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2,638,265

UNITED STATES PATENT OFFICE

: 2,638 265 - .
COMPRESSOR UNLOADING APPARATUS

Alwm ‘B.. Newton,c Dayton, Oth, ass1g‘nor to
‘Chrysler Corporation, nghland Park Mich., a
corporation of Delaware . -

Apphcatmnﬁl amirary 3, 1948, Serial No. 444
(Cl 230—-—31)

8:Claims.
1

This -invention relates ~t0“1-refrigerant--eompre‘s-
sors and more particularly-to-improved- appara-
tus for selectively loading' and -unloading- eyl-

inders thereof in response to predetermmed oper-

ekl L

atlng -conditions.- -

--Compressor unloading mechamsms and more
particularly the unloading imechanism desciibed
in - Patent No. -2,185;473; - which -issued-to-C.-R.
Neeson on January 2;-1947, -are-dependent-upon
mechanical linkages to operate a master-control
cylinder.. ‘It is-an-object of:-this-invention-:te
substitute a hydraulic means-to. controla-master
cylinder. A more-sensitive control:-is possible
with the hydraulic unldading - mechanism-than
with: the- mechanism--described: in Patent +No.
2,185,473;- It-has ‘been-observed that-a -change
of -approximately 2 pounds of suction pressure
is required to-cause the apparatus of the-patent
to move sufficiently to-load one-of the ‘compressor
cylinders. - It is' desirable to-have a-charge of
approximately 3 pounds in suction. pressure- pro-
duce & -change irom-ga -complete-loaditig “to~a
minimum loading-of the compressor-or.vice versa,
Therefore, -a  mechanism -is -required -whieh®:i§

sensitive -enough to respond-to-ar chadge-in sue- :

tion pressure ‘equal to0'a simall“increment-of-the
desired three pound:-spread. The: size ‘of =the
inerement is determined by thenumber: of -cyl-
inders' to be controlled-by-the-unloading xaecha-
nism.~ It is an object-of this-invention:-to prov1de
o control'with-tlie required-sensitivit; ;
< Tis-a“further object of-the inventi
videa compressor-unloading mechanism in whlch
small-forces-and reduced movements-of the coms

ponent -parts-are -sufficient-to:-load’ or: unload g

1nd1v1dua1 cylinders -of the compressor:

It-is ‘a--principal’ object: of the 1nvent1on 1o}
provide a-control-apparatus- for-unloading- cyl-
inders of a-compressor-where-thé-contrel appara-
tus is particularly-adaptable -to béing responsive
to a-plurality of operating' conditions: of-a-méter
compressor-set; -It-has been found-that by hy-
draulieally controlling the- Position of- ‘the master
valve vof @ compreéssor unloader: that Vvarious
factors-relating. to suction pressure, -motor- over-
load-and other:factors;if desired; may be related
to- this -prineipal--hydraulic control-so -that: the
position assumed by the master: ‘Valve..of -the
unloader is the resultant. of a plurality-of- con-

trolling operating:conditions existinig in'the motor

compressor set. . 'The composite control- appara-
tus “is thus éapablé”of- tesolving ‘a Pplurality- of
conditions to déterminethe optimum amdiint of
compressor.. loading.: The hydraulic:'means.-for

controlling.the position.of the mastér valve:of- the -
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unloadmg apparatus is partlcularly adapted to
be influenced by a multiplicity of control factors.
A mechanical control of the master valve as de~
seribed in Patent: No. 2,185,473 does not lend
jtself readily to control in response to more- than
one operating condition.

It is an additionial object of - the mventlon to
provide ‘a-means :for-interrupting the stupply of
oil ‘to-unloader pistons associated with thie com-
pressor: cylinders.where:that means-sé-opéerates
that the.oil supply line:fo an individual cylinder
is either open-or:closed and is never partially
closed with a throttled 011 supp]y passmg there-
through. . -

It'is a- further obJect of the 1nvent1on to ass0=
ciate:with a hydraulically - operated master:con-
trol valve a means to dump the controlling oil

irom the valve'when predetermined suction pres-

sures : are exceeded by the .compressor. . This
provides a.safety device whlch prevents overload-
ing: of the compressor...

Itis'an additional- obJect of the mventlon to
provide means to-vary .the:.pressure of .oil:de-
livered to‘a hydraulically operated. master con-

trol valve 'in. :response to: overheating: of -the

motor driving the.compressor and:in.response to

the presence of ‘an ‘excessive amount of electrlc
current in the field coil of the motor.”

It is a further:object of the invention to pro-

vide'rheans to.automatically. load one'compressor

cylinder -at the -earliest possible. moment after
This is ‘accomplished
by concentratmg the: entire output of the com=
pressor oil pump on one lnloader piston until the

‘oil pressure 'is suﬁiclently high' to ‘indicate that

enough oil'is being suppliéd to -operate”through
the normal unloader system involving all of the
‘compressor unloader cylmders The presence of
rerrlgerant in the oil which occurs after a pro-
longed shutdown makes this’ feature of the un-
loader mechanism partlcularly des1rable because
a mixture of refrigerant such- as Freon and oil

‘cannot be pumped to as high a pressure as could

oil” 1tse1f Thus,. if even.. ‘one cyhnder can. be
loaded nnmedlately after startmg, the refrigerant

can-be pumped out- of the oil-and normal opera~

tion of the: compressor can be obtamed more
qu1ck1y -

Other ob,]ects and advantages W111 become more
apparent from the following deseription taken in
connection w1th the accompanymg drawmgs, in
which: .. ..

Fig. 1is a s1de elevatmn of a refngerant com-
pressor.coupled.to.a motor; ... ... .0
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Fig. 2 is a vertical section taken through the
compressor of Fig. 1;

Fig. 3 is a view partly in section and partly
diagrammatic showing a portion of the compres-
sor and the unloader controls associated there-
with;

Fig. 4 is a view partly in section and partly
diagrammatic ‘showing a modified ‘form 'of con-
trol responsive-to-the amount of ‘current flowing
in the motor of the motor compressor set;

Fig. 5 is a view taken on the line 5—5 of Fig. 3;
and

Fig. 6 is an enlargeq view of a portion of Fig. 3

In Fig. 1 a motor compressor-set mcorporatmb
my invention is illustrated. A ‘cémpréssor 18 is
supported by a base 12 and adapted to be driven
by an electric motor 14. The armature {8 of
motor {4 is coupled to the main shaft 18 of the
compressor. The compressor is illustrated 'in
more detail in Fig. 2. The compressor illustrated
in Pig.-2 comprises:a-housing 20 provided with g
bearing 22 in which the shaft {8-is journaled. A
conventional seal-24 may be employed between
the shaft 18 and housing 28 in corder to prevent
the -escape -of -refrigerant from the compressor
housing.

The shaft 8 includes a pair-of counterbalances
26 and 28 which are located thereon and which
tend to smooth vibration by acting as-fdywheels.
The front end of the shaft beyond the bearing 22
is provided "with a crank pin 38 which is sur-
rounded by & bearing ring 32 forming the besring
surface for -a plurality of :piston rods 34. 'The
number of piston rods corresponds to the number
of cylinders in the compressor. The weight of
the-crank pin is counterbalanced by a balance
weight 36.

‘Each piston rod-34 extends radialiy towards its
associated cylinder 38. The cylinders are radial-
1y, equally spaced -about the center lines of the
compressor. Each cylinder is offset longitudinal-
ly of the compressor by an:amount equal to the
distance between centers of:the piston rods $4.
Each-cylinder comprises a liner 40 which is-in-

serted through the outer end of the cylinder when -4;

a- cylinder head 42 is removed. ‘A suction mani-
fold 44 surrounds the liners -and communicates
with a refrigerating system (not'shown) through
a-suction port provided in the housing 28 and not

illustrated herein. The'suction manifold 44 com- ;

municates with the interior 46 of the compressor
housing through a plurality of openings 48. The
suction manifold is also in communication with
the interior of the rear or rlght ‘hand portion of

the compressor of Fig, 2 through one or more -

openings 50. The entire interior of the com-
pressor is therefore subgected to pressure equal to
the suction pressure of the refrigerating system
‘with which it is associated.

The "refrigerant “éntering the compiressor
through the suction nianifold 44 is adraitied to
‘each cylmder space’ “through suction valves 5i.
“The' gas'is’ admltted ‘upon’ raising’ of thesuetion
valve 52 ‘and discharged from the cylinder upon
the raisihg of & discharge valive'§4. - Piston §§ i3
adapted-to’ Feciprocate in-lner 40, “The details
and opération of the-piston, seal, linér-and valve
-assembly -are’ more - fully -set ' forth -in Meeson
Patent No. 2,137,965, dated November 22,-183&.
‘Fach-of the discharge ports 5§ extends through
the ‘mhain housing 20 and passes' from the com-
-pressor -through *almain-discharge: port: 2.

As described in Neeson Patent No. 2,185473 g
Theans tor producing oili-pressure is-provided at
62.

Oil pressure produced is-used: to-lubricate I
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‘Jloader mechanism is illusirated in ¥igs. 2, 3

178 and ring piston 14 is adapted to recipr ocaw

.each lever 78 is provided with a dependin

-end - carrying -the spring 94.

‘qf fluid under pressure.
liner-88 are provided with a plurality of aligned
.openings -which:- cooperate to. provide -a- number

4
moving parts of the compressor and to cperate an
unloader mechanism to be described. A master
valve §4 is associated with thie unlocader mecha-
nism and is adapted to control the delivery of oil
pressure o unioader mechanisms associated with
each compressor cylinder. Oil is delivered under
pressure from means §2 to master valve 4. A
plurality of tubes 66 connect the master valve (4

‘to individual unloader ‘mechanisms associated

One s uCh

o

with each compressor cylinder. un-
anc
5 and comprises a passage 68, a bore sL‘z and a
membper 7{ whieh has a portion sealed in hore 18

-and has-a ring portion 72 which surrounds liner

S

40. ‘Ring.portion 72 is provided with & channel

3

channel 3. A port 75 connects channel 723 with
Bore 10 so that fluid admitted to hore 78 may en-
ter channel 73 and raise piston 14. A plurality of
circumferentially spaced unloader pins 82 extend
longitudinally -of -liner 48 .angd are adapted to lify
suction valve 52 so that the suction valve is held
in its open position when piston 74 is not raised
by -fluid pressure. In such case gas entez ing the
cylinder space through the suction valve is forced
back into guction manifold §4. Since the dis-
charge valve remains seated the net effect is an
accompiishment of no usual work. A lever 18 is
associated with each unloader.pin 82. Eaci lever
16 is pivotally mounted at 17 and has one enc
thereof secured to a pin 82. The other end of
0‘ ‘GO}"—
tion 78 which is adapted to engage the p‘ston

A spring 18- is provided o retain portion 8 in
contact with pisten 78 and Yo raise pin 82 when
fluid pressure is not :present below piston ..'s
Pins 82 are adapted to open suction valve 82 and
“ynload” the cylinder when fluig pressure is not
present below the piston 74.

When the system is at rest, the suction valves
are held in open position due to the lack of oil
pressure beneath the piston 74. When the motor
is -starting the reciprccation of the compressor
pistons 58 will resul$ in no compression being par-
formed. However, as the motor reaches a higher
speed and. oil pressure is built up sufficient pres-

sure will be available to load the compressor cyi-
inders by movement of pistons 14.

Control mechanisms are adapted to control
the delivery of .oil to the pistons 74 in response
to predetermined motor and compressor oper-
ating conditions. ‘The master valve 64 comprises
a housing 84 having an axial bore 86 therein. A
liner -88 which  also contains an - axial kore 98
is secured within bore 86 and adapted to receive
3, piston 92 therein. A spring 94 is contained
within -the bore 8% and acis upon one end of
piston 92 to urge it to the left in Fig. 3. The
other end of the spring $4 reacts upon a cap 96
secured to liner 88. - A line 88 is adapted to de-
liver-fluid to or receive fluid from a port {88 in
that end of liner 8% which is opposite to the
The relationship
between the strength of spring 94 and the pres-
sure-of fiuid delivered by line 88 will determine
the position of piston 92 in bore §%. The central

portion -85 of piston 92 is provided with a re-

stricted diameter so that a space i85 is provided
between the portion 85 and the wall of bore 90.
Housing -84 and liner-88 are provided with co-
operating - aligned openings -which form a port
106. -A line 188 connects port 106 with a source
The housing 24 and
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.of axially spaced discharge ports [10.. Each dis-
:charge port 110 has a, line 66 connected there-
‘1o so that Auid discharged from a port 110 will
be transported to-.a passage 68 and a bore 10
‘associated with the unloader mechanism of one
.of the compressor cylinders. Fluid flow commu-~
.nication is provided.in master cylinder 64 from
line 108 through inlet port 106, space -104 to dis-
charge ports 1i0 when piston 92 is positioned
to accomplish this. Axial movement of piston 92
in bore 8% can effectively block one or more of
the discharge ports 110 from :the fluid delivered
by line 198. When any discharge port 110. is
80 blocked oil is not delivered. to the related bore
.10 and the compressor cylinder associated with
that particular port 118 becomes unloaded.due
to the action of the spring 19 in. its.unloader
mechanism. The lines 88 and 108 are preferably
Jjoined to a common line {2 which is connected
-to a-source of fluid under pressure.

..~ Piston 92 is preferably so.constructed that.no
partial throttling of the oil supply to any.one
-of - the-lines-66. can occur. . The piston 92: prefer-
ably. comprises an assembly of a first piston:ele-

ment 93 having an axial rod 95 secured thereto .

:and a second piston element 97 slidably mounted
on the rod 85. The. piston elements 93 and 87
-are-urged apart by a.small ‘spring 99 which is
-weaker: than spring 88.- -The piston-element 97
ds provided: with. a plurality of circumferential
.grooves “§8{- adapted :to' cooperate with a spring
Joaded ball detent: {83 mounted in liner 88 to
‘positively position :piston:element 87 at a plu-
rality of stations which will fully load or unload
individual compressor-cylinders. - A-stop 105 may
‘be provided to :assure the loading:-of at least a
minimum number of eylinders.

To control the position of piston 92 in- master
valve 64 I have provided a control means (14
which is associated with line 88. The control
means {4 is-adapted to bleed fluid from line
-88 . under predetermined - conditions. -~ Control
‘means |14 comprises a normally closed bleed
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valve {6 and cooperating -valve seat 120 which -

are located in fluid flow communication withline
98, --A- bellows 118 contained ~within “control
‘means | l4is adapted to position valve 116, Valve
{16 modulates-or entirely restricts: the flow: of
fiid from control means {14 to'line 98. A spring
-{22-urges bellows |18 against a stop member’ 124
‘which: ‘corresponds to a position wherein" vilve
16 is-positioned on seat 120 and the flow of
fluid-into control means {14 is completely inter~
-rupted.--These components of the control means
‘114 -are mounted upon ‘a plate ‘126 which is at-
‘tached -to ‘the compressor housing 10 by bolts
428, * A port 130 connects the interior of bel-
Jews [18-with the atmosphere. If desired a fit-
tmg” 129 may be provided to connect the interior
lar-to that shown in my Patent No. 2,581,329,
"A-cover 132 for the control means I 14 is provided
‘with openings 134.- As the suction pressure with-
1in the‘interior 48 of the compressoi’ housing falls

the bellows 118 exténds to open valve [16.
ﬂuld ﬁow commumcatlon 1s provided from valve
“I16 to ‘thé compressor housmg by the opening
in valve seat 120 and openlngs 138 and 134, Gil
thus bled from line 98 may fall by grav1ty to
the : sump in the bottom of the compresso1 hous-
p! g and the pressure of. the ﬂuld in line 98 w111
be determmed by the’ amount of rellef prov1ded
by yalve (6. The pos1t1on of p1ston 92 is deter-
c 98. _This

45
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.with. the loading of compressor cylinders.

‘position will determine which of the compressor
cylinders are loaded Contmued operatmn of the

_compressor with certam cyhnders loaded w111

alter the suctlon pressure within the interior of
the compressor housing which in turn will re-
locate bellows 118 and reposition valve 116 %o

.reflect: this chande in--suction- pressure in the
.position of - plston 92, The. new position of piston
.92 will load additional compressor cylinders

.thereby repeating the cycle of increasing the

Ssuction pressure and repositioning the piston 92.
.Control means | 1a loads cylinders as the suction
pressure increases and unloads cylinders with
_decrease in suction pressure.

- A pair. of- orlﬁces ({1 and t18 are provided in
ﬂmd flow ecommunication with line 98. An ad-
Justable needle valve (15 controls the discharge
of -oil from line 112 through orifice {19 and there-
by -provides means for varying the sensitivity of
the system. -Orifice 117 controls the- rate of
change of position of piston 92 for any given
change in the opening of valve {16. ;

A manual control.may be a,ssocuated Wlth the
control means 114 if desired to provide a means
for wedging the system to a loaded position. - This
manual confrol includes an adjusting screw 149

which is slidably locked in a nut 142 carried by
plate 126. A lock nut (44 is threaded on screw
{48. - A spring (46 is pro_mded to extend adjust-
ing screw 140. A threaded cap 148 may be pro-
vided to cover this apparatus.  The,operator.by
removing cap {48 and turning lock nut (44 may
retract screw 140 and permit spring 123 to-seat
valve {16 on seat 128 -thereby rendering. control
14 inoperative and preventing its: interierence
‘Dur..
ing periods of normal.automatic operation the
lock nut 144 is removed so that:screw 140 is no®
restricted in its axial movement in response to
movement of bellows 118. .

Supplemental controls may also be prov1ded {0
unload compressor cylinders by bleeding oil from
line 98 and bore 99-in response to other operat-
ing. conditions of the compressor or-motor. The
copending application- of C. R. Neeson, .Serial
No. 786,273, filed November 15, 1947, which has
matured into Patent No. 2,522,762, describes an
improved ‘mechanism for -bleeding oil-from .an

.unloader apparatus-in response to increased suc-

tion pressure in a compressor thereby permitting
springs.19 to unload compressor.cylinders. - The
hydraulic control means described herein .for
magster. cylinder 64 -is particularly adapted. to
operate in conjunction with the. high suction
‘pressure bleeding device described in the Neeson
application. This device is generally designated

by the numeral 150 and is adapted to bleed fluid

from bore 90 in master valve 64. A port 149 is
provided in liner 88 and operatively connected
by a line I5f to control means 158. Port 149 is
preferably located axially in liner 88.in such a
position that piston -element 83 will block this
port until a predetermined minimum number of
.compressor  cylinders are loaded.- The control
means [58. comprises a housing 152. having a
cylinder {54 therein and a bore 186 extending
axially of the housing 152 through one end there-
of. . A valve element {58 is adapted to reciprocate
in bore.156. Valve element 158 has an axial
opening: 168 extending therethrough and exposed
to the suetion pressure existing in the interior {54
in the compressor housing. . Legs 162, secure the
_valve element {58.to the end portion of a. col-
1aps1b1e bellows. I(M The, other end of.the bel-
lows. 164 is sealed_by- the_top.of_the casing 152.
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A spring 168 is provided within the bellows 164
and adapted te react against an adjusting screw
168 threaded through the top of the casing 152.
Adjustment of the screw 188 preselects the com-
pression of spring 4868, Spring 16§ resists col-
lapsing of the bellows 484. Suction preSsure
transmitted from the interior 46 of the com-
pressor through axial opening 169 to the cylin-
der 184 tends to compress bellows 164 thereby
producing linear movement of valve element 158
in accordance with variations in suction pressure
within the compressor. When the suction prés-
sure is greatest the valve element {58 is moved
inwardly in housing {52 and when the suction
pressure is low spring {66 moves valve element
{88 outwardly. Valve element {58 is provided
with a pair of adjacent recessed portions 178
and 172 in its surface. A spring pressed ball
detent {78 is adapted to enter recessed portion
170 or recessed portion 172 depending on ‘the
position of the valve element 188. A pin (716 in
housing 152 iimits oubtward movement of valve
element 158, Valve element 158 is therefore pro-
vided with a first extended position as shown in
Fig. 3 when the suction pressure-is low and a
second retracted position when the suction pres-
sure is high. A port 17§ provided in housing 152
adjacent the outer end of vaive element {58
communicates with a chamber 188 and a passage
i§2. The passage 182 is in fiuid fiow communica-
tion with line {81 and port 149 which, as ex~
pilained above is in fluid flow communication
with bore 88 and line 98 unless port 145 is blocked
by piston element 83. When valve element 153
is in the position shown in ¥ig. 3 the port 118
is blocked thereby and the fluid pressure in line
98 is unaffected by control I56. However, when
the suction pressure existing in the interior %6
of the compressor becomes excessive the bellows
164 is collapsed and the valve element 158 re-
tracted until ball {74 drops into recessed portion
172 therein. 'This provides a fluid flow commu-
nication from line 42 through passage (82, cham-
ber {88, port 1§ and bore i56 to the interior 46
of the compressor. This provides g relief for oil
pressure in line 48 go that the number of dis-
charge ports ! {§ biccked by piston 92 is increased
and mecere cylinders are unloaded. It is to he
understood, however, that if desired control {59
could be made responsible to discharge pressire
or to both discharge pressure and suction pres-
sure.

An additional control adapted to bleed fluid
from line 88 and which is responsive to operat-
ing conditicns of motor {4 may be provided. This
control has been designated by the numeral (90.
The control {88 consists of a temperature re-
sponsive valve 182 which is secured to the hous-
ing of the motor i4. The usual field coil 194 of
motor i4 is diagrammatically illustrated and it
is the temperature thereof which will determine
the Operation of the valve £92. Valve 192 is con-
nected by a line {98 to line 98 which is the source
of fluid under pressure to master valve 4. Line
f96 bleeds oil from line 98§ to valve 192. A line
188 returns oil from valve (82 to the interior
46 of the compressor housing 20. The valve 182
is provided with a hollow interior portion and a
slidable element 283. 'The slidable element 298 is
adapted for linear movement within a guide 202.
A port 8% operatively connects the interior of
the valve 132 to the line 188. "Slidable element
2849 is adapted to selectively cpen and close port
264. The position of slidable element 260 is de-
termined by the deformation of a bimetallic disk

]
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208 Jocated within valvé member 182 in close
proximity to field coil 194 of motor 4. A rod

‘208 operatively -connects bimetallic element 206

and slidable element 200. When the temperature
¢of -coil 194 becomes excessive himetallic element
2056 -deflects to'the right in Fig. 3 thereby open-
g port ©204 and permitting eil to be bled from
iine 98 to the interior 46 of the compressor hous-
ing.

A resistance wire 204 may be placed in close
proximity -to the bimetallic element 208, if de-
sired. The resistance wire 29{ is connected in
series with the field coil {94 of motor (4 and

-adapted to heat the bimetallic element 288 when

an exeessive amount of electric current is present
in the field coil 184, The resistance wire 20{ pos-
sesses an -advantage over the use of direct motor
heat 10 actuate bimnetallic element 266 in that the
response is quicker. In the event of motor over-
load an interval of fime is required for the entire
motoer o heat up. - Resistance 281 heats up much
faster.

“Amyodified form of control responsive to metor
overload is illustrated in Fig. 4. A valve 182
which is similar to the valve iliustrated in Fig. 3
is provided ‘with & rod 208" which comprises the
moveble portion 6f a solenoid ‘285 and operates
within a sealed tube in solenoid 285 as is com-
mon in solenocid valve construction. The sole-
noid 205 is connected in séries with the field coil
184 of motor- (4 and is adapted to be actuated to
move element 288 to a position providing a fuid
flow communication between lines 196 and 198
when a predetermined excessive amount of cur-
rent passes through field coil 184 of motor {4.

One or all of these means for bleeding oil
through line (96 in response to motor overload
may be used in-an installation.

Operation

In the operation -of the -control device herein
described it will be seen that fluid under pressure
stich as oil is delivered to line {12 by lubricating
bump 62 and that line (12 divides to form lines
98 and 198 with the live 198 serving as the source
of fluid to he selectively delivered to a plurality
of lines 66 under the.control of a master valve
64, "Each of the lines 68 is connected to a port
118 and the ports 110 are spaced axially slong
master valve 64 so that the position of piston 92
determiihes whic¢h ports 110 are in communica-
tion with fluid supplied by line 108. Each of the
lines 65.is' adapted to deliver fluid to the unload-
ing Mechanism described herein and associated
with individial eylinders to load these cylinders
when oil is delivered thereto, The position of the
piston 82 in thé master valve is determined by the
fluid pressure stpplied to the master valve
through branch lirie 98 and the modulating valve
11¢ is adapted to bleed cil from line 98 thereby
reducing the pressare ofi piston 82 ag the suction
Pressure decreases. In other words, as the suc-
‘tion pressure increédses the modulating valve {18
bleeds less fluid from line 93 thereby increasing
the oil pressure on piston 82 and forcing piston
92 to the right in Figs. 3 and 6 to expcse addi-
tional ports 116 to oil delivered by line {88 to
load more of the cylinders.

Thé control device 153 is provided to bleed fuid
from master valve 64 and permit spring 24 to
move piston 82 to the left to unload additional
cylinders when the suction pressure exceeds a
predetermined value and piston 92 is located in &
position: corresponding to the loading of a pre-
determined number of ‘compressor cylindérs so
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that port 149 is uncovered: It will be noted that

modulating valve 114 bleeds the greatest amount:

of oil from line 98 when the compressor suction
pressure is low while device 150 does not become
operative until port 149 is uncovered by piston
92 which indicates that a predetermined number
of eompressor cylinders are loaded and then de-

vice 156 operates to bleed oil through orifice (49

when the suction pressure is great enough to col-
lapse bellows 164.

‘An additional control 190 is provided to bleed
fluid from line 88 and cause cylinders to be un-

loaded when the operating conditions of .the’

motor 14 indicate that this would be desirable by

opening the . temperature responsive valve 192.

The temperature responsive valve 182 is opened
when the motor temperature becomes excessive
or when the amount of electric current present in
the field coil {194 becomes excessive.

initial loading of one-.or more complessor cyhn-
ders is hereinafter described.

An additional supplementary control may be
provided to assure the -inifial loading of one:or
more compressor ¢ylinders and after a minimum
predetermined oil ‘pressure is established to op-
erate the unloader mechanism master valve /64.
This concentrates the entire output. of the oil
pump on the one or more unloader pistons until
the oil pressure is sufficiently high to indicate
that enough oil is being  supplied to operate
through the normal unloader system involving all
of the cylinders. This device is generally desig-
nated by the numeral 210 and is interposed in
the fluid supply line (12 between the fuel pump
62 and the master valve 64. A line 212 connects
the fuel pump 62 with the device 2(0. The device
210 is provided with a housing 214 having an inlet
218 to which the line 212 is connected and having
a first discharge port 218 to which the line 12
is connected and a second discharge port 220 to
which a line 222 is connected. The line 222 is
connected to one of the lines 66 extending be-
tween the master. valve 64 and the unloader
mechanism of an individual cylinder. - More than
one line 222 could be provided if desired and in
that event each line 222 would be connected to a
different line 86. The line 66 is provided with a
one-way valve 224 which prevents oil delivered
‘by line 222 from traveling to the master valve 64
although it permits oil to travel from the master
valve through line €6. The housing 214 of device

210 is provided with a port 215 which connects

inlet port 216 and discharge port 220. A valve

element 228 is adapted to selectively seal discharge «

port 218 and port 215 and carries a valve stem
238 which is secured to a piston 232. The piston
232 is adapted to reciprocate in a cylinder 234
provided in housing 2{4. A spring 238 urges
piston 232 to seat the valve 228 across discharge
opening 218. A port 238 provides a fluid flow
communication between inlet port 216 and cylin-
der 234 above piston 232 so that the oil pressure
existing in passage 226 exerts a force upon piston
232 tending to unseat valve element 228 from
opening 218 and to seat it across port 215.

and passage 68 to bore 10 thereby loading the
cyllnder associated with the line 66 to which oil
is delivered. After -the compressor operates for-a,

limited time interval the oil pressure will increase -

and  the piston-232 will -be forced downwardly

against spring . 236 thereby unseating valve ele- e

An-addi-.
tional supplementary coxntrol which assures the.

It
will thus be seen that when the compressor is:
initially started the pump 262 will deliver oil.
through line 212, passage 226, line 222, line 66,
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ment 228.  This opens discharge port 218 and
closes port 215 so that subsequently the oil de-
livered by pump 62 will be transported by lines
112, 108 and 98 to the master valve 64 thereby
permitting the operation of the compressor cylin-
ders to be controlled by the mechamsm previously
described herein.

Although  but one specific embodiment of the
invention is herein shown and described-if will
be understood that various changes may be made
without depa,rtmg from the spirit of the inven-
tion..

I clalm

1. In'a:motor driven multl-cylmder compres-
sor-set having a first-means for unloading indi-
vidual eylinders thereof, a fluid pressure respon-
sive: means -adapted to selectively overrule the .
action of said first means with respeect to indi-
vidual cylinders to load said individual cylinders
under predetermined operating conditions, means
to deliver fluid under pressure to said fluid pres-
sure responsive means including a source of fluid
under. pressure and-a master valve-adapted to be
positioned by said fluid; said valve comprising a

5" fixed member and a relatively movable member,

one of said members being provided with a plu-
rality of discharge ports and a first inlet port, said.
movable member being adapted to control the
communication of fluid from said inlet port to
said individual discharge ports in relation to its
position relative to said fixed member, said one
member havitig a second .inlet port for the ad-
mission of fluid to position said movable member
relative to said fixed member, means operatively.
conrecting said dischatge ports with their respec<’
tive fluid Dressure responsive means, means to
deliver ﬂuld from said ‘Source to said first inlet
port and-means to deliver fuid from said source
to “said second -inlet port said last mentlonedv
means -including a suction pressure responswe
valve of the modulating type adapted 10 regulate
the dehvery of fiuid to said second inlet port in-
1esponse to suction pressure in said compressor. .

2 In'a motor drlven multl-cyhnder COmpressor:
set, unloadmv means in conjunction with indi-
vidual c‘rhnders operable to unload these cylin-
ders. When the compressor is at rest, fluid pressure -
creatmg means operating in unison with said
compr essor-and’ creatmg sufficient pressure at a
mlnlmum speed to overcome - said unloading
means whereby to load all of the cylinders, and
unloadmg control means responsive to the pres-
sure in, sald compressor t6 connect or disconnect
said ﬁu1d ‘pressute creating means successw-ely to-

"or from 1nd1v1dua1 cylmder unloading means, said

control means comprising a master valve having’
a fluid ﬂow ‘connection with said fluid pressure’
creatmg means and adapted- to be positioned by
fluid pressure at different pos1t10ns to connect or
sure cwatmg means and a suetion pressure re-
sponswe valve of the modulating type interposed
in said ‘fluid flow connection tc control the posi-
tion of said master valve by metering fluid to said
master valve in response to predetermined suctlon
pressule operatmg conditions of said set.

3. In a motor drlven mult1—cy11nder compres-
sor set having a first means for unloading in-
dividual cylinders thereof, a fluid pressure re-
sponsive means.adapted to.selectively overrule‘
the action of said first means with respect to in-
dividual cylinders to load said individual cylin-
ders under predetermined operating conditions,..

‘means to deliver fluid under pressure to said flaid
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pressure responsive means including a source of
fiuid under pressure and & master valve adapted
to be positioned by said fluid, said valve com-
prising a fixed member and a relatively mov able
member, one of sald members being provided
with & plurality of discharge ports and a first
inlet port, said movable member being adapted
to control the communication of fiuid from said
inlet port to said individual discharge ports in
relation to its position relative to said fixed meni~
ber, said cne member having a second inlet port
for the admission of fluid to position said mov-
able member relative to said fixed member, means
operatively connecting said discharge ports with
their respective fluid pressure responsive means,
means to deliver fluid from said source to said
first inlet port and means to deliver fAuid from
said source to said second inlet port, said last
mentioned means including a suction pressure
responsive valve of the modulating type adapted
to bleed fluid from said master valve and means
forming a fluid flow connection between said
master valve and said suction pressure respon-
sive valve including a port in said fixed member
positioned to be obstructed by said movable mem-
ber until said movable member assutes a posi-
tion corresponding to the loading of a predeter-
mined number of compressor cylinders.

4. In a motor driven multi-cylinder compres-
sor set having a first means for unloading in-
dividual cylinders thereof, a fluid pressure re-
sponsive means adapted to selectively overrule
the action of said first means with respect to
individual cylinders to load said individual cyl-
inders under predetermined operating condi-
tions, means to deliver fluid under pressure to
said fluid pressure responsive means including a
source of fluid under pressure and a master valve
adapted to be positioned by said fluid, said valve
comprising a fixed member and a relatively mov-
able member, one of said members being pro-
vided with a plurality of discharge ports and a
first inlet port, said movable member being
adapted. to control the cormmunication of fluid
from said iniet port to said individual discharge
ports in relation to its position relative to said
fixed member, said one member having a second
inlet port for the admission of fluid to position
said movable member relative to said fixed mem-
ber, mmeans operatively connecting said discharge
ports with their respective fluid pressure respon-
sive means, means to deliver filuid from said
source to said first inlet port, means to deliver
fiuid from said source to said second inlet port,
apparatus adapted to bleed fluid from said last
mentioned means in response to predetermined
operating conditions of said set to thereby regu-
late the pressure of fluid delivered to said second
inlet port, and means to deliver all of the fluid
from. saié souree to the fluid pressure responsive
means associated with at least one of the com-
‘pressor cylinders and to by-pass said master valve
until a predetermined fiuid pressure is exceeded.

5. In a motor driven multi-eylinder compres-
sor set having a first means for unlcading in-
dividual cylinders thereof, a fluid pressure re-
sponsive means adapted to selectively overrule
the action of said first means with respect to
individual cylinders to load said individual cyl-
inders under predetermined operating conditions,
means to deliver fluid under pressure to said
fluid pressure responsive means including a
source of Auid under pressure and a master valve
adapted to be positioned by said fluid, said valve
comprising a fixed member and a relatively mov~
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able member, one of said members being pro-
vided with a plurality of discharge ports and a
first inlet port, said ‘movable member being
adapted to control the communication of fluid
from said inlet port to said individual discharge
poris in relation to its position relative to said
fixed member, said one member having a second
inlet port for the admission of fluid o positicn
said movable member relative fto said fixed mem-
ber, means operatively connecting said discharge
ports with their respective fluid pressure respon-
sive means, means to deliver fluid from said
source to said first inlet port, means to deliver
fluid from said source to said second inlet port,
apparatus adapted to bleed fluid from said last
mentioned means in respense to predetermined
operating conditions of said set to thereby regu-
late the pressure of fluid delivered to said second
inlet port, a fluid pressure responsive valve inter-
posed in the path of fluid from said source to
said master valve and adapted to prevent the
delivery of fluid to said master valve until a pre-
determined fiuid pressure is obtained and means
forming a direct fluid flow communication be-
tween said source and the fluid pressure respon-
sive means associated with one of said cylinders
and sadapted to - concentrate all available fluid
pressure thereon until a predetermined fluid pres-
sure is exceeded and said fluid pressure respon-
sive valve is opened.

6, In a motor driven multi-cylinder compres-
sor set having a first means for uniocading in-
dividual cylinders thereof, a fluid pressure re-
sponsive means adapted to seslectively overrule
the action of said first means with respsct to
individual eylinders to load said individual cyl-
inders under predetermined operating condi-~
tions, means to deliver fluid under pressure to
said fluid pressure responsive-means including a
source of fiuid under pressure and a master vaive
adapied to be positioned by said fiuid, said valve
comprising a fixed member and a relatively mov-
able member, one of said members heing pro-
vided with a plurality of discharge ports and a
first inlet port, said movabie member being
adapted to control the comymunication of fluid
from said inlef port to said individual discharge
ports in relation to ifs position relative te said
fixed member, said one member having a sscond
inlet port for the admission of fluid to position
said movable member relative to said fixed mem-
ber, means operatively connecting said discharge
ports with their respective fluid pressure respon-
sive means, means to deliver fluid from said
souree to said first inlet port, means to deliver
fluid from said source to said second iniet port,
a first apparatus adapted to reduce the pressurs
of fluid delivered to said second inlet port when
the suction pressure in said compressor is less
than a predetermined minimum, a second appa-
ratus adapted to recduce the pressure of fluid de-
livered to said second inlet port when the suciion
pressure in said compressor exceeds a predeter-
nmiined maximum, and means to deliver all of the

"~ fluid from sald seurce to the fAuld pressure re-

sponsive means associated with at least one of
the compressor cylinders and o by-pass said
master valve until a predetermined fluid pressure
is exeeeded.

7. In a motor driven multi-cylinder compressor
set- having a first means for unloading individual
cylinders thereof, a filuid pressure responsive
means sdapted to selectively overrule the action
of said first means with respect to individual
cylinders to load said individual eylinders under
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predetermined operating conditions, means to
deliver fluid under pressure to said fluid pres-
sure responsive means including a source of fluid
under pressure and a master valve adapited to
be positioned by said fluid, said valve compris-
ing a fixed member and a relatively movable
member, one cf said members being provided
with a plurality of discharge ports and a first
inlet port, said movable member being adapted
to control the communication of fluid from said
inlet port to said individual discharge ports in
relation to its position relative to said fixed
member, said one member having a second in-
let port for the admission of fluid to position
said movable member relative to said fixed mem-
ber, means operatively connecting said discharge
ports with their respective fluid pressure re-
sponsive means, means to deliver fluid from said
source to said first inlet port, means to deliver
fluid from said source tc said second inlet port,
said fixed member being provided with a port
so located that under certain conditions it is
covered by said movable member and under
other conditions it is exposed to fluid delivered
by said last mentioned means and apparatus
adapted to control the disposition of fluid en-
tering said last mentioned port by bleeding in-
creasing amounts of fluid from said fixed mem-
ber through said last mentioned port when the
suction pressure in said compressor increases
above a predetermined maximum, the covering
of said last mentioned port by said movable
member assuring that a predetermined minimum
number of compressor cylinders will be loaded.
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8. In a motor driven multi-cylinder compressor
set having a first means for unloading cylinders
thereof, a fluid pressure responsive means adapt-
ed to selectively overrule the action of said first
means with respect to individual cylinders un-
der predetermined operating conditions, means
defining a first circuit to deliver fluid under

‘pressure to said fluid pressure responsive means

including a source of fluid under pressure and a
master valve adapted to be positioned by said
fluid and to selectively connect said source with
the fluid pressure responsive means of individual
cylinders, means defining a second circuit to
deliver fluid directly from said source to the fluid
pressure responsive means of one cylinder and
to by-pass said master valve as an incident to
starting of the compressor to thereby concen-
trate the full pressure of said source on the fluid
pressure responsive means of said one cylinder
and means to render said second circuit inoper-
ative and said first circuit operative after in-
itial starting of the compressor.
ALWIN B. NEWTON.
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