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Phase System Design for Generator Parallel Running

J. S Oh S. J. Oh S. H Jun, S. G Lee, T. S. Back

Abstract

In this paper, a phase system is implemented and applied to a diesel-generator.

This paper treats the analytical and experimental studies on the improvement of
phase-detector circuit and phase-control method using a hybrid algorithm for the parallel
running of diesel- generator.

This phase system is composed of the phase-detector and phase-controller. The
parameters for the phase-controller are obtained by the transient-response tunning method,
and this control scheme has a backword-shift operator.

The hybrid algorithm is used to check the performance of phase system through
experiments.

The good experiment results show the direct control of the parallel running system may

utilized in the PCMS (Power Control and Management System).
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speed) 2 3| MY A FrIRAVIE FHYTHL, SHRAL, A Fo FHASHA A
Ha o

Aoz Auto e wixA, A, B, BAE T FHEAA EAVE 20 o3 #
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o Rald APL FFe AYHE W H M (parallel running)elgt ot AW7E 49
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Rom, HdMolx ¢HdE& & 5 U

1A71E BEAEY] AME G A 7R 238 BEIoF ¥

AA, 2] Aol Yok it
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Adutel] ALSEE A7 9 24 9o ke F¥H A3 AT Aok AN, EAT
o] E44 HEIAd & 9FE FA= ¥=

B dPdMe 71EY oldEa A9 AR HAY] A=Y
PCMS(Power' Control and Management System)dll @%o] &o]3x & sojHal= 2oz
AAs A gk AAY A2PE ol&do AAHET Al o I dFE 5
ooy, wzgo] 5o MAZAA =EH3E TF UE PCMS Fofo] AA7&S &ns)
€ Aol d79 EFHoh.
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Fig. 1 The definition of vector for E and I
aYINA T A S8R Lo 47138 ERY o 7/2 9F 90, Eol s
E o 442 03 AAT, Bl walAE o (r-4¢)/2 2 A4 A 2EG o
L7} A7) G, Gool o8l A3 P, PE BART. -1 o83k I, Py, P,E Aelsd o
o3} 2ol Y 4 A

= EJ/2Z, = 2Esin(4 ¢ /2)/2Z, = Esin(4 ¢ /2)/Z 1)
P, = Elcos(4 ¢/2) = E’sind ¢ /2Zs [W/Phase] (2)
P, = Elcos(z-4 ¢/2) = -E’sind ¢ /2Z, [W/Phase] (3)

olg} E, = E» = E ot}

A, 2Q2), ARl & 5 Ae vio} go] FR3 A Qe £8AF 7 530
2 G #d7= Pl ddde 1ES FYse HAVIE, G 2AHIE Pl dgEE A
He F58E A5V @0 aga Byt 2d Aol ¥ded Folghd @Ay G
& P9 F37t Fhe Ao, widE BV Ge P REr gad A9 Hue
Gio] 2¥38te 71d8 E9 A4e =oAL, Gt ¥de 7148 E.9 9L waa
ool dARe F R f44E dAAE ez 43T oYy JFL e
& 5713 dF(synchronizing current)d&} 331, (& F @Az 71" YA
}‘11, ol AN 9 A& dAAIIEE ¥ 57138 P A4)9} 2o
e 5 At J@elA PeE 44 =094 Hd7t 53, 4¢=7x/204 “0"c] "} 18
I A AT 4 ¢>x/2d e Pt RrbEO 994 AE F7HANA B 7)ol D(step-out) S
doA WHEHA] Brhss|d.
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71§ o] &3,
B dFqAE PCMSO 9] 7b5% A|2H

o2 94AE7S AL £ A%
Azl chsted ol AFT WY HALA 54

2Az AAsna oo

1 f{aHE7
Y1 e A=A P9 JAFo] FIF A9 71AY E B 718Y B9 ALE
t, 2t 3E, WAY] 71FHDY A A 44E F F7] Tl i vlEE YehiE H4)9}
2.

4¢ =360 - (t2-t)/T [rad] (4)

A4S A% 2 445 FEFV] st ARAEV] JRE )& ARHEIIE AG)%
ol 94 Al vldsle 2HIY VpE LS T UEF JEE AT

V[)=K¢-A¢ (5)

BN Kee 9373E719 H@o|5(Viad)olth oldza wWe f3HE7e
DBM(Double-Balanced Mixer)S A8-3h= wdol] £ Ao e WEIH-OR %27 AZEY
o] utal g F L3 dtolHes WAooz AA sz gt

stoln = Hle] Nz HERE 1929 (a)9 2ol FA3AT

WAL Z2Ee Y432 A, 217 ADES A 27 FE Aol (duty cycle) a
9] 50% WY WolAMT F8o] sHE3lth olgig A HEVIY €2 T2 a2 (a9 ¢
gxe YA 94 ovk IFL won HyPL Y29 ()9 Btk 2929 (b)oll
EAE 28 938 Ve A6)ol Uehd A o] oyt BAED o] of Vye = dEvt 1
A A9 Ho &gl

Vo = Vu. a 6)
a¥29 (0 ARHEY FAESIAAYE T PYHNI 94 Aol dig FE AT
Aoz izt EXS ZeET = A4 A7t Orad)dlM 7 (rad)2 Z71gel wiat 28 5139
Age HAYPHog F180, g4=xolA Hd gkl "t o] WA A 7] &7} 2(5)
o] W@l K47} €t

Vo RCHHE 539 94 Aol 33t 4320 A RCEEH Y 15F3F w,,
AFATF &= 28)FH 2}
= VK¢ Ko+ wc [rad/sec] @
&€ =12V wc/K¢ + Ko €)
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Fig. 2 Phase detector (a) circuit (b) waveform (c) I/O properties
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(M9 we = 1/RCOR, KoE 23St Fu4 HBo|5ohRCUHE A&35E ASA
T £7F ool wet FAFHE 2 w7tA] AFEe AlZko]l BojAg. B dAFdAE
ESHel B3 e 10%olU7t Hed dele A1zE AL Yol LBlFE 7 AlgE
TE ARG AARAANAM AFTAF £ 052 Q9x, 4FL B39 K= 382 K=
5942 3ttt

RCEL 29 3ol A &9 %S Z=F APsIAL, o b AFFE 2o A5
HANY 44msE et AA Ao o] &3 Rt 22KQ, C= 2¢Fo 2 &

A% 2 AAREE 2929 (a)d BAG AR Zo) whd FrE EAINZE o] &3ty &9
o] %9 X3 w UTP(Upper Trip Point)S AR, 9o ¥3dA o LTP(Lower Trip
Point)& @@?J’OEH, T EYA Alolall 3] 2B E Al X(hysteresis) & ZHEE 3t o]z S
L5 2o] WA A FEF 3

22 |&Hof7|
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Alostoiof e, olE sl FoFE A oF T
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Fig. 3 Generator phase control diagram
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Aoj719] Ao FAxo] ZA FFS vXR] P

HEEAE A% 270 Mubg MY A F942) 60Hz +04Hz W9 o|ul
Z4°] 7hssiol @t 193 ] fgAole) BEEE TAG otk 1y3d UEld A
I ZFo] WA} W29 Aol 75%0l4 He M HHALAL Fulatn, z) o7 A oA
A7l U E 29T o Lol delay A7HS msjo} o).

AdA= AGAE AT MUY ANEEEE A Ao Ao Yue 21(9), 2]
(10), H(Del 713 BRI(Backward-Rectangular Integration) ¢ &3 8 dugZzoz
PIDAO}7]E F@stAth A 4ol ek FE 942 BRIYS AHesto 23 &
A 2(9)9 2o

UKT) = Kl RT) + T/ T, ﬁle(i—1)+ T/ T(e(ET) — el b= 1)T) )

T : sampling time , k = 0, 1, 2, ...
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Uk~ 1)) = Kpel k= DT+ K, T 2 eli= 1)+ Ko/ Telk= DT~ elk=DT)
(10)
UCGKT) — UC(k—1)T) = AeCkT) + Be( (k= 1) T) + Ce( (k—2)T) an
A=Kp+ Kp T=Kp+KpTol T |
B=K,T—2Kp/ T— Kp= KT/ Ty — Kp— 2K +Tol T
C=Kp/T=KsTplT

21(9), 21(10), A(1DAA UKT), ekT)E AolFH 2ahgkold, Kpe HlAZE, Ty, Tot 3
FAZH @ 0)EAZRo|T}

%, By $EeA AN A FosE 23, 94T OF g 1¥59 Py, Py, Py
of dele Ate chzA "ok

BAd7) Go AAEE U, V,, W 287 G Agwbe U, V, W &9,

P, P, Pyl dale AWMEE PE,, PE,, PE; £ 2(12), 24(13), 2(14)%} #o| "t}

PE1= Ul_ Uz (12)
PE,= V\— W, (13)
FE3= Wl— Vz (14)

$A7) G 8ol #AY] G fET 60" R 1200 9 B9 APHMEEE 195

7 T
/PF;Z \\
:TPEI /
\ Y PE
N P
(b)

a9 5 AYAEE (a) 60° (b) 120°
Fig. 5 Vector diagram of voltage (a) 60~ (b)120 °

- 114 -



GA7] HEeA S A% A2 4

(a), (b)s} 2t}
#1& PE, PE; PE;9] ¥3E H2g Aol

¥ 1. PE1, PE2, PE3 AYEA
Table 1 Voltage properties of PE1, PE2, PE3

a4 ¢ PE, PE; PE;
0 0 v/ 3V J3v
60 \4 \% 2V
120 J3v 0 V3V
180 2V \4
240 J 3V J3v 0
300 \% 2V \%
360 0 V3V v/ 3V

E1AA & 5 e vis} Zo] HHY) Gi, G 4ol YAF S 44 =0 )7t 5
¥ PEi=0, PE;= PEs=y 3V(VE 2H7]123%h)7 €t olf) 247 HEdLAdL 93 2dy) &
dAZ7 23ta, HEH S Sud)

3. &% S nE

H2 "MACIIOV)H @A77 FMAC 110V)S AC 20VE ZAA 431279 gz
#8% 3" ¥4YU3ZE WEH-ORIEZE AA RCIZ YFA RCIZE AA
VRzol Z™-th VRye= HEAH FulE 329 “-"dae] HnAY LS A3sts 93de s

3929 (@A DA Py, Py, Py, Ps2) 94218 2838 829 g}

2

o

¥ 2 944%7 2994 4y
Table 2 State of phase detector terminal

g5 &9 o9x
9174 2H(Hz) P, P, P P,
4¢ =0 1 1 1 1
4¢ =020 0 1 1 1
44 =025 0 0 1 1
4¢ =040 0 0 0 1

F20 vebd Az} 2o] Py, Py, Py, P8 EHEAE o838t 2AY] WAL A B52AQ
AZLAHE T 2979 (a), (b Py, Py, Py, P,S] 8 13 o)},

IH6L F20] SHFAE Ul om, ol R 1Y29 bol Uehd AR go] YaHE
7] 282 A4 met Mg & 5 Aok FINE(L4:=000 W ZAE Py, Py, Py, P, 25
7t “HIGH 39S ¢ & Aok A7) Hadede Waded 238 BE2AA A53grs

FUa7] 9@ Zolch WA 23 FAH AN FAolr} AL W AFAYS] £UL Y,
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(a) (b)

I 6. 9448E7 €8 99 (a) Py, P2 (b) P3, Pa
Fig. 6 Phase detector output waveform (a) Pi, P2 (b) P3, P4

Tok SXIIIR SO S/s 1 Acqgs
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a9 7. A3¥asz o] 93y (FAST 0.4Hz)
Fig. 7 Waveform of lead phase define circuit (FAST 0.4Hz)

B 2o Bl WA79 Fugr) welogn. o] 2L YAl 7NN SR dgkF
2 948 #ABE F718 3 7I(synchroscope)] 3|7 W3Fo] AlAEFo] Hojol g} o]
3 AV EIEE o] Pk TYT7L 04Hz A (fast)Y o] A AHs 2 FH Yot}

a2P7L 9475719 949NHEL Yehie 27t 9717 289 doig AdwEs s
o] 2gulgo) WMo ®29 44=0 XA AFWHI 2o FYxHo] AND XS HZ3}
A, HEgede A% AsAdr] FYAEE FHdE €S Yehlln ok

B dFoHE MCI4013BE AHEstd W& 2 23 E doly gtoz, wdr] &
Y o2 s 949 57 AHE 03H WY WolA HEsto, 2A7] HA
At

>

= &

Fapst

il

- 116 -



BA7] HEAE A AFA 2" EA

D
!

—3
[y

BT dae dutg $dy] HEeARlA Aoltigel He 9% 3% 39 sl
A& W& Aojste Rolth ATFY BN Ao AR thed 2o
1. WEHH-ORS2E o &3t ARANYS Toln, P He 2TEYolR Helst &

Aego s Aole] A4S FRT + UATh

e AA-ELAY st RIS FuY & Yonw 9
7] Meol5e HEHoR 7 & Aok

HAEHZE BAANAAGAQ L04H, NN A3 Fabal
4AE71% AFstel HELAL U 5 I & AR
o ogpel SgAol YuelFe Hubg WAy AoAzYel mHKos ASHL Ut PID
FueFE Aee 2o, AATZAL VHARG. 14 ATARE o g5t g3} 4
A4S A% YL A golch

e
ﬁ
ng_r‘
to
il

Lé

1

]
Ho
rot

[1]1 DEIF Members, "LED Synchroscopes and check synchronizing relay”, 1997.

[2] R.J.Smith, "Circuits, devices and systems”, John wiley & sons, Inc, 1984.

[3] 274, “Design of Controller for Electric Propulsion Motor Controller”, &% 3#&td 4, Oct. 1991

[4] B,K,Bose, "Power Electronics and AC Drives”, Prentice-Hall, pp. 1~165, 1986.

[5] Prof.]J.T. Boys, Ph.d., MLP.EN.Z., and S.J] Walton, BE, "A loss minimized sinusoidal PWM inver
ter”, pp. 260~268, IEE PROCEEDINGS, Vol. 132, PtB, No.5 Sep. 1985.

[6] C. A. Karybakas and C.A. Kosmatopoulos, "Filter Design Method for a PWM Feedback Inverter
System”, pp. 364~372, IEEE Trans. on Ind., Vol. 40, No.3, June 1993.



@/Collection |



