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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a voltage meas-
uring apparatus and a power conversion apparatus for
an electric vehicle that uses the voltage measuring ap-
paratus.

2. Description of Related Art

[0002] US 2013/0027827 A describes a protection cir-
cuit including an integrated circuit (IC), a peripheral circuit
connected to the IC, and a measurement circuit connect-
ed to an enable pin of the IC. The peripheral circuit in-
cludes at least one element which generates heat. The
measurement circuit includes a power supply, a resistor,
and a thermistor. The heat from the element raises the
temperature of the thermistor and changes a resistance
of the thermistor and decreases a voltage of the node.
When the voltage of the node is less than or equals to a
standard voltage of the enable pin of the IC, the IC and
the peripheral circuit stop working. US 6,078,511 de-
scribes a temperature protection circuit, a method of pro-
tecting a power converter and a power converter employ-
ing the circuit or the method. In one arrangement, the
circuit includes: (1) a temperature sensor, located in ther-
mal communication with the power converter, that pro-
duces a signal based on a temperature associated with
the power converter and (2) a current controller, coupled
to the temperature sensor, that reduces an output current
of the power converter to an intermediate level based on
the signal.
[0003] Electronic equipment that includes elements
generating a large amount of heat is often subjected to
temperature measurement of the elements. When the
temperature exceeds a specified threshold, some kind
of process such as generation of an alarm or limitations
on electric power flowing to the electronic equipment is
frequently executed in the electronic equipment. Herein-
after, the detection in which the temperature of the ele-
ment exceeds the specified threshold is referred to as a
"temperature abnormality detection". One of the devices
that generate a large amount of heat is a power conver-
sion apparatus that is equipped in the electric vehicle.
The power conversion apparatus in the electric vehicle
converts electric power of a battery into alternating-cur-
rent (AC) power for driving a drive motor. Such an ele-
ment in the power conversion apparatus handles a large
amount of electric power and thus generates a large
amount of heat. In particular, switching elements in a
voltage converter or an inverter and a capacitor for
smoothing output current of the battery or the voltage
converter generates a large amount of heat, and their
heat resistant temperatures are low. Then, when the tem-
perature of the capacitor exceeds the specified threshold

(that is, the temperature abnormality of the capacitor is
detected), some kind of process is executed.
[0004] A thermistor is often used for the temperature
abnormality detection of the capacitor. The thermistor is
a resistor in which the resistance sharply changes when
its temperature exceeds a predetermined temperature.
That is to say, the temperature abnormality in adjacent
areas of the thermistor can be detected, based on the
resistance of the thermistor. Techniques for the temper-
ature abnormality detection by means of the thermistor
are disclosed in Japanese Patent Application Publication
No. 2009-111370 (JP 2009-111370 A) and Japanese
Utility Model Application Publication No. 03-4274 (JP
03-4274 U), for example.

SUMMARY OF THE INVENTION

[0005] When the temperature abnormality is detected
by means of the thermistor, it is required that the ther-
mistor is mounted on a detection location of the temper-
ature abnormality and the thermistor is connected to a
detection circuit for the temperature abnormality with two
cables. Thus, two dedicated cables are required to be
routed for the temperature abnormality detection, and a
dedicated temperature abnormality detection circuit is re-
quired to be provided. The object of the present invention
is to provide a voltage measuring apparatus and a power
conversion apparatus using the voltage measuring ap-
paratus that can improve the efficiency of routing of the
cables in the electronic equipment by sharing the cable
for the temperature abnormality detection with other ca-
bles for other purposes and also can share the circuit for
the temperature abnormality detection with other circuits
for other purposes.
[0006] In the temperature abnormality detection by
means of the thermistor, the abnormality is detected by
comparing the voltage of the thermistor with the specified
threshold. On the other hand, some electronic equipment
may measure the voltage between the terminals of a par-
ticular device. In other words, the voltage measuring ap-
paratus may be incorporated into the electronic equip-
ment. The technique disclosed herein incorporates a
temperature abnormality detection function into the ap-
paratus that measures the voltage of the particular device
in the electronic equipment. That is to say, the present
invention provides a voltage measuring apparatus with
the temperature abnormality detection function. The volt-
age measuring apparatus according to a first aspect of
the present invention is defined in appended claim 1. The
PTC thermistor is a thermistor whose resistance sharply
increases at the specified temperature referred to as a
Curie point temperature or higher. The resistance at the
Curie point temperature or lower is extremely smaller
than the maximum resistance during the temperature
rise. Thus, an influence on the accuracy of the voltage
measurement is small at the Curie point temperature or
lower. Hereinafter, the PTC thermistor may simply be
referred to as the "thermistor" in some cases.
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[0007] A general voltage measuring apparatus is con-
nected to two terminals of the device by means of two
cables. However, in the voltage measuring apparatus
disclosed herein, the thermistor is connected in series
between one of the terminals of the device and one of
input ports of the voltage measuring apparatus. The ther-
mistor is mounted on the location where the temperature
abnormality is detected. This apparatus can be connect-
ed to the device with two cables and can measure the
voltage between the terminals of the device and detect
the temperature abnormality. In other words, two dedi-
cated cables to the temperature abnormality detection
are not required to be routed.
[0008] When the thermistor is simply connected in se-
ries to the cable between the device and the conventional
voltage measuring apparatus, the determination cannot
be made whether the measured voltage indicates the
true output voltage of the device or unexpectedly indi-
cates the result of an increase in the resistance of the
thermistor due to the temperature abnormality. There-
fore, the technique disclosed herein employs an unique
measuring circuit. The measuring circuit measures the
voltage of one of the terminals through the thermistor
with respect to the specified reference potential and the
voltage of the other of the terminals with respect to the
reference potential. Hereinafter, a process for detecting
the temperature abnormality based on the two measured
voltage values is described with specific examples.
[0009] In the aspect described above, the device may
be the voltage converter that converts the output voltage
of the battery and maintains the positive output port at
higher potential than the reference potential and the neg-
ative output port at lower potential than the reference
potential. Such a voltage converter is incorporated into
the power conversion apparatus for the electric vehicle
that converts output power of the battery into alternating-
current power for driving the drive motor. The drive motor
operates on the alternating-current power that possess-
es the reference potential as zero potential and alternates
between a positive potential and a negative potential with
a specified voltage width. Thus, the electric power of the
battery is converted into the voltage that possesses the
positive and the negative potentials with respect to the
reference voltage as zero with the voltage converter dis-
posed in a front stage of the inverter. The reference po-
tential is generally referred to as the ground potential. In
the case of the electric vehicle, the reference potential
corresponds to the potential of the body ground.
[0010] In the aspect described above, the voltage
measuring apparatus may detect the temperature abnor-
mality of the device or the components associated with
the device based on the voltage of one of the terminals
and the voltage of the other of the terminals. Furthermore,
the measuring circuit may output a signal that indicates
the temperature abnormality detection when an absolute
value of the voltage of one of the terminals through the
PTC thermistor is different from an absolute value of the
voltage of the other of the terminals. The voltage con-

verter for the electric vehicle described above maintains
the positive output port at higher potential than the ref-
erence potential by half of target voltage (target output
voltage) and the negative output port at lower potential
than the reference potential by the remaining half of the
target voltage. Subsequently, the voltage that is output
by the voltage converter (that is, the difference between
the potential of the positive output port and the potential
of the negative output port) becomes the target voltage.
Thus, the voltage converter has a relation such that the
absolute value of the voltage of the positive output port
with respect to the reference potential is equal to the ab-
solute value of the voltage of the negative output port
with respect to the reference potential. Even if the output
voltage of the voltage converter does not reach the target
voltage, the relation described above is maintained.
Thus, when the relation described above is not estab-
lished, the resistance of the thermistor increases, and
consequently, the occurrence of the temperature abnor-
mality can be determined. In this case, the signal that
indicates the occurrence of the temperature abnormality
is output. In contrast, when the relation described above
is established, it is expected that the resistance of the
thermistor is small, that is, the temperature abnormality
does not occur, and thus the difference between two
measured voltages is output as the voltage between the
output terminals of the device (that is, the output voltage
of the voltage converter). Consequently, the usual volt-
age measurement between the output ports can be ex-
ecuted, and the temperature abnormality at the location
where the thermistor is disposed can be detected. The
measured temperature has some variations, and thus
the voltage converter outputs the signal indicating the
occurrence of the temperature abnormality in practice
when the difference between the absolute value of the
voltage of the positive electrode with respect to the ref-
erence potential and the absolute value of the voltage of
the negative electrode with respect to the reference po-
tential exceeds a specified range corresponding to the
variations. When the temperature abnormality is detect-
ed, some kind of process needs to be provided to the
device on which the temperature abnormality occurs
even if the voltage converter normally operates in the
first place, and thus the true output voltage of the voltage
converter may not be measured.
[0011] The relation in which the absolute value of the
voltage of the positive output port with respect to the ref-
erence potential is equal to the absolute value of the volt-
age of the negative output port with respect to the refer-
ence potential is not established even when the positive
output port or the negative output port becomes shorted
with the ground. However, the electric vehicle is generally
equipped with a short-circuit detector, and thus the short
circuit can be detected with the short-circuit detector
when the relation described above is not established due
to the short circuit. The controller of the electric vehicle
determines that the resistance of the thermistor increas-
es (that is, the temperature abnormality occurs) when
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the relation described above is not established and the
short-circuit detector does not detect the short circuit.
[0012] In the aspect described above, the device may
be the inverter that supplies alternating-current power to
the drive motor for the electric vehicle, the voltage meas-
uring apparatus may be connected to direct-current input
ports of the inverter, one terminal in the direct-current
input ports of the inverter may be maintained at higher
potential than the reference potential, and the other ter-
minal in the direct-current input ports may be maintained
at lower potential than the reference potential. Thus, the
input port of the inverter has the relation described above,
that is, the absolute value of the voltage of one of the
input ports with respect to the reference potential is equal
to the absolute value of the voltage of the other of the
input ports with respect to the reference potential. There-
fore, the detection of the increase in the resistance of the
thermistor described above can be achieved.
[0013] In the aspect described above, the PTC ther-
mistor may be mounted on the capacitor that is connected
between the terminals of the device. In other words, the
subject of the temperature abnormality detection may
typically be the capacitor that is connected between the
terminals of the device (voltage converter or inverter).
The voltage measuring apparatus may be incorporated
into the power conversion apparatus for the electric ve-
hicle that converts output power of the battery into the
alternating-current power for driving the drive motor. The
structure that is unique to the power conversion appara-
tus for the electric vehicle (the structure such that the
input port of the inverter or the output port of the voltage
converter disposed in the front stage of the inverter is
maintained at the positive or the negative potential that
possesses the reference potential as zero) is used to
eliminate the need of the cables dedicated to the tem-
perature abnormality detection. The voltage measuring
apparatus functions as the circuit that detects the tem-
perature abnormality.
[0014] A power conversion apparatus according to a
second aspect of the present invention is defined in ap-
pended claim 6. According to the aspect described
above, the same effects as the first aspect described
above can be provided.
[0015] Details of the technique disclosed herein and
further modifications will be described in the following
"DETAILED DESCRIPTION OF EMBODIMENTS".

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a block diagram that shows an electric pow-
er system of the electric vehicle;
FIG. 2 is a circuit diagram of the voltage measuring

apparatus;
FIG. 3 is a flowchart that shows the processes of the
temperature abnormality detection and/or the con-
verter abnormality detection for the voltage measur-
ing apparatus;
FIG. 4 is a table that shows one example of voltage
measurement values in the cases of the occurrences
of a normal state, the converter abnormality, and the
temperature abnormality; and
FIG. 5 is a diagram that shows one example of ther-
mistor mounting.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] A voltage measuring apparatus of an embodi-
ment will be described with reference to the attached
drawings. The voltage measuring apparatus of the em-
bodiment is incorporated into a power conversion appa-
ratus for an electric vehicle. An electrical system (drive
system) of the electric vehicle is described first with ref-
erence to FIG. 1.
[0018] A power conversion apparatus 2 boosts output
voltage of a battery 91 and then converts it into alternat-
ing-current voltage. Hence, the power conversion appa-
ratus 2 includes a voltage converter 6 and an inverter 7.
The voltage converter 6 is provided with two transistors,
two diodes, and a reactor to constitute a circuit shown in
FIG. 1. The circuit structure of the voltage converter 6
shown in FIG. 1 is well known in the art, and thus the
detailed description is not made.
[0019] A capacitor 3 is connected to an input side of
the voltage converter 6 for smoothing the output current
of the battery 91. A capacitor 4 is connected to an output
side of the voltage converter 6, namely, the input side of
the inverter 7 for smoothing the output current of the volt-
age converter 6. The power conversion apparatus 2
drives a drive motor and thus handles large current. Ac-
cordingly, the large current passes through the capaci-
tors 3 and 4, and amounts of heat generation in the ca-
pacitors thus become large.
[0020] The output of the inverter 7 is supplied to the
motor 93. Output torque of the motor 93 is transmitted to
a driving wheel 94 through a differential gear. The output
(power output) of the motor 93 corresponds to the output
of the power conversion apparatus 2 and depends on
vehicle speed or an accelerator operation amount. A host
controller 92 for the power conversion apparatus 2 de-
termines target output of the motor 93 in accordance with
the vehicle speed or the accelerator operation amount.
The target output of the motor 93 is sent to a control
circuit 8 inside the power conversion apparatus 2. The
control circuit 8 determines a boosting ratio of battery
voltage or output frequency of the inverter required for
obtaining the target output of the motor 93 and generates
a switching element control signal, namely, a pulse width
modulation (PWM) signal in response to the ratio or the
frequency. The generated PWM signal is supplied to the
voltage converter 6 or the inverter 7. It should be noted
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that small dashed lines with arrows shown in FIG. 1 (and
FIG. 2) indicate the flow of signals.
[0021] The output voltage of the voltage converter 6 is
described hereinafter. The drive motor 93 operates on
the AC power that possesses a reference potential
(ground potential) as zero potential and alternates be-
tween a positive potential and a negative potential with
a specified voltage width as well known in the art. In other
words, the output of the inverter 7 is the AC power that
is converted with the reference potential as zero potential
and the specified voltage width in the positive and the
negative directions. Thus, an intermediate potential be-
tween a power-supply line on a high potential side and
a power-supply line on a low potential side is set as the
reference potential at the stage of direct current input into
the inverter 7. More specifically, a terminal that possess-
es the intermediate potential between the high potential
and the low potential in a power line is connected to the
body of the vehicle (that is, a ground) at a stage prior to
the inverter 7.
[0022] In the power conversion apparatus 2 of the em-
bodiment, an input port of the inverter 7 and an input port
and an output port of the voltage converter 6 possess
the positive and the negative potential with the reference
potential as zero. In other words, the voltage converter
6 (the input port of the inverter 7) maintains a positive
output port at higher potential than the reference potential
by half of target voltage and a negative output port at
lower potential than the reference potential by the re-
maining half of the target voltage with respect to the target
voltage of the voltage converter 6 that is determined in
accordance with the target output of the motor 93. When
the target voltage varies, the potential of the positive out-
put port and the negative output port with respect to the
reference potential each varies. In other words, the ab-
solute value of the voltage of the positive output port with
respect to the reference potential is equal to the absolute
value of the voltage of the negative output port with re-
spect to the reference potential. Even when the target
voltage cannot be obtained, for example, in a case of the
low state of charge (SOC) of the battery, the absolute
value of the voltage of the positive output port with respect
to the reference potential equals the absolute value of
the voltage of the negative output port with respect to the
reference potential. However, it should be noted that the
discrepancy between the absolute value of the voltage
of the positive output port with respect to the reference
potential and the absolute value of the voltage of the neg-
ative output port with respect to the reference potential
may arise within the range of error associated with volt-
age fluctuation or error caused by variations of circuit
elements, for example. Thus, the absolute value of the
voltage of the positive output port with respect to the ref-
erence potential and the absolute value of the voltage of
the negative output port with respect to the reference
potential are the same in the range that can accept spec-
ified variations.
[0023] The subject is now returned to the description

of power conversion apparatus 2. A voltage measuring
apparatus 10 measures the output voltage of the voltage
converter 6 and detects the temperature abnormality of
the capacitor 4. That is to say, the voltage measuring
apparatus 10 outputs a signal that indicates the temper-
ature abnormality when the temperature of the capacitor
4 is higher than a specified threshold temperature. The
voltage measuring apparatus 10 includes a measuring
circuit 12 and a thermistor 5. The thermistor 5 is of a
positive temperature coefficient (PTC) type whose resist-
ance sharply increases at a specified temperature or
higher. The thermistor 5 is mounted on a location where
the temperature is predicted to become the maximum,
such as a lateral side of the element of the capacitor 4.
More specifically, as described later with reference to
FIG. 5, the capacitors 3 and 4 are packaged on one mod-
ule, and the thermistor 5 is mounted on a location where
the temperature tends to increase in the packaging. The
thermistor 5 is selected from thermistors that have the
Curie point temperature approximately equal to the upper
limit temperature in the normal temperature range of the
capacitor 4. The Curie point temperature is a temperature
at which or higher the resistance sharply increases. The
voltage measuring apparatus 10 outputs a signal that
indicates the occurrence of the temperature abnormality
of the capacitor when the temperature of the capacitor 4
exceeds the Curie point temperature and the resistance
increases.
[0024] The capacitor 4 is connected between the pos-
itive output port P1 and the negative output port P2 of
the voltage converter 6. The positive output port P1 of
the voltage converter 6 is connected to a positive input
port P3 of the measuring circuit 12. The negative output
port P2 of the voltage converter 6 is connected to one
end of the thermistor 5. The other end of the thermistor
5 is connected to a negative input port P4 of the meas-
uring circuit 12. In other words, the thermistor 5 is con-
nected between the negative output port P2 of the voltage
converter 6 and the negative input port P4 of the meas-
uring circuit 12. In the power conversion apparatus 2, the
voltage converter 6 and the voltage measuring apparatus
10 (measuring circuit 12) that measures the output volt-
age of the voltage converter 6 and detects the tempera-
ture abnormality of the capacitor are connected with only
two cables 18. The circuit structure of the measuring cir-
cuit 12 is described next.
[0025] FIG. 2 shows a circuit block diagram of the
measuring circuit 12. A positive input port P3 is connected
to resistors R1 and R2 in series. One terminal of the re-
sistor R2 is connected to the ground (reference potential).
The series connection circuit of the resistors R1 and R2
is a circuit that divides the voltage applied to the positive
input port P3 and converts it into a low voltage. A 9.95
MΩ resistor is used for the resistor R1, and a 0.05 MΩ
resistor is used for the resistor R2, for example. Then,
the voltage at a midpoint Pa in the series connection of
the resistors R1 and R2 becomes a value equal to the
voltage applied to the positive input port P3 times
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R2/(R1+R2) (= 0.005). For example, when 100 volts are
applied to the positive input port P3, the voltage at the
midpoint Pa becomes 0.5 volts. A negative input port P4
is similarly connected to the resistors R1 and R2 in series.
The other terminal of the resistor R2 is connected to the
ground. The divided voltage of the voltage applied to the
negative input port is applied to a midpoint Pb between
the resistors R1 and R2.
[0026] The voltages at the midpoints Pa and Pb have
proportional relations with the voltages of the positive
and the negative output ports of the voltage converter 6,
respectively. As shown in FIG. 2, the voltages at the mid-
points Pa and Pb indicate the voltages of the output ports
of the voltage converter 6 with respect to the ground (ref-
erence potential). The measuring circuit 12 measures
the voltages of the positive and the negative output ports
of the voltage converter 6 with respect to the ground (ref-
erence potential).
[0027] The midpoint Pa is connected to a first analog-
digital (A/D) input port 15a of a microcomputer chip 16
through a voltage stabilizing circuit 13. That is to say, the
voltage of the positive output port P1 of the voltage con-
verter 6 applied to the midpoint Pa is fed into the first A/D
input port 15a of the microcomputer chip 16. The voltage
stabilizing circuit 13 includes resistors R4 and R5, ca-
pacitors C2 and C3, and diodes D1 and D2 and has a
structure shown in FIG. 2. The voltage stabilizing circuit
13 is well known in the art, and thus the detailed descrip-
tion thereof is not made. A reference symbol VE in the
drawing denotes a power-supply line of the measuring
circuit 12, and its voltage is 5 volts, for example.
[0028] The midpoint Pb is similarly connected to a third
A/D input port 15c of the microcomputer chip 16 through
the voltage stabilizing circuit 13. That is to say, the voltage
of the negative output port P2 of the voltage converter 6
applied to the midpoint Pb is fed into the third A/D input
port 15c of the microcomputer chip 16. However, it should
be noted that the voltage fed into the third A/D input port
15c of the microcomputer chip 16 is the voltage of the
negative output port P2 via the thermistor 5.
[0029] The midpoints Pa and Pb are connected to two
input ports Pc and Pd of a differential amplifier 14. The
differential amplifier 14 amplifies and outputs the differ-
ence between the voltage at the midpoint Pa and the
voltage at the midpoint Pb. That is to say, the output of
the differential amplifier 14 corresponds to a measured
value of the voltage between the positive output port and
the negative output port of the voltage converter 6. The
output of the differential amplifier 14 is fed into a second
A/D input port 15b of the microcomputer chip 16 through
the voltage stabilizing circuit 13. A reference symbol VF
in the drawing denotes a drive voltage source of the dif-
ferential amplifier 14, and its voltage is 15 volts, for ex-
ample.
[0030] The A/D input ports 15a, 15b, and 15c corre-
spond to the input ports that digitize applied analog volt-
ages and import them into the microcomputer chip 16
which is a digital controller.

[0031] As a result, three input ports Pe, Pf, and Pg of
the microcomputer chip 16 are respectively fed with the
voltage of the positive output port of the voltage converter
6 with respect to the ground (reference potential), the
voltage difference between the positive output port and
the negative output port of the voltage converter 6, and
the voltage of the negative output port of the voltage con-
verter 6 with respect to the ground. It is obvious that, in
a precise sense, the voltage of the input port Pe is the
voltage corresponding to "the voltage of the positive out-
put port of the voltage converter 6 with respect to the
ground"; however, the voltage of the input port Pe may
substantially be considered as "the voltage of the positive
output port of the voltage converter 6 with respect to the
ground". Hereinafter, the measured value of the voltage
of the positive output port P1 of the voltage converter 6
with respect to the ground is referred to as a "positive
electrode measurement voltage", the measured value of
the voltage difference between the positive output port
P1 and the negative output port P2 of the voltage con-
verter 6 is referred to as a "converter output measure-
ment voltage", and the measured value of the voltage of
the negative output port P2 of the voltage converter 6
with respect to the ground is referred to as a "negative
electrode measurement voltage". The thermistor 5 exerts
influence on the converter output measurement voltage
and the negative electrode measurement voltage. How-
ever, when the temperature abnormality does not occur,
the resistance of the thermistor 5 is small, and the con-
verter output measurement voltage may be considered
as the actual output voltage of the voltage converter 6.
[0032] The processing executed by the microcomputer
chip 16 is described next. The microcomputer chip 16
cooperates with the voltage converter 6 and the control
circuit 8 that controls the inverter 7 to monitor whether or
not the output of the voltage converter 6 is approximately
equal to the target voltage and whether or not the tem-
perature of the capacitor 4 exceeds the normal temper-
ature range. The case where the temperature of the ca-
pacitor 4 exceeds the normal temperature range corre-
sponds to the temperature abnormality. In addition, the
case where the output of the voltage converter 6 is not
equal to the target voltage is referred to as a system
voltage abnormality (system voltage error).
[0033] The potential of the output port of the voltage
converter 6 is described again before the processing of
the microcomputer chip 16 is described. As described
above, relative to the target voltage of the voltage con-
verter 6 that is determined by the control circuit 8, the
potential (voltage) of the positive output port P1 with re-
spect to the ground (reference potential) is [+ target volt-
age / 2], and the potential (voltage) of the negative output
port P2 with respect to the ground is [- target voltage /
2]. In other words, when the voltage converter 6 operates
normally, it maintains the positive output port P1 at higher
potential than the ground by half of target voltage and
the negative output port P2 at lower potential than the
ground by the remaining half of the target voltage. Even
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if the output of the voltage converter 6 does not reach
the target voltage, the absolute value of the potential
(voltage) of the positive output port P1 with respect to
the ground is approximately equal to the absolute value
of the potential (voltage) of the negative output port P2
with respect to the ground. For example, when the po-
tential of the positive output port P1 with respect to the
ground is +A, the potential of the negative output port P2
with respect to the ground becomes -A.
[0034] The processing executed by the microcomputer
chip 16 (measuring circuit 12) is described with reference
to FIG. 3. The processing of the flowchart in FIG. 3 is
executed in each control period. The microcomputer chip
16 first acquires the voltages that are obtained at the first
to the third A/D input ports 15a to 15c, namely, the positive
electrode measurement voltage, the converter output
measurement voltage, and the negative electrode meas-
urement voltage (S2). The microcomputer chip 16 then
determines whether or not the absolute value of the pos-
itive electrode measurement voltage is equal to the target
voltage (S3). The microcomputer chip 16 communicates
with the control circuit 8 that controls the voltage convert-
er 6 and the inverter 7 and acquires the target voltage
from the control circuit 8.
[0035] When the absolute value of the positive elec-
trode measurement voltage is equal to the target voltage
(S3: YES), the microcomputer chip 16 then determines
whether or not the absolute value of the negative elec-
trode measurement voltage is equal to the target voltage
(S4). When the absolute value of the negative electrode
measurement voltage is also equal to the target voltage,
as the microcomputer chip 16 determines that the voltage
converter 6 outputs the target voltage and the tempera-
ture abnormality of the capacitor 4 does not occur, the
microcomputer chip 16 outputs a signal indicating that
no abnormality is detected to the control circuit 8 (S6).
Hereinafter, the "absolute value of the positive electrode
measurement voltage" may simply be referred to as the
"positive electrode measurement voltage", and also the
"absolute value of the negative electrode measurement
voltage" may simply be referred to as the "negative elec-
trode measurement voltage". It should be noted that sym-
bols expressing the absolute value are given in the flow-
chart of FIG. 3.
[0036] On the other hand, when the positive electrode
measurement voltage is equal to the target voltage / 2
(S3: YES) but the negative electrode measurement volt-
age is not equal to the target voltage / 2 (S4: NO), it
means that the positive output port P1 or the negative
output port P2 shorts out or the resistance of the PTC
thermistor 5 is large. The electric vehicle is generally
equipped with a circuit for detecting the short circuits,
and when the step S4 is determined as NO, the detecting
circuit first verifies whether or not the system shorts out
(S14). When the short circuit is not detected (S14: NO),
it means that the temperature of the PTC thermistor 5,
namely, the temperature of the capacitor 4 exceeds the
specified threshold (Curie point temperature of the PTC

thermistor 5). In this case, the microcomputer chip 16
outputs the signal indicating that the temperature abnor-
mality occurs on the capacitor 4 (temperature error sig-
nal) to the control circuit 8 (S7). When the short circuit is
detected in the step S14, the control is shifted from a
temperature abnormality detection routine in FIG. 3 to a
short-circuit handling routine (S16). The description of
the short-circuit handling routine is not made here.
[0037] Meanwhile, in the step S3, when the positive
electrode measurement voltage is not equal to the target
voltage / 2 (S3: NO), the microcomputer chip 16 verifies
whether or not the short circuit is detected (S12) and then
evaluates whether or not (the absolute value of) the pos-
itive electrode measurement voltage is equal to (the ab-
solute value of) negative electrode measurement voltage
(Step S5). When the both absolute values are not the
same (Step S5: NO), the microcomputer chip 16 deter-
mines that the cause of inequality is the large resistance
of the PTC thermistor 5 and then outputs the signal indi-
cating that the temperature abnormality occurs (temper-
ature error signal) to the control circuit 8 (Step S7). On
the other hand, when the both absolute values are the
same in the step S5, it means that the temperature ab-
normality does not occur but the output voltage of the
voltage converter 6 does not reach the target voltage,
and thus the microcomputer chip 16 sends the signal
indicating that some kind of abnormality occurs on the
voltage converter 6 (system voltage error signal) to the
control circuit 8 (Step S8). In this case, the causes are
supposed in which the output voltage of the voltage con-
verter 6 does not reach the target voltage because of the
low state of charge of the battery, for example. Or, in this
case, system errors can be supposed in which the voltage
abruptly fluctuates due to overspeed of the motor, for
example.
[0038] The temperature error signal is transmitted from
the control circuit 8 to the host controller 92 (see FIG. 1).
The host controller 92 that receives the temperature error
signal displays a warning that shows the error on an in-
strument panel of the vehicle or applies limitations on the
target output of the motor 93, for example. When a con-
verter abnormality occurs, the system voltage error signal
is transmitted from the control circuit 8 to the host con-
troller 92. The host controller 92 that receives the system
voltage error signal executes preprogrammed handling
processes such as displaying a warning that shows the
error on the instrument panel of the vehicle, for example.
[0039] Specific examples of a case where the temper-
ature abnormality occurs on the voltage converter, a case
where the converter abnormality occurs, and a case
where no abnormality occurs are described below with
numerical examples. FIG. 4 shows the numerical exam-
ples. In this example, the target voltage is set to 500 volts,
and the resistors R1 and R2 in FIG. 2 are assumed to be
9.95 MΩ and 0.05 MΩ, respectively.
[0040] When the voltage converter 6 normally oper-
ates (that is, the output is equal to the target voltage) and
the temperature abnormality does not occur (Case 1),
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the potentials of the positive output port P1 and the neg-
ative output port P2 of the voltage converter 6 with re-
spect to the ground are -250 volts and -250 volts, respec-
tively. The measurement voltages in the measuring cir-
cuit at this time are +1.25 volts and -1.25 volts, respec-
tively. In other words, both of the absolute value of the
positive electrode measurement voltage and the abso-
lute value of the negative electrode measurement voltage
are equal to half of the target voltage. In this case, the
processing of the steps S3, S4, and S6 in the flowchart
of FIG. 3 is executed.
[0041] When the temperature abnormality does not oc-
cur, but some kind of abnormality occurs on the voltage
converter 6, and thus the output voltage does not reach
the target voltage (500 volts) but is 300 volts, the poten-
tials of the positive output port P1 and the negative output
port P2 with respect to the ground are +150 volts and
-150 volts, respectively. The measurement voltages in
the measuring circuit at this time are +0.75 volts and -0.75
volts, respectively. In other words, the absolute value of
the positive electrode measurement voltage and the ab-
solute value of the negative electrode measurement volt-
age are the same but not equal to half of the target volt-
age. In this case, the processing of the steps S3, S5, and
S8 in the flowchart of FIG. 3 is executed.
[0042] When the voltage converter normally operates
but the temperature abnormality occurs, the potentials
(voltages) of the positive output port P1 and the negative
output port P2 with respect to the ground are +250 volts
and -250 volts, respectively. However, the measurement
voltages in the measuring circuit are +1.25 volts and -0.01
volts, respectively. In other words, the absolute value of
the positive electrode measurement voltage is equal to
half of the target voltage, but the absolute value of the
positive electrode measurement voltage is not equal to
the absolute value of the negative electrode measure-
ment voltage. In this case, the processing of the steps
S3, S4, and S7 in the flowchart of FIG. 3 is executed.
[0043] As described above, the voltage measuring ap-
paratus 10 of the embodiment can measure the voltage
between the output ports and detect the temperature ab-
normality with only the two cables 18 that are connected
to the voltage converter 6. This apparatus has an advan-
tage that a cable dedicated to the temperature abnormal-
ity detection is not required. As shown in FIG. 2, the meas-
uring circuit 12 that measures the output voltage of the
voltage converter 6 detects the temperature abnormality.
In other words, the voltage measuring apparatus 10 of
the embodiment has the advantage that a circuit dedi-
cated to detecting the temperature abnormality is not re-
quired since the circuit for voltage measurement can also
detect the temperature abnormality.
[0044] A mounting example of the thermistor 5 is de-
scribed next. FIG. 5 shows an exploded perspective view
of a capacitor module 30. The actual device of the ca-
pacitor 4 on the circuit diagram shown in FIG. 1 or FIG.
2 is a plurality of capacitor elements 31 that are connect-
ed in parallel. Capacitance is increased by connecting

the plurality of capacitor elements 31 in parallel. The plu-
rality of capacitor elements 31 are arranged in parallel,
and a bus bar 33 is mounted so as to come into contact
with all negative terminals 31a. Not illustrated in FIG. 5,
positive terminals are exposed in the bottom surface of
the capacitor elements 31, and a bus bar 32 is mounted
so as to come into contact with all positive terminals. The
bus bar 32 is a conductive member that connects the
positive terminals of the capacitor elements 31 (capacitor
4 in FIGs. 1 and 2) to the positive output port of the voltage
converter 6, and the bus bar 33 is a conductive member
that connects the negative terminals of the capacitor el-
ements 31 (capacitor 4 in FIGs. 1 and 2) to the negative
output port of the voltage converter 6. The bus bars 32
and 33 respectively correspond to the positive output port
and the negative output port of the voltage converter 6.
[0045] A part of the bus bar 33 for the negative elec-
trode extends to a lateral side of one of the capacitor
elements 31, and the thermistor 5 is mounted in the end
by means of a screw. A surface region HS of the capacitor
corresponding to the mounting position is a region where
the temperature is expected to become highest in the set
of the plurality of the capacitor elements 31. The ther-
mistor 5 is fixed to the bus bar 33 for the negative elec-
trode with the screw and conducts electricity. The cable
that is connected to the measuring circuit 12 of the volt-
age measuring apparatus 10 extends from the end of the
thermistor 5. A cable that is connected to the measuring
circuit 12 extends to the bus bar 32 for the positive elec-
trode. Two cables 18 shown in FIG. 5 are cables that
connect the positive output port and the negative output
port of the voltage converter 6 to the measuring circuit
12 of the voltage measuring apparatus 10. The voltage
measuring apparatus 10 can execute two functions of
measuring the voltage and detecting the temperature ab-
normality of the capacitor by using the voltage values
applied in each of the two cables 18.
[0046] The plurality of capacitor elements 31 that are
bundled in line are housed in an inner case 35. Then, the
inner case 35 is housed in an outer case 36. It should be
noted that the mounting position of the thermistor shown
in FIG. 5 is one example. The thermistor 5 is mounted at
a position where the temperature is expected to become
highest. When the temperature abnormality over a large
area is required to be detected, it is preferable that target
area be covered with a sheet having high thermal con-
ductivity and the thermistor be mounted on the sheet.
[0047] Considerations about the technique described
in the embodiment will be described. The voltage meas-
uring apparatus 10 of the embodiment is incorporated
into the power conversion apparatus 2, measures the
voltage between the output ports of the voltage converter
6, and monitors the temperature abnormality of the ca-
pacitor 4 connected to the output ports in parallel. As
clearly seen from FIG. 1 and FIG. 2, the output port of
the voltage converter 6 corresponds to the input port of
the inverter 7. Consequently, the voltage measuring ap-
paratus 10 of the embodiment can be described as fol-
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lows. That is to say, the voltage measuring apparatus 10
measures the voltage between the direct-current input
ports P1 and P2 of the inverter 7 and detects the abnor-
mality on the capacitor 4 connected to the direct-current
input ports in parallel.
[0048] The voltage measuring apparatus 10 disclosed
herein can also practically be used as an apparatus that
measures the voltage between the output ports of the
battery 91 and detects the abnormality of the capacitor
3 connected to the output ports in parallel. When used
as such an apparatus, the voltage measuring apparatus
10 may be connected across the terminals of the capac-
itor 3.
[0049] The subject of the temperature abnormality de-
tection is not limited to the capacitors. For example, the
subject of the temperature abnormality detection may be
switching elements in the voltage converter and the in-
verter. The embodiment described above is one in which
the technique disclosed herein is applied to the power
conversion apparatus 2 for the electric vehicle. More spe-
cifically, the embodiment is an apparatus that measures
the voltage of the output port of the voltage converter in
the power conversion apparatus and detects the temper-
ature abnormality of a current smoothing capacitor con-
nected to the output port. The structure of the power con-
version apparatus can be summarized as follows. The
power conversion apparatus 2 is a device that boosts the
electric power of the battery 91 and then converts it into
alternating-current power for driving the drive motor (mo-
tor 93). The power conversion apparatus 2 includes the
voltage converter 6 that boosts the output voltage of the
battery 91, the capacitor 4, the PTC thermistor 5, and the
control circuit 8. The voltage converter 6 maintains the
positive output port P1 at higher potential than the refer-
ence potential and the negative output port P2 at lower
potential than the reference potential. As described
above, the reference potential corresponds to the zero
potential of the alternating-current power supplied to the
motor. The capacitor 4 is connected between the output
ports (between the positive output port P1 and the neg-
ative output port P2) of the voltage converter 6. The PTC
thermistor 5 is mounted on the capacitor 4 and connected
to one of the output ports (for example, negative output
port P2) of the voltage converter 6. The measuring circuit
12 measures the voltage of one of the output ports (neg-
ative output port P2) through the PTC thermistor with
respect to the reference potential and the voltage of the
other of the output ports (for example, positive output
port P1) with respect to the reference potential. The
measuring circuit 12 outputs the signal indicating the tem-
perature abnormality detection when the absolute value
of the voltage of one of the output ports (negative output
port P2) through the PTC thermistor is different from the
absolute value of the voltage of the other of the output
ports (positive output port P1). It should be noted that, in
the above description, the positions of the positive output
port P1 and the negative output port P2 may be inverse.
[0050] While the present invention has been described

in detail with reference to example embodiments thereof,
it is to be understood that those examples are merely
illustrative and claims of the present invention are not
limited to those examples. The techniques that are dis-
closed in the claims of the present invention are intended
to cover various modifications and changes of the exam-
ple embodiments that are described above. In addition,
the technical elements that are disclosed in the specifi-
cation and the drawings exhibit technical usefulness
alone or in various combinations and configurations, and
those are not limited to the combinations and configura-
tions that are disclosed in the claims at the time of filing
this application. The techniques that are illustrated in the
specification and the drawings can achieve a plurality of
objects simultaneously, and the achievement of one ob-
ject thereof itself has technical usefulness.

Claims

1. A voltage measuring apparatus (10) that is config-
ured to measure voltage between a positive terminal
and a negative terminal of a device, the voltage
measuring apparatus (10) is characterised by:

a PTC thermistor (5) that is connected to one of
terminals of the device wherein the PTC ther-
mistor (5) is mounted on a location where the
temperature abnormality is detected and where
the temperature is expected to become highest;
and
a measuring circuit (12) including input ports,
the PTC thermistor (5) being connected in series
between said one of the terminals of the device
and one of the input ports of the measuring cir-
cuit (12), the measuring circuit (12) being con-
figured to measure voltage of said one of the
terminals through the PTC thermistor (5) with
respect to a specified reference potential and
voltage of the other of the terminals with respect
to the reference potential,
wherein the voltage measuring apparatus (10)
is configured to detect temperature abnormality
of the device or components associated with the
device, and
the measuring circuit (12) is configured to output
a signal that indicates the temperature abnor-
mality when an absolute value of the voltage of
said one of the terminals through the PTC ther-
mistor is different from an absolute value of the
voltage of said other of the terminals.

2. The voltage measuring apparatus according to claim
1,
wherein the device is a voltage converter (6) that is
configured to maintain the positive terminal at higher
potential than the reference potential and the nega-
tive terminal at lower potential than the reference
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potential.

3. The voltage measuring apparatus according to claim
1,
wherein the device is an inverter (7) that is configured
to supply electric power to a drive motor (93) for an
electric vehicle, the voltage measuring apparatus
(10) is connected to direct-current input ports of the
inverter (7), the potential of a positive electrode in
the direct-current input ports of the inverter (7) is
maintained at higher potential than the reference po-
tential, and the potential of a negative electrode in
the direct-current input ports is maintained at lower
potential than the reference potential.

4. The voltage measuring apparatus according to any
one of claims 1 to 3,
wherein the PTC thermistor (5) is mounted on a ca-
pacitor (4, 3) that is connected between the terminals
of the device.

5. The voltage measuring apparatus according to claim
4,
wherein the voltage measuring apparatus is incor-
porated into a power conversion apparatus (2) for
an electric vehicle that converts output power of a
battery (91) into alternating-current power for driving
a drive motor.

6. A power conversion apparatus that is configured to
boost electric power of a battery (31) and then con-
vert the electric power into alternating-current power
for driving a drive motor, the power conversion ap-
paratus comprising:

a voltage converter (6) that is configured to boost
output voltage of the battery (91) and maintain
a positive output port at higher potential than
reference potential corresponding to zero poten-
tial of the alternating-current power and a neg-
ative output port at lower potential than the ref-
erence potential;
a capacitor (4) that is connected between the
positive output port and the negative output port
of the voltage converter (6); and
the voltage measuring apparatus (10) of claim
1; wherein
the PTC thermistor (5) is mounted on the capac-
itor (4) and connected to one of the output ports
of the voltage converter (6); and
the measuring circuit (12) is configured to meas-
ure the voltage of said one of the output ports
through the PTC thermistor with respect to the
reference potential and the voltage of the other
of the output ports with respect to the reference
potential.

Patentansprüche

1. Spannungsmessvorrichtung (10), die konfiguriert
ist, um Spannung zwischen einem Pluspol und ei-
nem Minuspol einer Vorrichtung zu messen, wobei
die Spannungsmessvorrichtung (10) durch Folgen-
des gekennzeichnet ist:

einen PTC-Thermistor (5), der mit einem der Po-
le der Vorrichtung verbunden ist, wobei der
PTC-Thermistor (5) an einer Stelle montiert ist,
an der die Temperaturanomalie erfasst wird und
an der erwartet wird, dass die Temperatur am
höchsten wird; und
einen Messkreis (12) einschließlich Eingangs-
anschlüssen, wobei der PTC-Thermistor (5)
zwischen dem einen der Pole der Vorrichtung
und einem der Eingangsanschlüsse des Mess-
kreises (12) in Reihe verbunden ist, wobei der
Messkreis (12) konfiguriert ist, um Spannung
des einen der Pole durch den PTC-Thermistor
(5) in Bezug auf ein bestimmtes Bezugspotential
und Spannung des anderen der Pole in Bezug
auf das Bezugspotential zu messen,
wobei die Spannungsmessvorrichtung (10) kon-
figuriert ist, um Temperaturanomalie der Vor-
richtung der Komponenten in Verbindung mit
der Vorrichtung zu erfassen und
der Messkreis (12) konfiguriert ist, um ein Signal
auszugeben, das die Temperaturanomalie an-
gibt, wenn ein absoluter Wert der Spannung des
einen der Pole durch den PTC-Thermistor an-
ders als ein absoluter Wert der Spannung des
anderen der Pole ist.

2. Spannungsmessvorrichtung nach Anspruch 1,
wobei die Vorrichtung ein Spannungswandler (6) ist,
der konfiguriert ist, um den Pluspol an einem höhe-
ren Potential als das Bezugspotential und den Mi-
nuspol an einem niedrigeren Potential als das Be-
zugspotential zu halten.

3. Spannungsmessvorrichtung nach Anspruch 1,
wobei die Vorrichtung ein Wechselrichter (7) ist, der
konfiguriert ist, um Strom zu einem Antriebsmotor
(93) für ein Elektrofahrzeug zuzuführen, die Spa-
nungsmessvorrichtung (10) mit Gleichstromein-
gangsanschlüssen des Wechselrichters (7) verbun-
den ist, das Potential einer positiven Elektrode in den
Gleichstromeingangsanschlüssen des Wechsel-
richters (7) bei einem höheren Potential als das Be-
zugspotential gehalten wird und das Potential des
Minuspols in den Gleichstromeingangsanschlüssen
bei einem niedrigeren Potential als das Bezugspo-
tential gehalten wird.

4. Spannungsmessvorrichtung nach einem der An-
sprüche 1 bis 3,
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wobei der PTC-Thermistor (5) an einem Kondensa-
tor (4, 3) befestigt ist, der zwischen den Polen der
Vorrichtung verbunden ist.

5. Spannungsmessvorrichtung nach Anspruch 4,
wobei die Spannungsmessvorrichtung in eine
Stromwandlervorrichtung (2) für ein Elektrofahrzeug
integriert ist, die Ausgangsleistung einer Batterie
(91) in Wechselstrom zum Antreiben eines Antriebs-
motors umwandelt.

6. Stromwandlervorrichtung, die konfiguriert ist, um
Strom von einer Batterie (31) zu steigern und dann
den Strom in Wechselstrom zum Antreiben eines An-
triebsmotors umzuwandeln, wobei die Stromwand-
lervorrichtung Folgendes umfasst:

einen Spannungswandler (6), der konfiguriert
ist, um Ausgangsspannung der Batterie (91) zu
steigern und einen positiven Ausgangsan-
schluss bei höherem Potential als Bezugspoten-
tial entsprechend Nullpotential des Wechsel-
stroms, und einen negativen Ausgangsan-
schluss bei niedrigerem Potential als das Be-
zugspotential zu halten;
einen Kondensator (4), der zwischen dem posi-
tiven Ausgangsanschluss und dem negativen
Ausgangsanschluss des Spannungswandlers
(6) verbunden ist; und
die Spannungsmessvorrichtung (10) nach An-
spruch 1; wobei
der PTC-Thermistor (5) an dem Kondensator (4)
montiert ist und mit einem der Ausgangsan-
schlüsse des Spannungswandlers (6) verbun-
den ist; und
der Messkreis (12) konfiguriert ist, um die Span-
nung des einen der Ausgangsanschlüsse durch
den PTC-Thermistor in Bezug auf das Be-
zugspotential und die Spannung des anderen
der Ausgangsanschlüsse in Bezug auf das Be-
zugspotential zu messen.

Revendications

1. Appareil de mesure de tension (10) qui est configuré
pour mesurer une tension entre une borne positive
et une borne négative d’un dispositif, l’appareil de
mesure de tension (10) est caractérisé par :

un thermistance CTP (5) qui est connecté à une
de bornes du dispositif dans lequel la thermis-
tance CTP (5) est montée sur un emplacement
où l’anomalie de température est détectée et où
la température est escomptée devenir la plus
élevée ; et
un circuit de mesure (12) incluant des ports d’en-
trée, la thermistance CTP (5) étant connectée

en série entre ladite une des bornes du dispositif
et un des ports d’entrée du circuit de mesure
(12), le circuit de mesure (12) étant configuré
pour mesurer une tension de ladite une des bor-
nes à travers la thermistance CTP (5) par rap-
port à un potentiel de référence spécifié et une
tension de l’autre des bornes par rapport au po-
tentiel de référence,
dans lequel l’ appareil de mesure de tension (10)
est configuré pour détecter une anomalie de
température du dispositif ou de composants as-
sociés au dispositif, et
le circuit de mesure (12) est configuré pour pro-
duire en sortie un signal qui indique l’anomalie
de température lorsqu’une valeur absolue de la
tension de ladite une des bornes à travers la
thermistance CTP est différente d’une valeur
absolue de la tension de ladite autre des bornes.

2. Appareil de mesure de tension selon la revendication
1,
dans lequel le dispositif est un convertisseur de ten-
sion (6) qui est configuré pour maintenir la borne
positive à un potentiel plus élevé que le potentiel de
référence et la borne négative à un potentiel plus
bas que le potentiel de référence.

3. Appareil de mesure de tension selon la revendication
1,
dans lequel le dispositif est un onduleur (7) qui est
configuré pour effectuer l’alimentation en puissance
électrique à un moteur d’entraînement (93) pour un
véhicule électrique, l’appareil de mesure de tension
(10) est connecté à des ports d’entrée à courant con-
tinu de l’onduleur (7), le potentiel d’une électrode
positive dans les ports d’entrée à courant continu de
l’onduleur (7) est maintenu à un potentiel plus élevé
que le potentiel de référence, et le potentiel d’une
électrode négative dans les ports d’entrée à courant
continu est maintenu à un potentiel plus bas que le
potentiel de référence.

4. Appareil de mesure de tension selon l’une quelcon-
que des revendications 1 à 3,
dans lequel la thermistance CTP (5) est montée sur
un condensateur (4, 3) qui est connecté entre les
bornes du dispositif.

5. Appareil de mesure de tension selon la revendication
4,
dans lequel l’appareil de mesure de tension est in-
corporé dans un appareil de conversion de puissan-
ce (2) pour un véhicule électrique qui convertit la
puissance de sortie d’une batterie (91) en puissance
à courant alternatif pour exciter un moteur d’entraî-
nement.

6. Appareil de conversion de puissance qui est confi-
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guré pour amplifier une puissance électrique d’une
batterie (31) et puis convertir la puissance électrique
en puissance à courant alternatif pour exciter un mo-
teur d’entraînement, l’appareil de conversion de
puissance comprenant :

un convertisseur de tension (6) qui est configuré
pour amplifier une tension de sortie de la batterie
(91) et maintenir un port de sortie positif à un
potentiel plus élevé qu’un potentiel de référence
correspondant à un potentiel zéro de la puissan-
ce à courant alternatif et un port de sortie négatif
à un potentiel plus bas que le potentiel de
référence ;
un condensateur (4) qui est connecté entre le
port de sortie positif et le port de sortie négatif
du convertisseur de tension (6) ; et
l’appareil de mesure de tension (10) de la re-
vendication 1 ; dans lequel
la thermistance CTP (5) est montée sur le con-
densateur (4) et connectée à un des ports de
sortie de la convertisseur de tension (6) ; et
le circuit de mesure (12) est configuré pour me-
surer la tension dudit un des ports de sortie à
travers la thermistance CTP par rapport au po-
tentiel de référence et la tension de l’autre des
ports de sortie par rapport au potentiel de réfé-
rence.
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