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Abstract

In modern ships, it is very important to keep the voltage of the power source to be

constant because the voltage variation according to the load change may cause the fatal
troubles of the electric devices. Especially, the most of the newly developed electric or

control equipments require the more accurate constant voltage source. To meet this requi-
rement, many kinds of automatic voltage regulators of higher accuracy are recently develo-
ped and adopted in ship’s electic power systems.

This paper deals with the method of analyzing the voltage control characteristics of AC
brushless generator with AVR of 2 windings exciting type. In this paper, affectations of
the loop gain (K,) on the stabilitty, the off-set and the transient characteristics of the
voltage control system are studied and the square integral of the control error is adopted
as the criterion function in the evaluation of the control quality. The following results are
obtained.

(1) The system has the off-set and the bigger the value of the loop gain K, becomes, the

smaller the value of the off-set becomes.
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(2) The system is stable however big the value of Ko, mny becomes.
(3) 2 roots of the characteristic equation become a pair of conjugate complex. But this

is not a dominant root and this mode is decayed very repidly in the output response.

4) The bigger the value of Ko becomes, the smaller the value of the square integral error
becomes.

K. :CHBRES BRERS BEamse ﬁﬁﬁﬁ%‘: V/A)

K, :%hERSe BREES BRERe) f A/V)

Ki @ FRES AVRY MERHES w008 Hammste) i L v
Ko : Faf) BRES BEEHSIS Wi 22 (a/v)
K. :AVRY [EEC e WAREE: BRTE 7S
K. : FEREHAS =RREE FHss &

K, : FESERTC SRREE FHsts 1

K. :a9misel A

Kr @ @ESES) 92 H505 REBL

Te A9 mBe R

Ty : Fiflle] mees

Ty : Fafll9) B

T, : :EBAS R

L i

BIE, WA BEEZE £#EHRS Ao AL glon, nea RGTRERE 6044 -
H BB o, st 2Antsbels FlE Fol BIE M Y A=l gl

5, T EHBREE SHBEM HBTHBERE A MRS 1y £¥HEYE A
AA BEBAB #EEE0 o) A2 LT ok Zstast B} He, 53 ##E 2ol
FEF EL 507 B A AL B9 LR} Astm, B B 47 e He= g
7 el Sl Bt A wel Bl s SHBEEY #H =/l w et

A HEXHRERE BHMe 2 HEEER%ESE(Automatic Voltage Regulator, ¢]s} AVR
2 AP g E —~2EBES A5 g0

2 AA 2 gl dASE 8 Ed std EEo) BEste, o BMERO 3% BE7HA
2E 4E o

D e Bk 9% £ HEuiumL



el Ald A ik BERY BEHY B A Fir 3

2) RSMAIR

3) EEEE el o elus ik

a1 BES el SelA: HEME 2 BB A o Noie BERES 27H1 9
o webd] oupd e w AVRS sl MRS HEVEEMES Wstu 5o 090
L] ool 4 BRAReZED

1) EHRBREHR '

%) EByBIBER

3) melAlel 2 ZHEREH R

) Aol el 2H & o] &3 BEHRY
So] glom, AVRE HEAHMY, “HRMEBHMA Sol #mdn sk

& B Al ik BRE AVRS e velAlds ZRBER ol BEMERES 2R
oz miTET, sEme) FifSe] ZevwEth, RN D BEEESH FlAE 93 dsd &
sstlz ok ma —RMEENS AERED BHIY 9292 FEs FEREM MK
U BEEEEAs B A #xe wrl2 goh

2. neAd s REERY HEERERRENE
2.1 EH4jdx ZHBVEC BHEERENE

HAlE A FHBEREY Fig. (2. D3 gol HREMS EETS HET, HBmE 2 il
e Rl BRERS T3 MuEES AVRE TAs i, REBEEe SHEEER
TR AHBEESSA HRERY HBE WU EHETERD Aol #ld REHA, ol &
WTE BET, BHE D K, T Aean 5 RERAE s ow, BEEEs @

TAAAA

e L
A 294 o} x]r- 7] A 7] =+ Zuk 7] A 7] =
e S s A
| i

,«LJ—%ANM
(M’
i 1
|
f?’
T H
i—r—’
LAY
>
i (@)
(o)
=z
12
o
3<>f~
=
43

{ AVR . 3199
AsAet 23U VR = —

Fig.(2.1) Schematic diagram of brushless A.C. Generator
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Koo F#el @it 23¢ Bmoz s ¢ g& Ro24 AVREEKS R e 2
Agozd ol Zehac. Ko BEES 24k By sk gddou & dFdAe B
— 892 —



refAlv 2 Rpk BREHES BELH & 38 HEe 17
MEH BB D2 dalAste] #E2e o3 2 REKS H42 e Ko 3¢ SEflfd s
Besta, o] & Tahe Hkel wiste] R Bz @b R(G.25)04] L=1elg} st

L doS'tdiStds o\ 1
Ve = ¥r 5t he e Ko)s (3. 35)

$AEE azbn sl
a=lim v4(¢)=lim S-Vd(s)z;‘;&_Ke
toen s=0 3

2 Hx
I =vs()—a
2t s

dS?*+d\S+d da\ 1
L[‘](t)] =Q(s>=Vd(S)_ %—:( ss_ﬁbl;_ﬁb:s‘_;bs —T:)‘?

- eoSZ-!-elS-}-eg
=TS 5,5 5.5 +0s 3.26)

=}, eo—-__._

bs

b
e1= ,—'—bsL

33=d1—Z—:d

o R,
3714 259 L Se} b Sk K(3.3M3 o] Heh®
baeg®+e12—2e0e1+ _bb;_ezz
2(b1by—bg)
R@G.3D & AT=E Adshd St R(3.38)3 zo] Kokl H47) =),

S,y = (AsKot-Cs) (AsKi+Co) (AoKot-Cod*+(AsKo+Co) (Col AsKt Cp)— Cr( AuKy 1 Co))?
(o 2(CrAr— A Kol AgK )

S= (3.3D

2(A0K0+Ce) (AsKo+C3) {Co(AsKo+Cs) —C1(AeKo+Co)}
2(C14:— A Ko (4:K,)3

1 Cil{AKo+Co) (AsKo+Co) —(A:Ko4-C3) (4, Ko+Cod}?

2CerAr— A Ko( A3 Ko)? (3.38)
_ Ty
b A=
1

A=
a-—_KT,

5 Tf T/’ ¢ Tf 4
C — Tfoc+ Tprfc + T/pr

! TiTe Ty,
C Tf+ Tfp-r T/,; KsK‘,T/c

= TTs. Ty
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1 —K3K4

C=-I,T,.T,

— KK T+ KK Tro— Ks K Ko T
TiTscTy,y

o KK KKK,
O Ty Ts Ty,

R(3.IDE FoAE SEDE B sAtE K 5 Bl 792 A Kt &9 B2 725
ek

Cs

as
K, =0 }
@S
akg 0
a2 K0 IDE Kool A a0l 22 o]f) BE SAH e Tobyle Hlsh MERE
T 4wl glu,

(3.39

5 K B

4.1 BERER ¥ K&

& Bl A A AHEEES Model BAL214-4 nel A& RHBEHES A BB et
v REEE SHESEDESE BRMAY Bat=YE dFstd, E# EoaF MEs, of B
Sz MRERS AEzUTo ) FEBE MEd MFAde BREMS —ERHEE fAES
e AERel AHEX BEE, AVR ¥ BHEHES #Ta B oo 2k

(1) A.C. Generator

Maker : TAIYO Electric MFG. Co., LTD.
Model : BA4214-4

Capacity : 55KVA

Voltage 1440V

Frequency : 60 HZ

Phase : 3 Phase 4 Wire

Current $T72.2A

Power factor :0.8

R.P.M : 1800 rpm

Main(F) Field Voltage :96.8V
Fi(J,K) Field Voltage :102V
F:(J.,,K.) Field Voltage : 80V

— 84 —



2ejAld 2 X BRERY] BEHHE btk 2 HE 19

Reactor Resistance : 8.2Q

Reactor Reactance : 348.62 Q
T

Current Transformer Ratio : 167

(2) Automatic Voltage Regulator (AVR)

Maker : TAIYO Electrie MFG, Co., LTD.
Model : AS-71-2
(3) Induction Motor
Maker : MITSUBISHI Electric Corp
Model : SF-EF
Capacity : 37 KW
Voltage 1220V
Frequancy : 60 HZ
Phase : 3 Phase

BEE 2 AVRY Hikd H&slo] fsted = Fig. (38.6)28 &5 el slelA & FHKS wHzt
P me FAs ok sl ol F Sstd £ HES BHREES BRHsky, o2y B
ez HEY & v THEES FHT
EEE Rix} RS Fissle] Koo} Kpghs #EsA AHE RAT o wWHEES] BLE 7 5AZ
A 1 Egers A EERARST Pt
A Eigel AR HHEL &3 22 Fig. 4. D@2+ EBREEE] .
(1) Memoryscope
Maker :IWASU
Type : MS-5100A, Double Channel, 110V

L.
EX

p-11)

(2) Digital tester
Maker : TAKETA Riken
Measuring point AC/DC A, mA, V,Q

(3) A.C Voltmeter

AN

Fig. (4.1) View of motor generator set. Fig. (4.2) View of experiment apparatus.
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Maker : YOGOGAWA Electric Works
Scale  : 0~150-300-750V
Class :0.5

(4) D.C Voltmeter

Maker : YOGOGAWA
Scale  :0~30-100-300~1000 V
Class :0.5

(5) D.C Ammeter
Maker : YOGOGAWA
Scale  :0~1-3-10-30A
Class :0.5
(6) Slidac
Maker : TOKYO Seiden Co., LTD.
Type : VAT-2030Y 220V/220V (Variable) 30A

(7) Recorder
Maker : GRAPHIC TEC Corp
Type :MC 6715

4.2 wHiE HE W #E

BLES) LETH AN 72,24, WTEE 40V, AUE 60HZ, 34, 7% 0.8)9 & =i
o HUE D e o Boh

IX, cos@ 94.73
— -1_fEs v Y = ~1 V=9
(D) p=tan™ 5 o=y =tan™ 'y m s

=tan~!(. 1854=10. 5°
cos0=0.8 (given)

sinf#=0.6 (given)

X, =1.64Q(given)

X.Isin 0=1.64X72.2X0.6=71.05

X.I cos 6=1.64X72.2X0.8=94. 73

cos $=0. 98
_ V6 2.4495
) K1= N~ 8X3.14 =0. 0975

N=n1><n2=';_><%='é_

m=2tA71 ¢ Veh AVR & &g
ny=AVRW &] PTy P An
(3) K3=K;K,-cos ¢ =0.98X29. 297X0. 1839=5. 28
g6 —
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_ V+IX,sinf .,
Eo—‘——cos¢ =521.48
E, _ 521.48 _
= =g =29.297
_ i 1718 __
=g =gg-g =0- 1839

T,=0. 345sec (given)
1) Kg=X, sin 0=0.984
(5) K., K3t 54
Fig. (3. el 41 AVRZS] BB i9F slN =28 BRER i/t XHBEER BE ¢ 83t
L e Tl Ao BETR i) i8] Wl WE BER RTEES 45 Table(D3 2
T, o] MFEES ¢,2 kst R(B.9DY wH K. K, 5 FAsk o3} o] It
K.,=106 K,=15.9

(6) Ke=K;.XK,=0.011X15.9=0.175

K= =9}3%8=0.011

T;.==0.016sec (given)

_8/ZV . 1 1 g1 _
(7 Ki= v cosd  Z K. 2Xl.35><1.02)(0.002806)(106—0.2048

Z=/(RTR)*+X2=356.4 (@)
1 _
—=0.002806

W2 1 1 Xk
(®) Ky=—=C2e e g s s sin® Kr=1.35X1.02X0. 002806 0. 4476 X K7

=0. 1834X0. 834=0. 153

Kr=X, X, S°] @ES{ =& BIFo2 HTBERE] k3% A= Hite o2 FHsigrl

9 K., M,

Ri& 243t REBE eo} Fio| BRUEE ¢ 41014 HKE TR &8 T-3b Table(2)s} 7+
o]l 2¥e @RSk Fig. (4.3)9F Zrh. Fig. (4.3)e 4 B8] ZA79] gho] wlgF A HRo
Eaw slelmg R(3.8)9 #A AFE B/ HFEELE T3hd Table(3)3} e

(10) Kgpgh 2 R.3k A4k

MTEE Vi FoA" 99 & @BEST 4G 196 o8] Kegte]l Tl A i, Kg kel Talxd

A AG D A T AL

ol Are] EMEES Sislel Table()sh o] ¥, o & Fig. (3.7l sk Fig. (4. D9 2

o] =t}
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Table(1). ifp, ifc Value according to Terminal Table(2). e. and efc Value when R, is adju-
Voltage. sted 5.5K, 2.7K, 1.5K.
v ifc ifc R, \' e efc
F1(J-K) F2(JC-KC)
400 1.224 35.20
380 0.75 0. 543 410 1.330 36.10
390 0.76 0. 530 420 1.331 36.97
430 1.230 37.85
400 0.78 0.518 440 1.243 38.74
410 0. 80 0. 505 5. 5KQ 450 1.246 39. 63
420 0. 82 0. 492 460 1. 249 40. 50
470 1.152 41.39
430 0.83 0.479 480 1.257 42.25
440 0.85 0. 467 490 1.264 43.20
450 0.87 0. 454 500 1.268 44.02
460 0.88 0. 441 400 1.150 35. 21
410 1.158 36. 09
470 0.90 0.429 420 1.163 37.03
480 0.92 0. 416 430 1.165 37.80
490 0. 94 00403 440 1.170 38. 63
2.7KQ 450 1.173 39. 54
500 0.95 0. 391 460 1.176 41.03
510 0.97 0.378 470 1.180 41.50
520 0.99 0.365 480 1.185 42.56
490 1.190 43.20
530 1.00 0. 352 500 1.195 44.10
540 1.02 0.340 200 . 35,19
550 1.04 0.327 410 1.160 36.10
420 1.161 37.10
430 1.162 37.88
1. 5KQ 440 1.163 38. 58
450 1.164 39. 60
460 1.165 40.53
EFC(V) 470 1.166 41.42
@ 480 1.167 42.20
490 1.168 43.14
o
! 500 1.169 44.12

354

30 Table(3). K.. M value according to R,.

251 R7 K. M
2) 5.5KQ 207.7 219
O 198109110 111112 1.13 1.14 1.15 116 1.17 L.2L 1,22 1,23 1,24 1,25 7075
2.7KQ 219.5 218
Fig. (4.3). Relationship e and efc when R, is 1. 5KQ 900 1008
adjusted 5.5KQ. 2.7KQ. 1.5KQ.




S5PSKR. 4

aefAld & Rk RERS BEME Kk I3 it 23

]| 0.153 Il_

e - - . i
-0t SR e w1
Kc Ka Mo Ra I 0.2048 l
1 207.7 }0.16468 | 219.1 | S62.4 '1‘0.0995 I

2 219.5 [0.16278 | 218 584.3

3 900 0.16261 1008 986.4

] Xa I~ 1 0.097% J

Fig. (4.4). Block diagram for value of coefficient.

Table(4). Value of coefficient.

4.3 EEER ¥ HERA

Reg 7 g %
K1 0. 0975 Km 29. 297
K2 0.175 KT 0.834
K3 5.28 Kx 106
K4 0. 2048 Ky 15.9
K5 0.153 Tf 0.345
K6 0.984 Tifp 0. 0995
Kfc 0.011 Tfc 0.016
Kf 0.1839

EAER-S MARMEERS RS Kot EE
n) & BB 287 918t Rt RoE 23
(K., Kp 2R3t SMTEES 9384 stz &
e KA EERBRE sHH

R,< 5.5KQ, 2.7KQ, 1.5KQo = z7zt =z
32 R.E wbAbaiqrel 440V Ce#EE)ol =HA
ZAFTF, ATHE SHERS oF 50%(35A) #
AL o AR Fig. (4.5)(4.6) (4.7)

%

5 2w

L e EATAAY ZE ASEE AG2DE FH (3074 E A4l EERBEE Wi

b
ol
N

steal fEEE Fig. (4.8)(4.9)(4. 1007 3, ole] HT & Ktk Table G)ek 2

Fig. (4.5) The time response of the system when

K,=207.7

- 14
T ] F4st
k440
F439 b a4
_‘g‘; Fa40
- = . Hags
1 B . ! 1436 438
== R 435 1 437
- o <l 435
T1T B e 1 - &
Iy S N S T8 00 O o N 0 N R LA A ] Il {n
T H "HHHHHT
T e 7 6 5 4 3 2 1 0

t 7 6 5 4 3 2 1 0

Fig. (4.6). The time response of the system when
K,=219.5
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" 4
a8
id ] S eev—— B £ 440
o o e e e o e ol L
[ S G . i . 438
B .y 1 e I o ol Y14
= B T 436
LA M | L 3
N rh LA 1T+ 1 ﬂjﬂ H 'ﬂ
t 1 & 5 4 3 ¢ 1 0 Rarge 50

Fig. (4.7). The time response of the system when

K. is 900.

»BOT

~44,

Fig. (4.9). The time response of the system by

simulation when K,=219.5.

Fig. (4.8) The time response of the

system

by simulation when K,=207.7.

Fig. (4.10).

The time response of the system by
simulation when K,=900.

Table(5) Value of majer coefficient & roots of characteristic equation.

R;=5.5 R,=2.7 | R;=1.5 Remark
KC 207.7 219.5 900
KR 0.16468 0.16278 0.16261
KRKC 34. 2040 35. 78302 146. 349 I0CK3K5—K6)
3K5—K6
KO 3.0814 3.2189 13.1846 ToRIKiTRO
Off-Set —2.05316 —1.9648 —0. 4687
E4Julkrg Al S1=5.6127 Sl= 5.7889 S1=9.2322
$2=19.2311 S$2=19.7863 A=33.1083
S3=>50. 6049 S3=49. 8736 W=38.574
* 272 =344  KKK3=0.09009
4.4 CRiRE ERS BER
# g 2 — Loy M
K Frgee A fIERS FEEREE =98 = o ;
%%‘i%ﬁﬁ% iﬁ-\"‘ﬂ"‘& K(s' 38)% :‘—q -/—‘L—E 3]"‘\Z_.‘ .05 \\\
K3hs Wi sty 98 K=K/ K.K:.Kse} 5
o £ Ko A% oREEEES TR Fig sof Lo 00 0 T
2007 H A S
4. 113} Ze}, M)J-_ B 6100 501000 500 Y
Fig. (4.11). Square intergral of the control error

— 90 —
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5 # =4
5.1 wtdol chet E®

KRG IDAA vdehd A 49 A7t sty 93 e Ko>KK-1=0. 081302 F-$-=7)q)0]
obiel ArelE o] Al ZEIEED s} gow AR BEEBL o] Ruipe RFESEE A4
HE Zo] MEolh

5.2 EEEEO| chst 2®

Fig. (4. 54 6)(4. Dol A R upelzbe] K,=207.7, 219.5, 9009 B -$-9] -S4 £k zk7} 3V,
L7V, 1VE K.gto] & 42 §AES} ztolxn], o)= Fig. (4.8)(4.9)(4.10) 2 Table (5)e]A] X
< Hheb zFo] HEmAERel A 4 x]gkr).

K7k 90091 75, A7} A4 o] wls] $4 =7}
4 FEE d4sin 4y Bod AAE Bas Ag

QPE AR

fu

A se
A5l

<= HEHol @A A%
HE719 2 "olA Y]

sy

o

5.3 BIENMO] cHEt Hm

Fig. (4.5)(4. 6)(4. Dol A Bpulel o] K.glo] F+% EA#MESE #elx= o] Fig. (4.8)
U.DNU1DAGA 2E H}«QPLO] HammRot & 4253 gvh Fig. (4.7) Fig. (41002 # ashs
Fig. (4.1009] #ztHol 93 EAL eWFES} Fou AHAGe) A 0w #Es} AB71A %e
AL Sotel gk AF1e SEH S HBEE FBE A wotd SAELow Fgsts] @ Fole

7_]1-

a A

5.4 ZHRREMMO cHEt ER

Eo<KKi-18] A4, & Ko< ,I?II?K =0.90299] JA o] A& o] AT FsabAl Hm (3. 38)

22 FAEE SKDE LB Ak Rizsl & Kol vk Fig. (4 1D A K. go] 243 S(K.)
7b AobAl g, ol Koo} ol obFel asehE oA Fe] Zmalehe AHs 4= w e A
= Koo} gol AAR 24 AsTol AR 2o dAFo2¥e Wl Wi, el Aol
1A Rshn EEEEE TG A ATA4L A2 & 4 ol vl —REE) A
bt oz 47an,

6. &% E]

Blbsh 2ol R Fifgel M v i AME 2% weoldes SmBme osted g#EE wK
AAbshn RiEel Zath, SRS D BREBNES S8k dstd o Fsla, 2
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S 3Alqlo] RS B e T deted HEF B, 3 L FEE Ak

1.

—E BEE AVRS 2 THBERE AWBER S$AES BES, o] SAEE AWE
el HHlstn F%=AQl Kogto]l S35 AA A

SAEE Fol7] AL F43AA Ko e et & FAsor stz Ko g2 34
st etE Al Fe REFES FitH AT

(HEABERY ekt Ko>0.08130

Kozrol #AA o 72 AFZo] A7 dFozte wel 2ojxd el #AH M S5l
W2 G v A=A xIdrh

SREEER S Kool Fol 5 HopAlth

(HHRBERAN AL 7.4X107%)] s EH.)

* Bizol A s BB 2z —Hstg o, Kot 2 A FAES QlelA v Felsk Ale
W, o]k A& Eel A3 BERY FEg- BEEDRZA BEY BEESHS BRII=HA
g HEHE A TAR L HE SAEY G J® Aoz At AT A AAAE

NS e w N

®

GFoz &5l Bol & FHM oot TEN L ZHBEME o83t KHE Ystz o
% A

EE shefol ¥ Aolwh

2 £ X M

N8 BRTEMER(T), ATHARE, 1983. pp.211~299.

BEHE - Mg SYSTEM, BFuliZ, 1982. pp. 115~129.

KRR BRI SRR BB, W PG-184.

P REEBEC T4 0 ERAE REMSY HRHMEEY 2T PR, KKWIE, 1980

KT WY  AVRARERS, BWEs PG-102.

RE=E : M Thyristorf$88, ¥CH, 1977. pp. 0~100.

REEEA 34 : AECHREMA LESH BREERER did, BARMEY 5535 H£=5,
1968. pp. 158~164.

W : HEATE, #wICHAE 1976. pp.88~114, 187~231.

0. KEEH BT : TWHR Brushless A.C. Generator:

10.

” : Damping[E|}&R9] HE, HWEH.



