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(57) ABSTRACT 
A Switching control device is applied to a motor generator 
drive system equipped with a boost converter and an 
inverter. In order to avoid generation of a Superimposed 
Surge Voltage, the Switching control device corrects a 
Switching timing tSW of the booster converter so that a 
Switching timing of the booster converter is not overlapped 
with a switching timing of the inverter. A booster converter 
Switching correction means corrects the Switching timing 
tsw of the correction target to bring forward and before a 
start timing tpa of the switching inhibition period Pp. This 
makes it possible to Suppress fluctuation in output of a load 
due to deterioration in controllability of the electric power 
converter, for example, Suppress fluctuation in output torque 
of a motor generator. 
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SWITCHING CONTROL DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to and claims priority from 
Japanese Patent Application No. 2014-89351 filed on Apr. 
23, 2014, the contents of which are hereby incorporated by 
reference. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to Switching control devices 

capable of controlling operation of Switching elements in an 15 
electric power converter having a direct current Voltage 
converter and an electric power converter which converts a 
direct current power output from the direct current voltage 
converter. 

2. Description of the Related Art 2O 
Conventionally, there has been known a Switching control 

device capable of controlling operation of Switching ele 
ments in an electric power converter having a direct current 
Voltage converter and a power converter. The power con 
verter is capable of converting a direct current power output 25 
from the direct current voltage converter. The switching 
control device is capable of avoiding generation of a Super 
imposed Surge Voltage caused when Switching timings of the 
Switching elements are overlapped with each other. 

For example, a patent document 1 (Japanese patent laid 30 
open publication No. 2011-160570) discloses a switching 
control device capable of delaying a Switching timing of 
Switching elements in an inverter to a completion timing of 
a predetermined inverter shutdown period (Switching inhi 
bition period) when a Switching timing of Switching ele- 35 
ments in a boost converter as the direct current Voltage 
converter and a Switching timing of Switching elements in an 
inverter as the power converter are overlapped with each 
other. 

However, the switching control device disclosed by the 40 
patent document 1 has possible deterioration of controlla 
bility of the inverter due to a large delay of the switching 
timing in the inverter and possible fluctuation of an output 
torque of the motor generator, i.e. a possible increasing of 
fluctuation of the motor generator when successive switch- 45 
ing operations occur in the boost converter. 

It is therefore desired to provide a switching control 
device capable of avoiding generation of a Superimposed 
Surge Voltage in a direct current Voltage converter and a 
power converter, and Suppressing fluctuation in output of a 50 
load. 

SUMMARY 

The Switching control device according to the present 55 
invention is applied to a load drive system equipped with a 
direct current Voltage converter and a power converter, and 
capable of controlling a Switching timing of Switching 
element pairs in the direct current Voltage converter and the 
power converter. 60 
The direct current Voltage converter has a reactor and at 

least a Switching element connected to the reactor. The 
reactor is capable of charging and discharging electric 
energy. In the direct current Voltage converter, an input 
voltage Vi, to be supplied to the reactor from a direct current 65 
power source, is converted to an output voltage VH by 
turning on and off the Switching element. 

2 
The electric power converter has a plurality of switching 

element pairs, each Switching element pair consists of a 
Switching element at a high Voltage side and a Switching 
element at a low voltage side. The Switching elements pairs 
are alternately turned on and off to convert the direct current 
power output from the direct current Voltage converter to an 
alternating current power. The alternating current power is 
Supplied to a load. 
The Switching control device according to the present 

invention has a direct current Voltage converter control 
circuit, a direct current Voltage converter drive circuit, an 
electric power converter control circuit, an electric power 
converter drive circuit, a direct current Voltage converter 
Switching inhibition period calculation means, and a direct 
current Voltage converter Switching correction means. 
The direct current voltage converter control circuit cal 

culates a control value of the direct current voltage converter 
on the basis of an instruction voltage for the output voltage 
of the direct current voltage converter. 
The direct current voltage converter drive circuit drives 

the Switching elements of the direct current Voltage con 
verter on the basis of the control value of the direct current 
Voltage converter calculated by the direct current Voltage 
converter control circuit. 
The electric power converter control circuit calculates a 

control value of the electric power converter on the basis of 
a requested output of the load. 
The electric power converter drive circuit drives the 

Switching element pairs of the electric power converter on 
the basis of the control value of the electric power converter 
calculated by the electric power converter control circuit. 
The direct current voltage converter switching inhibition 

period calculation means performs a direct current Voltage 
converter Switching inhibition period calculation process of 
calculating a direct current converter Switching inhibition 
period Pp. This direct current converter switching inhibition 
period Pp indicates a period of inhibiting the switching of 
the Switching elements of the direct current Voltage con 
verter during a predetermined period which is in synchro 
nization with an electric power converter Switching timing, 
prior to this electric power converter Switching timing as a 
Switching timing of at least a pair of the Switching elements 
forming the electric power converter. 
The electric power converter Switching timing indicates a 

Switching timing on a time axis, and further indicates a 
Switching electrical angle on an electrical angle axis when 
an electric rotary machine is a load, for example. 
The direct current Voltage converter Switching correction 

means performs a Switching timing correction process of 
correcting the Switching timing of a correction target to a 
timing which is prior to a start timing of the direct current 
voltage converter switching inhibition period, where the 
direct current Voltage converter Switching timing (tSw) is the 
Switching timing of the correction target when it is predicted 
for the direct current Voltage converter Switching timing as 
the Switching timing of at least the Switching element in the 
direct current voltage converter to be within the direct 
current Voltage converter Switching inhibition period. 
A width of the switching inhibition period is determined 

to adequately keep a time length in which a Surge Voltage is 
attenuated without affecting each Switching element on the 
basis of considering an estimated magnitude of a Surge 
Voltage and fluctuation in characteristics of each Switching 
element. 
The Switching control device according to an exemplary 

embodiment of the present invention can avoid generation of 
a Superimposed Surge because of correcting the Switching 
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timing of the Switching element as a correction target to a 
time which is out of the direct current voltage converter 
switching inhibition period when it is expected that the 
Switching timing of the direct current Voltage converter and 
the Switching timing of the electric power converter are 
overlapped. 

In addition, the present invention does not correct the 
Switching timing of the electric power converter performed 
by the conventional technique of the patent document 1, but 
rather correct the Switching timing of the direct current 
Voltage converter. Further, the present invention does not 
delay the Switching timing, but rather advances the Switch 
ing timing. 

This makes it possible to suppress fluctuation of the 
output of the load due to deterioration in controllability of 
the electric power converter. For example, the present inven 
tion Suppresses fluctuation of an output torque of a motor 
generator. 

For example, there are the following methods for the 
direct current Voltage converter Switching correction means 
in the Switching control device according to the exemplary 
embodiment of the present invention to bring forward the 
Switching timing of the correction target in the direct current 
Voltage converter. 
(a1) The direct current Voltage converter Switching correc 
tion means corrects a duty calculated by the direct current 
voltage converter control circuit when the direct current 
Voltage converter drive circuit controls the output Voltage of 
the direct current voltage converter on the basis of a time 
ratio (duty) which is a ratio of a turned on time and a turned 
off time regarding a switching period; 
(a2) A carrier period is changed when the direct current 
voltage converter drive circuit further compares the time 
ratio and a carrier wave (carrier) and generates a drive 
signal. 

In addition, the Switching control device according to the 
exemplary embodiment of the present invention provides an 
optimal Switching timing of the correction target which is a 
time before the start timing of the direct current voltage 
converter switching inhibition period. For example, the 
Switching timing of the correction target is brought forward 
by considering the output Voltage of the direct current 
Voltage converter or a reactor current. This makes it possible 
to decrease an output voltage and the reactor current. 
Because the deterioration of controllability of the electric 
power converter needs to have a minimum correction time 
period, it is preferable to correct the switching timing of the 
correction target to approach the start timing of the direct 
current Voltage converter Switching inhibition period. 
On the other hand, in a case in which the output Voltage 

and the reactor current increase by bringing forward the 
Switching timing of the correction target, when the output 
Voltage and the reactor current before correction have a 
margin in a Voltage threshold value or a current threshold 
value, it is preferable to correct the switching timing of the 
correction target to a maximum time which becomes apart 
from the start timing of the direct current voltage converter 
Switching inhibition period so that the output Voltage and the 
reactor current become equal to these threshold values. 

In addition to correcting the Switching timing of the 
correction target, it is acceptable to further correct a Switch 
ing timing, before the Switching timing of the correction 
target, in plural Switching timings appearing during the 
Switching timings from the start timing of the Switching 
timing correction process to the Switching timing of the 
correction target. 
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4 
For example, it is possible to avoid an output rapid change 

due to the process of correcting the Switching timing by 
slightly changing the time ratio of the Switching element. 

Or, it is possible to suppress fluctuation in output voltage 
by correcting the time ratio so that the time ratio before the 
correction process and the time ratio after the correction 
process have the same value during the Switching period of 
not less than a half period. 

In addition, it is better to use the following timings in 
order for the direct current voltage converter switching 
correction means to execute the Switching timing correction 
process. 
(b1) When the Switching timing correction process is per 
formed at a possible early timing, the Switching timing 
correction process is started immediately after completion of 
the process of calculating the direct current Voltage con 
verter switching inhibition period. 
(b2) When the Switching timing correction process is 
executed at a possible late timing, the Switching timing 
correction process is started so that the Switching timing 
correction process is completed immediately before the 
determination of the Switching timing to be supplied to the 
direct current voltage converter drive circuit. 

Further, there are the following options regarding the 
timing for the direct current voltage converter Switching 
inhibition period calculation means to start the direct current 
Voltage converter Switching inhibition period, and regarding 
the electric power converter Switching timing to be used as 
a reference when the direct current voltage converter switch 
ing inhibition period is calculated. 
(c1) The direct current voltage converter switching inhibi 
tion period calculation process starts at a timing when the 
electric power converter control circuit calculates the elec 
tric power converter Switching timing, and the direct current 
Voltage converter Switching inhibition period is calculated 
on the basis of the electric power converter Switching timing 
calculated by the electric power converter control circuit. 
(c2) In addition to the calculation of the electric power 
converter Switching timing by the electric power converter 
control circuit, the electric power converter predicted 
Switching timing is calculated for the next electric power 
converter Switching timing, and the direct current Voltage 
converter switching inhibition period is calculated on the 
basis of the electric power converter predicted switching 
timing. 
(c3) The direct current voltage converter switching inhibi 
tion period calculation process is started at an updated 
timing of control information to be used for controlling the 
electric power converter. 

It is possible to use a combination of (c2) and (c3). 
When the load drive system in each exemplary embodi 

ment of the present invention drives an electric rotary 
machine as the load, it is possible to define a Switching 
electrical angle on an electrical angle axis of the electric 
rotary machine as the electric power converter Switching 
timing, instead of using the Switching timing on the time 
axis. In this case, it is possible for the direct current Voltage 
converter Switching inhibition period calculation means to 
calculate the direct current Voltage converter Switching 
inhibition period on the basis of the switching electrical 
angle calculated by the electric power converter control 
circuit or a predicted Switching electrical angle estimated by 
the electric power converter control circuit. 
By the way, in the operation states of the direct current 

Voltage converter and the electric power converter, it is not 
always possible for the Switching timing correction process 
to calculate the correction timing. For example, there is a 
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case in which it is impossible to calculate the correction 
timing and the calculated correction timing is within the 
Switching inhibition period. 
When it is difficult for the switching timing correction 

process to calculate the correction timing of the Switching 
timing of the correction target, it is acceptable to correct the 
electric power converter Switching timing to bring it forward 
so that the Switching timing of the correction target becomes 
out of the direct current voltage converter switching inhibi 
tion period. 

That is, when it is difficult to correct the switching timing 
of the direct current Voltage converter, as a main concept of 
the present invention, it is possible to avoid generation of a 
Superimposed Surge Voltage by exceptionally correcting the 
Switching timing of the electric power converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing an overall structure of a motor 
generator drive system to which the Switching control device 
according to a first to eighth exemplary embodiments of the 
present invention is applied. 

FIG. 2 is a schematic block diagram showing a control 
structure of a boost converter Switching timing of a boost 
converter in the switching control device shown in FIG. 1. 

FIG. 3 is a view showing a timing chart explaining a boost 
converter switching inhibition period. 

FIG. 4 is a view showing a timing chart explaining a 
correction of the boost converter Switching timing. 

FIG. 5A and FIG. 5B are views showing timing charts of 
a boost converter Switching inhibition period calculation 
process performed by the switching control device accord 
ing to the first exemplary embodiment of the present inven 
tion. 

FIG. 6 is a view showing a flow chart of the boost 
converter Switching inhibition period calculation process 
shown in FIG. 5A and FIG. 5B. 

FIG. 7 is a view showing a timing chart of the boost 
converter Switching inhibition period calculation process 
performed by the Switching control device according to the 
second exemplary embodiment of the present invention. 

FIG. 8 is a view showing a flow chart of the boost 
converter Switching inhibition period calculation process 
shown in FIG. 7. 

FIG. 9 is a view showing a timing chart of the boost 
converter Switching inhibition period calculation process 
performed by the Switching control device according to the 
third exemplary embodiment of the present invention. 

FIG. 10 is a view showing a flow chart of the boost 
converter Switching inhibition period calculation process 
shown in FIG. 9. 

FIG. 11 is a view showing a timing chart of a Switching 
timing correction process performed by the Switching con 
trol device according to the fourth exemplary embodiment 
of the present invention. 

FIG. 12 is a view showing a flow chart of the switching 
timing correction process shown in FIG. 11. 

FIG. 13 is a view showing a timing chart of the switching 
timing correction process performed by the Switching con 
trol device according to the fourth exemplary embodiment 
of the present invention. 

FIG. 14 is a view showing a flow chart of the switching 
timing correction process shown in FIG. 13. 

FIG. 15 is a view showing a timing chart of the switching 
timing correction process performed by the Switching con 
trol device according to the fifth exemplary embodiment of 
the present invention. 
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FIG. 16 is a view showing a flow chart of the switching 

timing correction process shown in FIG. 15. 
FIG. 17 is a view showing a timing chart of the switching 

timing correction process performed by the Switching con 
trol device according to the fifth exemplary embodiment of 
the present invention. 

FIG. 18 is a view showing a flow chart of the switching 
timing correction process shown in FIG. 17. 

FIG. 19 is a view showing a timing chart of the switching 
timing correction process performed by the Switching con 
trol device according to the sixth exemplary embodiment of 
the present invention. 

FIG. 20 is a view showing a flow chart of the switching 
timing correction process shown in FIG. 19. 

FIG. 21 is a view showing a timing chart of a carrier 
period change process (pattern (A)) performed by the 
Switching control device according to the seventh exemplary 
embodiment of the present invention. 

FIG. 22 is a view showing a timing chart of a carrier 
period change process (pattern (B)) performed by the 
Switching control device according to the seventh exemplary 
embodiment of the present invention. 

FIG. 23 is a view showing a timing chart of a carrier 
period change process (pattern (C)) performed by the 
Switching control device according to the seventh exemplary 
embodiment of the present invention. 

FIG. 24 is a view showing a timing chart of a carrier 
period change process (pattern (D)) performed by the 
Switching control device according to the seventh exemplary 
embodiment of the present invention. 

FIG. 25 is a view showing a flow chart (1) of the carrier 
period change process shown in FIG. 21 to FIG. 24. 

FIG. 26 is a view showing a flow chart (2) of the carrier 
period change process shown in FIG. 21 to FIG. 24. 

FIG. 27A and FIG. 27B are views showing a change of the 
carrier period in step S37 and step S39 in the flow chart of 
the carrier period change process shown in FIG. 26. 

FIG. 28 is a view showing a timing chart of the carrier 
period change process performed by the Switching control 
device according to the eighth exemplary embodiment of the 
present invention. 

FIG. 29A, FIG. 29B and FIG. 29C are views showing 
maps used by the eighth exemplary embodiment of the 
present invention to determine a target value with which the 
carrier period is changed. 

FIG. 30 is a view showing an overall structure of a motor 
generator drive system to which the Switching control device 
according to a ninth exemplary embodiment of the present 
invention is applied. 

FIG. 31 is a view showing a timing chart of the switching 
timing correction process performed by the Switching con 
trol device according to the ninth exemplary embodiment of 
the present invention. 

FIG. 32 is a view showing a timing chart of the switching 
timing correction process performed by the Switching con 
trol device according to the ninth exemplary embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, various embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings. In the following description of the various 
embodiments, like reference characters or numerals desig 
nate like or equivalent component parts throughout the 
several diagrams. 
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The Switching control device according to the exemplary 
embodiments of the present invention is applied to a motor 
generator drive system capable of driving a motor generator 
as a main engine of a hybrid vehicle and an electric vehicle, 
for example. 
The motor generator drive system has a boost converter 

and an inverter. The boost converter boosts a voltage of a 
battery as an electric power source. The inverter converts a 
direct current power supplied from the boost converter to an 
alternating current power and Supplies the converted alter 
nating current power to the motor generator. 
The boost converter and the inverter are driven by turning 

on and off switching elements therein. The Switching control 
device according to the present invention is capable of 
correcting a Switching timing of the Switching elements in 
the boost converter to be brought forward in order to avoid 
generation of a Superimposed Surge. The Superimposed 
surge will be explained later. 
The following first to eighth exemplary embodiments will 

explain the correction of the Switching timing of the boost 
converter to bring forward it. The ninth exemplary embodi 
ment will explain the correction of the Switching timing of 
the switching elements in the inverter to bring it forward 
which is an exceptional case of the present invention. 

The word present exemplary embodiment indicates the 
common matters through the first to ninth exemplary 
embodiments. 

Exemplary Embodiments of Correcting the 
Switching Timing of the Boost Converter 

A description will be give of a common structure and 
actions of the switching control device 60 according to the 
first to eighth exemplary embodiments with reference to 
FIG 1 to FIG. 4. 
As shown in FIG. 1, the motor generator drive system 1 

as the load drive system has a battery 15 as the direct current 
power source, a boost converter 20 as the direct current 
voltage converter, an inverter 30 as the electric power 
converter, a motor generator 4 (which is designated by 
reference character MG shown in drawings) as the load, a 
switching control device 50, etc. 
A description will now be given of the structure of the 

system excepting the boost converter 20 and the inverter 30. 
The battery 15 is a direct current power source consisting 

of a rechargeable battery device Such as a nickel metal 
hydride battery, or a lithium ion battery, for example. It is 
possible to use an electric double-layer capacitor, etc. as the 
direct current power source. 
The motor generator 4 is a three phase alternating current 

electric motor of a permanent magnet synchronous type, for 
example. The motor generator 4 is mounted on a hybrid 
vehicle and an electric Vehicle. The motor generator 4 has a 
function of operating as an electric motor capable of gen 
erating a drive torque and transmitting the generated drive 
torque to drive wheels through a transmission while a 
current is Supplied to the motor generator 4. The motor 
generator 4 further has a function of performing a regen 
erative operation as an electric generator by receiving a 
drive torque transmitted from the internal combustion 
engine and the drive wheels. 
A rotation angle sensor 45 is mounted close to a rotor of 

the motor generator 4 and has a resolver or a rotary encoder, 
for example. The rotation angle sensor 45 detects an elec 
trical angle 0. The switching control device 50 receives the 
electrical angle 0 detected by the rotation angle sensor 45, 
and uses it in a d-q conversion, etc. of a current vector torque 
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control. Further, the rotation angle sensor 45 performs a time 
differential of the electrical angle 0, and calculates an 
electric angular Velocity (). It is acceptable for an inside 
section of the Switching control device or an external section 
to calculate the electric angular velocity (). 

Next, a description will be given of a structure of the boost 
converter 20. The boost converter 20 is equipped with a 
reactor 21, a booster drive section 22 and a smoothing 
capacitor 25, etc. 
The reactor 21 has an inductance L, and generates an 

induced Voltage due to a change of a current IL and stores 
the generated electric power. 
The booster drive section 22 consists of a switching 

element 23 at a high Voltage side and a Switching element 24 
at a low voltage side. The Switching element 23 at a high 
Voltage side is connected between an output terminal of the 
reactor 21 and a high voltage line of the inverter 30. The 
Switching element 24 at a low voltage side is connected 
between the output terminal of the reactor 21 and a negative 
electrode of the battery 15. For example, the switching 
element 23 at a high voltage side is also referred to as the 
upper-arm Switching element 23, and the Switching element 
24 at a low voltage side is also referred to as the lower-arm 
Switching element 24. 
The upper-arm switching element 23 and the lower-arm 

Switching element 24 are alternately or complementary 
turned on and off on the basis of a converter drive signal Sc 
(see FIG. 3) transmitted from a boost converter drive circuit 
54. 
The booster drive section 22 used in the present exem 

plary embodiment previously described forms pairs of the 
switching elements. However, it is acceptable for other 
exemplary embodiments to have the booster drive section 22 
by using one or more Switching element which do not form 
any pair. 
The reactor current IL flows in the reactor 21 and electric 

energy is charged in the reactor 21 when the Switching 
element 23 at a high voltage side is turned off and the 
Switching element 24 at a low Voltage side is turned on. 
The reactor 21 discharges the electric energy stored 

therein when the switching element 23 at a high voltage side 
is turned on and the Switching element 24 at a low voltage 
side is turned off. The induced Voltage is Superimposed on 
the input voltage Vin of the battery. The smoothing capacitor 
25 is charged by the boosted voltage VH. 
The inverter 30 has switching element pairs of three 

phases (U phase, V phase and W phase) consisting of 
switching elements 31, 32, 33 at a high voltage side and 
switching element 34, 35 and 36 at a low voltage side. These 
switching elements 31, 32, 33 at a high voltage side and 
switching element 34, 35 and 36 at a low voltage side are 
connected together to form a bridge connection. Like the 
boost converter 20, the switching elements 31, 32, 33 at a 
high Voltage side are also referred to as the upper-arm 
switching elements, and the switching element 34, 35 and 36 
at a low voltage side are referred to as the lower-arm 
Switching elements. The upper-arm Switching elements and 
the lower-arm Switching elements correspond the Switching 
element pairs used in the claims. 
The upper-arm and lower-arm Switching elements 31 to 

36 in each phase are alternately turned on and off on the 
basis of the inverter drive signals Si (see FIG. 3) transmitted 
from an inverter drive circuit 64. 
The inverter 30 receives the direct current power of the 

output voltage VH transmitted from the boost converter 20. 
The boost converter 20 boosts the battery input voltage Vin 
and outputs the output voltage VH. The upper-arm Switching 
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elements and the lower-arm Switching elements in each 
phase are alternately turned on and off to convert the direct 
current power VH to a three phase alternating current power 
Vu, VV and Vw. The inverter 30 outputs the three phase 
alternating current power Vu, VV and Vw to the motor 
generator 4. 

Next, a description will now be given of the structure of 
the switching control device 50 with reference to FIG. 1 and 
FIG 2. 
The switching control device 50 consists of a microcom 

puter, etc. The switching control device 50 is equipped with 
a CPU, a ROM, an I/O and bus lines. Through the bus lines 
the CPU, the ROM and the I/O are connected together. The 
switching control device 50 executes software processes by 
executing programs stored in the memory in advance. The 
switching control device 50 performs a hardware control 
process realized by dedicated electronic circuits. 
The switching control device 50 receives an instruction 

torque tra, an electrical angle 0, and an electric angular 
velocity () of the motor generator 4 transmitted from the 
upper-hierarchy vehicle control circuit, etc. It is acceptable 
for the switching control device 50 to calculate the electric 
angular velocity () rad/s) and converts the electric angular 
velocity () rad/s to a rotation speed N rpm. 
The switching control device 50 is equipped with a boost 

converter control circuit 51 and the boost converter drive 
circuit 54 for the boost converter 20, and an inverter control 
circuit 61 and the inverter drive circuit 64 for the inverter 30. 
The boost converter control circuit 51 and the boost 

converter drive circuit 54 correspond to the direct current 
converter control circuit and the direct current converter 
drive circuit used in the claims, respectively. 
The switching control device 50 is equipped with a boost 

converter switching inhibition period calculation means 52 
as the direct current Voltage converter Switching inhibition 
period calculation means, and a boost converter Switching 
correction means 53 as the direct current voltage converter 
Switching correction means. 
The boost converter control circuit 51 calculates a control 

value of the boost converter 20 on the basis of the instruction 
voltage VHcom correlated to the output voltage VH of the 
boost converter 20. The boost converter drive circuit 54 
generates a drive signal Sc on the basis of the control value 
for the boost converter 20 calculated by the boost converter 
control circuit 51, and instructs the upper-arm Switching 
elements 23 and 24 in the booster drive section 22 to be 
alternately turned on and off. 
The boost converter control circuit 51 used on the present 

exemplary embodiment calculates a duty (time ratio) as a 
turned on/off time ratio correlated to the switching period as 
the control value of the boost converter 20. The boost 
converter drive circuit 54 compares the duty with a triangle 
wave carrier to generate a PWM signal. Hereinafter, the 
description uses the duty as an instruction value of the 
turned-on time ratio (on-duty) correlated to the Switching 
period of the Switching element at a high Voltage side. 
Without regard to a dead time, the turned-on duty of the 
Switching element 24 at a low Voltage side is equal to a 
turned-off duty of the switching element 23 at a high voltage 
side, and corresponds to 100% duty, i.e. the duty of 1. 

In general, the duty has a percentage unit 96. The 
description uses a non-dimensional duty within a range of 
not less than 0 and not more than 1. 
The inverter control circuit 61 calculates a control value 

for the inverter 30 on the basis of the instruction torque tra 
for the motor generator 4. The inverter drive circuit 64 
generates the drive signal Sion the basis of the control value 
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10 
for the inverter 30 calculated by the inverter control circuit 
61, and instructs the upper-arm and lower-arm Switching 
elements 31 to 36 in each phase to be alternately turned on 
and off. 
The inverter control circuit 61 used in the present exem 

plary embodiment calculates each phase duty on the basis of 
each phase Voltage instruction value as the control value for 
the inverter 30. The inverter drive circuit 64 compares each 
phase duty with the triangle wave carrier to generate a PWM 
signal. 

Hereinafter, the description uses the duty as an on-duty 
instruction value of the Switching elements at a high Voltage 
side in each phase. Without regard to a dead time, the 
turned-on duty of the Switching element 24 at a low Voltage 
side in each phase is equal to the duty of 1, i.e. 100% duty 
which corresponds to the duty of the Switching elements at 
a high Voltage side. Accordingly, the duty indicates the 
turned-on duty instruction value of the Switching elements at 
a high voltage side, like the boost converter 20 and the 
inverter 30. In particular, the duty of the boost converter 20 
is referred to as the CNV-duty or the duty simple, and the 
duty in each phase of the inverter 30 is referred to as the 
INV-duty or the duty. 
A general structure of the boost converter control circuit 

51 is shown at a left side in FIG. 2. The boost converter 
control circuit 51 has an instruction Voltage generation 
section 511, a feedback calculation section 512, and a 
feed-forward calculation section 513. 
The instruction Voltage generation section 511 calculates 

the instruction voltage Vcom on the basis of the instruction 
torque tra and the electric angular velocity (). The feedback 
calculation section 512 performs a PI calculation to obtain a 
feedback term difb in the duty so as to converge a difference 
between the instruction voltage Vcom and the output Voltage 
VH to zero. The feed-forward calculation section 513 cal 
culates a feed forward term diff in the duty. The boost 
converter control circuit 51 outputs the duty as an addition 
of the feedback term dfb and the feedforward term diff. 
The inverter control circuit 61 has a known structure 

using a current feedback control or a torque feedback 
control. The current feedback control performs the control to 
converge a current difference between the instruction current 
and an actual current on the basis of add axis current vector 
to zero. The torque feedback control performs a control to 
converge a torque difference between the instruction torque 
and an actual torque. These controls output the duty of each 
phase which has been calculated on the basis of the phase 
Voltage instruction value in each phase. Because the struc 
ture of the inverter control circuit 61 is known, the detailed 
explanation of the inverter control circuit 61 is omitted. 

Next, a description will now be given of the operation of 
the boost converter switching inhibition period calculation 
means 52 and the boost converter switching correction 
means 53 with reference to the timing chart shown in FIG. 
3. 
The timing chart shown in FIG. 3 shows the inverter 

carrier signal Ci, the inverter drive signal Si, the converter 
carrier Ce and the converter drive signal Sc, respectively, 
from the upper side of FIG. 3. The subscript i indicates the 
inverter, c indicates the boost converter. The boost converter 
will also be called to as the converter simply. In addition, the 
boost converter Switching timing indicates the Switching 
timing of the switching elements in the boost converter 20. 
The inverter Switching timing indicates the Switching timing 
of the switching elements in a phase of the inverter 30. 
The case in which the drive signals Si and Sc have an on 

state indicates that the Switching element at a high Voltage 
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side is turned on and the Switching element at a low Voltage 
side is turned off. The case in which the drive signals Si and 
Sc has an off state indicates that the Switching element at a 
high Voltage side is turned off and the Switching element at 
a low voltage side is turned on. That is, without regard to a 
dead time, the drive signals Si and Sc represent the operation 
state of the Switching element pair. 

In the timing charts explained later, the drive signals Si 
and Scare in the on-state when the duty exceeds the carrier 
Ci and Cc. The drive signals Si and Sc become the off-state 
when the duty becomes less than the carrier Ci and Cc. 
Accordingly, the drive signals Si and Scare in the on-state 
during a period in which the carriers Ci and Cc drop from the 
crest to the trough, and the drive signals Si and Sc become 
the off-state during a period in which the carriers Ci and Cc 
rise from the trough to the crest. For example, the drive 
signal Sc for the boost converter 20 rises during the timing 
te1 and the timing to2. 

The timing charts explained later have the same condition 
previously described. 
As shown in FIG. 3, the inverter control circuit 61 and the 

boost converter control circuit 51 acquire new control infor 
mation every crest and trough of each of the carriers Ci and 
Cc, perform the control calculation to determine a next duty. 
In FIG. 3, the inverter control calculation starts at the trough 
timing tiO of the inverter carrier Ci, and the converter control 
calculation starts at the trough timing te() of the converter 
carrier Co. The inverter drive circuit 64 and the boost 
converter drive circuit 54 input the next duty which has been 
predetermined, and the next duty is used at the next trough 
of each carriers Ci and Cc. The inverter control circuit 61 
and the boost converter control circuit 51 operate indepen 
dently to each other. 
By the way, a Surge Voltage (V-LXdI/dt) is generated 

during the Switching operation of the Switching elements 
because a current rapidly increases or decreases. When the 
Switching elements perform the Switching operation at 
Switching timings closed to each other, the Surge Voltages 
are Superimposed with each other to generate the Superim 
posed Surge having a large Voltage or Superimposed Surge 
Voltage. When the Superimposed Surge exceeds a withstand 
Voltage of each Switching element, malfunction of the 
Switching element is possible. 

In a plurality of switching timings shown in FIG. 3, the 
rising timing of the inverter drive signal Si and the falling 
timing of the converter drive signal Sc are overlapped 
together at the Switching timing tSW. A period including an 
avoiding period 6 before and after the Switching timing tSw 
indicates the boost converter switching inhibition period (or, 
referred to with the switching inhibition period in short) 
which is designated by a frame of a long dashed short dashed 
line. 
The avoiding period 8 has been determined to maintain an 

adequate time period in which the Surge Voltage is attenuated 
to a value which does not affect the operation of each 
Switching element while considering a magnitude of a 
predicted Surge Voltage and characteristic fluctuation of each 
switching element. When it is predicted that the switching 
timing of the boost converter becomes within the switching 
inhibition period Pp, it is request to correct the switching 
timing tSW in advance to become out of the Switching 
inhibition period Pp. 

There have been known a conventional technique (for 
example, Japanese patent No. 4428386) and another con 
ventional technique (for example, patent document 1: Japa 
nese patent laid open publication No. 2011-160570). The 
former conventional technique is capable of avoiding the 
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12 
Switching timings of the Switching elements in each phase of 
an inverter from being Superimposed together. The latter 
conventional technique is capable of avoiding the Switching 
timings of the Switching elements in a boost converter and 
an inverter from being overlapped together. 
The boost converter switching inhibition period calcula 

tion means 52 used in the switching control device 50 
according to the first to eighth exemplary embodiment 
calculates the switching inhibition period Pp before calcu 
lation of the Switching timings of the Switching element pair 
in each phase of the inverter 30. It is inhibited to perform the 
Switching process of the Switching elements 23 and 24 in the 
boost converter 20 during a predetermined period which is 
in synchronization with the switching inhibition period Pp. 

For example, in the first exemplary embodiment which 
will be explained later, when a next INV-duty is calculated 
at a trough timing of the inverter carrier Ci, the Switching 
inhibition period Pp is calculated from a control calculation 
completion timing ti on the basis of the determined INV 
duty. 

Further, when it is predicted that the switching timing of 
the boost converter 20 is within the switching inhibition 
period Pp, the boost converter Switching correction means 
53 performs the correction process by using the switching 
timing of the boost converter 20 as the Switching timing tSw 
of the correction target. 

However, the switching control device 50 according to 
each of the first to eighth exemplary embodiment of the 
present invention has the following improved features which 
are different from the conventional technique according to 
the patent document 1. 
The conventional technique disclosed in the patent docu 

ment 1 corrects the Switching timing of the inverter to delay 
the Switching timing to a completion timing of a predeter 
mined Switching inhibition period. Accordingly, the Succes 
sive switching process by the boost converter deteriorates 
the controllability of the inverter when the switching timing 
of the inverter becomes greatly delayed. This increases 
fluctuation in output torque of the motor generator 4. 
On the other hand, the boost converter switching correc 

tion means 53 in the switching control device 50 according 
to each of the first to eighth exemplary embodiment of the 
present invention has the feature which corrects the switch 
ing timing tsw of the boost converter to be brought forward 
so that the Switching timing tSW becomes before the start 
timing tpa of the Switching inhibition period. 

That is, the switching control device 50 according to each 
of the first to eighth exemplary embodiment of the present 
invention does not correct the Switching timing of the 
switching elements in the inverter 30, like the conventional 
technique according to the patent document 1, but corrects 
the Switching timing of the Switching elements in the boost 
converter 20. Further, the switching control device 50 does 
not delay the Switching timing, but corrects the Switching 
timing to advance, i.e. be brought forward. This makes it 
possible to Suppress torque fluctuation of the motor genera 
tor caused by deterioration in the controllability of the 
inverter. 

In addition, as shown at the right side in FIG. 2, the boost 
converter switching correction means 53 receives various 
information Such as the instruction Voltage VHcom, the 
output voltage VH, the reactor current IL, etc. in addition to 
the switching inhibition period Pp transmitted from the 
boost converter switching inhibition period calculation 
means 52. The boost converter Switching correction means 
53 corrects the switching timing of the switching elements 
of the boost converter by the following two methods of: 
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(d1) correcting a duty outputted from the boost converter 
control circuit 51; and 
(d2) changing a period of the converter carrier Co. 

In the method of correcting the duty (this case corre 
sponds to the fourth to sixth exemplary embodiments which 
will be explained later), there is a possible case in which the 
boost converter switching correction means 53 outputs the 
previous duty before correction to the boost converter drive 
circuit 54, and there is another possible case in which the 
boost converter switching correction means 53 outputs the 
duty after correction to the boost converter drive circuit 54. 
The boost converter drive circuit 54 compares the duty 
(duty A) with the carrier Ce, and outputs the drive signal Sc 
to the booster drive section 22. 
A description will now be given of the correction process 

of the switching timing of the boost converter on the basis 
of the correction of the duty with reference to FIG. 4. FIG. 
4 is a view showing a timing chart of the carrier CC and the 
drive signal Sc for the boost converter 20 which have been 
shown in FIG. 3. 

During the correction process period Pcomp shown in 
FIG. 4, it is predicted that a rising timing of the next drive 
signal Sc becomes within the switching inhibition period Pp. 
and this rising timing becomes the correction target. 

It is possible to change the Switching timing tSW to the 
timing tSA before the switching inhibition period Pp by 
increasing the duty before the correction to the duty A. The 
corrected drive signal will be referred to as the drive signal 
ScA, and the correction time will be referred to as the 
correction time AA. The correction time AA has a negative 
value because it is obtained by subtracting a later time from 
a before time on a time axis. 
A description will now be given of the explanation of the 

correction process start timing to with reference to FIG. 4 
before the explanation of the Switching timing correction 
process. 

It is possible to perform the Switching timing correction 
process during the correction process period Pcomp counted 
from the timing tpp, at which the Switching inhibition period 
Pp is updated, to the return timing to 1 of the carrier CC 
immediately before the switching timing tsw of the correc 
tion target. In other words, it is possible to perform the 
Switching timing correction process at any timing during the 
correction process period Pcomp. 

For example, in the case designated by the arrow I, it is 
possible to perform the Switching timing correction process 
early enough by starting the Switching timing correction 
process immediately after the timing tpp at which the 
switching inhibition period Pp is updated. 

Further, in the case designated by the arrow II, it is 
possible to output the new information by performing the 
Switching timing correction process at a delayed timing as 
delay as possible so that the process is completed immedi 
ately before the timing te1 at which the corrected switching 
timing tSA is set for the boost converter drive circuit 54. 
On the other hand, when the period Tc of the converter 

carrier Ce is changed (this case corresponds to the seventh 
and eighth exemplary embodiments which will be explained 
later), the boost converter switching correction means 53 
outputs the changed carrier period to the boost converter 
drive circuit 54. The switching timing of the switching 
elements of the boost converter is corrected by comparing 
the duty transmitted from the boost converter control circuit 
51 with the changed carrier CC. 
A description will now be given of the switching inhibi 

tion period calculation process performed by the boost 
converter switching inhibition period calculation means 52 
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and the Switching timing correction process performed by 
the boost converter switching correction means 53 in the 
switching control device 50 according to the first to eighth 
exemplary embodiments. 
The first to third exemplary embodiments correspond to 

the Switching inhibition period calculation process. The 
fourth to eighth exemplary embodiments correspond to the 
Switching timing correction process. 

Switching Inhibition Period Calculation Process 

First Exemplary Embodiment 

A description will be given of the boost converter switch 
ing inhibition period calculation process performed by the 
Switching control device according to the first exemplary 
embodiment of the present invention with reference to FIG. 
5 and FIG. 6. FIG. 5 shows a timing chart and FIG. 6 shows 
a flow chart. 
As shown in FIG. 5, the inverter control circuit 61 starts 

the inverter control calculation at a timing til 0 and completes 
it at a timing ti. This inverter control calculation determines 
the next inverter duty. 
The inverter control circuit 61 compares the inverter duty 

with the inverter carrier Ci and calculates a next inverter 
Switching timing tSW during a period counted from a timing 
ti1 to a timingti2. The timing ti1 is a return timing as a crest 
or a trough of the next inverter carrier Ci at the completion 
timing ti of the control calculation, and the timing ti2 is a 
next return timing. The calculation equation calculates the 
time period counted from the control calculation reference 
timing ti0 to the next inverter switching timing tsw. This 
calculation equation is selected based on the condition 
whether or not the inverter carrier Ci rises from the trough 
toward the crest or from the crest toward the trough. 
As shown in FIG. 5A, when the carries Ci has the trough 

at the control calculation reference timing tiO and the crest 
at the timing ti1, it is possible to calculate the time length S 
until the next inverter switching timing tsw by the following 
equation (1.1). 

S=Ti-Next dutyx(Ti/2) (1.1). 

As shown in FIG. 5B, when the carries Ci has the crest at 
the control calculation reference timing ti0 and the trough at 
the timing ti1, it is possible to calculate the time length S 
until the next inverter switching timing tsw by the following 
equation (1.2). 

S=(Ti/2)+Next dutyx(Ti/2) (1.2). 

After the next inverter Switching timing tsw is calculated, 
the boost converter switching inhibition period calculation 
means 52 starts to perform the switching inhibition period 
calculation process. 

Next, a description will be given of the flow chart shown 
in FIG. 6. Reference character S used in the flow chart 
indicates a step. 

In step S05, the inverter control calculation process is 
completed at the control calculation completion timing ti. 

In step S06, the change direction of the inverter carrier Ci 
is detected at the control calculation completion timing ti. 
When the detection result indicates that the inverter carrier 
Ci is changed from the trough toward the crest at the control 
calculation completion timing ti (S06: YES), the time 
length S is calculated by using the equation (1.1) in step S07. 
On the other hand, when the detection result indicates that 
the inverter carrier Ci is changed from the crest toward the 
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trough at the control calculation completion timing ti (S06: 
NO), the time length S is calculated by using the equation 
(1.2) in step S08. 

In step S09, the addition or subtraction of the next inverter 
Switching timing tSW and the avoiding period Ö is performed 
in order to calculate the boost converter switching inhibition 
period Pp. 
The first exemplary embodiment as previously described 

starts the Switching inhibition period calculation process 
when the inverter control circuit 61 calculates the inverter 
Switching timing, and calculates the Switching inhibition 
period Pp on the basis of the calculated inverter switching 
timing. That is, because of calculating the Switching inhi 
bition period Pp on the basis of the determined information, 
it is possible to increase the calculation accuracy of the boost 
converter switching inhibition period Pp. 

Second Exemplary Embodiment 

A description will be given of the boost converter switch 
ing inhibition period calculation period according to the 
second exemplary embodiment of the present invention with 
reference to FIG. 7 and FIG.8. FIG. 7 shows a timing chart 
and FIG. 8 shows a flow chart. 

In the second exemplary embodiment, the Switching 
inhibition period calculation process is started at the timing 
when the electrical angle 0 is updated, which is control 
information to be used for the inverter control calculation. 
The boost converter switching inhibition period calculation 
means 52 predicts a next inverter Switching timing by the 
Switching inhibition period calculation process, and calcu 
lates the boost converter switching inhibition period Pp on 
the basis of the next inverter predicted Switching timing. 
As shown in FIG. 7, the electrical angle 0 detected by the 

rotation angle sensor 45 is updated at the updating timing to. 
The information regarding the electrical angle 0 is used as 
the control information of the inverter control circuit 61 by 
the inverter control calculation. Like FIG. 5A, FIG. 5B, the 
inverter control calculation starts at the control calculation 
reference timing ti0, and completes at the completion timing 
ti, and the next inverter duty is calculated. 

In addition to the inverter control calculation performed 
by the inverter control circuit 61, the boost converter switch 
ing inhibition period calculation means 52 predicts a next 
inverter duty (INV-duty est) independently on the basis of 
the information regarding the electrical angle 0 after the 
updating timing t0. Here, the estimated time Test is a time 
length counted from the updating timing to to the control 
calculation reference timing tit). 
The boost converter switching inhibition period Pp is 

calculated by using the next inverter predicted Switching 
timing tSW est as a reference value obtained on the basis of 
the inverter carrier CC and the estimated duty (INV-duty 
est). 
A description will be given of the operation shown in FIG. 

8. 
In step S01, the switching inhibition period calculation 

process starts to operate at the updating timing to when the 
electrical angle 0 is updated. 

In step S02, an estimated Voltage amplitude and an 
estimated electrical angle at the control calculation reference 
timing tio are calculated by using the equations (2.1) and 
(2.2). In this case, a control fluctuation component, a Voltage 
amplitude disturbance component and an electrical angle 
disturbance component are calculated in advance. In addi 
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tion, it is possible to calculate an electric period on the basis 
of the rotation speed and the number of pole pairs of the 
motor generator 4. 

Estimated voltage amplitude-voltage amplitude at 
updating timing+control fluctuation component+ 
voltage amplitude disturbance component (2.1). 

Estimated electrical angle-electrical angle at updat 
ing timing+360°x(estimated time Tset? electric 
period)+electrical angle disturbance component (2.2). 

In step S03, the estimated inverter duty of each phase is 
calculated by performing a known two-phase to three-phase 
conversion (dq inverse transformation) on the basis of the 
estimated Voltage amplitude and the estimated electrical 
angle. 

In step S04, the estimated inverter duty of each phase is 
set as the next inverter duty of each phase. In step S06 to step 
S09, the boost converter switching inhibition period Pp is 
calculated on the basis of the next inverter prediction 
Switching timing tSW est. The calculation flow is the same 
of the calculation flow shown in FIG. 6 according to the first 
exemplary embodiment. 
As previously described, in the second exemplary 

embodiment, the boost converter switching inhibition period 
calculation means 52 estimates the inverter duty on the basis 
of the updated information of the electrical angle 0, which 
is performed independently from the inverter control calcu 
lation performed by the inverter control circuit 61. Further, 
the boost converter switching inhibition period Pp is calcu 
lated on the basis of the estimated inverter duty. Accord 
ingly, after the completion of the inverter control calcula 
tion, it is possible to calculate the boost converter Switching 
inhibition period Pp at an early timing, rather than the first 
exemplary embodiment which performs the Switching inhi 
bition period calculation process on the basis of the deter 
mined inverter duty after the completion of the inverter 
control calculation. 

Although FIG. 7 shows the case in which the process of 
estimating the inverter duty is performed before the control 
calculation reference timing ti0, the concept of the present 
invention is not limited by this method. That is, it is also 
acceptable to perform the process of estimating the inverter 
duty parallel to the inverter control calculation, i.e. during 
the inverter control calculation performed by the inverter 
control circuit 61 after the control calculation reference 
timing tiO. 

In addition, the following two processes can be performed 
independently: 
To start the switching inhibition period calculation pro 

cess at the timing when the electrical angle 0 as the inverter 
control information is updated; and 
To calculate the boost converter switching inhibition 

period Pp on the basis of the predicted next inverter switch 
ing timing. 

Accordingly, it is acceptable to perform one of these 
processes. 

Third Exemplary Embodiment 

A description will be given of the switching control 
device according to the third exemplary embodiment of the 
present invention with reference to FIG.9 and FIG. 10. FIG. 
9 shows timing charts and FIG. 10 show a flow chart. The 
first and second exemplary embodiments use the inverter 
Switching timing on the time (t) axis. On the other hand, the 
third exemplary embodiment uses a Switching electrical 
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angle on the electrical angle (0) axis as the inverter Switch 
ing timing when the load to be controlled by the inverter 30 
is an electric rotary machine. 

That is, the inverter Switching timing used by each 
exemplary embodiment in the description indicates a Switch 
ing timing on the time axis as a narrower sense. Further, as 
a wider sense, the inverter Switching timing used by each 
exemplary embodiment in the description indicates both a 
Switching timing on the electrical angle axis and a Switching 
timing on the time axis. The Switching timing of at least a 
pair of the Switching elements forming the electric power 
converter means a Switching timing on the time axis as the 
aOW SS. 

As shown in FIG. 9, the electrical angle 0 of the motor 
generator 4 increases from 0 (deg.) to 360 (deg.) on the 
electrical angle 8 axis according to the rotation of the motor 
generator 4. At the timing t0, the inverter control circuit 61 
determines a next Switching electrical angle Osw at the 
current timing to, and updates the electrical angle 0 to 
determine the current electrical angle 00. The next switching 
electrical angle Osw is converted to the inverter switching 
timing tSW on the time axis t. 

The boost converter switching inhibition period calcula 
tion means 52 calculates the boost converter switching 
inhibition period Pp on the basis of the inverter switching 
timing tSw. 

Next, a description will now be given of the flow chart 
shown in FIG. 10. 

In step S01E, the next switching electrical angle 0sw is 
determined at the current t0, and the electrical angle 0 is 
updated to obtain the current electrical angle 00. 

In S07E, the next switching electrical angle 0sw on the 
electrical angle 0 axis is converted to the next inverter 
Switching timing on the time axis. 

Next inverter Switching timing is w=(next Switching 
electrical angle Osw-current Switching electrical 
angle 00+electrical angle disturbance compo 
nent)/360°xelectric period Te (3). 

In step S09, like the process shown in FIG. 6, the boost 
converter switching inhibition period Pp is calculated. 

For example, the third exemplary embodiment can 
directly use the electrical angle information when the motor 
generator 4 is driven by the phase control. 

In each example which uses the Switching timing on the 
time axis in the Switching timing correction process 
explained later according to each exemplary embodiment, it 
is possible to convert the Switching timing to the Switching 
electrical angle. 

Switching Timing Correction Process 

Fourth Exemplary Embodiment 

Next, a description will be given of the Switching timing 
correction process performed by the Switching control 
device according to the fourth exemplary embodiment of the 
present invention with reference to FIG. 11, FIG. 13, FIG. 12 
and FIG. 14. FIG. 11 and FIG. 13 show timing charts and 
FIG. 12 and FIG. 14 show flow charts. The first exemplary 
embodiment calculates an optimal correction time AA of the 
Switching timing tSW of the correction target on the basis of 
the output voltage VH of the boost converter. FIG. 11 and 
FIG. 12 show the example using a minimum absolute value 
of the correction time AA. FIG. 13 and FIG. 14 show the 
example using a maximum absolute value of the correction 
time AA. 
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As shown in FIG. 11 and FIG. 13, the output voltage VH 

gradually increases when the drive signal Sc is the on state, 
i.e. during the turned-on period Ton in which the Switching 
element 23 at a high voltage side is turned on. Further, the 
output voltage VH gradually decreases when the drive signal 
Sc is the off state, i.e. during the turned-off period Toff in 
which the Switching element 23 at a high Voltage side is 
turned off. 
The output voltage VH has a minimal value V1 at the 

rising timing when the drive signal Sc is Switched from the 
off state to the on state. At the falling timing when the drive 
signal Sc is switched from the on state to the off state, the 
output voltage VH has a maximal value V2. 
The equation (4.1) expresses a rising slope (>0) when the 

output voltage VH increases (during tSV 1 to tSV2 shown in 
FIG. 13). The equation (4.2) expresses a falling slope (<0) 
when the output voltage VH decreases (during tsv2 to tSw 
shown in FIG. 13). 

Slope when the output voltage VH increases=(V2 
V1)/Ton (4.1), and 

Slope when the output voltage VH decreases=(V1 
V2)/Toff (4.2). 

The reference characters Ton and Toff show as follows: 
Tons: Turned-on time period of the switching element 

23 at a high voltage side (=Turned-off time period of the 
Switching element 24 at a low Voltage side); and 
Toffs: Turned-off time period of the switching element 

23 at a high voltage side (=Turned-on time period of the 
Switching element 24 at a low Voltage side). 

In the example shown in FIG. 13, the converter carrier CC 
has a crest at the timing te1 after the Switching timing tSw 
of the correction timing, and the Switching timing tSW of the 
correction target is present during the period from the crest 
to the trough of the converter carrier Co. 

In this case, it is possible to bring forward the Switching 
timing tSW of the correction target when the instruction 
voltage VHcom' after correction is set to a value which is 
smaller than the voltage V2 before correction. 

Because a decrease between the voltage V2 before cor 
rection and the instruction voltage VHcom' after correction 
becomes an inverter controllability deterioration compo 
nent, it is preferable to prevent the instruction Voltage 
VHcom from being greatly decreased. So, the instruction 
voltage VHcom' after correction is determined by decreasing 
the duty before correction to the duty. A so that the switch 
ing timing tSW of the correction target approaches the start 
timing tpa of the switching inhibition period Pp. 

Next, a description will be given of the flow chart shown 
in FIG. 12. In step S10, the correction process starts to 
correct the correction process start timing to. In step S11, 
it is detected whether or not it is predicted for the switching 
timing for the boost converter to be within the boost con 
verter switching inhibition period Pp. When the detection 
result in step S11 indicates YES, in step S13A, the correction 
time AA (<0) is calculated by using the equation (4.3). 

Correction time AA=(VHcom'-V2)x Ton?(V2-V1) (4.3). 

In step S15, the switching timing tsw of the boost converter 
is corrected to the timing tSA which is before the start timing 
tpa of the switching inhibition period Pp. This makes it 
possible to avoid the generation of Superimposed Surge 
while Suppressing decreasing of controllability of the 
inverter 30 as small as possible. 

In the example shown in FIG. 11, the converter carrier Ce 
has a trough at the timing te1 after correction, and the 
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Switching timing tSW of the correction target is present 
during the period from the trough to the crest of the 
converter carrier Co. 

In this case, it is possible to increase the maximal value 
of the output voltage VH by a maximum current margin 
value MV which is a difference between the voltage thresh 
old value VHth of the output voltage VH and its maximal 
value V2 before correction. Accordingly, it is possible to 
bring the Switching timing tSW of the correction target apart 
from the start timing tpa of the boost converter Switching 
inhibition period Pp when the duty before correction is 
increased to the duty A. 

The steps S10, S11 and S15 in the flow chart shown in 
FIG. 14 are substantially equal to the steps S10, S11 and S15 
in the flow chart shown in FIG. 12. In FIG. 14, the processes 
in step S12B and S13B are different from the processes 
shown in FIG. 12. In step S12B, the voltage margin value 
MV is calculated by using the equation (5.1). 

Voltage margin value MV=Voltage threshold value 
Hth-2 (5.1). 

In step S13B, the correction time AA (<0) is calculated by 
the equation (5.2). 

Correction time AA=MV(V1-V2)x(Tonx Toff)/(Ton-- 
Toff) (5.2). 

The equation (5.2) can be derived from FIG. 13 as 
follows: 

This makes it possible to avoid generation of Superim 
posed Surge while the output voltage VH is set to a maxi 
mum value within the allowable range. 
As previously described, the Switching timing correction 

process performed in the fourth exemplary embodiment can 
calculate the optimal correction time AA for the Switching 
timing tSW of the correction target on the basis of the output 
voltage VH. 

Fifth Exemplary Embodiment 

A description will be given of the Switching timing 
correction process according to the fifth exemplary embodi 
ment of the present invention with reference to FIG. 15, FIG. 
17, FIG. 16 and FIG. 18. FIG. 15 and FIG. 15 show timing 
charts and FIG. 16 and FIG. 18 show flow charts. Because 
the steps S10, S11 and S15 in the flow chart shown in FIG. 
16 and FIG. 18 are the same of those in FIG. 12, the 
following explanation is given of the different steps only. 
The fifth exemplary embodiment calculates an optimal 

correction time AA for the Switching timing tSW of the 
correction target on the basis of the reactor current IL. The 
example shown in FIG. 15 and FIG. 16 has the minimum 
correction time AA, and FIG. 17 and FIG. 18 show the 
example in which the absolute value of the correction time 
AA has the maximum value. 
The fifth exemplary embodiment explains a case in which 

the reactor current IL flows in a forward direction when the 
motor generator 4 operates as the electric motor and gener 
ates a drive torque. It is possible for the current sensor 
mounted in the boost converter 20 to detect the reactor 
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20 
current IL, or it is possible to calculate the reactor current IL 
by using the equation (6). 

Nm Xtra 
VH L 2 

6 
IL est= (6) 

where 
IL est A: reactor current (estimated value); 
Nm 1/s: rotation speed of the motor generator 4: 
tra VA's: torque of the motor generator 4: 
L. V.'s/A: inductance of the reactor 21; and 
Toffs: turned-off period of the switching element 23 at 

a high Voltage side (turned-on period of the Switching 
element 23 at a low voltage side). 
L corresponds to a circuit constant of the boost converter 

20 (direct current voltage converter), and Nm, tra corre 
spond to behavior information or operation information. 
As shown in FIG. 15 and FIG. 17, when the drive signal 

Sc is the on State, i.e. during the turned-on period of the 
Switching element 23 at a high Voltage side, the reactor 
current IL gradually decreases. When the drive signal Sc is 
in the off state, i.e. during the turned-off period of the 
Switching element 23 at a high Voltage side, the reactor 
current IL gradually increases. The reactor current IL has a 
minimal value IL1 at the falling timing when the derive 
signal Sc is switched from the on state to the off state. The 
reactor current IL has a maximal value IL2 at the rising 
timing when the derive signal Sc is switched from the off 
state to the on state. 
The equation (7.1) expresses a slope (>0) when the reactor 

current IL increases (during tsi1 to tsi2 shown in FIG. 17) 
and the equation (7.2) expresses a slope (<0) when the 
reactor current IL decreases (during tsi2 to tSW shown in 
FIG. 17) by using the input voltage Vin of the boost 
converter 20 and the inductance L of the reactor 21. 

Slope when the reactor current IL increases=Vin/L (7.1), 

and 

Slope when the reactor current IL decreases=(Vin 
VH)/L (7.2). 

In the example shown in FIG. 15, the converter carrier Ce 
has a crest at the timing te1 after the Switching timing tSw 
of the correction target, and the Switching timing tSW of the 
correction target is present at the rising timing of the drive 
signal Sc during the period in which the carrier CC falls from 
the crest to the trough. 

In this case, it is possible to bring forward the Switching 
timing tSW of the correction target by setting a value which 
is smaller than the maximal value IL2 before correction to 
the current threshold value ILth' of the reactor current IL 
after correction. However, because a decreased amount of 
the maximal value IL2 of the reactor current IL becomes an 
inverter-controllability estimated deterioration component, 
it is necessary to decrease the current threshold value ILith 
more than necessary. 

It is possible to determine the current threshold value ILth' 
after correction by decreasing the duty after correction to the 
duty. A so that the Switching timing tSW of the correction 
target approaches the start timing tpa of the Switching 
inhibition period Pp. 

In step S13C shown in FIG. 16, the correction time AA 
(<0) is calculated by using the equation (7.3). 

Correction time AA=(ILth'-IL2)x(L/Vin) (7.3). 
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This makes it possible to avoid generation of Superimposed 
Surge while Suppressing deterioration of controllability of 
the inverter 30 as low as possible. 

In the example shown in FIG. 17, the converter carrier Ce 
has a trough at the timing te1 after correction, and the 
Switching timing tSW of the correction target is present at the 
falling timing of the drive signal Sc during the period in 
which the carrier CC is switched from the trough to the crest. 

In this case, when a difference between the current 
threshold value ILth of the reactor current IL and the 
maximal value IL2 before correction is a current margin 
value MI, it is possible to decrease the maximal value by the 
current margin value MI at the most. Accordingly, the duty 
before correction is decreased to the duty. A so that the 
maximal value of the reactor current IL after correction 
becomes equal to the current threshold value ILth. This 
makes it possible to separate the Switching timing tSW of the 
correction target from the start timing tpa of the Switching 
inhibition period Pp. 

In step S12D shown in FIG. 18, the current margin value 
MI is calculated by using the equation (8.1). 

Current margin value MFcurrent threshold value 
Iith-IL2 (8.1). 

In step S13D, the correction time AA (<0) is calculated by 
using the equation (8.2). 

Correction time AA=-MIx(L/VH) (8.2). 

The equation (8.2) can be introduced by referring FIG. 17 
as follows: 

This makes it possible to avoid generation of Superimposed 
Surge while having the reactor current IL within an allow 
able range as large as possible. 
As previously described, the Switching timing correction 

process performed by the fifth exemplary embodiment cal 
culates an optimal correction time AA for the Switching 
timing tSW of the correction target on the basis of the reactor 
Current. 

Sixth Exemplary Embodiment 

A description will be given of the Switching timing 
correction process performed by the Switching control 
device according to the sixth exemplary embodiment of the 
present invention with reference to FIG. 19 and FIG. 20. 
FIG. 19 shows a timing chart and FIG. 20 shows a flow 
chart. The sixth exemplary embodiment has a feature of 
adjusting the Switching timing before the Switching timing 
tsw of the correction target in addition to correct the switch 
ing timing tSW of the correction target. It is possible to 
combine the calculation of the correction time AA of the 
Switching timing tSW of the correction target with the 
process of another exemplary embodiment. 

For example, when the correction is performed to bring 
forward the rising timing of the Switching timing of the 
correction target, the turned-on time of the Switching ele 
ment 23 at a high voltage side becomes longer than its 
turned-on time before correction. Accordingly, there is a 
possible case that the actual output voltage VH of the boost 
converter fluctuates against the instruction Voltage VHcom 
transmitted from the boost converter control circuit 51. The 
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sixth exemplary embodiment can Suppress fluctuation of the 
output voltage VH caused by the correction. 
As shown in FIG. 19, a crest or trough of the carrier Ce 

immediately after the correction process start timing to is 
the 0-th turning point. After this, the next turning points 
occur every half carrier period (Tc/2), which will be referred 
to as the first turning point, the second return period. . . . . 
In addition, the time corresponding to the 0-th turning point 
is referred to as the process reference time to. During the 
period between the turning points, the Switching timing of 
the drive signal Sc occurs at the timing when the carrier CC 
and the duty intersect each other. The Switching timing 
occurs between the o-th turning point and the first turning 
point is designated by reference characterts0. The Switching 
timing occurs between the first turning point and the second 
turning point is designated by reference character tS1. The 
Switching timing occurs between the (N-1)-th turning point 
and the N-th turning point is designated by reference char 
acter ts(N-1). 
The Switching control device according to the sixth exem 

plary embodiment determines the correction process start 
timing to at least before a half carrier period (Tc/2) against 
the switching inhibition period Pp. The turning point of the 
carrier Ce immediately before the switching inhibition 
period Pp is referred to as the N-th turning point, where N 
is an integer of not less than 1. 

In the example shown in FIG. 19, the switching inhibition 
period Pp is present during the period from the crest as the 
N-th turning point to the trough as the (N+1)-th turning point 
of the carrier Co. The switching timing tsw (which corre 
sponds to tsN) of the correction target, which is predicted to 
enter the switching inhibition period Pp, is a rising timing. 
The Switching timing tSW of the correction target is 

corrected to the timing tSA which is before the start timing 
of the switching inhibition period Pp by increasing the duty 
before correction to the duty A. It is possible to apply, to the 
sixth exemplary embodiment as a concrete correction pro 
cess, the correction process performed by the Switching 
control device according to the fourth and fifth exemplary 
embodiments or other exemplary embodiments. When the 
Switching timing tSW of the correction target is a rising 
timing, the turned-on time increases by the correction time 
AA. 
The Switching control device according to the sixth exem 

plary embodiment uses the adjustment period Pad counted 
from the process reference time to to the switching timing 
tsw of the correction target. The switching control device 
according to the sixth exemplary embodiment adjusts the N 
switching timings ts0 to is (N-1) before the switching 
timing tSW of the correction target so that the average duty 
before correction is equal to the average duty after correc 
tion during the adjustment period Pad. In order to perform 
this adjustment, the duty during the adjustment period Pad 
is moved in opposite direction to the duty. A to obtain the 
duty R. This makes it possible to shift each of the N 
switching timings ts0 to ts(N-1) by the adjustment time 
(AA/N) obtained by dividing the correction time AA equally 
by N. In a concrete example, it is possible to decrease the 
turned-on time by shifting the rising timing backward and 
the falling timing forward. The sum of the N adjustment 
times becomes the value AA which is equal to the correction 
time AA. As a result, the increased amount of the turned-on 
time by the correction of the switching timing tsw of the 
correction target becomes offset by the decreasing of the 
turned-on time after the adjustment, and the average duty of 
the adjustment period Pad has the equal value before 
correction and after correction. 
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A description will now be given of the process with 
reference to FIG. 20. In step S10, the correction process 
starts at the correction process start timing to. In step S21. 
the adjustment period Pad is acquired. 

In step S22, it is detected whether the N-th turning point 
of the carrier Ce immediately before the switching timing 
tSW of the correction target is a crest or a trough. 
When the N-th turning point of the carrier CC is a crest 

(YES in step S22), the operation flow goes to step S23. In 
step S23, the time S (N) counted from the process reference 
timing to to the Switching timing tSW of the correction target 
is calculated by using the equation (9.1). 

When the N-th turning point of the carrier Ce is a trough 
(NO in step S22), the operation flow goes to step S24. In step 
S24, the time S (N) counted from the process reference 
timing to to the Switching timing tSW of the correction target 
is calculated by using the equation (9.2). 

In step S25, the correction time AA against the Switching 
timing tSW of the correction target is calculated. 

In step S26, the N switching timings ts0 to is (N-1) before 
the Switching timing tSW of the correction target are adjusted 
so that the average duty of the adjustment period Padbefore 
correction becomes equal to the average duty of the adjust 
ment period Pad after correction. For example, the adjust 
ment time (AA/N) obtained by dividing the correction time 
AA equally by N is determined and used for the N switching 
timings ts0 to tS(N-1) as the correction target. 

The Switching control device according to the sixth exem 
plary embodiment as previously described, corrects the 
Switching timing tSW of the correction target to be outside of 
the switching inhibition period Pp. This makes it possible to 
prevent generation of Superimposed Surge and maintain the 
constant average of the output value VH of the boost 
converter 20 during the adjustment period Pad. 
When the switching timing tsw of the correction target is 

a falling timing, which is opposite to the example shown in 
FIG. 19, the turned-on time of the switching timings ts0 to 
tS(N-1) during the adjustment period Pad is increased in 
order to offset the decreasing of the turned-on time due to the 
correction. 

In addition, it is acceptable to provide different adjustment 
time to the switching timings ts0 to ts(N-1) during the 
adjustment period Pad so that the total sum of the adjust 
ment times becomes the correction time AA. 

Seventh Exemplary Embodiment 

A description will be given of the carrier period change 
process performed by the Switching control device accord 
ing to the seventh exemplary embodiment with reference to 
FIG. 21 to FIG. 24, FIG. 25, FIG. 26, and FIG. 27. FIG. 21 
to FIG. 24 show timing charts. FIG. 25 and FIG. 26 show 
flow charts. The Switching timing correction process per 
formed by the Switching control device according to the 
fourth to sixth exemplary embodiments corrects the switch 
ing timing tSW of the correction target by changing the duty. 
The seventh and eighth exemplary embodiments correct the 
Switching timing tSW of the correction target by changing the 
period Tc of the converter carrier CC. 

In the explanation of the seventh and eighth exemplary 
embodiments, the term carrier means the converter carrier, 
and the term duty indicates the converter duty. 
As shown in FIG. 21 to FIG. 24, the switching control 

device according to the seventh exemplary embodiment uses 
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the words N-th turning point (N is an integer of not less than 
1), and process reference time to. Similar to the sixth 
exemplary embodiment, the Switching timing tSW of the 
correction target during the N-th turning point and the 
(N+1)-th turning point is corrected to be before the start 
timing tpa of the switching inhibition period Pp. 

In the seventh exemplary embodiment reduces the carrier 
period Tc before correction during the change target period 
X. The change target period X is counted from the 0-th 
turning point corresponding to the process reference time 
TO to the (N+1)-th turning point over the switching timing 
tsw of the correction target or the (N+2) turning point. The 
time length of the change target period X is (N+1) or (N+2) 
times of the half carrier period (Tc/2). 

It is possible to select the end point of the change target 
period X from the (N+1)-th turning point and the (N+2)-th 
turning point on the bases of the following four process 
patterns: 

whether or not the duty is less than 0.5 or not less than 0.5; 
and 

whether or not the N-th turning point of the carrier CC is 
a crest or a trough. 
The case in which the N-th turning point of the carrier Ce 

is a trough indicates that the Switching timing tSW of the 
correction target is present during the period when the 
carrier Ce rises from a trough to a crest. The case in which 
the N-th turning point of the carrier CC is a crest indicates 
that the Switching timing tSW of the correction target is 
present during the period when the carrier Ce rises from a 
crest to a trough. 
A change target period Y indicates a period from the 

process reference time t0 to the switching timing tsw of the 
correction target. As commonly shown in FIG. 21 to FIG. 
24, the carrier signal Ce and the corresponding drive signal 
Sc (bold Solid part) during the change target period X is 
reduced to the change target period Y by the change timing 
correction process. As a result, the turning point as the end 
point of the change target period X becomes equal to the 
Switching timing tSW of the correction target. The Switching 
timing tSW of the correction target is corrected to a timing 
tSA before the start timing tpa of the switching inhibition 
period Pp. 
The Switching timings tSA and tsB, which are present 

before and after the switching inhibition period Pp and are 
designated by reference character O at which the carrier CC 
after correction and the duty are crossed with each other. The 
seventh exemplary embodiment adjusts the Switching tim 
ings tSA and tsB to be apart from the switching inhibition 
period Pp as apart as possible. In other words, the seventh 
exemplary embodiment adjusts the Switching inhibition 
period Pp so that the switching inhibition period Pp is 
arranged at an intermediate between the Switching timings 
tSA and tsB. 

This reason is as follows. When the feedback control 
adjusts the duty of the boost converter, even if the carrier 
period (frequency) is changed at a timing, there is a possible 
case in which the Switching timing is overlapped with the 
Switching inhibition period Pp, and it is necessary to change 
the carrier period (frequency) every correction process, and 
the output Voltage Vh, and as a result, the reactor current IL 
fluctuates, and the torque change of the motor generator 4 
becomes worse. 

In order to avoid this, the carrier period (frequency) is 
changed so that the Switching timing before or after the 
switching inhibition period Pp is apart from the switching 
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inhibition period Pp, as apart as possible. This makes it 
possible to gradually change the carrier period (frequency) 
during a long period. 

Next, the process shown in each of FIG. 21 to FIG. 24 will 
be explained. FIG. 21 to FIG. 24 show the following four 
process patterns (A) to (D). 

FIG. 21... (A) duty-0.5, when the N-th turning point of 
the carrier CC is a trough. 

FIG.22 ... (B) duty.<0.5, when the N-th turning point of 
the carrier Co is a crest. 

FIG. 23 . . . (C) duty>=0.5, when the N-th turning point 
of the carrier Ce is a trough. 

FIG. 24. . . (D) duty-0.5, when the N-th turning point 
of the carrier Co is a crest. 

In the examples shown in FIG. 21 and FIG. 24, the 
switching inhibition period Pp is near the N-th turning point 
between the N-th turning point and the (N+1)-th turning 
point before correction. That is, the switching inhibition 
period Pp is relatively apart from the (N+1)-th turning point. 
In this example, when the period until the N-th turning point 
is used as the change target period X, it is possible for the 
Switching timings tSA and tsB before and after correction to 
be apart from the switching inhibition period Pp as apart as 
possible. 

In the examples shown in FIG. 22 and FIG. 23, the 
switching inhibition period Pp is close to the (N+1)-th 
turning point between the N-th turning point and the (N+1)- 
th turning point before correction. That is, the Switching 
inhibition period Pp is relatively close to the (N+1)-th 
turning point. In this example, when the period until the 
(N+2)-th turning point is used as the change target period X. 
it is possible for the switching timings tSA and tsB before 
and after correction to be apart from the switching inhibition 
period Pp as apart as possible. 
A description will be given of the processes with refer 

ence to FIG. 25, FIG. 26, FIG. 27A and FIG. 27B. 
In the flow chart shown in FIG. 25, when the correction 

process starts at the correction process start timing te (step 
S30), the change target period T, the carrier period Tc before 
correction and the duty are acquired (step S31). 

In step S32, the value N is obtained when the carrier 
turning point immediately before the Switching timing tSw 
of the correction target is the N-th turning point (N is an 
integer of not less than 1). That is, the value N is obtained, 
which satisfies the following equation (10.1). 

In a case when (2Y/Tc)=N, because the duty is 0 or 1, an 
unanticipated situation occurs and it is possible to control 
this by the actual control process. Accordingly, it is possible 
to put the equal sign at the right side or left side in the 
equation (10.1). 

In step S33, it is detected whether the duty is less than 0.5 
or not less than 0.5. In an actual case, because the Switching 
control device having a smallest resolution of 0.5 can 
exclude a case having the duty of 0.5, it is acceptable to 
use—not more than 0.5 or exceed 0.5—instead of using— 
less than 0.5 or not less than 0.5—. 

In steps S34 and S35, the judgment result indicates YES 
when the N-th turning point of the carrier CC is a trough, and 
NO when the N-th turning point of the carrier Ce is a crest. 

There are the following four patterns (A) to (D) corre 
sponding to FIG. 21 to FIG. 24, respectively. 
(A) S33: YES, S34: YES . . . corresponding to FIG. 21. 
(B) S33: YES, S34: NO . . . corresponding to FIG. 22. 
(C) S33: NO, S34: YES... corresponding to FIG. 23. 
(D) S33: NO, S34: NO . . . corresponding to FIG. 24. 
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In the patterns (A) and (D), an average carrier adjustment 

period Tc' is calculated by the equation (10.2) (step S36), the 
carrier period is gradually changed according to FIG. 27A. 

In the patterns (B) and (C), the average carrier adjustment 
period Tc' is calculated by the equation (10.3) (step S38), the 
carrier period is gradually changed according to FIG. 27B. 

The method shown in FIG. 27A and FIG. 27B maintains 
the carrier period TC at the start and end of the change target 
period X, and adjusts the carrier period Tc during the 
intermediate point of the change target period Y so that the 
carrier period is reduced rather than the average adjustment 
carrier period Tc' by a difference between the carrier period 
Tc before correction and the average adjustment carrier 
period Tc'. The method further gradually reduces the carrier 
period toward the intermediate point from the start of the 
change target period Y, and gradually increases the carrier 
period from the intermediate point to the end point of the 
change target period Y. 

This makes it possible to adjust the average carrier period 
in the change target period Y to the average adjustment 
carrier period Tc', and avoid a rapid change of the carrier 
period at the start point and the end point of the change target 
period Y. 
By the way, the gradual change of the carrier period 

(designated by the bold solid line) after correction of the 
switching timing is omitted from FIG. 21 to FIG. 24. 

Eighth Exemplary Embodiment 

A description will be given of the carrier period change 
process performed by the Switching control device accord 
ing to the eighth exemplary embodiment with reference to 
FIG. 28, FIG. 29A, FIG. 29B and FIG. 29C, FIG. 28 shows 
a timing chart, and FIG. 29A, FIG. 29B and FIG. 29C show 
maps. The Switching timing correction process performed 
by the switching control device according to the fourth to 
sixth exemplary embodiments corrects the Switching timing 
tSW of the correction target by changing the duty. The 
seventh and eighth exemplary embodiments correct the 
Switching timing tSW of the correction target by changing the 
period Tc of the converter carrier CC. 
The Switching control device according to the eighth 

exemplary embodiment does not correct the carrier period in 
consideration of the relationship between the switching 
inhibition period Pp and the switching timings tSA and tsB 
which is present before and after the switching inhibition 
period Pp, like the seventh exemplary embodiment. The 
Switching control device according to the eighth exemplary 
embodiment evaluates the carrier period independently, and 
changes the carrier period to its optimal value. 

In the example shown in FIG. 28, the switching inhibition 
period Pp is calculated during the period from the process 
reference timing to following the correction process start 
timing to to the next carrier turning point. 

After the process reference timing to, because the carrier 
period T before correction is reduced to the carrier period 
Tm after correction, the Switching timing tSW of the correc 
tion target is corrected to the timing tSA which is before the 
start timing tpa during the Switching inhibition period Pp. 
A description will now be given of the change of the 

output voltage VH and the reactor current IL of the reactor 
21 caused by the correction previously described. 

For example, the reactor current IL has a constant slope 
(see FIG. 17) regardless of the carrier period when the 
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inductance LL, input voltage Vin and output Voltage VH of 
the reactor 21 are constant values. For this reason, the range 
of the reactor current IL from the maximum value to the 
minimum value is reduced from IL to IZ" due to the 
reduction of the carrier period. That is, ripple of the reactor 
current IL flowing from the boost converter 20 to the 
inverter 30 is decreased. Similarly, because the range of the 
output voltage VH is reduced from VZ to VZ, and ripple of 
the output voltage VH is also reduced. 
A description will be given of the carrier frequency fm 

which is the inverse of the carrier period Tm after correction 
with reference to FIG. 29A, FIG. 29B and FIG. 29C in 
which the horizontal axis indicates a common carrier fre 
quency. The vertical axis in FIG. 29A indicates the control 
lability of the boost converter, and the vertical axis in FIG. 
29B indicates an efficiency. The vertical axis in FIG. 29C 
indicates an evaluation function. The evaluation function is 
obtained by adding the controllability and the efficiency of 
the boost converter by using a predetermined equation. 

The higher the carrier frequency is, the more the control 
lability of the boost converter exponentially increases. For 
this reason, the evaluation function has a V-shape in which 
it has the maximum value at an optimal frequency at the 
intermediate of the carrier frequency. 

In the usual control, because the efficiency of the boost 
converter is the important factor rather than its controllabil 
ity, the carrier frequency in a low frequency range having a 
high efficiency is used. However, because it is necessary to 
consider both the controllability and efficiency of the boost 
converter in order to avoid generation of Superimposed 
Surge, it is necessary to use the optimal frequency fm of the 
evaluation function. Accordingly, it is possible for the 
Switching control device according to the seventh exemplary 
embodiment to avoid generation of Superimposed Surge and 
maintain both the controllability and efficiency of the boost 
converter by changing the carrier frequency T to the carrier 
frequency Tm which is the inverse of the optimal frequency 
fm. 

Embodiment Containing Correction of Switching 
Timing of Inverter 

Ninth Exemplary Embodiment 

A description will be given of the Switching timing 
correction process performed by the Switching control 
device according to the ninth exemplary embodiment with 
reference to FIG. 30, FIG. 31, and FIG. 32. FIG. 30 shows 
an overall structure of the switching control device. FIG. 31 
shows a timing chart, and FIG. 32 show a flow chart. 

In addition to the structure of the switching control device 
50 shown in FIG. 1, the switching control device 55 accord 
ing to the eighth exemplary embodiment shown in FIG. 30 
further has an additional signal transmission line connected 
between the boost converter switching correction means 53 
to the inverter control circuit 61, and an additional signal 
transmission line connected between the boost converter 
switching correction means 53 to the inverter drive circuit 
64. 

In the Switching timing correction process performed by 
the switching control device 55 according to the exemplary 
embodiments of the present invention previously described, 
the Switching timing tSW of the correction target is adjusted 
to a timing before the start timing of the Switching inhibition 
period Pp in order to avoid generation of Superimposed 
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Surge when it is predicted that the Switching timing of the 
boost converter becomes within the switching inhibition 
period Pp. 

However, it is not always possible for the switching 
control device according to the fourth and fifth exemplary 
embodiments to calculate the correction time AA under all of 
the states of the boost converter 20 and the inverter 30. For 
example, there is a possible case in which a denominator of 
the equation to calculate the correction time AA becomes 
Zero. This makes it impossible to calculate the correction 
time AA. It is impossible for any correction to avoid 
generation of Superimposed Surge when the calculated cor 
rection time AA is within the switching inhibition period Pp. 

It is possible to avoid generation of Superimposed Surge 
by performing an irregular process of correcting the Switch 
ing timing of the inverter when it is impossible to calculate 
the correction time AA of the switching timing of the boost 
converter. 

In the example shown in FIG. 31, when the boost con 
verter switching correction means 53 transmits, to the 
inverter control circuit 61, information which indicates that 
the next Switching timing tSW of the boost converter 
becomes overlapped with the switching inhibition period Pp. 
the inverter control circuit 61 changes the Switching elec 
trical angle OSW to the electrical angle 0SW A. This makes 
it possible to bring forward the Switching timing tSW to the 
Switching timing tSA, and brings forward the Switching 
inhibition period Pp to a switching inhibition period Pp.A. As 
a result, the Switching timing tSW of the boost converter 
becomes present after the switching inhibition period Pp.A, 
and this avoids generation of Superimposed Surge. 

Next, a description will now be given of the process with 
reference to FIG. 32. 

After the correction process starts at the correction pro 
cess start timing te (in Step S10), a prediction is made as to 
whether the switching timing of the boost converter is within 
the converter switching inhibition period Pp in step S11. 
When the judgment result in step S11 indicates YES, the 
correction time AA is calculated in step S12. 
The process in step S10 and the process in step S11 shown 

in FIG. 32 are substantially equal to the process in step S10 
and the process in step S11 shown in FIG. 12, etc. In step 
S13 shown in FIG. 32, the correction time AA is calculated 
by using the processes S13 A to S13D shown in FIGS. 12, 14, 
16 and 19, or using another equation. 

In step S14, it is judged whether it is possible to calculate 
the correction time AA. When the judgment result indicates 
that it is possible to calculate the correction time AA (step 
S14: YES), the switching timing tsw of the boost converter 
is corrected to be before the start timing tpa of the converter 
Switching inhibition period Pp by the Switching timing 
correction process performed by the Switching control 
device according to the fourth, fifth exemplary embodiments 
in step S15. 
On the other hand, it is judged in step S14 that it is 

impossible to calculate the correction time AA (step S14: 
NO), the switching timing of the inverter is corrected in step 
S16 to move the converter switching inhibition period Pp in 
order to avoid the converter switching inhibition period Pp 
and the switching timing tsw of the boost converter from 
being overlapped with each other. 

It is possible for the Switching control device according to 
the ninth exemplary embodiment previously described to 
irregularly correct the Switching timing of the inverter when 
it is impossible to correct the Switching timing of the 
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correction target in the boost converter. This makes it 
possible to avoid generation of Superimposed Surge under 
the overall possible states 
(Other Modifications) 

(i) The present invention is not limited by the boost 
converter as the direct current voltage converter capable of 
boosting an input voltage. It is possible to apply the concept 
of the present invention to a step-down converter of reduc 
ing an input voltage. In addition, it is sufficient for the boost 
converter to have at least one Switching element, instead of 
the pair of Switching elements in an upper arm and a bottom 
a. 

(ii) It is acceptable to use, as the power conversion device 
according to the present invention, a H bridge circuit capable 
of converting a direct current power to an alternating current 
power usable with a direct current electric motor, in addition 
to the inverter converter capable of converting a direct 
current Voltage to an alternating current Voltage. Further, it 
is possible for the inverter to have multiple phases of not less 
than four, instead of three phases. 

(iii) In each of the exemplary embodiments previously 
described, the boost converter control circuit 51 and the 
inverter control circuit 61 calculate the duty of the switching 
element as the control value of the boost converter 20 and 
the control value of the inverter 30, respectively. Further, the 
boost converter drive circuit 54 and the inverter drive circuit 
64 generate the PWM signal on the basis of the comparison 
results between the duty and the carrier, and performs the 
PWM control. 

However, the concept of the present invention is not 
limited by those methods. It is possible for another switching 
control device to use the judgment results of the Switching 
timing correction method according to the present invention 
as long as this Switching control device to adjust the Switch 
ing timing of turned-on/off of the Switching element. 

In addition, it is acceptable for the carrier to have a saw 
tooth wave instead of a triangle wave. 

(iv) It is possible to use devices using a high Voltage Such 
as a discharge tube, a X ray generation apparatus in addition 
to the electric rotary machine Such as motor generators as the 
load to be driven by the electric power supplied from the 
electric power converter. 

(v) It is possible for the concept of the present invention 
to apply an electric rotary machine as a load to be used as 
an auxiliary engine of vehicles, electric trains other than 
vehicles, elevators, and general machines. It is possible to 
apply the Switching control device according to the present 
invention to various systems having a problem of generating 
at least a Superimposed Surge Voltage. 
As previously described, the switching control device 

according to the present invention can be applied to various 
embodiments within the scope of the present invention. 
What is claimed is: 
1. A switching control device, usable with a load drive 

system equipped with a direct current Voltage converter and 
an electric power converter, the Switching control device 
being capable of controlling a Switching timing of Switching 
elements in Switching element pairs of the direct current 
Voltage converter and the electric power converter, 

wherein the direct current voltage converter has a reactor 
and at least a Switching element connected to the 
reactor, the reactor is capable of charging and discharg 
ing electric energy, an input voltage to be Supplied to 
the reactor from a direct current power Source is 
converted to an output voltage by turning on and off the 
Switching elements, and the electric power converter 
has a plurality of Switching element pairs, each Switch 
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ing element pair comprises a Switching element at a 
high voltage side and a Switching element at a low 
Voltage side, the Switching elements are alternately 
turned on and off to convert the direct current power 
output from the direct current Voltage converter to an 
alternating current power, and the alternating current 
power is supplied to a load, wherein 

the Switching control device comprises: 
a direct current Voltage converter control circuit capable 

of calculating a control value of the direct current 
Voltage converter on the basis of an instruction Voltage 
for the output voltage of the direct current voltage 
converter; 

a direct current voltage converter drive circuit capable of 
driving the switching elements of the direct current 
voltage converter on the basis of the control value of 
the direct current voltage converter calculated by the 
direct current Voltage converter control circuit; 

an electric power converter control circuit capable of 
calculating a control value of the electric power con 
verter on the basis of a requested output of the load; 

an electric power converter drive circuit capable of driv 
ing the Switching element pairs of the electric power 
converter on the basis of the control value of the 
electric power converter calculated by the electric 
power converter control circuit; 

a direct current Voltage converter Switching inhibition 
period calculation means capable of performing a direct 
current Voltage converter Switching inhibition period 
calculation process which calculates a direct current 
converter switching inhibition period Pp, the direct 
current converter switching inhibition period Pp indi 
cating a period of inhibiting the Switching of the 
Switching elements of the direct current Voltage con 
Verter during a predetermined period which is in Syn 
chronization with an electric power converter switch 
ing timing prior to this electric power converter 
Switching timing as a Switching timing of at least a pair 
of the Switching elements forming the electric power 
converter, and the electric power converter Switching 
timing indicating a Switching timing on a time axis, and 
further indicating a Switching electrical angle on an 
electrical angle axis when an electric rotary machine is 
the load; and 

a direct current Voltage converter Switching correction 
means capable of performing a Switching timing cor 
rection process of correcting the Switching timing of a 
correction target to a timing prior to a start timing of the 
direct current Voltage converter Switching inhibition 
period, wherein a direct current Voltage converter 
Switching timing is a Switching timing of the correction 
target when it is predicted for the direct current voltage 
converter Switching timing as the Switching timing of at 
least the Switching element in the direct current Voltage 
converter to be within the direct current voltage con 
verter switching inhibition period. 

2. The Switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means acquires an output voltage of the direct 
current Voltage converter, an instruction voltage to be 
required as the output voltage of the direct current Voltage 
converter, and an instruction Voltage after correction which 
is Smaller than a maximal value of the output voltage of the 
direct current voltage converter before correction, and 

the direct current Voltage converter Switching correction 
means corrects the Switching timing of the correction 
target in order for the Switching timing of the correction 
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target to approach a start timing of the direct current 
Voltage converter Switching inhibition period so that 
the output voltage of the direct current Voltage con 
verter becomes equal to the instruction Voltage after 
correction. 

3. The Switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means acquires an estimated value of the reactor 
current estimated on the basis of one of the detected value 
of the reactor current flowing in the reactor of the direct 
current Voltage converter and information containing a 
turned-on time of the Switching element and a circuit 
constant of the direct current voltage converter, and acquires 
a current threshold value after correction which is smaller 
than a maximal value of an absolute value of the reactor 
current before correction, and 

the direct current Voltage converter Switching correction 
means corrects the Switching timing of the correction 
target in order for the Switching timing of the correction 
target to approach a start timing of the direct current 
Voltage converter Switching inhibition period so that 
the absolute value of the reactor current becomes equal 
to the current threshold value after correction. 

4. The Switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means acquires the output voltage of the direct 
current voltage converter, and corrects the Switching timing 
of the correction target to a timing which is apart from the 
start timing of the direct current Voltage converter Switching 
inhibition period so that the output voltage of the direct 
current Voltage converter after correction becomes equal to 
a voltage threshold value. 

5. The Switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means acquires an estimated value of the reactor 
current estimated on the basis of one of the detected value 
of the reactor current flowing in the reactor of the direct 
current Voltage converter, and information containing a 
turned-on time of the Switching element and a circuit 
constant of the direct current Voltage converter, and 

the direct current Voltage converter Switching correction 
means corrects the Switching timing of the correction 
target in order for the Switching timing of the correction 
target to be apart from the start timing of the direct 
current Voltage converter Switching inhibition period so 
that the absolute value of the reactor current becomes 
equal to the current threshold value. 

6. The Switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means further corrects a Switching timing before the 
Switching timing of the correction target, in addition to the 
Switching timing of the correction target, in Switching tim 
ings which appear during a period counted from the start 
timing of the Switching timing correction process to the 
Switching timing for the correction target. 

7. The Switching control device according to claim 6. 
wherein the direct current voltage converter drive circuit 
controls the output voltage on the basis of the direct current 
Voltage converter on the basis of a time ratio which is a rate 
of the turned-on time to the turned-off time for a switching 
period, and 

the direct current Voltage converter Switching correction 
means corrects the Switching timing of the correction 
target in order to gradually change the time ratio of the 
Switching element. 

8. The Switching control device according to claim 1, 
wherein the direct current voltage converter drive circuit 
controls the output Voltage of the direct current Voltage 
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converter on the basis of the time ratio which is a ratio of the 
turned-on time to the turned-off time for a switching period, 
and 

the direct current Voltage converter Switching correction 
means corrects the Switching timing of the correction 
target so that the time ratio during the Switching period 
of not less than one period becomes equal to each other 
before and after correction. 

9. The switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means starts the Switching timing correction process 
immediately after the completion of the calculation process 
of calculating the direct current Voltage converter Switching 
inhibition period. 

10. The switching control device according to claim 1, 
wherein the direct current Voltage converter Switching cor 
rection means starts the Switching timing correction process 
so that the Switching timing correction process completes at 
a timing immediately before the Switching timing to be 
instructed to the direct current voltage converter drive circuit 
is set. 

11. The Switching control device according to claim 1, 
wherein the direct current voltage converter Switching inhi 
bition period calculation means starts to calculate the direct 
current Voltage converter Switching inhibition period at a 
timing when the electric power converter control circuit has 
calculated the electric power converter Switching timing, 
and 

the direct current voltage converter switching inhibition 
period calculation means calculates the direct current 
Voltage converter Switching inhibition period on the 
basis of the electric power converter Switching timing 
calculated by the electric power converter control cir 
cuit. 

12. The Switching control device according to claim 1, 
wherein the direct current voltage converter Switching inhi 
bition period calculation means calculates an electric power 
converter prediction Switching timing as a next electric 
power converter Switching timing, in addition to the calcu 
lation of the electric power converter prediction switching 
timing calculated by the electric power converter control 
circuit, and 

the direct current voltage converter switching inhibition 
period calculation means calculates the direct current 
Voltage converter Switching inhibition period on the 
basis of the electric power converter prediction switch 
ing timing. 

13. The Switching control device according to claim 1, 
wherein the direct current voltage converter Switching inhi 
bition period calculation means starts the direct current 
Voltage converter Switching inhibition period calculation 
process at the timing when the control information to control 
the electric power converter is updated. 

14. The Switching control device according to claim 1, 
wherein the load is an electric rotary machine, and the 
electric power converter prediction Switching timing is 
defined on a Switching electrical angle on an electrical 
angular axis of the electric rotary machine instead of using 
the Switching timing on a time axis. 

15. The switching control device according to claim 1, 
wherein when it is difficult to calculate the correction time 
for the Switching timing of the correction target in the 
Switching timing correction process, and the electric power 
converter Switching timing is corrected to be brought for 
ward so that the Switching timing of the correction target 
becomes out of the direct current voltage converter switch 
ing inhibition period. 
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