper
68 operated through a crank arm 69, a link 18
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a,‘gd a crank arm T4 by a proportioning motor 8.
The volume damper 13 which controls the vol-
utne of conditioned air delivered to the space 48

iz gperated through a crenk arm 74, & link 7§

and a crank srm 16 by a proportioning metor
7. In a like manner the volume damper i§
which contrels the supply of conditioned air to
the space 2{ Is operated through & crank arm
19, a link 86 and a8 crank arm &f by a propor-
tioning motor 8Z.

Refrigerant is circulated through the various
cooling coils by means of & plurality of compres-
sors, three of which are shown at 85, 8¢ and 87,
The compressors §8, 8§ and 37 are operated by
electric motors 88, 89 and 88 respectively. For
parposes of illustration it is assumed that the
compressor 86 is 2 two-speed compressor and
that when it is operating at low speed it accom-
plishes 20 tons of refrigeration and when operat-
ing at high speed it accomplishes 40 tons of re-
frigeration. 'The compressors 8¢ and 8! are
single speed compressors and each delivers 5C
tons of refrigeration. - The compresscrs 85, 8¢
and 87 are connected in paralle! and discharge
refrigerant into a pipe 8¢ which leads tc con-
denser 82 located on the roof 7. Liquid refrig-
erant i5 led downwardly from the condenser 82
on the roof through a pipe §3. Refrigerant is
delivered to the cooling coil 58 of the air condi-
tioning unit 57 on the third floor through a cut-
off valve 94 operated by a solencid motor 95 and
expansion valve 96. In a like manner refrigerant
is supplied to the cooling coil 3f of the &ir condi-
tioning unit 36 of the second floor through a cut
off valve 97 controlled by & solenoid motor 28 and
an expansion valve 88. Refrigerant is supplied
to the cooling coil 24 of the céoling unit 23 in the
space (8 through & cut-off valve (86 operated
by & solenold motor 101 and an expansion valve
162. Also, refrigerant is supplied to the cooling
coil 27 of the cooling unit 2¢ through & cut-off
valve 102 operated by a solenoid motor 184 and
an expansion. valve 106, Expanded refrigerant
is drawn from the various cooling coils and re-
turned to the compressors 85, 8¢ and &1 by &
suction line (06. :

Condensing water is supplied by a pipe (88,
pumps 109 and (18 and a pipe (i! to the con-
denser 92. Condensing water is discharged
from the condenser 82 through a dischsarge pipe
{12, The pump §69 operates during light refrig-
erant loads to supply condensing water to the
condenser 92 but when the refrigeration load is
relatively heavy, pumps (08 and ({6, which are
in parallel, both supply condensing water.to the
condenser §2. :

The compressor motors 88, 8 and 93 and the
condensing water pumps 168 and (10 are con-
trolled by a step controller (i&. The step con-
troller {18 is in turn operated by a proportion-
ing motor {15 which is controlled by a potenti-
ometer type suction pressure controlier 118. The
suction pressure controller ¢4¢ is connected by a
pipe 7 to the suction line {8 leading to the
compressors. As the suction pressure increases
the varicus compressors and the condensing
water pumps are brought inte operation in &
predetermined sequence in sccordance with the
refrigergtion load. The manner in which this is
accomplished is specifically shown in Figure 2.

Located in the basement is a panel board 12¢
and also on the first, second and third floors are

panel boards (24, {2 and 23 respectively. These

pane! boards have suitable equipment for operat-
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adjusting the sutomatic control system which
1(:E)xmt:rols the operation of the air conditioning sys-

m.,

The solenoid motor (01 which operates the
valve 100 to control the supply of refrigerant to
the cooling unit 23 is controlled by .a  space
thermostat 125. This thermostat may be of the
on and off type. Space thermostat (25 main-
tains the dry bulb temperature of the space {6
at a substantially constant value. The solenoid
motor 104 which operates the cut-off valve 163
for the cooling unit 28 is controlled by a thermo-
static controller {26 and a humidity responsive
controller 121. The thermostatic controller (28
and the humidity responsive controller (27 are
of the proportioning type and control the sole-
noid motor 104 in such a manner as to maintain
a substantially constant effective temperature in
the space |11. While the effective temperature
is maintained substantially constant in the space
17 the relative humidity in the space 11 is allowed
to fluctuate. '

The volume damper 46 for the room 18 on the
second floor is controlled by a thermostatic con-
troller 129 located in the room (8, a humidity re-
sponsive controller 138 located in the return air
duct 32 and a temperature responsive controller
131 having bulb (32 located in the fresh air
duct 35. The volume damper 46 is therefore op-
erated in accordance with room temperature,
room relative humidity and outdoor temperature
to provide a compensated effective temperature
control for the space 18. For a given outdoor
temperature a substantially constant effective
temperature is maintained within the space 18al-
though the relative humidity in the space 18 is al-
lowed to fluctuate. As the outdoor temperature '
increases the effective temperature of the space i8
is allowed to increase but at a lesser rate. The vol-
ume damper 48 is modulated between a mini-
mum open position and a wide open position to -
accomplish these results. By not completely
closing the volume damper §6, circulation of air
through the space 18 is at all times provided for

5 ventilation purposes. The volume damper 51 for

the space 19 of the second floor is controlled by &
thermostatic controller 133 located in the space
19, the humidity responsive controller 130 and the
outdoor temperature responsive controller 131.
Therefore the volume demper §i is operated in
substantially the same manner as the volume
damper 46 for the space i8 so thata compensated
effective temperature control is provided for the
space 19. The details of construction and mode
of operation are more fully disclosed in Figure 4.

The volume damper 13 for the space 28 on the
third floor is controlled by a thermostatic con-
troller |34 located in the space 26, a humidity re-
sponsive controller 135 located in the return alr
duct and an outdoor temperature responsive con-
troller 138 having a bulb (37 located in the fresh
air duct 62. In a like manner the volume damper
18 for the space 21 is controlled by & thermostatic
controller 138 located in the space 12§, the hu-
midity responsive .controller 138 and the out-
door temperature responsive controller 136. A
compensated effective temperature control is
therefore provided for- the spaces 20 and 21 a
detatled showing of which is set forth in Fig-
ure 6.

The fresh air damper 41 for the second flgor
which is operated by the proportioning motor

_ &5 is controlled by a temperature controller 148

ing the eir conditioning system manually or for Wi

of the potentiometer type having a bulb t41 lo-
caged in the fresh air duct 35, a temperature re-
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. sbonsive controller 142 of the on and off type
having a bulb 143 located in the fresh air duct
35 and a humidity responsive controller 144 of
both the potentiometer type and the on and off
type located in the fresh air duct 38, The two
temperature responsive ‘controllers 140 and 142
and the humidity responsive controller 143 all
respond to outdoor atmospheric conditions and
combine their actions to control the fresh air
damper 41, Specifically, the control contem-
plated is to maintain the fresh air damper 41
wide open when the wet bulb temperature of the
outdoor air is below a given value, say 62° pro-
vided the outdoor relative humidity is less than
70 percent and the outdoor dry bulb tempera-
ture is greater than 65°, However, if the out-
door wet bulb temperature increases above 63°
or the outdoor relative humidity increases above
70 percent, or the outdoor dry bulb temperature
decreases below 65°, the fresh air damper 41 will
be moved to a minimum open position allowing
only a minimum amount of outside air to be de-
livered to the air conditioning unit 38 for mini-
mum ventilation requirements. The minimum
open position of the damper 41 may be adjusted
to satisfy varying ventilation requirements and
also means are provided for completely closing
the fresh air damper &1 in case the fan 36 is
not operating. ‘The damper may also be com-
pletely closed manually at will. This mode of
opersation is more specifically set forth in Fig-
ure 5.

By means of suitable wiring connections illus-
trated in Figures 5 and 6 the same set of con-
trols that control the fresh air damper 4( also
control the fresh air damper 68 for the third
floor and by reason of this installation costs are
materially reduced. The control of a plurality
of fresh air dampers by a single set of controls
is a salient feature of this invéntion.

Whenever any of the volume dampers 46 or
51 are moved from the minimum open position
toward the wide open position upon a call for
cooling, the refrigerant cut-off valve 87 for that
zone is opened so that cooling will be afforded.
In a like manner, whenever either of the volume
dampers 138 and 718 for the third floor are moved
from the minimum open position, the cut-off
valve 84 is opened to supply refrigerant to the
cooling coil 58 for that zone. If no cooling is
required for the second floor the volume dampers
46 and §1 move to a minimum open position and
the cut-off valve 87 is closed and also if no cool-
ing is required for the third floor the cut-off
valve 94 is closed in the same manner. This
feature provides an economical mode of opera-
tion. If there be no demand for cooling on the
second floor and the relative humidity - should
increase to a predetermined value the cut-off
valve 97 will be openeqd by the humidity respon-
sive controller {30 for dehumidifying purposes.
In other words, a high limit humidity control
is provided for the second floor. In exactly the
same manner a humidity high limit control is
provided for the third floor. As stated above,
when the demand for cooling is satisfled the vol-
ume dampers 46, 51, 73 and 78 do not entirely
close but move to & minimum open position, Un-
der these conditions the air circulates slowly
over the cooling coils and the temperature there-

" of is reduced below the dew-point and therefore

_ dehumidified. In this manner the relative hu-
midity of the air in the spaces 18, 19, 20 and 21
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may be reduced even though there is no demand
for sensible cooling. ’

Provision is also made for preventing open-~
ing of any of the cut-off valves which control
the supply of refrigerant to the various cooling
coils in case none of the compressors are in op-
eration. The purpose of this is to prevent stored
refrigerant in the roof condensers 82 under pres-
sure to escape and cool the cooling coils and to
prevent equalizing of the pressures on the high
and low side of the refrigerating system. This
would tend fo fill the compressors in the suction
side with refrigerant during periods when the
compressors are idle. In other words, a safely
interlock is provided to prevent disrupting of the
refrigerating system in case the COmMpPressors are -
not operating. The specific manner in which this
is accomplished is illustrated in Figure 2 when
taken in connectfon with the remaining Figures
3 to 6. Also the refrigerant cut-off valve of any
zone cannot be opened in case the fan of that
Zone is not operating.

For a more detailed description of how the
compressors and the condensing water pumps
are operated reference is made to Figure 2. The
compressor motors are shown at 88, 89 and 80
and the condensing water pumps are shown at
109 and {10. The two-speed compressor motor
88 is controlled by a magnetic starter 150 hay-
Ing an operating cofl 51 and a magnetic starter
152 having an operating coil {63. When the coil
151 is energized the compressor motor 88 is op-

.erated at slow speed to provide 20 tons of re-

frigeration and when the coil 153 is energized the
compressor motor 88 is operated at fast speed to
provide 40 tons of refrigeration. The 50 ton
compressor motor 88 is controlled by a mangetic
starter 154 having an operating coil 155 and the

“other 50 ton compressor motor 80 is controlled

by a magnetic starter {58 having an operating
coil 167. The condensing water pump. 109 is con-
trolled by a magnetic starter 158 having an op-
erating coil 159 and the condensing water pump
110 is controlled by a magnetic starter having
an operating coil 161. Three phase power is sup-
plied to the compressor motors and the condens-
ing water pumps by means of line wires 162, 163
and 164. Tt is therefore apparent that when any
magnetic starter pulls in its associated pump or
compressor motor is placed in operation.

The operating colls of the magnetic starters
are controlled by the step controller 114 which
In turn is operated by 5 proportioning motor 115,
The proportioning motor (1§ may be of the type
shown in Patent No. 1,989,972 granted to Lewis
L. Cunningham on Feb, 5, 1935, or of the type
shown in Patent No. 2,028,110 granted to D. G.
Taylor on Jan. 14, 1936, The proportioning mo-
tor 118 operates a shaft upon which are mounted
cams (66 to {15 inclusive. Each of these cams
operate switches comprising switch arms and .
contacts in a particular sequence,

With the parts In the position shown in Figure
2 the proportioning motor 11§ and consequently
the camg operated thereby are in an extreme
position. Movement of the proportioning motor
{18 away from this extreme position rotates the
cams in a clockwise direction to close and open
the various switches in a predetermined sequence,
First, the switch arm 176 is moved into engage-
ment with a contact {17 and the switch arm 118
is moved into engagement with a contact 179;
second, switch arm (80 is moved out of engage-
ment with contact 181 and into engagement with
contact 182; third, switch arm {83 moves out



of engagement with contact §84 and into engage-

ment with contact i85; fourth, swiich arm {88
moves into engagement with contact 187; afth,
switch arm 188 moves into engagement with con-
fact 188 and switch arm {99 moves out of en-
gagement with contact 191 and into engagement
with contact {92; sixih, switch arm {93 movss
oul of engagement with contact 184 and into
engagement with contact 198; seventh, switch
arm {98 moves into engagement with contact
197, eighth, switch arm 198 moves out of en-
gagement with contact {89 and into engagement
with contact 209. When the switch arm {98 is
ultimately moved into engagement with contact
268 the proportioning motor 15 is in the other
extreme position. When the proportioning mo-
tor 113 is moved from this exireme positidn to
the first extreme position the cams {75 are ro-
tated in a counter-clockwise direction and the
same switching action is accomplished except in
veverse order,

The proportioning motor {15 is provided with
power terininals 285 and 268 which are connected
acToss 3 secondary 207 of a step-down frans-
former 188 having g primary 299 connecied acreoss
line wires 219 and 21! leading from some source
of power (not shown). The siep-down irans-
former 208 thersfore provides power for the pro-
portioning motor {45, The proportioning motor
115 is alse provided with control terminals 21 2,
212 and 218, The control termina] 212 is con-
nected {0 & swiich arm 215 which is adapieqd to
engage contacts 218, 217 or 2i8. The suction
pressure controller {i8 may comprise 2 glider
219 adapted to slide across s resistance element
220, 'The slider 219 ang the resistance eiement
2% form a control potentiomseter for the pro-~
portioning motor {15, Tho slider 21§ is oper-
ated by a bellows 222 agzainst the tension of a
spring 283, The bellows 222 i{s connecied by
pipe §{7 to the suction line {88 of the refrig-
eration apparsills. By adjusting the tension in
the spring %23 the pressure selting of the sus-
tion pressure controller {{% may be adiusied.
The right end of the resistance elemeni 228 and
the contact 2{5 are connected to the control ter-
minal 43 of the proportioning motor, iIn a like
manner tha leff end of the resistance slement
225 and the contact 2{8 are connected to the
contral terminal 214 of the proportioning motor
£43. The contact 217 is connected to the slider
2i% of the suction pressure coniroller 115,

When the switch arm 213 engages ihs con-
tact 217 the controller {15 positions the proper-
Hioning motor {15 in a marner well known in
the art. With the slider 2!9 in the position
shown in the drawing the proportioning motor
i3 is in the extreme position shown in the draw-
ing and 2ll of the compressers and the con-
denser water pumps are shut down.  As the slider
218 moves from the right to the left in response
to an increase in suction pressure the propor-
tloning motor 119 is waoved out of the extreme
rosition 40 perform the above cuflined switching
action by the step controiler 1{4. When ihe
switch arm 245 is moved oub of sngagement with
the contact 217 automatic confrol of tha prapor-
ioning rotor $18 by the suctien pressure ¢
iroller 148 is prevented.
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he proportioning motor 143 to an extrome
1o move the swiiches of the sien con-
T to the position shown in the drawing o
sr all of the compressor modorg a2nd the
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swiich arm 2(5 into engagement with the con-
tact 218 operates the proportioning motor {{5§
to the other extreme position whersupon the
maximum refrigeration tonnage is obtained.
Therefore, the switch arm 215 is capable of plac-
ing the refrigerating mechanism under sutomatic
control, of stopping operation of the refrizerat-
ing apparatus and of operating the refrigerating
apparatus at maximum capacity.

Assume now that the switch arm 215 is en-
gaging the contact 217 wheraby the proportion-
ing motor 115 is controlled by the suction pres-
sure controller {{§, the suction pressure is low
indicating that the compressocrs need not oper-
ate. The parts are thersfore in tha position
shown in Pigure 2. Upon an increase in suction
pressure, the switch arm 178 engages the contact
117 and the switch arm 178 engases the contact
18, A circuit is therefore compleied from the
line wire 183 through wire 224, switch arm {76,
contact {71, operating coil 153 of the magnetic
starter {58 back to the other line wire 163, ‘This
places the pump 198 in operation. A civgpit is
also completed from line wire {§3 through wire
228, switch arm {78, contact 177, switeh arm
118, contact {78, switch arm {83, contact 184,
switch arm {89, contact {81, operaiing coil {54
of magnetic starter 188 back to the other line
wire 182, This places the compressor motor §3
in operation at low speed to supply 28 tons of
refrigeration. .

Upon a further increase in suction pressure
the swilch arm {89 is moved cub of engagement
with the contact {34 {o break the circuis through
the operating coil 15! of the magnetic storter 15§
and is moved into engagement with the contact
132 to complete a civcuit from line wire 53
through wire 228, switch arm 198, contact 177,
switch arm {78, contaci {32, switch arm 182, con-
tact 184, switch arm {83, contact 182 snd op-
srating coil {53 of the magnetic starter (5% back
io the other line wire 182. Completion of this
circuit causes operation of the comprasscr motor
B8 ut high speed to provide 40 tons of refriger-
stion.

Upon a further increase in
swilch arm {83 moves out of

oressure
gngagemeni with
2

starter 182 whereupon the compressor moior 88
is rendered incperative and is moved inbo efi-
gagement with the contact 12§ to complete a
circuit from the line wirs 83 through wire 224,
switeh arm 178, contact 177, switch arm 114, con-
wact 178, switch arm 183, contact $85 aug aper-
ating coil {87 of the magnetic starter 5% Lack
to the other line wire 182, Completion of this
circuit pulls in the magnetic starier 5% and
places the compressor mobor 3§ in coeration
whereupon 50 tons of refrigeration are obiained.

Upon 2 further increase in suction pressure
switch arm 138 is moved into engazement with
contaci 187 to complete s circuii from tne line
wire {53 through wire 224, switch arm 188, con-
sact 137, switch arm 133, contacs {84, switel arm
192, contact 181 and operating coil 15f of the
magnetic starter 158 back to the other © i
This circuit pulls in the maanst
§3 $o operate the comprassor motor 2§ o3
weed 1o provide an additional 29 tons of
ration and since both compressors 82
are ab this time operating, 70 tons of ref
ticn is provided. :

Upon & further increase in suciion

oo

3

3 oy

e55Ure
I arm §8% is moved into engagemaens with
Ntact 189 and switeh arm 188 is moved nut of
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ehgagement with contact 191 and into engage-
ment with contact 192. Movement of the switch
‘arm 190 out of engagement with the contact 191
breaks the circuit through the magnetic starter
150 to stop slow speed operation of the compres-
sor motor 88, Movement of the switch arm 190
into engagement with the contact 192 completes
a circuit from the line wire 163 through wire 224,
switch arm 186, contact 187, switch arm 193, con-
tact 194, switch arm 190, contact 192 and oper-
. ating coil 153 for the magnetic starter 152 back
to the other line wire 162, Completion of this
circult pulls in the magnetic starter 152 and
causes high speed operation of the compressor
motor 88 to provide an additiona] 40 tons of re-
frigeration which added to the 50 tons provided
by the compressor motor 90 provides 90 tons of
refrigeration, "At this time a circuit is also com-
pleted from the line wire {63 through wire 224,
switch arm 116, contact 171, switch arm 188, con-

10

15

20

tact 189 and operating coil 161 of the magnetic

starter 160 back to the line wire 162, Comple-~
tion of this circuit pulls in the magnetic starter
160 to place the second pump (10 in operation.
Therefore, at this time 90 tons of refrigeration
are being provided and both condenser pumps are
operating. ‘

Upon a further increase in suction pressure
switch arm 193 is moved out of engagement with
the contact 194 to break the circuit through the
magnetic starter 152 which stops operation of
the compressor motor 88 and is moved into en-
gdgement with contact 195 to complete a circuit
from line wire 163 through wire 224, switch arm
186, contact 187, switch arm | 93, contact 185 and
operating coil 155 of the magnetic starter 154
back to the other line wire 162, Completion of
this circuit pulls in the magnetic starter 154 to
place the compressor motor 89 in operation.
Both compressor motors 89 and 90 are now oper-
ating ‘and 100 tons of refrigeration are being
provided.

Upon a further increase in suction pressure the
switch arm 196 is moved into engagement with
the contact 197 to complete a circuit from the
line wire 163 through wire 224, switch arm 196,
contact 197, switch arm 198, contact 199 and op-
erating coil 151 of the magnetic starter 150, back
to the other line wire 162 to cause slow speed
operation of the compressor motor 88 to provide
an additional 20 tons of refrigeration angd since
at this time both the compressor motors 89 and
90 are also .operating, 120 tons of refrigeration
are being provided.

Upon a further rise in suction pressure the
switch arm 198 is moved out of engagement with
the contact 199 and into engagement with the
contact 200. Movement of the switch arm 188
out of engagement with. the contact 199 breaks
the circuit through the magnetic starter f 50 to
stop slow speed of the compressor motor 88.
Movement of the switch arm 198 into engage-
ment with the contact 200 completes a circuit
from the line wire 163 through wire 224, switch
arm 196, contact 197, switch arm 198, contact 200
and operating coil 153 of the magnetic starter
152 back to the other line wire 162, Completion
of this circuit pulls in the magnetic starter 152
to operate the compressor motor 88 at high speed
to provide an additional 40 tons of refrigeration.
Sinee both compressor motors 89 and 90 are also
operating at this time, 140 tons of refrigeration
are provided.

By reason of the above arrangement upon an
increase in refrigeration load the refrigeration
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tonnage produced by the refrigerating apparatus
is increased In small and graduated steps in the
following manner: 20, 40, 50, 70, 90, 100, 120 and
140 tons. This is all accomplished by the use of
only three compressors, one of the compressors
having two-speed operation. Also when the re-
Irigerating apparatus operates to give 90 tons of
refrigeration, both condenser pumps (09 and (10
are operated. In this manner the amount of
refrigeration produced by the refrigerating appa-
ratus is modulated in accordance with the re-
frigerating load so that the correct amount of
cooling is at all times maintained in the various
cooling coils located on the floors above. Upon
a decrease in refrigeration load the suction pres-
sure decreases and the refrigeration tonnage is
decreased in the same steps.

-A switch 230 connects a wire 231 with the line
wire 210. A switch 232 connects the line wire 210
with switches 233, 234, 235 angd 236. The switches
233 to 236 are connected in parallel. The
switches 233 to 236 control the supply of electri-
cal energy to wires 237, 238, 239 and 240 respec-
tively. A wire 241 is connected to the other line
wire 211, The wires 231, 231, 238, 239, 240 and
241 extend upwardly to the various floors of the
building and supply power to the various control
instruments and motors on the upper floors. The
switches may be located on the control panel 120.
The purpose of the switches 230, 232, 233, 234,
235 and 236 will be pointed out more fully here-
after.

Magnetic starters 150, 152, 154 and (56 for the
compressor motors 88, 89 and 90 also operate
switches 243, 244, 245 and 246 respectively. These
switches are connected to the line wire 164 and
also are connected in parallel to one end of a
relay coil 247, the other end of the relay coil 247
being connected to the line wire 163. The relay
coil 24T operates a switch 248 so that when the
relay coil 247 is energized the switch 248 is closed
to supply power from the line wires 163 and 164
to a primary 249 of a step-down transformer 250
having a secondary 251. Since the switches 243,

244, 245 and 246 are connected in parallel and

are operated by the magnetic starters, when any
compressor motor is placed in operation the relay
coil 247 is energized, the switch 248 is closed and
power is supplied to the step-down transformer
250, If none of the compressor motors are oper-
ating the switch 248 opens and the. supply of
power to the step-down transformer 250 is inter-
rupted. The secondary 251 of the step-down
transformer 250 is connected to wires 252 and 253
which extend upwardly to the various floors of
the building. The purpose of this arrangement
will be pointed out more fully hereafter.

The particular mahner in which the control of
the cooling units 23 and 26 of the first floor is
accomplished is shown in Figure 3. The cut-off
valve for controlling the supply of refrigerant to
the cooling coil 24 for the space i6 is shown at
100 and the fan for circulating air over this cool-
ing coil is shown at 25. Power is supplied to the
fan 25 and the solenoid motor 101 for the cut-off
valve 100 by means of line wires 255 and 256
leading from some source of power (not shown).
A switch 257 is closed upon energization of 3 re-
lay coil 258 to cause operation of fan 25, the
circuit being completed from the line wire 255
through switch 257, fan 25 back to the other line
wire 256. The relay coil 258 is connected across
wires 237 and 241 extending upwardly from the
basement and when both switches 232 and 233 in
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the basement are closed the relay coil 258 is ener-
gized and the fan 25 is placed in operation.

The circuit to the solenoid motor 101 is con-
trolled by a switch 259 which is closed when a
relay coil 260 is energized under the control of
the room thermostat generally designated at 125.
The room thermostat 126 may include a bellows
281. containing a volatile fluid responsive to
changes in temperature of the space 16. The
bellows 261 expands against ‘the tension of a
spring 262 to operate a mercury switch 263 to a
circuit closing position upon an increase in tem-
perature above a predetermined value. The
temperature setting of the thermostat 125 may
be adjusted by adjusting the tension in the
spring 262, When the temperature of the space
16 increases to a predetermined value a circuit is
completed from wire 253 through the mercury
switch 263 and relay coil 260 back to the wire
282. Completion of this circuit energizes the re-
lay coil 260 to close the switch 259 whereupon the
cut-off valve 100 is opened to supply refrigerant
to the cooling coil 24 of the space 16. Since the
power supply for the solenoid motor 101 is taken
from the fan circuit the cut-off valve cannot be
opened unless the fan 26 is operating and since
the power supply for the relay coil 260 is trans-
mitted through the wires 252 and 253 from the
transformer 250 in the basement the switch 259
for controlling the. solenoid motor 101 cannot be
closed ‘unless -at least one of the compressor
motors is in operation. From this it is seen that
upon & call for cooling by the space thermostat
128 the refrigerant cut-off valve 100 is opened
providing at least one of the compressor motors
is in operation and providing the fan 25 is in
operation.

Referring now to the upper portion of Figure
3 the method of controlling the temperature of
the space 17 on the first floor is shown. The cut-
off valve is shown at 103, the fan is shown at 28,
the space thermostatic controller at {26 and the
space humidity responsive controller at 121,
Power is supplied to the fan 28 by line wires 265
and 266. The fan is placed in operation when a
switch 261 is closed upon energization of a relay
coil 268. The relay coil 268 is connected across
wires 238 and 241 leading from the basement.
Therefore, when switches 232 and 234 in the base-
ment are closed the relay coil 268 is energized to
close the switch 261 which causes operation of the
fan 28. The solenoid motor (04 which operates
the cut-off valve 103 is controlled by a switch 269
so that when the switch 269 is closed and the fan
28 is in operation the cut-off valve 108 is opened
to supply refrigerant to the cooling coil 27 for
the space I1. The switch 269 is controlled by &
relay generally designated at 270 and this relay is
in turn controlled by a relay generally designated
at 271. The relay 274 is controlled by the com-
bined action of the space thermostatic controller
126 and the humidity responsive controller $21.

The space thermostatic controller 126 may

- comprise a bellows 218 containing a volatile fluid
and operating against a spring 214 for moving a
slider 218 with respect to a resistance element
216, The slider 216 and the resistance element
218 provide a control potentiometer which is ad-
justed - in accordance with variations in space
temperature. Upon an increase in space tem-
perature the slider 276 is moved to the right in
the direction indicated by the character H and
upon a decrease in temperature the slider is
moved to the left in the direction indicated by
the character C. The humidity responsive con-
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troller 127 may comprise a humidity responsive
element 271 operating against a tension spring
218 for moving a slider 219 with respect to a re-
sistance element 280. The slider 279 and the
resistance element 280 form a compensating
potentiometer operating in accordance with vari-
ations in space relative humidity. Upon an in-
crease in relative humidity the humidity respon-

‘'sive element 211 operates to move the slider 219

to the right in the direction indicated by the
character W and -upon a decrease in relative
humidity the slider 279 is moved to the left in the
direction indicated by the character D.

The relay 211 may comprise relay coils 282 and
283 for operating an armature 284. The arma-
ture is connected to a switch arm 285 which is
adapted to engage contacts 286 and 287. When
the relay coil 282 is energized more than the re-
lay coil 283 the switch arm 285 engages contact
286 and when the relay coil 283 is energized more
than the relay coil 282, the switch arm 285 en-
gages the contact 281. The inner ends of the
relay coils 282 and 283 are joined together and
the outer ends thereof are connected across the
wires 252 and 253 which lead from the step-down
transformer 250 in the basement. The relay
coils therefore are connected in series with re-
spect to each other and across the source of
power. The left end of the relay coil 282 is con-
nected through a protective resistance 288 to
the left ends of the control potentiometer resist-
ance 216 and the compensating potentiometer
resistance 280. In a like manner the right end
of the relay coil 283 is connected through a pro-
tective resistance 289 to the right ends of the
control potentiometer resistance 276 and the
compensating potentiometer resistance 280.
The junction of the relay coils 282 and 283 is
connected to the slider 216 of the control poten-
tiometer and to the slider 279 of the compensat-
ing potentiometer. A variable resistance 280 is
connected in series with the slider 219 of the
compensating potentiometer to desensitize - the
controlling action of the compensating potenti-
ometer. By reason of these wiring connections
it is seen that the control potentiometer and the
compensating potentiometer are connected -in
parallel with each other and in parallel with -

‘the series connected relay coils 282 and 283.

The relay generally designated at 210 com-
prises a relay coil 292 and a relay coil 293 for
operating an armature 2894. The armature 294
operates the switch 269 and also operates a
switch arm 295 with respect to a contact 296.
When neither relay coil 292 or 293 is energized
the switches 295 and 269 are opened by means of
springs, gravity or other means (not shown).
‘When the relay coil 292 is energized the switches
295 and 269 are closed. The relay coil 293 is
adapted to counteract the action of the relay coil
292 so that when both relay coils 292 and 293
are energized the switches 295 and 269 are
opened by means of springs, gravity or other
means (not shown). In other words, the relay
pulls in when the relay coil 292 is energized and
drops out when both coils 292 and 293 are ener-

_gized or when neither relay coil 292 or 293 is en-

ergized.
With the parts in the position shown in the

‘drawing the slider 216 of the room thermostatic

controller and the slider 218 of the humiidty re-
sponsive controller are in a mid-position and
therefore the relay coils 282 and 283 are equally
energized. The switch arm 285 is in a mid-po-
sition with respect to the contacts 286 and 281
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and the relay 216 is out. Upon an increase in
space temperature or upon an increase in space
relative humidity the slider 275 or the slider 278
is moved to the right to cause partial short cir-
cuiting of the relay coil 283 to decrease the en-
ergization thereof and to increase the energiza-
tion of the relay coil 282. This causes movement
of the switch arm 285 into engagement with the
contact 286 to complete a circuit from wire 252
through contact 286, switch arm 285 and relay
coil 262 back to the other wire 253. Completion
of this circuit energizes the relay coil 292 to close
switch 268 and move switch arm 295 into en-
gagement with contact 296. Closure of the
switch 269 causes opening of the cut-off valve
103 providing the fan 28 is operating to supply
refrigerant to the cooling coil 21. Movement of
the switch arm 2985 into engagement with the
contact 296 completes a maintaining circuit for
the relay cofl 292 which may be traced from the
wire 252 through switch arm 295, contact 296
and relay coil 282 back to the other wire 253.
Therefore the relay coil 292 is maintained ener-
gized even though the switch arm 285 be moved
out of engagement with the contact 286.

As a result of opening of the cut-off valve in
this manner either the space temperature de-
Creases or the space relative humidity decreases
to move the slider 215 or the slider 279 to the
left. When the slider 215 or the slider 279 has
moved sufficiently far to the left to partially
short circuit the relay coil 282, the relay coil 283
becomes more highly energized than the relay
coil 282 whereupon the switch arm 285 moves
into engagement with the contact 281. This
completes a circuit from the wire 252 through
switch arm 295, contact 296, switch arm 285,
contact 287 and relay coil 293 back to the other
wire 263. This causeg energization of the relay
coil 293 to drop out the relay whereupon the
switch arm 295 moves out of engagement with
contact 296 and switch 268 opens. The supply
of refrigerant to the cooling coil 27 is thus in-
terrupted. Since the relays 271 and 210 are
controlled in this manner by both rocom dry bulb
temperature and room relative humidity the
solenoid motor 104 is therefore operated in ac-
cordance with the effective temperature of the
space 1T to maintain the effective temperature
substantially constant. Since the controlling
action of the humidity responsive controller {27
is desensitized by the variable resistance 2710 the
cut-off valve 103 is controlled primarily in re-
sponse to variatfons in dry bulb temperature
which is compensated by variations in space rel-
ative humidity. By properly adjusting the vari-
able resistance 270 the effective temperature of
the space 211 may be maintained substantially
constant although the relative humidity of the
space 7 is allowed to fluctuate.

Since the supply of electrical energy to the
relays 270 and 271 is received from the step-down
transformer 250 in the basement it is impossible
to pull in the relay 270 in case none of the com-
pressors are operating. It follows then that the
cut-off valve (03 is opened and closed in accord-
ance with the effective temperature of the space
T but it is impossible to open the cut-off valve
103 if the fan 28 is not operating or if none of
the compressors are operating.

Flgure 4 shows the manner in which the vol-
ume dampers 46 and 6f, the fan motor 371 and
the cut-off valve 971 for the second floor are op-
erated. The proportioning miotor 50 which op-
erates the volume damper 48 and the propor-
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tioning motor 68 which operates the volume
damper 51 may be of the type disclosed in Pat-
ent No. 2,032,658 granted to W. H. Gille on
March 3, 1936. The proportioning motors §0 and

-85 are therefore spring returned or power failure

type motors. The proportioning motor. 50 may
comprise a shaft 360 for operating the crank arm
49. The shaft 300 is driven through a reduction
gear train 301 by a motor rotor 302. The motor
rotor 302 is operated by three field windings 303,
304 and 305. The field winding 304 is a holding
winding to miaintain the motor in any of its ad-
Jjusted positions. The field winding 305 is an
energizing winding and when the windings 304
and 305 are energized the damper 46 is moved
towards an open position against the action of
a spring 362. The field winding 383 is a bucking
winding and when both windings 303 and 304 are
energized they neutralize the effect of each other
and the spring 362 operates the damper 46 to-
ward a closed position. The shaft 300 operates
an abutment member 306 which is adapted to
open limit switches 307 and 308 when the motor
is moved to either extreme position. The shaft
300 also operates a slider 308 with respect to a
resistance element 310, the slider and the re-
sistance element forming a balancing potentiom-
eter. The shaft 300 also operates a cam 310
which works against a bell crank lever 31! car-
rying a mercury switch 312. The arrangement
is such that when damper 46 is in a minimum
open position, the switch 312 is opened and
when the damper 46 is moved toward a wide
open position from the minimum open position,
the switch 312 is closed.

The proportioning motor includes a relay
generally designated at 315. The relay comprises
relay coils 316 and 317 for operating an arma-
ture 318. The armature 318 in turn operates
a switch arm 319 with respect to contacts 320
and 321, When the relay coil 316 is energized
more than the relay coil 317 the switch arm
319 is moved into engagement with the contact
320. When the relay coil 3{7 is energized more
than the relay coil 316, switch arm 319 is moved
into engagement with the contact 32{. When
the relay coils 316 and 317 are equally energized
the switch arm 319 is maintaingd spaced midway
between the contacts 320 and 324 as shown in
Figure 4.

The proportioning motor 56 is controlled by
the room thermostatic controller 128, the rela-
tive humidity responsive controller 130 and the v
outdoor thermostatic controler 31. The room
thermostatic controller 129 may comprise & bel-
lows 323 containing a volatile fluid for acting
against a spring 324 to move a slider 325 with
respect to a resistance element 326. The slider
325 and the resistance element 326 form a con-
trol potentiometer. Upon an increase in space
temperature the bellows expands to move the
slider 325 towards the right in the direction in-
dicated by the character H. Upon & decrease
in space temperature the slider 325 moves to-
ward the left in the direction indicated by the
character C.

The relative humidity responsive controller
130 may comprise a humidity responsive element
321 operating against a spring 328 to rotate a
shaft 329. The shaft 329 operates a slider 330
with' respect to a resistance element 334 and also
a slider 332 with respect to a resistance ele-
The slider 330 and the resistance
element 33{ and the slider 332 and the resistance
element 333 form compensating potentiometers,



' . Upon an increase in relati{re hﬁmidity ‘the siiders

‘839 and. 332 are mioved.to theé right in the di-
rection indicated by the character W, and upon

.. 2 decrease in relative humidity the sliders 330

and 332 are moved to the left in the direction
indicated by the character D. The humidity re-
sponsive’ controller 132 also includes a mercury
switch 324 and this switch is operated to a closed
position when the relative humidity increases to

a predetermined high value, T
-The outdoor thermostatic controller 13f may
comprise a bellows 335 connected to the bulk 122

-containing a volatile fluid and located in the

fresh dir duct 85. The bellows- 835 operates
against a-spring 336 for operating a shaft 837.
The shaft 337 operates a slider 338 with respect
to a resistance element 338 and a slider 340 with
respect to a resistance element 341. The slider
338 and the resistance element 339 and the slider

" 249 -and the resistance element 341 form com-
- pensating potentiometers. Upon an increase in

outdoor temperature the sliders 338 and 348 sre
moved to-the left in the direction .indicated by
the character H and upon a decrease in outdoor

temperature the sliders 238 and 348 are moved .

1o the right in the direction indicated by the
character C. .

The room thermostatic controller 133 may
comprise a bellows 342 containing a volatile Awid
for operating against-a spring 343 to move a

2,273,998

3MTis céﬁnécted,to the slidé‘r 389 of the balancing

potentiometer, the silder 325 of the space thermo- . -

static controller, the slider 382 of the humidity
responsive controller and the slider 338 of the
outdcor thermoststic controller. A resistance
387 is connected in series with the slider 338,

.2 vresistan(;e 388 is connected in series with the

slider 338 and a resistance 359 is connected In

* series with the slider 203. Frem the above it is

10

20

seen that the control potentiometer, the two com-
pensating potentiometers and the balancing
potentiometer are all connected in parallel with
the series connected relay coils 3¢5 and 317 and
across the wires 349 and 3590.

With the parts in the position shown in Figure
4 the helding winding 384 of the propodrtioning
motor is energized by reason of a circuit extend-
ing from the wire 348 through switch 351, winding
334, limit switch 398 and resistance 389 back to

‘the other wire 3508. Therefore the proportioning

motor 50 and the damper 46 are maintained in
their adjusted positions against the action of the
spring 362. Omitting for the time being the con-

’ trolling action of the humidity responsive con-

A

slider 344 with respect to a resistance element

345, Upon an increase in space temperature ef-

fecting the space thermostatic controller {338 the
slider 344 is moved to the right in the direction
indicated by the character H and upon a decrease
In space temperature the slider 344 is moved to
the left in the direction indicated by the char-
acter C. )
Power is supplied to the proportioning motors
8% and 55 from a step-down transformer, the pri-
mary 347 of which is connected across wires 237
and 241. The secondary 348 of the step-down
transformer is connected to wires 349 and 359.
The wire 349 is connected to the left end of the
relay coil 316 of the motor 50 through a switch
351 and the wire 358 is connected to the right
end of the relay.coil 3{1. In a like manner power
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is supplied to the proportioning motor §3 through -
a switch 382. From this it is seen that if the -

switches 332 and 325 in the basement are closed
snd the switches 351 and 852 are closed power
is supplied to the proportioning motors 58 and §5.
Ogpening of the switches 332 or 325 in the base-
ment desnergizes the step-down transformer and
therefore interrupts the supply of power to the
proportioning motors 50 and 55. Opening of the
switch 351 interrupts the supply of power to the
proportioning motor 50 and likewise opening of
the switch 352 interrupts the supply of power to

" the proportioning motor 55.

The left end of the relay coil 2i6 is connectad
through a protective resistance 353 and s limit-

ing resistance 354 to the left ends of the resisi--

ance elements 326, 334 and 339. The right end
of the relay coil 317 is connected through s pro-
tective resistance 335 to the right ends of the

I
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petentiometer resistance elements 325, $31 and g

83%. The left end of the relay coil 2§86 is also
connecied through the protective resistance 353
to the left end of the, balancing potentiometer
resistance element 318 and the right end of the

‘relay coll 317 is connected through the protective

resistance 355 and a resistance 355 to the right
end of the balancing poténtiometer resisiencs

element. “The junction of the relay coils 316 and

0
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troller {30 and the outdoor thermostatic con-
troller {81, an increase in the temperature of the
space {8 causes movement of the slider 325 to the
right. This decresses the energization of the
relay coil 317 and increases the energizat'on of
the relay coil 316 to moeve the switch arm 349 into
engagement with contact $20. This completes
a circuit from the wire 849 through switch 35:.
switch arm 319, contact 328, winding 393 and
limit switch 387 back to the other wire 356. Boin
windings 384 and 385 are energized and the motor
operates to move the damper 45 toward an open
position agsinst the action of the spring 362.
Operation of the motor & to move the damper 48
towards an open position causes left hand move-
ment of the slider 289 of the balancing potenti-
ometer. This left hend movement of the slider
309 decreasss the energization of the relay coil
318 and increases the energization of the relay
coll 87 and when the slider 332 is moved suf-
fAclently far to the left to rebalance the energiza-
tion of the relay ceils 848 and 317 the slider 349
is moved out of engagement with the contact
£28 to breal the circuit through the winding 345,
Winding 384 still remains energized and there-
fore the damper 3% is maintainegd in its newly

~adjusted position. In {his manner damper £6 is

moduiated toewards zn open position in accord-
ance with the amoun$ of increase ia space tem-
perature.

Upcn & decrease In space temperature slider
328 is moved towarqd the left to decrease the ener- )
glzation of the relay coil 315 and increase the
energization of the relay eoil 217 with conseguent
movemens$ of the switch arm 243 into engagement
with the contact 32{. This complstes e circuit
from the wire 383 through switch 38!, switch
arm 3818, centact 821, bucking winding 343, iimit
swiich 888 and resistance 289 back to the other
wire 858. Energization of the fleld winding 33
in this mepner neutralizes the holding action of
the holding winding 384 and the spring 382 moves
the daraper 48 towards a closed position. Move-
ment of the damper 48 towards s ciosed rosition
causes right-hand moveirent of the slider 22§ to
dacrease the energization of the relay coil 27 and
incresse the emsrgization of the relay coll 343,
When the slider 22% has moved sufiiciently far
to the right to rebsiance the energizations of the
reiey colls 316 and 317 the switch arm 319 is
moved out of engsgement with the contact 21
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whereupon the bucking winding 303 is deener-
gized. Motor 50 and the damper 48 will be
maintained in the newly adjusted position since
the holding winding 304 remains energized. In
this manner the damper 46 is modulated towards
a closed position in accordance with the amount
of decrease in space temperature.

The variable resistance 359 in series with the
slider 309 of the balance potentiometer is utilized
for desensitizing the rebalancing action of the
balancing potentiometer whereupon movement of
the slider 325 of the control potentiometer
through the range A will cause complete open-
ing and closing movement of the damper 48. The
compensating potentiometer of the humidity re-
sponsive controller 130 is connected in parallel
with the control potentiometer of the room ther-
mostatic controller 128 and tends to operate the
proportioning motor 50 in substantially the same
manner as the control potentiometer operates the
proportioning motor. Resistance 357 in series
with the slider 330 is utilized to desensitize the
controlling effect of the humidity responsive de-
vice 130 and therefore the humidity responsive
device 130 acts to shift the control range A of
the control potentiometer of the room thermo-
" stat 129, Upon an increase in relative humidity
the control range A is moved to the left so that
lower temperatures will be maintained within
the space I8. Upon a decrease in relative humid-
ity the control range A is moved to the right so
that increased temperatures are maintained in
the space (8. In this manner a substantially con-
stant effective temperature is maintained in the
space {8 although the relative humidity of the
space 18 is allowed to fluctuate.

The compensating potentiometer of the out-
door thermostatic controller 13f is connected in
parallel with the control potentiometer of the
room thermostat 129 and by reason of the vari-
able resistance 358 in series with the slider 338
the compensating” potentiometer of the outdoor
thermostat 131 operates to further shift the con-
trol range A of the control potentiometer. Upon
an increase in outdoer temperature the cortrol
range A is shifted to the right so that higher
temperatures are. maintained in- the space (8.
Upon a decrease in outdoor temperature. the
control range A is shifted to the left so that
lower temperatures are maintained in the space.
In this manner the effective temperature of the
space I8 is allowed to increase as the outdoor
temperature increases and the effective tempera-
ture is decreased as the outdoor temperature
"~ decreases.

The proportioning motor 58 which operates the
damper 51 is controlled in exactly the same man-
ner as the proportioning motor 50 which oper-
ates the damper 46 to maintain a substantially
constant effective temperature in the space {9
which is adjusted in accordance with variations
in outdoor temperature. Therefore a further de-
scription of the operation of the volume damper
51 .is not considered necessary. However, it is
noted at this point that a single relative humid'ty
responsive controller {3V located in the returnp air
duct and a single outdoor thermostatic controller
131 having the bulb (32 located in the fresh air
duct compensate both room thermostats {29 and
133 to maintain the desited temperatures within
the spaces 18 and (9.

The resistance 354 in series w1th the left ends
of the potentiometers controliing the operation
of the proportioning motor 50 is utilized to pre-
vent complete closing of the damper 46. In other

o

words the damper 46 cannot be completely closed
even though there is no demand for cooling.
Therefore, a minimum flow of air through the
spaces |8 and {9 for ventilation purposes is pro-
vided. The minimum open position of the
damper 48 may be adjusted by adjusting the
resistance value of the resistance 354. If, how-

- ever, the switches 351 and 352 are opened or if
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the switches 232 and 23§ in ‘the basement are
opened the supply of power to the proportioning
motors 50 and 88 is interrupted and the springs
362 will move the dampers 46 and 51 to a com-
plete closed position. In this manner a com-
plete shut-down is provided.

Power is supplied to the fan motor 37 of the
air conditioning unit 30 by line wires 365, 366
and 361. The supply of power to the fan motor
31 is controlled by s magnetic starter 368 hav-
ing an operating coil 368. 'The operating coil 363
is connected across wires 238 and 241 so that if
switches 232 and 235 in the basement are closed
the operating winding 369 is energized and the
fan motor 37 is operated. Opening of either of
the switches 232 or 23% in the basement de-
energizes the operating winding 369 to drop out

‘the magnetic starter 368 whereupon operation

of the fan motor 37 is stopped. Solenoid motor
98 which operates the refrigerant cut-off valve
87 for the air conditioning unit 30 receives its
supply of power from the fan circuit and there-
fore if the fan 37 is not operating the refrigerant
cut-off valve 87 cannot be opened.

Located in series with the solenoid motor 98 is
a switch 370 operated by a relay coil 371. When
the relay coil 371 is energized the switch 310 is
closed and the refrigerant cut-off valve 871 is
opened providing the fan motor 37 is operating.
The relay coil 311 is controlled by the switch 312
operated by the proportioning motor 50, by a
similar switch operated by the proportioning
motor 85 and by the switch 334 operated by the
humidity responsive device 130. These three
switches are arranged in parallel so that when
any one of them is closed the refrigerant cut-
off valve 97 is opened. When either of the damp-
ers 46 and 51 are moved from their minimum
open position towards the open position the
switches operated by the proportioning motors
50 and 55 are closed to energize the relay coil
371 to open the refrigerant cut-off valve 971, If
the relative humidity in the return air duct 32
increases to a predetermined high value the re-
frigerant cut-off valve 97 is opened regardless of
the position of the dampers 46 and 5{. The sup-
ply of power to the relay coil 371 is obtained
from wires 252 and 253 leading upwardly from
the step-down transformer 256 in the basement.
Therefore if the step-down transformer 280 is
not energized it is impossible to close the switch
370. As pointed out above the energization of
the step-down transformer 250 is controlled by
the compressor starters. Therefore if none of
the compressors are operating it is impossible to
open the refrigerant cut-off valve 81.

Figure 5 discloses the manner of operating the
fresh air damper 4! for controlling the supply of
fresh air to the spaces 18 and 19. The damper
41 is operated by the proportioning motor 45
which may be the spring returned or power fail-
ure type shown and described in Patent No.
2,032,658 granted to W. H. Gille on March 3, 1936.
Since the construction of this proportioning mo-
tor is exactly the same as the proportioning mo-
tor 50 illustrated in Figure 4 like reference char-
acters have been utilized to indicate the parts
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thereof. Power is suppiled to the proportioning
motor 48 by wires 345 and 350 leading from the
secondary 348 of the transformer iilustrated in
Figure 4. Therefore, when switches 232 and 235
in the basement are closed and the switch 378 i~
lustrated in Figure 5 is closed, power is supplied
to the proportioning motor 45. Opening of any
of these switches interrupts the supply of power
to the proportioning motor 45 and the spring 362
moves the damper 41 to a complete closed posi-
tion in the manner pointed out in connection
with the proportioning motor 50 of Figure 4.
The proportioning motor 45 is operated by a
relay generally designated at 388. The relay 380
comprises a relay coil 381 for operating a switch
arm 382 with respect to contacts 383 and 384.

[
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The arrangement is such that when the relay coil

381 is energized the switch arm 382 moves into
engagement with contact 384 to substantially
short circuit the relay coil 31T to decrease the en-
ergization of the relay coil 316. Since the relay
coil 317 is substantially completeiy short circuit-

20

ed the damper #1 is moved to a wide open posi- -

tion. When the relay coil 381 is deenergized the .
switch arm 382 engages contact 383 and since & -

resistance 385 is in series with the contact 383
the relay coil 316'is only partially short circuited
to decrease the energization thereof and increase
the energization of the relay coil 3{7. As a result

the damper 41 is moved toward a closed position ¢

by the spring 362, the amount of closing move-
ment of the damper being dependent upon the
resistance value of the resistance 385 in series
with the contact 383. This insures at all times
a minimum supply of fresh air to satisfy ventilat-
ing requirements. - - By adjusting the resistance
value of the resistance 385 the minimum position
of the damper 41 may be adjusted. From this it
is seen that when the relay 380 is pulled in the
damper 41 assumes a wide open position, when
the relay 380 drops out the damper assumes &
minimum open position depending upon the
value of the resistance 385. When the supply of
power to the proportioning motor 43 is inter-
rupted, as by opening switch 379 or switches 232
or 236 in the basement, the damper 41 is com-
pletely closed.

The relay 3808 is controlled by a relay 381 which
may comprise an energizing coil 388 and a buck-
ing coil 388 for controlling the operation of an
armature 390. When the relay coil 388 is ener-
gized the armature 390 operates to move switch
arms 381 and 392 into engagement with contacts
393 and 394. When the relay coil 388 is deener-
gized or when the relay coll 389 and the relay coil
388 are energized the switch arms 394 and 352
are moved out of engagement with their respec-
tive contacts 383 and 394 by means of springs,
gravity or other means (not shown).

The relay 3817 is in turn controlied by a relay
generally designated at 296. This relay 356 may
comprise relay coils 387 and 398 for operating an
armature 3%9. The armature 39§ in turn oper-

ates a switch arm 400 with respect to contacis |

401 and 402. When the relay coil 287 is ener-
gized more than the relay coil 398 the switch arm
490 is moved into engagement with the contact
48t and when the relay coil 398 is energized more
than the relay coil 387 the switch arm £0C is
moved inte engagement with the contact 402.
Power is supplied to the relays 387 and 396 by
means of & step-down transformer 408 having a
primary 488 connected across wires 23{ and 241,
When the switch 230 in the basement is closed
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the transformer 405 becohes energized and is
capable of supplying power to the two relays 381
and 396. ‘The relay coils 397 and 338 are con-
nected in series with respect {o each other and
across the secondary #4071 of the step-down trans-
former 405. The relay 396 is controlled by the
humidity responsive controller 144 located in
the fresh air duct 35, the proportioning type
thermostat {40 having a bulb {41 located in the
fresh air duct 35 and the on and off type thermo-
stat (42 having a bulb (43 located in the fresh
air duct 35. - As pointed out above the humidity
responsive controller {44 includes a proportion-
ing type controller and an on and off type con-
troller but for purposes of illustration in Figure
5 the humidity responsive controller is shown te
comprise two controllers, a proportioning type
controller 14§ and an on and off type controller
144’. The proportioning type humidity respon-
sive controller 144 comprises a humidity respon-
sive element 410 for acting against a spring 4f!
to operate a slider 412 with respect to a potenti-
ometer resistance element 413. Upon an increase
in the relative humidity of the outdoor air the
slider 412 moves to the left in the direction in-
dicated by the character W and upon a decrease
in relative humidity the slider 412 moves to the
right in the direction indicated by the character
D. For purposes of illustration it is assumed that
the slider 412 engages the W end of the resistance
element 413 when the relative humidity is 70
percent and engages the D end when the relative
humidity decreases to 20 percent.

The proportioning type temperature responsive
controller comprises a bellows 41§ suitably con-
nected to the bulb 41 located in the fresh air
duct 35. The bellows 415 operates against a
spring 416 to move a slider 447 with respect to a
resistance element 418. Upon an increase in out
door dry bulb temperature the slider 41T moves
to the left in the direction indicated by the char..
acter H and upon a decrease in outdoor tempera-
ture the slider 417 moves to the right in the di-
rection indicated by the character C. For pur-
poses of illustration it is assumed that the slider
417 reaches its extreme left hand position when
the dry bulb temperature is 88° and reaches the
extreme right hand position when the dry bulb
temperature is 68°.

The on and off type humidity responsive con-
troller 44’ comprises a humidity responsive ele-
ment 418’ operating against a spring 411’ to po-
sition a mercury switch 428. The mercury
switch is provided with left electrodes 421 and
right electrodes 422 the inner electrodes being
common. The mercury in the mercury switch
normally bridges the right electrodes €22 but
when the relative humidity rises to 70 percent the
mercury bridges the left electrodes 421.

The on and off type temperature responsive
controller comprises a bellows 424 suitably con-
nected to the bulb {43 located in the fresh air
duct 38. The bellows 424 operates against a
spring 425 to position a mercury switch 426.
The mercury switch 426 is provided with left
electrodes 4271 and right electrodes 428 the inner
electrodes being common. The mercury in the

mercury switch 426 normally bridges the left

electrcdes 421 but when the outdoor tempera-
ture decreases to 65° the mercury bridges the

‘right electrodes 428.

The left end of the relay coil 397 is connected
through a protective resistance 430 to the left
ends of the resistance elements 413 and 418, the
outer one of the left electrodes 421 of the mer-
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tury switch 420 and the outer one of the right
electrodes 428 of the mercury switch 426. The
right end of the relay coil 398 is connected
through a protective resistance 431 to the right
ends of the resistance elements 413 and 418.
The slider 412 of the proportioning type humidity
responsive controller 144 is connected through
a variable resistance 432 to the slider 417 of the
temperature responsive controller 140.
slider 417 is in turn connected to the outer one
of the right electrodes 422 of the mercury switch
420. The inner electrode 422 and the inner elec-
trode 421 are connected together and to the
outer electrode 4271 of the mercury switch 4286,
The inner electrodes 427 and 428 are connected
to the junction of the relay coils 397 and 398.
With the parts in the position shown in. Fig-
ure 5 it is seen that the sliders 412 and 417 are
connected to the junction of the relay coils 391
and 398 and therefore the potentiometers of the
humidity responsive controller 144 and the tem-
perature responsive controller 140 are connect-
ed in parallel with the series connected relay
coils 397 and 398 and across the secondary 401.

The relay 396 is therefore controlled by the
combined action of outdoor relative humidity
and outdoor dry bulb temperature. Upon 2
decrease in outdoor temperature or upon a de-
crease in outdoor relative humidity the sliders
417 and 412 are moved to the right to partially
short circuit the relay coil 398 to decrease the
energization thereof and increase the energiza-
tion of the relay coil 381. This causes movement
of the switch arm 400 into engagement with.the
contact 401 to complete a circuit from the left
end of the secondary 401 through contact 40§,
switch arm 400 and relay coil 388 back to the
right end of the secondary 407. As a result the
relay coil 388 is energized to move the switch
arms 391 and 392 into engagement with contacts
393 and 394. Movement of the switch arm 391
into engagement with the contact 393 completes
a maintaining circuit for the relay coil 388 which
may be traced from the left end of the secondary
407 through switch arm 391, contact 393 and

relay coil 388 back to the right end of the sec-'

ondary 407. In this manner the relay coil 388
is maintained energized even though the switch
arm 400 should move out of engagement with
contact 401. Movement of the switch arm 392
into engagement with the contact 394 completes
a circuit from the wire 231 through switch arm
392, contact 394 and relay coil 381 back to wire
241. The relay coil 381 is therefore energized
and the switch arm 392 is moved into engage-
ment with the contact 384 to open wide the
fresh air damper 41.

Upon an increase in outdoor relative humidity
or an increase in outdoor dry bulb temperature
the sliders 412 and 417 move to the left to par-
tially short eircuit the relay coil 397 to decrease
the energization thereof and increase the ener-
gization of the relay coil 398. The switch arm
400 is thereupon moved into engagement with
the contact 402 to complete a circuit from the

‘left end of the secondary 407 through switch
arm 391, contact 393, switch arm 400, contact
402 and bucking coil 389 back to the right end of
the secondary 407.. Both coils 388 and 389 are
energized and the switch arms 391 and 392 move
out of engagement with their respective contacts
393 and 394. As a result the relay 380 drops out
and the fresh air damper 41 moves to a minimum
position depending upon the resistance value of
the resistance 385,

The
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By assuming the outdoor relative humidity
limits as 70 percent and 20 percent and the out-
door dry bulb limits as 88° and 68° and by prop-
erly adjusting the resistance 432, the two instru-
ments provide a wet bulb temperature control.
This will become apparent upon references to a
psychometric chart. The arrangement is such
that as long as the outdoor wet bulb temperature
is below 63° the fresh air damper 4{ will be wide
open but when the outdoor wet bulb temperature
increases above 63° the fresh air damper 41 will
be moved to a minimum position. The wet bulb
temperature maintained in the building is usu-
ally around 63° and therefore if the outdoor wet
bulb temperature is less than 63° it is more effi-
cient to utilize outdoor air for conditioning pur-
poses than recirculated air. However, if the
outdoor wet bulb temperature should be greater
than 63° it will be more efficient to use recir-
culated air for conditioning purposes. There-
fore the control of the fresh air damper in this
manner gives the most efficient operation of the
air conditioning system.

The on and off type humidity responsive con-
troller 144’ is utfilized to operate the fresh air
damper 4{ to.a minimum position when the out-
deoor relative humidity increases to 70 percent
even though the outdoor wet bulb temperature
should be below 63°. In other words, the humid-
ity responsive controller 144’ provides a humidity
high limit control. When the outdoor relative

- humidity rises to 70 percent the circuit between
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the junction of the relay coils 397 and 398 and
the sliders 417 and 412 is broken whereby the
controllers 144 and 140 are rendered inoperative
to control the proportioning motor 45. The junc-
tion of the coils 397 and 398 is then connected
through the left contacts 421 of the mercury
switch 420 and through the protective resistance
430 to the left end of the relay coil 387 to sub-
stantially completely short circuit the relay coil
397 to move the switch arm 400 into engagement
with contact 402. The relays 387 and 380 there-
upon drop out and the damper 4{ is moved to a
minimum position. The on and off type tem-
perature controller 142 is utilized for moving the
fresh air damper 41 to minimum position when
the outdoor dry bulb temperature decreases to
65° even though the outdoor wet bulb tempera-
ture is below 63°. When the outdoor dry bulb
temperature decreases to 65° the circuit to the
sliders 417 and 412 is broken to render the con-
trollers 140 and 144 inoperative to control the
proportioning motor 45. ‘Also when the mer-
cury bridges the two right electrodes 428 the
relay coil 397 is substantially completely short
circuited to move the switch arm 400 into engage-
ment with the contact 402 whereupon the relays
387 and 380 drop out to move the fresh air
damper 41 to a minimum position.

By reason of the above arrangement it is seen
that the fresh air damper is maintained in a wide
open position when the wet bulb temperature of
the outdoor air is above 63°, when the dry bulb
temperature is above 65° and when the relative
humidity is less than 70 percent. If the wet bulb
temperature increases above 63°, if the dry bulb
temperature decreases below 65° or if the rela-
tive humidity increases above 70 percent the
fresh air damper 41 is moved to a minimum posi-
tion. By opening the switch 230 in the basement
the supply of power to the relays 387 and 396 is
broken and the damper 41 is moved to a mini-
mum position. By opening the switch 319 which
controls the supply of power to the propottioning
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motor 45 the motor 45 becomes deenergized and

the fresh air damper 41 is completely closed.
Figure 6 discloses the manner in which the vol-

ume dampers 13 and 18 and the fresh air damper

68 for the third floor ars operated. In addition .

PFigure 6 shows the manner in which the fan
motor 64 and the refrigerant cut-off valve 94 for
the third floor are operated. The volume damp-
ers 13 and 18 are operated by spring return pow-
er failure motors 11 and 12 respectively and the
fresh air damper 68 is operated by a spring re-
turn power failure type motor 12. These three
motors may be of the type illustrated in Figures 4
and 5. The proportioning motor 11 for the vol-
ume damper 13 is operated by a room thermo-
static controller 134, a humidity compensator 135
and an outdoor temperature compensator 136 to
provide a compensated effective temperature
control for the space 20 in exactly the same man-
ner as that type of control is provided for the
space 18. Similarly the proportioning mector 82
for operating the volume damper 18 is controlled
by a room thermostatic controller {38, humidity
compensator 135 and an outdoor temperature
compensator 136 to give compensated effective
temperature control of the space 21 in exactly
the same manner as that type of control is ob-
“tained for the space 19. Therefore a further de-
scription of the temperature control for the
spaces 20 anid 21 is not considered necessary.

The proportioning motor 72 which operates the
fresh air damper 68 is controlled by a relay 450
having a relay coil 451 for operating a switch
arm 452 with respect to contacts 453 and 454, the
arrangement being similar to that shown in Fig-
ure 5. When the relay coil 45 is energized the
fresh air damper 68 is moved to a wide open posi-
tion and when the relay coil 451 is deenergized
the fresh air damper 68 is moved to a minimum
position as determined by the resistance value of
the resistance 455. The relay 450 is controlled by
the relay 387 of Figure 5. A wire 435 connects
the relay coil 451 of Figure 6 in parallel with the
relay coil 381 of Figure 5 so that when the relay
381 is pulled in both relays 380 and 450 are pulled
in and therefore both fresh air dampers 41 and
68 are moved to a wide open position. When the
relay 387 of Figure 5 drops out both relays 380
and 450 drop out and both fresh air dampers #{
and 68 are moved to a minimum position. By
reason of this arrangement a single set of con-
trols is utilized for operating a plurality of fresh
air dampers. Duplication of controls is elimi-
nated and installation costs may be materially
reduced. .

Power is supplied to the three proportioning
motors 17, 82 and 12 by a step-down transformer
440 having the primary 441 connected across
wires 240 and 241. If both switches 232 and 236
in the basement are closed power is supplied to
this step-down transformer 440. The three pro-
portioning motors 17, 82 and 12 are connected
in parallel across the secondary 442 of the step-
down transformer 840 and in circuit with each
proportioning motor 17, 82 and 12 is a switch
443, 444 and 445 respectively whereby the powgr
supplied to each proportioning motor may be in-
dividually interrupted so that any one of the
dampers may be moved to a complete closed posi-
tion. By opening the switch 232 or the switch
236 in the basement the supply of power to all
of the proportioning motors 11, 82 and 12 is in-
terrupted and all of the dampers on the third
floor will be moved to a closed position.

Power is supplied to the fan motor 64 by line
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wires 460, 461 and 462 and the supply of powet
to the fan motor 64 is controlled by a magnetic
starter 463 having an operating coil 464. The
operating coil 464 is connected across wires 240
and 241 so that when.-switches 232 and 236 in
the basement are closed the operating coil 464 is
energized to cause operation of the fan motor
64. The solenoid motor 95 which operates the
refrigerant cut-off valve 94 derives its power
from the fan circuit so that the cut-off valve

‘may only be opened when the fan motor. 64 is

operating. The solenoid motor 95 is controlled
by a relay 465 having a relay coil 466 for operat-
ing a switch 467. When the relay coil 466 is
energized the switch 467 is caused to open the
cut-off valve 94 provided the fan motor 64 is op-
erating. The relay ccil 486 is operated by
switches in the proportioning motors 1T and 82
which control the volume dampers and by a
switch operated by the humidity responsive con-
troller 135. These switches are all arranged in
parallel so that any one of them may cause open-
ing of the cut-off valve, This arrangement is
exactly the same as the arrangement for the sec-
ond floor and therefore a further description is
not considered necessary. Power is supplied to
the relay coil 466 by wires 252 and 253 leading
upwardly from the step-down transformer 250
located in the basement. Therefore the relay
465 may be pulled in only when at least one of .
the compressors is operating.

From the above it is seen that I have provided
an air conditioning system for a building in-
corporating novel control arrangements. The
combining of these novel contro! arrangements
into a single complete air conditioning system
provides an air conditioning system that is ac-
curate in its temperature regulation and ex-
tremely flexible in its operation. )

Although for purposes of illustration I have

. shown one form of this invention, other forms
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thereof may become apparent to those skilled
in the art upon reference to this specification
and therefore this invention is to be limited only
by the scope of the appended claims and prior
art,

I claim as my invention:

1. In an air conditioning system, the com-
bination of a cooling means, fan means for cir-
culating air in contact with the cooling means
and into a space to be cooled, damper means for
controlling the volume of air so circulated,
means responsive to variations in space tempera-
ture for controlling the damper means, valve
means for controlling the supply of cooling, fluid
to the cooling means, means for opening the
valve means as the damper means is moved to-
ward an open position, and means for preventing
opening of the valve means in case the fan means
is not operating. - - ‘

2. In an air conditioning system, the com-
bination of a cooling means, fan means for cir-
culating air in contact with the cooling means
and into a space to be cooled, damper means for
controlling the volume of air so circulated,
means responsive to variations in space tempera-
ture for controlling the damper means, valve-
means for controlling the supply of cooling fluid
to the cooling means, means for opening the
valve means as the damper means is moved to-
ward an open position, means responsive to space
relative humidity for opening the valve means
independently of the operation of the damper
means, and means for preventing opening of the
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vAlve means in case the fan means is not opér-

. ating.
. 3. In an air conditioning system, the combina~
: tion of & cooling means, fah means for circulat-

ing air in contact with the cooling means and -

into & space to be cooled, damper means for con-
trolling the volume of air so .circulated, means
responsive to variations in space temperature for
controlling the damper means, a cooling appa-
ratus for supplying cooling fluid to the cooling
means, valve means controlling, the supply of
cooling fluld to the cooling means, means for
opening the valve means as the damper means
is moved toward an open position, and means
for preventing opening of the valve means in case
the fan means or the cooling apparatus is' not
operating,

4. In an air conditioning system, the combina-
tion of & cooling means, fan means for circulat-
ing air in contact with the cooling means and
into & space to be cooled, damper means for con-
trolling the volume of air so circulated, means
responsive to variations in space temperature
for controlling the damper means, & cooling ap-
paratus for supplying cooling fluid to the cooling
means, valve means controlling the supply of
cooling fluid to the cooling means, means for
opening the valve means as the damper means is
moved toward an open position, means respon-
slve to space relative humidity for opening the
valve means independently of the operation of
the -damper means, and means for preventing
opening of the valve means in case the fan means
or the cooling apparatus is not operating.

5. In an air conditioning system for a building
having a plurality of zones, the combination of
an air conditioning unit for each zone, a duct
for each air conditioning unit for admitting out-
door alir to that air conditioning unit, a damper
in each duct for controlling the admission of
outdoor air to the air conditioning units, and
control means associated with one of the air
conditioning wunits for controlling all of the
dampers.

6. In an air conditioning system for a building
having a plurality of zones, the combination of
an air condltioning unit for each zone, a duct
for each air conditioning unit for admitting out-
door air to that air conditioning unif, a damper

in each duct for controllmg the admission of

outdoor air to the air conditioning units, auto-
matically operated control means associated
with one of the zones for opening all of the
dampers when the admisison of outdoor air is
indicated, and means for closing any of the
dampers at will independently of the automati-
cally operated control means.

7. In an air conditioning system for a building
having a plurality of zones, the combination of
an air conditioning unit for each zone, a duct for
each air conditioning unit for admitting outdoor
air to that air conditioning unit, a damper in
each duct for controlling the admission of out-
door air to the air conditioning units, control
means associated with one of the air condition-
ing units for controlling all of the dampers, a
cooling means in each air conditioning unit, a
cooling apparatus for supplying cooling fluid fo
all of the cooling means, a valve for each cool-
ing means for controlling the supply of cooling
fluid to the cocling means, thermostatic control
mesans in each zone for controlling the valve of
that zone to maintain desired temperature con-
_ditibns in each zone, and means for preventing
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opening of any of the valves in case the cooling
apparatus is not operating.

8. In an air conditioning system for a building
having a plurality of zones, the combination of
an air conditioning unit for each zone, a duct
for each air conditioning unit for admitting out-
door air to that air conditioning unit, a damper
in each duct for conirolling the admission of
outdoor air to the air conditioning units, control
means associated with one of the air condition-
ing units for controlling all of the dampers, a
cooling coil in each air conditioning unit, a plu-
rality of compressors for supplying cooling fluid
to all of the cooling coils and for withdrawing
expanded refrigerant therefrom, means respon-
sive to suction pressure for placing in operation
the compressors in a predetermined sequence as
the suction pressure increases, a valve for each
cooling coil for controlling the supply of refrig-
erant to the cooling coils, thermostatic means in
each zone for controlling the valve of that zone
to maintain desired temperature conditions in
each zone, and means for preventing opening of
any of the valves in case none of the compres-
sors are operating. )

9. In an air conditioning system, the combina-
tion of a cooling means, fan means for circulat-
ing air in contact with the cooling means and
for delivering cooled air to a space to be con-
ditioned, damper means for controlling the vol-
ume of air delivered to the space, control means
responsive to dry bulb temperature and relative
humidity of the space for modulating the damper
means between 2 minimum open position and a
wide open position to maintain desired effective
temperatiures in the space but allowing the rela-
tive humidity to fluctuate, valve means control-
ling the supply of cooling fluid to the cooling
means, means controlled by the damper means to
close the valve means when the damper meang is
moved to a minimum open position and to open
the valve means when the damper means moves
away from the minimum open position toward the
wide open position, and means operative when
the space relative humidity increases to a pre-
determined value for opening the valve means
even though the damper means is in a minimum
open position.

10. In an air condltlomng system, the com-
bination of cooling means, fan means. for circu-
lating air in contact with the cooling means and
into a space to be cooled, volume damper means
for controlling the volume of air so circulated,
means responsive to variations in space tempera-
ture for controlling the volume damper means,
mechanism for supplying cooling fluid to the
cooling means, means operated upon movement
of the volume damper means toward an open
position for controlling the mechanism to supply
cooling fluid to the cooling means, and means

- operative upon stopping of the fan means for

controlling the mechanism to stop the supply of
cooling fluid to the c2nling means irrespoctize of
the operation of the volume damper means.
11. In an air conditioning system, the combi-
nation of cooling means, fan means for circulat-
ing air in contact with the cooling means and
into a space to be cooled, volume damper means
for controlling the volume of air so circulated,
means responsive to variations in space temper-
ature for controlling the volume damper means,
mechanism for supplying cooling fluid to the
cooling means, means operated upon movement
of the volume damper means toward an open
position for controlling the mechanism to supply
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cooling :fluid to the cooling means, means re-
sponsive to space relative humidity for controlling
‘the mechanism independently of the operation
of the volume damper means to supply cooling
fluid {o the cooling means when the space rela-
tive humidity increases to a predetermined value,
and means operative upon stopping of the fan
means for controlling the mechanism to stop the
supply of cooling fluid to the cooling means ir-
respective of the operation of the velume damper
means and the controlling action of the relative
‘humidity responsive means.

12. In a refrigerating system having an evap-
orator for cooling a medium, s condenser and
a compressor, the combination of, control means
responsive to suction pressure for starting and
stopping operation of the compressor for main-
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the suction pressure varles to maintain the suc-
tion pressure within desired limits, vaive means
for each evaporator for controlling the flow of
refrigerant therethrough, thermocstatic means
responsive to the temperature of the medium be-
ing cooled for controlling the valve means to

- maintain the temperature of the medium within
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taining the suction pressure within desired lim- -

its, valve means for controlling the flow of re-
frigerant through the evaporator, thermostatic
means responsive to the temperature of the me-
dium being cooled by -the evaporator for con-
trolling the valve means to maintain the tem-
perature of the medium within desired limits,

and means operative upon stopping of the com- :

pressor by said control means for closing the
valve means regardless of the controlling action
of the thermostatic means.

13. In a refrigerating  system having a con-
denser, a compressor and a plurality of evapo-
rators for cooling a medium, the combination of,
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control means responsive to suction pressure for

starting and stopping operation of the compres-
sor for maintaining the suction pressure within
desired limits, valve means associated with each
-evaporator for controlling the flow of refriger-
ant through its. assoclated evaporator, thermo-
static means associated with each evaporator
and responsive to the temperature of the medium
being cooled thereby for controlling the valve
means of that evaporator to maintain the tem-
perature of the medium within desired limits,
and means operative upon stopping of the com-
pressor by said control means for closing all of
the valve means regardless of the controlling
action of the thermostatic means.

J4. In an air conditioning system, the com-
bination of, cooling means in the form of an
evaporator, fan means for passing air in contact
with the cooling means and into a space to be
cooled, a compressor for supplying refrigerant to
the cooling means and withdrawing refrigerant
therefrom, control means responsive to suction

40

pressure for starting and stopping operation of .

the compressor for maintaining the suction pres- :

sure within desired limits, valve means for con-
trolling the flow of refrigerant through the cool-
ing means, thermostatic means responsive to
space temperature for controlling the valve
means to maintain the space temperature with-
in desired limits, and means operative upon
stopping of the compressor by said control means
and upon stopping of the fan means for closing
the valve means regardless of the controlling ac-
tion of the thermostatic means.

15. In a refrigerating system having a con-
denser, a plurality of evaporators for cooling a
medium and a plurality of compressors for sup-
plying refrigerant to the evaporators and for

“ withdrawing refrigerant therefrom, the com-
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bination of, control means responsive to suction .

. pressure for starting and stopping operation of
~ the compressors in a predetermined sequence s

desired limits, and means operative upon stop-
ping of all of the compressors by said control
means for closing all of the valve means regard-
less of the controliing action of the thermostatic
means. .

16. In s mechanical refrigerating system, the
combination of, evaporator means, a plurality of
compressors of different capsacities for supplying
refrigerant to the evaporator means and- for
withdrawing refrigerant therefrom, control
means responsive to variations in a demand for
increased compressor capacity, and switching
means operated by said control means upon a
progressive increase in said demand for selec-
tively starting and stopping the various com-
pressors singly or in combinations to increase
the total compressor capacity in & number of
steps exceeding the number of compressors.

17. In an air cooling apparatus for a plurality
of enclosures, the combinaticn of a plurality of
evaporators for respectively cocling the air for
the enclosures, means responsive to the tempera-
ture of the air in the enclosures for controlling
the operation of their respective evaporators, &
plurality of refrigerant compressors connected in
parallel for supplying liquid refrigerant for the
evaporators, means responsive to a condition the
value of which normally varies upon variation
in the total capacity of the evaporators that are
controlled to operate, means ¢ontrolled by said
responsive means for effecting operation of e
portion of the compressors when said condition
is at a first predetermined value, means con-
trolled by said responsive means for effecting
operation of a second portion of the compressors
of greater capacity than the first portion when
said condition is at a second predetermined
value, and means controlled hy said responsive
means and operative when said condition is at a
third predetermined value for effecting operation
of all of the compressors.

18. In an air ccnditioning apparatus for =
plurality of enclosures, the combination of &
plurality of evaporators for respectively cooling
the sair for the enclosures, a& plurality of com-
pressors of various capacities for supplying liquid
refrigerant to the evaporators, means responsive
to & condition of the air in the enclosures for
controlling the flow of refrigerant to the respec-
tive evaporators, an electrical control circuit,
means normally influenced by the operation of
the various refrigerant flow controlling means
for varying a characteristic of said electrical cir-
cuit, a device connected in the electrical circuit,
responding to sald characteristic of the circuit
and movable to various positions corresponding
to various values of said characteristic, means
effective in one position of the device for initiat-
ing operation of a low capacity compressor,
means effective in a second position of the device
for terminating operation of the low capacity
compressor and for initiating operation of a high
capacity compressor and means effective in &
third position of the device for effecting opera-
tion of both of the compressors.
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