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The study on voltage control charateristics

of the brushless AC generator.
Ji-Geun Yocn

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 devel-
oped electric or control equipments require the more accurate constant voltage sou-
rce. To meet this requirement, many kinds of automatic voltage regulators of hig-
her accuracy are recently developed and adopted in ship’s electic power systems.

This paper deals with the method of analyzing the voltage control characteristics
of AC brushless generator wirh AVR of 2 windings exciting type. In this paper,
affectations of the loop gain(K,) on the stability, 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, beco -
mes, the smaller the value of the off-set becomes.

(2) The system is stable however big the value of K; may 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 c}ecayed very rapidly in the
output respouse.

(4) The bigger the value of K, becomes, the smaller the value of the square inte-

gral error becomes.
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Va (t) = (Co— Kgly) + Cle-s't+( Cos wt + D;C" sinwt)e

=(Co— Kelo) + Cre '+ Ksin(wt+g)e ™ (3.34)

<+, { K=/ C’+(D-Ox)2
w

—tm-1 _@C
¢ =im D—Ca

oz 9g,

3.6 REFBER

AS] & (3.25) ~ (3.34) ol 4 B4 YKol BTHWS AFBEol & BTEE V, (00 BER
P F4I A Koo zholl we} e

Ko = KiKoKaKaKo ol KKKy & B5HS Al AE Adoln Ko RS WTERS THRES
WMEA7)E AMOZ QS EYo) 2 AW 5 9 Ro2H AVREKS R, o gl ook 23
At

Koo g RS BEM#ES] 248 HWOEZ sbie + Y= 2224 AVRERS R, e
2AYo2A ol Fach Koo BEHES AR YL A AA2Y £ AFelNE B
(A Bl oH2e DAAGe] Eagdl N 2 RERS HLZ He Koo e BMEFHI T
Aol stz, ol & Foh Fikol viste] E2al B2 Geh K (3.25) oA [, =102 sk

_ dgS*+ d;S+d, 1
Vatsh = (g byS%+ byS+ by )3 (3.35)
SHEE o232 31
a=1lim v(t)=lim S.V(s) = 4 — Ks
t = s=0 bg
E sz
qt) = vit)—ga
gz 54
a deS%+ d,S+ d d 1
Llqt)) = Qs =V(s) —<= = 02> T 1 2 gy 2
a S C S3+ b, S%+ by S+ by by ) S
egS?+ e;S+ e,
S3+blSZ+ bzs + b3 (3.36)
d
‘:“_*‘ € = — ﬁ
e, = dg —hd’

b3
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b
gy = d,—b—zdz
3

o2 gt
074 24l g Seb sk S= K (3.37) % pop D
baeg®+ e, 2— 2e5e, + 2L,
D

s = .
2 (ble— bs)

K (3.37) ol & AFES ddsd S X (3.38) 3 2ol Keukol &47F Hch

457

(3.37)

S(Ky) = (A3Ko + C3) (AgKg+ Cp ) (AgKg + Cg) T+ (AgKg+ C3){Cyq (A3Ko+Cy) —Cy{AgKy +Cg)}*

2 (C1A,— Ay)Ko (A3Ky)°

2(AeKo +C) (AgKp +Cy ) {Cy (A3Kg + Cy) — C, (AgKp + Co) )

2(C1A, — Ay K (A3Ko)®

+ Cil(AsKo +Cs) (AgKo + C) = (A5 +Cp ) (A6Ko +Ce) }

2(eAy— Ag) KpiasKy)?

T

(3.38)

(3.39)

oh, A, = —mdn
z Te T Tep
_ 1
Ay = Te Tee Tep
Ay = —i8lia
Tf chTfp
¢ T T+ Ten T + T, Ty
& T le. T,
C, = Lt TptTee —KgKTeo
! Ti Tse Tep
1 — KK
P S LA S
C3 Tf chTfp
K,K
Co = —t-
C. = KaKsTrp+ Kals T — K3KKe Tt
5 foc Tfp
~ KQKS—' K3K4K€
LG Tfochp
A B3 2 Folxle SEG) T b7t A5 1 5 &E T2 FIfB K& o9 #EA 75 ot
das _
dK, 0 x
d?s ]
— 0

2 eb K (3.39) E Kool 3k 7 akdlol 5lER o]0 e A Y OoR F3lv) = (Rl BEMRS T

A el el
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4.

RIKR N HE

x ®

& FRol A HAk AHEMS Model BAL214-4 ML LHATHE A x%s 3
ok EESE SABNEHEME REHS GR 123 ¢ Socl @M E23F MEd, ol ERE
stue)e] MBEES AE2A U024 FH Ee Mol REM —EOMKE FANES
slojolch AWMl A3l BTH AVR ¥ FEEHRE HTo HEL oo 2ok

(1)

()

3

A.C Generator

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

Capacity : 55 KVA

Voltage i 440 V

Frequency : 60 HZ

Phase : 3 Phase 4 Wire

Current : 72,2 A

Power factor : 0.8

R.P.M : 1800 rpm

Main (F) Field Voltage
Fy (J,K) Field Voltage
Fp(J.,K.) Field Voltage
Reactor Resistance

Reactor Reactance

Current Transformer Ratio :

Fig.(4.1) View of Motor generator set.

8.2 Q

348.62 Q
L
467

Automatic Voltage Regulator (AVR)
Maker :  TAIYO Electrie MFG, Co., LTD.

Model ¢ AS-71-2

Induction Motor

Maker : MITSUBISHI Electric Corp
Model : SF-EF
Capacity : 37 KW
Voltage : 220 V
Frequency : 60 HZ

Phase : 3 Phase
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§ st = =5 RER 2lel & mgel  ER
fatel e B BREBS B, o 2y i
e EEREES =4

o HEESEl K S Ke Ab S WEI A HHE B AT T B

Fig.(3.6) 2

Lu'ok u}—-——H,»- f)].‘_—_

1
Cr.

7] %4

Aq 7] Lr_s}o_xr_u} /qlk_o] F@K@;{‘%},o ;} 53,__}

A Bl w1

(1
Maker
Type

5]

Maker
Scale
Class
D.C
Maker
Scale
Class
Slidac
Maker
Type
Recorder
Maker

Type

Dunital o

e hen Pon rig(4.1)(4. 2) =

EREE R

Memoryseope

[WAST!

MS ~ 8100 A, Degtie Channel, 1OV

sSter

BN
HTEE SR RS K
~ 1o T ESTARS
i
LA
TG AW
U~30 - 190 - g - 1a00 v
G s Fig.04.2) View of €Xperiment apparaius
oD

Ammeter

YOGOGAWA

0~1-~3-10-304

0.5

TOKYO Seiden Co., LID.

VAT = 2030 Y 220V ,7220 V ( Variable 130 A
GRAFPHIC TEC Corp

MC 6715
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4.2 ERE HE X HE
RER AW ( AFHEHR 72.2A, puTmEE 440 V, EFEM 60HZ, 34, HA& 0.8)
o & EMMES HE L TS o3 2o '

X6 _ 94.73
V+IX, sin@ ~ 440+71.05

) ¢ =tm™! ={m™ 0.1854 = 10.5°

wsf =0.8 (given)
sinf = 0.6 (given)
X, = 1.64 Q(given)
X, 1sin =1.64 X 72.2 X 0.6 = 71.05
X, 1osg =1.64 X 72.2 X 0.8 = 94.73

sy = 0.98
V& 2.4495
= v6 _ _2.2% _ 4. 0975
@ K={r T 8xs3.14 \
1 1 _ 1
N =n; X n2=-2‘><-z—'§
n, ==kAASHV el AVRIH At
n, = AVRWS] PT, 44w
ifp ifc
v
(3) Ky = K¢+ Ky -+ s¢ = 0,98 X 29,297 x 0.1839 FLU-K) F20c Ke)
380 0.75 0.543
= 5,28 390 0.76 0.530
B, = V+ IX, sin 6 521,48 400 0.78 0.518
0 cos ¢ 410 0.80 0.505
EO 521.48 420 0.82 0.492
==0 = 22 "= 29,297
Ka ig 17.8 430 0.83 0.479
. 440 0.85 0.467
_ l¢ _ 17.8 —
K¢ _; = 568 0.1839 450 0.87 0.454
460 0.88 0.441
T; = 0.345 sec ( given) 470 0.90 0.429
480 0.92 0.416
@) K¢ =X sinf =0.984 490 0.94 0.403
i 500 0.95 0.391
6 K, K & F4 510 0.97 0.378
Fig.(3.7) ol AVRZ] Wmm® irc ot NH 520 0.99 0.365
530 1.00 0.352
N . P
&9 REEW irr, 7t WIS TE e ol FED 540 1.02 0.340
v B Ty A8 JMEAME i i i 3}ei] 550 1.04 0.327

WE PEM HTEES S35 Table () & 22,
o] WTEES e, 2 HAs K (3.9) o EM

Table (1). ifp. ifc Value according to Terminal Voltage.
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9} Ky%_ _7;1 "]—D% r,lr o 7El|:1r' ]7 v e efc
K, = 106 K, =15.9 400 1.224 35.20
6) K, =K XK, =0.011 X 15.9=0.175 :;‘; 1;2; i:;o]
€ = e _ 0.8 - 0.0l 430 1.230 37.85 |
fe ™ e, 0 440 1.243 38.74 ;
T¢. = 0.016 sec(given) 5 skn 450 1.246 39.63 |
) 37V i 1 ) 460 1.249 40.50
7y K, =T wé 7 Ky 470 1.252 41.39
| N 480 1.257 42.25
=3 X 1.35 X 1.02 x 0.002806 X 106 yres T 264 0
= 0.2048 500 1.268 44.02
400 1.150 35.21
Z=V(R+R )+ X = 356.4 (D 410 1.158 36.09
320 1.163 37.03
LZ: 0.002806 430 1.165 37.80
W - 440 1.170 38.63
(o= . LA 2.7K0 450 1.173 39,54
B s = g7 a wo e 460 1.176 41.03
= 1.35 X1.02 x 0.002806 X 0.4476 470 1.180 41.50
X Ky = 0.1834 X 0.834 = 0.153 i 1185 1256
Krp = X, X, 5o Ep#fte] =& ks 500 1.195 43.10
S mrar o 9% 45 was ges | e um e
4 stoi ). 420 1.161 37.10
430 1.162 37.88
@ Ko, My 440 1.163 38.58
Ry & Z4 sl (REER e ot Frol B 1.5KNn 450 1.164 39.60
. 460 1.165 40.53
W eq Aboll MRS EEel °isi ok 470 1.166 a1.42
Table ()¢} 73,01 & 28 o2 [E/RSH 480 1.167 42.20
Fig.(4.3) 9} #th. Fig.(4.3)014 R, 9 j;g ii:‘; :jl‘; J

okel el A AE R ol Fawsleln

2 £ (3.8)9 & AFSE FhN BHREESE

Table(2). e. and efc Value When R, is adjusted 5.5 K, 27K, !.5K

T3k Table (3} 7tch, R, K, M

5.5KQ | 207.7 219
(07 Ko b %Ry 2t A 4 2.7 KQ 219.5 218
TR Vb ol alnl 9ol AEMES 4 (3.19) o 23 Tira T o s

Kg @ol el <15, Kgakel Fal#lw R, & 4 (3.7) o 2f3)
A el Al et

olge] EMEES 45kl Table ()9 o] 5|37, o] Fig.(3.7) of o) st Fig.(4.4) 9
ol =l oh,

Table (3) K. M Value according to R,
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lrct‘\‘_)q

36+

289

WRRELE KB X £ TR

v v v v v L v Y LA 4 T v v v v v 1 Y v v
1.08 1.07 1.08 1.09 110 L1 112 113 134 116 116 117 1.18 .19 120 1.27 122 .23 124 128

Fig.(4.3). Relation ship e and efc when R; is adjusted 5.5 KQ. 2.7KN. 1.5KN.

F 3
K1 0.0975
K2 0.175
3 5.28
K4 0.2048
XS 0.153
X6 0.984
ke 0.011
KE 0.1839
Km 29.297
KT 0.834
Kx 106
Ky 15.9
f 0.345
TEfp 0.0995
Tfc 0.016

Table(4). Value of coefficient

etv)

Fig.(4.0)

Il 0.153 l[—
Xc
«
> L = 'q
{ ] P - | s}
1 Xc | 1100.016 i ¢
K¢
c Ka Mo Ra > 2048
207.7 10.16468 | 219.1 | S62.4 1+0.0995 |
219.8 Jo.16278 | 218 584.3
900 0.16261 | 1008 | $86.4
jl a 'L ll 0.0978 IL

Block Diagram for Value of Coclficient,
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4.3 AERR Y KGR

WS TRS (CAEEERS FE K, b R oA BES zadksl Aete Rosb Ry B
(K., Kp 20 crolal s 7PREES yAioml b #IE AR EERK: ot

R; & 5.5 K0, 2.7KQ, 1.5 KQ2& 72t zAsks R, & ghabdtel 440 V (ERER) ©f

a

siA 2 UeE, BELE ERERY oF 50%( 35A) HAUD Hol EEHHE Fig.(4.504.60047

# zbet,
wgh o T Al BE A TS 4 (3.25) 2 FE (3.34) 7RIS Hacle] EERBMET B

EIPES SRS Fig(4.8)(4.9:04.10) 5 a1, olo] didh & RHEBE Table (5 2 2

4.4 —REE ER WIERIA
kPRl A I Rel AR TAl3 CREEERS LidE AG58) & HaE o K,

e mfEEb ey #a) K, = Ko /KKK, B FaL & K, o o T

CRGEEEL A Do

A

(4.11) o} zbck

£7=5.5 | Ry = 2.7 | Ry = 1.5 Remark
KC 207.7 23975 900
KR 0.164¢68 D.16276 0.16261
KRK 34.2040 35.783C2 146.349
Ko 3.0814 3.2189 13.1846
| Off - Set ~2.05316 i -1.9648 -0.4687 | Io(K3K5 - K6)
; f 1-K3K4 + Ko
%G P4 | s 5.6127) Sl= 5.7889 Sl= 9.2323
$2=19.2311] S2=19.7863 A =33.108]
$3=50.6049] $3=49.8734 W =38.574

Table(5). Values of major coefficient & Roots of
characteristic equation,
o F 7} = 34.44
KKK, = 0.09000
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Fig.(4.6) The time response of the system when K=219.5
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Fig.(4.7) The time response of the system when K, is 900
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10
= 2] o}
711 1 2 3 4 5 6 2 8 9 10
440V
-10
~-20
-30
Fie (4 A The time resnonse of the system by simulation when K.= 207.7
_40 Fig.(4.8) The time response of the system by simulation when K. = 207.17
10
o
7)EA S 1 2 3 4 5 6 - 7 8 9 10
440V
-10
-20
-30
-40 Fig.(4.9) The time response of the system by simulation when K = 219.5
10
gt
1 2 3 4 s 6 7 8
440 v — 2 10
-10
-20
-30
-40 Fig.(4.10) T5 nime response of the system by simuzlation when K. = 900
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5.2

5.3

5.4

vl Al s RRAEMS] EEHE Btol oo B 467

5. % =

LEMN CHEt #x®
LI A G R A A7 wEsts) o e 1&#0 Koo Kg Ki-1=0.0813 22 2¢x

YT -
Aol obel AEfehs ol dlE wEIES 5o} 9 o0] Yulo) BWME o) TEKMS ohi
B & AA 5| =20] B Eo|ct
ERREEZ U #8
Fig.(4.5)04.6)(4.7T)0fl 4 BE spelziol Ko = 207.7 219.5 9009 2%y S4E
G AT 3V, 1.7V, 1VE K, go] f4 TAET} Zolale, o= Fig.(4.8) 4.9

(4.10) 5 Table (5)oll4f Mizwvhebybo] M AR RSl 2 o 7|3tk

Ke 7 90007 %, AR Al bl lah 4570 2A) 5122 Biife) #irol 4= it
TN HEE YYD A YO AA 2 EE AU Ao Y FEob def
A7) ol 2 Wb o,

BEF O CHEt Eim

Fig. (4.5)(4.6)(4.7)ell4] Bupobrro] K, gho] 242 mamEs weprle) o] i
Fig. (4.8)C4.9)(a 10000 4] Rswbsh o] Mageemol 4 Q252 olch Fig.(4.7)
Fig.C4. 100 & skl Fig. (4,100 WIEHEA o3 BES S FEo) 40 44
ABAAE DoIFEA o1 Gl Ropel 3 UEsle) £ WEo AHEE HE A
Foll st ABO2 AH8aby] @ Foleby obel o

TRREMABO| CHEH E®

Ko CKy Ky=10l A9, F K, (=224 = 1), 9029 2) of odof <) = oA & REESA 5
K, K;Kq

WK (3.38) 28 fRe = S(K)E LEBHAA Y garsle Koldh, Fig.(4.11)
A4 Kool ol F5% S(K,) 7t Sobr) i), o= Kool gke] off-e] Arjats o)A o)
ZHESheh AL A 2ot A e K o) gho] A xw A AT Tl 4 2y
HF2ZRE W) dold, ool fokse] 5 Lot EEREE et fge) 1534

[e]

o A8 BT W Fel ZREKC) YA el qoz Az o,
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6. & =]

LLES 7o) & Bloeel A= —i# RS 2t elAels TRBESC dste SR EKE
g 24 £ AT R BEH, THHE D BEMES HEME dod 4T, F42
Aoloi Fbkel BEMEHol 013t J$Sol et EEFA, et 2L HRET AU
1. —#@ B AVRS ZE TRBERS ARSI $4 57 B, o FAEE AMNEEY
Boll Hflstz F$TAQ K, 3o 245 A

9. SHAEZ Zol7] dAAE FLIA K, o @ 7H5E & ANk stent K, o & 2
stojets Al 5 TESEF Fitsl o+
(HRABEHS TEEH K, 0.08134)

3. K, gl AR 74 15T Ay A502%E Ao dolA g A WA Sl L
2 g 3%g vA X

4. “REETEMRS K, o ol T5F Foblrh
(HERBEBBAAE 7.4 X 107°0) HE)

& BEAA BH KBS A2 —FA2Y, Ko7 29 $A Bl oA o Ael7k Qe
ul, ol: 7 Mol ALE Y BEBS] EEM FABHMIA BR TEEHS T 712
3 HESEANA HAHE FE SAES Aol 71AD A2 YAt oA FA a4 =
oz 5ol S0l & FEHMl st TEHE THBEME o £31 W F3tx oF
AEE steok ¥Rl
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2 % X K

. AR BEEIETE, RS 1976, p. 88 ~ 114, 187 ~ 231.

L FRE: BRATEMER(T), AMEMREL, 1983, p. 211 ~ 299.

- HRHFES : A Thyristor #2%, BWE, 1977. p. 0~ 100.

- BEEWAN 34 HEKRBERA PSR BHERBRE R s, HARBEE

|4 FTHR 1068, p. 158 ~ 164.

- PARTIEREBS 3 4 - BRYTHBER o4 =—HRE GRER REHEA o shel,

HABIEE BA% BHK,: 1970, p. 316 ~ 326.

- R FERFELEAY HitSHE BEEC) HEEES A3t e, KXHE.
. BAESEG - ANERTEEE, RagE, 1970, p. 88 ~ 96.

CEHE  BAEE SYSTEM, ®IlE, 1982. p. 115~ 129.
- KHER EWERRE - SBERAEE, HEEN PG-184.

% S AVR B EHE, ” PG-102.
7 * TWH Brushless A.C. Generator.
” ¢ Damping [B1§82] £%%, BiGEF

- BRILBACSHAYY BRIBER, AHEHK, 1977. p. 262 ~ 268, 559 ~ 594.
- BB ALEAR, HIEA Handbook, BARBEE, 1979. p. 7-1 ~ 7.
COHE B0 BT BOGEE, OHMEE, 1975. p. 349 ~ 441.

1980.
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A Study on the Calculation of Synthesized Torsional
Vibration for the Marine Diesel Engine Shafting

—By the method of transformation into normal coordinate—

Kang-bok Lee
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