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(54) METHOD FOR DIAGNOSING ELECTRIC VEHICLE, AND SYSTEM

(57) A method of diagnosing an electric vehicle in-
corporating an electric component, comprises detecting
a physical load applied to a vehicle body, which is other
than an electric characteristic of the electric component
(step S401); and changing a diagnostic operation for the

electric component based on the electric characteristic
of the electric component such that the diagnostic oper-
ation is performed based on the detected physical load
applied to the vehicle body (step S403 to S406).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and system for diagnosing an electric vehicle.

BACKGROUND ART

[0002] In recent years, for the purpose of environmental conservation or the like, a vehicle which drives using electric
energy as a driving power source (which, hereinafter, will be simply referred to as an electric vehicle) has been developed.
The electric vehicle incorporates many electric components such as batteries for storing DC power, an inverter for
converting the DC power stored in the batteries into AC power, and an electric motor activated by the output of the
inverter. These electric components operate in association with each other. For example, Patent Literature 1 discloses
that an abnormality in an electric component is diagnosed based on an electric characteristic of the electric component.

CITATION LIST

PATENT LITERATURE

[0003] Patent Literature 1: Japanese-Laid Open Patent Application Publication No. 2011-15491

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] According to Patent Literature 1, the electric component is diagnosed based on the electric characteristic of
the electric component ("electric storage rate," "temperature of battery," "SOC (state of charge) of battery"), but an
abnormality cannot be diagnosed until a change actually occurs in the electric characteristic. Therefore, it is difficult to
determine in advance whether or not the electric component is broken down.
[0005] The present invention has been developed to solve the above described problem, and an object of the present
invention is to provide a diagnosing method for preventing in advance an abnormality in the electric component incor-
porated into the electric vehicle.

SOLUTION TO PROBLEM

[0006] To solve the above described problem, according to an aspect of the present invention, there is provided a
method of diagnosing an electric vehicle incorporating an electric component, the method comprising: detecting a physical
load applied to a vehicle body of the electric vehicle, which is other than an electric characteristic of the electric component;
and changing a diagnostic operation for the electric component based on the electric characteristic of the electric com-
ponent such that the diagnostic operation is performed based on the detected physical load applied to the vehicle body.
[0007] In accordance with this diagnostic method, a diagnostic process is performed based on the physical load applied
to the vehicle body, which is other than the electric characteristic of the electric component, in addition to a diagnostic
process based on the electric characteristic of the electric component. Therefore, the electric component can be diag-
nosed based on the physical load. For example, in a case where there is a great physical load, it is recommended to
replace the component or to perform a detailed diagnostic process before an electric characteristic of the component
changes, and in this manner an abnormality can be determined earlier or before it happens. More specifically, there is
a possibility that the electric component mounted in the electric vehicle suffers from some damage due to the physical
load applied to the vehicle body of the electric vehicle, even though the electric component is not actually broken down
and its electric characteristic is not changed. For example, in the case of a motorcycle, slight falling such as the falling-
down of the vehicle body from a standing position, a vibration due to rapid acceleration/deceleration, a vertical shaking
or jumping which is associated with driving off-road, etc., tend to take place. When these occur, an problem in the electric
wires or a degradation of performance of the electric component tends to occur. In light of this, by diagnosing the electric
component based on the physical load applied to the vehicle body, the abnormality can be diagnosed earlier or before
it happens. The normal diagnostic process based on the change in the electric characteristic is performed when the
change occurs. In contrast, the diagnostic process based on the physical load is performed based on the physical load
even in a state in which there is no change in the electric characteristic. This diagnostic process is a predictive (active)
diagnostic process as compared to a passive normal diagnostic process.
[0008] In the diagnosing method, changing the diagnostic operation for the electric component based on the electric
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characteristic of the electric component may include: determining whether or not the electric component is likely to be
damaged based on the detected physical load applied to the vehicle body; and changing a diagnostic rule based on the
electric characteristic of the electric component such that it is diagnosed more easily that there is an abnormality in the
electric component when it is determined that the electric component is more likely to be damaged than when it is
determined that the electric component is less likely to be damaged.
[0009] There is a possibility that the electric component suffers from some damage (incorrectness of electric wires, a
degradation of performance of the electric component, etc.) due to the physical load applied to the vehicle body, which
is other than the electric characteristic of the electric component, even though the electric component is not actually
broken down and its electric characteristic is not actually changed. In accordance with this diagnostic method, the
possibility of such a damage to the electric component can be determined. If it is determined that the electric component
is more likely to be damaged, a rider or an owner of the electric vehicle can be notified earlier, as a result of the diagnostic
process that there is an abnormality in the electric component. For example, as compared to the diagnostic process
based on the electric characteristic of the electric component, a criterion (threshold, or the like) used to estimate an
abnormality and diagnose that there is an abnormality in the electric component, may be set more strictly, or more
matters may be set to be diagnosed. Or, a time required for the diagnostic process may be increased, or a diagnosing
cycle may be set shorter and the number of times the diagnostic process is conducted may be increased. If it is determined
that there is an abnormality in the electric component, the rider or the owner may be notified of a need for a maintenance
of the electric component or a timing when the maintenance should be performed, in addition to the presence of the
abnormality.
[0010] In the diagnosing method, the physical load applied to the vehicle body may include a change in a physical
amount indicative of a degree of a mechanical impact applied to the vehicle body.
[0011] In accordance with the above diagnosing method, it can be determined that the electric component is more
likely to be damaged based on the change in "physical amount indicative of a degree of a mechanical impact applied
to the vehicle body" in a history of falling, a history of collision, a history of the rider’s operation performed off-road, etc.
For example, it can be determined that there is a high probability of incorrectness of electric wires or a degradation of
performance of the electric component, due to the mechanical impact applied to the vehicle body.
[0012] In the above diagnosing method, the physical load applied to the vehicle body may include a change in a
physical amount indicative of an ambient temperature of the vehicle body.
[0013] In accordance with the above diagnosing method, it can be estimated that the electric component or the like
is more likely to be damaged due to a change in "inside/outside environments of the vehicle body" such as the temperature
of the battery, the electric motor, or the inverter, or the outside air temperature. For example, it can be determined that
the battery is more likely to be in a high-temperature state which causes a degradation of its performance, due to the
influence of long-time storage under a high-temperature environment in summer days, etc. The high-temperature envi-
ronment may be a case where an excessively charged state or excess current state continues for a long time period.
[0014] In the above diagnosing method, the electric vehicle may include a vehicle body control unit for controlling the
vehicle body; the physical load applied to the vehicle body may include a change in a physical amount supplied to the
vehicle body control unit.
[0015] In accordance with the above diagnosing method, the sensors mounted in the electric vehicle used to detect
the physical amount for use in the vehicle body control of the vehicle body control unit, may be utilized in the diagnostic
process based on the physical load applied to the vehicle body, which is other than the electric characteristic of the
electric component. This can simplify the configuration of the diagnostic system in the electric vehicle. The sensors for
the vehicle body control unit are, for example, a driving history sensor, a driving speed sensor, a motor rotational speed
sensor, a gear ratio sensor, an acceleration/deceleration sensor, etc. Therefore, for example, it can be determined that
there is a high probability of the operation which worsens a degradation of the battery.
[0016] In the above diagnosing method, the physical load applied to the vehicle body may include a change in a
physical amount detected during storage of the vehicle body
[0017] In accordance with the above diagnosing method, the diagnostic process can be performed based on the
physical load applied to the vehicle body, which is other than the electric characteristic of the electric component, during
storage of the vehicle body. For example, the diagnostic process can be performed based on the outside air temperature
during storage of the vehicle body, or falling or the like during storage of the vehicle body.
[0018] The method of diagnosing the electric vehicle, may further comprise storing the detected physical load applied
to the vehicle body; and changing the diagnostic operation for the electric component based on the electric characteristic
of the electric component may include changing the diagnostic operation for the electric component based on the electric
characteristic of the electric component such that the diagnostic operation is performed based on the stored physical
load applied to the vehicle body, when a battery included in the electric component is charged.
[0019] In accordance with the above diagnosing method, the diagnostic process can be performed based on the
physical load applied to the vehicle body, which is other than the electric characteristic of the electric component, by
utilizing the charging time of the battery. In other words, a time used only for diagnosing the electric component can be
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reduced.
[0020] To solve the above described problem, according to another aspect of the present invention, there is provided
a diagnostic system in a vehicle incorporating an electric component, comprising: a detecting section which detects a
physical load applied to a vehicle body of the vehicle, which is other than an electric characteristic of the electric com-
ponent; and a control section which changes a diagnostic operation for the electric component based on the electric
characteristic of the electric component such that the diagnostic operation is performed based on the detected physical
load applied to the vehicle body.
[0021] In accordance with the above configuration, the diagnostic process can be performed based on the physical
load applied to the vehicle body, which is other than the electric characteristic of the electric component, as well as the
diagnostic process based on the electric characteristic of the electric component. Therefore, the electric component can
be diagnosed based on the physical load.
[0022] To solve the above described problem, according to another aspect of the present invention, there is provided
a diagnostic system in a vehicle incorporating an electric component, and the vehicle may include: a memory which
stores a detected physical load applied to a vehicle body; and a transmission section which transmits to a device outside
the vehicle, the physical load applied to the vehicle body, which is stored in the memory; wherein the device outside the
vehicle comprises: a receiver section which receives the physical load applied to the vehicle body, which is transmitted
from the vehicle; and a control section which changes a diagnostic operation for the electric component based on an
electric characteristic of the electric component such that the diagnostic operation is performed based on the received
physical load applied to the vehicle body.
[0023] In accordance with the above configuration, the device outside the vehicle is able to perform the diagnostic
process based on the physical load applied to the vehicle body, which is other than the electric characteristic of the
electric component, at any time without limiting a diagnostic timing. In addition, since it is not necessary to incorporate
a circuit and programs for performing the diagnostic process into the vehicle, it becomes possible to reduce the storage
capacity of the memory incorporated into the vehicle and the number of the components incorporated into the vehicle.
In the above diagnostic system in the vehicle, the vehicle maybe an electric motorcycle.
[0024] In accordance with the above configuration, in the electric motorcycle, because of its structure, slight falling
such as the falling-down of the vehicle body which occurs when it is in a stopping state, vibrations due to rapid acceler-
ation/deceleration, vertical shaking or jumping which is associated with driving off-road, etc., tend to take place. As
compared to Patent Literature 1, the electric component of the electric motorcycle is exposed to outside the vehicle body
and is easily affected by the outside air temperature as well as the physical impact. This causes damages (incorrectness
of electric wires, a degradation of performance, etc.) to the electric component. Therefore, the electric component can
be diagnosed based on the degree of a load applied to such an electric component.
[0025] The above and further objects, features and advantages of the invention will more fully be apparent from the
following detailed description of preferred embodiments with reference to the accompanying drawings.

ADVANTAGEOUS EFFECTS OF INVENTION

[0026] In accordance with the present invention, the electric component mounted in the vehicle can be diagnosed in
detail.

BRIEF DESCRIPTION OF DRAWINGS

[0027]

[Fig. 1] Fig. 1 is a view showing an exemplary overall configuration of a diagnostic system in an electric vehicle
according to Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a view showing an exemplary configuration of the diagnostic system in the electric vehicle of Fig. 1.
[Fig. 3] Fig. 3 is a view showing exemplary information stored in a memory of a vehicle body control unit of Fig. 1.
[Fig. 4] Fig. 4 is a flowchart showing an exemplary flow of a diagnostic process in the electric vehicle according to
Embodiment 1 of the present invention.
[Fig. 5] Fig. 5 is a flowchart showing an exemplary flow of a diagnostic process in an electric vehicle according to
Embodiment 2 of the present invention.
[Fig. 6] Fig. 6 is a view showing an exemplary overall configuration of a diagnostic system in an electric vehicle
according to Embodiment 3, 4 of the present invention.
[Fig. 7] Fig. 7 is a block diagram showing an exemplary schematic configuration of a pseudo ground leakage circuit
included in a charger with a diagnostic function of Fig. 6.
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DESCRIPTION OF EMBODIMENTS

[0028] Hereinafter, embodiments of the present invention will be described with reference to the drawings. Hereinafter,
throughout the drawings, the same or corresponding components are designated by the same reference numerals, and
will not be described in repetition, unless otherwise noted.
[0029] (Embodiment 1)

[Exemplary configuration of overall system]

[0030] In Embodiment 1 of the present invention, it is supposed that an electric vehicle has a function for diagnosing
electric components. In other words, the electric vehicle singly configures a diagnostic system.
[0031] Fig. 1 is a left side view of the electric vehicle, showing an exemplary overall configuration of the diagnostic
system in the electric vehicle according to Embodiment 1 of the present invention. Although an electric motorcycle is
exemplarily shown as the electric vehicle in Fig. 1, the electric vehicle is not limited to the electric motorcycle, but may
be another straddle electric vehicle (electric three-wheeled vehicle or the like), an electric four-wheeled vehicle having
a living space such as a multi-purpose vehicle, or an electric vehicle other than such vehicles, such as a small boat. Or,
the electric vehicle may be a hybrid electric vehicle, incorporating an internal combustion engine in addition to the electric
motor.
[0032] As shown in Fig. 1, an electric motorcycle 1 includes a front wheel 2 which is a driven wheel, a rear wheel 3
which is a drive wheel, a vehicle body frame 4 which is disposed between the front wheel 2 and the rear wheel 3, and
an electric motor 5 mounted to the vehicle body frame 4. The electric motorcycle 1 is not equipped with an internal
combustion engine and is configured to rotate the rear wheel 3 by driving power generated in the electric motor 5.
[0033] The front wheel 2 is rotatably mounted to the lower portion of a front fork 6 extending substantially vertically
such that it is inclined with a certain caster angle. A steering shaft 7 is coupled to the upper portion of the front fork 6,
and a bar-type handle 8 is attached to the upper portion of the steering shaft 7. A right grip of the handle 8 is a throttle
grip which is operated by the rider to adjust the driving power generated in the electric motor 5.
[0034] The vehicle body frame 4 includes a head pipe 11, a pair of right and left and a pair of upper and lower main
frames 12, a pair of right and left down frames 13, a pair of right and left pivot frames 14, a pair of right and left swing
arms 15, and a seat frame 16. The head pipe 11 supports the steering shaft 7 such that the steering shaft 7 is rotatable.
The seat frame 16 supports a seat (not shown) on which the rider and a passenger are seated in a forward and rearward
direction.
[0035] The electric motor 5 is placed in a region which is below the down frame 13 and in front of the pivot frame 14.
The driving power generated in the electric motor 5 is transmitted to the rear wheel 3 via a driving power transmission
mechanism 17. The electric motor 5 is accommodated in a motor case 18. The motor case 18 accommodates a trans-
mission (not shown) constituting the driving power transmission mechanism 17 together with the electric motor 5, and
is suspended from the down frame 13 and the pivot frame 14. The transmission may be a multistage transmission or a
gearless transmission. Also, the transmission may be a manual transmission or an automatic transmission.
[0036] The electric motorcycle 1 incorporates an inverter case 19 and a battery case 80 in addition to the motor case
18 accommodating the electric motor 5. The inverter case 19 accommodates electric components including an inverter
20. The battery case 80 accommodates the electric components including a battery unit 60. The inverter case 19 is
placed in a space of a substantially-inverted triangular space when viewed from a side, which is surrounded by the main
frame 12, the pivot frame 14 and the seat frame 16, and positioned just behind the lower rear end portion of the battery
case 80. The battery case 80 is placed between the pair of right and left main frames 12, above the lower portions of
the pair of right and left down frames 13, and forward relative to the pivot frames 14, and sandwiched between the front
wheel 2 and the rear wheel 3 in the forward and rearward direction.
[0037] The battery case 80 is provided with a charging connector 49 for charging a battery unit 60 from outside the
electric motorcycle. For example, a fitting section of the charging connector 49 may be exposed to the outer surface of
the battery case 80, or placed in an opening (charging port) of the battery case 80 and this opening may be covered
with a specified cover.

[Exemplary configuration of diagnostic system]

[0038] Fig. 2 is a view showing an exemplary configuration of an electric system which represents in particular the
electric components and electric wires thereof, as an exemplary configuration of the diagnostic system in the electric
motorcycle 1 of Fig. 1.
[0039] The battery unit 60 is a unit which serves as a high-voltage and DC power single secondary battery. Specifically,
the battery unit 60 is configured as a battery module composed of a plurality of cells which are electrically connected to
each other in series, or a cell stack including a plurality of battery modules which are directly electrically connected to



EP 2 799 274 A1

6

5

10

15

20

25

30

35

40

45

50

55

each other. The cells are a secondary battery for storing the DC power, such as a lithium ion battery or a nickel metal
hydride.
[0040] The battery unit 60 is electrically connected to the charging connector 49 via positive and negative charging
wires 491, and electrically connected to the inverter 20 via positive and negative electric wires (601a, 601b). The inverter
20 converts the high-voltage DC power supplied from the battery unit 60 into three-phase AC power in accordance with
a torque command or the like from a vehicle body control unit 59, and supplies the three-phase AC power to the electric
motor 5 via a three-phase AC wire 201. The electric motor 5 is activated by the AC power supplied from the inverter 20
to generate driving power corresponding to electric characteristics such as a current. This driving power is transmitted
to a drive system via a clutch 50.
[0041] An in-vehicle relay 30 is placed between the battery unit 60 and the inverter 20. Specifically, the battery unit
60 is electrically connected to the in-vehicle relay 30 via the positive side and negative side electric wires 601a, and the
in-vehicle relay 30 is electrically connected to the inverter 20 via the positive side and negative side electric wires 601b.
The in-vehicle relay 30 is configured to connect the battery unit 60 and the inverter 20 to each other or disconnect them
from each other, in accordance with a command from a ground leakage detector 54, a battery monitoring unit 58 or a
vehicle body control unit 59 as will be described later.
[0042] The ground leakage detector 54 is electrically connected to the electric wires 601a between the battery unit 60
and the in-vehicle relay 30. The ground leakage detector 54 detects a ground leakage from the battery unit 60 to a
vehicle body ground location which is maintained at a ground potential, such as the vehicle body frame 4. For example,
the ground leakage detector 54 is connected to electric wires 541 which branch from the electric wires 601a between
the battery unit 60 and the in-vehicle relay 30, and also connected to the vehicle body frame 4 maintained at the ground
potential, via a ground wire 542. The ground leakage detector 54 includes ground leakage detecting resistors or the like
and is configured to detect whether or not there is formed a ground leakage path from the battery unit 60 to the vehicle
body frame 4 via the electric wires 601a, 541 and the ground wire 542, according to a voltage drop generated in the
ground leakage detecting resistors, etc. The ground leakage detector 54 may directly activate the in-vehicle relay 30 so
that the battery unit 60 and the inverter 20 are disconnected from each other upon detecting the ground leakage from
the battery unit 60, in addition to the detection of the ground leakage from the battery unit 60. Or, the ground leakage
detector 54 may send a result of detection of the ground leakage to the vehicle body control unit 59 so that the vehicle
body control unit 59 indirectly activates the in-vehicle relay 30.
[0043] The battery unit 60 is electrically connected to a battery state sensor 65. The battery state sensor 65 is defined
as sensors for detecting physical loads applied to the battery unit 60. For example, as the battery state sensor 65, there
are sensors for detecting "voltage," "current," "internal resistance," "SOC (state of charge)," "SOH (state of health)," and
"temperature," as physical amounts indicative of the states of the battery unit 60. Information detected by the battery
state sensor 65 is transmitted to the battery monitoring unit 58 and the vehicle body control unit 59.
[0044] The battery monitoring unit 58 activates the in-vehicle relay 30 so that the battery unit 60 and the inverter 20
are disconnected from each other, in response to the information indicative of the state of the battery unit 60 which is
detected by the battery state sensor 65.
[0045] The vehicle body control unit 59 communicates with the battery monitoring unit 58 and shares with the battery
monitoring unit 58 the information indicative of the state of the battery unit 60 which is detected by the battery state
sensor 65. The vehicle body control unit 59 activates the in-vehicle relay 30 or outputs desired torque command to the
inverter 20 in response to the information indicative of the state of the battery unit 60. The vehicle body control unit 59
receives as inputs information indicative of the state of the vehicle body detected by a vehicle body state sensor 90 and
information indicative of an operation state of the operation performed by the rider which is detected by an operation
state sensor 95, in addition to the information transmitted from the battery monitoring unit 58. The vehicle body control
unit 59 also controls the in-vehicle relay 30 and the inverter 20 based on the information received from the vehicle body
state sensor 90 and the operation state sensor 95.
[0046] The vehicle body state sensor 90 is defined as sensors for detecting physical amounts indicative of the states
of the vehicle body. For example, the vehicle body state sensor 90 includes sensors for detecting "physical amounts
indicative of degrees of mechanical impacts applied to the vehicle body," and as examples of the vehicle body state
sensor 90, there are a falling sensor, a bank angle sensor, an acceleration sensor, a shock sensor, a vehicle speed
sensor, a vibration sensor, etc. In addition, the vehicle body state sensor 90 includes sensors for detecting "physical
amounts indicative of inside and outside temperatures of the vehicle body," and as examples of the vehicle body state
sensor 90, there are sensors for detecting the temperatures of the electric components other than the battery unit 60,
such as the electric motor 5 and the inverter 20, and/or an outside air temperature. Furthermore, the vehicle body state
sensor 90 includes sensors for detecting information required to control driving (e.g., motor rotational speed, driving
speed, front wheel speed, rear wheel speed, mechanical braking amount, battery voltage/current, motor voltage/current),
and as examples of the vehicle body state sensor 90, there are a vehicle speed sensor, a front wheel rotational speed
sensor, a rear wheel rotational speed sensor, a motor rotational speed sensor, a gear position sensor, a current sensor,
a voltage sensor, a stand switch, etc.
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[0047] The operation state sensor 95 is defined as sensors for detecting the physical amounts indicative of the states
of the rider’s operation. As examples of the operation state sensor 95, there are a throttle position sensor, a gear position
sensor, a brake operation sensor, a clutch operation sensor, a mode switch sensor, etc.
[0048] The vehicle body control unit 59 includes a memory 590, which is configured to store "physical amounts (electric
characteristics) indicative of the states of the battery unit 60" obtained from the battery monitoring unit 58, "physical
amounts indicative of degrees of mechanical impacts applied to the vehicle body" and "physical amounts indicative of
inside/outside environments of the vehicle body" which are received from the vehicle body state sensor 90, and "physical
amounts indicative of the states of the rider’s operation" and "physical amounts used for controlling driving" which are
received from the operation state sensor 95. The information stored in the memory 590 is collectively shown in Fig. 3.
A timing when the information is stored in the memory 590 is at least before the diagnostic process is initiated, and
further is during driving of the electric motorcycle 1, during stop of the electric motorcycle 1, and during storage of the
electric motorcycle 1.
[0049] The physical loads detected by the sensors are stored in temporal storage areas such as RAM, and arranged
at the end of driving. The arranged physical amounts are stored in the memory 590 as histories of the physical loads.
The memory 590 is preferably a non-volatile memory from which data is not erased even when electric power is not
supplied to it. The memory 590 is preferably data-rewritable. By storing in the non-volatile memory processed values of
the physical loads, such as cumulative values, integrated values, average values, and total values of histories of the
physical loads, a data volume can be reduced.
[0050] The vehicle body control unit 59 is capable of deriving a history of falling, a history of collision, a history of the
rider’s operation performed off-road, etc., based on the physical amounts used for controlling the vehicle body which
are supplied from the sensors and stored in the memory 590. The vehicle body control unit 59 is also capable of deriving
a driving history (GPS distance map, etc.), a driving speed, a motor rotational speed, a gear ratio, acceleration/decel-
eration level, cumulative values of these and average values of these, based on "physical amounts indicative of the
states of the rider’s operation," which are stored in the memory 590.
[0051] It should be noted that the memory 590 may be provided outside (e.g., sensor) of the vehicle body control unit 59.

[Exemplary diagnostic process]

[0052] Fig. 4 is a flowchart showing an exemplary flow of a diagnostic process in the electric vehicle according to
Embodiment 1 of the present invention. The electric vehicle (especially vehicle body control unit 59 which serves to
control its vehicle body) performs this diagnostic process. Hereinafter, the flowchart of Fig. 4 will be described with
reference to the components in the diagnostic system of Fig. 2.
[0053] The electric motorcycle 1 reads a physical load applied to the vehicle body from the memory 590 (step S401),
and determines whether or not the electric component is likely to be damaged based on the reading of the physical load
applied to the vehicle body (step S402). Specifically, as examples of the physical load, there are "physical amounts
indicative of degrees of impacts" and "physical amounts indicative of inside/outside temperatures of the vehicle body"
which are received from the vehicle body state sensor 90, and "physical amounts indicative of the states of the rider’s
operation" and "physical amounts used for controlling driving" which are received from the operation state sensor 95.
[0054] As examples of the damage to the electric components, there are incorrectness of electric wires and a degra-
dation of performance of the electric components. As examples of the incorrectness of electric wires, there are a dis-
connection, a ground leakage, a short, etc. Examples of a degradation of performance of the electric components, include
a degradation of performance of the cells constituting the battery unit 60, an operation incorrectness of contact points
of the in-vehicle relay 30, etc.
[0055] When the electric motorcycle 1 determines that the electric component is not very likely to be damaged (step
S403: NO), it reads the electric characteristic of the electric component from the memory 590 (step S404), and diagnoses
whether or not there is an abnormality in the electric component based on the read electric characteristic (step S403).
Specifically, the example of the electric component to be diagnosed, is the battery unit 60. The battery unit 60’s electric
characteristics to be detected are the physical amounts (voltage, current, internal resistance, SOC, SOH, temperature,
and others) showing the states of the battery unit 60, which are detected by the battery state sensor 65. In this case,
the vehicle body control unit 59 diagnoses whether or not there is an abnormality in the battery unit 60 based on the
information detected by the battery state sensor 65, which is obtained from the battery monitoring unit 58. Hereinafter,
the operation for diagnosing whether or not there is an abnormality in the electric component based on the electric
characteristic of the electric component will be referred to as "first mode" for easier description.
[0056] On the other hand, when the electric motorcycle 1 determines that the electric component is more likely to be
damaged (step S403: YES), it diagnoses whether or not there is an abnormality in the electric component based on the
physical load applied to the vehicle body which is read in step S401 (step S406). Hereinafter, the operation for diagnosing
whether or not there is an abnormality in the electric component based on the physical load applied to the vehicle body
will be referred to as "second mode" for easier description.
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[0057] Specifically, when the electric motorcycle 1 determines that the physical load which negatively affects the
performance of the electric component is greater than a predetermined amount in step S403, it performs the diagnostic
process in the second mode in step S406.
[0058] For example, in a case where the physical load is an impact value, the second mode may be performed when
any one of the following conditions (1a) to (3a) is satisfied.

(1a) A maximum impact Smax applied to the vehicle body exceeds a predetermined value α (Smax ^ Sα).
(2a) An impact Sup which is a specified value or greater has occurred a predetermined number of times nα or
greater (Sup ^ nα).
(3 a) A degree of an impact is divided into X ranks, the number of times ni the impact occurs, corresponding to each
rank, is counted, and a weight coefficient ki corresponding to each rank is set. Under this setting, an integrated
value which is derived by integrating for each rank a multiplication value of the coefficient k and the number of times
n the impact occurs, corresponding to each rank, exceeds a predetermined integrated value α1 (Σ (ki 3 ni) ^α1).

[0059] For example, in a case where the physical load is an ambient temperature (temperature environment) of the
vehicle body, the second mode may be performed when any one of the following conditions (1b) to (4b) is satisfied.

(1b) A maximum ambient temperature Tmax is higher than a predetermined value Tβ.
(2b) An ambient temperature Tup of a predetermined value or higher continues for a predetermined time tβ or longer.
(3b) The ambient temperature is divided into y ranks, a cumulative time ti corresponding to each rank is counted,
and a weight coefficient mi corresponding to each rank is set. Under this setting, an integrated value which is derived
by integrating for each rank a multiplication value of the coefficient m and the cumulative time t corresponding to
each rank, exceeds a predetermined integrated value β1 (Σ(mi 3ti) ^β1).
(4b) A temperature change ΔT per unit time exceeds a predetermined value Δβ.

[0060] For example, in a case where the physical load is a vehicle driving state, the second mode may be performed
when any one of the following conditions (1c) to (4c) is satisfied.

(1c) A driving distance exceeds a predetermined value.
(2c) A cumulative time for which a torque command value (current value) which is a predetermined value or greater
is provided exceeds a predetermined value.
(3c) A cumulative time for which a driving speed is a predetermined speed or higher exceeds a predetermined value.
(4c) An acceleration/deceleration level of a predetermined magnitude or greater exceeds a predetermined value.

[0061] In addition, the conditions may be set using other physical loads detected before the diagnostic process is
initiated, such as the number of times charging is performed, the number of times regeneration is performed, a cumulative
charging time, a cumulative discharging time, and a time for which a current of a specified magnitude or greater is
charged/discharged.
[0062] Although the above described conditions are described individually, the physical loads which negatively affect
the performance of the electric components may be collectively found. Specifically, individual damage factors may be
converted into parameters, and when a total value of these parameters exceeds a predetermined value B, the second
mode may be initiated.
[0063] For example, when the following expression is satisfied, the second mode may be initiated:

A1 to An indicate individual physical loads which cause the damages, a1 to an indicate weight factors, and B is a value
from which it is estimated in an integrated manner that there is a possibility of damages. Preferably, the physical loads
are values which are pre-found before the electric components are diagnosed, and are history values stored from when
the electric motorcycle is shipped until before the diagnostic process is performed. The above expression is merely
exemplary, and the damages may be predicted using other expressions.
[0064] The diagnostic operation is different between the first mode based on the electric characteristics and the second
mode based on the physical load applied to the vehicle body. Specifically, when it is determined that the electric component
is highly likely to be damaged, the diagnostic operation is made different such that a result of the diagnostic process in
the second mode, indicative of the presence of the abnormality, is output earlier than a result of the diagnostic process
in the first mode, indicative of the presence of the abnormality
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[0065] In other words, the electric component is more likely to suffer from some damage (incorrectness of electric
wire, a degradation of performance of electric component, etc.) due to the physical load applied to the vehicle body
although the electric component is not actually broken down. In this case, it can be determined that the electric component
or the like is more likely to suffer from some damage based on a change in "physical amount indicative of degree of the
impact", such as a history of falling, a history of collision or a history of the rider’s operation performed off-road. Or, it
can be determined that the electric component or the like is more likely to be stuck in a high-temperature state which
degrades performance of the battery unit 60 due to a change in "physical amount indicative of the inside/outside tem-
perature of the vehicle body", for example, an influence of excess charging or long-time storage under a high-temperature
environment. Or, it can be determined that the electric motorcycle is more likely to be in, for example, a driving state,
which would worsen a degradation of the cells of the battery unit 60, based on a change in "physical amount indicative
of the state of the rider’s operation" or "physical amount used in driving control," such as a history of driving, a driving
speed, a motor rotational speed, a gear ratio, or an acceleration/deceleration level.
[0066] In these cases, the second mode is designed so that it is diagnosed that there is an abnormality in the electric
component in the second mode earlier than it is diagnosed that there is an abnormality in the electric component in the
first mode. In other words, regarding the second mode, a diagnostic rule based on the electric characteristic of the electric
component is changed so that it is diagnosed more easily that there is an abnormality in the electric component. For
example, a criterion (threshold or the like) used to diagnose whether or not there is an abnormality may be set more
strictly or a greater number of diagnostic matters may be set in the second mode than in the first mode. Or, a time
required for the diagnostic process may be set longer in the second mode than in the first mode. Or, a diagnostic cycle
may be set shorter and the number of times of the diagnostic process may be set greater in the second mode than in
the first mode. In a case where it is diagnosed that there is an abnormality in the electric component in the second mode,
the rider may be notified of a need for maintenance of the electric component or recommended time of the maintenance,
as well as the result of the diagnostic process.
[0067] Unavoidably, there is a variation among products. Therefore, when it is determined whether or not the component
of a certain product in use is correct, it is difficult to find out an actual degradation of the characteristics of the component
because this degradation is confused with the variation among the products. To avoid this, in the diagnostic process
performed as described above, determination with more detailed levels may be performed, for example, by setting the
threshold used for the determination as to correctness of the electric component more strictly, after the electric motorcycle
has gone through the mechanical physical load such as the falling.

[Modified example]

[0068] The diagnostic process for the electric component in the first mode (step S405) may also be performed based
on the physical load applied to the vehicle body. For example, in a case where falling or the like occurs, it may be
diagnosed immediately whether or not there is a degradation in the cells of the battery unit 60, without determining
whether or not the electric component is highly likely to be damaged.
[0069] In the diagnostic process for the electric component in the second mode (step S406), the content of the diagnostic
process may be made different according to the level of the physical load applied to the vehicle body. For example, it
is diagnosed that there is an abnormality in the electric component earlier when it is estimated that a degradation/damage
is severe.. In a case where it is estimated that a degradation/damage is very severe, it may be determined whether or
not there is an abnormality in the electric component without being based on the electric characteristic.
[0070] Although the memory 590 of Fig. 3 contains history information of the physical loads applied to the vehicle
body, which is other than the electric characteristics of the electric components during driving or during storage, it may
be configured to store the history information such that the electric characteristics of the electric components are syn-
chronized with the history information. This makes it possible to identify the electric characteristic of the electric component
at a time before and after the physical load is applied to the vehicle body, which is other than the electric characteristic
of the electric component. As a result, a detailed diagnostic process for the electric component can be performed.
[0071] When a main switch of the electric vehicle is operated after the diagnostic process for the electric component
in the second mode is performed (step S406), the electric component may be diagnosed in more detail. If it is determined
that there is no abnormality in the electric component as a result of this detailed diagnostic process, the diagnostic
process for the electric component in the second mode may shift to the normal diagnostic process for the electric
component.
[0072] When the electric motorcycle 1 determines that the electric component is less likely to be damaged in step
S403 (step S403: NO), it sets a threshold used in the normal diagnostic process. On the other hand, when the electric
motorcycle 1 determines that the electric component is more likely to be damaged (step S403: YES), it sets a threshold
used in a predictive diagnostic process which is different from the threshold used in the normal diagnostic process. The
electric motorcycle 1 may diagnose the electric component using the threshold used in the normal diagnostic process
or the threshold used in the predictive diagnostic process.
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(Embodiment 2)

[Exemplary diagnostic process]

[0073] In Embodiment 2 of the present invention, it is supposed that the electric component is diagnosed in the first
mode or the second mode during charging of the battery unit of the electric vehicle. The electric vehicle (especially
vehicle body control unit 59) performs this diagnostic process.
[0074] The exemplary construction of the electric vehicle and the exemplary configuration of the diagnostic system
according to Embodiment 2 are the same as those (see Figs. 1, 2) of Embodiment 1, and will not be described in
repetition. Hereinafter, the flowchart of Fig. 5, showing the exemplary diagnostic process of the electric vehicle according
to Embodiment 2 of the present invention will be described with reference to the components of the diagnostic system
of Fig. 2.
[0075] Firstly, before charging of the battery unit 60 is initiated at the start of driving, the electric motorcycle 1 regularly
detects the history of the physical loads applied to the vehicle body, using the vehicle body state sensor 90 and the
operation state sensor 95 (step S501), and stores the detected information in the memory 590 (step S502). It should be
noted that the physical loads applied to the vehicle body may be detected and stored at different timings.
[0076] Then, an outside charger (not shown) is connected to the charging connector 49, and thereafter charging of
the battery unit 60 is initiated (step S503). Upon the charging of the battery unit 60 being initiated, the vehicle body
control unit 59 determines whether or not the electric component is more likely to be damaged based on the information
stored in the memory 590 (step S504).
[0077] When the electric motorcycle 1 determines that the electric component is less likely to be damaged (step S505:
NO), it detects the electric characteristic of the electric component (step S506), and diagnoses whether or not there is
an abnormality in the electric component based on the detected electric characteristic (step S507). On the other hand,
when the electric motorcycle 1 determines that the electric component is more likely to be damaged (step S505: YES),
it diagnoses whether or not there is an abnormality in the electric component based on the physical loads applied to the
vehicle body, which are stored in the memory 590 (step S508). After the electric vehicle has diagnosed whether or not
there is an abnormality in the electric component, charging of the battery unit 60 is terminated (step S509).
[0078] For example, in a case where the electric component is diagnosed when the main switch is turned ON for
starting driving, the rider wishes to drive the electric motorcycle 1 quickly. Therefore, a detailed diagnostic process which
requires a long time should not be performed. Under this state, unavoidably, a simplified diagnostic process or a diagnostic
process only for important matters occurs. In view of the fact that charging of the battery unit 60 requires a relatively
long time, and a charging work is performed as a necessary preparation step prior to starting of the electric motorcycle
1 stored for a long time, the time used for which the battery unit 60 is charged can be efficiently utilized. In other words,
a time used only for diagnosing the battery unit can be reduced.

[Modified example]

[0079] Although the above description is on condition that the time required for charging of the battery unit 60 is longer
than the time required for which it is diagnosed whether or not there is an abnormality in the electric component in the
first mode or the second mode, the time required for charging of the battery unit 60 may be shorter than the time required
for diagnosing whether or not there is an abnormality in the electric component.
[0080] Although in the above description, the electric characteristic of the electric component is detected using the
battery state sensor 65 during charging of the battery unit 60 (step S506), the electric characteristic of the electric
component may be detected regularly using the battery state sensor 65 and the information may be stored in the memory
590 before charging of the battery unit 60 is initiated. This can omit step S506 in which the electric characteristic of the
electric component is detected before the diagnostic process for the electric component in the first mode is initiated.
[0081] Although the charging of the battery unit 60 is initiated (step S503) when the outside charger is connected to
the charging connector 49 as described above, it may be started when the charging of the battery unit 60 is performed
regularly for spontaneous discharging in a case where the electric motorcycle 1 is stored for a long time in a state in
which the outside charger (not shown) is connected to the charging connector 49. In other words, the physical load
applied to the vehicle body, which is other than the electric characteristic of the electric component, in a case where the
electric motorcycle 1 is stored for a long time in a state in which the outside charger is connected to the charging connector
49, may be detected. This makes it possible to perform a diagnostic process considering, for example, the outside air
temperature at the time of the storage of the vehicle body, falling at the time of the storage of the vehicle body, etc.
[0082] Alternatively, the exemplary configuration and the exemplary diagnostic process which are similar to those of
Embodiment 1, and modified examples thereof may be used.
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(Embodiment 3)

[Exemplary configuration of diagnostic system]

[0083] In Embodiment 3 of the present invention, it is supposed that an outside charger which charges the battery unit
of the electric vehicle or a host device thereof has a function of diagnosing the electric component. The charger or the
host device thereof performs the diagnostic process for the electric component. The charger having such a function will
be referred to as a charger with a diagnostic function in the present application.
[0084] Fig. 6 is a view showing an exemplary overall configuration of a diagnostic system in an electric vehicle according
to Embodiment 3 and Embodiment 4 (described later) of the present invention. Hereinafter, only differences from the
exemplary configuration of the diagnostic system of Figs. 1 and 2 will be described.
[0085] The charging connector 49 is configured to electrically and communicatively connect a charger 100 with a
diagnostic function to the battery unit 60 accommodated in the battery case 80. In other words, the electric motorcycle
1 is configured to include a transmission section (vehicle body control unit 59, a communication line 492, charging
connector 49) for transmitting to the charger 100 with a diagnostic function, the information indicative of the electric
characteristic of the electric component or the information indicative of the physical load applied to the vehicle body,
which are stored in the specified memory (memory 590 of the vehicle body control unit 59), by using the charging
connector 49.
[0086] The charging connector 49 is connected to the vehicle body frame 4, or the like kept at a ground potential via
a short test line 493 such that signals are communicated between them. Instead of the charging connector 49, a receiving
device for non-contact charging may be provided.
[0087] The charger 100 with a diagnostic function includes a connector 101 which is fittable to the charging connector
49, an attachment plug 102 connected to a socket (plug-in) of a power supply utility of AC 100V or the like, and a
communication interface 103 (interface for wireless communication such as wireless LAN or infrared communication,
USB (universal serial bus) interface) communicatively coupled to a host device 200 such as a personal computer, a
portable communication device or a server. The charger 100 with a diagnostic function has a structure of ground charging
equipment or of ground transmission equipment for non-contact charging. The charger 100 with a diagnostic function
is owned in a car parking area by the user of the electric motorcycle 1, placed in a service area called a charging stand
or a charging spot, etc. The charger 100 with a diagnostic function has a function of charging the battery unit 60 accom-
modated in the battery case 80 by fitting a connector 101 to the charging connector 49 of the electric motorcycle 1.
[0088] In addition, the charger 100 with a diagnostic function also has a function of diagnosing the electric component
incorporated into the electric motorcycle 1, like Embodiment 1 and Embodiment 2. Specifically, the charger 100 with a
diagnostic function includes a receiver section (connector 101, A/D converter, etc.) which receives the physical load
applied to the vehicle body, which is transmitted from the electric motorcycle 1, and a control section (CPU, DSP (digital
signal processor) etc.) which changes the diagnostic operation for the electric component based on the electric charac-
teristic of the electric component such that the diagnostic operation is performed based on the physical load applied to
the vehicle body, which is other than the electric characteristic, and received by the receiver section.

[Exemplary diagnostic process]

[0089] Firstly, the electric motorcycle 1 detects the electric characteristic of the electric component using the battery
state sensor 65, and detects the physical load applied to the vehicle body using the vehicle body state sensor 90 and
the operation state sensor 95, and stores the detected information in the memory 590.
[0090] Then, at a suitable timing, the vehicle body control unit 59 transmits to the charger 100 with a diagnostic function
information indicative of the physical load applied to the vehicle body, which is other than the electric characteristic of
the electric component, and is stored in the memory 590. In other words, at a time point when the information is transmitted
from the vehicle body control unit 59 to the charger 100 with a diagnostic function, the charger 100 with a diagnostic
function is electrically connected to the charging connector 49 of the electric motorcycle 1. In this state, the battery unit
60 of the electric motorcycle 1 can be charged by the charger 100 with a diagnostic function, and the charger 100 with
a diagnostic function and the vehicle body control unit 59 of the electric motorcycle 1 are communicable with each other.
The above stated suitable timing is, for example, a timing when the charger 100 with a diagnostic function is connected
to the charging connector 49, or the battery unit 60 is charged regularly for spontaneous discharging in a case where
the electric motorcycle 1 is stored for a long time in a state in which the charger 100 with a diagnostic function is connected
to the charging connector 49, and the charger 100 with a diagnostic function or the host device 200 is about to initiate
the diagnostic process for the electric component.
[0091] Receiving the information stored in the memory 590 from the vehicle body control unit 59, the charger 100 with
a diagnostic function determines whether or not the electric component is more likely to be damaged based on the
information indicative of the physical load applied to the vehicle body, among the received information. When the charger
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100 with a diagnostic function determines that the electric component is less likely to be damaged, it diagnoses whether
or not there is an abnormality in the electric component based on the information indicative of the electric characteristic
of the electric component, among the received information. That is, the charger 100 with a diagnostic function performs
the first mode. On the other hand, when the charger 100 with a diagnostic function determines that the electric component
is more likely to be damaged, it diagnoses whether or not there is an abnormality in the electric component based on
the information indicative of the physical load applied to the vehicle body, which is other than the electric characteristic
of the electric component, among the received information. That is, the charger 100 with a diagnostic function performs
the second mode which is different from the first mode.
[0092] In accordance with the above described process, the charger 100 with a diagnostic function is able to perform
the diagnostic process based on the physical load applied to the vehicle body, which is other than the electric characteristic
of the electric component, at any time without limiting a diagnostic timing. In addition, since it is not necessary to
incorporate a circuit and programs for performing the diagnostic process into the electric motorcycle 1, it becomes
possible to reduce the storage capacity of the memory 590 incorporated into the electric motorcycle 1 and the number
of the components incorporated into the electric motorcycle 1.

[Modified example]

[0093] Although the charger 100 with a diagnostic function diagnoses the electric component in the first mode or the
second mode, as described above, the host device 200 communicatively connected to the charger 100 with a diagnostic
function may receive the information from the charger 100 with a diagnostic function, and diagnose the electric component
in the first mode or the second mode based on the received information. In this case, the charger 100 with a diagnostic
function serves as a relay device (gateway device, bridge device, etc.) which relays communication signals between
the host device 200 and the electric motorcycle 1.
[0094] Or, an outside device (e.g., electronic key of the electric vehicle) which is electrically and physically connected
to the electric motorcycle 1 and is other than the charger 100 with a diagnostic function, may diagnose the electric
component in the first mode or the second mode. To effectively utilize the charging time of the battery unit 60, the outside
charger connected to the charging connector 49 preferably has a function of diagnosing the electric component in the
first mode or the second mode.
[0095] Although it is supposed that the charger 100 with a diagnostic function and the host device 200 are placed in
the owner’s home of the electric motorcycle 1 as described above, the charger 100 with a diagnostic function and the
host device 200 may be placed in a charging stand or a charging spot. In this case, the host device 200 may serve as
Web server which publishes a dedicated home page which monitors the states of the vehicle body including the battery
unit 60 of the electric motorcycle 1, and may be a server connected to the Internet. When the owner of the electric
motorcycle 1 connects the owner’s personal computer or portable communication device to the Internet and accesses
the dedicated home page published by the host device 200, the owner can know a result of the diagnostic process for
the electric components mounted in the electric motorcycle 1 as well as the SOC (state of charge) of the battery unit 60.
[0096] Alternatively, the exemplary configuration and the exemplary diagnostic process which are similar to those of
Embodiments 1, 2 and modified examples thereof may be used.

(Embodiment 4)

[Exemplary configuration of pseudo ground leakage circuit of charger with a diagnostic function]

[0097] Embodiment 4 of the present invention is on the basis of Embodiment 3 as described above, and is a case
which includes a step of determining whether or not the ground leakage detector 54 mounted in the electric motorcycle
1 is operating correctly during the diagnostic process for the electric components mounted in the electric motorcycle 1,
which is performed by the charger 100 with a diagnostic function. The ground leakage detector 54 detects a ground
leakage from the battery unit 60 to the vehicle body frame 4 or the like which is maintained at a ground potential. The
charger 100 with a diagnostic function includes a pseudo ground leakage circuit 110 for intentionally shorting the battery
unit 60 and the vehicle body ground location such as the vehicle body frame 4 without actually causing a ground leakage
in the electric motorcycle 1 in order to determine whether or not the ground leakage detector 54 is operating correctly.
[0098] Fig. 7 is a block diagram showing an exemplary schematic configuration of the pseudo ground leakage circuit
110 included in the charger 100 with the diagnostic function.
[0099] The ground leakage detector 54 includes a positive side power supply terminal P connected to the positive
side of the battery unit 60, a negative side power supply terminal N connected to the negative side of the battery unit
60, and a ground terminal E connected to the vehicle body frame 4 via a ground wire 542. The ground leakage detector
54 is configured such that ground leakage detecting resistors Rp, Rn are connected in series between the positive side
power supply terminal P and the negative side power supply terminal N, and connection points of the ground leakage
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detecting resistors Rp, Rn are connected to the ground terminal E. In the case of occurrence of a ground leakage, in
the ground leakage detector 54, a current flows through the ground terminal E and thereby a current flowing through
the ground leakage detecting resistors Rp, Rn changes from a current in a normal state. Therefore, by detecting this
change in the current, it is determined that there is a ground leakage.
[0100] The pseudo ground leakage circuit 110 is configured such that a SPST switch SW1, a resistor Rg, a fixed
contact point and one of movable contact .points of a SPDT switch SW2 are connected in series between the positive
side of the battery unit 60 and the vehicle body frame 4. The two movable contact points of the switch SW2 are connected
to the positive side and negative side of the battery unit 60, respectively. In addition, a voltage detector 108 is connected
in parallel with the two movable contact points of the switch SW2, to detect a voltage between the both ends of the
battery unit 60.
[0101] In a case where the charger 100 with a diagnostic function determines whether or not the ground leakage
detector 54 is operating correctly, the switch SW1 is closed, and the fixed contact point and one of the movable contact
points of the switch SW2 are connected to each other. This causes the positive side or negative side of the battery unit
60 to be shorted with the vehicle body ground location such as the vehicle body frame 4. At this time, by detecting a
change in the current flowing through the ground leakage detecting resistors Rp, Rn in the ground leakage detector 54,
the charger 100 with a diagnostic function determines whether or not the ground leakage detector 54 is operating
correctly. If the charger 100 with a diagnostic function determines that it is necessary to perform the diagnostic process
in the second mode, it desirably confirms the operation of the ground leakage detector 54 using the pseudo ground
leakage circuit 110.
[0102] In accordance with the above described exemplary operation, without a need to actually cause a ground leakage
in the battery unit 60 of the electric motorcycle 1, the charger 100 with a diagnostic function is able to diagnose whether
or not the ground leakage detector 54 mounted in the electric motorcycle 1 is operating correctly. After the charger 100
with a diagnostic function confirms that the ground leakage detector 54 is operating correctly, the abnormality of the
ground leakage detector 54 is excluded from possible causes of the damage to the ground leakage detector 54, when
the charger 100 with a diagnostic function determines that the ground leakage detector 54 is more likely to be damaged
based on the physical load applied to the vehicle body. This makes it possible to quickly detect that a ground leakage
has actually occurred in the battery unit 60, due to, for example, a mechanical impact applied to the vehicle body.
[0103] Numerous modifications and alternative embodiments of the present invention will be apparent to those skilled
in the art in view of the foregoing description. Accordingly, the description is to be construed as illustrative only, and is
provided for the purpose of teaching those skilled in the art the best mode of carrying out the invention. The details of
the structure and/or function may be varied substantially without departing from the spirit of the invention.
[0104] Hereinafter, complementary descriptions of the embodiments of the present invention and descriptions of mod-
ified examples will be given, while partially repeating the description of the above configuration.
[0105] During the storage of the electric motorcycle 1, if the power supply of the vehicle body is ON, the above
mentioned physical load can be obtained as in the case of during driving. By providing a configuration in which a degree
of impact can be detected for a predetermined period after a power supply OFF command is issued, it can be detected
that the vehicle body is highly likely to fall down and discharging from the battery can be prevented because it is not
necessary to keep the power supply ON for a long time. In addition, during the charging and storage of the electric
motorcycle 1, or during the storage of the electric motorcycle 1 in a state in which the connector is connected, after the
charging is finished, the outside charger placed near the vehicle detects the outside air temperature and stores this
temperature, and the temperature information is sent to the vehicle body at next connection. This makes it possible to
avoid a situation in which the temperature continues to be detected during the storage and hence prevents discharging
from the battery.
[0106] The vehicle body state sensor may detect the physical amount which negatively affects the physical load
(damage cause) of the electric component. The vehicle body state sensor may detect damage causes other than a
degree of impact, and an ambient temperature. For example, the vehicle body state sensor may detect inside/outside
environments of the vehicle body, such as the number of a vibration of the vehicle body, a degree of humidity, or an air
pressure, as the damage cause, and the damage may be estimated using the damage cause. For example, if the degree
of humidity is high, or a change in the air pressure is great, the damage is more likely to be accelerated. Also, the
frequency and the amplitude of the vibration of the vehicle body with which the damage is more likely to be accelerated,
may be confirmed in advance, and this may be used in the diagnostic process as the damage cause.
[0107] The diagnostic process may be performed at any time which is other than the time when the main switch is
turned ON or the charging is carried out. For example, the diagnostic process may be performed, when the main switch
is turned OFF. When the main switch is turned OFF, it may be determined whether or not the diagnostic process in the
second mode is necessary based on the history of the physical load stored in a volatile memory after the main switch
is turned ON. The power supply may be turned OFF after the diagnostic process is completed. In this case, the volatile
memory is unnecessary, and it is less likely that the rider waits for a time for the diagnostic process.
[0108] The electric vehicle incorporates many electric components as major components associated with driving, such
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as the battery, the electric motor, and the inverter. By estimating the damage based on the history of the physical load
as in the present invention, it can be determined that the important component associated with driving is broken down,
at an appropriate timing. In other words, the determination can be performed earlier without being performed excessively.
Since the component which is broken down is repaired as a result of the diagnostic process performed earlier, it is
possible to avoid negative effects on driving. Although in the above described example, the diagnosing method of the
electric components of the electric vehicle has been described, this may be applied in the same manner to the electric
components mounted in vehicles other than the electric vehicle.
[0109] Although in the above described example, the battery and the ground leakage sensor are diagnosed based on
the history of the physical load which would affect the damage, other electric components may be diagnosed in the same
manner. Regarding the operation abnormality of the in-vehicle relay, and the output abnormalities of the inverter, the
converter, the sensors, the actuator, and the controller, the diagnosing method may be made different according to the
history of the physical load in the same manner. For example, if it is determined that there is a high probability of the
damage based on the physical load, the output signals of the sensors, and the number of times the operation of the
actuator is confirmed may be increased, or a detailed operation confirmation which is not performed normally, may take
place. The operation confirmation may be such that the output signals in a case where control signals/electric power
are sequentially supplied to the electric components in a stopped state of the electric vehicle or before a drive current
is supplied, are confirmed, and it is determined whether or not signals are output in a predetermined order and in a
predetermined range.
[0110] In a case where the battery is changed, the histories of the stored physical loads may be preferably reset. This
makes it possible to prevent a difference between past and current states of the electric components and the histories
of the physical loads. Although the diagnostic operation is made different as described above, the user may be notified
that a maintenance is necessary if it is determined that there is a high probability of the damages.

INDUSTRIAL APPLICABILITY

[0111] The diagnosing method of the vehicle of the present invention is effectively used to prevent abnormalities in
the electric components mounted, in particular, in an electric motorcycle.

REFERENCE CHARACTER LIST

[0112]

1 electric motorcycle
2 front wheel
3 rear wheel
4 vehicle body frame
5 electric motor
6 front fork
7 steering shaft
8 handle
11 head pipe
12 main frame
13 down frame
14 pivot frame
15 swing arm
16 seat frame
17 driving power transmission mechanism
18 motor case
19 inverter case
20 inverter
30 in-vehicle relay
50 clutch
80 battery case
100 charger with a diagnostic function
101 connector
102 attachment plug
103 communication interface
110 pseudo ground leakage circuit
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108 voltage detector
SW1, SW2 switch
200 host device
201 three-phase AC wire
493 short test wire
54 ground leakage detector
542 ground wire
58 battery monitoring unit
59 vehicle body control unit
590 memory
60 battery unit
601a, 601b power supply wire
65 battery state sensor
90 vehicle body state sensor
95 operation state sensor

Claims

1. A method of diagnosing an electric vehicle incorporating an electric component, the method comprising:

detecting a physical load applied to a vehicle body of the electric vehicle, which is other than an electric char-
acteristic of the electric component; and
changing a diagnostic operation for the electric component based on the electric characteristic of the electric
component such that the diagnostic operation is performed based on the detected physical load applied to the
vehicle body.

2. The method of diagnosing the electric vehicle according to claim 1,
wherein changing the diagnostic operation for the electric component based on the electric characteristic of the
electric component includes:

determining whether or not the electric component is more likely to be damaged based on the detected physical
load applied to the vehicle body; and
changing a diagnostic rule based on the electric characteristic of the electric component such that it is diagnosed
more easily that there is an abnormality in the electric component when it is determined that the electric com-
ponent is more likely to be damaged than when it is determined that the electric component is less likely to be
damaged.

3. The method of diagnosing the electric vehicle according to claim 1 or 2,
wherein the physical load applied to the vehicle body includes a change in a physical amount indicative of a degree
of a mechanical impact applied to the vehicle body.

4. The method of diagnosing the electric vehicle according to claim 1 or 2,
wherein the physical load applied to the vehicle body includes a change in a physical amount indicative of an ambient
temperature of the vehicle body.

5. The method of diagnosing the electric vehicle according to claim 1 or 2,
wherein the electric vehicle includes a vehicle body control unit for controlling the vehicle body; and
wherein the physical load applied to the vehicle body includes a change in a physical amount supplied to the vehicle
body control unit.

6. The method of diagnosing the electric vehicle according to claim 1 or 2,
wherein the physical load applied to the vehicle body includes a change in a physical amount detected during storage
of the vehicle body.

7. The method of diagnosing the electric vehicle according to claim 1 or 2, further comprising:

storing the detected physical load applied to the vehicle body;
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wherein changing the diagnostic operation for the electric component based on the electric characteristic of the
electric component includes:

changing the diagnostic operation for the electric component based on the electric characteristic of the
electric component such that the diagnostic operation is performed based on the stored physical load
applied to the vehicle body, when a battery included in the electric component is charged.

8. A diagnostic system in a vehicle incorporating an electric component, comprising:

a detecting section which detects a physical load applied to a vehicle body of the vehicle, which is other than
an electric characteristic of the electric component; and
a control section which changes a diagnostic operation for the electric component based on the electric char-
acteristic of the electric component such that the diagnostic operation is performed based on the detected
physical load applied to the vehicle body.

9. A diagnostic system in a vehicle incorporating an electric component,
the vehicle comprising:

a memory which stores a detected physical load applied to a vehicle body; and
a transmission section which transmits to a device outside the vehicle, the physical load applied to the vehicle
body, which is stored in the memory;
wherein the device outside the vehicle includes:

a receiver section which receives the physical load applied to the vehicle body, which is transmitted from
the vehicle; and
a control section which changes a diagnostic operation for the electric component based on an electric
characteristic of the electric component such that the diagnostic operation is performed based on the
received physical load applied to the vehicle body.

10. The diagnostic system in the vehicle according to claim 8 or 9, wherein the vehicle is an electric motorcycle.
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