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(57) ABSTRACT 

A voltage detection device includes a processor that has a 
?rst input port, and a second input port grounded at a ?rst 
ground potential part, a ?rst Schottky barrier diode that has 
a cathode connected to a junction of an electric Wire between 
the ?rst input port and a voltage detection object part, and an 
anode grounded at a second ground potential part, and a 
second Schottky barrier diode that has an anode connected 
to a junction of an electric Wire between the second input 
port and a third ground potential part, and a cathode con 
nected to a positive terminal of a poWer supply. When the 
processor detects a voltage at the voltage detection object 

(21) Appl, NQ; 11/170,140 part, the processor detects a value obtained by adding a 
voltage applied to the second input port to a voltage applied 

(22) Filed: Jun. 30, 2005 to the ?rst input port as the voltage. 
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VOLTAGE DETECTION DEVICE AND 
INSULATION DETECTING APPARATUS FOR 

NON-GROUNDED POWER SUPPLY INCLUDING 
THE VOLTAGE DETECTION DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a voltage detection 
device and an insulation detecting apparatus for a non 
grounded poWer supply includiing the voltage detection 
device and, more particularly, to a voltage detection device 
for detecting a voltage using a microcomputer and an 
insulation detecting apparatus for a non-grounded poWer 
supply including the voltage detection device. 

[0002] A voltage detection circuit for detecting a voltage 
using a microcomputer is equipped With a clamping diode 
for preventing the application of an excessive positive or 
negative voltage Which can damage the microcomputer to an 
input port of the microcomputer to Which a part subjected to 
voltage detection is connected. Arecti?er diode may be used 
as the clamping diode to prevent the application of an 
excessive positive or negative voltage to the input port of the 
microcomputer for a relatively short time. HoWever, in order 
to prevent the application of an excessive positive or nega 
tive voltage to the input port of the microcomputer for a 
relatively long time, a Schottky barrier diode, Which has a 
smaller forWard voltage drop, is used to reduce stress on the 
microcomputer. 

[0003] However, since a Schottky barrier diode has a 
character that a leakage current at the same becomes greater 
as the ambient temperature increases, a voltage drop or 
voltage loss through the Schottky barrier diode increases 
With the ambient temperature. For this reason, a voltage 
detection circuit having a Schottky barrier diode has a 
problem in the accuracy of a detection voltage detected at an 
input port of a microcomputer. 

[0004] Under the circumstance, one approach for the 
improvement of the accuracy of the detection voltage is to 
correct the detection voltage through detection of the ambi 
ent temperature Which is achieved by connecting a ther 
mistor to an input port of the microcomputer different from 
the input port connected to the part under voltage detection. 
In this case, in addition to connecting the thermistor to the 
input port of the microcomputer different from the input port 
connected to the part under voltage detection, data associ 
ated With a relationship betWeen the ambient temperature 
and a leakage current at the Schottky barrier diode are input 
in advance to the microcomputer. The microcomputer cal 
culates the ambient temperature from a voltage detected at 
the input port connected With the thermistor and converts the 
calculated ambient temperature into a leakage voltage using 
the data associated With a relationship betWeen the ambient 
temperature and a leakage current. Further, the value of any 
voltage loss is identi?ed based on the converted leakage 
current to correct the voltage detected at the input port of the 
microcomputer connected to the part under voltage detection 
using the value of the voltage loss thus identi?ed. 

[0005] In such a voltage detection circuit, the ambient 
temperature is calculated using the thermistor; conversion is 
performed to ?nd any leakage current at the Schottky barrier 
diode based on a theoretical relationship betWeen the ambi 
ent temperature and a leakage current; and a loss is identi?ed 
based on the leakage current identi?ed as a result of the 
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conversion. HoWever, the characteristics of a Schottky bar 
rier diode do not necessarily agree With speci?cations shoWn 
on the data book and may include variations. Therefore, the 
calculation and conversion are repeated With a possibility of 
an error, and an error betWeen a calculated value of a voltage 
loss and the actual value of the voltage loss can increase 
each time a calculation or conversion is repeated. For this 
reason, in such a voltage detection circuit using a thermistor, 
it is dif?cult to improve the accuracy of a detection voltage 
detected at the input terminal of the microcomputer. 

[0006] As an apparatus having such a voltage detection 
circuit, the inventors conceived an insulation detector 
including: a ?rst sWitching unit Which connects a capacitor 
to a DC poWer supply Whose Wirings at a positive terminal 
side and a negative terminal side thereof are insulated from 
a part at ground potential, the capacitor being connected in 
series for a ?rst preset time, a second sWitching unit Which 
connects the capacitor betWeen the positive terminal of the 
poWer supply and the part at ground potential, the capacitor 
being connected in series for a second preset time, a third 
sWitching unit Which connects the capacitor betWeen the part 
at ground potential and the negative terminal of the poWer 
supply, the capacitor being connected in series for the 
second preset time, a fourth sWitching unit Which connects 
a voltage detection circuit for detecting a voltage across 
terminals of the capacitor after each of the ?rst, second, and 
a third sWitching unit is unmade, and a calculation unit 
Which estimates a poWer supply voltage of the poWer supply 
based on the voltage detected by the voltage detection circuit 
after the ?rst sWitching unit is unmade and ?nding an 
insulation resistance of the poWer supply to the part at 
ground potential based on the estimated poWer supply 
voltage of the poWer supply and each of the voltages 
detected by the voltage detection circuit When the second 
and third sWitching unit are unmade. 

[0007] In such an insulation detector, the ?rst preset time 
is set shorter than the time required for fully charging the 
capacitor; the capacitor is charged for the ?rst preset time by 
connecting it betWeen the DC poWer supply and the part at 
ground potential in series With the ?rst sWitching unit; and 
the voltage across the terminals at both ends of the capacitor 
at this time is detected by the voltage detection circuit 
connected by the fourth sWitching unit. The calculation 
section can estimate the poWer supply voltage from the 
detected voltage using an equation for calculating the poWer 
supply voltage including the capacity of the capacitor as a 
constant. The insulation resistance is calculated based on the 
estimated poWer supply voltage and the voltages detected by 
the detection unit after the second and third sWitching unit 
are unmade using an equation for calculating the insulation 
resistance including the capacity of the capacitor as a 
constant, Which makes it possible to reduce an error in the 
measurement of the insulation resistance and to thereby 
improve the accuracy of detection of the state of insulation. 

[0008] When a microcomputer is used in the voltage 
detection circuit of such an insulation detector, negative 
potential can be applied to an input port of the microcom 
puter for detecting the voltage across the capacitor as a result 
of opening and closing of the sWitching unit. For this reason 
a Schottky barrier diode is used as a diode for clamping the 
negative potential. HoWever, since a voltage detected by the 
voltage detection circuit is used for the calculation of an 
insulation resistance in such an insulation detector, When the 
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accuracy of the voltage detected by the voltage detection 
circuit is questionable, a problem arises in that accuracy 
cannot be improved in detecting the state of insulation. 
Under the circumstance, there are demands for an improve 
ment of the detecting accuracy of the state of insulation 
through an improvement in the accuracy of a voltage 
detected by a voltage detection circuit. 

SUMMARY OF THE INVENTION 

[0009] It is a ?rst object of the invention to improve the 
accuracy of a detection voltage. 

[0010] It is a second object of the invention to improve the 
accuracy of a voltage detected by a voltage detection circuit 
to achieve a further improvement in the detecting accuracy 
of the state of insulation. 

[0011] In order to achieve the above objects, according to 
the present invention, there is provided a voltage detection 
device, comprising: 
[0012] a processor that has a ?rst input port for connecting 
to a voltage detection object part, and a second input port 
grounded at a ?rst ground potential part; 

[0013] a ?rst Schottky barrier diode that has a cathode 
connected to a junction of an electric Wire betWeen the ?rst 
input port and the voltage detection object part, and an anode 
grounded at a second ground potential part; and 

[0014] a second Schottky barrier diode that has an anode 
connected to a junction of an electric Wire betWeen the 
second input port and a third ground potential part, and a 
cathode connected to a positive terminal of a poWer supply, 
the second Schottky barrier diode being identical to the ?rst 
Schottky barrier diode in the leakage current standard, 

[0015] Wherein When the processor detects a voltage at the 
voltage detection object part, the processor detects a value 
obtained by adding a voltage applied to the second input port 
to a voltage applied to the ?rst input port as the voltage. 

[0016] In such a con?guration, the ?rst Schottky barrier 
diode used for clamping and the second Schottky barrier 
diode used for correction are Schottky barrier diodes accord 
ing to the same leakage current standard. Thus, a voltage 
substantially equal to a voltage loss attributable to a leakage 
current at the ?rst Schottky barrier diode for clamping is 
applied to the second input port of the microcomputer to 
Which the second Schottky barrier diode for correction is 
connected. It is therefore possible to obtain a detection 
voltage Which has been corrected for any voltage loss 
attributable to the ?rst Schottky barrier diode for clamping 
by adding the voltage applied to the second input port of the 
microcomputer to the voltage applied to the ?rst input port. 
Since the correction of a detection voltage does not involve 
any calculation and conversion that can introduce an error as 

thus described, the accuracy of a detection voltage can be 
improved. 
[0017] Preferably, the voltage detection device further 
comprises: 
[0018] a ?rst resistor that is provided betWeen the ?rst 
input port and the voltage detection object part; and 

[0019] a second resistor that is provided betWeen the 
second input port and the third ground potential part. A 
resistance value of the ?rst resistor is the same as that of the 
second resistor. 
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[0020] Such a con?guration makes it possible to improve 
the accuracy of a detection voltage even When there is 
provided a resistor Which is connected to the ?rst input port 
of the microcomputer at one terminal thereof and connected 
to the part under voltage detection at another terminal 
thereof. 

[0021] According to the present invention, there is also 
provided an insulation detecting apparatus for a non 
grounded poWer supply, comprising: 

[0022] a ?rst sWitching unit that connects a capacitor to a 
DC poWer supply in series for a ?rst preset time, the DC 
poWer supply having Wirings at a positive terminal side and 
a negative terminal side Which are insulated from a ground 
potential part; 

[0023] a second sWitching unit that connects the capacitor 
so as to be arranged betWeen the positive terminal of the 
poWer supply and the ground potential part in series for a 
second preset time; 

[0024] a third sWitching unit that connects the capacitor so 
as to be arranged betWeen the ground potential part and the 
negative terminal of the poWer supply in series for the 
second preset time; 

[0025] a voltage detection device that detects a voltage 
across terminals of the capacitor; 

[0026] a fourth sWitching unit that connects the voltage 
detection device so as to detect the voltage after the ?rst, 
second, and third sWitching units are shut off; and 

[0027] a calculation unit that estimates a poWer supply 
voltage of the poWer supply based on the voltage detected by 
the voltage detection device in a state that the ?rst sWitching 
unit is shut o?‘, and that calculates an insulation resistance of 
the poWer supply With respect to the ground potential part 
based on the estimated poWer supply voltage of the poWer 
supply and each of the voltages detected by the voltage 
detection device after the second sWitching unit is shut off 
and the third sWitching unit is shut off respectively; 

[0028] Wherein the voltage detection device includes: 

[0029] a processor that has a ?rst input port for con 
necting to a voltage detection object part, and a second 
input port grounded at a ?rst ground potential part; 

[0030] a ?rst Schottky barrier diode that has a cathode 
connected to a junction of an electric Wire betWeen the 
?rst input port and the voltage detection object part, and 
an anode grounded at a second ground potential part; 
and 

[0031] a second Schottky barrier diode that has an 
anode connected to a junction of an electric Wire 
betWeen the second input port and a third ground 
potential part, and a cathode connected to a positive 
terminal of a poWer supply, the second Schottky barrier 
diode is identical to the ?rst Schottky barrier diode in 
the leakage current standard. 

[0032] Wherein When the processor detects a voltage at the 
voltage detection object part, the processor detects a value 
obtained by adding a voltage applied to the second input port 
to a voltage applied to the ?rst input port as the voltage. 

[0033] In such a con?guration, since the correction of a 
detection voltage does not involve any calculation and 
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conversion that can introduce an error as thus described, the 
accuracy of a detection voltage can be improved. It is 
therefore possible to improve the accuracy of a voltage 
detected by the voltage detection device and to thereby 
further improve the accuracy in detecting the state of insu 
lation. 

[0034] Preferably, the voltage detection device includes: a 
?rst resistor that is provided betWeen the ?rst input port and 
the voltage detection object part, and a second resistor that 
is provided betWeen the second input port and the third 
ground potential part. A resistance value of the ?rst resistor 
is the same as that of the second resistor. 

[0035] A device con?guration may be employed in Which 
the ?rst sWitching unit includes a ?rst sWitch section con 
nected to a positive terminal of the poWer supply and a 
second sWitch section connected to a negative terminal of 
the poWer supply; the third sWitching unit includes the ?rst 
sWitch section and a third sWitch section connected in series 
to the ?rst sWitch; the second sWitching unit includes the ?rst 
sWitch section and a fourth sWitch section connected in 
series to the second sWitch section; a ?rst diode and a 
capacitor are connected in series betWeen the second sWitch 
section and the fourth sWitch section, the ?rst diode recti 
fying a current in the direction from the positive side to the 
negative side; a second diode is connected in parallel With 
the ?rst diode for recti?cation in the direction opposite to 
that of the ?rst diode; the voltage detection device is 
connected to the part under voltage detection Which is 
located betWeen the third sWitch section and the fourth 
sWitch section; a connection to the part at ground potential 
is provided betWeen the part under voltage detection and the 
fourth sWitch section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
preferred exemplary embodiments thereof With reference to 
the accompanying draWings, Wherein: 

[0037] FIG. 1 is a diagram shoWing a schematic con?gu 
ration of an embodiment of a voltage detection circuit 
employing the invention and an insulation detector having 
the voltage detection circuit; 

[0038] FIG. 2 is a How chart shoWing an operation of 
calculating an insulation resistance in the embodiment of the 
insulation detector having the voltage detection circuit 
employing the invention; 

[0039] FIG. 3 is a time chart shoWing states of charging 
and discharging of a capacitor in response to operations of 
sWitch sections of the insulation detector having the voltage 
detection circuit employing the invention and timing for 
voltage reading; and 

[0040] FIG. 4 is a graph shoWing errors in detection of 
insulation resistance values detected during poWer supply 
voltage measuring times associated With the insulation resis 
tance values. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0041] An embodiment of a voltage detection circuit 
employing the invention and an insulation detector having 
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the voltage detection circuit Will noW be described With 
reference to FIGS. 1 to 4. FIG. 1 shoWs a schematic 
con?guration of the voltage detection circuit employing the 
invention and the insulation detector having the voltage 
detection circuit. FIG. 2 is a How chart shoWing an operation 
of calculating an insulation resistance performed by the 
insulation detector having the voltage detection circuit 
employing the invention. FIG. 3 is a time chart shoWing 
states of charging and discharging of a capacitor in response 
to operations of sWitch sections and timing for voltage 
reading. FIG. 4 shoWs errors in detection of insulation 
resistance values detected during poWer supply voltage 
measuring times associated With the insulation resistance 
values. 

[0042] As shoWn in FIG. 1, a voltage detection circuit 1 of 
the present embodiment includes a microcomputer 3. A part 
6 to be voltage detected is connected to a ?rst analog-to 
digital conversion input port, that is, a ?rst A-D input port 5 
of the microcomputer 3. A ?rst resistor R1 and a coil L, 
Which are listed in their closeness to the voltage detection 
object part 6, are connected in series betWeen the voltage 
detection object part 6 and the ?rst A-D input port 5 of the 
microcomputer 3. 

[0043] In order to prevent an excessive negative potential 
from being applied to the ?rst A-D input port 5 of the 
microcomputer 3, a cathode of a ?rst Schottky barrier diode 
SBD1 for clamping is connected to the part betWeen the coil 
L1 and the ?rst resistor R1 closer to the ?rst resistor R1. In 
order to prevent an excessive positive potential from being 
applied 0 the ?rst A-D input port 5 of the microcomputer 3, 
an anode of an recti?er diode D1 for clamping is connected 
to the part betWeen the coil L1 and the ?rst resistor R1 closer 
to the coil L1. An anode of the ?rst Schottky barrier diode 
SBD1 is grounded at a part 7 at ground potential, and a 
cathode of the clamping recti?er diode D1 is connected to a 
positive terminal of a poWer supply 11. One terminal of a 
?rst capacitor C1 for eliminating noises in cooperation With 
the coil L1 is connected betWeen the ?rst A-D input port 5 
of the microcomputer 3 and the coil L1, and another terminal 
of the ?rst capacitor C1 is grounded at the part 7 at ground 
potential. 
[0044] An anode of a second Schottky barrier diode SBD2 
for correction and one terminal of a second resistor R2 for 
correction are connected to a second analog-to-digital con 
version input port or second A-D input port 9 of the 
microcomputer 3. A cathode of the second Schottky barrier 
diode SBD2 for correction is connected to the positive 
terminal of the poWer supply 11. Another terminal of the 
second resistor R2 for correction is grounded at the part 7 at 
ground potential. 

[0045] The ?rst Schottky barrier diode SBD1 for clamping 
and the second Schottky barrier diode SBD2 for correction 
used here are identical in speci?cations and are in accor 
dance With the same leakage current standard. It is desirable 
to use a product consisting of tWo or more Schottky barrier 
diodes manufactured in the same process Which is available 
on the market as a single package. Similarly, the ?rst resistor 
R1 and the second resistor R2 used here are identical in 
speci?cations and resistance. 

[0046] For example, an insulation detector 13 of the 
present embodiment having such a voltage detection circuit 
1 is used for a DC poWer supply 11 serving as a poWer 
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source of an electrically driven vehicle Whose driving force 
is obtained using electrical power. The poWer supply 11 is a 
plurality of batteries connected in series or a fuel battery. A 
positive side main circuit Wiring 15a and a negative side 
main circuit Wiring 15b on the sides of positive and negative 
terminals of the poWer supply 11 respectively are insulated 
from the part 7 at ground potential Which is, for example, a 
vehicle body, and the poWer supply 11 is therefore a non 
grounded poWer supply. The insulation detector 13 is con 
stituted by a ?rst sWitch S1, a second sWitch S, a third sWitch 
S3, a fourth sWitch S4, a second capacitor C2, the voltage 
detection circuit 1 described above, and a sWitching control 
circuit, Which is not shoWn, for controlling the opening and 
closing of each of the sWitches at preset times. 

[0047] The microcomputer 3 of the voltage detection 
circuit 1 of the present embodiment also functions as a 
calculation section and a determination section for deter 
mining the state of insulation in the insulation detector 13. 
A single microcomputer may serve as a microcomputer 
forming a part of the voltage detection circuit, a microcom 
puter constituting the calculation section in the insulation 
detector, and a microcomputer forming a part of the sWitch 
ing control circuit as in this embodiment, Whereas those 
functions may alternatively be provided by separate micro 
computers. The ?rst sWitch S1, the second sWitch S2, the 
third sWitch S3, and the fourth sWitch S4 in FIG. 1 are shoWn 
in a frame format, the sWitches are constituted by various 
components having a sWitching function such as relays and 
semiconductor switches. 

[0048] The ?rst sWitch S1 and the third sWitch S3 are 
connected in series to the positive terminal of the poWer 
supply 11 in the order listed Which is the order of their 
closeness to the positive terminal. The second sWitch S2, the 
fourth sWitch S4, and a third resistor R3 are connected in 
series to the negative terminal of the poWer supply 11 in the 
order listed Which is the order of their closeness to the 
negative terminal. A ?rst diode D1 and a fourth resistor R4 
are connected such that they are arranged in series in the 
order listed from a part betWeen the ?rst sWitch S1 and the 
third sWitch S3 toWard a part betWeen the second sWitch S2 
and the fourth sWitch S4. A second diode D2 and a ?fth 
resistor R5 are connected such that they are arranged in 
series in the order listed from a part betWeen the fourth 
resistor R4 and a second capacitor C2 toWard a part betWeen 
the ?rst sWitch S1 and third sWitch S3. That is, the ?rst diode 
D1 and the fourth resistor R4 and the second diode D2 and 
the ?fth resistor R5 are connected in parallel, respectively. A 
?fth sWitch S5, and a sixth resistor R6 loWer in resistance 
than the ?fth resistor R5 are connected as a bypass unit such 
that they are arranged in series in the order listed from a part 
betWeen the second diode D2 and the ?fth resistor R5 toWard 
the part 7 at ground potential. The ?rst diode D1 performs 
recti?cation in the direction from the positive side to toWard 
the negative side, and the second diode D2 performs recti 
?cation in the direction opposite to that of the ?rst diode D1. 

[0049] A seventh resistor R7 is connected betWeen the 
third sWitch S3 and the third resistor R3 in series With the 
third sWitch S3 and the third resistor R3. The part 6 under 
voltage detection is located betWeen the third sWitch S3 and 
the seventh resistor R7. The voltage detection circuit 1 is 
connected to the part 6 under voltage detection. A part 
betWeen the seventh resistor R7 and the third resistor R3 is 
grounded at the part 7 at ground potential. 

Jan. 4, 2007 

[0050] In the present embodiment, a ?rst sWitching unit 
Which connects the second capacitor C2 to the poWer supply 
11 in series for a ?rst preset time is constituted by the ?rst 
sWitch S1, the second sWitch S2, and the sWitching control 
circuit (not shoWn). A second sWitching unit Which connects 
the second capacitor C2 betWeen the positive terminal of the 
poWer supply 11 and the part 7 at ground potential in series 
for a second preset time is constituted by the ?rst sWitch S1, 
the fourth sWitch S4, and the sWitching control circuit (not 
shoWn). A third sWitching unit Which connects the second 
capacitor C2 betWeen the part 7 at ground potential and the 
negative terminal of the poWer supply 11 in series for the 
second preset time is constituted by the second sWitch S2, 
the third sWitch S3, and the sWitching control circuit (not 
shoWn). A fourth SWitching unit Which detects a voltage 
across both terminals of the second capacitor C2 through the 
voltage detection circuit 1 is constituted by the third sWitch 
S3, the fourth sWitch S4, and the sWitching control circuit 
Which is not shoWn. For example, the second capacitor C2 
used has a relatively great capacity, e.g., several HF, and the 
?rst resistor R1 and the second resistor R2 used have a 
relatively high resistance, e.g., several hundred kQ. 

[0051] A description Will noW be made on operations of 
the voltage detection circuit having such a con?guration and 
the insulation detector having the voltage detection circuit 
and areas of the same. Referring to an operation of detecting 
the state of insulation of the part at ground potential per 
formed by the insulation detector 13, as shoWn in FIGS. 2 
and 3, When the insulation detector 13 starts detecting the 
state of insulation, the sWitching control circuit (not shoWn) 
closes the ?rst sWitch S1 and the second sWitch S2 for a ?rst 
closing time T1 that is the ?rst preset time (step 101). 
Speci?cally, the ?rst sWitching unit forms a circuit for 
connecting the second capacitor C2 to the poWer supply 11 
in series Without the intervention of the part 7 at ground 
potential to charge the second capacitor C2 and to increase 
a voltage VC across the terminals of the second capacitor C2 
?r the ?rst closing time T1. The ?rst closing time T1 is a 
time shorter than a time required for fully charging the 
second capacitor C2, e.g., a time Which is as short as 1/s to 
1/10 of the time required for fully charging the second 
capacitor C2. The ?rst closing time T1 is chosen in consid 
eration to a tolerance required for measurement of an 
insulation resistance. 

[0052] When the ?rst closing time T1 passes at step 101, 
the ?rst sWitch S1 and the second sWitch S2 are opened or 
shut o?‘. When a predetermined time tW1 shorter than the 
?rst closing time T1 passes, the third sWitch S3 and the 
second sWitch S4 are closed (step 103). The fourth sWitching 
unit forms a circuit for discharging from the second capaci 
tor C2 including the ?fth resistor R5, the seventh resistor R7, 
and the third resistor R3, and the voltage detection circuit 1 
including the microcomputer 3 for detecting the voltage 
across the terminals of the second capacitor C2 is connected 
to the discharging circuit. When a predetermined time tW2 
shorter than the ?rst closing time T1 passes after the closing 
of the third sWitch S3 and the fourth sWitch S4, the micro 
computer 3 reads A-D-converted data or the voltage VC 
across the terminals of the second capacitor C2 through the 
?rst A-D input port 5 (step 105). 

[0053] At this time, the voltage applied to the ?rst A-D 
input port 5 of the microcomputer 3 is a voltage Which 
corresponds to the value of the voltage VC across the 
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terminals of the second capacitor C2 and Which has dropped 
by the amount of a loss corresponding to a leakage current 
at the ?rst Schottky barrier diode SBD1 for clamping, the 
leakage current depending on the ambient temperature of the 
insulation detector 13 or the ambient temperature of the 
voltage detection circuit 1. At step 105, the microcomputer 
3 detects a voltage V2 applied to the second A-D input port 
9 connected With the second Schottky barrier diode SBD2 
for correction and the second resistor R2 for correction and 
adds the voltage V2 detected at the second A-D input port 9 
to a voltage V1 detected at the ?rst A-D input port 5, and the 
result constitutes a detection voltage V0 of the voltage 
detection circuit 1 at this time. 

[0054] The voltage applied to the second A-D input ter 
minal 9 is a voltage corresponding to a leakage current at the 
second Schottky barrier diode SBD2 for correction Which 
depends on the ambient temperature of the insulation detec 
tor 13. The ?rst Schottky barrier diode SBD1 and the second 
Schottky barrier diode SBD2 are in accordance With the 
same leakage current standard. The voltage applied to the 
second A-D input port 9 is substantially equal to a voltage 
loss attributable to a leakage current at the ?rst Schottky 
barrier diode SBD1 Which depends on the ambient tempera 
ture of the insulation detector 13. Therefore, When V0=V1+ 
V2, the detection voltage V0 is a value that re?ects a 
correction for the voltage loss attributable to the leakage 
current at the ?rst Schottky barrier diode SBD1. 

[0055] An estimated poWer supply voltage VOS is calcu 
lated from Equation 1 shoWn beloW using the corrected 
detection voltage V0 (step 107). 

[0056] In Equation 1, T1 represents the closing time of the 
?rst sWitch S1 and the second sWitch S2; C represents the 
capacity of the second capacitor C2; and R4 represents the 
resistance of the fourth resistor R4. 

Equation 1 

[0057] After the voltage VC across the terminals of the 
second capacitor C2 is detected at step 105, the sWitching 
control circuit (not shoWn) closes the ?fth sWitch S5 With the 
third sWitch S3 and the fourth sWitch S4 closed to bypass the 
?fth resistor R5. Since discharge occurs through the sixth 
resistor R6 loWer in resistance than the ?fth resistor R5, the 
amount of electricity discharged from the second capacitor 
C2 increases to increase the dropping rate of the voltage VC 
across the terminals of the second capacitor C2, Which 
alloWs the time required for the discharge from the second 
capacitor C2 to be shortened. When a predetermined time 
td1 shorter than the ?rst closing time T1 passes after the 
closing of the ?fth sWitch S5, the ?fth sWitch S5 is opened 
or unmade, and the microcomputer 3 thereafter reads A-D 
converted data or the voltage VC across the terminals of the 
second capacitor C2 through the ?rst A-D input port 5 (step 
109). 
[0058] When the voltage VC is identi?ed as 0 V at step 
109, the sWitching control circuit (not shoWn) opens the 
third sWitch S3 and closes the ?rst sWitch S1 after the 
predetermined time tW1 passes. The ?rst sWitch S1 and the 
fourth sWitch S4 are closed for a second closing time T2 
Which is the second preset time (step 111). Speci?cally, the 
second sWitching unit forms a circuit in Which the second 
capacitor C2 is connected in series betWeen the positive 
terminal of the poWer supply 11 and the part 7 at ground 
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potential, i.e., a circuit as shoWn in FIG. 1 in Which the 
positive side circuit Wiring 1511, the ?rst sWitch S1, the ?rst 
diode D1, the fourth resistor R4, the second capacitor C2, 
the fourth sWitch S4, the third resistor R3, the part 7 at 
ground potential, and a ground resistance Rn on the negative 
terminal side that is assumed to be located as indicated by a 
dotted line in FIG. 1, and the negative side main circuit 
Wiring 15b are connected in series to the poWer supply 11. 
Thus, the second capacitor C2 is charged for the second 
closing time T2 to increase the voltage VC across the 
terminals of the second capacitor C2 in accordance With the 
value of the ground resistance Rn as shoWn in FIG. 3. 
Similarly to the ?rst closing time T1, the second closing time 
T2 constituting the second preset time is set shorter than the 
time required for fully charging the second capacitor C2 and 
longer than the predetermined times tW1, tW2, and td1. 

[0059] When the second closing time T2 passes at step 
111, as shoWn in FIGS. 2 and 3, the ?rst sWitch S1 is opened 
or shut o?‘; the third sWitch S3 is closed after the predeter 
mined time tW1 passes; and the third sWitch S3 and the 
fourth sWitch S4 are thus closed. That is, the fourth sWitch 
ing unit forms a circuit for discharging from the second 
capacitor C2 including the second resistor R2, the third 
resistor R3, and the fourth resistor R4, and the voltage 
detection circuit 1 including the microcomputer 3 for detect 
ing the voltage across the terminals of the second capacitor 
C2 is connected to the discharging circuit. In this state, the 
microcomputer 3 reads A-D-converted data or the voltage 
VC across the terminals of the second capacitor C2 through 
the ?rst A-D input port 5 (step 113). 

[0060] At this time, the voltage applied to the ?rst A-D 
input port 5 of the microcomputer 3 is a voltage Which 
corresponds to the value of the voltage VC across the 
terminals of the second capacitor C2 and Which has dropped 
by the amount of a loss corresponding to a leakage current 
at the ?rst Schottky barrier diode SBD1 for clamping, just as 
in step 105, the leakage current depending on the ambient 
temperature of the insulation detector 13 or the ambient 
temperature of the voltage detection circuit 1. At step 113, 
the microcomputer 3 adds the voltage V2 detected at the 
second A-D input port 9 to the voltage V1 detected at the 
?rst A/D input port 5 to obtain a detection voltage VCN at 
the voltage detection circuit 1 at this time. When VCN=V1+ 
V2 as thus described, the detection voltage VCN is a value 
Which re?ects a correction of a voltage loss attributable to a 
leakage current at the ?rst Schottky barrier diode SBD1. 

[0061] The insulation resistance of the negative terminal 
side of the poWer supply 11 to a vehicle body constituting 
the part 7 at ground potential or the ground resistance Rn on 
the negative terminal side is calculated using Equation 2 
shoWn beloW from the detection value VCN (step 115). 

[0062] In Equation 2, T2 represents the closing time of the 
?rst sWitch S1 and the fourth sWitch S4; C represents the 
capacity of the second capacitor C2; R4 represents the 
resistance of the fourth resistor R4; and V0s represents the 
poWer supply voltage estimated at step 107. 

Equation 2 

[0063] After the voltage VC across the terminals of the 
second capacitor C2 is detected at step 115, the sWitching 
control circuit (not shoWn) closes the ?fth sWitch S5 With the 
third sWitch S3 and the fourth sWitch S4 closed to bypass the 
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?fth resistor R5. As a result, the resistance of the ?fth 
resistor R5 is decreased to shorten the time required for 
discharging the second capacitor C2. When a predetermined 
time td2 shorter than the second closing time T2 passes after 
the closing of the ?fth sWitch S5, the ?fth sWitch S5 is 
opened or unmade, and the microcomputer 3 thereafter reads 
A-D converted data or the voltage VC across the terminals 
of the second capacitor C2 through the ?rst A-D input port 
5 (step 117). 

[0064] When the voltage VC is identi?ed as 0 V at step 
117, the sWitching control circuit (not shoWn) opens the 
fourth sWitch S4 and closes the second sWitch S2 after the 
predetermined time tW1 passes. The second sWitch S2 and 
the third sWitch S3 are closed for the second closing time T2 
Which is the second preset time (step 119). Speci?cally, the 
third sWitching unit forms a circuit in Which the second 
capacitor C2 is connected in series betWeen the part 7 at 
ground potential and the negative terminal of the poWer 
supply 11, i.e., a circuit as shoWn in FIG. 1 in Which the 
positive side circuit Wiring 15a, a ground resistance Rp on 
the positive terminal side assumed to be located as indicated 
by a dotted line in FIG. 1, the part 7 at ground potential, the 
seventh resistor R7, the third sWitch S3, the ?rst diode D1, 
the fourth resistor R4, the second capacitor C2, the second 
sWitch S2, and the negative side main circuit Wiring 15b are 
connected in series to the poWer supply 11. Thus, the second 
capacitor C2 is charged for the second closing time T2 to 
increase the voltage VC across the terminals of the second 
capacitor C2 in accordance With the value of the ground 
resistor Rp as shoWn in FIG. 3. 

[0065] When the second sWitch S2 and the third sWitch S3 
are closed, the potential at the part under voltage detection 
becomes a negative potential. HoWever, since the Schottky 
diode SBD1 for clamping is connected betWeen the part 6 
under voltage detection and the part 7 at ground potential, no 
excessive negative voltage Will be applied to the ?rst A-D 
input port 5 of the microcomputer 3 to Which the part 6 under 
voltage detection is connected. 

[0066] When the second closing time T2 passes at step 
119, as shoWn in FIGS. 2 and 3, the second sWitch S2 is 
opened or unmade; the fourth sWitch S4 is closed after the 
predetermined time tW1 passes; and the third sWitch S3 and 
the fourth sWitch S4 are thus closed. That is, the fourth 
sWitching unit forms a circuit for discharging from the 
second capacitor C2 including the second resistor R2, the 
third resistor R3, and the fourth resistor R4, and the voltage 
detection circuit 1 including the microcomputer 3 for detect 
ing the voltage across the terminals of the second capacitor 
C2 is connected to the discharging circuit. In this state, the 
microcomputer 3 reads A-D-converted data or the voltage 
VC across the terminals of the second capacitor C2 through 
the ?rst A-D input port 5 (step 113). 

[0067] At this time, the voltage applied to the ?rst A-D 
input port 5 of the microcomputer 3 is a voltage Which 
corresponds to the value of the voltage VC across the 
terminals of the second capacitor C2 and Which has dropped 
by the amount of a loss corresponding to a leakage current 
at the ?rst Schottky barrier diode SBD1 for clamping, just as 
in steps 105 and 113, the leakage current depending on the 
ambient temperature of the insulation detector 13 or the 
ambient temperature of the voltage detection circuit 1. At 
step 121, the microcomputer 3 adds the voltage V2 detected 
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at the second A-D input port 9 to the voltage V1 detected at 
the ?rst A/D input port 5 to obtain a detection voltage VCP 
at the voltage detection circuit 1 at this time. When VCP= 
V1+V2 as thus described, the detection voltage VCP is a 
value Which re?ects a correction of a voltage loss attribut 
able to a leakage current at the ?rst Schottky barrier diode 
SBD1. 

[0068] The insulation resistance of the positive terminal 
side of the poWer supply 11 to the vehicle body constituting 
the part 7 at ground potential or the ground resistance Rp on 
the positive terminal side is calculated using Equation 3 
shoWn beloW from the detection value VCP (step 123). 

[0069] In Equation 3, T2 represents the closing time of the 
second sWitch S2 and the third sWitch S3; C represents the 
capacity of the second capacitor C2; R4 represents the 
resistance of the fourth resistor R4; and V0s represents the 
poWer supply voltage estimated at step 107. 

Equation 3 

[0070] After the voltage VC across the terminals of the 
second capacitor C2 is detected at step 123, the sWitching 
control circuit (not shoWn) closes the ?fth sWitch S5 With the 
third sWitch S3 and the fourth sWitch S4 closed to bypass the 
?fth resistor R5. As a result, the resistance of the ?fth 
resistor R6 is decreased to shorten the time required for 
discharging the second capacitor C2. When the predeter 
mined time td2 passes after the closing of the ?fth sWitch S5, 
the ?fth sWitch S5 is opened or unmade, and the microcom 
puter 3 thereafter reads A-D converted data or the voltage 
VC across the terminals of the second capacitor C2 through 
the ?rst A-D input port 5 (step 125). When the voltage VC 
is identi?ed as 0 V at step 125, one cycle of insulation state 
detection is completed. When the state of insulation is to be 
detected again, the cycle for detecting the state of insulation 
from step 101 to step 125 is repeated. 

[0071] The microcomputer 3 determines the state of insu 
lation from values of the ground resistance Rp on the 
positive terminal side of the poWer supply 11 and the ground 
resistance Rn on the negative terminal side obtained by one 
cycle of detection of the state of insulation or averages of the 
values of the ground resistance Rp on the positive terminal 
side and the ground resistance Rn on the negative terminal 
side obtained by a plurality of cycles of detection of the 
insulation state. For example, the ground resistance Rp on 
the positive terminal side of the poWer supply 11 or an 
average of the same is compared With a predetermined 
reference resistance. When the ground resistance Rp is equal 
to or loWer than the reference resistance, it is determined that 
an insulation failure has occurred. 

[0072] FIG. 4 shoWs results of calculations of errors 
betWeen values of the ground resistance Rp on the positive 
terminal side and the ground resistance Rn on the negative 
terminal side measured using the insulation detector 13 of 
the present embodiment as thus described and actual values 
of the ground resistance Rp on the positive terminal side and 
the ground resistance Rn on the negative terminal side on an 
assumption that the second capacitor C2 used has a prede 
termined speci?ed capacity and that the fourth resistor R4 
used has a predetermined speci?ed resistance. It is assumed 
that the second capacitor C2 may have a variation of about 
110% in capacity When variations from product to product 
and temperature changes are taken into consideration and 
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that the fourth resistor R4 may have a variation of about 
12% in resistance When variations from product to product 
and temperature changes are taken into consideration. In 
FIG. 4, the term “Vo measuring time” means the ?rst closing 
time, and FIG. 4 therefore shoWs errors in measurement 
Which occurred When the ?rst closing time T1 Was set at t 
sec, 2t sec, and 3t sec Where t<2t<3t. FIG. 4 is a graph 
shoWing results of the calculations in Which detection accu 
racy or detection errors are plotted along the ordinate axis 
and in Which values of the ground resistances are plotted 
along the abscissa axis. 

[0073] As apparent from FIG. 4, the degree of a reduction 
of an error in measurement depends on the setting of the V0 
measuring time or ?rst closing time T1. When the ?rst 
closing time T1 is t sec, a ground resistance is measured With 
a greater error, the loWer the resistance. A ground resistance 
is measured With a smaller error, the higher the resistance. 
When the ?rst closing time T1 is 2t, a high ground resistance 
is measured With a greater error than When the ?rst closing 
time T1 is t sec, and errors are small When averaged betWeen 
the ground resistances. When the ?rst closing time T1 is 3t, 
errors are also small When averaged betWeen the ground 
resistances, but the errors are greater than those measured 
When the ?rst closing time T1 is 2t sec. 

[0074] Therefore, the ?rst closing time T1 is preferably set 
at t sec When a ground resistance value to determine an 
insulation failure is a relatively great value, and the ?rst 
closing time T1 is preferably set at 2t sec When the ground 
resistance value to determine an insulation failure is set at a 
relatively small value. As thus described, the ?rst closing 
time T1 or ?rst preset time is preferably chosen such that it 
results in small errors in measurement around a ground 
resistance value for determining an insulation failure. For 
example, When a ground resistance value for determining an 
insulation failure is set at R Q in FIG. 4, it is preferable to 
select 2t as the ?rst closing time T1.] 

[0075] As thus described, in the voltage detection circuit 
1 of the present embodiment, the ?rst Schottky barrier diode 
SBD1 for clamping connected to the ?rst A-D input port 5 
of the microcomputer 3 and the second Schottky barrier 
diode SBD2 for correction connected to the second A-D 
input port 9 of the microcomputer 3 are Schottky barrier 
diodes according to the same leakage current standard. Thus, 
a voltage substantially equal to a voltage loss attributable to 
a leakage current at the ?rst Schottky barrier diode SBD1 for 
clamping is applied to the second A-D input port 9 of the 
microcomputer 3 to Which the second Schottky barrier diode 
SBD2 for correction is connected. Since a detection voltage 
is obtained by adding the voltage applied to the second A-D 
input port 9 of the microcomputer 3 to the voltage applied 
to the ?rst A-D input port 5, it is possible to obtain a 
detection voltage re?ecting a correction for any voltage loss 
attributable to the ?rst Schottky barrier diode SBD1 for 
clamping. Since the correction of a detection voltage does 
not involve any calculation and conversion that can intro 
duce an error as thus described, the accuracy of a detection 
voltage can be improved. 

[0076] Further, the voltage detection circuit 1 of the 
present embodiment is provided With the second resistor R2 
for correction Which is connected to the second A-D input 
port 9 of the microcomputer 3 at on terminal thereof and 
grounded at the part 7 at ground potential at another terminal 
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thereof. The second resistor R2 for correction has the same 
resistance as the ?rst resistor R1 connected to the ?rst A-D 
input port 5 of the microcomputer 3. Therefore, the accuracy 
of a detection voltage can be improved even When the ?rst 
resistor R1 is provided at the ?rst A-D input port 5 of the 
microcomputer 3, because a voltage substantially equal to a 
voltage loss attributable to any leakage current at the ?rst 
Schottky barrier diode SBD1 for clamping is applied to the 
second A-D input port 9 of the microcomputer 3. 

[0077] In addition, the insulation detector 13 of the present 
embodiment has the voltage detection circuit 1 Which can 
improve the accuracy of a detection voltage Without any 
need for calculation and conversion that can introduce an 
error in correcting a detection voltage. Therefore, the volt 
age detection circuit has improved accuracy in detecting 
voltages such as detection voltages V0, VCN, and VCP used 
for estimating the voltage at the poWer supply 11 and 
calculating the ground resistance Rp on the positive terminal 
side of the poWer supply 11 and the ground resistance Rn on 
the negative terminal side thereof, Which alloWs a further 
improvement in the accuracy of detection of the state of 
insulation. In addition, advantages including a reduction in 
calculation time and a reduction in the capacity of storage 
such as a memory used for such a purpose can be achieved. 

[0078] While the voltage detection circuit 1 of the present 
embodiment has been described as having a con?guration 
including the ?rst resistor R1, the coil L, the ?rst capacitor 
C1, and the second resistor R2, those electrical components 
may be deleted as occasions alloW because the necessity of 
them depends on the con?guration of the circuit on Which 
voltage detection is to be performed. Further, the recti?er 
diode D1 may also be deleted When occasions alloW pro 
vided that there is no possibility of application of an exces 
sive positive voltage to the ?rst A-D input port 5 of the 
microcomputer 3. 
[0079] The insulation detector 13 of the present embodi 
ment has been described as having a con?guration in Which 
the ?fth sWitch S5 and the sixth sWitch S6 loWer in resis 
tance than the ?fth resistor R5 are connected in series across 
a part betWeen the second diode D2 and the ?fth resistor R5 
and the part 7 at ground potential as a bypass unit including 
the ?fth sWitch S5. HoWever, the invention is not limited to 
the con?guration of the present embodiment, and a bypass 
unit may be con?gured by connecting the ?fth sWitch S5 
across the terminals of the ?fth resistor R5 in parallel With 
the ?fth resistor R5. A con?guration Without the bypass unit 
including the ?fth resistor R5 may be employed When there 
is no need for reducing the time required for one cycle of 
insulation detection. 

[0080] In the insulation detector 13 of the present embodi 
ment, the ground resistance Rp on the positive terminal side 
and the ground resistance Rn on the negative terminal side 
are separately calculated to alloW the position of an insula 
tion failure to be detected. HoWever, When only the occur 
rence of an insulation failure is to be determined Without 
detecting the position of the insulation failure, another 
equation may be used to calculate a ground resistance value 
representing the ground resistance Rp on the positive ter 
minal side and the ground resistance Rn on the negative 
terminal side based on estimated poWer supply voltage V0s 
and detection voltages VCP and VCN. 

[0081] In the insulation detector 13 of the present embodi 
ment, the microcomputer 3 constituting the calculation 
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section calculates the estimated power supply voltage V0s 
and the ground resistance Rp on the positive terminal side 
and the ground resistance Rn on the negative terminal side 
using Equations 1 and 2. However, in order to shorten the 
time required for calculating complicated functional equa 
tions such as Equations 1 and 2, a poWer supply voltage data 
table and a ground resistance data table may be prepared in 
association With addresses in a memory in the microcom 
puter 3 serving as the storage to store estimated poWer 
supply voltages V0s, ground resistances Rp on the positive 
terminal side, and ground resistances Rn on the negative 
terminal side, and the microcomputer 3 serving as the 
calculation section may calculate addresses associated With 
each of the data tables. At this time, the microcomputer 3 
serving as the calculation section calculates addresses in 
each of the poWer supply voltage data table and the ground 
resistance data table using equation for calculating addresses 
simpler than Equations 1 and 2 from a value of the voltage 
VC across the terminals of the second capacitor C2 or the 
detection voltage V0 detected for estimating the poWer 
supply voltage and from values of the voltage VC across the 
terminals of the second capacitor C2 or detection voltages 
VCN and VCP detected for obtaining the ground resistance 
Rp on the positive terminal side and the ground resistance 
Rn on the negative terminal side. The microcomputer 3 
determines the estimated poWer supply voltage V0s and the 
ground resistance Rp on the positive terminal side and the 
ground resistance Rn on the negative terminal side from the 
respective addresses thus calculated. 

[0082] The voltage detection circuit employing the inven 
tion is not limited to the use in the insulation detector 13 
described in the present embodiment, and the circuit may be 
used in circuits and apparatus for various purposes Which 
perform voltage detection. The voltage detection circuit 
employing the invention is not limited to the circuit con 
?guration described in the present embodiment, and various 
circuit con?gurations are possible as long as there is pro 
vided a ?rst sWitching unit Which connects a capacitor to a 
DC poWer supply Whose Wirings at a positive terminal side 
and a negative terminal side thereof are insulated from a part 
at ground potential, the capacitor being connected in series 
for a ?rst preset time; a second sWitching unit Which 
connects the capacitor betWeen the positive terminal of the 
poWer supply and the part at ground potential, the capacitor 
being connected in series for a second preset time; a third 
sWitching unit Which connects the capacitor betWeen the part 
at ground potential and the negative terminal of the poWer 
supply, the capacitor being connected in series for the 
second preset time; and a fourth sWitching unit Which 
connects the voltage detection circuit for detecting a voltage 
across terminals of the capacitor after each of the ?rst, 
second, and third sWitching units is unmade. 

[0083] The invention makes it possible to improve the 
accuracy of a voltage detected by a voltage detection circuit. 
The invention also makes it possible to improve the accu 
racy of a voltage detected by a voltage detection circuit in an 
insulation detector, thereby alloWing the detecting accuracy 
of the state of insulation to be further improved. 

[0084] Although the invention has been illustrated and 
described for the particular preferred embodiments, it is 
apparent to a person skilled in the art that various changes 
and modi?cations can be made on the basis of the teachings 
of the invention. It is apparent that such changes and 
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modi?cations are Within the spirit, scope, and intention of 
the invention as de?ned by the appended claims. 

[0085] The present application is based on Japan Patent 
Application No. 2003-033601 ?led on Feb. 12, 2003, the 
contents of Which are incorporated herein for reference. 

What is claimed is: 
1. A voltage detection device, comprising: 

a processor that has a ?rst input port for connecting to a 
voltage detection object part, and a second input port 
grounded at a ?rst ground potential part; 

a ?rst Schottky barrier diode that has a cathode connected 
to a junction of an electric Wire betWeen the ?rst input 
port and the voltage detection object part, and an anode 
grounded at a second ground potential part; and 

a second Schottky barrier diode that has an anode con 
nected to a junction of an electric Wire betWeen the 
second input port and a third ground potential part, and 
a cathode connected to a positive terminal of a poWer 
supply, the second Schottky barrier diode being iden 
tical to the ?rst Schottky barrier diode in the leakage 
current standard, 

Wherein When the processor detects a voltage at the 
voltage detection object part, the processor detects a 
value obtained by adding a voltage applied to the 
second input port to a voltage applied to the ?rst input 
port as the voltage. 

2. The voltage detection device as set forth in claim 1, 
further comprising: 

a ?rst resistor that is provided betWeen the ?rst input port 
and the voltage detection object part; and 

a second resistor that is provided betWeen the second 
input port and the third ground potential part, 

Wherein a resistance value of the ?rst resistor is the same 
as that of the second resistor. 

3. An insulation detecting apparatus for a non-grounded 
poWer supply, comprising: 

a ?rst sWitching unit that connects a capacitor to a DC 
poWer supply in series for a ?rst preset time, the DC 
poWer supply having Wirings at a positive terminal side 
and a negative terminal side Which are insulated from 
a ground potential part; 

a second sWitching unit that connects the capacitor so as 
to be arranged betWeen the positive terminal of the 
poWer supply and the ground potential part in series for 
a second preset time; 

a third sWitching unit that connects the capacitor so as to 
be arranged betWeen the ground potential part and the 
negative terminal of the poWer supply in series for the 
second preset time; 

a voltage detection device that detects a voltage across 
terminals of the capacitor; 

a fourth sWitching unit that connects the voltage detection 
device so as to detect the voltage after the ?rst, second, 
and third sWitching units are shut olf; and 

a calculation unit that estimates a poWer supply voltage of 
the poWer supply based on the voltage detected by the 
voltage detection device in a state that the ?rst sWitch 
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ing unit is shut o?‘, and that calculates an insulation 
resistance of the power supply with respect to the 
ground potential part, based on the estimated power 
supply voltage of the power supply and each of the 
voltages detected by the voltage detection device after 
the second switching unit is shut olT and the third 
switching unit is shut of respectively; 

wherein the voltage detection device includes: 

a processor that has a ?rst input port for connecting to 
a voltage detection object part, and a second input 
port grounded at a ?rst ground potential part; 

a ?rst Schottky barrier diode that has a cathode con 
nected to a junction of an electric wire between the 
?rst input port and the voltage detection object part, 
and an anode grounded at a second ground potential 
part; and 

a second Schottky barrier diode that has an anode 
connected to a junction of an electric wire between 
the second input port and a third ground potential 
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part, and a cathode connected to a positive terminal 
of a power supply, the second Schottky barrier diode 
being identical to the ?rst Schottky barrier diode in 
the leakage current standard; and 

wherein when the processor detects a voltage at the 
voltage detection object part, the processor detects a 
value obtained by adding a voltage applied to the 
second input port to a voltage applied to the ?rst input 
port as the voltage. 

4. The insulation detecting apparatus as set forth in claim 
3, wherein the voltage detection device includes: 

a ?rst resistor that is provided between the ?rst input port 
and the voltage detection object part; and 

a second resistor that is provided between the second 
input port and the third ground potential part; and 

wherein a resistance value of the ?rst resistor is the same 
as that of the second resistor. 


