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modular multilevel converter driving signal
modulation method comprises a first mode
. and a second mode, the first mode and the
second mode operating in a cyclical manner.
In the first mode, a first power semiconductor

1, I3

switch (T1) and a second power semiconduct-
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or switch (T2) are turned on in an alternating
manner, and at the same time, a third power
semiconductor switch (T3) is turned oft' in a
normal manner and a fourth power semicon-
ductor switch (T4) is turned on in a normal
manner. In the second mode, the third power
semiconductor switch (T3) and the fourth
power semiconductor switch (T4) are turned
on in an alternating manner, and at the same
time, the first power semiconductor switch
(T1) is turned on in a normal manner and the
second power semiconductor switch (T2) is
turned off in a normal manner. The junction
temperatures of the power semiconductor
switches are balanced, increasing the opera-
tional safety margin of a converter. The capa-
city of a converter may be effectively in-

creased without increasing engineering costs, and performance is better in both economic and technical terms.
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DRIVE SIGNAL MODULATION METHOD OF MODULAR MULTILEVEL
CONVERTER AND FAULT ISOLATION METHOD

BACKGROUND

Field

The present specification relates to the field of VSC-HVDC, and particularly to a
drive signal modulation method of a modular multilevel converter and a fault isolation

method.

Background

The emergence of a modular multilevel converter (MMC) enables successful
application of a multilevel converter in the field of VSC-HVDC. The converter of the
MMC adopts a modular design and is composed of several basic unit modules having
an identical structure in series, each of the modules being referred to as a converter
module unit. By increasing the number of series modules and a current level in the
converter, the converter can be applied to those occasions at different voltage and

power levels.

However, a traditional half-bridge module unit has an inherent defect in which a
direct current (DC) fault cannot be effectively handled, and a full-bridge module
capable of suppressing a DC fault current also has problems such as large losses and
high costs. Thus, how to optimize the performance of the MMC becomes a key

technical factor for solving the problems in DC interconnection.

In view of this, the present inventors have conducted investigations and
improvements on a drive signal modulation method of a modular multilevel converter,

resulting in the present application.

SUMMARY

Embodiments described herein provide a drive signal modulation method of a
modular multilevel converter and a fault isolation method, or at least provide a useful
alternative to existing methods. In some embodiments the drive signal modulation
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method of a modular multilevel converter can reduce thermal stress of a power
semiconductor switch in the converter, increase the capacity of the converter,
overcome shortcomings of a full-bridge submodule, and achieve better performance in
both economic efficiency and technicality. The fault isolation method of a submodule
unit can flexibly select a drive modulation method to effectively isolate a
broken-down switching transistor. The method does not influence operation of the
system and also reduces a fault rate of the submodule unit, and the availability of the

overall system is increased.

According to a first aspect, there is provided: a drive signal modulation method of
a modular multilevel converter, the modular multilevel converter including at least
one bridge arm, the bridge arm including at least one full-bridge submodule unit, the
full-bridge submodule unit including a first power semiconductor switch, a second
power semiconductor switch, a third power semiconductor switch and a fourth power

semiconductor switch, wherein:

the drive signal modulation method includes a first mode and a second mode; the
full-bridge submodule unit firstly enters the first mode, then enters the second mode,
reenters the first mode and so on; or firstly enters the second mode, then enters the

first mode, reenters the second mode and so on;

in the first mode, an alternate drive signal is applied to the first power
semiconductor switch and the second power semiconductor switch, such that the first
power semiconductor switch and the second power semiconductor switch are turned
on alternately in the same time sequence, while a complementary drive signal is
applied to the third power semiconductor switch and the fourth power semiconductor
switch, such that the third power semiconductor switch is turned off normally and the

fourth power semiconductor switch is turned on normally; and

in the second mode, the alternate drive signal is applied to the third power
semiconductor switch and the fourth power semiconductor switch, such that the third
power semiconductor switch and the fourth power semiconductor switch are turned on
alternately in the same time sequence, while the complementary drive signal is
applied to the first power semiconductor switch and the second power semiconductor
switch, such that the first power semiconductor switch is turned on normally and the

fourth power semiconductor switch is turned off normally.
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Further, the first power semiconductor switch includes a switching transistor T1
and a freewheel diode D1 in anti-parallel with the switching transistor T1; the second
power semiconductor switch includes a switching transistor T2 and a freewheel diode
D2 in anti-parallel with the switching transistor T2; the third power semiconductor

switch includes a

2A



switching transistor T3 and a freewheel diode D3 in anti-parallel with the switching transistor
T3; and the fourth power semiconductor switch includes a switching transistor T4 and a

freewheel diode D4 in anti-parallel with the switching transistor T4.

Further, each of the switching transistors T1 to T4 assumes an IGBT, an IGCT, a GTO,
or a MOSFET.

Further, the drive signal modulation method includes the following steps:

1) a capacitor discharge state in the first mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
switching transistors Tl and T4 are turned on and an energy storage element C1 is discharged,

at a forward current;

2) a forward bypass state in the first mode: an on-signal is applied to the switching
transistors T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the
freewheel diode D2 and the switching transistor T4 are turned on and the full-bridge

submodule unit is bypassed, at a forward current;

3) a capacitor discharge state in the first mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
freewheel diodes D1 and D4 are turned on and the energy storage element Cl is charged, at a

reverse current;

4) a reverse bypass state in the first mode: an on-signal is applied to the switching
transistors T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the
switching transistor T2 and the freewheel diode D4 are turned on and the full-bridge

submodule unit is bypassed, at a reverse current;

5) capacitor discharge state in the second mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
switching transistors T1 and T4 are turned on and the energy storage element CI1 is

discharged, at a forward current;

6) a forward bypass state in the second mode: an on-signal is applied to the switching
transistors T1 and T3, an off-signal is applied to the switching transistors T2 and T4, and the
switching transistor T1 and the freewheel diode D3 are turned on and the full-bridge

submodule unit is bypassed, at a forward current;

7) a capacitor discharge state in the second mode: an on-signal is applied to the
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switching transistors T1 and T4, an off-signal is applied to the switching transistors
T2 and T3, and the freewheel diodes D1 and D4 are turned on and the energy storage

element C1 is charged, at a reverse current; and

8) a reverse bypass state in the second mode: an on-signal is applied to the
switching transistors T1 and T3, an off-signal is applied to the switching transistors
T2 and T4, and the freewheel diode D1 and the switching transistor T3 are turned on

and the full-bridge submodule unit is bypassed, at a reverse current.

According to another aspect, there is provided: a fault isolation method of a
submodule unit, the submodule unit being a full-bridge submodule unit, wherein when
the drive signal modulation method of a modular multilevel converter described above
is used to perform modulation, if a second power semiconductor switch or a third
power semiconductor switch in the full-bridge submodule unit breaks down or if a
drive circuit of the second power semiconductor switch or the third power
semiconductor switch breaks down, the broken-down power semiconductor switch is
isolated by changing the mode of the drive signal modulation, while the full-bridge

submodule unit does not stop running.

Embodiments described herein enable thermal stress balancing of power
semiconductor switches in a submodule by modulating a drive signal, thereby
increasing the capacity of a converter, and changes current stress of switching
transistors and anti-parallel diodes of the switching transistors by alternating a drive
signal in a two-stage mode. Losses of the switching transistors and the anti-parallel
diodes thereof are more uniform, junction temperatures of the power semiconductor
switches are reduced, and an operation safety margin is greater. The capacity of the
converter can be increased by reducing the junction temperatures of the power

semiconductor switches.

Since the full-bridge submodule unit has one switching transistor in a blocking
state either in the first mode or in the second mode, embodiments can select one of
stages 1 and 2 in operation when detecting that any of switching transistors breaks
down, where the broken-down switching transistor is set to be in the blocking state,
the remaining three switching transistors still normally operate, and the full-bridge
submodule unit is not bypassed. When any of switching transistors or a drive circuit

thereof breaks down, a drive modulation method can be flexibly selected to
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effectively isolate the broken-down switching transistor without influencing operation
of the system. The full-bridge submodule unit can allow that one switching transistor
or a drive circuit thereof breaks down and is not bypassed, thereby reducing a fault

rate of the submodule unit and increasing the availability of the overall system.

In summary, compared with the prior art, embodiments described herein have
advantageous effects such as: achieving thermal stress balancing of power
semiconductor switches in a submodule unit, thereby increasing the capacity of a
converter and reducing the cost of unit capacity of the converter; increasing an safety
margin of the submodule unit and reliability of the system with no increase of
investment; and tolerating that any of IGBTs in a full-bridge submodule unit breaks
down while normally operating, thereby reducing the risk of bypass of the full-bridge

submodule unit and increasing the availability of the system.

Throughout the specification and the claims that follow, unless the context
requires otherwise, the words “comprise” and “include” and variations such as
“comprising” and “including” will be understood to imply the inclusion of a stated
integer or group of integers, but not the exclusion of any other integer or group of

integers.

The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgement of any form of suggestion that such prior art forms part of

the common general knowledge.

It will be appreciated by those skilled in the art that the invention is not restricted
in its use to the particular application described. Neither is the present invention
restricted in its preferred embodiment with regard to the particular elements and/or
features described or depicted herein. It will be appreciated that the invention is not
limited to the embodiment or embodiments disclosed, but is capable of numerous
rearrangements, modifications and substitutions without departing from the scope of

the invention as set forth and defined by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a topology of a modular multilevel converter according to an

embodiment.

FIG. 2 is a schematic diagram of various operating conditions of a full-bridge

5
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submodule unit at a stage 1 according to an embodiment:
(a) forward current discharge loop;
(b) forward current bypass loop;
(c) reverse current charge loop; and
5 (d) reverse current bypass loop.

FIG. 3 is a schematic diagram of various operating conditions of a full-bridge

submodule unit at a stage 2 according to an embodiment:
(a) forward current discharge loop;
(b) forward current bypass loop;
10 (c) reverse current charge loop; and

(d) reverse current bypass loop.

DETAILED DESCRIPTION

The technical solutions of the various embodiments described herein are

described in detail below with reference to the accompanying drawings.

15
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Embodiment 1

Referring to FIGs. 1, 2 and 3, shown is a drive signal modulation method of a modular
multilevel converter, the modular multilevel converter including at least one bridge arm,
specifically six bridge arms in the present embodiment, the bridge arm including at least one
full-bridge submodule unit, the full-bridge submodule unit including a first power
semiconductor switch, a second power semiconductor switch, a third power semiconductor
switch and a fourth power semiconductor switch, wherein the drive signal modulation method
includes a first mode and a second mode; the full-bridge submodule unit firstly enters the first
mode, then enters the second mode, reenters the first mode and so on, or firstly enters the

second mode, then enters the first mode, reenters the second mode and so on;

m the first mode, an alternate drive signal is applied to the first power semiconductor
switch and the second power semiconductor switch, such that the first power semiconductor
switch and the second power semiconductor switch are turned on alternately in the same time
sequence, while a complementary drive signal is applied to the third power semiconductor
switch and the fourth power semiconductor switch, such that the third power semiconductor
switch is turned off normally and the fourth power semiconductor switch is turned on

normally; and

in the second mode, the alternate drive signal is applied to the third power semiconductor
switch and the fourth power semiconductor switch, such that the third power semiconductor
switch and the fourth power semiconductor switch are turned on alternately in the same time
sequence, while the complementary drive signal is applied to the first power semiconductor
switch and the second power semiconductor switch, such that the first power semiconductor
switch is turned on normally and the fourth power semiconductor switch is turned off

normally.

As a preferred embodiment, the first power semiconductor switch includes a switching
transistor T1 and a freewheel diode D1 in anti-parallel with the switching transistor T1, the
second power semiconductor switch includes a switching transistor T2 and a freewheel diode
D2 in anti-parallel with the switching transistor T2, the third power semiconductor switch
includes a switching transistor T3 and a freewheel diode D3 in anti-parallel with the switching
transistor T3, and the fourth power semiconductor switch includes a switching transistor T4
and a freewheel diode D4 in anti-parallel with the switching transistor T4; and each of the

switching transistors T1-T4 assumes an IGBT, an IGCT, a GTO, or a MOSFET.

6



Further, the drive signal modulation method of a modular multilevel converter includes

the following steps:

1) a capacitor discharge state in the first mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
switching transistors T1 and T4 are turned on and an energy storage element C1 is discharged,

at a forward current, as shown in FIG. 2a;

2) a forward bypass state in the first mode: an on-signal is applied to the switching
transistors T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the
freewheel diode D2 and the switching transistor T4 are turned on and the full-bridge

submodule unit is bypassed, at a forward current, as shown in FIG. 2b;

3) a capacitor discharge state in the first mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
freewheel diodes D1 and D4 are turned on and the energy storage element C1 is charged, at a

reverse current, as shown in FI1G. 2¢;

4) a reverse bypass state in the first mode: an on-signal is applied to the switching
transistors T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the
switching transistor T2 and the freewheel diode D4 are turned on and the full-bridge

submodule unit is bypassed, at a reverse current, as shown in FIG. 2d;

5) a capacitor discharge state in the second mode: an on-signal is applied to the
switching transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3,
and the switching transistors T1 and T4 are turned on and the energy storage element C1 is

discharged, at a forward current, as shown in FIG. 3a;

6) a forward bypass state in the second mode: an on-signal is applied to the switching
transistors T1 and T3, an off-signal is applied to the switching transistors T2 and T4, and the
switching transistor T1 and the freewheel diode D3 are turned on and the full-bridge

submodule unit is bypassed, at a forward current, as shown in FIG. 3b;

7) a capacitor discharge state in the second mode: an on-signal is applied to the
switching transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3,
and the freewheel diodes D1 and D4 are turned on and the energy storage element C1 is
charged, at a reverse current, as shown in FIG. 3c¢; and

8) a reverse bypass state in the second mode: an on-signal is applied to the switching

7



transistors T1 and T3, an off-signal is applied to the switching transistors T2 and T4, and the
freewheel diode D1 and the switching transistor T3 are turned on and the full-bridge

submodule unit is bypassed, at a reverse current, as shown in FIG. 3d.
Embodiment 2:

The present embodiment provides a fault isolation method of a submodule unit, the
submodule unit being a full-bridge submodule unit. When the drive signal modulation method
of a modular multilevel converter in the embodiment 1 is used to perform modulation, if the
second power semiconductor switch in the full-bridge submodule unit breaks down or if a
drive circuit of the second power semiconductor switch breaks down, the broken-down
second power semiconductor switch is isolated by changing the mode of the drive signal
modulation, while the full-bridge submodule unit does not stopping running and operates in

the second mode, as shown in FIG. 3.
Embodiment 3:

The present embodiment provides a fault isolation method of a submodule unit, the
submodule unit being a full-bridge submodule unit. When the drive signal modulation method
of a modular multilevel converter described in the embodiment 1 is used to perform
modulation, if the third power semiconductor switch in the full-bridge submodule unit breaks
down or if a drive circuit of the third power semiconductor switch breaks down, the
broken-down third power semiconductor switch is isolated by changing the mode of the drive
signal modulation, while the full-bridge submodule unit does not stopping running and

operates in the first mode, as shown in FIG. 2.



What is claimed is:

I. A drive signal modulation method of a modular multilevel converter, the modular
multilevel converter comprising at least one bridge arm, the bridge arm comprising at least
one full-bridge submodule unit, the full-bridge submodule unit comprising a first power
semiconductor switch, a second power semiconductor switch, a third power semiconductor

switch and a fourth power semiconductor switch, wherein:

the full-bridge submodule unit operates m two alternate operation modes, designated a first

mode and a second mode;
firstly enters the first mode, then enters the second mode, reenters the first mode and so on;

or firstly enters the second mode, then enters the first mode, reenters the second mode and so

on;

in the first mode, an alternate drive signal is applied to the first power semiconductor switch
and the second power semiconductor switch, such that the first power semiconductor switch
and the second power semiconductor switch are turned on alternately in the same time
sequence, while a complementary drive signal is applied to the third power semiconductor
switch and the fourth power semiconductor switch, such that the third power semiconductor
switch remains in an off state and the fourth power semiconductor switch remains in an on
state in the time sequence of the alternate turning-on of the first power semiconductor switch

and the second power semiconductor switch; and

in the second mode, an alternate drive signal is applied to the third power semiconductor
switch and the fourth power semiconductor switch, such that the third power semiconductor
switch and the fourth power semiconductor switch are turned on alternately in the same time
sequence, while a complementary drive signal is applied to the first power semiconductor
switch and the second power semiconductor switch, such that the first power semiconductor
switch remains in an on state and the second power semiconductor switch remains in an off
state in the time sequence of the alternate turning-on of the third power semiconductor switch

and the fourth power semiconductor switch.



2. The drive signal modulation method of a modular multilevel converter of claim 1, wherein:
the first power semiconductor switch comprises a switching transistor T1 and a freewheel
diode D1 in anti-parallel with the switching transistor T1; the second power semiconductor
switch comprises a switching transistor T2 and a freewheel diode D2 in anti-parallel with the
switching transistor T2; the third power semiconductor switch comprises a switching
transistor T3 and a freewheel diode D3 in anti-parallel with the switching transistor T3; and
the fourth power semiconductor switch comprises a switching transistor T4 and a freewheel

diode D4 in anti-parallel with the switching transistor T4.

3. The drive signal modulation method of a modular multilevel converter of claim | or 2,
wherein each of the switching transistors T1, T2, T3, and T4 assumes an IGBT, an IGCT, a

GTO, or a MOSFET.

4. The drive signal modulation method of a modular multilevel converter of claim 2,

comprising the following steps:

1) a capacitor discharge state in the first mode: an on-signal is applied to the switching

transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3,

and the switching transistors T1 and T4 are turned on and an energy storage element C1 is

discharged, at a forward current;

2) a forward bypass state in the first mode: an on-signal is applied to the switching
transistors T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the
freewheel diode D2 and the switching transistor T4 are turned on and the full-bridge

submodule unit is bypassed, at a forward current;

3) a capacitor discharge state in the first mode: an on-signal is applied to the switching
transistors T1 and T4, an off-signal is applied to the switching transistors T2 and T3, and the
freewheel diodes D1 and D4 are turned on and the energy storage element C1 is charged, at a

reverse current;

4) areverse bypass state in the first mode: an on-signal is applied to the switching transistors
T2 and T4, an off-signal is applied to the switching transistors T1 and T3, and the switching

transistor T2 and the freewheel diode D4 are turned on and the full-bridge submodule unit is
10
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bypassed, at a reverse current;

5) capacitor discharge state in the second mode: an on-signal is applied to the
switching transistors T1 and T4, an off-signal is applied to the switching transistors
T2 and T3, and the switching transistors T1 and T4 are turned on and the energy

storage element C1 is discharged, at a forward current;

6) a forward bypass state in the second mode: an on-signal is applied to the
switching transistors T1 and T3, an off-signal is applied to the switching transistors
T2 and T4, and the switching transistor T1 and the freewheel diode D3 are turned on

and the full-bridge submodule unit is bypassed, at a forward current;

7) a capacitor discharge state in the second mode: an on-signal is applied to the
switching transistors T1 and T4, an off-signal is applied to the switching transistors
T2 and T3, and the freewheel diodes D1 and D4 are turned on and the energy storage

element C1 is charged, at a reverse current; and

8) areverse bypass state in the second mode: an on-signal is applied to the switching
transistors T1 and T3, an off-signal is applied to the switching transistors T2 and T4,
and the freewheel diode D1 and the switching transistor T3 are turned on and the

full-bridge submodule unit is bypassed, at a reverse current.

5. A fault isolation method of a submodule unit, the submodule unit being a
full-bridge submodule unit, wherein: when the drive signal modulation method of a
modular multilevel converter of any one of claims 1-4 is used to perform modulation,
if a second power semiconductor switch or a third power semiconductor switch in the
full-bridge submodule unit breaks down or if a drive circuit of the second power
semiconductor switch or the third power semiconductor switch breaks down, the
broken-down power semiconductor switch is isolated by changing the mode of the

drive signal modulation, while the full-bridge submodule unit does not stop running,
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