% %

w7k By Bt

B O &Rk PR G & R

621.313.12.045:621.316.925

U.D.C.

BE PR o Mk T Ar

1 SR SR e

193

Hitachi High Speed Protective Relays for the Protection

of Generator Winding

By Katsuyoshi Shimizu
Kokubu Branch Works of Hitachi Works, Hitachi, Ltd.
Mitsuo Watarai
Taga Works, Hitachi, Ltd.

Abstract

It 1s a feature distinctive in the recent power resource exploitation that the equip-

ments such as generators and transformers have remarkably grown in unit size or

capacity.

It naturally follows that the related transmission system has got compli-

cated and made the role of protective devices for those equipments more important.

The induction ring type high speed relay, newly developed by Hitachi, Ltd. for

the purpose of protecting the generator winding, is one of the products that comply

with the above trend in the electric power field.

This relay, featuring high sensitivity and high speed protective action, has

made it possible to protect the generator winding positively from 95% of ground

faults and short circuiting faults.

particular application.
(1) Type KGY high speed relay...

It 1s classified into several types, each with its
To mention some of them :

.Designed for use in resistance-neutral-ground

system, along with differential current relay.

(2) Type KGV-XQC high speed ground relay with voltage suppressing coil...

.Used

in pole transformer-neutral-grounded system, protects the system at the occur-

rence of ground faults.

(3) Type KY high speed differential current relay...

or layer shortcircuit faults.
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Fig.1. Protective Relay System of Generator

Winding
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Fig.2. Protective Relay System Generator
Winding (Pole Tr. Grounding)
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Table 1. Voltage by Capacity Effect of the
Ontake P.S. No. 2 Generator
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Table 2-1. Third Harmonics Voltage of the
Ontake P.S. No. 2 Generator
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Table 2-2. Third Harmonics Voltage of the
Kasagi P.S. No. 2 Generator
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Table 3. Circulating Current of the Ontake
P.S. No. 2 Generator
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Table 4. Circulating Current of the Kasagi
P.S. No. 2 Generator
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Fig.4. Layer Short Protective Relay System
of Generator (Tripple Star Connection)
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Internal Connection Diagram of Type
KGY High Speed Ground Relay
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Characteristic of Ratio Element of
Type KGY High Speed Ground Relay
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Construction Diagram of Overcurrent
Element for Type KGY High Speed
Ground Relay

A9, EEPIETERFCENET S O T, FMEREIN I ETE L
DL L D ETOEENLS 55, ZEHONIEHHE X
O MEFENEREH] 2R D7 & O A BRI =T, SEEHR
ﬁﬂqux8w4ﬁ%c&ﬁ@fmmw%%%“mﬁwwﬁﬁﬁt
ZENDI-0mK 250ms (i 7 508, EHVER
<kﬂmﬂ%@$@AﬁﬁfT6@f'%msLﬂmjg
DT\ 5,
(2) KGH XQCxX ®Rvt KGVAE XQC X=HEE
i iR E 25

A A R 2 FE SR 750 A B B e o
S CHIBIC T OMEY, #12W CRESID 1 pi

IWBZ[ 7:1,}_"__;.0 Fﬁ Lﬁ_ctu»’b%ﬁ%Jgﬁj ﬁ—ﬁfﬂ’:‘: L Z ’¥FE$ .2
ETRRFESR X D D, BiE R A ELS 0 K EK
TR I 5,

BRR(REZEIARYEROZHLOBRELRT, £

= b= 13 - ] = N = Sh=g
o BE R OB O B e 735
£y |."{I ! =7
|
T e i
1L
f’-{:f;l -i
| l
= |
” |
8 | !
I :
1\
T =y - ROGHAER
4 L | = 14 B
o ' L3 e - i SERS e
g | |
= | |
B | |\ .
| |
i | |
£ | | | g |
1 | | | | i
', ' ! !
] \
| | | |
i - | ‘. ?
; | |
L | . 1 | .
V4 4 ¢4 40 20 /
(it 5= fifemniliE (%) (510 7)

#1010 K KGY 7Y 5 B Be il ik 88 2 B B il

Operating-Time Characteristics of
Type High Speed Ground Relay

FI11 K KGV A XQC X & & B 52 ik & &

Fig.11. Type KGV Form XOQC High Speed
Ground Relay

dﬂﬁﬂﬁiKGY%@%amiU;G%ﬁk%{kﬁfb
5. EREBICT A0, 2 EHFNTH =21 VE
ﬁﬁék%uﬁwﬁﬁﬁiﬁmmaﬂ%@mu&Lfﬁ
HLTWA, BEX v ZILhERICNT 5, BHSHE
B & =B EROE EANC T 2RI O O FEi
(=l ;V&MEMﬁ¢ML¢ A, 5,7 10V 2 27
ZEITTH S,

AMRE S E R RS v T, WS L A
AREERTAIE T A7 DRRERZ L TR, ERES
“RaAf VO EHEZEIZ X D 40~60ms CTEIWET D,

25—



726 @ F1 29 £ 4 B H 3. =T- s %36 &% F4a4F

TP
o &9
=r" - H 1 |
| o 7 aa l
| 1
| ) 3
| A o e |
, | o L = 10 |
| | -—‘———a-.l | f ot
| | S |
i P I |
- L |
s _ = =
= |+ T J S =T = R AT
r| = . o F = —EE L L R | Ll 4
- = =
- —
FPs ._J c] = J falil
bty J "_'

el W ==
W BN T -l
.

| | |
£1 | . . ) '

| PEES & % 8 /E B3PS

]
|
]
]
i fF 8 ] w o)

]

1
1
s

|
IE=Fsi = I
£ = -' | !
BIME 45 T ———— : |
I |l I R [ | o |

. .

| MMV =——— 1~ 15 23 ‘

|
| = | |
B i il & %%

|

| | 0 W 40 V7% (200 /600 200
! c—— L_,f_'; | F£14 [ KG# XQC R & i B £ b ¢ 35 25 &)
- ; — 1E Wf [H 4% &

12K KGV# XQC = & 3 B # b g a3 5 Fig.14. Operating-Time Characteristics of
NP 7 L 1K Type KG Form XQC High Speed

Fig.12. Internal Connection Diagram of Type Ground Relay

KGV Form XQC High Speed Ground

Relay
Ex AxER |
i ’ i |
| ':
| //’5
| D S w150
1)
= % A el
| \\_
Fﬁ T T
f 4.
| F 10K KY # 5 # F W =< = &) | i 8 4=
= E s Fig.15. Type KY High Speed Ratio Differentiat
#1311 KG# XOC R =i ghs it i Current Relay
Fig.13. Construction Diagram of Type KG -~
Form XQC High Speed Ground Relay ,,:/"”—\"“‘ e i
_O--"""O . v g o T
E14X(: —]ijéj]{f]‘ﬁ:{%rﬁfz—‘]—- = & e = BT | = EEN
KGV #il XQC K#kEXL, KG i XQC Ko =2 FE ; \
s ERIEREEC L 2WE ANz B0, HiH= \
SSi - e @ e ¥
A NEM LD TEH S, wll
] iii_ o EhiEifes / \/K EIBEE
(3) KYRSEELEENEARES \ ;
AT A F TR 0 S A [ T SR \ l} £§& -
Do, SRR LT N, T
fidlr KGY B EGDOHXRERLF L L0 TH LM \__ /< AN IS B

2 VDRI D L 5 i 2T %, Qib, KGY Fl#k
B D HEBEENBREG O =T ETES S N5 D
K L, AMEER L T HERNCEBIET SN L D TIHE

Flo KY & = 3 F 5 28 8 i E &
A o= ot 4
Fig.16. Internal Connection Diagram of Type

BNE KGY BT L TRE < TE, HHEND DR KY High Speed Ratio Differential
TR o TR NBETEH, CNHBOEMNS X v 70 Current Relay

i Tl e



% B B O

 # % T == 737

&
L

(A

s fo= ol

£ 171 KY B & 3 B b E 8 B or k& &
e =

Ratio Characteristics of Type KY
High Speed Ratio Differential Current
Relay

A& s R (A

F18 XK KY # & 3 B it ‘%Fﬁ]ﬁiuﬁﬁ_%%
HIEBm O A O RIEIC X % H s
¥ o & 1L

Change of Ratio Characteristics
Reversing Direction of Operating
Current of Type KY High Speed Ratio
Differential Current Relay

Fig.18.

HRA T OIS ORIt Z L2 X 51T, E7HIC
T AEWE2A L 1IDOHRE L, ZHUCK v 7%ITTH
5o ZOfEGLR o FEEIL—FRCTHbILA . EITHIEE
2 o TN B HeREEZ R L, BISEICIY, 2.5% % v
7V X CEWEBTRO SR %tz U 7235 6 o He i 275
L THLANCDOERITEE o\, BIIHIL 10% X v 7
(T, TIHIERO WG &, SA T % ]
AT KCREINTVD L HIL, AMEZOL < [l
T HKEIEC X AREEZHC AT, BEEOAROK
& B ERFRI R < 72 B .

Sr— g

1o : ’5‘7 ") 7 17 %
o f HMEHI=ER 0 5
\ | BIEEIR 12 05
80 ¢
‘I‘L_!: Eﬁl: %.. .'ﬁ -f’?
ol

(M 5)

|
i | 5

\ ”’><1Eﬂ HIE T

“ i \/\k\‘l\ l

|

|

fll ——————1

& {F 8% [

" 200 T 400 507 500
SN IEZ RO %
w19 KY # & ¥ pE b B B R
8 1 B A% 1
Operating-Time Characteristics of
Type KY High Speed Ratio Different-
ial Current Relay

Fig.19.

(IV) SBREEFRICARTDATL
WEARIER

;mﬁmwﬁﬁﬁﬁmmw®ﬁﬁi,%W®WQJﬁ
ERLFL ENATRE T B B 720, T OFHRIERER DAL
2o b D oPEREAHERIT il 0T ey, T3 2T
BT R SE R, A 28 AR BWATIC A TAL
EEREA I S N, BSOS OTEREY IS
x P 7s, REMTMEEO T D TR TOABEEE,
Sl L 2 B B RS X D MRS A RO
(F AR i Lo B, s & 2 RERBR 172
t@ﬁ,%mﬁmm%ﬁﬁmﬁw@ﬁ@&&fkﬁmk
LB,
C1) 1&%%%&%@&&

7% T i s b 6 e 15,000 kVA
G5 FE i eeenenneee...11,000 V

fin $.ieieiiiiiieie.....150r.p.m.

- Uy s . —F=%I B
(2) HEHREBHEE
Ak 642 BT, t;—xﬁﬂﬂﬁ&ﬁ,$L¢
MRSt D =2 o s\ T, & & B R & ZE R T D
(0% ), Hifmit b 85%, 90%, 95% m[u ENCHRA TR

A 520 L7 .



38 @AM E4 A H & #F @& 236 % H4 5
CA) 6492 iz X, BICEEEGEEAPEREEREC X232 s
ZBIEEgIciX, U-11 7 11.5kV 1,200/5A O ZH% W\ KG Zl XQC A EEAREERS 2 H Lo,
DR, W 750/5A © 3,0, F#Hh[E Kz, BRI L 2EHEBETERIENETCSVIE LD Z
U-11 & 75/5A o CT %, KGY FEEEE ks LY, NE=53 1&5‘1-2}‘ LI ARIET 4.9V i b7
a%A&ﬁﬁL,ﬁﬁﬁﬁwmmxﬂyfmgﬁt;ﬁa , BEIH O, ”XQCﬁ%EﬁfMﬂvf
FTR, —EMEHIEE O AR IEIC X AmEERER OB, K #ksE%h 5V LT3 5 LﬂLmﬁwatcg&%qﬁm;
BERBREIT ok, TOBELESRICET, chic kb @%HL%E%:iﬁEmﬁﬂ
I AR ATUTERR D 95% HHic T LT L EE 1L%Q¢3xﬂ—&%ﬁdﬁﬁﬁm#5%V
CEIWES S & LB Ie DTz, e HDT, FHEEY HIESV EECLENTAET
(B) v .—XBrH#EEH 4.':,7 s, EEOERIISEYGME T, 4.9V ThHoODT,

Z DAKIT 642 oI A e . — XA LT 328
Frckams L, (A) LEEROFEERA T2 4 DT, LDk
RIBOSERIRTHEY TH L, EERIIe » — B
TR S 2T D, BWERERILIEL 7o o0, #HbE
WAOTINT % DT, BfERiIE < e 2T D0 E

o TEALTIZEIE L7chy2ilc,
‘-|I'!;*-_E,'§\$Jj:"fiflﬁﬁ| |z Tw5b KGV # XQC 3
BRI S
Z EMHIEED DT 5% FERNIFERITHFRE LSS .
XCC AMEBERIC L AAGEEAE7 RICTT,

‘.'-;,_t: Yy
fari—

Taud,

L2 L ZE s
AEE
x 9 7B&EL OV LTI %
KG#Hl

BENZDVREL 18D LEET Do, (3) BRSEHRE
(C) R L& ¢Qiﬁmw cDINL , SFIBRARSRTHLD, &
B EZEESHE 6.6kV/115V 20kVA 0D 2 54 FEiz U-11 7 11.5kV 300/5A O 7ZH=3 &e, KYH
SICTEERE L, 0.722 O—XEI A HR Lz, = oREric AL EE )h«H:Lg&,rz 2 Lic, MBI OKEY
#OR M E W R OM R P S 62 4E o )
Table 5. Result of Fault Test (Neutral 642 Resistance Grounding)
i om & | mmESSD | P R GREOE | ZOERE | TEAEE  BEEE | . ] . . | EMFEERRAE
(%) | (kW) (%) (A) iE (A) | EMEV)  w® z | il sl ‘maA)
0 13, 500 92 90 | 93.0 | _-5_,000 KGY 0.25A B 1.25%0 31.0
85 13,530_ 01 790 14.8 300 | KGY 0.25A o 75~ 58.8
e '_1—3,500 95 780 100 | 0 |KGYo0.23A| % .00~ | 343
o 713,_8{)(1 93 800 4.8 300 | KGY 0.25A 5 15.000 | 206
£ 6 W oERE BB O (FEEe Lo~ xRS OEHD
Table 6. Result of Fault Test (Neutral Resistant with Fuse Grounding)
%o % RERHD |0 F GRRUE DURNE | PEAE BREE o o oo BEEEE| N
(%) | GW) | (%) (A) | #fE (A | BE(V) | i & | A (mA) | _
0 13, 500 9 780 | [97.0] 6,300 |KGY 0.25A 2. 0Cas 012.0 | 10AE=—x
85 | 13,500 95 780 &ggﬂj 870 |KGY 0.25A 4.75% . 1985 | 8AL=-x
9 13,500 | 9 80 ¥ 600 [KGY 0.25A] 7.50 103.0 | G
95 13, 500 95 780 9.1 290 |KGY 0.25A  # 9.50= | 47.4 §ALz—x
BT RO OB E R R OB OB (PEAREEEESBE
Table 7. Result of Fault Test (Pole Transformer Grounding)
0 13,500 95 790 5.5 A 104.0 :KGQ'{QC 5V ) 505 | 104. 0
5 _ 13,—560_ P % | 790 0.5 A8 A 5 KG-XQC 5V i Coss~ | 145
% 13,500 B 0,34 10.1 :_KG—XQC v ®m | 7.0 | 10.1
95 13,503_ 95 790 o019 5.0 :‘{G—XQC | _‘/F e 4.9

i DR



= B R O & F IR & o B R E M E AR 739
% 8 FE m B &S BB £ (B M 8 #%)
Table 8. Result of Fault Test (Layer Short)
o & B | B R | maEAE | ERnRAE | , _ BB |
g | | BEEENE | B (R | BiieE | 2
o - B B | 7.4 i . 148 ’ i
12— | A # BNt s KY 2.5% | 3 16.520 C170] C ] A%
) 11.5 o ] . 3 160 | s
1 # — 13,500 | 04 800 F17.5] KY 2.5% | ] 26.5== | 2107 | C J AEEE

AT A IPEBRAOTERBERIL B O @—6@ S
DEBWM T, MEMFICH TR 3.1A (GekfE, L
TRILU) 2 bR 7.5A OZEiETFO—[EiE 24~ %
Al LTt kLT b, 13,500 kW LEMmEHCHNTIX
5A kv 11.5A oOZ2ZTEL TV, EEFHEL, &
B X AIHEN I A BEED 2.5% % v 7T
ERORIEIRE LT\ 57, MAREITES R I
%Fﬁ%ﬁéw%&tmw B DT BT, 25% X
7T, TBREWMC X DERENET HZ &b v O,
® o 7 BT L, ZfEERS A ﬁﬁﬂﬂ_gﬁrm
nt, U < 5% 18Ehi%, &R0 85% EHISFIC X 5%
@Wﬁ%#ﬁO#ﬁ,%ﬁ®4ﬂhvE%,1ﬂ~vm
BHE TR L, TORBEUIEB S RITRTHED
Thbd, ARERIERBHRV RS, 14—V
@ﬁ%@ﬁm@%amﬁﬁﬁ<ﬁﬁ%ﬁaLmeﬁﬁ

Thot7s, KY HkERE, &=ff, EaEfkEtl
x — ViR A S EIREE L T\ 5.

(V] 5
Bk, FEEAGORBEHR, FC BT
B RS ER S Tttt (i b TRk D4

[l

(FIEL & Licuws, &8 959 D EoffEim, 1%
—~ VIR OMREL WS —COHEYER L, L H5ERE
DFEERAEIZI >, ATHERERRC Y CRESE I RERES]
#irEE LIS b DT, BEEBEDOHFESTRDOSEDFEEIT
ﬂL#”;ﬁ+T%%®&E¢é~Eﬁﬂ%@ﬁﬁﬁ%
X A FEII AR A BRGS0 L B AHRITY T
'Jb?@ﬁﬁ,mﬁ%ﬂ”%w F%ﬂiwﬁwﬁﬁ
UL iebisv, FITHE 2B L) 51Tk
h%%ﬁ@ﬁy R OB M5BT XV RE

7D, & DREEFEBEANCTINT A ATHEFENL, &
SEARE AR L OVEERRE RO T A B A Y, Lo

Wﬁcﬁﬁféﬁ AR 2 L0 E LT, BEICHD
KOS 52 bhvke, BABEIMIESEZORRD
SHREENC BT Bk, B RITGERT ORERE T Xk
LEL %W@fw% HRKETHSB
2 £ X H
(1) BEEEHEERER2 B8 X 2FEREERR
BT e G (BB 27 &)
(2) EHEBEHSEREHRERRERESGARRE
(FEfn 28 4F)
(3) U, EZE: ®HsE p. 703 (A 28-7)

N a——



(FIZE I DKL)

BRAEGCNE-BIALIRFAOBHFRUOEATE

e

4

4

{!

f/

/!

!

i’

4

4

1

{1

i

r

/!

f

1

11

"

44

I

I

Egﬁﬁ%ﬁ§§|

TR |

409573
409609
409612

409619
409621
409622

409623

409624

409626
409627
409628
409629
409640

409641

409642

409620

409631
409633

409634 |
409645 |

409653

409565
409615

409570

N

B

p =

/N Al

==

TN 3

b

fr. 3% I

SRRIEEFTCNGT S
R A REE A
7Y 72 va vy —Y o HER
g o

-----

B 1@

i

}:T

—

s 8

=

=]

1

=S

=

B

-
Ji"\

(5 ) 1 (BT S ==

1 ¥

L

s

Y
Y

U=

- A I o FE B

¥

B

|li

7Y £ A Al

D BB 5

DHFEEFTTINT B 7V X MR
M & Xk H W
& o E E 5 B ¥ &

i

D

&

== T:'f._[.‘"-
f 'J_‘x

5 JC IR I B K E

E

A A

D o B B4 B AL %

fm R

1 T‘!
e
e
N

\%.L

i

In
i

[EL

i

j=-:1
[EL

7

SEFEAH

| 8 T35
AP TS
B L
&7 T35

B R IL%

P iR T
kR L5

H L EAR T

M

=

[—

P

HF HF

B

il

|
2l

S

——
ey

2

S

-]

!

T3 P

/

&N

.
@ I D

3
Jns|

=

>t okl
E

[&h

H

-

T
Ea

=z,
1

T
&

>
Pt AR

REE o

M

ff
G

i

KOS T

\USs

(\F

W W N

vy
St

FF o

29, 1. 14

)

't

!

I

I

I

'

f

I

Il

I

'

't

I

I’

I

I

"

'

I

I

29. 1. 14






