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(A Study on the Confirmation of non-flammability of the Cast
Resin Mold Transformer in Subway Substation)
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Abstract

This dissertationhas confirmed the non-flam mability of cast mold transformer that is increasingly used
lately.

As a research progress, the investigation has been performed on the installation status and each line of
the subway system which have the most mold transformer accidents, and the impediment status of the
transformer for rectifier and the high-voltage distribution transformer per each manufacturer. Then, a
high voltage mold of the actual mold transformer has been installed in the horizontal heating furnace and
the heat has been applied by the standard heating temperature curve of KSF 2257 (Fireproof testing meth-
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od of the construction structures : 1993). Accordingly, the combustibility of the mold transformer based

on the test results has been found that 78 minutes has been required for the complete burning per the KSF

2257 combustion test curve and that, after stopping the heat application of the horizontal furnace after ig-

nition, the flame progress has not been made but shown as the self-extinguishing characteristics when the
flame progress has been checked. Thus, the non-flammability and self-extinguishability of the mold trans-

former have been confirmed.

The result of this dissertation has indicated that the accident involving mold transformer has been pro-

gressed and expanded by the dielectric breakdown or void due to the crack in the mold rather than a fire

accident caused by a short-circuit or an overload.
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Table 2.1 Failure as types of transformer for rectifi-

g o |EAFE|BAAL]
| R
Al 1‘28_ | 8l -
sl CA 14,
Frhea| T > | e
*3: = 4 51 49 A*}_{{Q@”

AN AE71S Hele §4d BARRE B

9, E 213 2on, B 2E, HUEY 8L

Ve 3 TT9F 28 AT BABRO, BEY

AWl 3 510F, 4907k A gstel, A2 o
28 et $49L e ¢ 4 Aok

22 HHOI8 HebY|o MTtAlY Hoisg
Table 2.2 Failure as manufacturer of transformer for

BE7) - AT - 22

ANY ABFR7IE HA7IY AR FAERLS
® 2.2¢ 2} HollA B¥, AALY AlEo] S4dF
49th7F AP dAEte, TP B el RSN
=5 ¢ T30

AR718 M7 3 N ERE BY, & 2.
33 god, Bade A4, 49d9] AAsHFF 47
e o7t EAstd, 7Pt B2 Atnsh LA
o9, CEHdMe EAHE Heste, & A9 &
f = WASLA] gkt

B 23 3RV HYle sMY Hoisg
Table 2.3 Fanlure as lines of transformer for rectifier

x4 | ARSI | AedeR)
B 774] 128 51

AZA 9 2
T D
B Cr_‘i/‘*w ‘ 38 . -
T _

AR714 W)Y AEE FAEYE Y, E 2.
4st gow), wid 1R94 HI 73R A
T, AHF 42 HE o ARALE & 5
1.

B 24 HRIIB 7|9 o Foie
Table 2.4 Annual failure of transformer for rectifier

7 8,38:; '86|'87,'88 |89 |'90 |'91 |'92|'93'94|'95 | '96

e

rectifier

A 2 A fi 1-:—%*[KH] Bohis[d]
A 51
_AM 54 49
CEA 21
cA 3

H A 54 -
B { . - - —
FA T
R T R | D
| DA 3 -

WO - BRABBBHGE B128 B2k 19984 58

51111 |4 |1 6 313 22 5 7{3*4¥J

2) S |

AANS TG W] 3 43UlF, BB
A, AapE, s 9 dxd FEES =
Atetict. T g Wd7)e] FAE BojREL
¥ 259 2o

FolA BE, £ W7l 28t AATH
T, 139 Foiwt 2Asted, E=4 HYrls
A 5F 1593, 16719 ”0117} dAste, dx|
FEOE A7t o g§38 ¢ 5 A

(229) 101



NIoHE BIMA8 ABTEE SCHAVIY HoiM SOl

ks

E 25 DoHiNE g9 YAy Toisy
Table 2.5 Failure as types of transformer for high
voltage distribution

w n | AAEE[FARE L
§ (o) (2] ]
A 43 17

FUAY | 28 1

2=4| 15 16 IR

2

15701 4o, olF C, DaAe A4, B34l
EARE nesle], 139 hE BASA oh)
198e ¢ 4+ Ak

o

o

B 28 DQHINE BitY|el MY Hoidg
Table 2.8 Failure as lines of transformer for high
voltage distribution

DY AE W) A PjEEL B, B
263 ow, AT 179 ot TARUEE
¢+ o

B 26 DANHE Mty HEY Mojsg
Table 2.6 Annual failure of transformer for high voit-
age distribution

A 8;; '85|'87|'88|°891'90|'91|'921'93 ’94W %5 |'9%6

176 {3]-11|1f{1]|-]1i1t}{-13|~

1 et eg)

DA W)Y AT BAERE E 27
3} gom, SN HAlY 250 BASFE, 14
ol Fol7} wasd, TAH] USE % F Uch

B 27 DS BT MEtAN o e
Table 2.7 Failure as manufacturer of transformer for
high voltage distribution

A A | axsg] | FAaFR) |
A 43 17 |
A A 8 2
E A
C A 2 -
H A 2% 14
F 4 3 -
G A 2 -
I A} 1 -

Tep A dgv)e] 39d FojARL X 2.8%
Zon, AF714 WY7I% RIIAE B #
o, laje] HAFFAx B, Fldrs

102 (230)

s A | #AFSE | FAAFER
A 43 17
- AEA 3 2
B34 14 15
czd | 1 -
E’Drd 12 -

2.3 XIOKY H21| Zojgiel TAEY

AN AHE ABHM~DIME Wbr] Fohel
Qe 24 - BN Ae 0w 2o,

7 ZA A Ahd HepRge ofy, N9 &
-EaNze AS, BARSE 2000%) Peak®
s glos, FRaA AWre A 4P
39 WsE od, ARY 227 A5 FuED
ik

W A X5 27)0] 4A8 BERRYE $9)
£3} 2YARE Ag 25 71539 AlLE gt
DAY (B3, ABYLY AnALE A
100(%)), $4% A2AZE doj7t ohd 2 H
2o} 2 W, T ol47} U3 nol=y A AT
Hel Anche HuaAlol LA A48T 2y
Fgsis wEy geuse Yrade wagol,
ago] 3 ANWA FAdart s Ao
gog.

o ZAE AL BERQIS 3%, AnAl 3
U ohE AL SusE dE A9 glol, sl o
@ A 48 gt Aoz o,

3. iAaAE % &1t
31 AR
AN¥Y=1997d 12€ 99

7HEAIZE 2413 WEte

Journal of KIEE, Vol. 12, No.2, May 1998



ANgZa  EAAE 93

A7) o] AHEEE %7 & =R AgA
3l KSF 2257( & %—1 WA gy
:1993)9) ﬂ%*liﬁﬁma %%L 217 7HEN Y
& AAEAY.

32 N2

AgE JA4F 50(kVA)IQY W3 g 5% 28
SRS ngdEdRE dgsden, ® 3.14

Ngel FHE verilh
E:3 3.1 AR Al
Table 3.1 Specification of specimen
s B A
¥ A o1 380(mn]
T CW A | ¢ 314{mm)
2 - A 4 -+ 640[mm]
P N 177
! Resm VL Ly CY205
A , (Araldite F)
e Hardener ' HY905
e Flexibilizer DY040
: Accelerator DY062
= Color paste DWwo133
(red)
3.2 Ay

ANEE 19 313 T2 $£Y/ERd] Ex)3}d,
ANE7F 27] A3 Wrix) $B71EE URe &3
27t BEFTZRY WHAY Wy(els KSF
2257)°l ﬁ"é% :Lg 3.29) 7}%&5 u o)
stgsact L

£k} 483, aﬂ* 2}3}7} 9°1$}‘.'1. 7@% Fd
3}1 NEd e o] ZW 28 E w7i=)

e é’éa}ﬁ.ﬁl, NELE 2}3151 Ho] gaa
ﬂéﬂ %, 137}28}01, A&zt S¥Axg 7] 7}
Qolo] SAGL N BPHR 2 Aol A}
49 FI/192E 39 319 L}E}Lﬁﬁmﬁ 9
M2 Wl 23 o] NEE AT £
7 e 2E 234 dAYY 9HE D~Q
o el et

FY7tdRY Wee WIHER A FEHo, 1

bR - ERRRBBHGE 128 B2k 1998F 58

387 - R4 - 282

dH= AE & sle §4L Aok 28 £H1E
E YRl Mg 44 F, 54 AR WEAR
FE 23, WHifE FH/IEES wgEAY &
AAE Tol FLEA R 7} 952 HE S
AT

oo

- P - h
suouR

*D~T:Jtged 22348 299 9%

a8 3.1 PEHUIgE
Fig. 3.1 Horizontd furnace for fire

FILK 96.12.9

mTIZlFIIEIES'I

0 [ o ) [ 100 120
TINE - NINTES
= SPECIFIED FURNACE TENPERATURE
=== ACTUAL FURNACE TENPERATURE

a8 3.2 JjgdRE 2M
Fig. 3.2 Heating temperature curve

Q2N Y KSF 22570 #38 dangs) 34
o AR, LE AFHOE 2R B
249 AolE VT Y2 A9 Ao
7t 9g A%, o FWHdEE QPN B3
o 1025(C)9) @E& FAHES slof ok 19
320 719 2 F9E dEgich

(231) 103



Kot BiaE

33 A=Y 013

M O1CHA : BoEghr)e daNEe A Fug
AZM, $H7HAE9 YRE Hidn iy F
o FeE sigon, FEHYT|Y ndAMR
(ol3t AB)THE Eelste] £H7IER] U ¢
e P |

a8 3.3 ¢4 Mo AlE AlEj
Fig. 3.3 State of specimen before firing

£, d2gde] 43T 89E A8 FUstER
o FEol RIEYS B HIAERE sk,
THMEE YR sl ¥ Fr7) i e
HMEE WA 29T UM AR RAE
722 AAE A9 dAANEE AT ARAAE T
Astglen, diavue] AEEN ALGEHE BRE
dedad Fgadrt. 19 3.3 dAHUE o
2A7]7] A AR AHE UERIT

H 20 Al 1DAIE 983 T EAH Ai
e Hzo DA A2TAE AU o] TA
t 9483l AR FUHAEE B ¢ F
vl AAEon, £H7 IR t3 FEAILE
of Yehts dAAEFA4 X&3 Y59 Iy
sFact. 29 340 FR7FIRY dadd A
e T F H2E EFo] FYHYIAE W &
B E Uehi AT

Ml 3EHA : daBdd E¥o] &UE A 68 10
ZTol B5RIQY] Adol TERHEE HzE §
A&t o] | k] Fekute] A ©3tE £
o] BEEQon, 19 359 o] He] A5 AHE
YEehAAT

Ml 4EtA : 2R-2e7 89 A 50&TH 3

104 (232)

A% 1/4 3947 A8PE BEIGLH, o
W AAHUE AHTORM FHIEBAY YA
A HALBAZE FHAGG o2H A&HO
2 o] 3FY A% ARE VAR B3| ¥
Ae ¢ & ATk 29 360] Azsiid] sde
AAs) A NRe AHE JERIRLT.

A BE : daEUeld B9g AAR A 192
25zo] A2e) Hae Hs AMLRHYOH,
NS 457 1A Be BHo] U8 BERY

o
L=

J% 3.4 damqidof o3t FstAlL] A|Z Al
Fig. 3.4 State of specimen when firing by burner

38 35 AZ cte 35
Fig. 3.5 Partid firing of upper part of the specimen

Journal of KIEE, Vol. 12, No.2, May 1998



th. 29 3.70] A%< shedo] Qs 2548 I
AEREERSERS

a7 36 SEg MAHST| WHY AR A

Fig. 3.6 State of specimen before removal of firing

source

O3 3.7 AR 43 XFo| AR YE

Fig. 3.7 State of specimen after fire exting-uishing of

upper part

°
o,
ol
b
i
-]
o,
_o'L
38
&
o
ot
(3N
M
S
P

0,
=2
>
fu

Z37E g9 A 10 AgY dHoZ 84ts

RE - BERRBUBAGE F128 B28% 1998F 58

387 - 34T A=

AT ol2R AEE ANSHY 3HE FEA B
3 FEEE BES HEAT F AU 29 3.8
of Alg MUCE o] EUHUS W HHE
YRR

T8 3.8 30| Mo BAMAI9 AR MEj
Fig. 3.8 State of specimen when flame is spread out

M
i

8 3.9 Ao F AR M|
Fig. 3.9 State of specimen after complete combustion

H 7EtH A B HHEo R slgo] FAgS BE
2 A} 74E 30z AlRY SAHAXT B
A 2de ZEE Y g3 BAHUG. o] Fx
AlR7F Q4% o LA 7hxd d8) gH A
T WEsn, o] o 8oz AZEH AlgY
s ggo] BolR| g Fo] B2 on, o

B~ rr rg o

(233) 105



u A4yl #eE Asteiict. I9 399 ¢4
A4l 4E AAS7) A1 A8 YHE YE
Eibei=S

471 A9 19AMEH TEATAY AE

A AR $E7IEE WY SR 7tEeEY
?—%éﬂ}% §£ 320:} %E}LHRM
34 ME@III
Eqqt 2T gty dial, KSF 22574 1%}%‘
M ¢4 2427 AN @AI%M ALEA
% ﬁ}e}v} A%, 59 Al§4 EES zravmo 68

32 J1ges #ﬁﬁ# e Alﬁ 25 HNE
Table 3.2 Measurement. of heatnng temperature and
time - temperature area :

e O

)\] I s Actual IRy

2 F2257 Fumace ul ndef rli nggl Differ | Tolerance

b Tmm Tmm'at CUH{Q, curve | @%@7 (+[$] )

(8] e [C] {t11lc ° ©
(€] =] | #]

0] 20 11

1| 100 9

2] 220 195

3{ 330 | 358

4] 40 | 438

5| 540 | 475

6| 600. | 494 , ,

81 665 .+ 479 | T

12) 730.. 151

141 780 10674

16| 770, -~ % ;

18| 785+ | 65 -

20| 795 ] BBy

22) 805 .49°

24} 815 1 440

26| 825 41

28| 835 33

30| 840 | 514

35| 80" | 836 .

401 80 | 875

45| 8% | 8%

50( 905 | 907

55| 915 | 913

60| 925 | 926 |45833 |30297-33.90, 10.00

65 93 | 932

700 945 | 93

750 935 95l

80] 965 | 959

8 975 | 9%65

90| 980 | 974

95| 985 | 983

1000 990 | 1005

104 994 997 | 87407 |71667 |-18.01| 750

106 (234)

of 22531, AA Y AT 19%0] 28
H}A 2 F, 23 72 AR F, 7hgel 9% 9
A27MAE T8%0] 22FHY T

o] N¥& KSF 22579] A\ @& 4% 2/
7HEE AN, AEY A284E #AE W,
dddo] A=A

cae

A %Eﬂi%}?H ﬁ Al%éﬂr =3
g 4},
Zxuighs)y) Mfr% Tig?}‘aiow dary
43, oﬂiAl-rzioﬂ A7 g, AavuoA 3}
4 AAS ¥, syrlas W=7} 1,025(C)
7 e BT BIET, 198 2550 Alg7}
A3 AASE 2|, BT Wy o A7)
g3 A Aol LS BAsYT

2) ENWVY dhAgZ e Fuyo] 28]
71EE AR o, FdEdIS dRgrlE 2
B, 23HduE slojol dobs B S Y9Zs
et

3) E=NYS, A}3'.~‘= '&% 4 “‘}TKI"E°“ ot
SAYALL mops %_44% B}tﬂ"loﬂ g8 AmzAA
o] gIEE EM%ME}, o

z

Z ro ri

e A}E@m E*i‘*‘é“’*x@ilﬂ X2
ol 2la Tw%guc} '

: ’é& ,iﬂ"
Isamu Okada et al, Largest Capacity in The World, 30
[kV] 75MVA Fuji Molded Transformer for Sendai
Statlon Japanese National Railways™ UDC. 1992.
S. Isobe et al., Large Capacity Class-H Resin Molded
Transformer, 1990. 6.

[3] 22 9 BCEIel WA 2 FE Monitorng
System ZHZO| Rt GIT(ATHIN), BEAMES],
1997. 1.

(4] BIBEE, T-A F BBOSEORE, 1993, 4

(5] 2145 9|, MUYHE, BsAl, 1996, 2.

[6] RIZZ, BB7|. 24l M7|Mu|, 225 1995 1.

[7] S$22 SNMZTAF 2IN, BESNRESS, 1979~
1987.

(8] LS5, MBY|, 0l2F, $ - WAL AED g,

SMEDT 2fH|, 1995, 5.

* Journal of KIEE, Vol. 12, No.2, May 1998



387 - A4 2gz

CEERBNO

, 8 7H(mRE)

19523 39 594, 1976~19784 o2
R.M PARSON ENGINEERING CO.(L.
PL) 1995 s40 hsy d7|3es
THAD. A3 Sdd distd A3

WA, S Eo Qe 7Y U, o1E NFPA 3819, 3
7 /29712,

| & 4 T(REE)

19581 109304, 1988d A g4k
A7 2es & 1997d SAY Aeddig
L 9 47283 E(MA}). 84~87d A
j AR (F). 87~953 HHAM(F).
95~ 97»4 @;onxmoi%' HE. 97~#A (F)sold HY
e 2%

RO - BAWBBRIE B128 F2R 1998F 57

3 8 2(%EN)
19424 39 194. 1967d Mg 2o
WBYH E. 1978¢ 5 New
South Walest] widtg ZQG(AMA}).
, 1986 FUU dad W72 29
(S41). 19864 6% MIT $E24, 83l 549 9 2]
B3} 24, Beh 2y

(235) 107



