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A Study on a Current Control Based on Model Prediction for AC Electric
Railway Inbalance Compensation Device

Jeonghyeon Lee!, Jongmin Jo!, Changhoon Shin', Taehoon Lee? and Hanju Cha'

Abstract

The power loss of large—capacity systems using single—phase inverters has attracted considerable attention. In

this study, optimal switching sequence model prediction control at a low switching frequency is proposed to

reduce the power loss in a high-power inverter system, and a compensation method that can be utilized for
model prediction control is developed to reduce errors in accordance with sampling values. When a three-level,
single—phase inverter using a switching frequency of 600 Hz and a sampling frequency of 12 kHz is adopted,
the power factor is improved from 0.95 to 0.99 through 3 kW active power control. The performance of the

controller is also verified.
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TABLE 1
NEGATIVE EFFECTS OF 3-PHASE VOLTAGE
UNBALANCE ON INDUCTION MOTORS

Voltage |I2R Losses Reducti(?q of Motor Lifetime
Asymmetry| (% total) |Motor Efficiency
0% 30 % - 20 years
1% 33 % 05 % 10 years
5% 45 % 5 % or More 1 yeaser
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Fig. 1. Power compensation system using back to back
converter.

1
i Teaser Prs=7 Pyt Pr) Ing In. P
Py M 2 — —

- =\

1 1
Pyc=— (Par-Pry)) Converter M :771}'”1 -Pn)

GEN: CIPSESRECE S IS b4 ]
FAMPR) AF Ao 7Ple} L—S—
ofe] 7HA] Aol wAjo] ARt Ao, HEof e o &
g A|2Eo) vhe 2913 Fulgo A= 99k 22 Al
712 Agatr] ol @il gl g Az glo] =o A
7bal Ao}E & 7% IGBT ZE W
o A7 i A

i)
%5‘3/\134 )\_?4 =] i}qi ‘/]r

o> bt

!

1>

9 4 9ley Aol A AHS 7ol meEt A
A= FEolgt vl offuh shANE A9 &4
2% IGBT oA A= 43 FWD(Free
Wheeling Diode)oll Al #A8t= &4oly o= f o 3|
galE QME e ~9A Fuigd uldEsia &xe] A
Atk olydk 48 A7E] A dlEFE Al2El
A g0l gt 29 FaE A Ak g

H lcl?_oﬂ}ﬂ——— ENA X{7]7<4C A OJ_,] %jﬂ?ﬂ% 6(}/}31—
S Sal AHEEE R AWy AR Aols: s
OSS-MPC(Optimal ~ Switching ~ Sequence  Model
Predictive Control)& 7]4ko.2 A} 374 01w Ef o] A
1718 FATA LM, 600Hze W& A9H FyE
BAs7] Sfel x| MEY Fua 12kHzE g o=

Aotals, TiAE Azxlda et AEYel we
oAE WS 98 290F A AF 4 dge
d=ate] Aloje] AL S
2. M AER| 2| 7Y
g 1S R AsEHE 243 A7AEE AYn
gAY FHEE YERTE V)& A" A R
7BE & 495 -

491

Fig. 2. 3-level single phase inverter.
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Fig. 3. Inverter voltage vector.
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Fig. 5. Sampling & switching carrier.
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Fig. 6. Sampling time control block.
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TABLE 1III
SYSTEM PARAMETERS
Parameters Values
Power 3000 [W]

Grid Voltage 220 [V], 60 [Hz]
Switching Frequency 600 Hz
Sampling Frequency 12 kHz

Filter L 7.3 [mH]
B 5 samplng
< Sampling >
il < Switching > - S
< Sampling > —
* < Sufitching >

Tiene f8)

Fig. 7. Prediction of current at switching point.
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(b) Proposed

Fig. 8 Simulation voltage & current phase and current
reference compare.
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Fig. 9. Experiment voltage & current phase and current
reference compare.
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