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SYSTEM AND METHOD FOR
CONTROLLING A VEHICLE HAVING AN
ELECTRIC HEATER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit and priority of
U.S. Provisional Application Ser. No. 61/716,474 filed on
Oct. 19, 2012 titled “System and Method for Controlling a
Vehicle having an Electric Heater,” the disclosure of which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a heating control
strategy for a vehicle having an electric heater.

BACKGROUND

[0003] Electrical heating systems may be utilized to
supplement the heat provided by an engine and to heat the
passenger compartment of a vehicle. While often used in
electric vehicles powered solely by a traction battery and
hybrid electric vehicles having an internal combustion engine
in combination with a fraction battery, such heating systems
may also be found in other applications. For example, electric
heating systems may be utilized in air conditioners, dehu-
midifiers, dryers, portable heaters and other electrical appli-
ances.

[0004] To provide passenger comfort in vehicle applica-
tions, vehicles have the capability to heat or cool the passen-
ger compartment. Conventional vehicles use waste heat from
the engine as the sole source of heating for the passenger
compartment. With the advent of Battery Electric Vehicles
(BEV), there is little or no waste heat available for use in
heating the vehicle cabin. As such, BEVs may use an electric
heater to warm the passenger compartment. Similarly,
although Hybrid Electric Vehicles (HEV) include a small
internal combustion engine that may provide some waste heat
for heating the vehicle cabin, these vehicles are designed to
minimize the use of the engine to maximize fuel economy. As
such, these vehicles pose different heating challenges
because the engine may not always be running and generating
waste heat for use by the heating system. Plug-in Hybrid
Electric Vehicles (PHEV) compound this issue by running
with the engine off for significant periods of time. To provide
optimal fuel economy benefits, it is desired to heat the pas-
senger compartment without having to rely solely on engine
waste heat.

[0005] Assuch, various alternatives have been developed to
heat the passenger compartment of electric and hybrid elec-
tric vehicles. One such solution uses an electric heater as a
heat source to provide heat for electric vehicles or supplement
heat from the engine in hybrid vehicles when engine waste
heat is insufficient to meet a heating demand for the vehicle
cabin. An electric heater generally contains one or more heat-
ing elements that function as electrical resistors that convert
electricity to heat. Electric heaters may include a thermostat
to regulate the heat output. Alternatively, electric heaters may
include Positive Temperature Coefficient (PTC) heating ele-
ments. PTC heating elements are made of small ceramic
stones that have an increasing electrical resistance as tem-
perature increases to provide self-limiting temperature prop-
erties such that a thermostat is not required. In addition, PTC
heaters have fast heating response times and the ability to
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automatically vary resistance and associated current/power to
maintain a pre-defined temperature.

[0006] Various commercially available component electric
heaters may include some integrated diagnostic or self-test
functions to determine heater operating state. However, these
diagnostics may not be sufficient or suitable for some appli-
cations. In particular, integrated heater diagnostics may not
provide sufficient or timely feedback to determine whether
the heater is functioning as desired for a particular applica-
tion. In vehicle applications, these diagnostics may take sev-
eral key cycles to detect or report various operating condi-
tions, may be unable to detect some operating anomalies,
and/or may not have desired accuracy or granularity in detect-
ing various conditions.

SUMMARY

[0007] A system and method for operating an electric
heater to determine heater functionality based on actual
heater power consumption relative to expected heater power
consumption during operating conditions where electrical
power consumption by other system components can be accu-
rately estimated is disclosed. The system and method may
also include controlling one or more components to control a
second heating source based on the heater functionality.
[0008] In one embodiment, a hybrid vehicle includes an
engine, an electric heater, a heat exchanger or heater core, a
valve positioned to route coolant through at least one of the
engine and the electric heater to the heater core, and a con-
troller configured to store a diagnostic code when the electric
heater is commanded on and when actual electric heater
power consumption is below a corresponding threshold asso-
ciated with an expected electric heater power consumption. In
various embodiments, measured and/or estimated electric
heater power consumption is determined during vehicle oper-
ating conditions where other electrical power consuming
components are off or operating in a state with known power
consumption. Embodiments may also include starting the
engine to provide heat to vehicle components and/or the
vehicle cabin. In one embodiment, a sensor configured to
measure coolant temperature exiting the electric heater pro-
vides a corresponding signal to the controller and the control-
ler estimates an expected electric heater power consumption
based on the coolant temperature and commanded duty cycle
of the electric heater.

[0009] Embodiments according to the present disclosure
may include a method for controlling a hybrid vehicle having
an engine and an electric heater that includes receiving a heat
request and estimating an actual energy consumption of the
electric heater. The actual energy consumption may be based
on an actual power consumption of the electric heater inte-
grated over a predetermined interval of time, where the actual
power consumption is further based on a measured vehicle
power consumption adjusted for power consumed by at least
one vehicle component. The method also includes comparing
the actual energy consumption of the electric heater with a
corresponding threshold and storing a diagnostic code when
the actual energy consumption is below the corresponding
threshold. The corresponding threshold may be based on an
expected electric heater power consumption estimated from
coolant temperature and current duty cycle, where coolant
temperature may be obtained from a corresponding sensor
measuring coolant temperature exiting the electric heater.
Additionally, the measured electric heater power consump-
tion is based on power supplied from the traction battery and
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the at least one vehicle component may include at least a
DC/DC converter, an inverter system controller and/or an
electric compressor.

[0010] Invarious embodiments, a method for controlling a
vehicle having an engine and an electric heater may include
commanding the electric heater on and starting the engine
when an actual electric heater power consumption, based on
measured vehicle power consumption adjusted for power
consumed by at least one vehicle component, is below a
corresponding threshold. The actual electric heater power
consumption may be averaged over a predetermined interval
of'time, integrated over a period of time or may be based on an
instantaneous measurement of power consumption. The
method may further include controlling a valve to selectively
route coolant from the engine to a heater core to heat the
vehicle when the actual electric heater power consumption is
below the corresponding threshold.

[0011] Embodiments according to the present disclosure
provide various advantages. For example, control of an elec-
tric heater and/or vehicle with an electric heater according to
various embodiments performs opportunistic diagnostic test-
ing under operating conditions where operating states of
other electric consumers are known to provide more accurate
and timely feedback of electric heater functionality based on
estimated heater power consumption relative to expected
heater power consumption. Embodiments of the present dis-
closure provide additional diagnostic granularity to more par-
ticularly identify various operating conditions associated
with heater functionality and related electrical system com-
ponents to facilitate repair operations.

[0012] The above advantages and other advantages and
features will be readily apparent from the following detailed
description of the preferred embodiments when taken in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic of a representative embodi-
ment illustrating operation of a heating control strategy for a
hybrid vehicle according to the present disclosure;

[0014] FIG. 2 is a schematic representation of an engine
coolant circuit for a vehicle according to an embodiment of
the present disclosure; and

[0015] FIG. 3 is a flow chart illustrating operation of a
system and/or method for operating an electric heater accord-
ing to embodiments of the present disclosure.

DETAILED DESCRIPTION

[0016] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention.

[0017] Various embodiments of a heating control strategy
according to the present disclosure may be implemented in
vehicles, which may include vehicles having a powertrain
with a single propulsion device, such as an internal combus-
tion engine or an electric machine (motor/generator or trac-
tion motor) powered by a fraction battery, for example.
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Vehicles may also have two or more propulsion devices. For
example, the vehicle may have an engine and an electric
motor, a fuel cell and an electric motor, or other combinations
of'propulsion devices as are known in the art. The engine may
be a compression or spark ignition internal combustion
engine, or an external combustion engine, and the use of
various fuels is contemplated. In one example, the vehicle is
a hybrid electric vehicle (HEV) having an internal combus-
tion engine and a battery powered traction motor, and addi-
tionally may have the ability to connect to an external electric
grid, such as in a plug-in hybrid electric vehicle (PHEV). The
PHEV structure is used in the figures and to describe the
various embodiments below; however, it is contemplated that
the various embodiments may be used with vehicles having
other propulsion devices or combinations of propulsion
devices as is known in the art.

[0018] A plug-in Hybrid Electric Vehicle (PHEV) involves
an extension of existing Hybrid Electric Vehicle (HEV) tech-
nology, in which an internal combustion engine is supple-
mented by a traction battery and at least one electric machine
to further gain increased mileage and reduced vehicle emis-
sions. A PHEV uses a larger capacity battery than a standard
hybrid vehicle, and adds a capability to recharge the battery
from an electric power grid, which supplies energy to an
electrical outlet at a charging station. This further improves
the overall vehicle system operating efficiency in an electric
driving mode and in a hydrocarbon/electric blended driving
mode.

[0019] FIG. 1 illustrates an HEV 110 powertrain configu-
ration and control system. A power split HEV 110 may be a
parallel HEV. The HEV configuration as shown is for
example purposes only and is not intended to be limiting as
the present disclosure applies to BEVs, HEVs and PHEVs of
any suitable architecture. In this powertrain configuration,
there are two power sources that are connected to the driv-
eline, which includes a combination of engine and generator
subsystems using a planetary gear set 122 to connect to each
other, and the electric drive system (motor, generator, and
battery subsystems). The battery subsystem is an energy stor-
age system for the generator and the motor. The changing
generator speed will vary the engine output power split
between an electrical path and a mechanical path. In a vehicle
110 with a power split powertrain system, unlike conven-
tional vehicles, the engine 116 requires either the generator
torque resulting from engine speed control or the generator
brake torque to transmit its output power through both the
electrical and mechanical paths (split modes) or through the
all-mechanical path (parallel mode) to the drivetrain for for-
ward motion as is generally known in the art.

[0020] During operation using the second power source,
the electric motor 120 draws power from the battery 126 and
provides propulsion independently of the engine 116 for for-
ward and reverse motions. This operating mode is called
“electric drive” or electric-only mode or EV mode. The
operation of this power split powertrain system, unlike con-
ventional powertrain systems, integrates the two power
sources to work together seamlessly to meet the driver’s
demand without exceeding the system’s limits (such as bat-
tery limits) while optimizing the total powertrain system effi-
ciency and performance.

[0021] As shown in FIG. 1, a vehicle system controller
(VSC) 128 coordinates control of the powertrain in addition
to implementing the vehicle heating strategy as illustrated and
described in greater detail with reference to FIG. 2. Under
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normal powertrain conditions, the VSC 128 interprets the
driver’s demands (e.g. PRND and acceleration or decelera-
tion demand), and then determines the wheel torque com-
mand based on the driver demand and powertrain limits. In
addition, the VSC 128 determines when and how much torque
each power source needs to provide in order to meet the
driver’s torque demand and to achieve the operating point
(torque and speed) of the engine. The battery 126 may be
additionally rechargeable in a PHEV vehicle 110 configura-
tion (shown in phantom), using a receptacle 132 which is
connected to the power grid or other outside electrical power
source and is coupled to battery 126, possibly through a
battery charger/converter 130.

[0022] The vehicle 110 may be operated in electric vehicle
mode (EV mode), where the battery 126 provides all of the
power to the electric motor 120 to operate the vehicle 110. In
addition to the benefit of saving fuel, operation in EV mode
may enhance the ride comfort through lower noise and better
driveability, e.g., smoother electric operation, lower noise,
vibration, and harshness (NVH), and faster response. Opera-
tion in EV mode also benefits the environment with zero
emissions from the vehicle during this mode. However,
operation in EV mode provides little or no waste heat that can
be used to heat the passenger cabin, or to heat various other
vehicle components to provide desired vehicle performance
or emissions control when starting and running engine 116,
for example. Vehicle 110 may include a climate control sys-
tem with various climate control functions coordinated by
controller 128. Alternatively, a separate climate control com-
puter may be provided and may communicate with VSC 128
over a wired or wireless network using a standard protocol,
such as the controller area network (CAN) protocol, for
example. The VSC may include various inputs (e.g., engine
coolant temperature sensor (ECTS) and heater core tempera-
ture sensors (HCTS1, HCTS2)), and outputs connected to
sensors and actuators to control heating and cooling of the
vehicle cabin and/or vehicle components in response to
operator input and/or vehicle and ambient operating condi-
tions. For example, VSC 128 may include outputs connected
to the electric water pump (EWP) 140, the auxiliary water
pump (AWP) 142, heater core isolation valve (HCIV) 144 and
the engine coolant valve (ECV) 146. A human-machine inter-
face (HMI) implemented using voice activation, touch
screen, and/or knobs, sliders, and buttons, may be used to set
a desired cabin temperature or operating mode that is used by
VSC 128 and/or a climate control system computer to imple-
ment the vehicle heating strategy as described in greater detail
herein.

[0023] Various approaches are taken to meet a vehicle heat-
ing demand, which may be based on operator input and/or
ambient operating conditions as previously described. Refer-
ring to FIG. 2, one embodiment for a vehicle heating strategy
for heating the passenger compartment of a hybrid vehicle is
shown. The system or method for vehicle heating illustrated
in FIG. 2 provides two sources of coolant heating. The system
may use heat from the engine 116 to heat the coolant, as in a
conventional vehicle using an internal combustion engine.
The system may also use an electric heater 224, implemented
by a positive temperature coefficient (PTC) heater in this
embodiment, to heat the coolant. Having multiple sources of
heat allows flexibility during normal operating conditions
and some redundancy during operating conditions where heat
from one source is insufficient or unavailable. Coolant from
the different heat sources flows through the heater core 230.
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The system may use an HCIV 144 that selectively routes
coolant from the different heat sources. A VSC module 128
(shown in FIG. 1) may control the operation of the system, or
may coordinate control of the system with a climate control
computer or control module as previously described. The
VSC module 128 may determine the heating mode based on
the heat request and the status of the various components in
the heating system, and in particular, the status of electric
heater 224.

[0024] Still referring to FIG. 2, the system may also utilize
AWP 142 and EWP 140 to push coolant through the system.
Multiple temperature sensors may be utilized to measure the
temperature of coolant entering and exiting the heater core
230. For example, a first heater core temperature sensor
(HCTS1) 226 may be included to measure the temperature of
coolant exiting the electric heater 224 and a second heater
core temperature sensor (HCTS2) 228 may be included to
measure temperature of coolant exiting the heater core 230.
The system may also have a radiator 222 to dissipate heat in
the coolant and a thermostat 218 to control the flow of coolant
between the radiator 222 and the engine 116.

[0025] AsshowninFIG. 2, multiple coolant paths are avail-
able for heating coolant. Coolant paths depicted include an
electric-only heating loop 210, a combined heating loop 212,
an engine radiator loop 216 and an engine bypass loop 214.
The electric-only heating loop 210 routes coolant through
electric heater 224, AWP 142, HCT sensors 226, 228 and
heater core 230. In this heating loop, the electric heater 224
solely heats the coolant independent of any coolant flowing
through the engine. More specifically, AWP 142 circulates
coolant through heater core 230 and electric heater 224.
[0026] In the combined heating loop 212, both the engine
116 and the electric heater 224 may provide heat to the cool-
ant. The EWP 140 may be configured to push coolant through
the engine 116 and an electric heater 224. When the engine
116 is running, heat from the engine 116 is transferred to the
coolant. The engine coolant may flow through the HCIV 144,
the electric heater 224, the AWP 142 and the heater core 230.
In addition, the AWP 142 may also be turned on to assist the
flow of coolant through the system.

[0027] Additionally, the HCIV 144 may be configured to
allow coolant to flow through either the electric-only heating
loop 210 or the combined heating loop 212. The HCIV 144
may be a three-way valve that allows one port to be alternately
connected to each of the other two ports based on a com-
manded vehicle operating mode. The HCIV 144 may also be
operated in such a way as to allow coolant to flow from the
engine 116 to the electric heater 224, which forms the com-
bined heating loop 212. Similarly, the ECV 146 may be
configured to allow coolant to flow through the engine bypass
loop 214 and/or the engine radiator loop 216.

[0028] The engine-radiator loop 216 cools the engine. The
engine-radiator loop 216 may consist of an EWP 140 that is
capable of pushing coolant through the engine 116 and radia-
tor 222. The engine-radiator loop may also include a thermo-
stat 218 that is capable of regulating the flow of coolant into
the engine 116 based on the coolant temperature. Specifically,
thermostat 218 allows coolant to flow through the engine
radiator loop 216 when the coolant reaches a set-point thresh-
old. The cooled fluid then flows back into the engine 116 and
the process is repeated.

[0029] If electric heater 224 is inoperative or otherwise
unable to provide desired heat, the controller may store a
corresponding diagnostic code and control HCIV 144 in
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response to route coolant through the combined heating loop
212. Residual heat from engine 116 may be used to heat the
coolant to a desired target temperature. Alternatively, or in
combination, engine 116 may be started in response to heat
the coolant to a target temperature. The system may deter-
mine that electric heater 224 is not functioning as expected by
measuring and/or estimating power provided by battery 126
(shown in FIG. 1) under operating conditions where electric
heater 224 is the only electrical component being used, such
as at zero vehicle speed with the engine 116 off, for example.
After minimizing other loads drawing battery power, the bat-
tery pack power usage should closely match electric heater
power usage if the electric heater is functioning properly. The
electrical power requirement of the electric heater 224 may be
measured or estimated. The method may also work when
other components are using electrical power so long as a
measured or estimated power requirement is available for
those other components.

[0030] FIG. 3 is a flow chart illustrating operation of a
representative embodiment of a system or method for con-
trolling an electric heater and/or vehicle having an electric
heater according to the present disclosure. As those of ordi-
nary skill in the art will understand, the functions represented
in FIG. 3 may be performed by software and/or hardware
depending on the particular application and implementation.
The various functions may be performed in an order or
sequence other than illustrated in FIG. 3 depending upon the
particular processing strategy, such as event-driven, inter-
rupt-driven, etc. Similarly, one or more steps or functions may
be repeatedly performed, performed in parallel, and/or omit-
ted under particular operating conditions or in particular
applications, although not explicitly illustrated. In one
embodiment, the functions illustrated are primarily imple-
mented by software, instructions, or code stored in a com-
puter readable storage device and executed by one or more
microprocessor-based computers or controllers to control
operation of the vehicle.

[0031] As illustrated in more detail in FIG. 3, whenever a
heater is commanded on, a functionality test is run. The
functionality test may include a first phase 310 and a second
phase 326. During the first phase 310, the test evaluates
whether the electric heater has completed a ramp-up cycle.
The ramp-up cycle refers to the period of time necessary for
the heater to reach full power. During the second phase 326,
the test evaluates the operability of the electric heater. In
particular, at block 312, it is determined whether the electric
heater has completed a ramp-up cycle. If the heater has not
completed a ramp-up cycle, then an estimated or measured
expected power is compared with a first calibrated power
threshold 314. Expected power is measured and/or estimated
from the duty cycle or commanded heater power, coolant
temperature and coolant flow rate. If the expected power is
not greater than the first calibrated power threshold at 314,
then a first counter is cleared 316 and the test returns to the
beginning of the first phase of the test at block 310. Whereas,
if the expected power is greater than the first calibrated power
threshold at block 314, the first counter is incremented 318
and the first counter is compared with a first calibrated timer
value 320 associated with the period of time required for the
heater to reach full power. If the first counter is not greater
than the first calibrated timer, then the ramp-up cycle is not
complete 324 and the test returns to block 310. If the first
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counter is greater than the first calibrated timer value, then a
ramp-up cycle is completed 322 and the test can move on to
the second phase 326.

[0032] During the second phase of the test 326, it is deter-
mined whether the expected power is greater than a second
calibrated power threshold 328. If the expected power is less
than the second calibrated power threshold, the functionality
test is restarted and returns to the start of the first phase 310.
If the expected power is greater than the second calibrated
power threshold at block 328, then the test evaluates whether
entry conditions remain 332. Entry conditions 332 may
include the following: vehicle speed is zero, engine is not
running, the temperature sensor configured to measure tem-
perature of coolant exiting the electric heater is operational,
the AWP is operational and the HCIV is operational. In the
alternative, the need to operate the vehicle at zero speed can
be obviated by using a current sensor on the inverter, which
can measure the actual consumption of the inverter system
controller. The power consumption of the electric heater can
then be calculated by subtracting out the power consumed by
the inverter and other components (such as a DC/DC con-
verter and AC compressor) from the total power output of the
vehicle battery.

[0033] If entry conditions do not remain, then a second
counter is cleared and all previously stored values of actual
and expected power consumption are cleared 338 allowing
the test to return to the start of the second phase 326. In
contrast, if entry conditions remain, then the second counter
is incremented at block 334. At block 336, actual and
expected power consumption values are accumulated over a
second calibrated timer value associated with the interval of
time the second phase of the functionality test is to be run
over. Actual power consumption of the heater may be based
on a measured vehicle power consumption adjusted for power
consumed by at least one vehicle component. To determine
actual power consumed, power consumption may be inte-
grated over the second calibrated timer value (energy con-
sumption). Specifically, this may include taking battery
power (voltage multiplied by current) and reducing it by the
actual DC/DC converter consumption, the air conditioner
consumption, inverter system controller and/or the transmis-
sion power consumption to end up with the actual power
corresponding to heater power consumption.

[0034] At block 340, it is determined whether the second
counter is greater than the second calibrated timer value. If the
second counter is not greater, then the test returns to the start
of'the second phase 326. If the second counter is greater than
the second calibrated timer value at block 340, then the actual
energy consumption (actual power consumption integrated
over the second calibrated timer) is compared with a thresh-
old value at block 342, which is the expected energy con-
sumption (the expected power consumption integrated over
the second calibrated timer) adjusted for a predetermined
percentage of allowable deviation. If the actual energy con-
sumption is below this threshold value, then a diagnostic code
is stored at 344. Whereas, if the actual energy consumption is
within the allowable deviation, the heater passes the function-
ality test.

[0035] Alternatively, the actual and expected power con-
sumption may be averaged over the second calibrated timer
value and then compared with a corresponding threshold
value based on an expected power value adjusted for allow-
able deviation. The instantaneous actual and expected power
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consumption may also be estimated or measured and com-
pared with a corresponding threshold value to determine elec-
tric heater functionality.

[0036] In addition, the controller may be configured to
execute other actions in response to storing of one or more
diagnostic codes 344. Other actions may include, but is not
limited to, storing a diagnostic code and/or starting the engine
to provide heat to the vehicle. Other actions may also include
controlling the HCIV to route coolant through the combined
heating loop and activating an indicator within the vehicle.
The indicator may be a light (e.g., a wrench light), a sound or
amessage. The purpose of the indicator is to alert the driver of
a vehicle problem. Whenever there is a heat request, the
controller is configured to perform the functionality test at
least once per drive cycle.

[0037] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the invention.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
invention. While various embodiments may have been
described as providing advantages or being preferred over
other embodiments with respect to one or more desired char-
acteristics, as one skilled in the art is aware, one or more
characteristics may be compromised to achieve desired sys-
tem attributes, which depend on the specific application and
implementation. These attributes include, but are not limited
to: cost, strength, durability, life cycle cost, marketability,
appearance, packaging, size, serviceability, weight, manufac-
turability, ease of assembly, etc. The embodiments discussed
herein that are described as less desirable than other embodi-
ments or prior art implementations with respect to one or
more characteristics are not outside the scope of the disclo-
sure and may be desirable for particular applications.

What is claimed is:

1. A method for controlling a hybrid vehicle having an
engine and an electric heater, comprising:

receiving a heat request;

estimating an actual energy consumption of the electric

heater, the actual energy consumption being based on an
actual power consumption of the electric heater over a
predetermined period of time, wherein the actual power
consumption is based on a measured vehicle power con-
sumption adjusted for power consumed by at least one
vehicle component;

comparing the actual energy consumption of the electric

heater with a corresponding threshold; and

storing a diagnostic code when the actual energy consump-

tion is below the corresponding threshold.

2. The method of claim 1, wherein the measured vehicle
power consumption is based on power supplied by a traction
battery.

3. The method of claim 1, wherein the at least one vehicle
component includes at least one of a DC/DC converter, air
conditioning compressor and an inverter system controller.

4. The method of claim 1, wherein the actual energy con-
sumption is estimated after the electric heater has achieved a
minimum power upon being commanded on.

5. The method of claim 1, wherein the corresponding
threshold is based on an expected electric heater power con-
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sumption, integrated over the predetermined period of time,
adjusted for a predetermined percentage of deviation.

6. The method of claim 5, wherein the expected electric
heater power consumption is estimated from coolant tem-
perature and current electric heater duty cycle.

7. The method of claim 1, wherein the actual energy con-
sumption of the electric heater is compared with the corre-
sponding threshold after entry conditions have been met, the
entry conditions including at least one of the following:

a sensor configured to measure temperature of coolant

exiting the electric heater is operational,

a pump configured to force coolant through an electric-
only heating loop is operational,

a valve configured to selectively route coolant through at
least one of the engine and the electric heater is opera-
tional,

vehicle speed is zero, and

the engine is off.

8. A method for controlling a hybrid vehicle having an
engine and an electric heater, comprising:

commanding the electric heater on; and

starting the engine when an actual electric heater power
consumption, based on measured vehicle power con-
sumption adjusted for power consumed by at least one
vehicle component, is below a corresponding threshold.

9. The method of claim 8, wherein the actual electric heater
power consumption is averaged over a predetermined interval
of time.

10. The method of claim 8, wherein the actual electric
heater power consumption is based on an instantaneous mea-
surement of power consumption.

11. The method of claim 8, wherein the actual electric
heater power consumption is integrated over a predetermined
interval of time.

12. The method of claim 8, further comprising:

storing a diagnostic code when the actual electric heater
power consumption is below the corresponding thresh-
old indicating inoperability of the electric heater.

13. The method of claim 8, further comprising:

controlling a valve to selectively route coolant from the
engine to a heater core to heat the vehicle when the
actual electric heater power consumption is below the
corresponding threshold.

14. A hybrid vehicle, comprising:

an engine;

an electric heater;

a heater core;

a valve positioned to route coolant through at least one of
the engine and the electric heater to the heater core; and

a controller configured to store a diagnostic code when the
electric heater is commanded on and an actual electric
heater power consumption, based on a measured vehicle
power consumption adjusted for power consumed by at
least one vehicle component, is below a corresponding
threshold.

15. The hybrid vehicle of claim 14, wherein the actual
electric heater power consumption is averaged over a prede-
termined interval of time.

16. The hybrid vehicle of claim 14, wherein the actual
electric heater power consumption is based on an instanta-
neous measurement of power consumption.

17. The hybrid vehicle of claim 14, wherein the actual
electric heater power consumption is integrated over a prede-
termined interval of time.
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18. The hybrid vehicle of claim 14, further comprising a
sensor configured to measure a temperature of coolant exiting
the electric heater, wherein the temperature is used by the
controller, in combination with current duty cycle, to estimate
an expected power consumption of the electric heater, and
wherein the corresponding threshold is based on the expected
power consumption adjusted for allowable deviation.

19. The hybrid vehicle of claim 14, wherein the measured
vehicle power consumption is based on power supplied by a
traction battery.

20. The hybrid vehicle of claim 14, wherein the at least one
vehicle component includes at least one of a DC/DC con-
verter, air conditioning compressor and an inverter system
controller.
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