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INVERTER-CHARGER INTEGRATED
DEVICE FOR ELECTRIC VEHICLE

supplies driving power for the driving of the motor by using
power charged in the battery in a second operation condition;
and a control unit determining the operating condition of the

CROSS-REFERENCE TO RELATED
APPLICATIONS

inverter and operating the inverter according to a determined
operating condition, wherein the inverter comprises a ?rst

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the bene?t of earlier ?ling date and right of priority to
Korean Patent Application No. 10-2013-0108130, ?led Sep.
9, 2013, the contents of which are all hereby incorporated by
reference herein in its entirety.

group of switches including ?rst and second switches, a sec

BACKGROUND

[0002]

The present disclosure relates to an inverter-charger

integrated device in which a charger supplying charging
power to a battery in an electric vehicle is integrated into an
inverter for driving a motor.

[0003] In general, the electric vehicle includes a high-volt
age battery in which a high voltage of e.g., about 72 V is
charged, a three-phase motor that is driven with power

charged in the high-voltage battery and enables the electric
vehicle to run, and an inverter for driving the three-phase

motor. Driving the three-phase motor with the power charged
in the high-voltage battery involves a limitation according to

ond group of switches including third and fourth switches,
and a third group of switches including ?fth and sixth

switches, the rectifying unit is directly connected to the ?rst
of the ?rst to third groups of switches, and phases of the motor
are respectively connected to the ?rst to third group of
switches.

[001 1]

The rectifying unit may include: a recti?er including

a plurality of diodes, and a power factor corrector including a
transistor and an inductor, wherein the power factor corrector
may correct the power factor of power recti?ed through the
recti?er.
[0012] One end of the inductor may be connected to an

emitter of the transistor, and the other end of the inductor may
be connected to a point where the ?rst switch and the second
switch of the ?rst group of switches are connected.

[0013]

The inverter may be con?gured to: operate only the

is not possible to drive the three-phase motor. Therefore, the
electric vehicle may include a high-voltage charger to charge
power in the high-voltage battery. Such a high-voltage
charger may be roughly classi?ed into a low-speed charger

?rst group of switches connected to the rectifying unit in the
?rst operation condition, and operate all the ?rst to third
groups of switches in the second operation condition.
[0014] The control unit may turn ON the transistor and the
second switch for a ?rst period and turn OFF the transistor
and the second switch for a second period, in the ?rst opera
tion condition, and the ?rst switch may maintain a tum-OFF
state in the ?rst operating condition and operate as a diode.

using single-phase alternating current (AC) power for home
and a high-speed charger using three-phase AC power.

motor and a delta-connected motor.

the capacity of the high-voltage battery.
[0004] When power remaining in the high-voltage battery
of the electric vehicle is less than or equal to a certain level, it

[0005] However, as described in Korean Patent Application
No. KR 20-2002-0007560, each of the inverter, the high

voltage charger and a low-voltage charger is mutually sepa
rated.

[0006]

As described above, since each of the inverter, the

high-voltage charger and the low-voltage charger is installed

[0015]

The motor may include any one of a Y-connected

[0016] According to an embodiment, since an inverter and
a charger are integrated to be one device, it is possible to
remarkably decrease wastes of labor force and time for

designing the electric vehicle.
[0017] Also, according to another embodiment, it is pos
sible to provide an inverter-charger integrated device that is

in the electric vehicle in a state where they are mutually
separated, there is a limitation in that a lot of time and labor
force are needed for designing them.

applied to a delta-connected induction motor in addition to a
Y-connected induction motor.

SUMMARY

forth in the accompanying drawings and the description

[0018]

[0007]

Embodiments provide an inverter-charger inte

grated device for an electric vehicle that may perform an
inverter function and a charger function.

[0008] Also, embodiments also provide an inverter-charger
integrated device for an electric vehicle that may be applied to
both a Y-connected three-phase induction motor and a delta

type induction motor.

[0009]

Technical tasks to be achieved by proposed embodi

ments are not limited to the above-mentioned technical tasks

and other technical tasks not mentioned will be able to be
clearly understood by a person skilled in the art from the

following descriptions.
[0010]

In one embodiment, an inverter-charger integrated

device for an electric vehicle includes a motor; a power input

unit to which alternating current (AC) power is applied; a

rectifying unit rectifying applied AC power and outputting
recti?ed power; an inverter arranged between the rectifying

unit and the battery, wherein the inverter supplies charging
power for the charging of the battery by using power recti?ed
through the rectifying unit in an ?rst operating condition and

The details of one or more embodiments are set

below. Other features will be apparent from the description
and drawings, and from the claims.
[0019]

The details of one or more embodiments are set

forth in the accompanying drawings and the description
below. Other features will be apparent from the description
and drawings, and from the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a block diagram of an inverter-charger
integrated device for an electric vehicle according to an
embodiment.
[0021] FIG. 2 is a detailed circuit diagram of an inverter
charger integrated device for an electric vehicle of FIG. 1.
[0022] FIGS. 3 and 4 are equivalent circuit diagrams of an

inverter-charger integrated device for an electric vehicle
according to embodiments.
[0023] FIGS. 5 and 6 are ?ow charts for explaining, step by

step, methods of operating an inverter-charger integrated
device for an electric vehicle according to embodiments.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024]

The followings only illustrate the principle of the

present invention. Therefore, a person skilled in the art may

invent various devices that implement the principle of the
present invention and are included in the concepts and scope

of the present invention, although being not clearly shown or
described in the speci?cation. Also, all conditional terms and
embodiments enumerated in the speci?cation are, in prin
ciple, intended only for the purpose of understanding the
concept of the present invention and thus it should be under
stood that the present invention is not limited to embodiments
and state to be particularly enumerated.

[0025] Also, it should be understood that all detailed
descriptions enumerating speci?c embodiments as well as the
principle, view and embodiments of the present invention are
intended to include their structural and functional equiva
lents. Also, such equivalents should be understood as includ
ing currently known equivalents as well as equivalents to be

developed in future, namely, all elements invented to perform
the same function irrespective of their structures.

[0026]

In the following claims, components expressed as

means for performing functions described in the detailed
description are intended as including, for example, combina
tions of circuit elements performing the functions or all meth

[0035] That is, the rectifying unit 120 includes a plurality of
diodes, recti?es the commercial AC voltage and outputs a

recti?ed voltage.
[0036] Also, the rectifying unit 120 corrects the power fac
tor of the recti?ed power and outputs a resulting voltage.

[0037] The inverter 130 is arranged between the rectifying
unit 120 and the high-voltage battery 140.
[0038] The inverter 130 uses power output through the
rectifying unit 120 to supply charging power for the charging
of the high-voltage battery 140 in a ?rst operating condition.
[0039] On the other hand, the inverter 130 switches charg
ing power charged in the high-voltage battery 140 to supply a
voltage for driving the motor 150 in a second operating con
dition.
[0040] The inverter 130 includes ?rst to sixth switching

devices S1 to S6 and performs power converting operations
suitable for the ?rst and second operating conditions accord
ing to the switching operations of the ?rst to sixth switching
devices.

[0041] The high-voltage batter may be a fuel cell, generate
direct current (DC) power by generating electrical energy
through the chemical reaction between hydrogen H2 and
oxygen 02 and accumulating generated electrical energy in a

stack, and also be charged by a DC voltage supplied through
the terminal of the battery.

ods performing functions including all types of software

[0042]

including ?rmware/micro codes, and are combined with

thus driven by three-phase AC power supplied through the

appropriate circuits for executing the software to perform the
functions. Since the present invention de?ned by such claims
follows a rule needed by claims and functions provided by

vehicle and receives three-phase AC power supplied through
the inverter 130 in an operating mode.

various enumerated means are combined, it should be under
stood that any means capable of providing the functions are

[0043] The control unit 160 controls the overall operations
of the inverter-charger integrated device for the electric

equivalent to matters grasped from the speci?cation.

vehicle.

[0027] The above objects, characteristics, and advantages
will be clear through the following detailed description

[0044] In particular, the control unit 160 determines the
operating mode of the inverter 130 and controls the operation

related to the accompanying drawings and thus a person
skilled in the art will be able to easily practice the technologi

cal spirit of the present invention. Also, in describing the
present invention, detailed descriptions of known techniques
related to the present invention will be ruled out in order not

to unnecessarily obscure subject matters of the present inven
tion.
[0028] In the following description, since the su?ixes
“module” and “unit” for components are only given for easi
ness in making the present disclosure, they may be inter

changed.
[0029]

Exemplary embodiments of the present invention

The motor 150 is connected to the inverter 130 and

inverter 130. The motor 150 is used for driving an electric

of the inverter 13 0 according to a determined operating mode.
[0045] The operating mode of the inverter 130 includes a
driving mode for driving the motor and a charging mode for

the charging of the high-voltage battery (also including a

low-voltage battery).
[0046] The operating mode of the inverter 130 may be set to
the charging mode when the following conditions are satis
?ed:

[0047] (1) when the charging of the battery is requested
through a separate charging switch,
[0048] (2) AC power is input through the AC power input

nying drawings.

unit 110, and
[0049] (3) a message for a charging request is received

[0030] FIG. 1 is a block diagram of an inverter-charger
integrated device for an electric vehicle according to an
embodiment.

through a controller area network (CAN) communication
module.
[0050] That is, when the above conditions are satis?ed, the

[0031]

Referring to FIG. 1, an inverter-charger integrated

control unit 160 allows the inverter 130 to work as a charger,

device for an electric vehicle includes an alternating current

(AC) power input unit 110, a rectifying unit 120, an inverter

switches power recti?ed through the rectifying unit 120
through the inverter 130, and generates a charging voltage for

130, a battery 140, a motor 150, and a control unit 160.

charging the high-voltage battery 140.

[0032]

[0051] Also, the control unit 160 checks the state of a
gearshift and determines whether to operate or stop the
inverter 130 according to the state of the gearshift identi?ed

are described below in detail with reference to the accompa

The AC power input unit 110 receives commercial

AC power externally supplied.
[0033] The commercial AC power may be single-phase AC
power and may be e.g., 220 V single-phase AC power for
home.

through the checking

[0034] The rectifying unit 120 recti?es and outputs the
commercial AC power input through the AC power input unit

inverter 130 is set to a charging mode and the gearshift is in a
neutral state, the control unit 160 operates the inverter 130

110.

and charges the high-voltage battery 140.

[0052]

For example, when the operating mode of the
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Also, when the operating mode of the inverter 130 is

ing to the third group of switches are connected to switches

set to a charging mode and the gearshift is in any one of
driving, reverse and parking states in stead of a neutral state,

[0053]

belonging to the second group of switches in parallel.
[0071] In this case, the positive electrode of the rectifying

the control unit 160 stops the inverter 130 and together out
puts a warning message requesting to change the state of the
gearshift to a neutral state for the charging of the high-voltage

unit 120 is connected to one of the ?rst to third group of

switches.Although FIG. 2 shows that the positive electrode of
the rectifying unit 120 is connected to the ?rst group of

battery 140.

switches, it is only an example and the positive electrode of

[0054] The operating mode of the inverter 130 may be set to
the driving mode when the following conditions are satis?ed:

the rectifying unit 120 may also be connected to the second or
third group of switches.

[0055] (1) when the charging of the battery is not requested
through a separate charging switch,
[0056] (2) AC power is not input through the AC power
input unit 110, and

[0072]

The positive electrode of the rectifying unit 120 is

connected to one of the ?rst switch and to one contact of the

fourth switch S4.
[0073] Also, the other end of the fourth switch S4 is con

[0057] (3) a message for a charging request is not received
through a controller area network (CAN) communication
module.

nected to the negative electrode of the rectifying unit 120.
[0074] The other end of the ?rst switch S1, the other end of
the second switch S2, and the other end of the third switch S3

[0058] Also, in the case where the operating mode of the
inverter 130 is set to the driving mode, when the state of the
gearshift is in any one of driving, reverse and parking states,
the control unit 160 drives the inverter 130 to supply driving
power to the motor 150, and when the state of the gearshift is

are mutually connected.

in a neutral state, the control unit 160 stops the inverter 130.

[0059]

The inverter-charger integrated device for the elec

tric vehicle is describedbelow in more detail with reference to

the accompanying drawings.
[0060] FIG. 2 is a detailed circuit diagram of the inverter
charger integrated device for the electric vehicle of FIG. 1.
[0061] Referring to FIG. 2, the rectifying unit 120 includes
a ?rst diode D1, a second diode D2, a third diode D3, a fourth
diode D4, a sixth diode D5, a transistor Q1, and an inductor
LB.
[0062] In this case, a ?rst inductor Lf and a ?rst capacitor Cf

may be arranged between the AC power input unit 11 0 and the

rectifying unit 120.
[0063]

The ?rst inductor Lf and the ?rst capacitor Cf are

?lter units and removes an external surge voltage and elec

tromagnetic interference (EMI) from AC power input through
the AC power input unit 110.
[0064] The rectifying unit 120 recti?es AC power input
through the AC power input unit 11 0 through the ?rst to fourth

[0075] Also, the other end of the fourth switch S4, the other
end of the ?fth switch S5, and the other end of the sixth switch
S6 are mutually connected.
[0076] A point where the ?rst switch S1 is connected to the
fourth switch S4, a point where the second switch S2 is
connected to the ?fth switch S5, and a point where the third
switch S3 is connected to the sixth switch S6 are connected to
the motor 150.

[0077] Also, the inverter 130 receives recti?ed power in a
charging mode based on the ?rst group of switches connected

to the rectifying unit 120, and supplies charging power to the

high-voltage battery 140 by the switching operations of the
?rst switch S1 and the fourth switch S4 of the ?rst group of
switches.

[0078] Also, the inverter 130 receives power charged in the
high-voltage battery 140 through the ?rst group of switches,
the second group of switches, and the third group of switches

in the driving mode, and supplies driving power to the motor
150 according to the switching operations of the switches of
the ?rst to third group of switches.

[0079] The control unit 160 controls the switching opera
tions of the transistor Q1 of the rectifying unit 120 and the ?rst
to sixth switches of the inverter 130.

inductor LB.
[0065] Substantially, the ?rst to fourth diodes D1 to D4 of

[0080] That is, the inverter 130 includes the ?rst to third
groups of switches that include the ?rst to sixth switches.
Also, the inverter 130 operates only switches of any one of the
?rst to third groups of switches in the charging mode and
switches of all the ?rst to third groups of switches in the

the rectifying unit 120 are recti?ers, and the transistor, the

driving mode.

inductor LB, and the ?fth diode D5 are power factor correc
tors for correcting a power factor.

[0081] FIGS. 3 and 4 are equivalent circuit diagrams of the
inverter-charger integrated device for the electric vehicle
according to embodiments.
[0082] FIGS. 3 and 4 represent the operation of the inverter
130 in the charging mode.
[0083] FIG. 3 represents the operation of the inverter

diodes D1 to D4, and corrects the power factor of a recti?ed

voltage through the ?fth diode D5, the transistor Q1, and the

[0066]

The switching operation of the transistor Q1 of the

rectifying unit 120 is described below in detail.
[0067] The inverter 130 includes a ?rst switch S1, a second
switch S2, a third switch S3, a fourth switch S4, a ?fth switch
S5, and a sixth switch S6.
[0068] In this case, one end of the ?rst switch S1 is con
nected to one end of the fourth switch S4 in series, and

accordingly, they form a ?rst group of switches.
[0069] Also, one end of the second switch S2 is connected
to one end of the ?fth switch S5 in series, and accordingly,
they form a second group of switches. In this case, switches
belonging to the second group of switches are connected to

charger integrated device for the electric vehicle for a ?rst
period, and FIG. 4 represents the operation of the inverter
charger integrated device for the electric vehicle for a second

period.
[0084] Referring to FIGS. 3 and 4, the control unit 160 turns
ON the transistor Q1 of the rectifying unit 120 and the fourth
switch of the inverter 130 for the ?rst period.
[0085] In this case, the ?rst switch S1 of the inverter 130
always maintains an OFF state in the charging mode. That is,

switches belonging to the ?rst group of switches in parallel.
[0070] Also, one end of the third switch S3 is connected to
one end of the sixth switch S6 in series, and accordingly, they

the ?rst switch S1 always maintains an OFF state in the
charging mode and thus operates as a diode (using an internal

form a third group of switches. In this case, switches belong

body diode).
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[0086]

As described above, when the transistor Q1 and the

fourth switch S4 are in an ON state, currents ?ow in an arrow

direction as shown in FIG. 3 and thus power obtained by
rectifying commercial AC power is stored in the inductor LB
through the transistor Q1 and the fourth switch S4.
[0087] The control unit 160 turns OFF the transistor Q1 and
the fourth switch S4 for the second period.
[0088] If the transistor Q and the fourth switch S4 are
turned OFF, power stored in the inductor LB is transmitted to

the high-voltage battery 140 through the body diode and

[0104]

Although embodiments have been described with

reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modi?cations and
embodiments can be devised by those skilled in the art that

will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi?
cations are possible in the component parts and/or arrange
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended

a Y-connected motor but directly connecting the rectifying

claims. In addition to variations and modi?cations in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.
What is claimed is:
1. An inverter-charger integrated device for an electric

unit 120 to the inverter 130, an embodiment may con?gure an

vehicle comprising:

freewheeling diode DF of the ?rst switch S1 of the inverter
130.

[0089] As described above, by not using the neutral point of
inverter-charger integrated device for a delta-connected

a motor;

motor in addition to the Y-connected motor.

a power input unit to which alternating current (AC) power

[0090]

FIGS. 5 and 6 are ?ow charts for explaining, step by

step, methods of operating the inverter-charger integrated
device for the electric vehicle according to embodiments.
[0091] Referring to FIG. 5, the control unit 160 ?rst deter
mines the operation mode of the inverter 130 in step S101.
[0092] That is, the control unit 160 determined based on
various conditions whether to use the inverter 130 as a charger

for the charging of the high-voltage battery 140 or whether to
use the inverter 130 as an inverter for driving the motor 150.

[0093] Then, the control unit 160 determines whether the
operating mode is determined as the charging mode in step
S102.

[0094] When the operating mode is determined as the
charging mode as a determination result in step S102, the
control unit 160 operates the inverter 130 as a charger for

charging a battery in step S103.
[0095] In this case, only the ?rst switch S1 and the fourth
switch S4 that belong to the ?rst group of switches among a

plurality of switches (and are connected to the rectifying unit)

operate.
[0096] Also, when the operating mode is determined as the
driving mode as a determination result in step S102, the
control unit 160 operates the inverter 130 as an inverter for

driving the motor 150 in step S104.
[0097] Also, referring to FIG. 6, when a ?rst period in the
charging mode arrives in step S201, the control unit 160 turns
ON the transistor Q1 and the fourth switch S4 and turns OFF
the ?rst switch S1 in step S202.

is applied;
a rectifying unit rectifying applied AC power and output
ting recti?ed power;
an inverter arranged between the rectifying unit and the
battery, wherein the inverter supplies charging power for

the charging of the battery by using power recti?ed
through the rectifying unit in an ?rst operating condition
and supplies driving power for the driving of the motor
by using power charged in the battery in a second opera
tion condition; and
a control unit determining the operating condition of the
inverter and operating the inverter according to a deter

mined operating condition,
wherein the inverter comprises a ?rst group of switches
comprising ?rst and second switches, a second group of
switches comprising third and fourth switches, and a
third group of switches comprising ?fth and sixth

switches,
the rectifying unit is directly connected to the ?rst of the
?rst to third groups of switches, and
phases of the motor are respectively connected to the ?rst
to third group of switches.

2. The inverter-charger integrated device according to
claim 1, wherein the rectifying unit comprises:
a recti?er comprising a plurality of diodes, and
a power factor corrector comprising a transistor and an

inductor, wherein the power factor corrector corrects the
power factor of power recti?ed through the recti?er.

By the operations of the transistor Q1, the ?rst

3. The inverter-charger integrated device according to

switch S1, and the fourth switch S4, recti?ed power is stored
in the inductor of the rectifying unit 120.
[0099] Also, the control unit 160 determines whether a
second period arrives in step S203.
[0100] When the second period arrives as a determination
result in step 5203, the transistor Q1, the ?rst switch S1, and

claim 2, wherein one end of the inductor is connected to an

the fourth switch S4 are all turned OFF in step S204.

claim 1, wherein the inverter is con?gured to:
operate only the ?rst group of switches connected to the

[0098]

[0101]

By the turn-OFF operations of the transistor Q1, the

?rst switch S1, and the fourth switch S4, power stored in the
inductor LB is transmitted to the high-voltage battery 140.
[0102] According to an embodiment, since an inverter and
a charger are integrated to be one device, it is possible to
remarkably decrease wastes of labor force and time for

designing the electric vehicle.
[0103] Also, according to another embodiment, it is pos
sible to provide the inverter-charger integrated device that
may be applied to a delta-connected induction motor in addi
tion to a Y-connected induction motor.

emitter of the transistor, and
the other end of the inductor is connected to a point where
the ?rst switch and the second switch of the ?rst group of
switches are connected.

4. The inverter-charger integrated device according to

rectifying unit in the ?rst operation condition, and
operate all the ?rst to third groups of switches in the second

operation condition.
5. The inverter-charger integrated device according to
claim 2, wherein the control unit turns ON the transistor and
the second switch for a ?rst period and turns OFF the transis
tor and the second switch for a second period, in the ?rst

operation condition, and
the ?rst switch maintains a turn-OFF state in the ?rst oper
ating condition and operates as a diode.

US 2015/0069936 A1

Mar. 12, 2015

6. The inverter-charger integrated device according to
claim 1, Wherein the motor comprises any one of a Y-con
nected motor and a delta-connected motor.
*

*

*

*

*

