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A Novel Estimation Method of Grid Inductance for the Commutation
Compensation Control of the Phase Controlled Rectifier

Jong-Hak Lee' and Seung-Ho SongT

Abstract

The phase controlled rectifier using thyristor is suitable for the high capacity and low-cost system.
However, the rectifier output voltage drop is influenced by the grid inductance effect. Supposing the
commutation area voltage and current are analyzed, the grid inductance can be estimated using the proposed
algorithm. This paper presents the grid inductance estimation method for improved commutation compensation

control of the phase controlled rectifier, and the proposed control algorithm effectiveness is verified by

simulation.
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Fig. 2. 3 Phase full wave rectifier.
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Fig. 3. Firing angle variation from a = 0° to 180°.

o] Ytk Y 1 ANA 3¢ A% ARAE B

2V, at
V= ﬂf N ? coswt d(wt) (1

3 te
1.35 Vcosa

0

3. FF7| dRr7

Thyristor: turn-off 3l7] ¢ 2% AF W
S v AY GAYGS 17bsh Thyristore] &2+
w7 0 Holding Current ©J3l7} H& 7
Thyristore turn-off 7} ¥t} Thyristore] turn-off

&
%l
E2S *
Al
S ysE AAA SR Thyristors %
ol
T
=
=
L.

7+ 4 us

Aol tum-on FEi7t EAEA Hol F e ARE

ApeHAl "k o w2kl fdudx, S sk 235
A YRz o ¥ Aol A= gl
AsHAl Hr.

1% 3% Thyristor #13} #27} On ¥ & A3t
] Thyristor #3°] On ¥ 3. Thyristor #1°] Off ¥+= 3}
AelAel sl2E vehd Zlolth 18 45 HARA A,
AFE dehha el

457719 AFFIHCommutation) B AloJE 98 A2 AlE AYE A9

o
ol
i)

325

%;h X %
I
A

Fig. 4. Commutation process.

33 3

o« Y
Wb

# A, .
,’\ — >
# = L
0

Y s wt
L Va2

<o Pt
LV - -

~

’

=

Fig. 5. Effect of the overlap angle on the voltages and
currents.

=1 d%-+ L d%—%

v =7 Ly 0, s T 2)
vt _Q(Ma+d%)
2 2 \dt = dt

ANA i, i, =i, % AR 2] (33 2k

U, + v,
)

)

<

ol BasE 99 4

o
1>

4k ol 72

5

%+ a+y 1,
A, = /‘7r (v, — vp)d(wt): /0 wl,di, (4

€+ o

= wL,J,



326 The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. No. 4, August 2017

3.0k
VaslV] | Ls: 8%

-1.0k

2.5k

ValV]

1.0k

Ls :8%
(c) 1[ms/div]

Fig. 6. Simulation waveform of commutation.
(a)AC voltage, (b)DC voltage, (c)output voltage

TABLE 1
OUTPUT RESULT AT COMMUTATION BY LS
Ls Commutation DC
Parameter Time Voltage(Drop)
[uH] [us] [V]
0 (ideal) 0 1914
80 (4%) 332 1844 (-3.66%)
120 (6%) 463 1810 (-5.43%)

160 (8%) 54 1778 (-7.10%)
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Fig. 7. Block diagram for area A, calculation.
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Fig. 8. Simulation waveform of commutation for area A7

verification (a) A phase voltage, (b) DC voltage,
(c) ideal Va - Ls 8[%] Va = 4
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Fig. 9. Simulation waveform of Ls 80[uHl(4%) estimation
(a) ideal Va - Ls 4[%] Va, (b) DC current (c) Ls
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Fig. 11. Simulation waveform of Ls 160[ull](8%) estimation
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Fig. 10. Simulation waveform of Ls 120[ull](6%) estimation
(a) ideal Va - Ls 6[%] Va, (b) DC current (c) Ls
estimation.
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TABLE II
SIMULATION RESULT OF LS ESTIMATION
Ls Parameter Ls Estimation Error
[uH] [uH] [%]
80 (Ls 4%) 79.3 0.785
120 (Ls 6%) 1188 1.000
160 (Ls 8%) 158.6 0.875
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U

Fig. 12. Block diagram of basic current control system.
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TABLE I
SPECIFICATIONS OF SIMULATION
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Ttems Specification
Power [MW] 30
AC Voltage [kV] 1.6
DC Voltage [kV] 15
DC Current [kA] 2.0

Power Part

Control Part

DLL Part

Fig. 14. Circuit diagram for improved algorithm verification

commutation.
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Fig. 15. Simulation waveform of

verification (Ls 80[uH]) (a) DC voltage, (b) DC current
(red : voltage compensation method, blue : basic method).
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Fig. 16. Simulation waveform of
verification (Ls 120[uH]) (a)

improved algorithm
DC voltage, (b) DC current

(red : voltage compensation method, blue : basic method).
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Fig. 17. Simulation waveform of improved algorithm
verification (Ls 160[uH]) (a) DC voltage, (b) DC current
(red : voltage compensation method, blue : basic method).

B oo 2 o A
ol
J

5—01]/\1 ;ﬂ]OPﬁ} uvq RE

Asks BAshd H 11101«1 "é%
T AUtk Ls 4%], 6[%], 8[%] ¢
o] A= 27 6.0(%], 7.1[%], 99[%] 4<%

F72

76'% AR
]

A

HlolE e mla



VA 47719

TABLE IV
SIMULATION RESULTS FOR
IMPROVED ALGORITHM VERIFICATION

Ls Parameter Time Constant [ms] Tim(?
Reduction

[uH] No Comp Comp (%]

80 (Ls 4%) 78.3 83.3 6.0

120 (Ls 6%) 78.0 84.0 7.1

160 (Ls 8%) 7.9 84.2 99

100

E

5

é m No Comp

E m Comp

£

80 120 160
Ls[uH]

Fig. 18. Time constant of basic current control and

improved current control.

7.8 B
B = AE Thyristors A= AujoA 2HAY
& e AR s dustal wRHdS Y
H2E AT 4 e Wl o8] Aetetict ®=gk
Afpronye PAsE DCEY A% =FS v
at7] §13 dudgss vlesiiith Al i UFHLS
e~ 4 dauglsd 1[%loldle A& ztom,
o] & AREE AL FE FEAAA A 10[%]9] Al
rkss Slstar ASsksih

References

[1] G. B. Chung, “A study on the characteristics of
thyristor ~ controlled  shunt  compensator,” The
Transactions of the Korean Institute of Power
FElectronics, Vol. 4, No. 4, pp. 368-376, Aug. 1999.

[2] E. H. Song and B. H. Kown, “Direct digital control of
the phase-controlled rectifier,” 7he Transactions of the
Korean Institute of Electrical Engineers, Vol. 40, No. 1,
pp. 31-38, Feb. 1991.

[3] J. H Jeon, K. S. Kim, J. W. Kim, and Y. H. Chun,
“The design and implementation of controller foe TCSC
simulator,” 7he Transactions of the Korean Institute of
Power Electronics, Vol. 9, No. 2, pp. 150-157, Apr. 2004.

F77HCommutation) 273 AAE 913 2L A

|5 Qg el o] 4 W

329

[4] J. M. Kim, “Digital firing control for thyristor
converter,” The Transactions of the Korean Institute of
Power Electronics, Vol. 9, No. 6, pp. 584-591, Dec. 2004.

[6] S. J. Jeong and S. H. Song, “High precision gating
algorithm for predictive current control of phase
controlled rectifier,” 7The Transactions of the Korean
Institute of Electrical Engineers, Vol. 53B, No. 3, pp.
206-211, Mar. 2004.

[6] S. H. Song,
for high current coil power supply,” 7he Transactions of
the Korean Institute of Power Electronics, Vol. 7, No. 4,
pp. 332-338, Aug. 2002.

[71 J. H Lee, I H. Lim, H. S. Ryu, and T. W. Jeong, “A
study on firing control of generator control system”, in
Annual Conterence of the KIPE, pp. 488-490, 2007.

[8] M. H. Rashid, “Power electronics handbook :
Circuits and applications, Second edition”, 2007.

[9] E. H Song and B. H. Kwon, “A current source using
the  12-pulse  phase-controlled  rectifier,” The
Transactions of the Korean Institute of Electrical
Engineers, Vol. 39, No. 6, pp. 545-556, Jun. 1990.

[10] J. H. Choi, S. H. Song, S. G. Jeong, J. S. Oh, J. W.
Choi, and J. H. Suh, “Design of differentiator and LPF
for feedforward control of current reference in high
power thyristor dual converter,” in Annual Conterence
of the KIPE, pp. 296-298, 2009.

“Current control of 12-pulse dual converter

”

Devices,

O| S ef(F§EH8)
1984 78 1524, 20094 A M7
s E. 2011d = ofsty dUlsEtnt
ZUMAD. 2016 ~3x| 220 M]3
of AR, 2011 ~EA  (F)E2FICT
HolAlAR AT OE MAATH
ESE(REH
27 1991d M2 YIS
. 193¢ = oisty dI|sEtnt
. 19994 = oisty TUISER
. 2000'-4 2006 H=Of HAE
. 20069 ~®A 20 M





