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(57) ABSTRACT

A system for heattng and cooling the transmission flntd
utcludmg a hmn exchanger adapted to translcr heat between
au en ute coolant and a tuansnus stoa tlutd and a controller for
controlling a valve to place thc system into a select one of
three modes including a heater core pa ority mode wherein no
engine coolant flovvs to the heat exchanger. o heating mode
wherein hot engine coolam flows directly to thc hant

exchanger from the engine and a cooling, mode u.heretn cool
engine coolant flows directly to the heat exchanger from the
radiator, whereby thc tnmsntissimt fluid is heated in an cfli-
cient manner v;ith minunal impact on passenger compart-
ment heating
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TRANSMISSION FLUID WARMING AND
OOOI,INC SYSTFM

FIL'LD OF THE INVENTION

[0001] The present unvntion perltnns to tlm art oi'reducuig
parasitic losses in uonsmissions by warming up transmission
fluid prcscnt in thc transmission in a rapid nnd ctyiciont man-
ner thereby reducing the tronsnussion thiid's viscosity ond
coolinvc the transmission tluid wllen the tmnsmission is sub-
Iectto heavy loads.

BAUKL)ROUND OF INYEN11ON

[UUU2] Motor velflcles are typically used to tmnsport
pcoplc from place to place. As sucfi Ihcy often have a passen-
ger compartment mid a power source, such as an engine tlat
drives mi automatic transmission which transmits energy
from the power source lo a set of dnven ivheels to propel the
vehicle. Making such motor vehicles more efflcient is cur-
rently o main iiicus o I'the miuimobile industry. Unfortunately,
most mitomatic transmissions typically sufibr from parasitic
losses on startup of the power source. Such losses are

particula-

rlyly acute in the presence ol'lou ambient temperatures. such
as those present in a cold start in winter or a cold start in
gcs&graphic areas hai ing cold climates Since tbc imtonratic
trlnsuusslou flulii prcscut 111 Ihc lrausullssl(ill htls ii viscosity
that changes based on temperature, ui cold tempemiture the
viscosity may be quite high, thcrcbv causing unacccptablc
parasitic losses and reduced fuel economy at least until the
poller source wamis up thc tmnsmission ond the mitomatic
transmission fluid. Amithcr pr&iblcm associated ivith control-
linvc the temperanire of automatic tmnsmission tlmd is over-
haiting. When a motor vehicle is subject to lmavy use, fiir

example, u ben tbe motor vchwle is towing a beavv load, the
automatic transmission tluid is oflen Ileated too quicldy and
may ovcrconie inlmrent cooling present in the tnmsmission
and additional coolulg systems nnist be employed.

[0003] Also, in order to cool the engine, motor vchiclcs are

typically proadcd ivith a cooling system that ciradotes a

liquid coolant tltiough the engine v;hich heats the coolant and
cools the engine Tlm coolant dwn flows through a heat
exchanger or radiator to remove heat from the coolant. Tbe
coolmit leaving the engine is often used as o beat source for
auxiliary tasks For example, thc hot coolant leaving thc
engine may be sent though o heater core designed to transfer
boot from the coolam to air. The hot air is then used to heat the
pas scllgcr conlpaniucitt

[0004] To address tlm problem of rcducal fuel economy
caused by the tnutsnusston tluid being too cold soon after
cnginc ~tart, many motor vdlicle mamlfacturerr are pursuing
Ieclutologtes that u dl help Ihe automntic Ir ulsmission fluid
heat up more quickly. One solution lios been to use an oil-tii-

aiginc coolant lhait cxchimgcr to ivarm thc aulonmtic trans-
nussion fluid. However. in past arrangemeuts. additional
cooling has bccen required and therefore the arrangements
have nol been cost cifi:ctivc Also, such armngemcnts have
adversely affected passenger comparunent heating ond even
adversely offectal coolant tlow thmugh nssociated radiators
Passenger comparunent heating can be compmmised if too
much heat is diverted to heating the automatic transmission
tluid and, in thc case of a two pan radiator with a low tem-
perature loop ond a high temperature loop, additional efforts
are needed to ensure that engine coolant is alii ays flowing

tlu ough the lou temperanire loop ivhen coolant is flowing
through the high temperature loop lo avoid dmnagc to the
mdiator.
[0005] Anodicr soiutiim is represented by tlm arrmigement
shown inU S Pai No 6,106.160 More specifically, a system
is disclosed for preheanng transmission fluid wherein port of
tlm engine coolant is quicl ly heated by an intcmal combus-
uon engine 17 md made availoblc fiir healulg of the trmls-
nussion fluid as shown in FI(L 2. Coolmlt flows through on
equalization tonk 2 and then through mi oil'v ster heat
exchanger 5 but does not flow tlu ough radiator 4, 14. Ilow-
ever, such an arrangement stifl suffers from several draw-
backs. For exmuple, the arrangement employs an excessive
number ofparts, v;hich form a complex system that is slov; to
respond to changes in temperatnre. Another attempt to pre-
heat transnussion tluid is represented by U.S. Pat. No. 7.267,
004. As shown in FIO. 2, engine coolant is sent throuJt heat
exchanger)oil cooler 24 ui heat transniission fluid, hou ever
the system is not designed to send only hot or cold coolant to
heat exchanger,'oil cooler 24 the but rather sends a mixture of
the hot mid cold coolmu Furthermore, in order to function
pniperly, the arrangement in FIO. 2 requires o relatively large
number of control valves mid heat excbmigcrs yielding o

relatively compitcatcxi and expensive sysmm,
[0006] Based on the above, there exists a need in the art tiir
a systan for heating and cixiliup automatic transmission floid

ui a rapid uid eflicienl m uuler thereby reducing Ihe viscosity
of the trmlsmission tluid and fiir cooling tlm transmission
fluid when the transmission is sub[cot to haivy loads. u bile
overcoming some or all of the above-mentioned shortcom-
ings of the prior an.

SUMMARY OI'i lfi INVENTION

[0007] The present inventioo. is directcsI to a velucle isith a

passenger compartment and an internal combustion engine
connected to an automatic transmission using transmission
fluid that tnulsnuts power from the engine to a dm en set of
wheels to propel the vehicle. The velucle also includes a

system for heating oid cooling thc transmission fluid Thc
system uicludes a heat exchanger tluidly connected to the
engine and transmission The beat exchanger is adapted to
receive hot engine coolant from Ibi: engine nnd io transfer
energy from the hot engine coolant to the transmission tluid,
which is subsequently sent back to tlm tmansmission A pas-
senger compartment heuter core is fluidly connected to the
engine and the passenger compartment. The heater core is
adapted to receive bot aiginc coolant from thc aiginc and to
transfer energy from the hot enguie coolant to air. which is
sent to the passenger comparonent in order to regulate the
lempernture ol'hc passenger camper)mean
[0000] The system also includes a radiator fluidly con-
iicmted to the argute ond the heat exchanger. The nidiator is
adapted to cool the algine coolant by transferring heat from
the coolant to ambient air In a lirst pret'crredi cnibodiment. the
engine thermostat is loaited between the eugtue and the
mdiotor on the hot side ofdie mdiotor. A tirst valve is fluidly
conncvtcd to both the cugtnc mid thc beat exchanger ond is
adapted to selectively enable or prevent the flow of engine
coolant fmm the aigine to the heat exchanger Prcfi.robly. thc
first valve receives engule coolant from a line 1eadulg to the
heater core from the engine. Optionally. coolant is received
from a liim leading from the beater core to tlm engine Also,
the first valve receives cold engine coolant from the mdiator.
A controller is designed to place the systan into o select one
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of tluee modes. uicluduig a heater priority mode where the
lirst i alvc is positioncxI to receive cool mt but does not receive
it due to the position of the engine thermostat. a heating mode
wherein hot migine coolant Iiows directly to the heat
exchanger from the engine mid a cooling mode ivbi:rein cool
engine coolant floivs directly to the heat exchanger from the
nidiator, whereby tlm iransmission tluid is heated in an ctii-
clcilt ulilullcl w'ltli llillllillal illipiict oli passcli cl'olliptirt
ment heating. The system also includes a coolant return line
between the nidiator*s low tcmpcraturc section and high tcni-
perature section to ensure tliat tlow will occur in tire low
temperature section of the mdiator ivhenever flow occurs in
the lugh tempemture secuon of the radiator regardless ol the
first valve's position. The coolant return line preferably
includes either a flow rcstrictor or a relief valve and is located
either internal or external to the radiator.

[0009] In n sccoiul preferred embodiincnt. a scwond valve is
provided beuveen the midiator and the heat exchanger, ivith
tlm second valve icing adapted to all mv fluid to tlow from the
radiator to a select one of'he engme and the heat exclranger.
thus providing for a third mode giving priority to the heater
core so tliat the pasimnger compartnwm is heated quickly and
coolant passes the heat exchanger. In a tlurd emboduuenh the
second valve selectively sends cold coolant directly to the
hmit cxchnnger tfirough a direct flow linc mid thc lirst valve is
located so as to accept lait coolant from the engine and selec-
tively provide hot coolant to the heat exchanger by sending
the hot coolant tluough the direct flow bne. In a fourth
embodiment, the second val~e opens and closes flow from the
low temperature radiator to the heat cxclranger and incorpo-
rates the coolant return line as described in regard to the first
embodiment.

[0010] I'referably, the radiator includes a lugh temperature
section, a low temperature section and n cold coolant supply
channel extending between the radiator and the heat
exchanger, with the second valve being locatixl in the cold
coolant supplv clmnnel and connected to the loiv temperature
section to selectively send cold engine coolant back tluough
a thcmiostnt to the engine. Thc system includes a heater core
fluid return cbmmel exteiulingbetws en the heater core aud the
engine. as well as a hot coolant renini channel leading from
tlm bent exchanger to thc hcatcr mire tluid rctum channel A
heater core fluid channel extends between the engine and the
heater core and a hot coolant supply clmnnel leads from the
hcatcr core fluid channel to the lirst valve A coM coolant
supply channel extends between the radiator and the first
valve, with the scecond valve being located in the cool coolant

supply channel. A shunt channel extends bet~can the first
valve and the heat exchanger.

(0011] A senes of temperature sensors and timers are
mnployed for valve cimtrol purposes More specifically, n first
temperature sensor senses transmission fluid tempernture. A
second tempemture sensor indirectly infem the temperature
ol'automatic traiunnission fluid [wiving the transmission cast.'

third temperature sensor nice sures coguie coolant

temperatu-

rere. A first timer detemiines when to switch the first and
second vnlvcs basixI on a rats ol'change ol'tcmpcniturc of&he

engine coolant and a time value based on a starting tempem-
ture. A second timer determines when to switch the first and
second valises based on movement of a transmission comnil
switch and isa s a time value based on the starting temperature.
I'hc starring temperature is preferably a tcnipemature indica-
tive of the temperature of the automatic tminsmission tluid at
the time the engine is started. For example, the temperature of

the enguie coolant, the automatic transmission thud ui the
sump, or ambient temperature are all useable as a starting
temperature.
[0012] In the first preferred embodiment. the temperature
of transnussion fluid m the motor vehicle is preferably con-
trolled by having the system selectively enters heater priority
mode. an mitomatic transmission fluid heating mode or an
automatic transmission fluid cooling mode. The system
enters the mitoma tie transmission fluid hma ting mode by send-
ing hot engine coolant to the heat exchanger for heating the
automatic trans nus sion fluid by transferring heat from the hot
engine coolant to the automatic transmission fluid. The sys-
tem enters the mitomatic transmission fluid cooling mode by
sending cold engine coolant to the heat exchanger for cooling
the automatic transmission fluid by transferring heat from the
automatic transmission tluid to the cold migine coolant. Tire
system enters tlie heater priority when the valve is positioned
to receive cold engine coolant before the enyo'ne thenuostat
opens. This heater priority mode is only avmlable for a rela-
tively short period of time prior to when the engine warms up.
The system switches between the modes based on a sensed
temperature by using the valve to selectively provide either
hot engine coolant from the engine or cold coolant from the
radiator.
[0013] In the second, tlurd and fourth preferred embodi-
nients of tlm invention, the tcmpcraturc of trmism isa ion fluid
in the motiir velucle is prelerably controlled by luiviug the
system selectively enter one ofa heater core priority mode. Cn

mitomatic transmission fluid hatting mode or an automatic
transn»ssion fluid cooling mode. The system enters a heater
priority mode by disabling automatic transmission fluid lmat-

ing Unlike the lirst prefcrrel mnbodunent, thc heater priority
mode is entered independent of the engine's thermostat posi-
tion Tlm system cntcrs the automatic transmission tluid lmat-

ing mode by sending hot enguie coolant to a heat exchanger
for heating the automatic transmission tlmd by transfernng
lmat from tlm hot migine coolnnt to tlm aut(miatic trnnsmis-
sion fiuid. The system enters the automatic transmission fluid
cooling mode by sendinc cold engine coolant to the heat
exchanger lor cooling the autoinatic transmission fluid by
transferring heat fmm the mitomatic tmnsnussion tiuid to the
cold engine coolant Thc system switches between the imidks
based on a sensed temperature. In the second preferred
embodunent, the first valve selectively provides hot engine
coohmt I'rom the engine. or cold engine coolant front the
mdiator to the heat exchan er, wlule the second valve selec-
tively sends cold engine coolnnt cithcr to thc lirst valve or
back to the en ine. In the tlurd preferred mnbodunent, the lirst
valve selectively provides hot engine coolant from the engine,
while tlm second valve sclcvtivcly sends cold engine coolant
either to the heat exchanger or back to the engme
[0014] Each of the four preferred embodiments provides a

system for heating and cooling automatic tmnsmissimi fluid
in a rapid and efficient manner, thereby reducing the viscosity
of the transmission fluid and for cooling thc transmission
fluid when the transmission is sublected to heaiy loads. Adorn

nona l objects, features and advantages of the present inven-
tion will become more rendily apparent from the following
detailed descnption ofpreferred embodunents v, hen taken ui
conjunction witli the drawings whereui like reference numer-
als re ler to corrcspmuling parts ui the several viev s

BRII F L)ESORIPTION OF THE DRAVVINCiS

[0010] FI(i I is a diagmam showing a vchiclc incorporating
a system for heatuig and cooling automatic tmnsnus sion fluid
in accordance with the invention;
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[0016] ITG. 2 is a schematic diagmm of a first preferred
mnbodiment ol'thc system m FICi 1 in a baiter priority mode
using a single valve and an engine thermostat:
[0017] FIC). 3 is a schematic diagram of the first preferred
embodiment of the system in FICi 2 in mi automahc Irans-
mission fluid heating mode:
[t)l)18J FF(i 4 is a schematic diagram of thc tirst preferred
emb&xliment of the system ol'ICI 2 ui mi automatic irans-
mission fluid cooling mode:
[0019] FI(i 5 is a schematic diagram of a second prefi.rrcd
embodiment of the system in FICi. 1 m a heater priority mode
independent of the engine thcmiostat using two valves:
[0020] I'IG. 6 is a schenuitic diagram of the second pre-
ferred embodiment of the system of FIG. 5 in an automatic
transmission fluid heating mode;
[0021] I'IG. 7 is a schematic diagmm of the second pre-
ferred embodiment of the system in Fl(i. 5 in an automatic
transmission fluid immling mode,
[0022] I'IG. 8 is a schematic diagram of a tlurd preferred
embodiment of the system in FIG. 1 in a heater priority mode
using tuo valves:
[0023] ITG. 9 is a schematic diagam of the tlurd preferred
ombodimmit of the syswm ol'FIG 8 in an autoniatic trans-
mission Ihml heating mode:
[0024] Fl(i. 10 is a schematic diagmm ofthethird preferred
mnbodiment of tire system in Fl(i 8 in mi mitonuuic Irans-
nussion fluid cooling mode:
[t)l)25J FICi. 11 is a schematic diagnsm of a founh preferred
embodiment ol'thc systm» in FICr 1 in a hester priority mode
using two valves:
[0026] FICi. 12 is a schematic diagram of tire fourth pre-
ferred embodiment of the system of FIG. 11 in an automatic
transmission fluid heating mode:
[0027] FI(i 13 is a schematic diagram of thc fourth pre-
ferred embodiment of the system in i'IG. 11 in an automatic
transmission fluid cooling nxide;
[0028] FIG. 14 is a flowchart showing a control routine
employed ui the system of FIG. 2 according to the tirst pre-
li rred cmbodiinmit ol'ire invmition,

[0029] I'IG. 15 is a graph shying a iirst timer setting
versus enguie coolant temperature at start-up in accordance
wnh the invention,
[0030] I'IG. 16 is a raph shouing a second tuner setting
virsiis eiIgllm c(i(ilallt teflipcratui'i'. tit start.up in accoltlallcc
is ith the inventimi,
[U031] FI(i. 17 is a floivchart showing a contml routine
employed according to the second, third and fourth prefi.rrcd
embixliments of the invention, and
[t)l)32J FICi. 18 is a flowchar showing details of the auto-
matic fluid trmtsmission tempi:raturc control routine of FICi

13 that applies to afl four preferred embodiments.

DESCRIPTION OI'REFERRED
EMBODIMENTS

[0033] With uutial reference to FICi. l. there is shoun an
mitomotive vehicle 10 Imving a body 11 and an internal com-
bustion engine 12 with a mdiator 14. Witlun body 11 there is
located a passenger compartment 15 that is heated by heat
transferrrxl from engine 12 as discussed more fully below
Power front en ine 12 is tmnsnutted to a tmnsnussion 18,
then to the other portions ofa powertm in 20 and eventually to
driim u:heels 22. Trmismission 18 may be shificd between
park. drive and reverse settuigs by a control lever 25. Vehicle
IU is shown as a rear wheel drive vehicle but any type of

poiiertmui arrangement, uicluding front wheel. ail wheel
driveandhybridsystcms,couldbcimploycd Asystmn30 for
controlling heating or cooling automatic transmission tluid
tlowing through transmission 18 includes a controller 35
connected hi enguie 12, tran anus simt 18, and ah if lever 25 by
communication lines 37, 38 and 39 respectively. In accor-
dmice with the imvntioi1, system 30 flmctions by warming up
trmisn»ssion fluid present in tr uisniission 18 in n rapid nnd
eflicient manner, thereby reducing the viscosity of the trmis-
niissiiili fluid and cooling thc transmission tluid wlwn trans-

missionn

18 is sub) ected to lieavy loads as more fully discussed
below.

[0034J Referring to iiHC 2, there is shov;n a schematic
diagrmu ol' lirst preferred embodmicnt ol'ystem 30 in a

heater prionty mode An enguie cooling circuit 40 is shown
having a hot coolant line 42 extending from engine 12 to
mdtator 14. Engine 12 is a conventional uiternal combustion
en use bavin an enguie block containin the usual coolant
passages arranged to allow engine coolant to absurb heat
generated by the operation of engiiie 12. The lmt migine
coolant is pumpixi tltrouglt hot coolant line 42 to radiator 14.
Railiator 14 is pre li rably dcsigncd to luive a high tcmperaturc
section 44 and a lou temperature section 46. Radiator 14 is
designed to carry heat away from the hot enmne coolant and
irons fi:r tfie heat to mnbicnt air tlowing oi'ir radiaior 14 and
allow the cooled engine coolant to return to engine 12 throats
cold engine coolant line 48 tints completing engine cooling
circuit 40. Fnguie cooluig circuit 40 is selectively opened or
closed to engine coolant flow by a thermostat 50. preferably
locatid betumcn ntdiator 14 and engine 12 in hot coolant linc
42. Thermostat 50 closes off cooling circuit 40 upon engine
starmp when engine IZ is cold. Thermostat 50 opens up
cooling circuit 40 v.hen engine 12 becomes hot enon+ to

need coolin and tints regulates the enguie temperature. A
return lute 51 is provided with a flow resirictor dcvicc 52 or
relief valve located either internally or externally to midiator
14. Return lute 51 assures pmper tlow through radiator 14 so
that both high Iemperatum section 44 and lou temperature
secuon 46 receive coolant flou simultaneously.

[0035] A pamscnger comparunent heating circuit 60 is
shown as starting at engine 12, extending through heater core
supply line 62 to a iwater core 64 and tlwn back to cnginc 12

tlu ou h a heater core return line 66. En ine coolant ahvay's

tlou s tlwough heating circuit 60 when engine 1Z is running,
hois ever the aniount ofhcm camed by the engine coolant may
vary as described more fully below. Revgardless. excess heat
from engine 12 is transferred to hot engine coolant that passes
tlu ough heater core supply line 62 to heaIer core 64. Iti heater
core 64, heat is then tmnsferred from the hot engine coolant to
air that is used ki heat passenger compartment 15 An mito-

matic tmnsmi aston tempemsture re ulation circuit 68 includes
a transmission temperature regulation fluid line 69 that guides
trunsmission fluid from transmission 18 to a liest exchanger
70 and back to transnus sion 18. I lent exchanger 70 preferably
transmute heat either to or front the trmismission fluid flowing
through temperature regulation circuit 68 ui a matuier dis-
cussed in more detail beloiv.

[0036J A tmnsmission preheating circuit 74 recmves hot
migine coolmit from passenger compartment heating circuit
60. Preferably. tmsnsnu as ion preheating circuit 74 connects to

supply hne 62 of heating circuit 60 lust up stream of heater
core 64 through a main prclwating supply linc 76. Altcma-
tively, transnnssion preheating circuit 74 receives hot engine
coolmit from heater core return line 66 through an optional
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preheating supply line 78, which connects to main preheating
supply linc 76 ln eitlmr esse. preheating supply linc 76 is
connected to a iirsi valve 80 iiluch in turn is connected to a
shunt line 82 extending betuemi lirst valve 8(l and heat
exchanger 70. Prcheahng circuit 74 also includes apreheaiing
return line 84 for returning engine coolant to passenger com-
partnwnt heating circuit 60. A transmission cooling circuit 89
uicludes a cold cnguie cimlant supply lute 90 tlmt extends
from radiator 14 to first valve 8U. Cooling circuit 89 provides
relatively cool engine coolant to first valve 80

[0037] In FKI. 2. system 30 is shown in a heater priority
mode. Since thehnostat 50 also will prevent coolant flow to
first valve 80 it hen engine 12 is cold, no coolant tmvels from
radiator 14 to exchanger 70 eien though first valve 80 is
positioned to allow such flou. The heater priority mode only
lasts a short time until engine 12 warms up and then thermo-
stat 50 will switch positi&ms to that shown in I'ICIS. 3 and 4 In
FIG. 3. first valve 80 is posihoned to allow a floiv 94 of hot
migine coolant through optional supply line 78 ore floiv 96 of
hot engine coolant through supply Ime 76 to heat exchanger
70 thus placing system 3U in an automatic transmission fluid

heating mode Heal I'rmn miginc 12 is t runs l'errcd in cnginc 12
to lmt engine coolant flou 96 that flow s throngs supply line 62
mid then preheating supply line 76 to first valve 8U and slnuit
line 82 Thc heat then tmnslbrs from the hot engine coolant hi
the relatively cool automatic tmns mission fbi id. 'I he heat then
travels through trmismission temperature regulation circuit
68 to preheat the transmission fluid in transmission 18 when
system 30 is operating in cold ambient temperatures. By
contrast, in FKr', system 30 is shown in an automatic trans-
nussion tluid-cooing mode. In the fluid-cooling mode, first
valve 8U is positioned to allow a tlow 97 of relatively cool
enguie coolant throngs enguie coolant supply line 90 to lirst
valve 80. The cool enyne coolant travels throuvJt shunt lute
82 to hmu exchanger 70 and lhnctions to cool thc autmnatic
transmission tluid flouing thmuJt tempemture regulation
circuit 68.

[U038] C'ontroller 33 is connected several tempemture sen-
sors in order to determine a starting tcnipcmture that is indi ca-

tive of tbe temperature of the automatic transnnssion fluid
when engine 12 is started. I or example, controller 35 is
conmxted to a temperature sensor 101 through conununica-
tion lute 37 to allow controller 35 to read the temperature of
migine IZ or the engine coolant in engine 12. Controller 35 is
also conncwtcd to tmnpcraturc svnsors 103 and 105 tlmiugh
comnninic ation line 38 and 39 so that controller 35 is al loived
to read the tempemmre of the trmismis sion fluid in tlm sump
or a tnsnsmission case exit. Alternatively, the case exit tem-
perature is inferred from the sump fluid temperature and other
signals avis lnblc hi controller 35. Additimuifly, anibient tem-
perature is measured from any location such as the air intake
to engine 12 or the air tiowing in passenger compartment 15.
Preferably. any one of these temperature~. or other measured
temperatures indicative of the automatic transmission fluid
when engiiw. 12 is started. constitute tlm stasting temperature
Controller 35 also includes a first tmier TI and a second timer
TZ. With this configuration, controller35 is able to control the
posithm of valve 80 through control linc 110 dcpcnding on
the sensed temperatures and based on cert un tumng to switch
system 30 behveen the automatic transmission heating mode
ol'Ffii. 2 and the au(mastic transtnission cooling niodeol'KI.

3 as discussed more fully with respect to FKi. 10.

[0039] Turnuig to FIGS. 5-7. there is shown a second pre-
ferred embodiment of the invention. Most of the parts of the

second preferred embodiment are the same as the first pre-
ferred embodiment and hke reference numeruls are used for
like patts Only thc di Ifcrcnccs between the two mnbodi ments
will be discussed liere. In the second preferred embodiment,
a system 130 has a tmnsmission cooling circuit 189 it ith a

second valve 190 not found in the first prefi:rred mnbodiment.
Second val~e 190 is connected to an engme coolant supply
line 192. Second valve 190 is contmlled by controller 35
through communication linc 195 mid is adapted to switch
ikiw between a cold-coolant return condiut 198 and coolant
line 192. Second valve 19U is positioned to selectively send
cold engine coolant flow 199 back to engine 12 as in I'ICiS. 5

and 6, or to send cold engine coolant to ~siva 80 as in llG. 7

to place system 130 in a transmission cooling niode. When
second valve 190 sends tiuid back to en ine 12, systeni 130 is

placed in a heater prionty mode when valve 80 is in a position
as shown ui Ffii 5, or m automahc transnns sion fluid baiting
mode ii hen valve 80 is usa position as shoivn in I'IG. 6. In the
lmater priority mode. system 130 does not provide any fiow

through heat exchanger 70 In the transmission heatiii mode,
a flow 196 ofhot engine coolant is sent to heat exchanger 7U

thorn cnginc 12 mid in the mitomatic transmission fluid cool-

ing mode. n flou 197 of cold engine coolant is sent to heai
exchanger 70 from radiator 14 In the second embodiment,
thermo atm 50 is prcfi rub ly located in coolant linc 48 and docs
not aifect switching system 13(l between modes.

[0040] Turnuig nov'o IilCiS. 8-10, there is shown a tlurd
preferred embodiment of the invention. Most of the parts of
the third, preli:rred embodiment are the same as the secoixl
preferred embodiment and like reference numerals are used
for like parts Only the dilfi."rcnccs between the bio crnbodi-
ments uill be discussed here. Specifically, valve 80 of the
second preferred embodunent wluch receives flow from both
lmc 76 and line 192, has bien replaced u ith a valve 280 that

only receives coolant flou. from line 76. Line 192 has been

replaced with line 292 that directly connects scccond valve 190

to line 82. In FICI. 8, systcin 230 is in a heater prionty mode
with no coolant tlowing through heat exchmiger 7U because
first valve 280 is closed prcivnting the tlow of hot engine
coolant from engine 12 thmugh lute 76, u bile valve 190 is set
tii rehirn cold engine coolant bacl'o engine IZ and prevents
cold cngiiw coolant frimi reaching lmat exchanger 70 ln FKi.
9, system 230 is in an automatic transmission ihnd heatin
mode with a hot engine coolant tlow passing tltrough heat
excfiangcr 70 because first valve 280 is open ellowin the flow

of hot engine coolant from enguie 12 tluough line 76, wlule
valve 190 is set to return cold engine coolant back to engine
12 and prevents cold engine coolant from reachuig heat
exchanger 7U. In IHCr. 10, system Z30 is in an automatic
trnnsnussion fluiil cooling mode with a cold engme coolant
floii passing tluough heat exchanger 70 because first valve
28U is closed preventing the tlow of hot engine coolmit from
engine 12 tluough bne 76. ivhile valve 190 is sct io supply
cold engine coolant to heat exchanger 70 thmugh line 292.

[0041] Turning noir to I ICIS. 11-13. there is shoivn a fourth
preferred embodiment of tbc invention. Most of thc parts of
thi. I'ourtb preferred embodiment are the same as thc third
preferred embodiment and like reference numerals are used
for like parts. Only the difli renccs bchveen tlm tun embodi-
ments ivfll be discussed here. Specifically. ~siva 190 of the
tlurd preferred embodiment has been replaced with valve 29U

which is sct to either aflow or not allow tlow front radiator 14

to heat exchanger 70. Additionally, return conduit 198 is not
used but rather remm line 51 and restriction device 52 from
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the first embed unent are used. Valves 280 and 290 are closed
u& FIC). 11 tluis plac&ng a system 33U into a heater prionty
m&xlc In FIG. 12, system 330 &s in an aux)m'itic iml&sn»ssion

fluid heating mode with a hot enozne coolant flow passing
through heat exchanger 70 because hrst valve ZUU is open
allowing the tlow ol'ot engine coolant from engine 12

tluough line 76. v;lule valve 290 is set to return cold engine
coolant bock to engine IZ and prevents cold engine coolant
from rcaclflng hcat exchanger 70 In FI(i 13, system 33t) is in
an automanc transnussion fluid coolu&g mode with a cold
engine coolant flow passu&g tluough himt exchanger 70
because first valve 280 &s closed prevennng the fk&w of hot
engine coolant from engine 12 through lu&e 76. while valve
290 is set to supply cold engine ramlant &o heai exclmnger 70
tluough hne 292.

[0042] FIC) 14 is a flouchan shou&ng a ma&tml r&mtine 300
employed in system 3U of FICig 2-4 according to the first
prof&.rrcd embodiment of thc invention. C'on&ref routi&m 300
starts v hen a key ds tun&ed. as in step 310, to start engine 12

Controller 35 then switclms valve 80 to the position shown in
FIC) 2 wlulc engine ihcmiostat 50 is closed to plac&. system
30 in the automat&c transmission fluid heater priority mode.
Also, controller 35 calculates settings for first and second
umers Tl, T2 at step 312 as d&scussed more fully w&th respect
to FIGS. 15 m&d 16. While the graphs ofFIGS. 15 and 16 show
settings fi)r timers Tl and T2 being sct by measured engine
coolant temperature. the settings for t&mers Tl and T2 are
optionally set by any &ueasurixi temperature indicative of the
antomatic transmiasion fluid when engine IZ &s started &1m&

constitutes the starting tempemture as discussed more h&lly

abo&m. I,oop 315 simply represents a logical flou node. C.'on-

troller 35 keeps valve 80 acti& ated unt&l one of I'mir events
occurs. At step 320 the engine coolant temperature is mea-
sured and i I'the engine cno Im&t tempemture is not greater tiren
a threshold ofpreheat 190 degrees I'ahrenhe&t (88'.) control
routine 300 continues At step 325, the transmission tluid's
ten&perature in the sump is checked, and if the temperature is
not above 200 de~sees Fahrenheit (93" C.), control routine
300 continues At step 330, timerTl is cl&cckcd If timer Tl is

not on at steep 330. theo thc ram o I'change ot'he transmission
temperature is checked at 332. If the rate ofchange is less than
a rate threshold o f preferably one degree I a bren hei t (5/O'',
per m&nute. then the timer & s set at step 334. Wlu le timer Tl is
running at step 336, the routine contim&es. At step 340, timer
T2 is chcckcd Il'imer T2 is not nuuiing at step 340, then
control lever 25 is checked to determine if tmnsnuss&on 18 is
in park. If transmission 18 is moved from park into reverse.
drive or any other position, then t&mer T2 &s set. Wlnle umer
T2 is nmning. control routine 300 continues. If the engme
coo lam &empcranire drops belo&v 190 degrees Fahrenheit(88'.),

or the temperature of the automat&c trm&sm&ssion flu&d in
the sump drops below 200 degrees Fahrenheit (93" C.), ol
e&ther timer Tl, T2 runs out, then cootro1 routu&e300 su itches
valve 80 at step 350 and at step 360 the automatic tmnsnns-
sion fluid regulation n&ode is cntcrcd. While thc fisted tcn&-

peratures are preferable. other temperatures may be used m
step 320 nnd 325 to determine when the control routine enters
step 350 For example, a lower temperature of 160 degrees
F'ahreuheii (71'.) may be used u& step 320. Preferably. the
temperature setting in step 320 should be below a setting
present for thcmn)stat 50 to ensure proper openition ol'rou-
tine 300.

[0043] ITG. 15 is a yaph 37() showing a first tuner setting
372 verses the starting temperan&re. in this case eng&ne cool-

ant temperature (L'CT) 374 at engine start up. At very cold
engine coolant tcmperaturcs below a k&u tcmperaturc set
po&nt. preferably 0 degrees Faluenheu (-18'.). the orner Tl
is set to a high tinwr value, preferably 10 minutes, as shown
by line376 Betwemn the lou temperature set point uid a l»gh
temperature set point, prefembly 0 (-18" C.), and 15 dearees
Fahrenheit (-9" (..) rcspcctivcly, tinwr Tl setting changes as
sh&mn by line 377 tms a &nriable t&mer &nlue. preferably
benvceen 10 and 0 mimites. Intern&ediate points on the gmph
are preferably derived by interpolation Above the high tem-
perature set po&nt. t&mer T( &s set to a low tuner value, pref-
embly 0 minutes as shown by line 378. Alternatively. more set
po&nts are used to define the relauonslup benveen tuner Tl
and the start&ng temperature.

[0044] FIG. 16 &s a graph 380 show&n a second t&mer

setting 382 verses the stan ing temperature, in this case engine
coolant temperature (FCT) 384 nt engine stnrt up At very
cold eng&ne coolant temperatures in a low venable tempens-
ture range, prcfi.mbly between -40 und 0 decrees Fahrenheit
(-18' and -4'. ). tuner T2 is set w&tlun n lugh venable
timemngeasshownbyline386 Thehighvariabletimerange
is pret'erably betwccn 45-30 ininutes When thc tcmperaturc
&s u& an intenned&ate temperature ran e. pre lerably between 0
and 20 degrees Fahrenheit (-18" ('. and -9" C.), timer T2 is
set to a variable mnount as sfx)wn by line 387 A ain, &n m&

intermediate vanable ume range. preferably betv;een 30 to 0
mim&tes, intermediate points on the graph arc deri&m&1 by
u&terpolat&on. Above a high value temperature set po&nt. pref-
erably 20 degrees Falu enheit (-7" C ). timer TZ is set to a lou
timer set point, preferably 0 degrees Falucnhcit (-18" C: ) as
shown by line 388. Alternat&vely, more set po&nts are used to
define the relationship be&ween timer T2 setting m&d starting
temperature.

[0045] FICi 17 is a flowchart showing a control routine 400
employed u& systems 130. 230 and 330 accord&og to the
second. third and fourth preferred mnbodinmnts of the invcn-
uon C'omrol routuie 400 starts when a key is tunwd as in stc7
410 to start engine 12. At step 412, first valve 8U, 28U and
second valve 190, 290 are su itched to tlm position shown in

FIGS 7, 10 md 13 so that systems 130, 230 mnl 330 enter the
automatic transmission-cooling mode. Also, controller 35
calculates settings for tirst and second tinwn Tl, T2 at step
412 based on one of the initial starting temperature of the
engine coolant. ambient air or automatic transmission fluid.
Pret'crably. less than nso scvonds later, control routiiw. 400
then proceeds to step 415 and switches second valve 19D. 290.
At this point, systems 13U. 230 and 330 are in the heater
pnonty mode uhereu& no en ine coolant tlow is pass&ng

tlu ough heat exchanger 70. ('ontrol routine 400 then essen-
t&ally incorporates nil the sieps of'control routine 300 of FICI.

10 m&d therefore the descnption of routu&e 300 u.&ll not be
repeated. Control rout u&e 4 DD will then switch first valve 80,
280 ifany one of the four cond&tious described above occur to

enter the heaung mode. Preferably, second valve 190, 290
u ill also switch

[t)t)46] After control routine 300 has completed, control
n&utinc 400 ci&ters automatic tmnsmission fluid rcgulatmn
nx)de at step 46U as can best be seen &n l)IC). 18. Systems 13U,

230 und 330 are in automatic tmnsmission warming mode
uhen first enteru&8 step 461 and then the routine pmceeds to
loop 462. I'referably, systems 130, 230 and 33U switch to
automatic transmission cooling mode if citlmr of tlm follow-

ing two cond&tions are met. i.e., sump temperature exceeds a
set value. preferably 220 degrees Falu enheit (104' ) as seen
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at step 463, or transmission case output temperature exceeds
a sct value. preferably 260 degrees Fahrenheit f127':1 as
seen at step 464. assent&ally. these condit&ons ind&cate that the
automatic transmission fiuid neixls cooling, thus tirst and
second valve nre su i ichad to enter the cooling niode as slxlwn
at step 465. Ofcourse. it &s possible that these conditions may
not be nwt when trnnsn&ission 18 is subject to 8 light duty
cycle Systems 130. 230 nnd 330 then a~itch back to auto-
matic transmission heating mode as shown in steps 466. 467.
468 and 469 if both the following conditio&la BIL Incr. I.c,
sump temperature drops below a set value (TOTh preferably
200 degrees Fahrenheit f93" Cbj as shown in step 467. and
transnuss&on case out temperature drops below. a set value,
preferably 220 de~ceca Faluenheit 1104'.) ns shown in step
468. At step 469, systems 130. 23(i and 330 then proceed to
sv itch back and forth betv een the ivarnung mode mid the
cool&ng mnde based on the same criter&a as shown by loops
462 and 466 While described wnh respect to systems 130.
230 and 330 of I'IGS. 5-13. the automat&c transmiss&on tem-
perature regulation is also employed by the first preferred
emb&xliment by a~itching valve 80 between the warming
mode of I'ICi. 3 to the cool&ng mode of i'IG. 4 based on the
temperature criteria dcscribcd nbovc.

[0047] flach of the four preferred embodiments provides a

system for heating and cooling automatic transmissinn tluid
in a rapid and eflicienl nln&1&lcl'hereby reducing thc

transmissi-

onon flu&d's v&scosity and cool uig the tnu&siniss&on flu&d v, hen
the transmission is subjected to heavy loads. Although
described witli reform&ca to preii:rred embodimenLB of the
invent&on, it should be read&ly understood tlmt various
changes and/or modifications can be mndc to tlhe invention
w&thout departing from the sp&rit thereof. For example, the
optional preheating supply hne 78 shown in FIGS. 2-4 could
bc used in any of thc mnbodiments shown in FICiS. 5-13 In
geneml, the invent&on is only uitended to be linuted by the
scope of the following claims.

1. A vc'hlclc comprls&1&g:

BI passcllgcr conlpartmcnt:
mi in&crnal combust«m cngmc, and
an mitomatic tmnsmission using transmission fluid and

tmnsmittuig poiver from the eng&ne to drive wheels to
propel the velficle, and a system for heating and cooling
the transmission fluid. miid system including
8 1&eat exchanger tluidly connected to the engine and

trm&smission. said heat cxclmnger being adapted to
receive engine coolm&t from the engine, direct trans-
mission tluid to the transmission and tmnsfcr heat
betv een the en uie coolant and the transm&ssion
fluid;

a passenger compartment heater core &8 fluid connection
with both the engine and passenger compartment,
said heater core being adaptcxI to receive m&gine cool-
ant from the engine, and to transfer heat between the
engine coolant m&d air for thc passenger compart-
ment;

a radiator fluidly connectcxI to tile a&gine m&d tile heat
exclmn er. said rad&ator be&n adapted to cool the
cllglllc cool&la&;

a hrst val~e flu&dly connected benveen the engine nnd
tlwheat exchanger and being adaptedi to selectively
allow or preveni the flow of enguie coolmit from the
engine to the heat exchanger; and

a contmller for controllin the first valve to ploce the
system into a select one of several modes including, a

heat&ng mode where&n hot eng&ne coolant floiis
dircvtly lo tile heat exchanger from th&engine nnd 8

cool&ng mode ivherein cool enguie coolant floiis
directly to tile heat exchanger from tile radiator,

whereby thc trmismission fluid is heated in mi efliclent
manner with minimal impact on passenger compart-
nwnt heating

2. The velucle of claim I wherein the system further
includes a scmond valve lh&idly connected bctwecn thc
eugn&e, the heat exchan er. and the mldiator and beuig
adapted to selectively allow fluid fknv ofengine coolant from
the rdd&nnlr to a sml&wt one ol'ile en ine and the heat
exchanger, the controller also controls the second valve; and
tlm s&'.verdi hoatlllg nulrl&'.s fuilh&'I Inclild&.'i 8 hciitc&'o& &.'ri-

ority mode wherein no engine coolant &Iowa to ihe hen&

exchanger.
3. The velucle of claun I where&n the system further

includes a thermostat connected between the engine and the
rdd&nulr uid bemg adupted to selectively aflow fluid floi& of
enguie coolant from the engine to the md&ator; and the several
heating modes fi&rther includes n heater core priority mode
wherein when the thermostat is closed no engine coolant
tlows to the hint exchanger.

4. 11&e velucle of claun I where&n the system further
includes a second valve fluidly connected between the
cuglllc, tile heat cxcllallgcr. a&id tile. Iddlin&11 Slid being
adapted to select&vely allow tluid floiv of eng&ne coolant from
the radiator to a sv lect one of tlwcnginc and the first valve, the
controller also nmtrols the second ialve, and the several
heating modes fi&rther includes a heater core priority mode
v, hermn no cnginc coolant flows to tin. heat exchanger

5 The vehicle of claim 2 v;herein the radiator includes a

h&gh temperature sect&on and a low tempera&ure secuon and
the second valve is connected to the low temperature section.

6 The velucle ol'claim I wherein the system furthcrcom-
prises a fluid clmnnel between the radiator and the engine and
a thermostat located in the channel

7 Tlhe vehicle ofclaim I wherein thc system further com-
prises a baiter core flu&d return clrdnnel extmxling between
the heater core and the engine and a hot coolant ren&m channel
leading fron& the lwat exchanger to tlhe heater core tluid rctnrn
ch8111181

8 The 1 clucle ol'claim 2 wherein the system further com-

poses a cool coolant supply channel extend&ng between the
mdiator and thc lwdt exchanger with thc scmond valve being
located in the cool coolant supply channel.

9 The vehicle ofclaim I wherein the system fiirther com-

poses a heater core flu&d channel extending between the
engine and the heater core and a hot coolant supply channel
leadiug from the heater core fluid chnnnel to the first valve.

10 The vehicle of claim 9 wherein thc system further
coniprises a cool coolm&t supply clumnel extending bctwccn
the ra&ha&or and the first valve &lith the second valve being
locatcxI in tile cool coolant supply channel, a shunt chaonel
extend&ng between the first valve and the heat exchanger.

II Thc vchicl&: of claim I wherein thc systen& I'urther

colllpllscs 8 i&lit lclllpcl"It&&re scllsol'or scl&81&lg sllinp tclll-
pemture. a second tmnperature sensor for indirectly inferfing
lhc tc&lipoid&UIC ol Blltoluatw trdllslnisS&oil flilnl Icavlllg Ihe
transnus sion case. and a tlurd temperature sensor for measur-
ing cngiiw. coolant tempcrnture

12 Thc vehicle of claim 2 wherein the system further
compnses a first timer for determitun when to sv itch the first
and second valves triggered based on 8 mte of change nf
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temperature of the enguie coolant and having a time value
bssvd oti a measured starting temperature 'ind a smmmd timer
for detenmning when to svvitch the first and second valves
triggmcd based on movemcnt of a transmission contml
s'tsitcli alicl liaviug a tlllic valile based on a Ihncuon of the
starting temperature.

13. A system for heating and cooluig a tmnsnussion fluid
for use in a vehicle with a passenger comp an ment. an interoa1
combustion engine, an automatic transmission using ilw
transmission tluid and tnuismitting power from the engine to
drive v htmls to propel tire vehicle, said system coniprising:

a heat exchanger ihiidly connected to the engine and trans-
mission, said, heat exchanger being adapted to receive
engine coolant from the engine, direct transmission fluid
to the transmission and tmusfer beat benveen the engme
coolant and thc iran smissmn fluid:

a passenger compartment heater core in tluid connection
with both thc cnginc mid pmssmngcr comparunenb said
heater core being adapted to receive engine coolant from
the engine, mid to transfer heat between the engine cool-
ant and ur for the passetiger compartment,

a radiator fluidly connccicd to tlhe engillc and thc heat
exchanger. s ud red astor being adapted to cool the engine
coolant:

a first valve Ihndly connected benveen the en@ac and the
hcut exchanger mal being islaptcd ui selectii cly allov or
prevent the flow ofengine coolant from the engine to the
heat exchanger; and

a controller for contmlling the first valve to place the sys-
tem inai a select one of several modes including, a heat-
m mode wherein hot engine coolani flows directly to
the heat exchanger from the engine and a cooing mode
wherein miol engine cmilant tlows directly io Ihe beat
exchanger from the radiator, ~hereby the transmission
thud is heated in an eipicient manner with minimal
imp~et mi passvngcr compartmmii hcaung.

14. Tire system of claim 13 wherein the system further
uicludes a second valve fluidly connected between the
engine. the heat exchanger, and the radiator and being
ashspted to selectively allow fluid flow ofengine coolant from
the radiator to a select one ol the enguie and the heat
exchanger: the controller also controls the second valve: and
the several heating modes Iurther includes a heater core pri-
ority mode whereui no eiiguie coolant flows to the heat
exchanger

15 The system of claim 13 vslwrein the system funher
includes a thermosiai cmniemed bet~eau flie engine aud the

mdiator and being adapted to selectively allow Ihiid flovi of
engine coolant from the engine to the radiator; and the seven l

heating modes fiirther includes a heater core prionty mode
wherein vvhen the tliemiostat is closed no engine coolant
fioiws to the heat exchanger.

16. Tile systclll of clallu 13 lvl'IclL'111 tilt'fstt'ill fillillcr
includes a second valve fluidly connected between the
engine, the heat exchanger, and the mdiator and bmng
adapted to selectively allow tluid flow ofengine coolant I'rom

the mdiator to a select one of the engine and the first valve; the
ctmtroller also controls the second valve, and tin. smveml

heating modes fiirther includes a heater core priority mode
wherein no engine coolant tlovvs to the heat exchanger.

17 The system of clauu 13 wherein the system further
compnses a heater core fluid return channel extending
betwcwn the hcatcr core and the engine and a hot coolant
return channel leading from the heat exchan er to the heater
core fluid renim channel.

18 The system ol'laim 13 wherein the system I'urther

compnses a cool coolant supply channel extending benveen
tho mdiator and the lwst exchanger with tlw. second valve
being lomited ui the ctitil coolmii supply cliannel.

19. The system of claun 13 whereui the system further
comprises a heater imirc fluid channel cxicnding betwcLll thc
engine mid the heater core and a hot coolant supply charuiel
leading from the heater core fluid clmnnel to the first valve.

20 The system ol'laim 19 wherein ihc system I'urthcr

comprises a cool coolant supply clmnnel extending beni ceo
the radiator and tlic iirst valve vvith the second valve being
located in tbt: cool coolmit supply channel, a shunt chamicl
extending benveen the first valve and the heat exchanger.

21 Tire system of claim 13 wlwrcin tlw. system furtlwr
compnses a first temperature sensor for sensuig sump tem-

perature, a second temperature sensor for indirectly inferring
the tempeniture of automatic transnussion fluid leavuig the
transnus sion case. and a tlurd temperature sensor for measur-
ing engine coolant temperature.

22 The system of claun 14 v.hereui the system further
compnses a first timer for determirung when to sv;itch the first
and scmmd valses Iriggered bmsed on a rate of chmigc ol'emperatureof the enguie coolmit and lmving a time value
based on a measured starting tmnperature and a second timer
for determining when io switch the lirst mid sccmid valves
triggered based on movement of a umismission contml
switch and luiving a time value based on a fimction of tin.

siartmg temperanire.
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