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Abstract: [Objective] With the rapid development of new
energy, the weak anti-interference capability of new energy
inverters intensifies the risk of cascading grid disconnection
after fault disturbances, posing new challenges to current risk
prevention and control technologies for protection. This paper
investigates the cycle-by-cycle (CBC) current limiting control
methods for the fault condition of active neutral point clamped
(ANPC) inverters when an AC side short circuit occurs.
[ Methods ] In traditional CBC current limiting control
methods, all switching devices of the inverter were turned off
when the current exceeded the over-current threshold.
However, this frequently triggered current limiting control,
resulting in high current change rate di/d¢ of switching
devices, and excessive current flowing through the anti-
parallel diode of the insulated gate bipolar transistor (IGBT) ,
which failed to effectively protect the switching devices in the
inverter. Between the control strategy of forcibly turning off
all switching devices and the new energy grid disconnection
accidents caused by allowing over-current to develop, this
paper proposed a technology that controlled the inverter in an

intermediate state—partial-switching-off CBC " soft" current
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limiting control technology. When the control was triggered,
the specified switching devices were turned off while the
remaining ones were kept on. Finally, a simulation model was
established using MATLAB/Simulink to verify the proposed
CBC current limiting control method. [Results] The results
indicated that this method could effectively reduce the number
of triggers, lower the di/dt of the switching devices, and
decrease the current peak value of the internal switching
devices in the inverter, thereby enhancing the reliability of
the inverter. Compared with the full-switching-off CBC
current limiting method, the trigger cycles of the partial-
switching-off CBC " soft" current limiting were longer, and
the trigger frequency was lower. Moreover, the CBC " soft"
current limiting method limited the peak current of the
switching devices to a lower level, which was beneficial for
improving the reliability of the inverter and optimizing the
CBC current limiting control method. [ Conclusion] The
proposed CBC " soft" current limiting control method for
ANPC inverters can effectively control inverter current under
short-circuit faults, improve the inverter’ s short-circuit fault
ride-through capability, and provide technical support for the
safe operation of new energy grid connection.

Key words: cycle-by-cycle current limiting; active neutral
point clamped inverter; over-current protection; switching

device current stress
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B 1 ANPC #EHRAINEN
Fig. 1 ANPC inverter topology
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Fig.3 Current paths of the ANPC inverter
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Tab.1 Switching states of ANPC inverter
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Fig.4 Circuit of ANPC inverter full-switching-off

CBC current limiting
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Fig.5 Equivalent circuit of state 1 with
full-switching-off CBC current limiting
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Fig. 6 Equivalent circuit of state 2 with
full-switching-off CBC current limiting
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Fig.7 Waveforms of the full-switching-off

CBC current limiting control logic
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Fig. 10 Waveforms of partial-switching-off CBC

current limiting control logic
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Fig. 11 Circuit of novel partial-switching-off

CBC "soft" current limiting
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Fig. 13 Waveforms of CBC '"'soft" current limiting

control logic
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Fig. 14 Waveforms at the moment of trigger control
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Fig. 15 Current waveforms of switching devices

at the moment of trigger control
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Tab.3 Current values of switching devices inside the

inverter after current limiting control under different
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TE ANPC = H1 P30 7R SR fe T A0, T 5 4%
TR FERH T R R A Z s T RN R, &
MESCHR 26 ] /9 IGBT 5 S OBk AR A 1 AE T3 07
V5 XA ) T2 BR L SR T B8 a8 A A AR E AT X 1L
P

FERTT Ny 12 kW T80T, g5 3 Fhiz i
BRI TV AL &% A A 25 T S as A Pl A Kt 1
Fd, XA RS T5 12 08 e PRI AR 26 5, W)
VA 000 RBrg P BRIk T i R A 4t
PB4 W i FR U 7 V6 Y 200, HL A R A 2
VERRARG ; BT U2 O < B0 BRI 7 i T, Hid R 4%
PHBIFEZ) S 2 BT P PRI AY 0.74 %, “HAE
FEAL A FITFRAR , FE M RRA 1 S RFE

R4 WHINERA 12 kW, RERKEHAZT A

B KB RREE
Tab.4 The loss values of each switching device in phase

A under different current limiting methods at an

output power of 12 kW W
A FE(E . /i\%%ﬁ éﬂéj\aél*fr B BRI
B BRI B BRI
Py 44,367 1.314 1.173
Pro 44.442 30.276 34.963
Pry 48.305 31.956 34.962
Py 48.129 1.344 1.349
Pr,s 1.514 44.171 35.579
Pry 3.793 47.139 33.667
Py 21.703 0.296 0.269
Ppa 21.914 23.463 17.798
Pp.; 20.789 25.587 17.818
P 18.173 0.296 0.269
Pp,s 1.544 16.204 17.798
P 1.575 17.167 17.791
Py 276.248 237.284 213.436

it — L AR UL TEAS R DR R T 3
BRI N ERFERIRT L, 73 37E 12.8.6 kW 22
O Hh DR T B0 AT O HAK, K 3 R B
BRVUITIE B AL S A M OF SR iC % T
5, M S WML IETHAME BT, 25w
TR PR 77 0 B8 e 0 R e v, 7 RS 0 4 FRE
TITEE B AR AR R, 38 0 S W 128 I BRI 7 1
ISR HRFEN T R =% Z a), B AL - K

B3 7 1 () B ADURE 24 Sy 4 S W D PR 3 1k 1Y)
80% , 2R 3 O i i B Ik T ¥4 19 90% . T i
HTRZ I < A0 B 42 1 0 vk AE — 8 R L R AIR
TR

%5 AEHHINETRRRBRA EHRRE

Tab.5 Total losses of different current limiting

methods under different output powers %
EERZIIES 12 kW 8 kW 6 kW
4 W2 B I 276.248  187.708  152.267
843 K T2 IR IR U 237.284  161.481  135.236

R BRI 213.436  148.673  124.207

TEZRSCHR M AR5 B 32 7 BRI % 1, il
R R RS S B bl 5 LR P A B B AL T A
PEURE , DRI 8 250 R v 2 T MR (B AR N 5
b R L o 1 TR 2R A b A LA A —
SERZIR , DR HCLE A [ B 30 i I 328 4 BRI T o
RO SR X EE

SIE 12,8 .6 kW LU T, 4 TC & I BRI 7
LSBT B ITE T R AL s b
Bk TR 6, h3R 6 AL, Bl B BRI 5
VT b AL P Sl T A LRI TR AT 4R L
L AT AR SR BRI T VA 89 T

Ro6 AREEMHINETHERRK K" RES ER
PR BALEE A S

Tab. 6 Neutral point potential fluctuation percentage of

novel "soft" CBC current limiting method under

different output powers %
EERIIE 12 kW 8 kW 6 kW
TCIB W PR 6.69 5.39 4.69
B BRI 1.47 0.93 0.61

5 #iE

BEXT ANPC 0722 2 A R 4 FRU B AR AT A fih
S BRARYC ik vy e R 0 17 7 3k KA AN R, AR SCHR
W1 —hoRT R i B BRI T i, ORI
IS 5 A % 32 0k L A 42 1 P 3 A S R S
A LR N ey i B A 3 4 O 5% A2, ] e
8 A LU O v A R S N B T S A
AR AR N BRI AR F IR R E B, X — AT ST
SECHI T2 04 R I 14 fk A ORI, e 320 78 4 PN B T
SRR LR AR AR i/ de FTHR TN AT, A BT g
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