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A vehicle is disclosed that has multiple coolant paths
selected by control of a three-way valve in which the
position of the valve is detectable. A method for detecting
the valve position during fault conditions is disclosed. The
vehicle has a heating system that includes a first coolant loop
with a heating source, a water pump, and a heater core. The
heating system also has a second coolant loop that includes
an engine and a second water pump, in addition to the
elements of the first coolant loop. Temperature sensors are
located in each coolant loop. A three-way valve fault is
detected by monitoring the behavior of the temperature
sensors in response to the position of the three-way valve
and the status of the heating sources.
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1
HEATER CORE ISOLATION VALVE
POSITION DETECTION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/716,077, filed Oct. 19, 2012, the disclo-
sure of which is incorporated in its entirety by reference
herein.

BACKGROUND

To provide passenger compartment comfort, vehicles
have the capability to heat or cool the passenger compart-
ment. 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
no longer any waste heat available so that other means of
heating the passenger compartment are required. A typical
BEV may use an electric heater to warm the passenger
compartment. Similarly, Hybrid Electric Vehicles (HEV)
pose different problems 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. In order to provide optimal fuel economy
benefits, 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 flow
of coolant through the system. These valves may be acti-
vated via a controller to a desired position. During normal
operation, the valve will actually be in the actuated position
set by the controller. During fault conditions, the valve may
be in a position other than what the controller has selected.
It is desirable to detect these situations in order to ensure that
the system operates in a manner consistent with the actual
valve position.

SUMMARY

In an illustrative embodiment, a hybrid vehicle includes
an engine, an electric heater, a heater core and a valve
arranged to route coolant through at least one of the engine
and the electric heater. The illustrative system also includes
a controller configured to control a valve to route coolant
through the engine and the heater core in response to a heat
request. The illustrative system includes the capability to run
a heater loop independent from the engine-radiator loop. The
illustrative system may provide robust capability to provide
heating despite the fault of some of the system components.
The illustrative system may also provide modes of operation
to improve the effectiveness of heating the passenger com-
partment. For example, the system may diagnose valve
faults and operate the system in a manner consistent with the
valve position.

A vehicle is disclosed including an engine, a heat
exchanger or heater core, an electric heater and a valve
system that can selectively direct coolant from the engine to
the heat exchanger. The valve system is capable of detecting
the position of the valve based on a temperature of coolant
entering the heat exchanger and a temperature of coolant
exiting the engine. The valve system can detect proper valve
operation when the valve is positioned to fluidly isolate
coolant exiting the engine from the heat exchanger when a
temperature increase of the coolant entering the heat
exchanger is greater than a temperature increase of the
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coolant exiting the engine while the electric heater is on and
the engine is off. The proper valve position may be detected
when the temperature increase of the coolant entering the
heat exchanger is greater than a first threshold and the
temperature increase of the coolant exiting the engine is less
than a second threshold. The valve system can detect a
faulted valve operation where the valve actually directs
coolant from the engine to the heat exchanger when the
valve is commanded to fluidly isolate coolant from the
engine from the heat exchanger. The fault position may be
detected when the temperature increase over time of the
coolant entering the heat exchanger is less than a first
threshold value or the temperature increase over time of the
coolant exiting the engine is great than a second threshold
value. The system may be configured to generate an output
representing a fault in the valve position and store a diag-
nostic code.

In another embodiment, a vehicle is disclosed including
an engine, a heat exchanger or heater core, an electric heater
and a valve system that can selectively direct coolant from
the engine to the electric heater. The valve system is capable
of detecting the position of the valve based on a change in
temperature over time of coolant exiting the electric heater
and a change in temperature over time of coolant exiting the
engine. The valve system may detect proper valve operation
when the valve is positioned to fluidly isolate coolant from
the engine from the electric heater when a change in
temperature of the coolant exiting the electric heater is
greater than a change in temperature of the coolant exiting
the engine while the electric heater is on and the engine is
off. The proper valve position may be detected when the
change in temperature of the coolant exiting 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 threshold. The valve system may detect a faulted
valve operation where the valve actually directs coolant
from the engine to the electric heater when the valve is
commanded to fluidly isolate coolant from the engine from
the electric heater. The fault position may be detected when
the change in temperature of the coolant exiting the electric
heater is less than a first threshold value or the change in
temperature of the coolant exiting the engine is greater than
a second threshold value. The system may be configured to
generate an output representing a fault in the valve position
and store a diagnostic code.

A method for detecting a valve position is disclosed. The
method comprises the steps of activating a pump, command-
ing the valve to direct coolant through a heating source and
fluidly isolating the heating source from an engine, activat-
ing the heating source, and in response, outputting a signal
indicative of a position of the valve based on a change in
coolant temperature associated with the heating source and
a change in coolant temperature associated with the engine
when the engine is off. In one embodiment, the engine may
be off for a predetermined period of time prior to detecting
the position. The valve position is detected to be in a faulted
position in which the valve directs coolant from the engine
to the heating source when the change in temperature of
coolant associated with the heating source is less than a first
threshold or the change in temperature of coolant associated
with the engine is greater than a second threshold. When the
faulted position is detected, an output representing the fault
may be generated. The valve position may be determined to
be in a proper position in which the valve does not direct
coolant from the engine to the heating source when the
change in temperature of coolant associated with the heating
source is greater than a first threshold and the change in
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temperature of coolant associated with the engine is less
than a second threshold. In another possible embodiment,
the valve position detection may be performed when a valve
electrical fault has been detected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a vehicle.

FIG. 2 is a schematic representation of vehicle compo-
nents implementing a climate control strategy.

FIG. 3 is a flow chart of a valve position diagnostic.

DETAILED DESCRIPTION

As required, detailed embodiments of the present inven-
tion 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 par-
ticular components. Therefore, specific structural and func-
tional 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.

Vehicles may have two or more propulsion devices, such
as a first propulsion device and a second propulsion device.
For example, the vehicle may have an engine and an electric
motor, a fuel cell and an electric motor, or other combina-
tions 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 vehicle (HEV), and additionally may
have the ability to connect to an external electric grid, such
as in a plug-in electric hybrid 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.

A plug-in Hybrid Electric Vehicle (PHEV) involves an
extension of existing Hybrid Electric Vehicle (HEV) tech-
nology, in which an electric battery supplements an internal
combustion engine 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 it 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.

FIG. 1 illustrates an HEV 10 powertrain configuration and
control system. A power split hybrid electric vehicle 10 may
be a parallel hybrid electric vehicle. The HEV configuration
as shown is for example purposes only and is not intended
to be limiting as the present disclosure applies to HEVs,
PHEV;s or other vehicle types of any suitable architecture. In
this powertrain configuration, there are two power sources
12, 14 that are connected to the driveline, which include a
combination of engine and generator subsystems using a
planetary gear set to connect to each other, and the electric
drive system (motor, generator, and battery subsystems).
The battery subsystem is an energy storage system for the
generator and the motor. The charging generator speed will
vary the engine output power split between an electrical path
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and a mechanical path. In a vehicle 10 with a power split
powertrain system, 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 through both the electrical and mechanical
paths (split modes) or through the all-mechanical path
(parallel mode) to the drivetrain for forward motion. During
operation using the second power source 14, the electric
motor 20 draws power from the battery 26 and provides
propulsion independently of the engine 16 for forward 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 conventional powertrain systems, integrates the two
power sources 12, 14 to work together seamlessly to meet
the driver’s demand without exceeding the system’s limits
(such as battery limits) while optimizing the total powertrain
system efficiency and performance. Coordination control
between the two power sources is needed. As shown in FIG.
1, there is a hierarchical vehicle system controller (VSC) 28
that performs the coordination control in this power split
powertrain system. Under normal powertrain conditions (no
subsystems/components faulted), the VSC 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 28 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 26 is additionally rechargeable in a PHEV
vehicle 10 configuration (shown in phantom), using a recep-
tacle 32 which is connected to the power grid or other
outside electrical power source and is coupled to battery 26,
possibly through a battery charger/converter 30.

The vehicle 10 may be operated in electric mode (EV
mode), where the battery 26 provides all of the power to the
electric motor 20 to operate the vehicle 10. 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. Operation in EV
mode also benefits the environment with zero emissions
from the vehicle during this mode.

A Plug-in Hybrid Electric Vehicle (PHEV) shares char-
acteristics of both an ICE and a BEV. A PHEV may have
some driving range in which propulsion is provided only by
an electric motor 20 powered from a battery pack 26. Once
the battery pack 26 charge has been depleted to a certain
level, the engine 16 may be started. The engine 16 may
provide power to propel the vehicle and to recharge the
battery pack 26. In electric only mode, the engine 16 will not
be running. 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
response to a need for passenger heating. This, however,
interferes with the electric only operation and may impact
fuel economy and emissions.

A PHEV may operate in different modes. In one mode, the
PHEV may operate in a charge-sustaining mode. A charge-
sustaining mode is one where the battery pack 26 state of
charge is maintained within a certain range. This may be
accomplished by running the engine 16 to power the gen-
erator 18 to recharge the battery pack. In another mode, the
PHEV may operate in a charge-depleting mode. A charge-
depleting mode is one where the battery pack 26 is allowed
to discharge to a lower level. This may be in all-electric
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mode when the vehicle propulsion is provided by the electric
motor 20 with power from the battery pack 26.

One possible system for providing passenger compart-
ment heating for a PHEV is shown in FIG. 2. The system
provides two sources of coolant heating. The system may
utilize heat from the engine 40 to heat the coolant as in a
conventional ICE vehicle. The system may also provide heat
via an electric heater 42 as in a BEV system. Having
multiple sources of heat allows flexibility during normal
operating conditions and some redundancy during failure
modes. The system allows the coolant from the different heat
sources to flow through the heater core. The addition of a
Heater Core Isolation Valve (HCIV) 44 allows the passenger
heater system to select the source of heated coolant. A
vehicle system control (VSC) module (28 FIG. 1) may
control the operation of the system. The VSC (28 FIG. 1)
may determine the heating mode based on the passenger-
heating request and the status of the various components in
the heating system. To ensure robust operation, the VSC (28
FIG. 1) may attempt to work with missing or failed control
elements by choosing an appropriate operating mode.

The HCIV 44 may be used to activate different coolant
loops. In one position, the HCIV 44 forms an electric-only
heating loop 66. In this position, the coolant flows in a loop
comprised of the HCIV 44, the auxiliary water pump 46, the
electric heater 42, and the heater core 50, not limited to that
particular order. In another position, the HCIV 44 forms a
combined heating loop 68 that passes through the engine 40.
In the combined heating loop, coolant flows through the
HCIV 44, engine 40, water pump 54, thermostat 58, auxil-
iary water pump 46, clectric heater 42, and heater core 50,
not limited to that particular order. There is also a separate
engine loop in which coolant flows through engine 40, water
pump 54, thermostat 58, and the radiator 56, not necessarily
in that order. Depending on the mode of operation, in order
for coolant to flow in the system one or both of the pumps,
46 or 54, must be activated.

The system may also have an auxiliary water pump 46 to
force coolant to flow through the system. A coolant sensor
48 may be included to measure the coolant temperature
entering the heater core 50. The coolant flows through a
heater core 50 that allows heat to be transferred from the
coolant to air entering the passenger compartment. The heat
may be transferred from the coolant in the heater core 50
using a blower 52 to pass air over the heater core 50 and into
the passenger compartment.

The system may also have a water pump 54 to force
coolant to flow through the engine 40. The water pump 54
may be mechanically or electrically driven. In certain
modes, the water pump 54 may force coolant through the
heater core 50 as well. The system may also have a radiator
56 to dissipate heat in the coolant. The 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
air from the coolant, and provide pressure relief. The cooling
system may further include an exhaust gas recirculation
(EGR) 62 system that recirculates a portion of the engine’s
exhaust gas back to the engine cylinders. In addition, the
system may have an engine coolant temperature sensor 64 to
determine the coolant temperature exiting the engine 40 or
the engine coolant temperature exiting the engine may be
estimated or inferred from other measurements.

The system has the capability to alter the flow of coolant
through the system in response to the desired source of
coolant heating. Based on the position of the HCIV 44,
coolant may flow in different loops. Separate coolant tem-
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6

peratures may be achieved in each loop depending on the
heating/cooling requirements of each loop at a particular
time. The addition of the Heater Core Isolation Valve
(HCIV) 44 allows the coolant flow to be modified. The
HCIV 44 may be an electrically switched valve that alters
the flow of coolant through the system. The HCIV 44 may
be a three-way valve that allows one port to be alternately
connected to each of the other two ports based on an
activation signal. The HCIV 44 may allow the coolant loops
to be combined as one larger coolant loop. The HCIV 44
may be switched in such a way to allow coolant to flow from
the engine coolant loop through the HCIV 44 to the electric-
only heater loop.

A controller may be used to actuate the HCIV 44. Depend-
ing on the design of the HCIV 44, it may or may not have
feedback as to the actual position of the HCIV 44. It is
desirable for the controller to know with some certainty that
the HCIV 44 is in the correct position. The position of the
HCIV 44 may be ascertained by observing the behavior of
the system during operation.

An indirect method of determining the position of the
HCIV 44 is possible using existing feedbacks in the system
during known operating conditions. The method may first
ascertain whether the conditions are correct for entering the
HCIV position determination. The system may first deter-
mine if conditions are proper for determining the position by
evaluating the entry conditions. The entry conditions to be
evaluated may be as follows: the engine 40 is not running,
the engine 40 has been off for a minimum required time,
ambient temperature is above a minimum value, the blower
52 speed is below a threshold, the temperature 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
heating loop. Other entry criteria may include the detection
of an open circuit or a short to ground of the HCIV 44
control lines. Depending on the particular HCIV 44, the
diagnostic may be run only when 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 met, the system may continue to evaluate
the entry criteria until they are met.

Once the entry conditions have been met, conditions may
be examined to determine the position of the HCIV 44. The
controller may make a measurement of the temperature
sensor 48 in the electric-heater only loop and the tempera-
ture sensor 64 of the coolant at the engine outlet. The logic
may be extended to any heating systems with independent
heating loops that have different heating sources. The initial
temperature values may be stored for later use. The 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
calibratable period of time, the final value of the temperature
sensors 48 and 64 may be measured again. After the tem-
perature values have been measured, the initial and final
values can be compared to determine the position of the
HCIV 44. A temperature rise in the coolant loop occurs when
the difference between the final and initial temperature
measurements are greater than a calibratable threshold. The
temperature is flat if the difference between the final and
initial temperature measurements are less than a calibratable
threshold. The determination of a temperature rising or
being flat may also allow for the change being within a
predetermined percentage of allowable deviation from a
calibrateable value
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The previous discussion uses temperature measurements
at two separate times followed by a calculation of the
temperature difference over that time. Alternatively, the two
temperature sensor values may be integrated over time. After
a certain time interval, the integrated values may be com-
pared to calibratable thresholds to determine whether the
temperature is rising or flat.

The entry conditions may be constructed so that a tem-
perature rise is expected in the electric-only heater loop 66,
while minimal change in temperature is expected at the
engine coolant outlet. When the entry conditions are met, the
temperature behaviors may be observed to determine if the
expected behavior occurs. If the expected behavior occurs,
then the valve may be confirmed to be in the correct position.
When the electric-only heater loop 66 is enabled and the
electric heater 42 is turned on, the temperature 48 in the
electric-only heater loop 66 is expected to increase over
time. 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,
the HCIV 44 can be inferred to be in the correct position for
the electric-only heating loop.

If the temperature in the electric-only heating loop rises
and the temperature at the engine coolant outlet remains flat
or changes slowly, then the controller may infer that the
HCIV 44 is positioned in the electric-only heating loop 66.
Any other measurement conditions may indicate that the
HCIV 44 is not in the correct position. The controller may
override the position to represent the actual position of the
HCIV 44. Further control actions may utilize the predicted
position of the HCIV 44.

FIG. 3 shows a flowchart of one possible embodiment of
the HCIV position determination. This particular embodi-
ment starts with the initialization of counters and variables
80. The entry conditions are then evaluated as described
earlier 82. When the entry conditions are met, the initial
temperature readings of each temperature sensor are stored
84. If the entry conditions are not met, the system returns to
the initialization step 80. If the entry conditions are still
present 86, a counter is incremented for each iteration of the
control loop 88. When the counter is greater than a threshold
90, the final temperature readings of each temperature sensor
are stored 92. The counter may represent the passage of a
desired time. The change in temperature for each tempera-
ture sensor is then determined 94. Next, a determination of
the behavior of each temperature sensor is performed 96. If
the change in temperature of the electric-only heating loop
is greater than a calibrated value and the change in tem-
perature at the engine coolant outlet is less than another
calibrated value, then the HCIV position is inferred to be in
the proper position in the electric-only heating loop position
100. Any other result of the temperature change comparison
means that the HCIV is likely faulted and in the combined
heating loop position 98. Note that the change in tempera-
tures may also be compared to be within a predetermined
percentage of allowable deviation from the calibrateable
value.

If the inferred position is not in the actuated position, the
controller may set a fault code and store a diagnostic code.
The controller may also use the inferred position to carry out
the proper heating commands based on the position that the
HCIV is in.

In this particular embodiment, the default position when
not activated is in the combined heating loop. Assuming that
applying power to the control line activates the valve, short
circuits and open circuits may be detected by monitoring the
control lines.
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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
without 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.

What is claimed is:

1. A vehicle comprising:

a valve configured to selectively direct coolant from an
engine to a coolant loop including a heat exchanger and
an electric heater; and

a controller programmed to receive temperature data and,
in response to commanding 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. The vehicle of claim 1 wherein the controller is further
programmed to identify an isolated position in which the
valve does not direct coolant from the engine to the coolant
loop in response to a temperature increase of the coolant
entering the heat exchanger being greater than a temperature
increase of the coolant exiting the engine after commanding
the valve to fluidly isolate the engine from the coolant loop
while the electric heater is on and the engine is off.

3. The vehicle of claim 2 wherein the temperature
increase of the coolant entering the heat exchanger is greater
than a first threshold and the temperature increase of the
coolant exiting the engine is less than a second threshold.

4. The vehicle of claim 1 wherein the controller is further
programmed to identify a fault position in which the valve
directs the coolant from the engine to the coolant loop in
response to a temperature increase of the coolant entering
the heat exchanger and a temperature increase of the coolant
exiting the engine after commanding the valve to fluidly
isolate the engine from the coolant loop while the electric
heater is on and the engine is off.

5. The vehicle of claim 4 wherein controller is further
programmed to identify the fault position in response to the
temperature increase of the coolant entering the heat
exchanger being less than a first threshold value or the
temperature increase of the coolant exiting the engine being
greater than a second threshold value.

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

7. A vehicle comprising:

a valve configured to selectively direct coolant from an

engine to a coolant loop including an electric heater and
a heat exchanger; and

a controller programmed to receive temperature data and,
in response to commanding the valve to a position,
identify the position based on a change in temperature
of coolant exiting the electric heater relative to a
change in temperature of coolant exiting the engine.

8. The vehicle of claim 7 wherein the controller is further
programmed 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 change in temperature of the
coolant exiting the electric heater being greater than a
change in temperature of the coolant exiting the engine after
commanding the valve to fluidly isolate the engine from the
coolant loop while the electric heater is on and the engine is
off.
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9. The vehicle of claim 8 wherein the change in tempera-
ture of the coolant exiting 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 threshold.

10. The vehicle of claim 7 wherein the controller is further
programmed to identify a fault position in which the valve
directs the coolant from the engine to the coolant loop in
response to a change in temperature of the coolant exiting
the electric heater and a change in temperature of the coolant
exiting the engine after commanding the valve to fluidly
isolate the engine from the coolant loop while the electric
heater is on and the engine is off.

11. The vehicle of claim 10 wherein the fault position is
identified in response to the change in temperature of the
coolant exiting the electric heater being less than a first
threshold value or the change in temperature of the coolant
exiting the engine being greater than a second threshold
value.

12. The vehicle of claim 10 wherein the controller is

5

further programmed to generate an output representing a 20

fault in the valve position.
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