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DESCRIPTION 

Load Drive Apparatus and Motored Vehicle Having the Same Mounted Thereon 

5 Technical Field 

The present invention relates generally to load drive apparatuses and motored 

vehicles having the same mounted thereon, and particularly to load drive apparatuses 

including an upconverter upconverting a direct current voltage received from a direct 

current power supply and motored vehicles having the same mounted thereon.  

10 

Background Art 

In recent years, as environmental issues, energy issues and other similar issues 

are addressed, hybrid vehicles, electric vehicles, fuel cell vehicles and other similar 

motored vehicles are gaining attention. These motored vehicles have a direct current 

15 power supply implemented by a secondary battery or a fuel cell, an inverter and a motor 

driven by the inverter as a power source.  

Japanese Patent Laying-Open No. 2004-203218 discloses a control device that is 

provided in a motored vehicle provided with a transmission between a motor generating 

driving force and an output member and corrects a torque output of the motor when the 

20 transmission is shifting gears. When the transmission is shifting gears, the control 

device corrects the torque of the motor in a direction that suppresses variation of the 

torque of the output member to prevent the torque of an output shaft from dropping as 

the transmission shifts gears.  

Furthermore, as motors increasingly provide larger outputs, the above described 

25 motored vehicle is also known that is provided with an upconverter receiving direct 

current voltage from a direct current power supply to upconvert the received voltage to 

supply the upconverted voltage to an inverter.  

Japanese Patent Laying-Open No. 2004-208409 discloses a vehicular power 
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control device including such an upconverter. The vehicular power control device 

includes a driving, rotating electric machine, an inverter circuit driving the driving, 

rotating electric machine, and a DC-DC converter receiving voltage from a battery to 

upconvert the received voltage to supply the inverter circuit with the upconverted 

5 voltage. This vehicular power control device can reduce an up-conversion ratio of the 

DC-DC converter in accordance with the electric power consumption of the driving, 

rotating electric machine in driving the driving, rotating electric machine with small 

electric power. The vehicular power control device can thus reduce a loss in a circuit.  

If a motored vehicle provided with a transmission between a motor generating 

10 driving force and a driving wheel is provided between a direct current power supply and 

an inverter with an upconverter outputting a voltage, which corresponds to that input to 

the inverter, controlled in accordance with the output of the motor, and as the 

transmission shifts gears, the output of the motor abruptly varies and accordingly the 

voltage output from the upconverter, i.e., that input to the inverter, is modified, then, for 

15 some motor control modes, there is a possibility that the motor is unstably controlled.  

When the transmission is shifting gears, the transmission has a friction element 

re-engaged and accordingly the motor rotates at an increased rate. If this is prevented 

by exerting control to temporarily decrease a torque output of the motor when the 

transmission is shifting gears, (hereinafter also referred to as "torque reduction control"), 

20 then when the transmission is shifting gears, the motor provides an output decreasing 

and increasing.(or recovering) for the former and latter halves, respectively, of shifting 

gears, and modifying the voltage output from the upconverter, i.e., that input to the 

inverter as the output of the motor abruptly varies when the transmission is shifting 

gears, allows the inverter to receive a voltage decreasing for the former half of shifting 

25 gears as the output of the motor decreases and increasing for the latter half of shifting 

gears as the output of the motor increases. Note that if the motor is controlled in a 

rectangular-wave control mode, which has a larger interval in timing to control the 

motor than a PWM control mode and is based on that the inverter receives constant 
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voltage, the switching operation in the inverter cannot follow the abrupt variation in the 

voltage input and the motor is unstably controlled.  

Disclosure of the Invention 

5 Accordingly the present invention has been made to overcome such disadvantage 

and it contemplates a load drive apparatus that allows a motor to be stably controlled 

when a transmission is shifting gears in a motored vehicle provided with the transmission 

at an output shaft of the motor and also provided with an upconverter.  

Furthermore the present invention also contemplates a motored vehicle that is 

10 provided with a transmission at an output shaft of a motor and also provided with an 

upconverter and that has a load drive apparatus mounted thereon to allow the motor to 

be stably controlled when the transmission is shifting gears.  

In accordance with the present invention a load drive apparatus is a load drive 

apparatus of a motored vehicle having a transmission between a motor generating force 

15 driving the vehicle and a driving wheel of the vehicle, and includes: a drive device 

driving the motor; an upconverter receiving direct current voltage from a direct current 

power supply to upconvert the direct current voltage and supply the upconverted 

voltage to the drive device; and an up-conversion control portion setting the 

upconverted voltage and controlling the upconverter to generate the upconverted 

20 voltage set, wherein the up-conversion control portion sets the upconverted voltage at a 

constant value when the transmission is shifting gears.  

The present load drive apparatus sets the upconverted voltage to have a constant 

value when the transmission is shifting gears. As such, if the transmission is shifting 

gears, and the output of the motor abruptly changes, the motor will nonetheless not be 

25 controlled unstably.  

Thus the present load drive apparatus allows the motor to be stably controlled 

when the transmission is shifting gears.  

Preferably the up-conversion control portion sets the upconverted voltage when 
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the transmission is shifting gears, the unconverted voltage being an upconverted voltage 

assumed when the transmission starts to shift gears.  

Preferably the drive device has a rectangular-wave control mode as a control 

mode applied to control the motor.  

5 The present load drive apparatus can fix the upconverted voltage when the 

transmission is shifting gears. As such, if the transmission is shifting gears, and the 

output of the motor abruptly varies, and furthermore, the motor is currently controlled 

in the rectangular-wave control mode, the motor will nonetheless not be controlled 

unstably. Thus the present load drive apparatus allows the motor to be stably 

10 controlled when the transmission is shifting gears.  

Furthermore in accordance with the present invention a load drive apparatus is a 

load drive apparatus of a motored vehicle having a transmission between a motor 

generating force driving the vehicle and a driving wheel of the vehicle, and includes: a 

drive device driving the motor; an upconverter receiving direct current voltage from a 

15 direct current power supply to upconvert the direct current voltage and supply the 

upconverted voltage to the drive device; an up-conversion control portion setting the 

upconverted voltage, as based on an output of the motor, and controlling the 

upconverter to generate the upconverted voltage set; and a torque control portion 

controlling the drive device to reduce a torque output of the motor when the 

20 transmission is shifting gears, wherein the up-conversion control portion controls the 

upconverter to prevent the up-converted voltage from decreasing when the transmission 

is shifting gears as the torque control portion reduces the torque output of the motor.  

When the transmission is shifting gears, the transmission has a friction element 

re-engaged and accordingly the motor rotates at an increased rate. To prevent this, the 

25 torque output of the motor is reduced. In the present load drive apparatus, the up

conversion control portion controls the upconverter to prevent the up-converted voltage 

from decreasing when the transmission is shifting gears as the torque output of the 

motor decreases. This suppresses abrupt variation of the upconverted voltage, and the 
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motor will not be controlled unstably.  

Thus the present load drive apparatus allows the motor to be stably controlled 

when the transmission is shifting gears.  

Preferably the up-conversion control portion sets the upconverted voltage at a 

5 constant value when the transmission is shifting gears.  

Still preferably the up-conversion control portion sets the upconverted voltage 

when the transmission is shifting gears, the unconverted voltage being an upconverted 

voltage assumed when the transmission starts to shift gears.  

Still preferably the up-conversion control portion sets the upconverted voltage 

10 when the transmission is shifting gears, the unconverted voltage being a controllable, 

maximum voltage.  

Preferably drive device has a rectangular-wave control mode as a control mode 

applied to control the motor.  

The present load drive apparatus can prohibit the upconverted voltage from 

15 decreasing when the transmission is shifting gears as the torque output of the motor 

decreases. As such, if the motor is currently controlled in the rectangular-wave control 

mode, the motor will not be controlled unstably. Thus the present load drive apparatus 

allows the motor to be stably controlled when the transmission is shifting gears.  

Furthermore in accordance with the present invention a motored vehicle 

20 includes: a motor generating force driving the vehicle; a transmission provided between 

the motor and a driving wheel of the vehicle; and the load drive apparatus as described 

above.  

The present vehicle includes the load drive apparatus as described above. As 

such, when the transmission is shifting gears, and the output of the motor abruptly varies, 
25 the motor will nonetheless not be controlled unstably. Thus the present vehicle allows 

the motor to be stably controlled when the transmission is shifting gears.  

Thus in accordance with the present invention the motored vehicle that is 

provided with a transmission at an output shaft of a motor and is also provided with an 
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upconverter, and the load drive apparatus mounted in the motored vehicle, allow the 

motor to be stably controlled when the transmission is shifting gears.  

Brief Description of the Drawings 

5 Fig. I is a block diagram generally showing a motored vehicle in a first 

embodiment of the present invention.  

Fig. 2 is a functional block diagram of the ECU shown in Fig. 1.  

Fig. 3 is a functional block diagram specifically showing the converter control 

portion shown in Fig. 2.  

10 Fig. 4 is a functional block diagram specifically showing the inverter control 

portion shown in Fig. 2.  

Fig. 5 is a flow chart for illustrating an operation of the converter control portion 

shown in Fig. 2.  

Fig. 6 is timing plots for illustrating an operation of a motored vehicle in the first 

15 embodiment.  

Fig. 7 is a flow chart for illustrating an operation of a converter control portion 

in a motored vehicle in a second embodiment.  

Fig. 8 is timing plots for illustrating an operation of the motored vehicle in the 

second embodiment.  

20 Fig. 9 is a flow chart for illustrating an operation of a converter control portion 

in a motored vehicle in a third embodiment.  

Fig. 10 is timing plots for illustrating an operation of the motored vehicle in the 

third embodiment.  

25 Best Modes for Carrying Out the Invention 

Hereinafter the present invention in embodiments will be described more 

specifically with reference to the drawings. In the figures, identical or corresponding 

portions are identically denoted and will not be described repeatedly.  
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First Embodiment 

Fig. 1 is a block diagram generally showing a motored vehicle in a first 

embodiment of the present invention. With reference to Fig. 1, a motored vehicle 100 

includes a battery B, an upconverter 10, an inverter 20, an electronic control unit (ECU) 

5 30, a motor generator MG, a transmission TM, a driving wheel DW, capacitors C 1 and 

C2, voltage sensors 42 and 44, a position sensor 46, power supply lines PL1 and PL2, 

and a ground line SL.  

Battery B has a positive electrode connected to power supply line PL1 and a 

negative electrode connected to ground line SL. Capacitor Cl is connected between 

10 power supply line PL1 and ground line SL.  

Upconverter 10 includes a reactor L, power transistors Q1 and Q2, and diodes 

D 1 and D2. Reactor L has one end connected to power supply line PL1 and the other 

end connected to a point connecting power transistors Q1 and Q2. Power transistors 

Q1 and Q2 are connected in series between power supply line PL2 and ground line SL.  

15 Between the collector and emitter of power transistor Q1, diode D1 is connected to pass 

a current from the emitter to the collector, and between the collector and emitter of 

power transistor Q2, diode D2 is connected to pass a current from the emitter to the 

collector.  

Capacitor C2 is connected between power supply line PL2 and ground line SL.  

20 Inverter 20 includes a U-phase arm 21, a V-phase arm 22 and a W-phase arm 23 

connected in parallel between power supply line PL2 and ground line SL. U-phase arm 

21 is formed of series-connected power transistors Q 11 and Q12. V-phase arm 22 is 

formed of series-connected power transistors Q13 and Q14. W-phase arm 23 is 

formed of series-connected power transistors Q15 and Q16. Between the collector and 

25 emitter of power transistor Q 11 a diode D 11 is connected to pass a current from the 

emitter to the collector. Between the collector and emitter of power transistor Q12 a 

diode D12 is connected to pass a current from the emitter to the collector. Between 

the collector and emitter of power transistor Q13 a diode D13 is connected to pass a 
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current from the emitter to the collector. Between the collector and emitter of power 

transistor Q14 a diode D14 is connected to pass a current from the emitter to the 
collector. Between the collector and emitter of power transistor Q15 a diode D15 is 

connected to pass a current from the emitter to the collector. Between the collector 
5 and emitter of power transistor Q16 a diode D16 is connected to pass a current from the 

emitter to the collector. The points connecting the power transistors in the U-, V-, and 

W-phase arms are connected to the ends of U-, V- and W-phase coils, respectively, of 
motor generator MG that are farther from the neutral point of the U-, V- and W-phase 

coils.  

10 Motor generator MG has an output shaft with transmission TM connected 

thereto, and transmission TM has an output shaft with driving wheel DW linked thereto.  

Battery B is a direct current power supply. For example, it is implemented by a 
nickel metal hydride, lithium ion or similar secondary battery, a fuel cell or the like.  
Battery B generates and outputs direct current voltage to upconverter 10.  

15 Capacitor C1 smoothes variation in voltage between power supply line PL1 and 
ground line SL. Voltage sensor 42 detects a voltage VB output from battery B and 
outputs the detected voltage VB to ECU 30. Voltage sensor 44 detects a voltage 

between terminals of capacitor C2, i.e., a voltage VM output from upconverter 10, 
which corresponds to a voltage input to inverter 20, which will also be applied 

20 hereinafter, and voltage sensor 44 outputs the detected voltage VM to ECU 30.  

Upconverter 10 operates in response to a signal PWC received from ECU 30 to 
upconvert, using reactor L, the direct current voltage received from battery B and 

supplies the upconverted voltage to power supply line PL2. More specifically, 
upconverter 10 operates in response to signal PWC received from ECU 30 to upconvert 

25 the direct current voltage received from battery B by storing to reactor L as magnetic

field energy the current flowing as power transistor Q2 operates to switch, and 

upconverter. 10 outputs the upconverted voltage through diode DI to power supply line 

PL2 in synchronization with a time at which power supply transistor Q2 is turned off.  
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Capacitor C2 smoothes variation in voltage between power supply line PL2 and 

ground line SL. Inverter 20 operates in response to a signal PWM received from ECU 

30 to convert direct current voltage received on power supply line PL2 to 3-phase 

alternate current voltage and output the 3-phase alternate current voltage to motor 

5 generator MG. Motor generator MG is thus driven to generate a torque designated by 

a torque control value.  

Motor generator MG generates a torque driving the vehicle on the 3-phase 

alternate current voltage received from inverter 20 and outputs the generated driving 

torque to transmission TM. Position sensor 46 detects a position 0 of a rotor of motor 

10 generator MG assumed as it rotates, and outputs to ECU 30 a value representing the 

detected position.  

Transmission TM shifts an output received from motor generator MG and 

outputs the shifted output to driving wheel DW. Furthermore, when transmission TM 

is shifting gears, transmission TM generates a transmission signal TS having a high level 

15 indicating that transmission TM is shifting gears, and transmission TM outputs the 

generated transmission signal TS to ECU 30.  

ECU 30 calculates a torque control value TR for motor generator MG in 

accordance with the power required for the vehicle. Herein, when ECU 30 receives 

transmission signal TS having the high level from transmission TM, ECU 30 decreases 

20 torque control value TR for motor generator MG, i.e., exerts the torque reduction 

control.  

Furthermore, ECU 30 generates signal PWC, as based on torque control value 

TR, voltages VB and VM received from voltage sensors 42 and 44 and a motor rotation 

speed calculated from position 0 received from position sensor 46, for driving 

25 upconverter 10 and outputs the generated signal PWC to upconverter 10. Herein, 

while ECU 30 receives transmission signal TS having the high level from transmission 

TM as transmission TM is shifting gears, whether or not the torque reduction control 

may be exerted to reduce torque control value TR, ECU 30 generates signal PWC to 
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allow upconverter 10 to output voltage (VM) that is constant, and outputs the 

generated signal PWC to upconverter 10.  

Furthermore, ECU 30 generates signal PWM, as based on torque control value 

TR, voltage VM and a motor current MCRT of motor generator MG, for driving motor 
5 generator MG, and outputs the generated signal PWM to inverter 20. Note that motor 

current MCRT is detected by a current sensor (not shown).  

Fig. 2 is a functional block diagram of ECU 30 shown in Fig. 1. With reference 

to Fig. 2, ECU 30 includes a torque control value generation portion 102, a converter 

control portion 104, and an inverter control portion 106. Torque control value 

10 generation portion 102 calculates, as based for example on a position of an accelerator 

pedal, a torque control value TR for motor generator MG that is required to attain 

power required.  

Herein, when torque control value generation portion 102 is receiving 

transmission signal TS having the high level from transmission TM, i.e., transmission 
15 TM is shifting gears, torque control value generation portion 102 reduces torque control 

value TR for motor generator MG. This is done in order to prevent motor generator 

MG from having a rate of ration increasing as transmission TM shifting gears has a 

friction element re-engaged.  

Converter control portion 104 generates signal PWC, as based on torque control 
20 value TR received from torque control value generation portion 102, a motor rotation 

speed calculated from position 0 received from position sensor 46 and voltages VB and 

VM received from voltage sensors 42 and 44, in a method as described later, for turning 

on and off power transistors QI and Q2 of upconverter 10, and outputs the generated 

signal PWC to upconverter 10.  

25 Herein, when converter control portion 104 is receiving transmission signal TS 

having the high level from transmission TM, i.e., transmission TM is shifting gears, 
whether or not torque control value generation portion 102 may output a reduced 

torque control value TR, converter control portion 104 generates signal PWC to allow 
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upconverter 10 to output an upconverted voltage (i.e., voltage VM) that is constant.  

Inverter control portion 106 generates signal PWM, as based on torque control 

value TR received from torque control value generation portion 102, motor current 

MCRT and voltage VM, for turning on and off power transistors Q1 1-Q16 of inverter 

5 20, and outputs the generated signal PWM to inverter 20.  

Fig. 3 is a functional block diagram specifically showing converter control 

portion 104 shown in Fig. 2. With reference to Fig. 3, converter control portion 104 

includes an inverter input voltage control calculation portion 112, a duty ratio 

calculation portion 114, and a PWM signal conversion portion 116.  

10 Inverter input voltage control calculation portion 112 calculates, as based on an 

output of motor generator MG, i.e., torque control value TR received from torque 

control value generation portion 102 (not shown) and a motor rotation speed calculated 

from position 0 received from position sensor 46, an optimum (or target) value of the 

voltage input to the inverter, i.e., an inverter input voltage control value Vcom, and 

15 outputs the calculated inverter input voltage control value Vcom to duty ratio 

calculation portion 114.  

Herein when inverter input voltage control calculation portion 112 is receiving 

transmission signal TS having the high level from transmission TM (not shown), inverter 

input voltage control calculation portion 112 sets inverter input voltage control value 

20 Vcom at the immediately previously calculated value. More specifically, when 

transmission TM is shifting gears, inverter input voltage control calculation portion 112 

fixes inverter input voltage control value Vcom at a value assumed when the 

transmission starts to shift gears.  

Duty ratio calculation portion 114 calculates a duty ratio as based on inverter 

25 input voltage control value Vcom received from inverter input voltage control 

calculation portion 112 and voltages VB and VM received from voltage sensors 42 and 

44 for controlling a voltage input to inverter 20 to be inverter input voltage control 

value Vcom and outputs the calculated duty ratio to PWM signal conversion portion 
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116.  

PWM signal conversion portion 116 generates signal PWC as based on the duty 

ratio received from duty ratio calculation portion 114 for turning on and off power 

transistors Q1 and Q2 of upconverterlO0 and outputs the generated signal PWC to 

5 power transistors Q1 and Q2 of upconverterl0.  

Fig. 4 is a functional block diagram specifically showing inverter control portion 

106 shown in Fig. 2. With reference to Fig. 4, inverter control portion 106 includes a 

motor controlling phase voltage calculation portion 122, a control mode setting portion 

124, and a PWM signal conversion portion 126.  

10 Motor controlling phase voltage calculation portion 122 calculates, as based on 

torque control value TR received from torque control value generation portion 102 (not 

shown), motor current MCRT, voltage VM received from voltage sensor 44 and 

position 0 received from position sensor 46, voltages applied to the U-, V-, and W

phase coils, respectively, of motor generator MG and outputs the voltages calculated for 

15 the U-, V-, and W-phase coils to control mode setting portion 124 and PWM signal 

conversion portion 126.  

Control mode setting portion 124 calculates, as based on the voltages applied to 

the phase coils as received from motor controlling phase voltage calculation portion 122 

and voltage VM, a modulation ratio of the voltage applied to each phase coil relative to 

20 voltage VM (i.e., a ratio of the voltage applied to each coil to voltage VM). Then, 

control mode setting portion 124 sets, as based on the calculated modulation ratio, a 

control mode for motor generator MG and outputs a signal MD indicative of the set 

control mode to PWM signal conversion portion 126.  

More specifically, inverter 20 controls motor generator MG in one of a PWM 

25 control mode and a rectangular-wave control mode. The rectangular-wave control 

mode is a control mode controlling an output waveform to be a rectangular wave in 

order to increase voltage utilization to be higher than the PWM control mode, which 

controls an output waveform to be a sine wave. For a modulation ratio equal to or 
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smaller than a predetermined constant, control mode setting portion 124 sets the current 

mode to be the PWM control mode, and when the modulation ratio exceeds the 

constant, control mode setting portion 124 sets the current control mode to be the 

rectangular-wave control mode.  

5 Note that the rectangular-wave control mode is switched in a period longer than 

the PWM control mode and is predicated on that the inverter receives constant voltage.  

As such, if voltage VM (i.e., the voltage input to the inverter) abruptly varies, the 

switching operation in inverter 20 cannot follow the abrupt variation in voltage VM, and 

motor generator MG is thus unstably controlled. Note that an over-modulation control 

10 mode may be provided as a control mode intermediate between the PWM control mode 

and the rectangular-wave control mode.  

PWM signal conversion portion 126 in a control mode indicated by signal MD 

received from control mode setting portion 124 operates in accordance with a voltage 

control value for each phase coil as received from motor controlling phase voltage 

15 calculation portion 122 to generate signal PWM turning on and off power transistors 

Q1 1-Q16 of inverter 20 and output the generated signal PWM to power transistors 

Q1 1-Q16 of inverter 20.  

Fig. 5 is a flow chart for illustrating an operation of converter control portion 

104 shown in Fig. 2. Note that the series of process steps flowing as shown in Fig. 5 is 

20 performed repeatedly in a predetermined controlling period. With reference to Fig. 5, 

converter control portion 104 calculates inverter input voltage control value Vcom as 

based on torque control value TR and a motor rotation speed calculated from position 0 

received from position sensor 46 (step S10). Then converter control portion 104 

determines, as based on transmission signal TS received from transmission TM, whether 

25 transmission TM is currently shifting gears (step S20). If not (NO at step S20), 

converter control portion 104 proceeds to step S40.  

If converter control portion 104 determines that transmission TM is currently 

shifting gears (YES at step S20), converter control portion 104 does not update inverter 
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input voltage control value Vcom with the value calculated at step S 10 and instead 

holds it at the immediately previously calculated value (step S30). In other words, 

when transmission TM is shifting gears, inverter input voltage control value Vcom is 

fixed at a value assumed when transmission TM starts to shift gears.  

5 Then, converter control portion 104 calculates a duty ratio, as based on inverter 

input voltage control value Vcom and voltages VB and VM received from voltage 

sensors 42 and 44, for controlling a voltage input to inverter 20 to be inverter input 

voltage control value Vcom, and as based on the calculated duty ratio, converter control 

portion 104 generates signal PWC (step S40). Converter control portion 104 then 

10 outputs the generated signal PWC to power transistors Q1 and Q2 of upconverter 10 

(step S50).  

Fig. -6 is timing plots for illustrating an operation of motored vehicle 100 in the 

first embodiment. With reference to Fig. 6, at time tl transmission TM starts to shift 

gears. In response, torque control value TR for motor generator MG starts to 

15 decrease and accordingly the output PWR and rotation speed MRN of motor generator 

MG also decrease. As torque control value TR decreases, motor generator MG 

decreases in phase voltage and accordingly the current modulation ratio decreases.  

Thus at time t2 the current control mode is switched from the rectangular-wave control 

mode to the PWM mode control mode.  

20 Then, in the later half of shifting gears when time t3 is reached, torque control 

value TR for motor generator MG starts to increase (or recover), and at time t4, 

transmission TM completes shifting gears.  

Herein if the variation in voltage VM is not limited when transmission TM is 

shifting gears, as is done conventionally, voltage VM varies as torque control value TR 

25 varies, since converter control portion 104 generates inverter input voltage control value 

Vcom based on torque control value TR for motor generator MG. As such, inverter 

20 is controlled unstably from time tl to time t2, for which period motor generator MG 

is controlled in the rectangular-wave control mode predicated on that the inverter 
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receives constant voltage.  

In the first embodiment, however, for time tl to time t4, i.e., when transmission 

TM is shifting gears, converter control portion 104 fixes inverter input voltage control 

value Vcom at a value assumed when transmission TM starts to shift gears.  

5 Accordingly, voltage VM, i.e., the voltage input to the inverter is controlled to have a 

constant value. Thus motor generator MG can also be stably controlled from time tI 

to time t2 for which period the rectangular-wave control mode is set.  

Thus in accordance with the first embodiment when transmission TM is shifting 

gears voltage VM can be controlled to have a constant value. As such, if motor 

10 generator MG is controlled in the rectangular-wave control mode, motor generator MG 

will not be controlled unstably. Motor generator MG can thus be controlled stably.  

Second Embodiment 

In the first embodiment when transmission TM is shifting gears the voltage 

output from upconverter 10 is fixed. In the second embodiment the voltage output 

15 from upconverter 10 is allowed to increase. In other words, in the second embodiment, 

when transmission TM is shifting gears, the voltage output from upconverter 10 is 

controlled to be prevented from decreasing. This, as well as the first embodiment, can 

prevent motor generator MG from being unstably controlled in the former half of 

shifting gears as motor generator MG decreases in torque and voltage VM accordingly 

20 varies (or decreases), and furthermore prevent motor generator MG from being unstably 

controlled when transmission TM completes shifting gears and the current control mode 

is the rectangular-wave control mode, and voltage VM fixed is liberated and thus 

increases.  

The second embodiment provides a motored vehicle 100A, which is different 

25 from motored vehicle 100 of the first embodiment in the function of the converter 

control portion. Motored vehicle 100A of the second embodiment has the remainder 

identical in configuration to motored vehicle 100 of the first embodiment.  

Fig. 7 is a flow chart for illustrating an operation of a converter control portion 

-15 -



WO 2006/123843 PCT/JP2006/310515 

104A in motored vehicle 100A of the second embodiment. Note that the series of 

process steps flowing as shown in Fig. 7 is performed repeatedly in a predetermined 

controlling period. With reference to Fig. 7, this flow of the process corresponds to 

that for converter control portion 104 described in the first embodiment with reference 

5 to Fig. 5 plus step S25.  

More specifically, if in step S20 a determination is made that transmission TM is 

shifting gears (YES at step S20), converter control portion 104A determines whether 

inverter input voltage control value Vcom calculated at step S 10 is smaller than the 

immediately previously calculated value (step S25). If so (YES at step S25), converter 

10 control portion 104A proceeds to step S30, otherwise (NO at step S25) proceeds to 

step S40. More specifically, when transmission TM is shifting gears, converter control 

portion 104A controls inverter input voltage control value Vcom to prevent inverter 

input voltage control value Vcom from decreasing and allows inverter input voltage 

control value Vcom to increase.  

15 Fig. 8 is timing plots for illustrating an operation of motored vehicle 100A of the 

second embodiment. With reference to Fig. 8, at time tl transmission TM starts to 

shift gears. In response, torque control value TR for motor generator MG starts to 

decrease and accordingly the output PWR and rotation speed MRN of motor generator 

MG also decrease.  

20 Then, in the later half of shifting gears when time t2 is reached, torque control 

value TR for motor generator MG starts to increase (or recover), and as torque control 

value TR increases, at time t3 the voltage output from upconverter 10, i.e., voltage VM 

increases. It should be noted, however, that at this temporal point, the current control 

mode is the PWM control mode. As such, if voltage VM varies, motor generator MG 

25 will not be controlled unstably.  

When torque control value TR for motor generator MG further increases, motor 

generator MG increases in phase voltage and accordingly the current modulation ratio 

increases. As such, when time t4 is reached, the current control mode is switched from 
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the PWM control mode to the rectangular-wave control mode. At time t4, however, 

the increase of voltage VM has completed. As such, if the current control mode is 

switched to the rectangular-wave control mode, motor generator MG will not be 

controlled unstably, and at time t5, transmission TM completes shifting gears.  

5 Herein if the variation in voltage VM is not limited when transmission TM is 

shifting gears, as is done conventionally, voltage VM also increases after the current 

control mode is switched from the PWM control mode to the rectangular-wave control 

mode, i.e., after time t4, as torque control value TR for motor generator MG increases 

(or recovers), since converter control portion 104A calculates inverter input voltage 

10 control value Vcom based on torque control value TR for motor generator MG. Thus 

from time t4 to time t5 the control by inverter 20 is unstable. The second embodiment 

can avoid such situation, as has been described above.  

Furthermore, if voltage VM is fixed when transmission TM is shifting gears, then 

when transmission TM completes shifting gears, i.e., at time t5, the voltage VM fixed is 

15 liberated and thus increases, while the current control mode is the rectangular-wave 

control mode and accordingly, motor generator MG is controlled unstably. The 

second embodiment can avoid such situation as voltage VM is allowed to increase when 

the current control mode is switched from the PWM control mode to the rectangular

wave control mode as transmission TM shifts gears.  

20 Note that in the above description the voltage output from upconverter 10 is 

controlled to be prevented from decreasing when transmission TM is shifting gears.  

Alternatively, the voltage output from upconverter 10 may be prohibited from 

decreasing when transmission TM is shifting gears.  

Thus in accordance with the second embodiment voltage VM is allowed to 

25 increase even when the transmission is shifting gears. As such, motor generator MG 

will not be controlled unstably in the latter half of shifting gears when a torque recovers 

and the current control mode is switched from the PWM control mode to the 

rectangular-wave control mode. Motor generator MG can thus be controlled stably.  
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Third Embodiment 

In the third embodiment when transmission TM starts to shift gears the voltage 

output from upconverter 10 is increased to a controllable, maximum voltage, and when 

transmission TM is shifting gears, the voltage output from upconverter 10 is fixed at 

5 that maximum voltage. More specifically, while in the second embodiment voltage VM 

is increased in the latter half of shifting gears as torque control value TR for motor 

generator MG increases (or recovers), in the third embodiment voltage VM is increased 

previously when transmission TM starts to shift gears.  

The third embodiment provides a motored vehicle 100B different from motored 

10 vehicle 100 of the first embodiment in the function of the converter control portion.  

Motored vehicle 100B of the third embodiment has the remainder identical in 

configuration to that of motored vehicle 100 of the first embodiment.  

Fig. 9 is a flow chart for illustrating an operation of a converter control portion 

104B in motored vehicle 100 B of the third embodiment. Note that the series of 

15 process steps flowing as shown in Fig. 9 is performed repeatedly in a predetermined 

controlling period. With reference to Fig. 9, this flow of the process corresponds to 

that for converter control portion 104 described in the first embodiment with reference 

to Fig. 5 having step S30 replaced with step S35.  

More specifically, if in step S20 a determination is made that transmission TM is 

20 shifting gears (YES at step S20), then, regardless of the value of inverter input voltage 

control value Vcom calculated at step S 10, converter control portion 104B sets inverter 

input voltage control value Vcom at a maximum voltage controllable by upconverter 10 

(step S35). More specifically, when transmission TM is shifting gears, converter 

control portion 104B fixes inverter input voltage control value Vcom at the maximum 

25 voltage controllable by upconverter 10.  

Fig. 10 is timing plots for illustrating an operation of motored vehicle 100B of 

the third embodiment. With reference to Fig. 10, at time t1 transmission TM starts to 

shift gears. In response, torque control value TR for motor generator MG starts to 
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decrease and accordingly the output PWR and rotation speed MRN of motor generator 

MG also decrease. Furthermore, the voltage output from upconverter 10, i.e., voltage 

VM, increases to the controllable, maximum voltage.  

In the latter half of shifting gears when time t2 is reached, torque control value 

5 TR for motor generator MG starts to increase (or recover), and as torque control value 

TR increases, at time t3 the current control mode is switched from the PWM control 

mode to the rectangular-wave control mode. However, when transmission TM is 

shifting gears, voltage VM is controlled to be the controllable, maximum voltage. As 

such, if at time t3 the current control mode is switched to the rectangular-wave control 

10 mode, motor generator MG will not be controlled unstably, and at time t4 transmission 

TM completes shifting gears.  

In contrast, if the variation in voltage VM is not limited when transmission TM is 

shifting gears, as is done conventionally, then the control by inverter 20 can be unstable, 

as has been described in the first and second embodiments.  

15 Thus in the third embodiment when transmission TM is shifting gears voltage 

VM can be fixed at a controllable, maximum voltage. As such, if the current mode is 

the rectangular-wave control mode, motor generator MG will not be controlled unstably.  

Motor generator MG can thus be controlled stably.  

Note that while in the above first to third embodiments motored vehicles 100, 

20 100A and 100B have been described as having a single motor generator MG mounted 

thereon, the present invention is not limited thereto and a plurality of motor generators 

may be mounted. More specifically, the present invention is also applicable to a hybrid 

vehicle including another motor generator linked to an engine via a power split device, 

and another inverter connected to power supply line PL2 and ground line SL and driving 

25 the other motor generator.  

Furthermore, while in the above description transmission TM has been described 

as a transmission having a friction element re-engaged in accordance with the gear of 

interest, the present invention is also applicable to a transmission formed of a clutch and 
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a constantly meshed gear.  

Note that in the above description, upconverter 10 corresponds in the present 

invention to an "upconverter" and inverter 20 corresponds in the present invention to a 

"drive device." Furthermore, converter control portions 104, 104A and 104B 

5 correspond in the present invention to an "up-conversion control portion" and torque 

control value generation portion 102 and inverter control portion 106 correspond in the 

present invention to a "torque control portion." Furthermore, upconverter 10, inverter 

20 and ECU 30 configure a "load drive apparatus" in the present invention.  

It should be understood that the embodiments disclosed herein are illustrative 

10 and non-restrictive in every respect. The scope of the present invention is defined by 

the terms of the claims, rather than the description above, and is intended to include any 

modifications within the scope and meaning equivalent to the terms of the claims.  
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CLAIMS 

1. A load drive apparatus of a motored vehicle having a transmission between 

a motor generating force driving said vehicle and a driving wheel of said vehicle, 

5 comprising: 

a drive device driving said motor; 

an upconverter receiving direct current voltage from a direct current power 

supply to upconvert the direct current voltage and supply the upconverted voltage to 

said drive device; and 

10 an up-conversion control portion setting said upconverted voltage and 

controlling said upconverter to generate said upconverted voltage set, wherein 

said up-conversion control portion sets said upconverted voltage at a constant 

value when said transmission is shifting gears.  

15 2. The load drive apparatus according to claim 1, wherein said up-conversion 

control portion sets said upconverted voltage when said transmission is shifting gears, 

said unconverted voltage being an upconverted voltage assumed when said transmission 

starts to shift gears.  

20 3. The load drive apparatus according to claim 1, wherein said drive device has 

a rectangular-wave control mode as a control mode applied to control said motor.  

4. A load drive apparatus of a motored vehicle having a transmission between 

a motor generating force driving said vehicle and a driving wheel of said vehicle, 

25 comprising: 

a drive device driving said motor; 

an upconverter receiving direct current voltage from a direct current power 

supply to upconvert the direct current voltage and supply the upconverted voltage to 
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said drive device; 

an up-conversion control portion setting said upconverted voltage, as based on 

an output of said motor, and controlling said upconverter to generate said upconverted 

voltage set; and 

5 a torque control portion controlling said drive device to reduce a torque output 

of said motor when said transmission is shifting gears, wherein 

said up-conversion control portion controls said upconverter to prevent said up

converted voltage from decreasing when said transmission is shifting gears as said 

torque control portion reduces the torque output of said motor.  

10 

5. The load drive apparatus according to claim 4, wherein said up-conversion 

control portion sets said upconverted voltage at a constant value when said transmission 

is shifting gears.  

15 6. The load drive apparatus according to claim 5, wherein said up-conversion 

control portion sets said upconverted voltage when said transmission is shifting gears, 

said unconverted voltage being an upconverted voltage assumed when said transmission 

starts to shift gears.  

20 7. The load drive apparatus according to claim 4, wherein said up-conversion 

control portion sets said upconverted voltage when said transmission is shifting gears, 

said unconverted voltage being a controllable, maximum voltage.  

8. The load drive apparatus according to claim 4, wherein said drive device has 

25 a rectangular-wave control mode as a control mode applied to control said motor.  

9. .A load drive apparatus of a motored vehicle having a transmission between 

a motor generating force driving said vehicle and a driving wheel of said vehicle, 
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comprising: 

a drive device driving said motor; 

an upconverter receiving direct current voltage from a direct current power 

supply to upconvert the direct current voltage and supply the upconverted voltage to 

5 said drive device; and 

up-conversion control means for setting said upconverted voltage and 

controlling said upconverter to generate said upconverted voltage set, wherein 

said up-conversion control means sets said upconverted voltage at a constant 

value when said transmission is shifting gears.  

10 

10. The load drive apparatus according to claim 9, wherein said up-conversion 

control means sets said upconverted voltage when said transmission is shifting gears, 

said unconverted voltage being an upconverted voltage assumed when said transmission 

starts to shift gears.  

15 

11. The load drive apparatus according to claim 9, wherein said drive device 

has a rectangular-wave control mode as a control mode applied to control said motor.  

12. A load drive apparatus of a motored vehicle having a transmission between 

20 a motor generating force driving said vehicle and a driving wheel of said vehicle, 

comprising: 

a drive device driving said motor; 

an upconverter receiving direct current voltage from a direct current power 

supply to upconvert the direct current voltage and supply the upconverted voltage to 

25 said drive device; 

up-conversion control means for setting said upconverted voltage, as based on 

an output of said motor, and controlling said upconverter to generate said upconverted 

voltage set; and 
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torque control means for controlling said drive device to reduce a torque output 

of said motor when said transmission is shifting gears, wherein 

said up-conversion control means controls said upconverter to prevent said up

converted voltage from decreasing when said transmission is shifting gears as said 

5 torque control means reduces the torque output of said motor.  

13. The load drive apparatus according to claim 12, wherein said up

conversion control means sets said upconverted voltage at a constant value when said 

transmission is shifting gears.  

10 

14. The load drive apparatus according to claim 13, wherein said up

conversion control means sets said upconverted voltage when said transmission is 

shifting gears, said unconverted voltage being an upconverted voltage assumed when 

said transmission starts to shift gears.  

15 

15. The load drive apparatus according to claim 12, wherein said up

conversion control means sets said upconverted voltage when said transmission is 

shifting gears, said unconverted voltage being a controllable, maximum voltage.  

20 16. The load drive apparatus according to claim 12, wherein said drive device 

has a rectangular-wave control mode as a control mode applied to control said motor.  

17. A motored vehicle comprising: 

a motor generating force driving the vehicle; 

25 a transmission provided between said motor and a driving wheel of the vehicle; 

and 

the load drive apparatus according any of claims 1-16.  
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