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HEATER ('ORE ISOLATION VALVE
POSITION DETECTIO Ii

('RO)S-Rl IIII ifii iN( I I I'0 Rl!I,AI I ID
APPLICATION

llns dpphcatiou claims thc bcnelir of U.S. Provisional
Application Nn. 61/716.077, filed Oct. 19, 2012, the disclo-
sure ot which is incorporated in its entirety by reterence
herein. I it

IIA('K(iR(R)NI )

To provide passen er cnmpmtment comfort. vehicles
have the capability to heat nr cool the passen er compart-
ment. Conventional vehicles use waste heat from the en ine
as Ihc sole source of hcaluig lor Ihe passenger comparlmmil.
With thc adi cnt of Battery Ehxtnc Vchiclcs (BEV), there is
no loaner any waste heat available so that other means of
heating the passenger compartment are required A typical Io

BEV may use an electric heater to warm the passenger
contpartment. Similarly, Hybrid Electric Vehicles (HEV)
pose different problems because the engine may nor always
bc running and gmicrating waste heat for use by Ihe healing
system. Plug-in Hybmd Electric Vi:luclcs (PHEV) compound
this issue by running with the engine off for significant
periods of time In order to pmvide optimal fuel econnniy
benetits. it is desired to heat the passenger compartment
without having to rely solely on engine waste heat.

In a heating system, there may be valves to alter the flov io
ol'oolant tluough Ihe system. Thcsc valves may be acti-
I auxt vid a controller to a dcsircd pusition. Duruig normal
operation, the valve will actually be in the actuated position
set by the controller During fault conditions. the valve may
be in a pnsition other than what the controller has selected. Is
It is desirable to detect these situations in order to ensure that
the system operates in a manner consistent with the actual
I ill vc post(lint.

SUMMARY

In an Illustrutivc cmboduncnt, a hybrid velucle uicludes
dn migine, an clectnc heater, a heater core Imd a valve
arranged Io route coolant tluough ai least one of die miginc
and the electric heater 1'he illustrative system also includes
a controller configured to control a valve tn route coolant
through the en ine and the heater core in response to n heat
request. The illustmstive system includes the capability to run
a hedrcr loop uidcpcndcnr from thc cnguic-raihator loup. The
illustrdiivc system may provxle robust capabihty Io provide o

hearuig despite Ihe fault of some of thc system components.
'I'he illustrative system may also provide modes of nperation
to improve the etfectiveness of heating the passenger coni-
partment. For example, the system may diagnose valve
faults and opente the system in a manner consisrent with the i.
I ill vc post(lint.

A I chicle is disclosed uicludulg Bn cnghic, B bed l

cxchdngcr or hcBIOI core, Bn electric hcBIOI ruxl II valve
systeni thar can selectively direct coolant from the engine to
the heat exchanger The valve system is capable ofdetecting io
the position of the valve based on a tempennire of coolant
entering the heat exchan er and a temperature of coolant
cxiruig Ihc enguic. Tlm valve system can detect proper valve
operation wlu:n thc valve is posiuoncd Io fluidly isolate
coolant exiting Ihc engine 1)om thc hear cxchangcr when a ss
temperature increase of the coolant entering the heat
exchmiger is greater than a tempenture increase of the

,567 B2

coolBBI exiting Ihc cngulc v;flic Ihc clccu u: hi BIOI Is on Bnd
the engine is otf the proper valve position may be detected
v hen the temperanrre increase of the coolant entering the
heat exchanger is greater than a first threshold and the
temperature increase of the coolant exitin the en ine is less
than a second threshold. The valve system can detect a
faulted valve opcrauon where Ihc valve actually directs
coolant front Ihe engine Io Ihc heat exchanger when lhc
valve Is commanded to fluidly Isolate coolant fmm the
engine from the heat exchanger. 'I'he fault position may be
detected when the temperature increase over time of the
coolant entering the heat exchanger is less than a tirst
threshold value or the tempemsture increase over time of the
coolant exrting thc engine Is great Ihmi a second threshold
value. Thc system may bc conligurcd Io gcncrate an output
representing a fault in the valve position and store a diag;
nostic cnde.

In another enibodinient, a vehicle is disclosed including,
an engne, a heat exchanger or heater core, an electric heater
and a valve system that can selectively direct cnolant from
the engine Io thc clectnc hcdicr. The vulva system Is capable
of dctccting the position ol'he valve based ou a change in
temperature over time of content exiting the electric heater
and a change in tempemture over tinie of coolant exiting the
engine. 'I'he valve system niay detect proper valve operation
when the valve is positioned to fluidly isolate coolant from
the en me from the electric heater when a change in
tcmperaturc of the coolmit exiting Ilm electric heater is
greater than a change ui Imnpcrature of Ihc coolant exituig
the engine v;bile the electric heater is on and the engine is
off 1 he proper valve position may be detected when the
change in tempemsture of the content exitmg the electric
heater is greater than a first threshold and the change in
temperature of the coolant exiting the engine is less than a
second tlueshold. Thc salve sysrmn may detect a faultoxt
valve operation where thc salve actually directs coolant
from thc cnginc Io thc elcctnc hcatcr when thc valve Is
cmnnianded to fluidly isolate coolant from the engine from
the electric beater. I'he fmdt positinn niay be detected when
the chan e in temperature of the coolant exiting the electric
heater is less than a first threshold value or the change in
tcnlpcIiltilrc of Ihc coolant cxltulg Ihc cnghx: is glcrltcr than
a second threshold I slue. The system may bc conligured to
gcncI'Ilrc iui UU(por Icprcscnung B fBUII ul Ihc valve position
and store a diagnostic code.

A niethnd fnr detecting a valve position is disclosed. 'I he
method comprises the steps ofactivating a pump, command-
in the valve to direct coolant througrha heating source and
fluidly isolating thc hentmg source from an engine, activat-
ing Ihc hcatrng source. and ui response. ourputtuig a signal
indicative of a posiuon ol'Ihe salve based on a change in
coolant temperature associated v ith the heatmg source and
a change in coolant temperature associated with the engine
when the engine is off. In one embodiment, the engine may
be ofl'or a predetermined period of time prior to detecting
thc positron. Thc valve position is dcuxted to be ui a faultod
posilion ui whrch Ihc valve directs coolant Irom Ihe cnguic
to the heating source when thc chmigc in temperature of
coolant associated with the heatin source is less than a first
threshold nr the change in rempensture of coolant associated
v ith the engine is greater than a second threshold. When the
faulted position is detected, an output representing the fault
may bc genera(cd. The valse position may be dcternuncd Io
bc in a proper position in which Ihc valve does not direct
coolant from Ihc enguie to Ihc heating source when Ihe
change in temperature ofcoolant associated with the heating
source Is greater than a hrst threshold and the change in
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&cn&pcIIuuu: ol coolan& dssocla&cd w&fll fln: cngu&c ls loss
than a second tl&reshold In another possible embodiment,
thc valve posit&on detect&on may be performed v, hm& a valve
electrical fault has been detected

l)RII.I'ES('RIPI'ION Ol'l ill DRAY&IN(JS

FI(k I is a schematic representation of o vehicle.
FI(k 2 is a schematic representation of vehicle compo-

ncnm uuplcn&cuing B chnla&c con&101 sudtcgv. 11&

FIG. 3 is a flow chart of a valve pos&&ion d&agnostm.

DETAILED DESC:RIPTION

As rcqulrixt, data&lcd mubodnuen&s of thc present mven-
tion are disclosed herem: how:ever, it is to be understood that
the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative
fonna. The hgures are not necessarily to scale; some feon&res
may be exaggemted or minnnized to show details of par- Io
ucular componm&ts. Tlmrclbrc, spccdic struc&ural mid fuuc-
uonal details d&scloscd herein arc no& to bc intcrprctcd as
limiting. but merely as a representative basis for teaching
one skilled m the art to variously e&nploy the present
invention.

Vehicles may have two or more propulsion devices. such
as a first pmpulsion device and a second propulsion device.
For cxdmplc, thc vch&clc may lmvc an engulc and an cleclric
mo&or, a I'uel cell Bnd Bn clectnc mo&or, or Other combum-
tions of propulsion devices as are known in the art 'the Io

engine &nay be a con&pression or spark ignition internal
combustion eng&ne. or an exteu&al combustion engine. and
the use ofvanous fuels is contemplated. In one example, the
vehicle is a hybrid vehicle (HEV). and additionally moy
have &hc ab&hty to connect to an cxtcmal electric grid. such Ii
as ul a plug-In clcctnc hybnd vclucle (PHEV). Thc PHEV
s&ruc&urc is used In Ihc ligurcs and Io describe the venous
embodiments below; however, it is contemplated that the
various embodiments n&ay be used with vehicles having
other propulsion devices or combinations of propulsion do

devices as is known in the art.
A plug-in Hybnd Elcctuc Vch&cle (PHEV) involves an

extension ol'xmuug Hybnd Ehmtnc Vblucle (HEV) tech-
nology, in winch an elec&nc banery supplemcnls m& internal
combustion eng&ne and at least one electric maclune to
further ain increased n&ileage and reduced vehicle enus-
sions. A PITEV uses a larger capacity battery than o standard
hybrid vehicle„and it odds a capability to rechor e the
bat&ery from an clcctnc power grid, wlucl supphcs cncrgy
to an elec&rical outlet Bt a chiuging stauon. This further 0

improves thc overall veh&cle system opera&mg cflic&cncy In
an electric driving mode and in a hydrocarbon,'electric
blended drivmg n&ode

FI(k I illustrates an HEV 10 powertrain configuration and
control system. A power split hybrid electric vehicle 10 moy &1

bc a parallel hybnd clcconc vcluclc. The HEV conligurat&on
ds shown Is lor cxBB&pic purposes univ Bnd Is not In&coded
&o be lum&ulg as thc prescu& d&sclosure apphcs to HEVs,
PI II '/Vs or other vehicle types of any suitable architecture. In
this pov ertrau& conhguration, there are nvo power sources so

12. 14 that are connected to the driveline. which include a
combination of engine and generator subsystems usia a
plane&ary gear set &o connect &o each olhcr, and Ihc elec&ric
dnic system (mo&or, gcncra&or, and baucry subsys&ems).
Thc bat&ery subsystem &s au cncrgy s&oragc sys&cm fbr the si
enerator and the motor. 'I'he char ino generator speed w&ll

vary the engine output power split between an electrical path

and a mimhanical pa&h. In a vchmlc 10 w&th a power sphl
power&rain systen&. unlike conventional vehicles, the engine
16 requires either the generator torque resulting from engine
speed control or the generator brake torque to transmit its
output power tluough both the electrical and mechanical
paths (split modes) or tluough the afl-mechanical path
(parallel mode) to &he duvctra&n for Ibrw ard mot&on. Dunng
Opcranon us&ng thc second power source 14, &he elec&nc
nx&tor 20 draws poiver fron& the battery 26 and pmvides
propulsion independently of the en ine 16 for fo&ward and
reverse motions. 'I'his opensting mode is called "electric
drive*'r electric-only n&ode or EV mode.

The operation of this power spit pov ertra&n system,
unl&kc convcnnonal powcrlrmn systems, Integrates the &wo

power sources 12, 14 &o work loge&her scamlcssly &o meal
the driver's den&and without exceeding the system's li&nits

(such as battery limits) while Op&i miz&ng the total powertnsin
system efliciency and perti&rmance. (:oordinat&on control
between the t&vo power sources is needed. As shown in FICJ.

1. there Is a hierarchical vehicle system controller (VSC:) 28
thai perli&nus the coordnuiuon control &n tins power sph&

powcrtrain system. I)ader normal powe&traul cond&nous (no
subsystems/components fm&lted), the VS('nterprets the
driver's demands (e. PRND and acceleration or decelem-
tion demand), and then deteuuines the wheel torque com-
mand based on the driver demand ond powertmsin limits. In
addition, the VSC Zg determines when ond how much torque
each power source needs &o prov&de in order to mcc»hc
dnvcr's torque demand dnd to achwve thc operatulg poult
(torque and speed) of the engine.

'I'he battery 26 is additionally rechargeable in a PIIJJV
vehicle 10 configuration (shown in phantom), using a recep-
tacle 3Z which is connected to the power @id or other
outs&de electrical po&ver source and is coupled to battery 26,
possibly fluough a baucry charger/couve&tcr 30.

Thc vehicle 10 may bc opcratcd &n elixtnc mode (EV
mode), whcrc thc battery 26 provides all of thc power to &he

electnc motor ZU to operate the vehicle 10 In addit&on to the
beneht of saving fuel. openstion In IIV mode may enhance
the nde comfort tluough lo&ver noise ond better dnveability,
e ., smoother electric operation, lower noise. vibration, and
harshncss (NVH), dnd faster rcspousc. Opera&ion in EV
mode also bcnclits thc cmiromncnt wi&h zero cm&ssions
Irom Ihc vcluclc dur&ng Ibis mode.

A Plug-in I lybrid lilectric Vehicle (PIIJIV) shares char-
acteristics of both an I('E and a l)IJV A PIIJIV may have
some drivin range in Ivhich pmpulsion is pmvided only by
an electric motor 20 powered from a battery pack 26. Once
the battery pack 26 charge has been depicted to B certain
lcvcl, thc eng&nc 16 may be started. The cugu&c 16 may
provnlc power &o propel thc veluclc Bnd to recharge &he

battery pack 26 In electric only mode, the engine 16 &vill not
be nuuung Since the engine 16 is not running, there will be
no engine heat generated that can be used for heating the
passenger compartment. A PHEV may start the engine 16 in
rcsponsc to a need for passenger hcaung. Tlus, however.
iu&erii:rcs w&th thc electric only opcrat&on aud may unpacl
fhcl cconon&v Bnd cnutmlons.

A Pl I I JV &nay operate in ditferent modes In one mode, the
Pi IJ JV may operate in a charge-sustaining n&ode A charge-
sustainu& mode is one where the battery pack 26 state of
charge is maintained within a certain range. This may be
accomplished by ru&uung the engulc 16 &o power thc gen-
eralor 18 &0 recharge the ba&&cry pack. In another mode, &he

PHEV may operate in a charge-dcpletulg mode A charge-
depleting mode is one where the battery pack 26 is el lov. ed
to discharge to a lower level. Ibis n&ay be m all-electric
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mode when the vchiclc propulsion is provtdcxl by thc cleclric
motor 21) with power from the battery pack 26

One possible system for providing pawsenger compart-
ment heatiim ftlr a VII)1V is shown in FI(i 2 The systenl
provides two sources of coolant heating. The system mny
utilize heat from the engine 40 to heat the coolant Bs in a
corn entional ICE vehicle. Thc system may also provulc heat
tie an elcctnc heater 42 as ui a BEV system. Having
nniltiple sources of heat allow:s flexibility during nornlal
operatiim conditions and some redundancy during failure Ia

nlodes 'I'he systenl allows the coolant fnim the ditferent heat
sources to flow through the heater core. The addition of a
Heater Core Isolation Valve (HCIV) 44 allows the passenger
ht:dtcr svslt:111 to select tht: source ill ht atcil coolBllt. A
t chicle systmn control (VSC) module (28 FIG. 1) may
control the opemstton of the system. The VS('28 III(i. I)
may determine the heating mode based on the passenger-
heating request and the status of the various components in
the heatin system. To ensure robust opemtion, the VSC (28
FIG. 3) may attempt to work with missing or failed control Io
clmuents by choosing an appropnatc opcraling mode.

Tht: HCIV 44 may be used to activate difli:rout coo)wit
loops. In one position. the I I('IV 44 tiirms an electric-only
heating loop 66 In this position, the coolant flows in a loop
comprised of the I I('IV 44, the auxiliary water plunp 46. the
electric heater 42, and the heater core 50. not limited to that
particular order. In another position, the HCIV 44 forms a
combuled hcnnng loop 68 that passes iluough thc enguic 40.
In Ihe combuuxl heating loop, coolanl flows tluough thc
I I('IV 44. engine 40, water pump 54, thermostat 58, auxil- io
iary lvater pump 46, electnc heater 42. and heater core 50,
not linlited to that particular order There is also a separate
engine loop in which coolant flows tluough engine 40. water
punlp 54, thermostat 58. and the radiator 56. not necessarily
in that order. Depending ou thc mock of operation, ui order ii
for coolant to flow ul Ihc system onc or both of the pumps,
46 OI 54. IBIIS1 bC BC(ivtl(CII.

1hc system may also have an auxiliary water pump 46 to
force coolant to flow through the system A cnnlant sensor
48 may be included to measure the coolant tempermue do

entering the heater core 50. The coolant tlows through. a
hcatcr core 50 that nllows heat to bc trmwli:rrtxl Ibom thc
coolmit to air entering Ihc passenger compartmcnl. The heal
may bc transfcrrcd from Ihc coolant in the heater core 50
using a blower 52 to pass air over the heater core 50 and into
the passenger comparnnent

The system may also have a water pump 54 to force
coolant to flow through the engine 40. The water pump 54
may bc mechm»cally or clectncally drnen. In ccrlmn
Ilxitlcs. Ihc water pllnlp 54 nlav lolcc'. coolBIII through thc
healer cure 50 as well Thc system mdy also lieve a raduitor
56 to dissipate heat in the coolant 'I he system may also have
a thermostat 58 to control the flow of coolant between the
radiator 56 and the engine 40. The system may also have a
degas bottle 60 that may act as a coolant reservoir. remove s.
mr from thc coolant, mid provide prcssure relief. The cooling
system may further uiclude an exhaust gas rioirculation
(EGR) 62 system that rccirculatcs a ponion of the engine's
exhaust as back to the engine cylinders In addition. the
systenl may have an engine coolant teinperature sensor 64 to io
determine the coolant tempemlture exiting the engine 40 or
the engine coolant temperature exiting the engine may be
Cstllud(Cd tir lllfCIrcxl flultl OIIICI IlletlSillt:IIICIIN.

lite system has thc capabihty to alter flle flow of coo)wit
fltlough the system In response to thc desired source of si
coolmlt heating Based on the position of the II('IV 44,
coolmlt may flow in different loops Separate coolant tenl-

pcraturcs may be aclucvtxl in each loop depcnthng on thc
heatmg/cooling requirenlents of each loop at a particular
time. 'I'he addition of the I leater ('ore Isolation Valve
(I I('IV) 44 alloivs the coolant flow to be modified 'lhe
HCIV 44 may be an electrically switched valve that alters
the flow of cooiant tluough the system Tile HCIV 44 may
bc a tlucc-way valve tluit allows ouc port to bc alternately
cotnlcctctl to each oi lht: other two polls bdscx! on Bn

activation signai The I I('IV 44 may allow the coolant loops
to be combined as one larger coolant loop I'he I ICIV 44
may be switched in such a way to alloiv coolant to flotv from
the engine coolant loop through the HCIV 44 to the electric-
only heater loop.

A controller may bc ustxl to actuate thc HCIV 44. Dcpcnd-
iug on thc design of thc HCIV 44, it may or may not have
feedback as to the actual position of the II('IV 44 lt is
desirable for the contmller to know with some certainty that
the I K'IV 44 is in the correct position. The position of the
HCIV 44 may be ascertained by observing the behavior of
the system during operation.

Au indirect me(boil of detcnnimug thc position of thc
HCIV 44 is possible using cxistuig ftwdbacks in the system
dunng knotvn operating conditions. 'I'he method may first
ascertain v;hether the conditions are correct for entering the
I I(.'IV position determination The system nlay first deter-
mine if conditions are proper for detenninin the position by
evaluating the entry conditions. The entry conditions to be
cvaluatcd may bc as follows: the cnginc 40 is uot runnuig.
thc mlgulc 40 has been ofl'or a minimum rcquircd time.
ambient temperature is above a minimunl value, the bkiwer
52 speed is below a threshold, the tenlperature sensors are
functioning properly. the auxiliary water pump 46 is acti-
vated, the electric heater 42 is activated to heat the coolant,
and the HCIV 44 has been actuated to the electric-only
healing loup. Giber entry en(eris may include Ihc dclcction
of ml open circuit or a short to ground of the HCIV 44
control lines. Dcpcnding on the particular HCIV 44. thc
diagnostic may be run only lvhen a circuit fault has been
detected Other entry criteria may be used to determine when
the diagnostic should be performed The diagnostic may be
run continuously when conditions are correct. If the entry
conditions are not mcl, Ihc syslmu may counuuc lo cvaluatc
thc entry criteria unnl they dre mct.

Once thc curry conditions have been mct, coudiuons may
be exaniined to determine the position of the I I( IV 44. 'I he
coiltroller may make a nleasurement of the tempemlnire
sensor 48 in the electric-heater only loop Bnd the tempera-
ture sensor 64 of the coolant at the engine outlet The logic
may be cxtcndcd to any hcatuig systems with uldcpcndcnt
hcauug loops that have dilfercnt hcaung sources. The uuual
tcmpcraturc values may bc stored for later use Thc control-
ler may check to ensure that the entry conditions are still
met If the entry conditions are not met, the system may
restart the procedure. If the entry conditions are met for a
cahbratnble period of time. the final value of the temperature
sensors 48 and 64 mdy bc mcasurcd agmn. Aller thc tcm-
pcrdnlrc vtlhics havt: bct:ri ulcasuicd, thc initial Bnd Iindl
values can bc comparcxl to detcnnule thc position of thc
I I('IV 44. A temperature rise in the coolant loop occurs tvhen
the difference between the tinal and initial tempemlture
measurements are greater than a cahbmstable threshold. The
temperature is flat if the difl'erence betv een the final and
initial tcmpcrature mensurmuents arc less than a calibratablc
tlucshold. The dctcmnnation of a tcmpcrature nsuig or
being flat may also allow liir the clrdnge being within a
predetermined percentage of allowable deviation from a
cahbrateable value
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lilt: prt:lions ihscusslon ilscs Icnlpi:ldlnlc nlcasulcnli:nis
at tivo separate tinles followed by a calculation of the
tenlpemture ditference over that time. Alternatively. the tv 0
tenlpemture sensor values may be integrated nver time. After
a certain time interval, the integrated 1 alues may be com-
pared to calibmotable thresholds to determine whether the
tcmpcraiurc is nsing or flat.

Tile entry coudiuons may bc cons(rue(cd so thai a tem-
perature rise is expected In the electric-only heater loop 66,
while minimal change in temperature is expected at the Io

engine coolant outlet When the entry conditions are nlet. the
temperature behaviors moy be observed to detemline if the
expected behavior occurs If the expected behavior occurs,
Ihen Ihe vah e may be conlirmcd to be ul Ihe correc( position.
Whi:n Ihc cltx'Itic-Onlv hcd(t:I loop 66 Is I:nliblix! Iuxi thc I

electric heater 42 is turned on, the temperature 48 in the
electric-only heater loop 66 is expected to increase nver
tinle When the engine 40 Is not running, the temperature at
the engine coolant outlet 64 is expected to remain flat or
change slowly over time If these conditions are observed, Io
thc HCIV 44 cau bc Infcircdl to bc ul thc correct posiuon for
thc t:lcclllc-only't a(big loop.

If the temperature in the electric-only heating loop rises
and the temperature at the engine coolant outlet remains tlat
or changes slowly, then the contnlller may infer that the
HCIV 44 is positioned in the electric-only heating loop 66.
Any other measurement conditions may indicate rhot the
HCIV 44 is not In thc corrtmi position. Thc controller may
ovcrntlc the position to rcprcscnt thc actual position of thc
I I('IV 44 iturther control actions may utilize the predicted lo
position of (he II('IV 44.

11(i 3 shoivs a flowchart of one possible einbodinlent of
the HCIV position determination. Tlfls particular embodi-
ment starts with the Initialization of counters ond variables
80. The mllry conditions are Ihcn eve!us(cd as descnbcd ls
carher 82. When the entry condiuons arc mct, thc iniual
tcmpcraiurc readuigs of each Icmpcraiurescnsor arc stored
84 If the entry conditions are not met, the system returns to
the ini(ialization step 80 If the entry conditions are still
present 86. a counter is incremented for each iteration of the do

control loop 88. When the counter is greater than o tllreshold
90. Ihe linal tcmperaturc rcaduigs ol'mch temperature sensor
dre stored 92. Thc counter may rcprcscnt the passage of a
dcsirtx! ume. Thc change ul temperoiurc for each tcmpcra-
ture sensor is then deternlined 94 Next. a detenniilation of d

the behavior of each tempenotme sensor is perfilnned 96 If
the change in temperature of the electric-only heating loop
is ~venter than a calibrated value and the change in tem-
perature at the cuginc coolant ouilel Is less than another
cdhbrotcd value, thmi the HCIV posiuon is mfi:rrcd to be in o

thc proper position in thc eltmtnc-only heatulg loop position
100 Any other result of the temperature change comparison
nleans (hat the I I('IV is hkely faulted and in the combined
heating loop position 98. Note that the change in tempem-
nlres may also be compared to be within o predetermined Ss

percentage of allowable deviation from the calibraieablc
1 itl uc.

II Ihc inlerred position Is uol ul Ihe Bolus(cd position, thc
controller may set a fault code and store a diagnnstic code.
'I'he controller may also use the inferred position to carry nut io
the proper heating conuuands based on the position that the
H('IV is in.

In this particular embodiment, the default position when
no i activated is in Ihc combined hea 1ulg loop. As su nnng I 1m I

applyulg power to the contml line activdles Ihc valve. shor( ss
circuits and npen circuits may be detected by monitoring the
con(rol lines.

Wlulc exemplary embodimenis Brc described! above, it is
not mtended that these enlbodiments describe all possible
forms of the imention I(other, the words used in the
specification are Vvords of description rather than limitation,
and it is lulderstood that various changes may be made
v ithout departing from the spirit and scope of the Invention.
Additionally, thc lhaturcs ol'arious nuplemcutuig embodi-
ments may bc combined to foml further cmbodimenis of Ihe
IIIVentl(10.

What is claimed is
I A velflcie comprising:
a vali e conhgured to selectively direct coolant from an

engine to a coolant loop ulcluding B heat exchanger and
dn elec(ric hcatcll itnd

a controller programmed to receive temperature data and,
in response to comnmnding the valve to a position,
identify the position based on a temperature of coolant
entering the heat exchanger and a temperature of cool-
ant exiting the engine.

2 Thc vehicle of claml 1 whermn the controller is further
progranuned (o identify an isola(cd position In wluch Ihe
valve does not direct coolant from the engine to the coolant
loop in response to a tenlperature Increase of the coolant
entering the heat exchanger being greater than a temperature
increase of the coolant exiting the engine after commanding
the vali e to fhlidly isoLate the engine from the coolant loop
while thc cltmtrm heater is on and thc cnguie Is ofl;

3 Thc veluclc of claim 2 whcrcin thc tcmperaturc
increase of the conlant entering the heat exchanger is greater
than a first threshold mid the temperature increase of the
coolant exiting the engine is less than a second threshold

4 The vehicle of clainl I lvherein the controller is further
programmed to identify a fault position in which the valve
ihri:cts thc coolant Ironl (hi: t:nghlt: 10 thc coolant loop in
ri:sponst: 10 II Icnlpcldntrt: ulcli asi: of thc I:oolanl I:nlcnng
thc bed( cxchangcl dnt! It It nlpcraturi: uliTcasc of Ilm coolant
exiting the engine after comnlandmg the valve to fluidly
isolate the engine fmm (he coolant loop while the electric
heater is on and the engine is off.

5 The vehicle of claim 4 wherein controller is fhrther
progranuncd Io identify thc fault position in rcsponsc Io thc
tcmperaturc ulcrcasc of the coolant cntenng Ihe heal
cxchangcr being less tluul a first tlucshold value or thc
temperature increase of (he conlant exiting the engine being
greater than a second threshold value

6 The vehicle of clainl 4 lvherein the controller is further
programmed to generate an output representing a fault in the
position.

7 A veluclc compnsulg.
a valve conflgurctl 10 selt:cult:Iy'hrt:cd I:oohtni fronl Bn

engine tn a coolant loop including an electric heater and
a heat exchanger: and

a controller progranmled to receive temperature data and,
in response to commanding the valve to a position,
identify the position based on a change In tcmperaturc
Of coolant exiling thc elccinc heater rclalivc lo a
I:htulgc in lculpi:Id(ore of coilhtni I:xliulg thc I:nghlm

8 Tile vehicle nf claim 7 v herein the controller is further
pmgrammed to identify an isolated valve position in which
the valve does not direct coolant from the engine to the
coolant loop in response to a chan e in temperature of the
I:nolan( CXI(ulg thC Clt:CIIIC hCdii:I'i:hlg grCB(i:I Ihttn a
change in (cmperaiurc ol Ihc coolant cxiuug Ihe cngule aller
conunanding the valve to fluidly isolate thc euguie from Ihe
coolant loop while the electric heater is on and the engine is
of}'
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9. The vchiclc of claim 8 whcrcui thc change ui tcmpcra-
ture of the coolant exiting the electric heater is greater than
a tirst threshold and the change in temperature of the coolant
exiting the eimine is less than a second threshold.

10. The velucle ofclaim 7 v.herein the controller is further
progranuued to identify a fault position in which the valve
directs the coolant thorn the engine lo thc coolant loop in
Icspollsc lo d chililgc 111 lcitipcldlulc ol lhc coolaiil cxiliilg
the electric heater and a change in temperature of the coolant
exiting the engine after commanding, the valve to duidly lc
isolate the engine front the coolant loop while the electric
heater is on and the engine is ofi'.

11. The vehicle of claim 10 wherein the fault position ls
ideniilied in response to Ihe change ui lcmpcralurc of thc
coolmil exiting thc chmtnc healer beuig less dian a lirsl
threshold value or the change in tempensture of the coolant
exiting the en ine heing greater than a second threshold
vahie.

12. The vehicle of claim 10 wherein the controller ls
further progmstmned to genemste an output representin a io
ialill ul lhc valve position
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