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[571 ABSTRACI'

heating and air conditiomng control system having a
compressor clutch cycle control I'esture for controlling
the in-car temperature of a vehicle passenger compart-
ment is disclosed. The system comprises an automatic
temperature control (ATC) sensor (32) which provides
a modulated vacuuni control signal for a vacuum motor
(38). The vacuum motor has an output which adjusts a
biastng element m an electncal switch (82), resulting in
on/off duty cychng of an electncally energizable clutch
(28) which transmits power I'rom the vehicle engine to
the air conditioner compressor (26). The percentage of
time that the compressor is on versus the time off is a
function of the control signal which is, in turn, a func-
tion of the ambient, in-car, and manually selected set
point temperatures sensed by the ATC sensor. At ambi-
enl temperatures below a predetermined minimum, thc
ATC sensor produces a control signal which shuts off
the compressor and places the system in a heating mode,
I hereby preventing needless cooling of ambient air pnor
to heating. Dunng the coohng mode, the refrigeration
unit compressor is energized only as needed to maintain
the passenger compartment at the set-pomt tempera-
ture, thus minimizing power usage.

12 Claims, 7 Drawing Figures
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VEHICLE TEMPERATURE CONTROL SYSTEM

This is a division, of application Ser. No. 050,022,
filed June 18, 1979 now U.S. Pat. No. 4,337,818, granted s

July 6, 1982.

BACKGROUND OF THE INVENTION

This invention relates to automotive vehicle heating
and air conditioning systems and, more particularly, to 10

air conditioning systems for use in vehicle types which
must conform to rigid fuel economy standards and also
in those vehicles where accessory equipment power
demands must be minimized.

DESCRIPTION OF THE PRIOR ART

Known heating and air conditioning systems pres-
ently in widespread use in many passenger vehicles
have heretofore utilized refrigeration units which incor-
poraie a continuously driven compressor. Continuous 20

power is supplied to the compressor by a drive belt-pul-
ley arrangement directly connected to the vehicle en-

gine. This type of system also employed a heater core
kept continuously heated by high temperature fluid
From the engine cooling system. Temperature con- zs

trolled air could then be supplied to the passenger com-
partment by proportioning the amount of heated air
flowing over the heater core with the amount of cooled
air flowing over the evaporator cooling coil of the
refrigeration unit by changing the angular position of a 30

blend door located at the junction of hot and cold air
plenums. At various times when the ambient tempera-
ture and in-car temperature were below certain levels,
the blend door would be positioned to direct a flow of
air to the heater core, ho~ever, the refrigeration unit ss
compressor continued to run, resulting in needless cool-
ing of the air prior to reheating. This placed a needless
power drain on the engine and consequent waste of fuel.

Another known system uses a manually adjustable
in-car temperature selector for adjusting a temperature 40

sensitive switch responsive to the evaporator tempera-
ture of the air conditioning refrigeration unit. An ad-
justable biasing element within the switch functions to
establish an on-otT duty cycle of operation for the refrig-
eration unit compressor by alternately energizing and 4S

de-energizing an electro-magnetic clutch connected
between the compressor and the vehicle engine. The
time that the clutch is energized for driving the com-
pressor is determined by the switch biasing efFect which
urges the switch to a closed position and the tempera- so

ture of the evaporator. This semi-automatic system was
generally inelTective for automatically controlling the
in-car temperature to a preselected value because the
steady state temperature achieved in the car by this
system was directly dependent upon intermittent man- ss
ual adlustment by the operator.

SUMMARY OF THE INVENTION

The present invention provides an automatic temper-
ature control system which automatically on-off cycles 60

a clutch for connecting a vehicle engine and a refriger-
ant compressor of the vehicle cooling system unit. The
control system includes an automatic temperature con-
trol (ATC) sensor which generates a pneumatic control
signal in response to the ambient temperature exteriorly 6S

of the vehicle, tbe in-car temperature, and a desired
temperature selected by the driver, known as a set-point
temperature. The control signal, operates a vacuum

motor having a output motion connected to the bias

adjustment of a pressure responsive switch in a first
embodiment of the invention, a temperature responsive
switch m a second embodiment, or a pneumatically
actuated switch in a third embodiment. The respective
switch in each embodiment controls the energization of
a clutch for drivingly connecting the vehicle engine to
the refrigeration system compressor. The pressure and
temperature responsive switches are connected, respec-
tively, to the refrigerant line of the compressor and the
exterior surface of the evaporator core through which
the refrigerant circulates. A spring biasing arrangement
is associated with the switches and functions to maintain
the switch in a closed position within a preselected
range of temperatures and in an open position at tem-
peratures below the preselected range. The amount of
time that the switch remains closed versus the amount
of time the switch remains open is dependent upon the
magnitude of the control signal from the automatic
temperature control sensor.

At higher in-car and ambient temperatures, the on-otT

duty cycle of the compressor clutch is characterized by
a greater percentage of "on" time verus "off'ime
while at lower in-car and ambient temperatures, the
duty cycle is characterized by a greater percentage of
"off'ime versus "on" time. The invention control
system thus provides a source of cold air only as needed
to the vehicle passenger compartment, and also controls
the amount of power needed by the refrigeration system
when operating to cool the passenger compartment.

The invention also provides a means for disengaging
the clutch during periods of relatively high engine ac-
celeration in order that full engine power is available for
accelerating the vehicle.

It is an object of the present mvention to provide an
automatic temperature control system which is inter-
mittently energized by cycling a clutch drivingly con-
necting the vehicle engine and the compressor of the
refrigeration unit in order to conflne power usage to the
compressor only during intervals when the in-car tem-
perature exceeds an operator selected set-point temper-
ature.

It is another object of the invention to provide a

temperature control system which de-energizes the
refrigeration unit compressor during periods of vehicle
acceleration in order that full engine power is available
for vehicle acceleration.

It is a further object of the invention to provide a

temperature control system which automatically shuts
off the compressor clutch as the refrigerant evaporator
temperature falls below 32 degrees Fahrenheit thereby
preventing evaporator "freeze up" and blockage of air
flow to the passenger compartment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a diagrammatic representation of a first
embodiment of the invention control system having a

refrigerant pressure responsive switch controlling the
compressor clutch;

FIG. 2 is a diagrammatic representation of a second
embodiment of the invention similar to FICr. I having a
thermally responsive switch controlling the compressor
clutch;

FIG. 3 is a diagrammatic representation of a third
embodiment of the invention wherein a vacuum switch
controlled by an automatic temperature control sensor
controls the compressor clutch duty cycle,
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FIG. 4 is a graph of discharge air temperature to the
passenger compartment versus ambient or ouzside air
showing a (emperature zone of operation for the air
conditioner compressor, the temperature range at
which heated air ix m&ululated with outside or recircu- 5
lated air, and two plots superimposed on the disvharge
tcmperaturc linc showing the on/off duty cycle dura-
tion versus time at two temperature positions.

FIG. 5 is a cross-sectional vtew of a known automatic
temperature control sensor having a set point tempera- to
ture sel&vtor and a pneumatic modulating valve for
generating an output control signal;

FIG. 6 is a schematic drawmg illustrating a typical
pressure responsive switch shown in association with
thc compressor clutch and a vacuum motor controfled 15
biasing adjustmcnt to Ihe prcssure responsive switch;
and

FIG. 7 is a cross-se&nional view of a pneumatically
controlled switch having a vacuum override feature
shown in aassmiation with xvhematically represented 20
control system components.

DETAILED DESCRIPTION
Referring now to FIG I, n heating and air condition-

ing system is shown svhcmatically as including a hous- 25
ing or air duct 10 delining a fluid passageway 12 havmg
an air inlet 14 at the right end thereof and an air outlet
16 at the other cnd. A motor driven blower 18 is
mounted in air inlet 14 and functions to force ambient or
recirculated air through fluid passageway 12 to Ihe 30
passenger compariment ol'hc vehicle. An evaporator
core ol' typical air conditi&ming unit, indicated gener-
ally by rcfcrcncc numeral 20, is mounted within fluid
passrageway 12. A heater core 22 is mountsxt within
fluid passageway 12 and dowi&stream from evaporator 35
2D a&id functions Io transfer heat from the cooling fluid
of a liquid cooled engine, shown schematically by refer-
cncc numeral 24. For simplicity, thc fluid linc m&nnec-
ti&in& bciwccn thc engine 24 and hcnter core 22 are not
shown. A c&impressl&r 26 is connected between sn elec- 40
tncally operated cluich 28 and evaporator core 20. A
pr&usurc switch 30 responsive to refngerant pressure
liowing hmm comprcsvsuor 26 is con&le&'ied aiol&g a fluid
linc 31 lo cvaln&rator core 20. For simplicity, the return
path of thc refngcrant I'rom thc evaporator 20 to corn- 4(
pfcnsof 26 Jnd f('muff1&ng Uxvu)cia&cd ref& igcf&11&olf cofn-
poncnts are not shown, their being well known in the
art of rel'rigcration und nir conditmning. An automatic
tcmpcraturc conirol sensor 32 (ATC sensor) is shown as
hJvfffg a &nflffi&vtfon to a VUCUUm st(tf'Jgc fcscrvoir 34 50
and an outlet control line 36 which conveys n pneu-
matic control signal to standard vacuum motors 38 and
40. ATC zen(&fr 32 can hc OI'hc type shown and de-
scribed in U.S. Pnt. Nos. 3,770,195 or 3,tl31,841, bothol'hichare Ussikumd to the assigncsc &il'hc present inven- 55
lion. As illustrated by FIG. 5, s typical ATC sensor,
lffdICU&CD gCIU:I'ally by rCf('fCIICC IIUIOCI'Jl 42, Ls allow&I In
cross section as includillg Uli ambient mr passage 44, an
operator controlled sct-porn& tcmpcraturc selector ar-
rangemcni, indicated gcncrally hy reference numcrnl so
46. having an outpui pin 48 in &afnIact with a pivotally
mounted himetal clcmcnt 5D locnied in ambient passage
44. Thc A'I C sensor 42 I'urthcf IIIcIUdcs IUI In-sar sif
pasnfgcw&(y 52 Ilf whlctl Is moUI&tcd Jllo&IICI'imetal
clcnmnt 54. A modulating valve arr;mgcmcni, in&licntcd &fs

gcncrafly hy rcfhrciu:( ifumcnil 56 functi&ms to control
Und moduliifc U vacuum supply inlci 58 with;I vacuum
(ulitct or cof1&r(fl linc 60. Ihmcti&I clcnfcnts 50 (fnd 54 Urc

operably connected to vacuum modulator valve 56 and
in cooperation with sct-pomt temperature selector 46
function to generate a control signal at control line 60
which ix a function ol'he ambient air temperature
sensed by bimetsl 50, the in-car temperature sensed by
bimetal 54, and the set-point temperature selector out-
put which places a prelond on bimetal 50. Thc general
operation ol'ensors of the type shown by FIG. 5 is
based on s balancing of forces which occurs when the
in-car temperature is equivalent to the let-Point temPer-
ature. Whenever the in-car temperature varies from the
set-point temperature, a I'cree imbalance occurs result-
ing in actuation ol'acuum modulator valve 56 and a
chnnge in the fluid pressure ol'ontrol line 6D. The
magnitude of the signal in control line 60 is then used to
operate control elements of the heating and air cond&-
tioning system as will now be described in greater de-
tail.

Returning now to FIG. I, vacuum motor 38 is shnwn
as heing connected to a blend door 62 which is pivotally
mounted within housing 10 and movable between a First
position as shown by the dashed hnes of FIG. I
whereby air flow through passageway 12 is deflected
away I'rom heater core 22, thereby substantially pre-
ventmg hest transt'er I'rom the core 22 to the air circulat-
ing therethrough. AL(o shown schematicafly by FIG. I
are an engine vacuum source 66 and a vacuum motor 68
in direc( fluid communication therewith.

Referring now io FIG. 6, pressure switch 30 and
vacuum motor 40 of the embodiment of FIG. I are
shown in greater detail. Pressure switch 30 includes a
housing 67, a fluid port 69 connectable to refrigerant
line 31, a diaphragm 70 extending across the lower
portion of housing 67, a spring biassed switch arrange-
ment indicated generally by reference numeral 72, and a
rotatable arm bias adjustment mechanism mdicated
generally by reference numeral 74 which is operable to
adjust thc bias on switch 72. The input arm 75 of bias
ad)ustment mechamsm 74 is connected to the output of
vacuum motor 40, which is well known m the art and
will not be described in I'urther detail. In operation, the
pressure beneath diaphragm 70 at which the switch
contacts move to a closed position is then a function of
ihe &ipposing force developed by the spring bia(ing
whif;h is in turn adjustable by actuntion of vacuum
motor 40 acting Ihrough bias adjustment mechamsm 74.
Downward movement of the biasmg spring increases
the pressure on draphragm 70 required to close the
switch contacts.

The operation of the control system will now be
desvribed for the embodiment of FIG. I, with reference
also being made to the graph of FIG. 4. As stated above,
two ol'he pnmary purposes of the invention control
sysiem nre to limit the amount of power delivered to the
refrigeration unit compressor 26, and to shut down
completely the operation of the rel'rigeration umt below
a predetermmed ambient temperature. The temperature
at which thc compressor 26 remains completely shut
down is shown in FIG 4 by the vertical line aligned
with n 50 degree F. (10 degrees C.) ambient tempera-
ture Thc operation of the system will lira& be described
for ambient temperaturfn between 50 degrees Fahren-
heit (10 degrees C ) and 100 degrees Fahrenheit (37.8
&legrccs C ). During this range of ambient temperatures
ATC sensor 32 automattcally compares the ambient
Icmpcrnturc to the operator ad)usted sct point tempera-
Ium Iilul ihc In-cifl Icmpclil&UI'c. A pneumatic control
,signal is au&omni s:ally produced and conveyed to vac-



uum motor 40 which ndjusts thc biasing k&ad on dia-
phragm 70 a predctcrmmc&l amnunt m proportion to the
tempcraiurcs «n«d hy ATC sensor 32.

Ambient or rcmrculatcd o&r pnsiing over thc cvatx)ro-
tor core 20 causes thc rct'ogcrani prcssure to vary ac- s

cording Io the amount of heat aha&/bc») Ihcrehy. As the
cvafx&rotor core lempcralurc increases the refrigerant
prcssure icnicd hy prcssure r(»pensive ~witch 30 m-
crcnscs uriid the iw&lch cor&loci( elute causing cne/g&r4
I&ou ol cluich 28 JUEI opc/atu)t& of c&)mp/cs«)r 26. Com- I&)

pres«)r 26 will then continue to run fora prcdctermincd
time period until thc cvupE)/aiof co/c lcmpLYstu/L de-
c/cases rciu) ting m a con«quuil dL»:reuse tn rcfogerant
prcisurc &hereby permitting thc biasing arrungcment io
open the swtlch cont&&el» of prcssure switch 30 result&ng
in dc-cncrgi/Jt&on ol'clutch 28.

'1'hc amount of time Ihat clutch 28 is cncrg& Jed versus
lhc amount of lime thol il ih dc-encrgi/cd &s a I'unctionol'hc

cahhration of prcssure iwitch 30 which is olio a
I'unction of thc amount ol'biasu&g adjustment inpul Iron) 2O

vncuum motor 40 Ai stated above, the amount of'h&ni-
ing addustmenl from vacuum motor 40 i» dctcrmincd hy
Ihc output pneumnt&c signal from A'1 C sensor 32 and ii
ullimnlely dctcrmiacd hy Ihe IE:n&pc/UIU/c o&ul flow I'i&lc

ol'discharge uir ncccs«&ry lo co&il thc vch&clc I'or a gtvcn 2&

ambient tcmpcraturc uad in-ear lcmpcralurc. In general,
ot htgh amhn:nt and in-cor tcmpcratures, the biasing
clTcct wdl bc lcii, perm&U&ag ihc prL»iurc resp&ms&vc
swilch 30 li& remnin closed for n longer period ol'ime
than il rcn&au&s open. Al k)wcr umh&cnl mnl in-cor lcm- &0

pcruturci the biasing e)Tccl ii grcaler, causing the
hw&lch 30 io &'cmJO& open f/u u pcr&oil of lime greater
Ihan it is cloicd

Supcrimpoicd upon Ihc F)G. 4 graph of di«barge
tcmpcraturc vcr»us ambient temperature arc two &m/olT &1

duty cycle plots of comprciior-Llulch operation vcriui
lirnc li)r tcmpcrulurc betwcmn 50 degrccs and tt&il dc-
grci» 1&ahrcnhcit. I'Ini 76 sct&cmuticolly rcpr(»cnts &i

clutch on/olT duly cycle in which the m)mf)/cs«&r ou
lime rep/L»/eats less than half of Ihc peri&at tm&c; Jn
whereas. ihc plot rcprc«ntcd hy rcfcretnsc numeral 78
showi an on/olT duly cycle in which ibc c&nnprci«&r
/Uus Iof » g&ct&ILY pc/&'cult&gc of the total perioil ol'oper-
&&tuel. &U&d benin Ihc (hschargc Icmpcr;&lu/c Ls Jpp/ox&-
mately 10 dcgrcei I( ( I.I &lcgrcc C.) 11 ihoutd bc Js
nolo(i lh» t dura&g»ystem opcral&ot»&t &unb&cut Ie&npcri&-
IU/cs ol SO Eicg&'L'L» I( ( IU El( 8&'ccs C ) aud )tn)vc blend
dimr 62 rcmaini in iti tully open poh&&ion, ai ~bown by
the dashed Uncs ol FIG. I, thereby substantially sh&ckl-
ing Ihc llew of already c(HUCEI iu& l&oi/& uccdlcs c&/cuk&- Et&

t&ou i&gian)i he» lc&'o&L'2 winch wiiuid ilccrwiie Itx.
cfli&ucncy &if Ihc cmiling mode of syslcn& opc&»t&ou 1)y
/CUUU'U&g Ihc con&p/Lhnor h) run fo&'onger pc&lodh ol
lime Al,&mbicnt tcm&pcrolurcx below 50 dcgreci I& (10
&lcgr&vs C.) Ihc h&a&ling mode nt'systcrn opera&ion be- &5

gini &md iwi &eh 30 remains de-cncrg&reit, the& cby &le:n:-
liv,iting comprcs«ir 26 an&i prcventu&g unnccci«iry
coolmg ol &nnhicnt &Ur prior (n he.&tmg by heater core 22
ihui iaving Ihc cnipne power which woukl othcrwiie
b» expcn&lcd to comprcii ond cucutatc refogerani io &o

elT&'cl c&n)tn&g
l)u&'u&g, Ihc tu:i&tu&g nn&dc &EI system opcrulnu&, v»c

uun& nail or 38, i&unior u& cor&itri&cl &on In vt&c&ium motor
40 &il 1&I(i 6, movei htend door 62 to:i poiit&on which
ilelliwii a port&on ol &imhieni a&r llew low.&rd Issuer n(
core 22 rcinliing &n on increnied d&«h&&rge &cmpcraturc
lo lhe pi&sic»gc& con&p» /ln&c» l. I he i&ninon& of &u& dc-
tlectc&l:ig:nnil healer core 22 &s o funct&on ol the &n-c;ir

tcmpcraturc, Ihc sel-porn& tempcralure, nnd ihe amhieni
temperolurc As shown by lhc gruph ol''l(i. 4, Ihc
IL'(U)lant d&hehn& gc Ic/npc/UIU&'L'&( &'CJ»cs;&s ihc ambient
Iempcralure dccrcasei

1'hc s)'slcn& i)r F)G. I also n&Eo/po/i&lcs & con&p/ess(U'UIHU&l

1:Jturc which &s rcsponsivc to predetermine»I
vehn:Ic o(eclcraliom. Compressor cul-out is uchicvcd
hy second vacuum motor 68 which Ls conncclcd lo hiui
adjustmcnl 74 hy mian&s of U hnkJgc, nol shown Unde&
hurd ucccterot&on the engine vacuum dcc/cases caU(u&g
Ihc outpul ol';n:uum motor 68 to rotate the hiss ndjuil-
m&'nl 74 ul a Elt&ccl&on lo CITccl tul &nc/cuhc in Ihc ipnng
b&ni lo&'cc octa&g Io open lhc sw&lch con&ai'ls, thereby
dc-cuc/g&/u&g clUI&.'8 28 Jud shelling down compressor
26

Refcrnng now to 1)l(i. 2, .i second cmbod&ment of'Ihc
mvcntioa i» schematically illustrated which ii similar lo
Ihe cmhodirncnl of''IG 1 cxccpl that thc prciiurc
switch 3U of thc FIG. 1 cmhod&ment hai been rcplaccd
by a Ihcrmully rcsp&msive switch 80. Sw&tch 8U may hc
of any suiiablc c(mstruct&on known UI Ii&c»/1 au(l
pret):rahly of lhe lypc hovu&g t& Icmpc&'alurc I'Lspouh&vc
cap&llary clcmcnl in lluid communical&&m with o llcxiblc
d&Jph/ag/n wh&ch &i, &n &U& n, eonncclcd to tu& over ccu-
Icr ipnng 8&r actuating an ctcclrical iwilch connected
to clulch 28 Ibis particular lype of switch &s well
known in &hc ari, and thcrcl'orc, a dctailcd descrip&i&m of

couhtrucl&ou J»dt opc/at&iu& has hccn &)m&lied. Thc
I'unct&on ol'hc 1)IG 2 cmhod&ment &i identical to tholol'3(i

I except Ihat Ihc clutch on/o(T duty cycle is a
function ol'arying evsporulor core Icmpcralurcs
r,uhcr ihan prcsiurc. It will he un&lcrito(xl hy lh()sc
ik&tlal in lhc arl Ihul thcrnud iwilch UU may olio iuco&-
poratc a suitable addustmcnt lcalurc munparahlc to that
shown by f IG. 6 li)r altering Ihc hiaiing clTcci onthL'w

itch
Rcl'Lrnng now to 1&1( . 3, Ihcrc is illuitralcd a Ihird

cn&bod&ment of thc invent&ou whc/cu& Ihc con&p/eh»of
cluich 28 ii cycled hy o vacuum iwitch 82 which ii not
conn(mt&xi direct)y or ind&rcclly to cithcr hcatcr core 22
or evapor.&lor core 20, hut is controlled dirc('lly by
A'1'&C «nhor 32 'I'herc &i ihown m FIG 7 a diagram-
n&i&I&c Icp/csea&» ti(ni ol' suitable vacuum switch 82
con&p»'s&ug » cent&td houhu&g ice&ion 84, & UOUhu&g cnd
ci&p 86 h»v tug pe& fo»&la)&L( 87 the&'cul I'or comn&unicnl-
ing;Umosphcoc uir llwrclhrough a llui(l pi)rl 88
ihrough &wntral houiing 84, a l&)wcr In)usmg 90, an&I o
tluul p&irl 92 c&mncct&al d&rcclly to cngmc vacuum
sou&'L'L 66. An upflc&'u&ph»Egal n&cnlbcr 94 &s scalmgly
umncelcd hctwccn cnd cap 86 md central housing
section 84. a lower ihaphragm 96 ii icalmgly conncctcd
;&rouml tts outcr pcr&phcry bclwccn &cnlral hous&ng 84
;&ml tower h&niiing 90, and iw&tch contacti 98 an(t 100
orc c&mncclcd on c&ther «&lc ol'entral housing 84, A
b»&s&ug (pong 102 hai i&s upper cnd icate&l agamil an
micr& 104 &tiipoieil in thc central regnm ol'&lmphragm
94 and i&i lower cnil ic,&teil ogainit:i rcactnm member
106 which ti conncctcd to iw&tch con&;U:I 98. A lower
hioimg (pong 108 h &i &ti lower end (L &led ugamit l&iwcr
Iniu«ng 90 and i&s upper cml xcatcil against o centr,ilty
loca&cd in«rt 11U whtch is cim&n:/teal to &haphragm 96

In &&per:it»in, vucuum iwilch 82 reip&mili In an m-
L'r&»&su&g v&u:U&iu& i&gu&d (lowe»'; I'&iolUIc p&/csin/c) I/on&
A'I'&C «nsor 32 &pphc&l lh&ough luul 88 hy movmg
switch conlact 98 mt&) conla(l w&lti switch con&a&:I 100
llu:&cby cliis&ng llw mrcnit t)ctw&wn contact ternnnul
101. Whh:h &i,uloptml li)r connectum I&»; p&)wcr source,
not ihown, anil clulcl& 28 Im cncrg&rmg L'luich 28. the
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switch contacts 98 and 100 will remain in a closed posi-
tion until the in-car temperature falls below a predeter-
mined value, at which point the control signal from
ATC sensor 32 will increase in absolute pressure (lower
vacuum), thereby permitting diaphragm 94 to lift up- 5

wardly causing switch contact 98 to be spaced from
contact 100. Thus, vacuum switch 82 is on/off cycled
by ATC sensor 32 resulting in an on/off duty cycle for
the embodiment of FIG. 3 similar to plots 76 and 78 of
FIG. 4. 10

The lower portion of vacuum switch 82 functions as
an acceleration cut-out by overriding any signal from
ATC sensor 32 which tends to close switch contacts 98
and 100 as will be hereinafter described. During periods
of vehicle acceleration the engine vacuum level de- ts
creases sharply causing the absolute pressure in the
chamber beneath diaphragm 96 to increase resulting in
upward movement of diaphragm 96 under the bias of
spring 108 and consequently opening of switch contacts
98 and 100. This acceleration cut-out feature is compa- 20
rable in function to the acceleration cut-out feature
described above for the FIG. 1 and FIG. 2 embodi-
ments of the invention control system.

Various modification and alterations of this mvention
will become apparent to those skilled in the art without 25

departing from the scope of this invention.
What is claimed is:
1. A system for automatically controlling a vehicle

passenger compartment cooling unit having an air heat
exchanger for maintaining the compartment at a desired 3o
temperature, said control system compnsmg:

(a) means for selecting a desired temperature at
which the air in said compartment is to be main-
tained and providing an output indicative thereof;

(b) temperature sensing means for sensing the air 35

temperature within said compartment, said temper-
ature sensing means including means for generating
a modulated control signal having a magnitude
responsive to the difference between the air tem-
perature in said compartment, and said desired 40
temperature;

(c) clutch means engageable and disengageable for
transmitting power from the engine of said vehicle
to said cooling unit; and

(d) means for engaging and disengaging said clutch 45

means, said engaging and disengaging means re-
sponsive to the amount of heat absorbed from the
atr passing through said heat exchanger such that
said clutch means is engaged as the temperature of
the heat exchanger reaches a first predetermined so
value and said clutch means is disengaged as the
temperature of the heat exchanger falls below a
second predetermined value less than said first
value, said engaging and disengaging means includ-
ing adjustment means responsive to said sensor 55

control signal for varying said first and second
predetermined temperatures at which said clutch
means is engaged.

2. The system defined in claim I, wherein said tem-
perature sensing means is operative to disengage said eo
clutch and maintain said clutch disengaged so long as
the ambient temperature external to the vehicle passen-
ger compartment is below a predetermined value less
than said second value.

3. The system defined in claim I, wherein said sensor ss
is partially biased by ambient temperature external to
the vehicle passenger compartment and is further biased
by said output of said temperature selecting means.

4. The system as detined in claim 1, further including
cut-out means for disengaging said clutch means during
periods of vehicle acceleration above a predetermined
magnitude, said cut-out means overriding said engaging
means.

5. The system as defined in claim I, wherein said
clutch means is electromagnetically actuated.

6. A system as defined in claim I, wherein said signal
generating means produces a pneumatic output signal.

7. The system as defined in claim 1, wherein,
(a) said clutch means is electromagnetically actuated;

(b) said cycling means includes,
(i) temperature responsive actuator means for sens-

ing the temperature of the air conditioning unit
evaporator core,

(ii) electrical switch means operably connected to
said temperaiure responsive actuator means,

(iii) biasing means operably connected to said tem-
perature responsive actuator means for opposing
movement thereof such that said temperature
responsive actuator means moves said switch
from an open to a closed position as the tempera-
ture of the evaporator core rises above a prede-
termined value proportional to the biasing effect
of said biasing means, said btasing means con-
nected to said adjustment means for varying the
biasing effect thereof.

8. A system for automatically controlling the temper-
ature of a vehicle passenger compartment, said system
composing:

(a) housing means defining a fluid passageway, said
liuid passageway having an inlet for receiving am-
bient air and air from said compartment, and an
outlet for directing said air to said compartment;

(b) means for circulating air through said housing
toward said passenger compartment;

(c) refrigeration means, said refrigeration means in-
cluding,
(i) a compressor for liquifying and pressurizing a

heat absorbing medium,
(ii) an evaporator core disposed within said fluid

passageway for receiving said heat absorbing
medium and absorbing heat from the air flowing
therethrough.

(d) a heater core disposed within said housing means
for raising the temperature of air flowing therepast;

(e) blend door means responsive to said control signal
and operably connected to said housing means, said
blend door means located within said fluid passage-
way for modulating the amount of inlet air flow
directed toward said heater core,

(f) means for selecting a set point temperature at
which the air in said compartment is to be main-
tained;

(g) temperature sensing means for sensing the air
temperature within said compartment and the am-
bient air temperature extenor of said vehicle, said
temperature sensing means including means for
generating a control signal having a magmtude
responsive to the ambient air temperature, the air
temperature in said compartment, and said set point
temperature;

(h) clutch means energizable for transmitting power
from the engine of said vehicle to said compressor;

(i) means for on/off cycling of said clutch means, said
cyclmg means responsive to the amount of heat
absorbed by said evaporator core such that said
cychng means energizes said clutch means as the
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temperature of said evaporator core reaches a first
predetermined value and continues to energize said
clutch means until the temperature of said evapora-
tor core falls below said first predetermined value,
said cycling means including biasing means respon-
sive to said control signal for varying said first
predetermined temperature at which said cycling
means energizes said clutch means; and

(k) said temperature sensing means generating a con-
trol signal in response to ambient temperatures
below a second predetermined value whereupon
said cycling means de-energizes said clutch means
and said blend door means modulates the flow of
air through said housing to said heater core, at
ambient temperature above said second predeter-
mined value said blend door means substantially
dellects air flow away from said heater core.

9. A method of controlling the temperature in a vehi-
cle passenger compartment comprising the steps of:

(a) energizing an on-board source of refrigerant and
circulating said refrigerant through a heat ex-
changer for evaporation therein and heat exchange
therewith;

(b) sensing the pressure of said circulating refrigerant
and cyclically controlling the energization of said
source in response to said sensed pressure;

(c) sensing the compartment temperature and biasing
said pressure sensing in response thereto;

(d) forcing a stream of air over said heat exchanger
for cooling;

(e) diverting a portion of said cooled air to a heater
and miiung said heated and cooled air to provide
tempered air flow;

(i) controlling said diversion of cooled air in response
to said sensed compartment temperature; and,

(g) directing said tempered air flow to said compart-
ment.

10. A system for automatically controlling vehicle
passenger compartment cooling having a refrigerant
circulator and an air heat exchanger receiving said re-
frigerant for maintaining the compartment at a desired
temperature, said control system comprising:

(a) selector means operative upon actuation by the
vehicle occupant to select a desired passenger com-
partment temperature and provide an output indic-
ative of the desired temperature;

(b) temperature sensing means receiving said selector
output and sensing the air temperature within said
compartment, said temperature sensing means
being operative to provide a modulated control
signal having certain characteristics thereof indica-
tive of the dilference between the air temperature
in said compartment and said desired temperature;

(c) clutch means engageable and disengageable for
selectively connecting and disconnecting said re-
frigerant circulator from an on-board source of
power;

(d) actuator means receiving said control signal l'rom
said sensor and operative in response to said certain
characteristics thereof, to cycle said clutch means
between said connected and disconnected mode,
said cycling means including means movable in
response to changes in the pressure of said refriger-
ant and means responsive to said sensor control
signal operative to variably bias said pressure re-
sponsive member for modulating said cycling
means.

11. A system for automatically controlling vehicle
passenger compartment cooling having a retngerant

circulator and an air heat exchanger receiving said re-
frigerant for maintaining the compartment at a desired
temperature, said control system comprising:

(a) selector means operative upon actuation by the
5 vehicle occupant to select a desired passenger com-

partment temperature and provide an output indic-
ative of the desired temperature;

(b) temperature sensing means receiving said selector
output and sensing the air temperature withm said
compartment, said temperature sensing means
being operative to provide a modulated control
signal having certain characteristics thereof indica-
tive of the difference between the air temperature
in said compartment and said desired temperature;

35 (c) clutch means engageable and disengageable for
selectively connecting and disconnecting said re-
fngerant circulator from an on-board source of
power;

(d) actuator means receiving said control signal from
said sensor and operative in response to said certain
characteristics thereof, to cycle said clutch means
between said connected and disconnected mode,
said cycling means including thermal means mov-
able in response to the changes in temperature of
said heat exchanger and means responsive to said
sensor control signal operative to variably bias said
thermal means for modulating said cycling means.

12. A system for automatically controlling vehicle
passenger compartment cooling having a refrigerant

30 circulator and an air heat exchanger receiving said re-
frigerant for maintaining the compartment at a desired
temperature, said control system comprising:

(a) selector means operative upon actuation by the
vehicle occupant to select a desired passenger com-
partment temperature and to provide an output
indicative of the desired temperature;

(b) temperature sensing means receiving said selector
output and sensing the air temperature within said
compartment, said temperature sensmg means

40 bemg operative to provide a modulated control
signal having certain characteristics thereof indica-
tive of the difference between the air temperature
in said compartment and said desired temperature;

(c) electromagnetically actuated clutch means en-
gageable and disengageable for selectively con-
necting and disconnecting said refrigerant circula-
tor from an on-board source of power; and

(d) means receiving said control signal from said
sensor and operative in response to said certain
chracteristics thereof, to cycle said clutch means
between said connected and disconnected mode,
said cycling means includmg,
(i) pressure responsive actuator means in fluid com-

munication with the )it)aid cooling medium in
55 said air-conditiomng umt compressor,

(ii) electrical switch means operably connected to
said pressure responsive actuator means,
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and
(iii) biasing means operably connected to said pres-

sure responsive means for opposing movement
thereof, such that said pressure responsive actua-
tor means moves said switch means from an open
to a closed position as the pressure of the cooling
medium rises above a predetermined value pro-
portional to the biasing effect of said biasing
means, said biasing means connected to said ad-
justment means.
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