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(57) ABSTRACT 

The present invention provides a control apparatus for an 
electric vehicle, capable of reducing the switching loss While 
restricting the surge voltage generated in the IGBT elements 
constituting a driving inverter of a motor for moving the 
electric vehicle to a predetermined voltage beloW an alloW 
able surge Withstand voltage. The control device of the 
electric vehicle comprises an IGBT temperature detecting 
device 11 for detecting the temperature of the IGBT ele 
ments, a gate resistance calculation device for detecting the 
resistance of the gate resistor so as to restrict the voltage 
including the surge voltage, Which is applied to the elements, 
to a predetermined voltage beloW the allowable surge With 
stand voltage of the elements using an output command 
current, a battery voltage, and/or the detected temperature by 
the IGBT temperature detecting device 11 as parameters. 
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CONTROL APPARATUS FOR ELECTRIC 
VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an inverter for a 
motor for driving an electric vehicle, and particularly relates 
to an input resistance control system of poWer elements 
(such as IGBT (Isolated Gate Bipolar Transistors)) for the 
purpose of reducing sWitching loss of the electric poWer 
elements 

[0003] 2. Background Art 

[0004] In general, a motor (eg a synchronous motor) 
composed of a rotor having a plurality of pairs of poles and 
a stator constituted by a three-phase Winding is used for 
driving, electric vehicles and a predetermined driving force 
is obtained by supplying an alternating current poWer gen 
erated by an inverter based on a predetermined command 
current to the three-phase Winding of a stator. 

[0005] The above-described inverter is formed, as shoWn 
in FIG. 10, by connecting, using a three arm bridge, siX 
poWer elements (such as IGBT elements, insulating gates, 
and bipolar transistors, and hereinafter, the poWer elements 
are assumed to be IGBT elements), and the alternating 
current poWer for driving the motor is obtained from the 
direct current source connected to current carrying devices 
by controlling the current carrying devices by gate control 
ling and sWitching these poWer elements. 

[0006] Inputting a predetermined driving pulse to the gate 
of the IGBT elements carries out sWitching of IGBT ele 
ments. 

[0007] There are tWo methods for driving the gate. The 
?rst method is to turn OFF the IGBT element 4 While 
maintaining the IGBT element 1 ON, as shoWn in FIG. 11, 
in the case of stopping a current i1 Which ?oWs in the motor 
Winding, as shoWn in FIG. 10, by supplying the current i1 
through the positive side IGBT element 1 connected to one 
arm and the negative side IGBT element 4 connected to the 
other arm. At this time, the current ?oWing in the motor 
constituting an inductive load ?oWs to the diode portion by 
passing the IGBT element 1 and IGBT element 3 through a 
current route ill, and the above IGBT element 1 is turned 
OFF after the current ill has been attenuated. 

[0008] The second method for driving the gate is, as 
shoWn in FIG. 12, a driving method to turn OFF the IGBT 
element 1 and IGBT element 4 simultaneously. At this time, 
since the current i1, shoWn in FIG. 10, ?oWing in the motor 
M is fed back as a current il2 passing through the diode 
portion of the IGBT element 2 and the diode portion of the 
IGBT 3, the current il2 disappears Within a comparatively 
short period of time. 

[0009] HoWever, When the gate is driven as described 
above, the sWitching speed is delayed by blunting the rise 
and fall of the signal voltage applied to the gate using a 
parasitic capacitance originated betWeen the gate and emitter 
of the IGBT element and the input resistance, Which is 
attached in series to the gate of the IGBT element, in order 
to prevent breakdoWn of the elements by a surge voltage. 

[0010] When the sWitching speed is reduced, the problem 
arises that the delayed sWitching generates heat in the IGBT 
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element due to the sWitching loss, and the generated heat 
causes thermal breakdoWn of the elements and, in contrast, 
requires a large cooling device. The problem also arises 
because the increase of the heat loss and the large cooling 
system consumes the electric poWer of the battery, Which 
results in reducing the traveling distance of the vehicle. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a control apparatus for electric vehicles, Which is 
capable of reducing the sWitching loss While restricting the 
surge voltage to a safe Withstand voltage beloW an alloWable 
surge Withstand voltage by controlling the resistance of an 
input resistance depending on the traveling state of the 
electric vehicle. 

[0012] According to the ?rst aspect of the present inven 
tion, a control apparatus for an electric vehicle is provided, 
Which controls a traveling electric vehicle by supplying an 
electric poWer to a motor for driving the vehicle through an 
inverter comprising an input resistance value setting device 
for setting the resistance value of an input resistor to a 
plurality of electric poWer elements in said inverter in 
response to the driving state of the vehicle. 

[0013] In the control apparatus for an electric vehicle 
according to the ?rst aspect, the input resistance value 
setting device sets said resistance value in response to any 
one of said battery voltage, the temperature of said electric 
poWer elements, or the poWer consumption of said poWer 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram shoWing the structure of 
an inverter controlling apparatus for controlling the motor 
having a gate resistance control portion for moving the 
electric vehicle according to the ?rst embodiment of the 
present invention. 

[0015] FIG. 2 is a diagram shoWing the structure of the 
gate resistance of a IGBT. 

[0016] FIG. 3 is a diagram shoWing the relationship 
betWeen the gate resistance, the surge voltage, and the 
sWitching loss. 

[0017] FIG. 4 is a diagram explaining the relationship 
betWeen the IGBT temperature and the surge voltage. 

[0018] FIG. 5 is a ?oW-chart shoWing a procedure for the 
motor control using the control apparatus of the electric 
vehicle according to the ?rst embodiment of the present 
invention. 

[0019] FIG. 6 is a diagram shoWing the relationship 
betWeen the IGBT temperature, a desirable gate resistance, 
and the alloWable surge Withstand voltage. 

[0020] FIG. 7 is a diagram shoWing the relationship 
betWeen the command current, the desirable gate resistance, 
and the alloWable surge Withstand voltage. 

[0021] FIG. 8 is a diagram shoWing the relationship 
betWeen the battery voltage, the desirable gate resistance, 
and the alloWable surge Withstand voltage. 

[0022] FIG. 9 is a diagram explaining the gate resistance 
control of the IGBT according to the second embodiment of 
the present invention. 
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[0023] FIG. 10 is a diagram showing the current path 
When the three-phase bridge inverter using IGBT elements 
is in the current conducting state . 

[0024] FIG. 11 is a diagram shoWing the motor current 
path When the IGBT elements in the current conducting state 
shoWn in FIG. 10 are turned OFF in sequence to a prede 
termined time difference. 

[0025] FIG. 12 is a diagram shoWing the motor current 
path When the IGBT elements in the current conducting state 
shoWn in FIG. 10 are turned OFF. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Hereinafter, the ?rst embodiment of the present 
invention is described in detail With reference to the attached 
draWings. The ?rst embodiment shoWs an example in Which 
an IGBT element is used as the electric poWer element. 

[0027] FIG. 1 is a block diagram shoWing the structure of 
an inverter controlling apparatus for controlling the motor 
having a gate resistance control portion for driving the 
electric vehicle according to the ?rst embodiment of the 
present invention. 

[0028] In FIG. 1, the symbol ECU represents the gate 
control device, Which comprises a command current value 
output device 8 for outputting a command current value in 
response to an output of the accelerator opening detecting 
device 31, the IGBT gate sWitching portion 32, and a gate 
resistance control portion 10, both of Which are controlled 
by the output of the command current value output device 8, 
and the gate resistor Rg of IGBT blocks 21 to 26 are 
controlled by the output of the gate resistance control 
portion 10. 

[0029] The IGBT blocks 21 to 26 are connected to IGBTs 
1 to 6 through a gate resistor Rg, and sWitching operations 
of the IGBTs 1 to 6 are executed When the control signal 
from the gate control device ECU is applied to the gate 
resistor Rg. 

[0030] It is noted that, although FIG. 1 shoWs only one 
IGBT 1, practically six IGBTs 1-6 are provided for forming 
an inverter, similar to FIG. 10 and IGBTs 2 to 6 are omitted. 

[0031] BeloW, the operations of the gate resistance control 
portion 10 and the IGBT block 21 are described. 

[0032] The gate resistance control portion 10 comprises a 
gate resistance calculation device 12 and a gate resistance 
control portion 13. 

[0033] The gate resistance calculation device 12 receives 
a control signal from the IGBT temperature detection device 
11, a detection signal from a direct current voltage detection 
device 7, control signals from the command current value 
output device 18 and IGBT gate sWitching portion 32, and 
the minimum value of the gate resistance, Which can be set, 
is calculated depending upon the correlation betWeen the 
gate resistance and the environmental conditions, Which are 
described later. 

[0034] The result of the calculation executed by the gate 
resistance calculation device 12 is delivered to the gate 
resistance control portion 13, and the sharpness of the rise 
and fall of the signal voltage applied to the gate of the IGBT 
1 is controlled by the overall effect betWeen the gate 
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resistance obtained by sWitching the resistor Rg and the 
stray capacitance of the gate and emitter of the IGBT 1. 

[0035] FIG. 2 is a diagram shoWing the structure of the 
gate resistor Rg. The sWitching operation of the gate resistor 
Rg is explained With reference to FIG. 2. 

[0036] The gate resistor Rg comprises a resistor 71 and 
tWo other resistors 72 and 74, Which are selectively con 
nected in parallel With the resistor 71, and tWo transistors 73 
and 75 for connecting or disconnecting the resistors 72 and 
74, respectively. 

[0037] A signal from the gate resistance control device 13 
activates the transistors 73 and/or 75 for connecting in 
parallel or disconnecting the resistor 72 and/or 74 to the 
resistor 71. 

[0038] Next, the relationship betWeen the resistance of the 
gate resistor Rg of the IGBT and the surge voltage or the 
sWitching loss is described With reference to FIG. 3. As seen 
in FIG. 3, the sWitching loss decreases as the resistance of 
the gate resistor decreases, but the surge voltage increases. 
In contrast, When the resistance of the gate resistor increases, 
the surge voltage increases but the sWitching loss increases. 

[0039] This is because the sharpness of the rise and fall of 
the signal voltage applied to the gate decreases by the effect 
of the parasitic capacitance betWeen the gate and the emitter 
of the IGBT When the resistance of the gate resistor is large. 

[0040] If the rise and fall of the signal voltage applied to 
the gate of the IGBT are sharp, the value of the derivative 
(di/dt) becomes large, and the surge voltage L~(di/dt), Which 
is generated by the stray inductance L of the Wiring bus bar, 
also becomes large. 

[0041] In contrast, When the rise and fall of the signal 
voltage applied to the gate of the IGBT is not sharp, although 
the value of the surge voltage-(di/dt) becomes small, the time 
required for sWitching becomes long, and the sWitching loss 
increases because of the timing for the How of the current in 
the state that the IGBT is not saturated. 

[0042] FIG. 4 is a diagram shoWing the relationship 
betWeen the temperature of the IGBT and the surge voltage. 
The uppermost line shoWs the alloWable surge Withstand 
voltage of the IGBT, Which indicates that the alloWable 
surge Withstand voltage increases as the temperature of the 
IGBT increases. 

[0043] On the other hand, as shoWn by the loWermost line 
of FIG. 4, When the resistance of the gate resistor is ?xed, 
the generating surge voltage increases With the increase of 
the temperature of the IGBT in the loW temperature region. 
HoWever, in the high temperature region, the generated 
surge voltage decreases With the increase of the temperature. 

[0044] As shoWn in FIG. 4, in the high temperature 
region, a considerable discrepancy hereinafter called a mar 
gin voltage) is present betWeen the alloWable surge With 
stand voltage of the IGBT and the generated surge voltage, 
thus, if the resistance of the gate resistor is maintained at a 
loW value, the rise and fall of the signal voltage to be applied 
to the gate become sharp. Accordingly, it is possible to 
reduce the sWitching loss by permitting the generation of a 
high surge voltage up to the level of the alloWable surge 
Withstand voltage. 
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[0045] FIG. 5 is a ?oW-chart showing a process for 
controlling a motor. In FIG. 5, the command current value 
is determined in step S1 and the signal is generated from the 
command current value output device 8. 

[0046] In step S2, an IGBT element temperature- detect 
ing device 11 detects the temperature of the IGBT and the 
battery voltage is detected by a direct current voltage 
detecting device 7. 

[0047] In step S3, an optimum gate resistance is calculated 
in a gate resistance calculation device 12 in response to the 
temperature, the voltage, and the current obtained in step S1 
and S2. 

[0048] In step S4, the gate resistor Rg is sWitched by a gate 
resistance control device 13. This sWitching is executed in 
order to sWitch the gate resistor Rg into a resistance, Which 
is larger than and close to the above-described optimum gate 
resistance. 

[0049] In step S5, the IGBT gate control device ECU 
drives the motor by sWitching the IGBTs in response to the 
command current. 

[0050] Next, the technical basis for calculating the gate 
resistance is described beloW With reference to FIGS. 6 to 8. 

[0051] FIG. 6 is a diagram shoWing the relationship 
betWeen the temperature of the IGBT and the alloWable 
surge Withstand voltage and the relationship betWeen the 
temperature of the IGBT element and the gate resistance, 
that restricts the generation of a surge voltage at a prede 
termined voltage beloW the allowable surge Withstand volt 
age. 

[0052] As shoWn in FIG. 6, the sWitching loss can be 
minimiZed by increasing the resistance of the gate resistor 
With the increase of the temperature in a region Where the 
temperature is comparatively loW, and by reducing the 
resistance of the gate resistor With the increase of the 
temperature in the high temperature region. Here, the margin 
voltage is de?ned by the difference betWeen the above 
described alloWable surge Withstand voltage and the above 
described predetermined voltage. 

[0053] FIG. 7 is a diagram shoWing the relationship 
betWeen the command current value and the alloWable surge 
Withstand voltage and the relationship betWeen the com 
mand current value and the gate resistance, that restricts the 
generating surge voltage to a predetermined value beloW the 
alloWable surge Withstand voltage. 

[0054] As shoWn in FIG. 7, since the alloWable surge 
Withstand voltage tends to decrease With the increase of the 
command current value, it is necessary to increase the 
resistance of the gate resistor With the increase of the 
command current value, in order to restrict the generating 
surge voltage to a predetermined voltage beloW the alloW 
able surge Withstand voltage. Here, the margin voltage is 
de?ned by the difference betWeen the above-described 
alloWable surge Withstand voltage and the above-described 
predetermined voltage. 
[0055] FIG. 8 is a diagram shoWing the relationship 
betWeen the battery voltage and the alloWable surge With 
stand voltage and the relationship betWeen the battery volt 
age and the gate resistance that restricts the generating surge 
voltage to a predetermined voltage beloW the alloWable 
surge Withstand voltage. 
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[0056] As shoWn in FIG. 8, since the alloWable surge 
Withstand voltage tends to decrease With the increase of the 
battery voltage, it is necessary to increase the gate resistance 
of the gate resistor With the increase of the battery voltage 
in order to restrict the generating surge voltage to a prede 
termined voltage beloW the alloWable surge Withstand volt 
age. Here, the margin voltage is de?ned by the difference 
betWeen the above-described alloWable surge Withstand 
voltage and the above-described predetermined voltage. 

[0057] Accordingly, When the resistance of the gate resis 
tor Rg is controlled to a minimum value that satis?es all of 
the environmental conditions by the gate resistance calcu 
lation device 12, the generating surge voltage can be 
restricted to a predetermined value beloW the alloWable 
surge Withstand voltage and the sWitching loss can be 
minimiZed. 

[0058] Next, the second embodiment of the present inven 
tion is explained beloW. 

[0059] FIG. 9 is a diagram explaining the gate resistance 
control of the IGBT elements according to the second 
embodiment of the present invention. As shoWn in FIG. 9, 
the gate resistor Rg is formed by connecting in parallel a 
?xed resistor 81 and a component, formed by connecting a 
?xed resistor 82 and a thermistor S3 in series, and a control 
signal for the gate control device ECU is applied to the gate 
of the IGBT element through the gate resistor Rg. 

[0060] It is noted, hoWever, that the second embodiment 
neither includes the gate resistance calculation device nor 
the gate resistance control device, since the resistance of the 
gate resistor changes depending on the temperature of the 
IGBT element, and is not controlled by a computer in this 
embodiment. 

[0061] The resistance of the thermistor 82 has a large 
negative temperature coef?cient, so that the composite resis 
tance of the above gate resistor Rg decreases With the 
increase of the temperature of the IGBT. 

[0062] Accordingly, the sWitching loss can be reduced by 
selecting appropriate elements for constituting the gate 
resistor such that the generating surge voltage is restricted to 
a predetermined value beloW the alloWable surge Withstand 
voltage. 

[0063] The operation of the preferred embodiments of the 
present invention has been described With reference to the 
attached draWings, but the variants thereof can be envisaged 
Which do not exceed the scope of the present invention. 

[0064] For example, the IGBT element has been described 
as an example of the electric poWer element, but other 
elements such as FETs or bipolar transistors may be used for 
the electric poWer elements. 

[0065] Furthermore, in the above embodiments, although 
an example is shoWn in Which the gate resistance control is 
carried out in common for the gate resistor comprising a 
plurality of IGBT elements, it is possible to provide a gate 
resistance control device for each IGBT element. 

[0066] It is also noted that the number of the resistors 
connected in parallel for forming the gate resistor is not 
limited to the above embodiments. 
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[0067] The gate resistor can be formed by connecting 
resistors in series. 

[0068] Furthermore, the resistor having a high temperature 
coef?cient is not limited to a thermistor and other elements 
can be used for forming the gate resistor. 

[0069] As described above, the present invention has the 
effect that since the present control apparatus for electric 
vehicles controls the resistance of the input resistor to be as 
loW as possible so as to restrict the generating surge voltage 
to a predetermined value beloW the alloWable surge With 
stand voltage, the sWitching loss can be reduced to a 
minimum While the generating surge voltage is restricted to 
Within a safe region. 

What is claimed is: 
1. A control apparatus for a vehicle including an electric 

vehicle and a hybrid vehicle, provided With a motor for 
driving the vehicle, a storage device for supplying DC 
electric poWer, and an inverter composed of a plurality of 
poWer elements for converting the DC electric poWer of said 
battery into AC electric poWer to supply it to said motor 
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While driving said motor, Wherein the control apparatus of 
said electric vehicle comprises: 

an input resistance value setting device for setting resis 
tance values of input resistors to a plurality of poWer 
elements in said inverter in response to the driving state 
of the vehicle. 

2. A control apparatus for a vehicle according to claim 1, 
Wherein the input resistance value setting device sets said 
resistance values of said poWer elements in response to the 
voltage of said storing device. 

3. A control apparatus for a vehicle according to claim 1, 
Wherein the input resistance value setting device sets said 
resistance values in response to the temperature of said 
poWer elements. 

4. A control apparatus for a vehicle according to claim 1, 
Wherein the input resistance value setting device sets said 
resistance values in response to the poWer consumption of 
said poWer elements. 


