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(67) ABSTRA«T

A system is providhxl for controlling a tempemnire of oil in o

power plant operable to propel a vehiclo 11m system includes
a heat-exclianger arranged relative to the pokier-plant. The
heat-exchmiger is configured to receive the oil from the
poii er plant, modify the tempemture of the oil. and return the
modified temperature oil to the power-plant. The system also
includes a valve configurcxt to direct tbe oil through the heat-
exchanger during a warm-up opemuon ol the power-plant
such tint the temperature of the oil is increased. 11ie valve is
also cmiligured io direct fhe oil to bypms the hmit-exchmiger
duruig a low load operation of the power-plant such that the
temperature of the oil is increased. Additionally, the valve is
contigured to direct the oi I through the heat-exclrangcr du nag
a high load operation of the power-plant such that the tem-
perature oftlm oil is decreased
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SYSTEM AVD METIIOD FOR
COVTROI,I.ING A TEMPFRATURF, OF OII.

IN A POYYER-PLANT OF A YEIIICLE

1 L'('HNI(.'AI. F1k:I D

[0001] The present uiveniion relates to a system and a

method for control l uig a temperature ofoil in a power-plant of
a vehicle.

BACKGROUND

[UUU2] As a by-product of generating pov er for propelling
a motor veluc le. the vehicle's pou er plant. such as an uiterna1
combustion engine, typically genenites heat energy. Accord-
ingly, after the power-plant is activated, it proceeds tlu ough a
"warm-up" penod dunng uluch the tempemsture of the
poli er-plant is increased from an ambient temperature. (ien-
erally, lilllolving thc warm-up period, the power-plant is
cooled ln order to malntaui its opemtulg temperature in a

particular mange and ensure the power-plant's efficient and
reliable perfonnance
[0003] In a majonty of motor velucles, pov;er-plants are
wlolcd by a circulating fluid. such as n specially fonnulatcd
chemical compouixl mixed ivlth water. Additionally. vehicle
power-plants are lubricated and cooled by oils that are gen-
erafly dcrivedl from pctrolcum-baswd uid non-pctrolewn syn-
fliesl zed chemical comp ouods. Such oils maui ly use bass oils
composed of hydmcarbons that are blended with clmmical
additives to minimiie n power-plmit's inteulal lbiction and

SUMMARY

[0004] A system is provided for controlluig a temperature
of oil in a power-plallt operable to propel a vehicle The
sy'stclll lilclildcs ll hc'0"i.'xcltangct'lirangcd relative to thc
poiver plant. 'I he lieat-exchanger is contienued to receive the
oil I'rom the power-plant, modify the tenlperaturc of the oil,
:uid return the modified lemperature oil to the power-plant
The system also includes a valve configured to direct the oil
through the heat-exchanger during n warm-up opcrntion of
the power-plant such that the tempeniture of the oil is
increased. fhe valve is also configured to direct the oil to
bypass tlm heat-cxchmlger during a low load operation of the
poli er-plant such tlmt the tempemture of the oil is uicreased.
Additionally, the valve is configured to direct the oil tllrough
flie heat-exchanger during a lugh load operation of the polv er-

plant such tltat the temperature of the oil is decreased.
[0005] The valve may be additionally configured to direct
the oil to bypass the heat-exchanger dunn a low mubient
temperature start of the power-plant such tlmt the temperature
ol'he oil is not moddied by tile heal-exchanger.
[0006] Tlm system may also include an actuator configure
to operate the valve. The system may additionally include a

spnng configured to bias or load the valve agauist the actua-
lor The actuator may be one of a wax motor and a solenoid
The wax motor may be configured as a nvsustage v'ax motor.
Furthemiore, the system may include a controller in electrical
comnnmiwition with the actuator. In such a case, the control-
ler ls configured to re ulate the actuator according to one of
tlm is arni up, lii u load, and high load operation ol'thc pou er-

plant.
[0007] Moreover, tlm system may ndditionafly include a

tluid pump configured to circulate a coolunt through the heat-
exchanger for modify ing the temperature of the oil

[0008] lite pov;er-plant may be an internal combustion
CliglnC

[0009] A method of controlling a temperature ol oil ui a
vehicle power-plant is also provided
[0010] The above features and advantages nnd oiher fim-

nires and advantages of the present invention are readily
apparmlt from the till)Cuing detailed description of the best
modes for wirrying out the uivention when taken in connec-
tion with tile accompmiying drawings.

BRIEF DESCRIPTION OF TilL'RAIYINGS

[0011] FIG I is a schematic diagrammauc vieiv ol'

velficle system employing one type of an actuator and con-
tigurcd to control temperature of oil in a power-pinot,
[0012] FIG 2 is a schematic diagrauunalic mew ol'he
vehicle system employing an alternate type of an actuator,
illustrating a power-plmit durin n cold start oporatiim:
[0013] FICi 3 is a schenmtic diagrammatic view of the
velncle systmn slmun ul FICi 2, illustrating the power-plnnt
during a subsequent lvarm-up operation;
[0014] FIG. 4 is a schematic diagrammauc view of the
velucle system shown ul FICr. 2, illustrating the power-plant
dulia colltlnucd urmlll-up opclatioil:
[0015] FI(i. 5 is a schematic diagrammatic view of the
vehicle 1)'stem shown ui FICi 2, illustrating thc poucl plailt
during a low load operation;
[0016] I'IG. 6 is a schematic diagranunatic view of the
vehicle systmn shown in FI(i. 2, illustrating the polver-pinot
during a high load operation, and

[0017] FICi. 7 schematically illustrates, in flow cllart for-
mat. a inetluld of nmtro)hng a temperatwe of oil of the
pou er-plant shown in I'ICiS. 1-6.

DETAILED DESCRIPTION

[0018] Referring to the drau.ings, whereui like reference
numbers refer to like components, FIGS. 1-6 show n system
10 adapted for controlling a temperamre of oil in a poiver-
plant 12 of a motor velncle. The pov,er-plant 12 may be ui
internal combustion [IC) engine, such as a spark igiution or a

compression ignition engine. a lilcl roll. or an clcctric motor
opemble to propel the vehicle. As such, the sublect vehicle
nmy be a conlmntionnl, a hybrid, or an electric type
[0019] The power-plant 12 produces heat energy as a by-
product ofgenerating power used to propel the vehicle. Such
heat energy is removed by a circulating heat transfer fluid or
coolant 14, continuously cycling fltiough multiple coolant
conduiis of the svstem 10 via a fluid or ale)ant pump 16. Thc
contemplated coolant is typically a solution of a suitable
organic chemical [most often ethylene glycol. diethylene gly-
col, or propylene glywll) in wntcr The pouer-plant 12 is
additionally cooled nnd lubncated by Cbody of oil 18. The oil

18 is cominuously circulated tluough multiple oil conduiis of
lhe system 10 and ilmlugh specificafly conti ured rhannels
and lubrication ports [not shown) arranged inside the power-
plant 12 via an oil pump 20 Tlm contcmplatnl oil is gmmrafly
denved lkom a petrolemn ore non-petroleum based chemical
compound synthesized to minimize the power-plant's inter-
nal friction mid ivsmw.

[0020] The systeni 10 also includes a heat-exchan er 22 in
fluid communication with the power-plant 12. The heat-ex-
clrangcr 22 is arranged relntive to the power-plant 12, and is

configured to receive the oil 18 from the power-plant, modify
the temperature of tile oil. and return the moditied tempera-
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ture oil to the power-plant. As shown in I'ICi. 1. the heat-
exchanger22 is contcmplatcdas a c&mlant-t&&oil mdmtor. Thc
heat-exchanger 22 tmnsfers heat energy between the coolant
14 and the oil 18, depending on the relative temperatures of
thc bodies ofcoo lmu and oil. Acconhngly. when tl&i'. Oil tem-
perature is greater tlmn that of the coolant, the heat-exclmnger
22 employs the coolam 14 for absorbing heat energy from thc
od 18 to thus cool the oil Additionafly. when the coolmit
temperature is greater tlmn that of the oil, the heat-exclmnger
22 cmpkivs tlm oriole&it 14 fiir transferring the lmat energy to
the oil 18 to thus heat the od. I'he ihnd pump 16 is. therefore,
configurcxI to circulate the coolant 14 through the liest-ex-
changer 22 in order to &nod&fy the temperature of the oil 18.

[0021] The coo)au&14 is debverevf to tbe hen-exchanger 22
vui a conduit 24 mid exits the heat-exclmn er via conduit 26.
The oil 18 is delivered to the heat-exchanger 22 via a conduit
29 Afier the temperature of the oil 18 has been modified
uis&de the beat-exchanger 22. the o&1 exits the heat-exchanger
via conduit 30 mid proceeds via a conduit 31 back to the
poi& sr-plant 12. A conduit 32 is arrmi ed between the conduit
28 and the conduit 31 to permit the oil to bypass the heat-
cxchangcr22 ondcmand The systcn&10also includes a spool
vnlve 33. The valve 33 uicludes an inner hoflow (oot shown)
that is in fluid conumuiication with the oil 18 and is also
conncv ted to the exterior surl'ace of the valve via cross-dri 8 or
the lil e passages represented by apertures 34 mid 36. The
valve 33 is shuttled hack and forth inside the conduit 28 for
selectively controlling the flov; of oil 18 tluough the heat-
exchanger 22. The valve 33 is configured to direct the oil 18

through thc beat-exchanger 22 during warm-up and during
lug&loadopeiat&onofthepower-plan&12. Thevalve33isalso
configurixI to block off access of the o&l 18 to the conduit 29
to thereby bypass the heat-exchanger 22 dunng low load
operation of the power-plant 12.

[0022] The system 10 is configured such tlmt directing the
oil 18 through thc lnsit-exchanger 22 during the warm-up
operation of'lw power-pinot 12 via tfm valve 33 acts to
increase the tempemture of the o&l when the temperature of
the coolant 14 is relatiimly hivber than that of tlm oil. Addi-
timially, directing tbc oil throng& tbc bait-exclumger 22 dur-

ing the high load operation ofthe poiv er plant 12 via the valve
33 acts to reduce the tempcraturc ofdw oil is hen the tenipem-
ture of the coolant 14 is relatively lower than tliat of the oil.
Furthemiore, directing the oil 18 to bypass the heat-ax-
e lmngcr 22 during thc low load operation oi'lm potter-plant
12 acts to increase the temperature of the od above that of tire
coolant 14

[0023] Tlie system 10 also includes an actuator 38 and a

spill& 40. Thc spring 40 is configured ui a spnng set position
to bias the valve 33 a a&nst the actuator 38. I'he spnng 40 &s

sized to overcome a set or predeterniined diif&.rance in pres-
sure ol'the o&118 between the conduits 28 nnd 32. The actuator
38 is configured to operate the vnlvc 33 by displacing the
valve in the direction of compriwssing tlm spring 40 during
cold start conditions and subsequent warm-up operaiion of
the poiver plant 12. 'I 1m actuator 38 may be configured as an
extenmlly regulated magiwtic solenoid (rws shown in FICi I)
or as a wax motor (as shoivn in 1&ltiS. Z-6). As shown in each
of FICiS. 1-6, the controller 46 is in clcctrical com&muiication
with the actuator 38. The controller 46 is configured, &.e.,

programmed, to regulate the actuator according to one of the
warm-up, low load, and high load operation of thc power-
plant 12. The defining temperature and pressure parameters
of the coolant 14 and the oil 18 for each of the warn&-up, lov;

load. mid lugh load operation of the potter-plant 12 may be
cstablishcdmnpiricaflyduring tcstingmiddcvclopmentofthe
poii er-FLint and the subtect vehicle.

[0024] In the case that the ac&uauir 38 is a ivax inotor, «s
illustrated by FIC&S. 2-6. the w ax motor functions as a luiear
actuator that is capable of providing an appropriately short
mnge of linear mot& on via a plunger. Generally, the w ax motor
has three principal components, a block ofwax, a plunger that
bears on the w sx, and an electric heatcr that heats thc wax (not
shown). The electnc heater may be a positive temperan&re
coefficient (VTC') thermistor, which, as known by those
skilled in the art, &s a type ol an electronic component that is

chamctenzedbyresistancethatvanes sigmiicantlyivithtem-
perature Tbe wax motor operates when tfie electric heater is
energized tlu ough the application ofan electric current to heat
the wax block. IVhen the it ax block is tlms heated. the wax
b kick w ifl expmid to drive tbe plunger to thereby displace the
valve 33. When the el ectnc current is removed, the ii ax block
will cool d&nvn and contract to thereby cause the plunger to be
pushed in or isithdraivn with the assist from the (free of the
spring 40. The wax motor may additionally employ mi inter-
nal spring (not slmwn) incorporated dircctlv into tbc wax
motor cmiligured to assist the spring 40 in withdrawing the
plunger.

[0025] As shown in FIGS. 2-6. the actuator 38 may also be
conligured as a two-stage wax nxitor where csscntially two
wax motors. each lmving a plunger, are arranged in series. In
the case of the two-stage wax motor, a

first
ax motor 42 may

be configured to be «ct&vatcxI by the controller 46 at a lirst
predetermined tempemture of the oil 18 to displace the valve
33 via a plunger 43. thereby exposing the apcru&rc 36 to the
conduit 32 and penmttuig the o&l to bypass the heat-ex-
changer 22 (as show n in FICi. 5). A second wax motor 44 may
bc activated by thc controfler 46 at a second prcdetcrmined
temperature of the oil 18 to displace both the Iirst v, ax motor
and the valve 33 via a plunger 45 further toward the spring 4 I),

thereby exposuig the aperture34 to the conduit 29 aml pcr-
nutting the o&l to tlow to the heat-exchanger 22 (as shot& n in
FICi. 6) Th" first and thc second predetermined tmnperaturcs
at w luck the respecxive lira& and second i&ax motors 42. 44 are
confib&ured to be activated may be establislied empirically
duri no testing and devel opnwnt o I'he power plant 12 and the
subject vehicle. Although FICiS. 2-6 illustrate the controller
46 being employed to control the ivax motors 42, 44. the wax
mouirs may also bc couligurcxI to re~ct directly to the tem-
perature of the fluid flowing fluougv the conduit 28 ivitlxmt

any other external regulation.

[0026] Following is a detailed description of operation of
thc system 10 in connceetion with various operatin modes of
the power-plmit 12 shoivn in I'IGS. 2-6. A cold start of the
power plant 12 is shown in FIC& 2. where tlm teniperatures of
both the coolant 14 and the o&118 are at mi ambient tempera-
mre that is significantly below zero I'elsius During such a

cold start of the primer-pl wit 12 the prcssurc of&bc oil 18 in the
conduit 28 is significantly higher than. the pressure in conduit
31. As a result, the pressure of thc oil 18 is sufficient to
displace tbc valic 33 away from thc actuaior 38 to fully
compress the spnng 40 and expose the aperture 34 to the
conduit 32 Additionally, an internal restriction thmugh thc
heat-exchmiger 22 is sufficient to genemite a sigmiicant dif-

ference in oil pressure between tlie conduit Z9 and the conduit
32 and tiirce thc majority of thc oil 18 to bypass thc lmat-
exchanger. Accordingly, dunng the low ambient temperature
stan of the power-plant 12 the valve 33 directs the oil 18 to
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bypass the heat-exchanger 22, such that the temperature of
the oil is not modi lied by Ihe hmit-exchanger. and is tlwrvforc
permitted to increase independently ol the temperature of the
coolant 14

[0027] FI(i 3 illustmtes continucxi operntion of the power-
plam 12 and the gradual warming up ol'Ihc oil 18 As the oil
18 warms up. the pressure of the oil 18 in the conduit ZS

decreases. as does tlic intonial restriction through the heat-
exchanger 22, which causes the valve 33 to be displaced back
toward the actuator 38 in response to the force of the spring
40. As the valve 33 is displaced by the spnng 40 dunng the
gradual warm up of the poster-plant 12, the aperture 36
bcwomes exposed to the conduit 32. Such a change in the
ditference benveen oil pressure ui the co»dusts 28 mid 31
permits a gradually increasing portion of the oil 18 to go
through Ihe bent-exchanger 22 to bc heated by Ihe coolant 14,
ivlule the remaiiung poruon of the i»l will still flou thniuah
the conduit 32. Tints. during the gradual warming up of the oil
IS. as shou n in FIG 3. the beat-exchanger 22 performs as an
sill lien)el.

10028] As shown in FIG. 4, when the oil 18 continues to
rearm up, tile difference in prcssure bctwccn tile conduits 28
and 31 util decrense belou a tlueshold value. thus penmttnig
the spring 40 to overcome the pressure diffi:rence mid dis-

place the valvc 33 fully toward Ihc actuator 38 Tile ihreshold
value of the diiference in pressure of the oil 18 may be
established empirically during testing and develop ment of the
power-plant 12 and the subiect vehicle. I'or example, the
threslxild value of the difference in pressure of the oil 18
bctwccn thc conduits 28 and 31 at wlflch tlic valve 33 can be
fully displaced mny be set nt 150 KPa. winch typically occurs
around zero degrees Celsius. At such a point. the m Ive 33 will
be filly closed. thereby directing substantially all Ihe flou of
the oil 18 tluoiugh the heat-exchanger 22 to be heated by the
coolant 14 and pcmiitting tfie hwit-cxchangcr to contitmc
performin * as an oil heater.

[0029] As substantially all the oil 18 begins to flow throu h
the hntt-exchanger 22, and the power-plant 12 continues to
umm up. Ihe Icmpcraiure ol'hc oil 18 will increase I'urther

As the power-plant IZ contimies to wami-up. each of the
temperatures of the coolant 14 and dw. oil 18 will eventunlly
reach the iirst prcxictennutcd temperature The iirst predeter-
mined temperature may be set at an cxiuiltbrium point ivhere
the temperatures of the coolant 14 mid thc oil 18 arc substan-
tially at par. Such an equilibnum point has been estabhshed to
occur amund 80 degrees ('elsius for some applications of an
IC cligilli: opcriitllig at loail li»id in a motor vchiclc.

[UU3U] FI(i. 5 ill»suites the power-plant 12 in a substan-

tiallyly

warm or steady-state operating state wlwre the tcnipcm-
tures of the coolant 14 and of the oil 18 have reached the first
predetermined tempemture, for example 80 degrees Celsius.
Such a steady-state operating state o I'lw pou cr-pl mit 12 will

typically occur when the host velflcle is subjected to a rela-
tively lou road load, such as cniising at highway speeds As
shown m FIG. 5. after the temperature ofthe oil 18 reaches the
first predetermined temperature, the first wax motor 42 of the
amuator 38 u ill be wtivatcd by the coniroller 46 Io displace
the ~siva 33 via the plunger 43. Such displacement of the
valve 33 v,ill expose the aperture 36 to the conduit 32 and
permit the oil 18 to bypass ihe heai-exchanger 22, thus per-
nuttuig the temperature of the oil to increase above the tem-
perature ol'he coolmit 14.

[0031] 11G. 6 illustmstes thepower-plunt12 operating as an
increased load. During hi»jr load operation ofthe power plant

12, such us at lugher velucle speeds, when the velucle is
trnvding up a gmde, or is awing a kiad, ihe temperature of the
oil 18 ivill increase to above that of the cool uit 14. for
example up to 110 degrees (.'elsius Tlw tmnperature ol'the uil
18 hns a particular tendency Io exceed flw tempera)lire of the
coolant 14 in I('. engines employing piston squirters. A piston
squirtcr is a dcvicc »sexi to spmsy oil at tire underside of a

piston that rcwipmcates inside a cylinder to encraten coo hng
effect during high load opemtion of some IC migines. When
the temperature of the oil 18 has thus exceeded tire tenipem-
nire of the coolant 14. the second ivax motor 44 of the actuator
38 will be activated by the controller 46 The activation of the
second wax motor 44 will displace the valve 33 via the

p burger 45. Such displacement of the valve 33 will expose the
aperture 34 to the conduit 29 and permit the oil 18 to flow
tlu ou h the heat-exchanger 22 to be cooled to the temperature
of the coolant 14. tints allowing the heat-exchanger to per-
liirm as nn oil cooler
[0032] I'IG. 7 depicts a method 50 of controlling the tem-
perature of oil 18 in the power-plant 12 sliov. n in FI()S. 1-5.

The meflmd 50 is described is ith reference to FICrS. 1-5, and
the above descnption of the system 10. I'he method com-
nicnccs at block 52. nnd then pmcceds to frame 54 In frnnw.

54. the method includes directing the oil 18 through a heat-
exchanger 22 during the warm-up operation of the power-
plmit 12 sucfi that the tcmperaturc of the oil is incrensed The
method then adviuices to frame 56. In frame 56. Ihe method
includes directing thc oil 18 to bypass the heat-exchanger 22

during tfic low load opcratiim ol'the power-plant 12 such. thnt
the temperatiue of the oil is increased. Iirom frame 56 the
nwthod proceeds to frame 58, where it includes dircwting tile
oil 18 throu»Jr the heat-exchanger 22 dunng the high load
opemtion of the poii er-plant 12 such that the temperature of
the oil is reduced. According to the method 50, following
frame 58. the method mny loop back to frmne 56 and pemut
the oil to again bypass tire heat-exchanger ZZ when the pow er-

plant 12 reverts to the lou load opera»on.
[0033] Wlule the best modes for carrying out the invention
haiv. hewn dcscribcd ui detail. those familiar with the aflt to
uhich this utventi on relates will recognize various altertiative
designs and embodiments for practicing the invention ii ithin
thc scope of'he appended clmms

I A system liir cotttrolhng a tmnpeniture o I'oil ui a poivcr-

plant operable to propel a velucle. the system comprtsutg.
a heat-exchanger arranged relative to thc power-plant,

wherein the heat-exchnngcr is coniigurcd to receive the
oil frcuu the poiver-plant. modi6 the temperature of the
oi I, mid return the mod i bed tenipemturc oi I to dw pow er-

plant. and
a valve configured Io.

direct the oil tlu ough the heat-exchanger during a ii arm-

up operation ofthc pitacr plant such tint tlwtempem-
ture ofthe oil is increased:

direct the oil to bypass the hmit-exch us er dunng a lou
load operation of the pou er-plant such that the tem-

per»hire of tbc oil is increased, and
direct the oil tlmiugh the heat-excltanger during a Iutrrt

load operation ol'he power-plant such tluu the tem-
perature of the oil is decreased.

2. The system of claim I, ivhereui the val~e is additionally
configured to direct the oil to bypass the heat-exchanger
during a low mnbient tempcraturc start of thc power-plant
such that the tempemsture of the oil is not modified by the
heat-exchanger.
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3. The system of cfaun 1, fiirther comprisuig an acniator
conf(gur(xt lo operate i he vali e

4. The system of claim 3, fiuther comprising a spring
configured to bias the valve against tbe uctuator

5. The system oi'claim 4, wlmrein the acnmtor i ~ one uf a

wax motor and a solenoid
6. The system of claim 5, wherein the wax motor is con-

figured as a rtvo-stage «.lx motor.
7. Tlm system of claim 5. fiirthcr comprising a controller in

electrical communication with the actuator, ((herein the con-
troller is configured to regulate the acmator according to one
of the warm-up, lo(v load. and high load operation of the
po«er-plant.

8. The system of claim 1, further comprtsin a ibad pump
configur(xi to circulate n coolant through the heat-exchanger
to modify the Icmpcraturc of thc oi!

9. The system of claim 1, wherein the pov'er-plant ls an
internal combustion engine.

10. A method of controlling a temperature ofoil in a power-
plant operable to propel a i elucl(. the method comprisin:

directing the (lil durtn a «ann-up operation of the po«er-
plant tluough a heat-exchanger arran ed relative to the
power-phmt such that the temperature oi'lm oil is

mcreased. «herein the heat-exchanger is comfigured to
receive the oil from the power-plant, modify the tem-

perature of the oil, and return the modiiied temperamrc
oil to the power-plant:

directing the oil to bypass the heat-exchanger during a low
load opemtion of thc power-plant such that the mmpeca-
ture of the oil is increased: and

directing the oil through the heat-exclmnger during a lug
load opemtion of the power-plant such that the tempem-
ture oi'he oil is decreased.

11. Tbe system ofclaim 10. «herein the valve is addition-
ally conbgurcd to direct thc oil to bypass the heat-exchanger
during a low mnbicnt tcmpcraturc start of the po«cr-pimrt
such that the temperature ol the oil is not modflied by tbe
brit-exclmnger.

12 Thc method ofclaim it). «herein said directing tlm oil
during each oi the «nrm-up operation, the lo« l(aid operation,
and the high load operation of the power-plant is accom-
plishcxt via a valve

13. The method of claim 10, further comprising operating
the valve via an actuator.

14. The method of claim 13, further comprt sing bi as uig the
valve against the actuator via a spring.

15. The method ofclaim 14. wherein the actuator is one of
a wax motor and a solenoid.

16. The metlxld of claim 15, whereui the wax motor is
config(ared as a two-stage (vax motor.

17. The method ofclaim 15. further comprt sulg regulating
the actuator via a controller, wherein the controller is confi-
gure to regulate the actuator according to one of the v am( up,
lo(v load. and high load operation of the power-plant.

18. 1'he method ofclaim 10. further comprising circulating
a coolant tltmuvdt tlm heat-excllanger via a fluid pump to
modify the temperature of the oil.

19 The method ofclaim 10. wherein the power-plant is mi

internal combustion engine.
20 s system for controlling a temperature of oil in a

pe(ver-plant operable to propel a veluc le. the system comprts-
ing

a lmat-(xchanger arranged relative to tlm power-plant,
wherein the heat-exchanger ls configured to receive the
oil from the po«er plant, modify thc temperature of the
oil, and return the mod died temperature oil to the po«er-
plant;

a valve conilg(lied to

direct the oil tlu ough the heat-exclmnger duruig u warm-

up operation of the po(i er plant such that the tempera-
ture ofthe oil(a uicreased:

direct the oil to bypass the heat-exclmnger dunng a low
load operation oi the power-plmit such tluit th(: t(:m-

perature oi tbe oil is lncretmsed,

direct the oil through tlm heat-exclmnger during a high
load operation oi'hc power-plmlt such that the tem-
perature of the oil is decreased: and

direct tbe oil to bypass the lmat-(xchangcr during a lo(v

ambimit temperature start oi'tlm pmvcr plant such flini

the temperature of the oil is not modified by the lieat-
exclmnger:

a rtvo-stage «nx motor (mmiigurcd to operute the valve: and
a spring configured to bias tile valve against the two-stage

wax riot(tr.


