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(57) ABSTRACT

A sensor diagnostic device for use in a vehicle including a
first temperature sensor and a second temperature sensor
includes a control system. The control system includes a
processor and a memory communicably coupled to each
other. The control system determines a sensor abnormality
based on a detected temperature difference between a first
detected temperature detected by the first temperature sensor
and a second detected temperature detected by the second
temperature sensor. After the vehicle is stopped, the control
system calculates a decrease speed of the first detected
temperature based on the first detected temperature, and
calculate a decrease speed of the second detected tempera-
ture based on the second detected temperature, and if an
absolute value of a decrease speed difference between the
first and second detected temperatures is smaller than a
threshold, determines whether the sensor abnormality has
occurred, based on the detected temperature difference.
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SENSOR DIAGNOSTIC
CONTROL

S10

e

Yes : 4

S11 -~ ACQUIRE INITIAL TEMPERATURES END
(Tal, Tb1

P

DOES SAMPLING TIME (tia)
ELAPSE?

S13~] ACQUIRE UPDATED TEMPERATURES
(Ta2, Th2

S14~J CALCULATE APPROXIMATE LINES
(LA, LB)

S1b 5
APPROXIMATE L|

INTERSECT WITHIN S

TIME (tib)?

S16

DOES SOAK TIME (tic)
ELAPSE?

Yes

S17~ ACQUIRE DETERMINED
TEMPERATURES (Taj, Tb)

S18+ CALCULATE TEMPERATURE

DIFFERENCE (AT)
{AT =Taj- Thj)
S19
e
Yes
S20~] SENSORS ARE SENSORHAS |- S21
NORMAL ABNORMALITY

END



Patent Application Publication  Sep. 7,2023 Sheet S of 18

FIG. 5

US 2023/0278568 Al

$22~J CALCULATE DECREASE SPEEDS
(Sat, Sb1)

S23~{CALCULATE SPE;:!D DIFFERENCE
(BST) 1 AST = Sa1-Sb1 }

DOES SAMPLING TIME (tia)
ELAPSE?

ACQUIRE UPDATED TEMPERATURES - S31
{Tan, Tbn)

) 4
CALCULATE DECREASE SPEEDS (San, Sb) S92

CALCULATE SPEED DIFFERENCE --S33

(ASn)
{ ASn = San-Sbn}
o !
34
—Tan| < a7t
Yes
y
525+ ACQUIRE DETERMINED
TEMPERATURES (Taj, Thj)
S26~ CALCULATE TEMPERATURE
DIFFERENCE (AT)
{ AT = Taj-Thj }
S27
~—lerisuz ="
Yes
828~ SENSORS ARE SENSORHAS  }-S29
NORMAL ABNORMALITY

END



Patent Application Publication  Sep. 7,2023 Sheet 6 of 18 US 2023/0278568 A1

FIG. 6
Th1
/Y -
/’ : TA /7 Tai\
\ !
2 Thbj
2
&
a
=
i
%
2
=
&
=
o

S|
ot

t4
A

OFF MODE START OF DETERMINATION
(ELAPSE OF SOAK TIME)

= TIME



Patent Application Publication

Sep. 7,2023 Sheet 7 of 18

FIG. 7

US 2023/0278568 Al

TA
Taj (Ta4) AR - X1
2 ‘ AT
2 Tbj (Tb4) S
& N X
I B
Taj (Ta4)
|
=
TIME
o
[
a .
o
2 \ |
z |5b2(Sb)- N, \-sa3(San)
o \@:ySbS(Sbn) |
| tia 1 tia 1 tia ! ,
/ \: / \: / :
& A S W TIME
5 e
i AS1 ' AS2(ASn) .
5 Xar—7 —MZSS(AS)
Li : : i n i
(IE)I; 0 ' | ' ‘ TIME
5 ~Xa— -t |
= ! i i i
& o |
o t¢1 2 13 tf t¢5 TIME
OFF MODE  START OF DETERMINATION ELAPSE OF SOAK TIME



Patent Application Publication  Sep. 7,2023 Sheet 8 of 18 US 2023/0278568 A1

FIG. 8
Tal TN
A
Tfj (Ta4d) \ ——
. \ AT
. R
o \ .
2 Tbi (Tb4)
i N S Attt
2 4
m ~
(Tad)
= TIME
o
I
E i
o . Sa3(San)
& | Sb3(Sbn) ‘
ug [ 2 E !
2 : i : = TIME
= AST\g 1 AS2(ASN) -
3 Xe— —MZSS(AS)
S 0 : : ; : n | TIME
2 -Xa—-7— - .
o ! 2 2 I
5 : : : ‘ TIME
t1 t2 t3 t4 t5

A A A

OFF MODE START OF DETERMINATION ELAPSE OF SOAK TIME



US 2023/0278568 Al

Sep. 7,2023 Sheet 9 of 18

Patent Application Publication

JONTYIAAIA .
133dS 40 JONIDHIANOD 1AL = el 6
J0N3y344Id 1dl > el ALNVINHONEY 13S440 QdvMdN g
Q33dS 40 JONIOHIANOD SYH HOSNIS FUNLYNIJWIL ANOOIS
JNIL YYOS 40 3SdvT3 1ql < LBl /
JONTYIAAIA _
a33ds 40 Ionaodamnoo | FAL = LEL 9
ALITYWHONEY 135440 QUYMNMOQ
HNILHVOS 40 354V LAL > LBl SYH HOSNIS JUNLYYIdWIL ANODIS S
JONTYI44Ia
033ds 40 3oNFo¥aNoo | HAL < LEL 14
JONTYIAAIA
Q33dS 40 IONIDHIANOD 1AL = Lel e
JONTYI4IC
@33dS 40 IONIOHIANOD l1aL > |Eel ALITYINHONEY ON c
JONTYIA4Ia
033dS 40 JONIOYIANOD 1aL < el |
NOILYNINY3L3a 40
L1804 SHOLLIGNDD | TENLYHIINAL WILNI | SHNOOO ALMVWHONEY 135440 ¥IHIFHM | 3SVO SISONOVIA

6 O/




US 2023/0278568 Al

= = =
(== = =
- - - - - A
®
Yo
[
=)
=
Yo
3
= —
2 <o .
n oo 77} ™
~ <C
= . O S)
2 S .Ul/
o~ G w _ _
o m” > I [
s O
75 Wn _
= | | /\J
/- e _____}L__ —
of T =l
S o A N <AL =]
= o .
=5 S
: L1l
E SO
>
W FANLVE3dNTL JONIHI441a d33dS ISVYIHIId
-
=
e
]
[~™

t1

ELAPSE OF SOAK TIME

OFF MODE

START OF DETERMINATION



Patent Application Publication  Sep. 7, 2023 Sheet 11 of 18  US 2023/0278568 A1l

FIG. 11
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FIG. 14

[DIAGNOSIS CASE 5]
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SENSOR DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application No. 2022-032025 filed on Mar. 2,
2022, the entire contents of which are hereby incorporated
by reference.

BACKGROUND

[0002] The disclosure relates to a sensor diagnostic device
including a first temperature sensor and a second tempera-
ture sensor for use in a vehicle.

[0003] Multiple temperature sensors are installed in a
vehicle, such as a motor vehicle, to detect the temperature of
each member for use in various types of control. Examples
of the temperature sensor installed in the vehicle include a
temperature sensor detecting a temperature of a coolant of
an engine, a temperature sensor detecting a temperature of
a hydraulic oil of a transmission, and a temperature sensor
detecting the cell temperature of a battery. Meanwhile, each
temperature sensor is desired to operate appropriately for
proper control over the vehicle including temperature sen-
sors. To meet the desire, the development of a diagnostic
device configured to determine whether a temperature sen-
sor has an abnormality by executing a so-called soak diag-
nosis or the like on a temperature sensor is underway (refer
to Japanese Unexamined Patent Application Publication
(JP-A) Nos. 2013-19484, 2013-108404, and 2010-96023).

SUMMARY

[0004] An aspect of the disclosure provides a sensor
diagnostic device for use in a vehicle including a first
temperature sensor and a second temperature sensor. The
sensor diagnostic device is configured to detect a sensor
abnormality of one or both of the first temperature sensor
and the second temperature sensor. The sensor diagnostic
device includes a control system. The control system
includes a processor and a memory that are communicably
coupled to each other. The control system is configured to
determine whether a sensor abnormality has occurred based
on a detected temperature difference between a first detected
temperature detected by the first temperature sensor and a
second detected temperature detected by the second tem-
perature sensor. The control system is configured to, after the
vehicle is stopped: calculate a decrease speed of the first
detected temperature based on the first detected temperature,
and calculate a decrease speed of the second detected
temperature based on the second detected temperature; and
in a case where an absolute value of a decrease speed
difference between the first detected temperature and the
second detected temperature is smaller than a threshold,
determine whether the sensor abnormality has occurred,
based on the detected temperature difference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments and, together with the
specification, serve to describe the principles of the disclo-
sure.
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[0006] FIG. 1 illustrates an example of an electric vehicle
employing a sensor diagnostic device according to one
embodiment of the disclosure.

[0007] FIG. 2 illustrates an example of a control system
constituting the sensor diagnostic device.

[0008] FIG. 3 illustrates an example of a basic structure of
each control unit.

[0009] FIG. 4 is a flowchart illustrating an example of
procedures for executing sensor diagnostic control by the
control system.

[0010] FIG. 5 is a flowchart illustrating an example of
procedures for executing the sensor diagnostic control by the
control system.

[0011] FIG. 6 illustrates an example of transitions of
sensor temperatures in the sensor diagnostic control.
[0012] FIG. 7 illustrates an example of transitions of the
sensor temperatures in the sensor diagnostic control.
[0013] FIG. 8 illustrates an example of transitions of the
sensor temperatures in the sensor diagnostic control.

[0014] FIG. 9 illustrates conditions for diagnosis cases 1
to 9.
[0015] FIG. 10 illustrates transitions of the sensor tem-

peratures in the diagnosis case 1.
[0016] FIG. 11 illustrates transitions of the sensor tem-
peratures in the diagnosis case 2.
[0017] FIG. 12 illustrates transitions of the sensor tem-
peratures in the diagnosis case 3.
[0018] FIG. 13 illustrates transitions of the sensor tem-
peratures in the diagnosis case 4.
[0019] FIG. 14 illustrates transitions of the sensor tem-
peratures in the diagnosis case 5.
[0020] FIG. 15 illustrates transitions of the sensor tem-
peratures in the diagnosis case 6.
[0021] FIG. 16 illustrates transitions of the sensor tem-
peratures in the diagnosis case 7.
[0022] FIG. 17 illustrates transitions of the sensor tem-
peratures in the diagnosis case 8.
[0023] FIG. 18 illustrates transitions of the sensor tem-
peratures in the diagnosis case 9.

DETAILED DESCRIPTION

[0024] When a soak diagnosis is executed on each tem-
perature sensor, detected temperatures of temperature sen-
sors are compared with one another in a state of making
temperatures of detection targets detected by the tempera-
ture sensors equal. That is, to execute the soak diagnosis, it
is necessary to wait for predetermined soak time to pass after
a vehicle is stopped. However, it takes a long time such as
a few hours as soak time to make the temperatures of the
detection targets equal. This results in difficulty in early
determining whether a sensor abnormality has occurred.
[0025] It is desirable to early determine whether a sensor
abnormality has occurred.

[0026] In the following, some embodiments of the disclo-
sure are described in detail with reference to the accompa-
nying drawings. Note that the following description is
directed to illustrative examples of the disclosure and not to
be construed as limiting to the disclosure. Factors including,
without limitation, numerical values, shapes, materials,
components, positions of the components, and how the
components are coupled to each other are illustrative only
and not to be construed as limiting to the disclosure. Further,
elements in the following example embodiments which are
not recited in a most-generic independent claim of the
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disclosure are optional and may be provided on an as-needed
basis. The drawings are schematic and are not intended to be
drawn to scale. Throughout the present specification and the
drawings, elements having substantially the same function
and configuration are denoted with the same numerals to
avoid any redundant description.

[Vehicle Configurations]

[0027] FIG. 1 illustrates an example of an electric vehicle
11 employing a sensor diagnostic device 10 according to one
embodiment of the disclosure. In one embodiment, the
electric vehicle 11 may serve as a “vehicle”. FIG. 2 illus-
trates an example of a control system 50 constituting the
sensor diagnostic device 10. The control system 50 illus-
trated in FIG. 2 serves as not only the control system 50 for
the sensor diagnostic device 10 but also the control system
50 for the electric vehicle 11. As illustrated in FIGS. 1 and
2, the electric vehicle 11 is provided with an electric axle 14
driving a wheel 13. The electric axle 14 has a motor-
generator 15 and a differential mechanism 16. The differ-
ential mechanism 16 is coupled to a rotor 17 of the motor-
generator 15 via a gear train 18. The wheel 13 is coupled to
an axle shaft 19 extending from the differential mechanism
16.

[0028] An inverter 21 is coupled to a stator 20 of the
motor-generator 15 and a battery pack 22 is coupled to the
inverter 21. The battery pack 22 is provided with two battery
modules 30, 40 in parallel connection, and the battery
modules 30, 40 are provided with multiple battery cells 31,
41 in series connection, respectively. The battery pack 22 is
also provided with main relays 23, 24 coupled to the battery
modules 30, 40 and a battery control unit 25 monitoring
charge/discharge of the battery modules 30, 40.

[0029] Furthermore, the battery pack 22 is provided with
current sensors 32, 42 detecting charge/discharge currents of
the battery modules 30, 40, voltage sensors 33, 43 detecting
voltages of the battery modules 30, 40, and temperature
sensors 34, 44 detecting temperatures of the battery modules
30, 40. That is, the battery pack 22 is provided with the first
temperature sensor 34 detecting the temperature of the
battery module 30 and the second temperature sensor 44
detecting the temperature of the battery module 40. In this
way, the electric vehicle 11 is provided with the first
temperature sensor 34 detecting the temperature of the
battery module 30 and the second temperature sensor 44
detecting the temperature of the battery module 40.

[Control System ]

[0030] As illustrated in FIG. 2, the electric vehicle 11 is
provided with the control system 50 configured with mul-
tiple electronic control units to execute sensor diagnostic
control, to be described later, and control the electric axle 14,
the battery pack 22, and the like. The electronic control units
constituting the control system 50 include the battery control
unit 25 described above and a motor control unit 51 con-
trolling the inverter 21. The electronic control units consti-
tuting the control system 50 also include a vehicle control
unit 52 outputting control signals to the control units 25, 51.
These control units 25, 51, 52 are communicably coupled to
one another via an in-vehicle network 53 such as a Con-
troller Area Network (CAN).

[0031] FIG. 3 illustrates an example of a basic structure of
each of the control units 25, 51, 52. As illustrated in FIG. 3,
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each of the control units 25, 51, 52 has a microcontroller 62
into which a processor 60, a main memory 61, and the like
are incorporated. In one embodiment, the main memory 61
may serve as a “memory”. Predetermined programs are
stored in the main memory 61 and executed by the processor
60. The processor 60 and the main memory 61 are commu-
nicably coupled to each other. It is noted that multiple
processors 60 may be incorporated into the microcontroller
62, or multiple main memories 61 may be incorporated into
the microcontroller 62.

[0032] Furthermore, each of the control units 25, 51, 52
has an input circuit 63, a drive circuit 64, a communication
circuit 65, an external memory 66, and the like. The input
circuit 63 converts signals input from various sensors into
signals that can be input to the microcontroller 62. The drive
circuit 64 generates drive signals to drive various devices
such as the electric axle 14 described above, based on the
signals output from the microcontroller 62. The communi-
cation circuit 65 converts the signals output from the micro-
controller 62 into communication signals destined for the
other control units. In addition, the communication circuit
65 converts communication signals received from the other
control units into signals that can be input to the microcon-
troller 62. Furthermore, programs, various data, and the like
are stored in the external memory 66 configured with a
nonvolatile memory and the like.

[0033] The vehicle control unit 52 sets an operating target
such as the electric axle 14 based on information input from
the control units 25, 51 and the various sensors to be
described later. The vehicle control unit 52 generates a
control signal in response to the operating target such as the
electric axle 14 and outputs the control signal to each control
unit 25, 51. Examples of the sensors coupled to the vehicle
control unit 52 include a vehicle speed sensor 70 detecting
a vehicle speed of the electric vehicle 11, an accelerator
sensor 71 detecting an operation amount of an accelerator
pedal, and a brake sensor 72 detecting an operation amount
of a brake pedal. Furthermore, a start-up switch 73 operated
by a driver who drives the electric vehicle 11 at a time of
starting the control system 50 is coupled to the vehicle
control unit 52. The start-up switch 73 is also called the
“ignition switch”.

[0034] Types of control modes of the control system 50
include an OFF mode for setting the electric vehicle 11 into
a start-up disabled state of disabling running of the electric
vehicle 11 and an ON mode for setting the electric vehicle
11 into a start-up state of enabling the running of the electric
vehicle 11. During switchover of the control system 50, for
example, from the OFF mode to the ON mode, in a state of
actuating a parking brake, not illustrated, the driver holds
down the brake pedal and presses the start-up switch 73. The
control system 50 is thereby switched from the OFF mode
to the ON mode. In addition, during the switchover of the
control system 50 from the ON mode to the OFF mode, the
driver actuates the parking brake while holding down the
brake pedal and presses the start-up switch 73. The control
system 50 is thereby switched from the ON mode to the OFF
mode.

[0035] As described above, the battery pack 22 is provided
with the first temperature sensor 34 detecting the tempera-
ture of the battery module 30 and the second temperature
sensor 44 detecting the temperature of the battery module
40. The first temperature sensor 34 and the second tempera-
ture sensor 44 are desired to operate appropriately for proper
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control over the electric vehicle 11 including this battery
pack 22. To meet the desire, the battery control unit 25
constituting the control system 50 executes sensor diagnos-
tic control (which will be described later) to determine
whether an abnormality has occurred in the first temperature
sensor 34 or the second temperature sensor 44. As described
later, the sensor diagnostic control continues even after
switching the control system 50 to the OFF mode. Therefore,
even when the control system 50 is switched to the OFF
mode, the battery control unit 25 and the like are kept in a
start-up state.

[Sensor Diagnostic Control]

[0036] Sensor diagnostic control executed by the control
system 50 will be described below. FIGS. 4 and 5 are
flowcharts illustrating an example of procedures for execut-
ing the sensor diagnostic control by the control system 50.
The flowcharts illustrated in FIGS. 4 and 5 are coupled at
parts of sign A. In addition, each step illustrated in the
flowcharts of FIGS. 4 and 5 indicates processing executed
by one or multiple processors 60 constituting the control
system 50. The sensor diagnostic control illustrated in FIGS.
4 and 5 is executed by the control system 50 in every
predetermined cycle after the control system 50 is started in
the ON mode.

<Start Timing of Determination Based on Soak Time>

[0037] As illustrated in FIG. 4, in Step S10, it is deter-
mined whether the control mode is switched from the ON
mode to the OFF mode, i.e., whether the electric vehicle 11
is controlled into the start-up disabled state of disabling
running of the electric vehicle 11. When it is determined that
the control mode is the ON mode in Step S10, charge/
discharge of the battery pack 22 continues. Therefore, a
routine is exited without a start of determination as to
whether an abnormality has occurred in the first temperature
sensor 34 and the second temperature sensor 44. On the
other hand, when it is determined that the control mode is the
OFF mode, i.e., it is determined that the electric vehicle 11
is stopped in Step S10, the charge/discharge of the battery
pack 22 is stopped. Therefore, the process goes to Step S11.
In Step S11, it is determined whether an abnormality has
occurred in the first temperature sensor 34 and the second
temperature sensor 44.

[0038] In Step S11, the battery control unit 25 acquires an
initial temperature Tal of the battery module 30 detected by
the first temperature sensor 34, i.e., the initial temperature
Tal at the timing of switching the control mode from the ON
mode to the OFF mode. Likewise, in Step S11, the battery
control unit 25 acquires an initial temperature Tb1 of the
battery module 40 detected by the second temperature
sensor 44, i.e., the initial temperature Tb1 at the timing of
switching the control mode from the ON mode to the OFF
mode. In subsequent Step S12, it is determined whether
predetermined sampling time tia (for example, a few tens of
minutes) elapses. When it is determined that the sampling
time tia elapses in Step S12, the process goes to Step S13.
In Step S13, the battery control unit 25 acquires an updated
temperature Ta2 of the battery module 30 detected by the
first temperature sensor 34 and an updated temperature Th2
of the battery module 40 detected by the second temperature
sensor 44.

Sep. 7, 2023

[0039] In subsequent Step S14, the battery control unit 25
calculates an approximate line LA indicating a transition of
a first detected temperature (hereinafter, referred to as “sen-
sor temperature TA”) of the first temperature sensor 34
based on the initial temperature Tal and the updated tem-
perature Ta2. Likewise, in subsequent Step S14, the battery
control unit 25 calculates an approximate line LB indicating
a transition of a second detected temperature (hereinafter,
referred to as “sensor temperature TB”) of the second
temperature sensor 44 based on the initial temperature Th1
and the updated temperature Th2. In subsequent Step S15, it
is predicted whether the approximate lines LA and LB will
intersect each other before elapse of predetermined, speci-
fied time tib since the control mode is switched to the OFF
mode. That is, it is predicted whether a magnitude relation
between the sensor temperatures TA, TB will be reversed
before elapse of the predetermined, specified time tib since
the control mode is switched to the OFF mode.

[0040] When it is predicted that the approximate lines LA,
LB will intersect each other within the specified time tib in
Step S15, the process goes to Step S16. In Step S16, it is
determined whether predetermined soak time tic (for
example, a few hours) has elapsed since the control mode is
switched to the OFF mode. The soak time tic is set longer
than the specified time tib. In one embodiment, the soak time
tic may be referred to as an “uncontrolled time”. When it is
determined that the soak time tic elapses in Step S16, the
process goes to Step S17. In Step S17, the battery control
unit 25 acquires determined temperatures Taj, Thj of the
battery modules 30, 40. That is, in Step S17, the battery
control unit 25 acquires the determination temperature Taj of
the battery module 30 detected by the first temperature
sensor 34, i.e., the sensor temperature TA at the timing of
elapse of the soak time tic. Likewise, in Step S17, the battery
control unit 25 acquires the determination temperature Tbj
of the battery module 40 detected by the second temperature
sensor 44, i.e., the sensor temperature TB at the timing of
elapse of the soak time fic.

[0041] Next, in Step S18, a detected temperature differ-
ence AT that is a difference between the determination
temperatures Taj and Tbj is calculated. In subsequent Step
S19, it is determined whether an absolute value of the
detected temperature difference AT is equal to or smaller
than a predetermined temperature difference threshold X2.
In one embodiment, the predetermined temperature differ-
ence threshold X2 may be referred to as a “second tempera-
ture difference threshold”. When it is determined that the
absolute value of the detected temperature difference AT is
equal to or smaller than the temperature difference threshold
X2 in Step S19, the process goes to Step S20. In Step S20,
it is determined that the first temperature sensor 34 and the
second temperature sensor 44 are normal. On the other hand,
when it is determined that the absolute value of the detected
temperature difference AT is greater than the temperature
difference threshold X2 in Step S19, the process goes to Step
S21. In Step S21, it is determined that the first temperature
sensor 34 or the second temperature sensor 44 has an
abnormality.

[0042] That is, when the soak time tic elapses, the battery
modules 30, 40 are in a state of converging into a substan-
tially equal temperature. Therefore, when both the first
temperature sensor 34 and the second temperature sensor 44
are normal, the sensor temperatures TA, TB are closer to
each other. Owing to this, when it is determined that the
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absolute value of the detected temperature difference AT is
equal to or smaller than the temperature difference threshold
X2, the process goes to Step S20. In Step S20, it is
determined that the first temperature sensor 34 and the
second temperature sensor 44 are normal. On the other hand,
when it is determined that the absolute value of the detected
temperature difference AT is greater than the temperature
difference threshold X2, the process goes to Step S21. In
Step S21, it is determined that the first temperature sensor 34
or the second temperature sensor 44 deviates from a normal
value, i.e., has an offset abnormality. Alternatively, in Step
S21, the temperature sensor having the offset abnormality
may be identified by comparing, for example, an external
temperature detected by an external temperature sensor, not
illustrated, with the sensor temperatures TA, TB detected by
the first and second temperature sensors 34, 44.

[0043] FIG. 6 illustrates an example of the transitions of
the sensor temperatures TA, TB in the sensor diagnostic
control. As indicated at a time t1 in FIG. 6, when the control
mode is switched to the OFF mode, initial temperatures Tal,
Tb1 of sensor temperatures TA, TB are detected. Next, as
indicated at a time t2, when the sampling time tia elapses,
the updated temperatures Ta2, Th2 of the sensor tempera-
tures TA, TB are detected. Subsequently, the approximate
line LA indicating a transition of the sensor temperature TA
is obtained by connecting the initial temperature Tal to the
updated temperature Ta2 by a line. The approximate line LB
indicating a transition of the sensor temperature TB is
obtained by connecting the initial temperature Tbh1 to the
updated temperature Th2 by a line. It is then predicted
whether the approximate lines LA, LB will intersect each
other within the specified time tib.

[0044] In the example illustrated in FIG. 6, it is predicted
that the approximate lines LA, LB will intersect each other
at a time t3 within the specified time tib. Therefore, a
determination as to whether a sensor abnormality has
occurred is started after waiting for the passage of the soak
time tic. That is, as indicated at a time t4 in FIG. 6, when the
soak time tic elapses, the determination temperatures Taj,
Tbj of the sensor temperatures TA, TB are detected. It is then
determined that the first temperature sensor 34 or the second
temperature sensor 44 has a sensor abnormality based on the
absolute value of the detected temperature difference AT.
That is, when the absolute value of the detected temperature
difference AT is greater than the temperature difference
threshold X2, it is determined that the first temperature
sensor 34 or the second temperature sensor 44 deviates from
a normal value, i.e., has an offset abnormality. On the other
hand, when it is determined that the absolute value of the
detected temperature difference AT is smaller than the
temperature difference threshold X2, it is determined that the
first temperature sensor 34 and the second temperature
sensor 44 are normal. In the example illustrated in FIG. 6,
it is determined that the absolute value of the detected
temperature difference AT is greater than the temperature
difference threshold X2 as indicated by an enlarged part. It
is, therefore, determined that the first temperature sensor 34
or the second temperature sensor 44 has the offset abnor-
mality.

<Start Timing of Determination Based on Decrease Speed
Difference Between Sensor Temperatures>

[0045] Asillustrated in FIG. 4, when it is predicted that the
approximate lines LA, LB will not intersect within the
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specified time tib in Step S15, the start timing of the
determination as to the sensor abnormality is determined
using decrease speeds of the sensor temperatures TA, TB.
The process, therefore, goes to Step S22 in FIG. 5 from Step
S15. As illustrated in FIG. 5, in Step S22, the battery control
unit 25 calculates a decrease speed Sal of the sensor
temperature TA based on the initial temperature Tal, the
updated temperature Ta2, and the sampling time tia. Like-
wise, in Step S22, the battery control unit 25 calculates a
decrease speed Sbl of the sensor temperature TB based on
the initial temperature Tb1, the updated temperature Th2,
and the sampling time tia. That is, in Step S22, the battery
control unit 25 calculates the decrease speed Sal that is a
variation of the sensor temperature TA per unit time and the
decrease speed Sbl that is a variation of the sensor tem-
perature TB per unit time.

[0046] Next, the process goes to Step S23. In Step S23, a
speed difference AS1 that is a difference between the
decrease speed Sal and the decrease speed Sb1 is calculated.
In one embodiment, the speed difference AS1 may be
referred to as a “decrease speed difference”. In subsequent
Step S24, it is determined whether an absolute value of the
speed difference AS1 is smaller than a predetermined thresh-
old Xa. When it is determined that the absolute value of the
speed difference AS1 is smaller than the threshold Xa in Step
S24, the process goes to Step S25. In Step S25, the battery
control unit 25 acquires the determination temperatures Taj,
Tbj of the battery modules 30, 40. That is, a situation in
which the speed difference AS1 between the decrease speed
Sal of the sensor temperature TA and the decrease speed Sb1
of the sensor temperature TB is smaller than the threshold
Xa is one in which the decrease speeds Sal, Sb1 of the
sensor temperatures TA, TB declining together over time are
close to each other. In this case, the process goes to Step S25.
To determine whether the sensor abnormality has occurred
without waiting for the soak time tic, the battery control unit
25 acquires the determination temperatures Taj, Tbj of the
battery modules 30, 40.

[0047] Next, in Step S26, the detected temperature differ-
ence AT that is the difference between the determination
temperature Taj and the determination temperature Thj is
calculated. In subsequent Step S27, it is determined whether
the absolute value of the detected temperature difference AT
is equal to or smaller than a predetermined temperature
difference threshold X1. In one embodiment, the predeter-
mined temperature difference threshold X1 may be referred
to as a “first temperature difference threshold”. The tem-
perature difference threshold X2 used in Step S19 described
previously is smaller than the temperature difference thresh-
old X1 used in Step S27. When it is determined that the
absolute value of the detected temperature difference AT is
equal to or smaller than the temperature difference threshold
X1 in Step S27, the process goes to Step S28. In Step S28,
it is determined that the first temperature sensor 34 and the
second temperature sensor 44 are normal. On the other hand,
when it is determined that the absolute value of the detected
temperature difference AT is greater than the temperature
difference threshold X1 in Step S27, the process goes to Step
S29. In Step S29, it is determined that the first temperature
sensor 34 or the second temperature sensor 44 has an
abnormality.

[0048] Meanwhile, when it is determined that the absolute
value of the speed difference AS1 is equal to or greater than
the threshold Xa in Step S24, the process goes to Step S30.
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In Step S30, it is determined whether the predetermined
sampling time tia elapses. When it is determined that the
sampling time tia elapses in Step S30, the process goes to
Step S31. In Step S31, the battery control unit 25 acquires
an updated temperature Tan of the battery module 30
detected by the first temperature sensor 34 and an updated
temperature Tbn of the battery module 40 detected by the
second temperature sensor 44.

[0049] In subsequent Step S32, the battery control unit 25
calculates a decrease speed San of the sensor temperature
TA based on the previous updated temperature Ta2, the
current updated temperature Tan, and the sampling time tia.
Likewise, in subsequent Step S32, the battery control unit 25
calculates a decrease speed Sbn of the sensor temperature
TB based on the previous updated temperature Tbh2, the
current updated temperature Tbhn, and the sampling time tia.
That is, in Step S32, the decrease speed San that is a
variation of the sensor temperature TA per unit time is
updated, and the decrease speed Sbn that is a variation of the
sensor temperature TB per unit time is updated.

[0050] Next, the process goes to Step S33. In step S33, a
speed difference ASn that is a difference between the
decrease speed San and the decrease speed Sbn is calculated.
In one embodiment, the speed difference ASn may serve as
a “decrease speed difference”. In subsequent Step S34, it is
determined whether an absolute value of the speed differ-
ence ASn is smaller than the predetermined threshold Xa.
When it is determined that the absolute value of the speed
difference ASn is smaller than the threshold Xa in Step S34,
the process goes to Step S25. In Step S25, the battery control
unit 25 acquires the determination temperatures Taj, Thj of
the battery modules 30, 40. As described above, when it is
determined that the absolute value of the detected tempera-
ture difference AT is equal to or smaller than the temperature
difference threshold X1 in Step S27, the process goes to Step
S28. In Step S28, it is determined that the first temperature
sensor 34 and the second temperature sensor 44 are normal.
On the other hand, when it is determined that the absolute
value of the detected temperature difference AT is greater
than the temperature difference threshold X1 in Step S27,
the process goes to Step S29. In Step S29, it is determined
that the first temperature sensor 34 or the second tempera-
ture sensor 44 has an offset abnormality. When it is deter-
mined that the absolute value of the speed difference ASn is
equal to or greater than the threshold Xa in Step S34, the
updated temperatures Tan, Thn, the decrease speeds San,
Sbn, and the speed difference ASn are updated whenever the
sampling time tia elapses in Steps S30 to S33.

[0051] FIGS. 7 and 8 illustrates examples of the transition
of the sensor temperatures TA, TB in the sensor diagnostic
control. It is noted that FIG. 7 illustrates a situation in which
no offset abnormality occurs, while FIG. 8 illustrates a
situation in which an offset abnormality occurs.

[0052] As indicated at the time t1 in FIG. 7, when the
control mode is switched to the OFF mode, the initial
temperatures Tal, Tb1 of the sensor temperatures TA, TB
are detected. Next, as indicated at a time t2, when the
sampling time tia elapses, the updated temperatures Ta2,
Tb2 of the sensor temperatures TA, TB are detected. The
decrease speed Sal of the sensor temperature TA is calcu-
lated based on the initial temperature Tal and the updated
temperature Ta2, and the decrease speed Sb1 of the sensor
temperature TB is calculated based on the initial temperature
Tb1 and the updated temperature Tbh2. In addition, the speed
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difference AS1 between the decrease speeds Sal, Sbl of the
sensor temperatures TA, TB is calculated based on the
decrease speeds Sal, Sb1. In the example illustrated in FIG.
7, the speed difference AS1 is greater than the threshold Xa.
Therefore, as indicated in times t3, t4, the decrease speeds
San, Sbn and the speed difference ASn are updated whenever
the predetermined sampling time tia elapses.

[0053] As indicated at the time t4 in FIG. 7, when a speed
difference AS3 between decrease speeds Sa3, Sb3 is smaller
than the threshold Xa, a determination as to whether an
abnormality has occurred in the first temperature sensor 34
and the second temperature sensor 44 is started. That is, as
indicated at the time t4 in FIG. 7, the determination tem-
peratures Taj, Tbj of the sensor temperatures TA, TB are
detected. When the absolute value of the detected tempera-
ture difference AT is greater than the temperature difference
threshold X1, it is determined that the first temperature
sensor 34 or the second temperature sensor 44 has an offset
abnormality. On the other hand, when the absolute value of
the detected temperature difference AT is smaller than the
temperature difference threshold X1, it is determined that the
first temperature sensor 34 and the second temperature
sensor 44 are normal. In the example in FIG. 7, the absolute
value of the detected temperature difference AT is smaller
than the temperature difference threshold X1 as illustrated in
an enlarged part. It is, therefore, determined that the first
temperature sensor 34 and the second temperature sensor 44
are normal.

[0054] Furthermore, as indicated at the time t1 in FIG. 8,
when the control mode is switched to the OFF mode, the
initial temperatures Tal, Tb1 of the sensor temperatures TA,
TB are detected. Next, as indicated at a time t2, when the
sampling time tia elapses, the updated temperatures Ta2,
Tb2 of the sensor temperatures TA, TB are detected. The
decrease speed Sal of the sensor temperature TA is calcu-
lated based on the initial temperature Tal and the updated
temperature Ta2, and the decrease speed Sb1 of the sensor
temperature TB is calculated based on the initial temperature
Tb1 and the updated temperature Th2. In addition, the speed
difference AS1 between the decrease speeds Sal, Sbl of the
sensor temperatures TA, TB is calculated based on the
decrease speeds Sal, Sb1. In the example illustrated in FIG.
8, the speed difference AS1 is greater the threshold Xa.
Owing to this, as indicated at times t3, t4, the decrease
speeds San, Sbn and the speed difference ASn are updated
whenever the predetermined sampling time tia elapses.

[0055] As indicated at the time t4 in FIG. 8, when the
speed difference AS3 between the decrease speeds Sa3, Sb3
is smaller than the threshold Xa, the determination as to
whether an abnormality has occurred in the first temperature
sensor 34 and the second temperature sensor 44 is started.
That is, as indicated at the time t4 in FIG. 8, the determi-
nation temperatures Taj, Thj of the sensor temperatures TA,
TB are detected. When the absolute value of the detected
temperature difference AT is greater than the temperature
difference threshold X1, it is determined that the first tem-
perature sensor 34 or the second temperature sensor 44 has
an offset abnormality. On the other hand, when the absolute
value of the detected temperature difference AT is smaller
than the temperature difference threshold X1, it is deter-
mined that the first temperature sensor 34 and the second
temperature sensor 44 are normal. In the example in FIG. 8,
the absolute value of the detected temperature difference AT
is greater than the temperature difference threshold X1 as
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illustrated in an enlarged part. Therefore, it is determined
that the first temperature sensor 34 or the second tempera-
ture sensor 44 has an offset abnormality.

[0056] As described with reference to FIGS. 7 and 8, a
situation in which the speed difference ASn between the
decrease speeds San, Shn is smaller than the threshold Xa is
one in which the decrease speeds of the sensor temperatures
TA, TB declining together over time are close to each other.
That is, the situation is one in which the decrease speeds
San, Sbn of the sensor temperatures TA, TB do not largely
deviate and in which the detected temperature difference AT
between the sensor temperatures TA, TB stably decreases
without abrupt change. Owing to this, the determination as
to whether an abnormality has occurred in the first tempera-
ture sensor 34 and the second temperature sensor 44 is
started based on the detected temperature difference AT
between the sensor temperatures TA, TB without waiting for
elapse of the soak time tic described above. As indicated by
an arrow a in FIGS. 7 and 8, it is thereby possible to greatly
advance the start timing of the determination and early
determine whether the sensor abnormality has occurred,
compared with a case of waiting for the elapse of the soak
time tic.

[Diagnosis Cases 1-9]

[0057] Next, various diagnosis cases 1 to 9 in the sensor
diagnostic control will be described. FIG. 9 illustrates con-
ditions for diagnosis cases 1 to 9. FIG. 10 illustrates tran-
sitions of the sensor temperatures TA, TB in the diagnosis
case 1, FIG. 11 illustrates transitions of the sensor tempera-
tures TA, TB in the diagnosis case 2, and FIG. 12 illustrates
transitions of the sensor temperatures TA, TB in the diag-
nosis case 3. Furthermore, FIG. 13 illustrates transitions of
the sensor temperatures TA, TB in the diagnosis case 4, FI1G.
14 illustrates transitions of the sensor temperatures TA, TB
in the diagnosis case 5, and FIG. 15 illustrates transitions of
the sensor temperatures TA, TB in the diagnosis case 6.
Moreover, FIG. 16 illustrates transitions of the sensor tem-
peratures TA, TB in the diagnosis case 7, FIG. 17 illustrates
transitions of the sensor temperatures TA, TB in the diag-
nosis case 8, and FIG. 18 illustrates transitions of the sensor
temperatures TA, TB in the diagnosis case 9.

[Diagnosis Cases 1-3]

[0058] The diagnosis cases 1 to 3 will be described. As
illustrated in FIG. 9, the diagnosis cases 1 to 3 are cases in
a situation in which no offset abnormality occurs to the first
and second temperature sensors 34, 44. In addition, the
diagnosis case 1 is a case in a situation in which the initial
temperature Tal is higher than the initial temperature Th1,
the diagnosis case 2 is a case in a situation in which the
initial temperature Tal is lower than the initial temperature
Tb1, and the diagnosis case 3 a case in a situation in which
the initial temperature Tal is equal to the initial temperature
Tb1.

[0059] As illustrated in FIG. 10, in the diagnosis case 1,
the initial temperature Tal is higher than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
tures TA, TB are nearly equal at the time of the elapse of the
soak time tic as indicated at the time t4. That is, a tempera-
ture decrease amount of the sensor temperature TA is greater
than a temperature decrease amount of the sensor tempera-
ture TB. Therefore, the decrease speed of the sensor tem-
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perature TA is faster than the decrease speed of the sensor
temperature TB and a decrease speed difference AS between
the sensor temperatures TA, TB appears on a positive side.
In the diagnosis case 1, the absolute value of the decrease
speed difference AS is smaller than the threshold Xa as
indicated at the time t2. Therefore, at the time t3 of the
elapse of the sampling time tia, the determination as to
whether an abnormality has occurred in the first and second
temperature sensors 34, 44 is started. As indicated by an
arrow a, it is thereby possible to greatly advance the deter-
mination start timing and early determine whether the sensor
abnormality has occurred, compared with a case of waiting
for the elapse of the soak time tic.

[0060] As illustrated in FIG. 11, in the diagnosis case 2,
the initial temperature Tal is lower than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
tures TA, TB are nearly equal at the time of the elapse of the
soak time tic as indicated at the time t4. That is, the
temperature decrease amount of the sensor temperature TB
is greater than the temperature decrease amount of the
sensor temperature TA. Therefore, the decrease speed of the
sensor temperature TB is faster than the decrease speed of
the sensor temperature TA and the decrease speed difference
AS between the sensor temperatures TA, TB appears on a
negative side. In the diagnosis case 2, the absolute value of
the decrease speed difference AS is smaller than the thresh-
old Xa as indicated at the time t2. Therefore, at the time t3
of the elapse of the sampling time tia, the determination as
to whether abnormality has occurred in the first and second
temperature sensors 34, 44 is started. As indicated by an
arrow a, it is thereby possible to greatly advance the deter-
mination start timing and early determine whether the sensor
abnormality has occurred, compared with a case of waiting
for the elapse of the soak time tic.

[0061] As illustrated in FIG. 12, in the diagnosis case 3,
the initial temperature Tal is equal to the initial temperature
Tb1 as indicated at the time t1, and the sensor temperatures
TA, TB are nearly equal at the time of the elapse of the soak
time tic as indicated at the time t3. That is, the temperature
decrease amounts of the sensor temperatures TA, TB are
nearly equal. Therefore, the decrease speeds of the sensor
temperatures TA, TB are nearly equal and the decrease speed
difference AS between the sensor temperatures TA, TB
appears near zero. In the diagnosis case 3, at the time 12 of
the elapse of the sampling time tia, the absolute value of the
decrease speed difference AS is smaller than the threshold
Xa and, therefore, the determination as to whether an
abnormality has occurred in the first and second temperature
sensors 34, 44 is started. As indicated by an arrow a, it is
thereby possible to greatly advance the determination start
timing and early determine whether the sensor abnormality
has occurred, compared with a case of waiting for the elapse
of the soak time tic.

[Diagnosis Cases 4-6]

[0062] The diagnosis cases 4 to 6 will be described. As
illustrated in FIG. 9, the diagnosis cases 4 to 6 are cases in
a situation in which a downward offset abnormality occurs
to the second temperature sensor 44. In addition, the diag-
nosis case 4 is a case in a situation in which the initial
temperature Tal is higher than the initial temperature Th1,
the diagnosis case 5 is a case in a situation in which the
initial temperature Tal is lower than the initial temperature
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Tb1, and the diagnosis case 6 is a case in a situation in which
the initial temperature Tal is equal to the initial temperature
Tb1.

[0063] As illustrated in FIG. 13, in the diagnosis case 4,
the initial temperature Tal is higher than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
ture TA is higher than the sensor temperature TB after elapse
of the soak time tic as indicated at the time t3. That is, there
is no large difference between the temperature decrease
amounts of the sensor temperatures TA, TB. Therefore, the
decrease speeds of the sensor temperatures TA, TB are
nearly equal and the decrease speed difference AS between
the sensor temperatures TA, TB appears near zero. In the
diagnosis case 4, at the time t2 of the elapse of the sampling
time tia, the absolute value of the decrease speed difference
AS is smaller than the threshold Xa. Therefore, the deter-
mination as to whether an abnormality has occurred in the
first and second temperature sensors 34, 44 is started. As
indicated by an arrow a, it is thereby possible to greatly
advance the determination start timing and early determine
whether the sensor abnormality has occurred, compared
with a case of waiting for the elapse of the soak time tic.

[0064] As illustrated in FIG. 14, in the diagnosis case 5,
the initial temperature Tal is lower than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
ture TA is higher than the sensor temperature TB at the time
of the elapse of the soak time tic as indicated at the time t3.
That is, the temperature decrease amount of the sensor
temperature TB is far greater than the temperature decrease
amount of the sensor temperature TA. Therefore, the
decrease speed of the sensor temperature TB is far faster
than the decrease speed of the sensor temperature TA and the
decrease speed difference AS between the sensor tempera-
tures TA, TB largely appears on the negative side. In this
way, in the diagnosis case 5 with the large decrease speed
difference AS, it is predicted that the magnitude relation
between the sensor temperatures TA, TB will be reversed
halfway as indicated at the time t2. In this case, it is difficult
to set the start timing of the determination based on the
decrease speed difference AS. Therefore, at the time t3 of the
elapse of the soak time tic, the determination as to whether
an abnormality has occurred in the first and second tem-
perature sensors 34, 44 is started. It is thereby possible to
stabilize the sensor temperatures TA, TB using the soak time
tic and appropriately determine whether the sensor abnor-
mality has occurred.

[0065] As illustrated in FIG. 15, in the diagnosis case 6,
the initial temperature Tal is equal to the initial temperature
Tb1 as indicated at the time t1, and the sensor temperature
TA is higher than the sensor temperature TB at the time of
the elapse of the soak time tic as indicated at the time t4.
That is, the temperature decrease amount of the sensor
temperature TB is greater than the temperature decrease
amount of the sensor temperature TA. Therefore, the
decrease speed of the sensor temperature TB is faster than
the decrease speed of the sensor temperature TA and the
decrease speed difference AS between the sensor tempera-
tures TA, TB appears on a negative side. In the diagnosis
case 6, the absolute value of the decrease speed difference
AS is smaller than the threshold Xa as indicated at the time
2. Therefore, at the time t3 of the elapse of the sampling
time tia, the determination as to whether an abnormality has
occurred in the first and second temperature sensors 34, 44
is started. As indicated by an arrow a, it is thereby possible
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to greatly advance the determination start timing and early
determine whether the sensor abnormality has occurred,
compared with a case of waiting for the elapse of the soak
time tic.

[Diagnosis Cases 7-9]

[0066] The diagnosis cases 7 to 9 will be described. As
illustrated in FIG. 9, the diagnosis cases 7 to 9 are cases in
a situation in which an upward offset abnormality occurs to
the second temperature sensor 44. In addition, the diagnosis
case 7 is a case in a situation in which the initial temperature
Tal is higher than the initial temperature Tb1, the diagnosis
case 8 is a case in a situation in which the initial temperature
Tal is lower than the initial temperature Tb1, and the
diagnosis case 9 is a case in a situation in which the initial
temperature Tal is equal to the initial temperature Th1.
[0067] As illustrated in FIG. 16, in the diagnosis case 7,
the initial temperature Tal is higher than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
ture TA is lower than the sensor temperature TB at the time
of the elapse of the soak time tic as indicated at the time t3.
That is, the temperature decrease amount of the sensor
temperature TA is far greater than the temperature decrease
amount of the sensor temperature TB. Therefore, the
decrease speed of the sensor temperature TA is far faster than
the decrease speed of the sensor temperature TB and the
decrease speed difference AS between the sensor tempera-
tures TA, TB largely appears on the positive side. In this
way, in the diagnosis case 7 with the large decrease speed
difference AS, it is predicted that the magnitude relation
between the sensor temperatures TA, TB will be reversed
halfway as indicated at the time t2. In this case, it is difficult
to set the start timing of the determination based on the
decrease speed difference AS. Therefore, at the time t3 of the
elapse of the soak time tic, the determination as to whether
an abnormality has occurred in the first and second tem-
perature sensors 34, 44 is started. It is thereby possible to
stabilize the sensor temperatures TA, TB using the soak time
tic and appropriately determine whether the sensor abnor-
mality has occurred.

[0068] As illustrated in FIG. 17, in the diagnosis case 8,
the initial temperature Tal is lower than the initial tempera-
ture Tbh1 as indicated at the time t1, and the sensor tempera-
ture TA is lower than the sensor temperature TB at the time
of the elapse of the soak time tic as indicated at the time t3.
That is, there is no large difference between the temperature
decrease amounts of the sensor temperatures TA, TB. There-
fore, the decrease speeds of the sensor temperatures TA, TB
are nearly equal and the decrease speed difference AS
between the sensor temperatures TA, TB appears near zero.
In the diagnosis case 8, at the time t2 of the elapse of the
sampling time tia, the absolute value of the decrease speed
difference AS is smaller than the threshold Xa. Therefore,
the determination as to whether an abnormality has occurred
in the first and second temperature sensors 34, 44 is started.
As indicated by an arrow a, it is thereby possible to greatly
advance the determination start timing and early determine
whether the sensor abnormality has occurred, compared
with a case of waiting for the elapse of the soak time tic.
[0069] As illustrated in FIG. 18, in the diagnosis case 9,
the initial temperature Tal is equal to the initial temperature
Tb1 as indicated at the time t1, and the sensor temperature
TB is higher than the sensor temperature TA at the time of
the elapse of the soak time tic as indicated at the time t4.
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That is, a temperature decrease amount of the sensor tem-
perature TA is greater than a temperature decrease amount of
the sensor temperature TB. Therefore, the decrease speed of
the sensor temperature TA is faster than the decrease speed
of the sensor temperature TB and a decrease speed differ-
ence AS between the sensor temperatures TA, TB appears on
a positive side. In the diagnosis case 9, the absolute value of
the decrease speed difference AS is smaller than the thresh-
old Xa as indicated at the time t2. Therefore, at the time t3
of the elapse of the sampling time tia, the determination as
to whether an abnormality has occurred in the first and
second temperature sensors 34, 44 is started. As indicated by
an arrow a, it is thereby possible to greatly advance the
determination start timing and early determine whether the
sensor abnormality has occurred, compared with a case of
waiting for the elapse of the soak time tic.

[0070] It goes without saying that the disclosure is not
limited to the embodiment described above and various
changes and modifications can be made without departing
from the spirit of the disclosure. While the electric vehicle
11 is referred to as an example of the vehicle including the
first temperature sensor 34 and the second temperature
sensor 44 in the descriptions above, the disclosure is not
limited to the electric vehicle 11. For example, the sensor
diagnostic device 10 according to the present embodiment
may be applied to a vehicle including merely an engine as
a power source. For example, the sensor diagnostic device
10 according to the present embodiment may be applied to
a vehicle including an engine and a motor-generator as a
power source. In addition, a control system configured with
one control unit or a control system configured with multiple
control units may be used as the control system 50 executing
the sensor diagnostic control.

[0071] The sensor diagnostic device 10 executes the sen-
sor diagnostic control on the first temperature sensor 34 and
the second temperature sensor 44 that are provided in the
battery pack 22 in the descriptions above. However, the
disclosure is not limited to this example. That is, the
temperature sensor subjected to the sensor diagnostic control
may be, for example, a temperature sensor detects the
temperature of the coolant of an engine, a temperature
sensor detecting the temperature of the hydraulic oil of a
transmission, or a temperature sensor detecting an intake air
temperature of an engine. Furthermore, targets the tempera-
tures of which are to be detected by the first temperature
sensor and the second temperature sensor may be either the
same target or different targets. That is, if the target to be
cooled down to the same temperature after stopping of the
vehicle, the target may be different targets. Moreover, any
form of the temperature sensor subjected to the sensor
diagnostic control may be applicable. For example, a tem-
perature sensor configured with a thermister, a temperature
sensor configured with semiconductor elements, or a tem-
perature sensor configured with a thermocouple may be
applied to the temperature sensor subjected to the sensor
diagnostic control.

[0072] As illustrated in the flowchart of FIG. 5, the
decrease speeds Sal, Sb1 of the sensor temperatures TA, TB
are calculated in Step S22, and the decrease speeds San, Shn
of the sensor temperatures TA, TB are calculated in Step
S32. In these Steps S22, S32, the decrease speeds Sal, San
may be calculated by differentiating the sensor temperature
TA and the decrease speeds Sb1, Sbn may be calculated by
differentiating the sensor temperature TB. Furthermore, as
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illustrated in FIG. 6, whether the magnitude relation
between the sensor temperatures TA, TB will be reversed is
predicated using the linear approximate lines LA, LB.
However, the disclosure is not limited to this example.
Whether the magnitude relation between the sensor tem-
peratures TA, TB will be reversed may be predicated using
other approximate curves.

1. A sensor diagnostic device for use in a vehicle includ-
ing a first temperature sensor and a second temperature
sensor, the sensor diagnostic device being configured to
detect a sensor abnormality of one or both of the first
temperature sensor and the second temperature sensor, the
sensor diagnostic device comprising

a control system comprising a processor and a memory

that are communicably coupled to each other, the
control system being configured to determine whether
the sensor abnormality has occurred based on a
detected temperature difference between a first detected
temperature detected by the first temperature sensor
and a second detected temperature detected by the
second temperature sensor, wherein

the control system is configured to, after the vehicle is

stopped:

calculate a decrease speed of the first detected tem-
perature based on the first detected temperature, and
calculate a decrease speed of the second detected
temperature based on the second detected tempera-
ture; and

in a case where an absolute value of a decrease speed
difference between the first detected temperature and
the second detected temperature is smaller than a
threshold, determine whether the sensor abnormality
has occurred, based on the detected temperature
difference.

2. The sensor diagnostic device according to claim 1,
wherein

the control system is configured to, after the vehicle is

stopped:

predict whether a magnitude relation between the first
detected temperature and the second detected tem-
perature will be reversed within a specified time
since the vehicle is stopped, based on a transition of
the first detected temperature and a transition of the
second detected temperature, and

upon predicting that the magnitude relation between the
first detected temperature and the second detected
temperature will be reversed, determine whether the
sensor abnormality has occurred, based on the
detected temperature difference after elapse of
uncontrolled time longer than the specified time
since the vehicle is stopped.

3. The sensor diagnostic device according to claim 2,
wherein

the control system is configured to:

in determining whether the sensor abnormality has

occurred in response to the absolute value of the
decrease speed difference being smaller than the thresh-
old, determine that the sensor abnormality has occurred
in a case where an absolute value of the detected
temperature difference is greater than a first tempera-
ture difference threshold, and

in determining whether the sensor abnormality has

occurred in response to the elapse of the uncontrolled
time, determine that the sensor abnormality has
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occurred in a case where the absolute value of the
detected temperature difference is greater than a second
temperature difference threshold smaller than the first
temperature difference threshold.
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