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A study developing control algorithm for Pumped-Storage Synchronous
motor drive
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"Pusan National University, “KEPRI

ABSTRACT
The large synchronous motor for the pumped-storage
plant(or SFC : Static Frequency Converter) has to be
brought up to 100% rated speed and synchronized
with the AC power network. Starting the motor from
rest is achieved by switching current into the stator
winding so that interaction between this stator current
and the rotor flux will cause the correct direction of
torque to be developed so that the motor tums in the
required direction. Starting ranges of the synchronous
motor are divided into three regions. The first region
is at standstill, the second that is called by the forced
commutation is from standstill to 5-8% of rated speed,
and the third, which is called by the natural
commutation, is from 5-8% of rated speed to 100%
rated speed. So this paper describes three regions of

the control techniques of the pumped-storage
synchronous motor drive.
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Fig. 1 Scheme of load commutated inverter
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Fig. 3

Characteristic driving curve of Load
commutated inverter-Synchronous motor

a9 32 ol WiRl® AHE-F71HE7] 54 34
2] En® g4 713 P4 wARAZ Uieln
FF 71FA A i Aloleh A iR Az
A, 5 24L& AX Ag ¥k ¢ 2H

A 5 A4 REdME duE S} AWEY HEo] b}

o3

od At H qfo

23 ZH HF(Forced commutation)

ZA WRA AWE S Alelg]2Ee Fae Az
AT E Aol MR HAof] A&t AHE S Alo]
2| ~HE ©2A| ) gl oy 404 3 Azte] 993
7b 07 oA 60° Atelegtx ZhAEhd ¥ 1ol oW
E& Alolg|2E Fo 16W& Mestn ol el
A AF7E AR dadez s2W AFE Alojglad 1
W, 8, b A%7] 4& AU AlojgxE 69 Fxz
z2A "o 27 34 AR Ao 2 AWEE
Atolg)2E 9] 23S RAFET 1Y SollE AL
A JAHEE AlolglAHE Q23] sl AFY AF
§ 0oz gtk Yustd 1A 577 BAAGME
A71ddgo] ‘0o]H, A& grjHdFo] ztomz
HE S AtolglaEe H X5 nAd 4 glomz 7
A A F(Forced Commutation)& 3}ejo} hr}.

e

o~

inverter thyristors conducting

s ' 1 3 3 5 s
6 1 2 2 4 4 6 6
L2 S SR S SR SN O v

torque

. NS Vo Y F Se
. N ./ v

) R Ay 0 W

% I i B Y :

togque witn w s S THOF position %,

TSpnd T : ;

condp

O 4 NS0M 3
Fig. 4 Principal of the low speed torque production

period to
DC link confirm
current current is zero

1 t Converter
Remove firing Fire voltage
fromT:and T« Tiand T: increased

O 5 MH0M i
Fig. 5 Low speed commutation

a8 6l e SE7F SU1Re] we R AR A
F71 AR ¥ oE £57F SHgel uE AR
7b0eR se yiie] dMHez Fristed EA &4
o] F/tgnt IEE A Wi ZEv ZAEE]
5-8%% W&ol AL &S AA T

e gy

- 468 -



switching
/ points \
) Lac v v ? Y v ? v P
TT ¢ Tt ¢ T3 ! T3 ¢ Ts i Ts!TiiTi:!T3T3
T6 P T2 1 Tz ¢+ T4 ! T4} Te:Te: T2:T2iT4
n Vot i R

® L | W N N

S 13 Vs §

() In — Te 1
« . H H F E E H M M-
) 1 L PN : 1 ATAnL

a8 6 MM HRH M7 L 87| FF

Fig. 6 DC link and motor current at low speed

2.3 X M F(Natural commutation)

AAEE 9 5-8% oldolMe HAF7lg 9riHg
o] JAHEZ AlolglAHE © X 37] 3l FF
FEE A Wi RedAAYE AFE ARE O
o2 ggo FX Feo Ut A& AR 1
z5e I &4S A Fevdn 7Y
A 57 A5 Ea £4e 4 29 2yl

=

T:Kx]dx—choscﬁ 2

T E3, Ke 9A ¥F LE
4 Ve 717 E7Y 92 A1
SN AE7Y dEE 45 FEolh

control
. rectifier
line .
ACCB regetors CT's

current
measurement

sSystem

current

protection
tripping

zero

EAY Arje AFY AF I 98 A" B
a9 whgre AE9 23| wel ARE 1Y 7& A
) 11101 r2cg yehag? =

£ Aolz], AR
Hoi7lol ofa] Meigth. 57 ok 4 Qo] o5 W
ghsin},
3. MEEAS PH P MY A HE

AEERY A

_1?_.3} %ﬁ: A E-E7| 57l AlAade yx
g Aole TIAte] TMS320VC33& Ab&ste] 7@
stk M Aolzlel AlejF 7= 300 us] 28

&= Ao F71E 0l mslel AEHF F71E ”Ei
AAsiad. 28 82 A d=do) BREE B
JFr}, 34 AYL Yo} Aozl AE] ABE )
ARskm, ALAAel ol 9Y AV Aol

DSP R=9 A/D ZAHEZ d8ddg. gxd Hz
AE Y3 DSPEHE=CA Alojzt Aak 2 dxg
HEE Alolstz, AMEZ Atolgl2E AoEE
Hzsl7l Y93 AlZE EPLDAA AA gt Ao
g 28 AHESE tAE H3 A& syl YA
EPLDZ ¢¥€ AZE A3 DSPREANA t]A]
%;3 HEE Ao, A/ AorlE 98 14%*4
FE A4sle DSPR=9 A/D HBHZ ¢4
E} A o3z AFE E°‘o}7l Y& 0%1}714
Oxd s Aojs A8 dxR7] 28 1758 AD
AW E R ¢ gutol AF Aojr)el o) xﬂw&q.

32 A ém
2 9ol (a)e &£%7F 0-1800(rpmlol cigh A=l
92 ezt 243 (), ©OF A7 4F, 457

KR
=)
| A
dHFE B

synchronous

inverter motor shaft

position
encoder

sSystem
mode
changc-over

control
amp

cantrol
amplificr

current

speed
control
amplificr

freg/speed j

feedback

a8 7 8 WHE HE-SIIMET Mo §8E

Fig. 7 Load commutated inverter-synchronous motor control blo

- 469 -



Infinite BUS .
3phase 380V DC link
CONVERTER Reactor

INVERTER"

Infinite BUS
Jphase 220V

e
¢ 0
-]
2
D'T
2
L]
3

Converter AID
EPLD(EPFICK) Conversion

A/D
Conversion DSP

} AlD xeiter :
i Conversion EPLD(EPFIUK) Converston }

I

DSP

TMS320VC33 :
! RS-232C o
i Bertal i '

[Reaac . DA
Tl Sertas l *| TMS320VC33 Conversion|

J% 8 H3 #ifd UHE-8I7(HS7] A 5 B
Fig. 8 Overall drive block diagram of load commutated inverter-synchronous motor

2100 Wiepm*
P
(a) Wrpm Wrptn
[r/min}
/
-300
2.1 | | I
| | |
(b) LacfA)
[ 1
T T T 1 I
|
|
(©) LIA] ‘
]
-2 | | 1 1 |
a [sec] 5

389 LoST AlAHel JHESY
(@ MBI &% b)) AFIAWR ) BE7| AY BF

Fig. 9 Acceleration characteristic of LCCSI system

{a) Speed (b) DC-linK current {c) motor A-phase current

o] 2YolM & F Ue AL 05-08% Alole ZAl
i ez a9 b)Y FHD AR 0-120A12 ¥
e RAE ¢ F Utk 4% o|FoE FU|AEVI A2
&0 Egdle AL BAFT stE F7ho] opvnz
A7se= AR/ A7e 2AES ¢ F Uvh
228 st #vEgA 29

1667[msec] &<t 6709 & A
%z 7184 AFG AF7F 65[msecls
2%} 182 6[HzY AF =
9 49 Ad=re ¢ F ok
Za 1 0% ANHe F/HE7Y £571 HAHe

2

2.1 r T I
- i

() LucfA} [ U 1 ]

I I WU

' [ i U

il WY
J T Vl‘

(b) TaclA} v 1 RV
1 I ]
5 AL W

[ [msec] 200

02 10 ZHA| wi
(a) BREIAAXT (b) S| AN MR
Fig. 10 Forced commutation
(a) DC-1inK current (b) motor A-phase current

2 Z7Ee] AFY AR/ 52 o] HAR R}
48 ¢ F Uk

29 118 B4 gk BeoA 2 Hi Re2 1%
A AY otyg "R, A el e H{7t 00l
Zvo] ZAsAIRE A M E ARY AF
Ho® 52%F AL B F Juh W il &

7bate] webd HapHoE Fojgm YL ¢

i)

=
L

a4y

7t 4
7}
N

o\

T

&

a9 12& 7h5A 17500mpmldA 48 B3 S HAE
ot 5714 E719 & Fagrt o 58[HZJo| 2R F7)
A7l AZ 948 AR JF HEo] Zol58 ¢ +
k.

2% 132 1800[rpm]ol =9F A dele 43 79
& HAFErh AN A =3 Fole JHETFIA
o AFe Aripge Zads A¥gyoz & £ Yk

- 470 -



2.1 forfed | | | nafural]
cgmmbitation ; commutation
(a) Luc{A]
T 110 e
| I 1 :
| i 1
it M
I
(b) L[A] l [ . i
' { 1
-2 . 1
[msec] 500

a2 11 2 EHE oy
(a) XFYANT (b) HEI| MY HE
Fig. 11 Mode change waveforms
(a) DC-1ink current (b} motor A-phase current

2.1
(a) Tac]A] MO INTT N 3
— —
—
f \
1A
(b) L{A} % Y
\
LN g |
-2
D {msec] 20

a2 12 17500rpm]OA] R}
(a) AF[EYIAXNT (b) S| A ™7
Fig. 12 Natural commutation at 1750[rpm]
(a) DC-1inK current (b) motor A-phase current

2.1 ]
(a) LuclA]
Vo
SN W N
2
. [ il
(b) I.[A} N T~
-2
C [msec] 20

J% 13 1800(rpml= T FAME|OIA TF Tty
(a) ARYIAXHT (b) HSEI| Ay ®R
Fig. 13 Current waveforms at 1800[rpm]
(a) DC-1ink current (b) motor A-phase current

4.8 &

2 =AM e HeEF 571 28719 71E g2
FAYY. A WiRA FEA 271 glo] AW

) 9174 gA0) W ANES A}
AS-e BYch FHolE ¥A
Arlshe W B4 A% %

352 Aojo] 9
olPHE | 2
Swo] £ ¥

A
Hell i A7 Fasid.

[1] Beat Mueller, Thoma Spinanger, Dieter Wallstein, "Static
Variable Frequency Starting and Drive System for Large
Synchronous Motors”, IAS pp. 429-438, 1979.

[2] David Finney, “Variable frequency AC motor drive
systems”, Peter Peregrinus Ltd., pp. 202, 1988.

(3] TALipo, "Recent progress in the development of
solid-state AC motor drives”, IEEE Trans. Pow. Elec,
vol. 3, no. 2, pp. 105-116, 1998,

[4] 8%, “GTO-4F AU $§8 ¥ By A7
g Aueel @@ A, Aeday FHPAEE,
pp. 11-12, 1992.

(5] 47AFAAAZ, "HEF 7 dHAF7] HAF
A ol” pp. 76-82, 1997. 7.

O}

¢

- 471 -



