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Study on hybrid active compensation based on three-phase two-leg inverter
for electrification railway
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Abstract: A novel topology circuit of three-phase active compensation is discussed to be used to manage negative
sequence caused by locomotive load in high-speed electrification railway. The main circuit uses a three-phase two-leg
compensator as active elements of shunt hybrid active compensator topology. The switch devices’ number of this topology
is reduced by two comparing with three-phase full-bridge active inverter, and the cost is lower. A new coordinates
alternate method and matrix applied to detecting for reactive power, negative sequence and harmonic is presented due to
the two-leg in inverter, calculation and storage are reduced, the computational speed is improved. The simulation model is
developed by analyzing working principle, control principle and strategy with Simulink. The simulating results indicate
that the shunt hybrid active compensator could restrain the problem of negative sequence generated by locomotive load,
reduce the effect of reactive power and negative sequence, and improve electric energy quality. And the correctness of the
proposed structure and control method is verified.
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Fig. 1 New structure system of 3-phase active

compensate in electrification
2 BERYEE S RIRAINERT

i3 R = AN B S A, AR IE P
P AR ARSI i Hs AR 8] 47 7E % 22, 380 H p-q
M igeiq R IR A5 R BLRZE DAL A RS
L S PRARIEAE, A R BR e A
SCRH P BSGEI dy-iq J7i0, A 50 A S AT
S1-55 PEAHLE > o B R AR A T A AE AR ZE I, AT ]
Rl 2R GE i it 5 e A T P oS [ AR PR TE AR 5 A
o ZHEE SRR L 2 PR,

AECBE HL I H Ay

Z\/EEM sin(not) + Z\EEZ,, sin(not + 6,,)
n=1 n=l1

Zx/EEM sin(nwt — 23—“) + Zx/EEZn sin(not +6,, + 2?“)
n=1 n=l1

i\/zEm sin(nwt + 2?“) + i\/zEZn sin(not + 6,, — 23—“)
(D
K In FoRIEPH IR 2n RoR P . @it
ERSEE
_ { sin Ct+@) o
Y| —cos(wt+p)
Arp. sinCot+) | cosCot+@) ke IE438% T4
59 RAES M o MEEWIAM.

—cos( wt+@)
—sin (wt+¢)






-102- LA XL B R
E, ;
e R €q ey 2 €xl sin wt
C*l
e —» Cn e C, e,| LPF |E, ¥ ey | PLL |cosgr
> q L
€ —»
l J iL
g ——> iy i atp | falp ;
»> ca
iy —> G i c ;| LPF | 7 c |, Co |y
iLe > > _‘l P o | —»(%—»ich

2 fafF. RINFIER BIRGSNAER

Fig. 2 Block diagram of negative sequence, reactive and harmonic currents detection
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Table 1 Simulation parameters of compensation system
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Fig. 3 Current waveforms with and without compensation
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Fig. 4 Load current spectrum
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