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ABSTRACT

This dissertation is research on the fireproof characteristic of molded transformer and the extin-
guishable characteristics of the NAF S-III. As the research method, a theoretical examination has
been made for the combustion process of epoxy resin, which was the main material of molded
transformer, and extinguishing process of NAF S-III, which has recently been used in the clean
extinguishable chemicals. Furthermore, for its proof, the experiments on combustion and extin-
guishment on molded transformer has been performed. By installing the actual molded trans-
former in and artificial the horizontal heating furnace which has similar conditions with the
electrical substation, and after subsequently ignited, the extinguishing process has been observed
by classifying it into the natural extinguishment of the ignited transformer, and extinguishable
chemical in NAF S-III has been injected. The volume of injected extinguishable chemical was the
economical amount which was equipped with the extinguishable capability on the molded trans-
former under combustion, and it was calculated with the Announcement of the Ministry of Gov-
ernment Administration and Home Affairs as the basis. With the injection of the calculated
extinguishable chemicals, the ignited transformer has completely extinguished within one minute.
As the result, the amount of economical extinguishable chemicals of the substation which has
equipped with the molded transformer was calculated, and it confirmed the fireproof characteristic
of molded transformer and extinguishing capability of the NAF S-III which was the clean extin-
guishable chemicals. With it as the foundation, it was possible to predict the size of applied extin-
guisher in domestic substation for the purpose of economical application as well as the
environmental protection.

Keywords : NAF S-111, Molded transformer, Extinguishable chemicals, Environmental protection

' E-mail: Isk@duck.ac.kr

78



HAAR Borioly)o] WAzl NAF S-II 43l Bl a+ 79

LM B

HIAAIEY F57 d8E dIsi, 3 A T
o] W) Alak Sl AX)Ade) FellHA kE
LAl AREEY Yt e sl digt A
Fgo] "HojHch olg AL 8 B9 7182 o
271 A PCBE A& #3717t ARk 22y
ol L& Ao BAHE Favtrel 43 AE HF
ol Balst Ao FAl wRo) Aol FXHAY
t}, o]& HYIE H AR A dFEEs ¢
Aol Wik et AR U 275 FEAHA
Zz) 231 ggoeng TARARNL =93 A4
Hel7| 2 AMEEA FATED AR £33 27
ole HE A7 17F ALH o, ol A
BAshs g3 HeRRe) M, Ui et &
o2 Q138 AHge] AFRHAT. 28y A2 dd
o FREE qEAFAE FHI EEHIIIF =Y
Hth Budyrle S543 Aol Ad AHE
Z Qs FoASA Alae] thE ek S BAT S
2R, 71 fYdEgrlel diAEe] o AFgR et &
2 g5 givh, ey olEil AEn FAd= B
T BEWYTIY ALt BT QRN AR
3 WAFHL oy vlFE, =] aWESE 1
2 Fe37 e Aol Bxvdr|e FHdE o
AL 7 & AHolar, o= g8 A4l xshd
HE F9uHsd7s visl A €9 4 dod, By
719 Aspd] 7|ES A TEeEN AA HE AY|
AROe 43 Aoz FAATLS me LHspdn
of glo] A4AY aF7lel AMg e AstepArt &2
A3 Qe FHFHBolg: S WEF 7|EY E
28 A 7 9 E25S HHslnE ) o] A ZA NAF
S-ME v 23 FA2EA 7 A Qi)

B =8 BExuely] AN 4358 S 734 3
&%ke) ofA S A3, o]E AP A8t
Gt 2 23 FEGe] e Az Yo 2Ewey)
7t 23S Felsidh

2. 0 =

2.1 OfZA o w2

FERSY APARY EFAENFAE F712
golng, RN & sjehd Azsin, oly A
W g4 E] BB olsh g ZRAe Jeshe
2 FAARI AHEE 22, B4 SOl mek g

7] g, dEHo s AP e ok 2ZAR

dury o A4l Ao 2%
Ay FAHE s
2.1.1 g3k
Y32 Uga) 22 Yukdow Y
thd7])A R-: &@27)).

olo
o
e N
ng
o

Hi 3

¢

@ A 8- A 5o 2geEy L) Bz
84
RH— R-+-H

@ Ve :

R-+0;— ROO-ROO -+ RH— RCOOH +R -
1 B =R FFA = B

S=z HFA=S] 44

RCOOH + RO - + - OH
2RCOOH + RO - + ROO - + H,0

RO -

+ RH — o8] 259 YA E
ROO} 0:1 oTr-/] goﬁ

® BAg

R-++-R— -RR
R:+ ROO - (&EE RO ) — A=
ROO - + ROO - — HABFE+O,

AE vle} o] "AAARA £ AMEEHI Je
NEANFA] AEe grd we e te =4S
Z+5a 9ich oiRE of7iefA LRl whS-2 shed|
427 Rt 4zt @R Utks A ojvjgi) of
ol Gukd O~QM Edshs Fahkg] vk
5 AAANES FFo wet 3A gEkAa gl o
L ASo= gdste] 3 ezl £ oy
298] HEEEE) wet

212 AAAEY DA #H7t

dgsl= Bud we Lxdxgde A7 4
ZEA e Aol 257 Holxd wr} 219
o BE=rl7le) 4 Ade) $E0l 87HE A4S A7
o HAABE o] A7IZHE AR LREE
2rgdgexe] sl oy Fast Figo] 44
HojAle . o|F 93 Bzl ARgshe A
AAEe] A A z WEdAe] Brirt Briwsich

AANEL B FE A% 488 HA AM2
T G99 AAsE A AANE BeE I W
of BrFsslth aguz weoae 3¢¥s 4y
st 2 APAARN H2EM o] JEd5HE F
gt} 295t AgHaEE [SO 2578, IEC Pub.
6, ASTM D 2304 & DIN 16946 5| 723l

oX o M

2

e

T. of Korean Institute of Fire Sci. & Eng., Vol. 15, No. 4, 2001



80 o7 - Al

o} Utk

HIARTE 2 TolM QI BAE B
% 59 Egzke] Wit o] Eaglo] o= dF
3 7R AstE el 288 E AlE 9 tEk A
o3l ol y$-29) Nk R o3 T 4] (1)
o] 4@drh.

E

Int, = a+§T 1
o714,

t. : 59

a:dr

E : €¥3le] &4

R : 713V

T:ddex

HAANEZA o|ZAFA AHBES o= Bo] €4
sol] A& FIZF2ONN WEAS BIHE T oo &
sloj Mg}, AIFHL 120, 150, 180 2 200°Ce]
7t Lxox Z}hEA AlZk @A FEe] AWt
DIN 169469 <)sld F718 FAE FF3F S0l
= 12%2 7R AARe=z dx ot 23w 7k &
oM FF3A 1.29%9 oF A7 .5 BES, 4
@l S& Int.8} 2+ YTol sl vepbdrh DINeA
= WEAY Hoh &, 33 s&-259] 7]$E 25,000
NZHe ZElojshs gdgsle=® Al drt ol 9
g o] A8Y Hus 2= 132°Coln, Table 10
olg] o] Mg WEA H7le BEolgke A& ¢ #
pi=

2.2 NAF S.11I £4slo|2
A& 2- 18 AN E AZAFAe] EE3hibeg X

Table 1. Heatproof evaluation to the insulating material

JIS C-4003 MIL E-917D
Hz ages ] EEET = B
A EEE I R
90 Y& 90 -
105 A 105 A
120 E 130 B
130 B 155 F
155 F 180 H
180 H 200 N
180 =3} C 220 R
220 %3} S
240 Z3} C

st gfAf - SHFErE, A5 H A45, 2001 H

23tk & oM o] wh-S ¢jAlske NAF S
(HCFC Blend A)9] &:3fo]2& &3tk NAF SII
T Aed uig o] a2 J¥el Fy Ct 22 H9
zt A7 TR SEAS 442 7450 Stk ol
ALEL 8719 72 BAEAL o, 715N £
s=n, o] o Sl 23 ¥ ZpRgo] AT o
gL Al T 53 Aqke-S Adsie, o
Zo] NAF Sl 9% asjdl7higel 27+ o F7
g} o] WrluEe e es REST vt 2
th ¢4 B dside,

RH + F— R + HF(RH : &3r4A 31%HE)
HF + OH— H,O + F

RH+F— R+ HF

HF + OH— H,0+F

AR A el deiAE,

RH + Cl— R + HCI(RH : &3}5:44 318E )
HCl + OH— H,0 + Cl

RH + Cl— R+ HCI

HCl + OH — H;0 + Cl

3. NAF S-lII Mg &

3.1 MEEHA

A - 234 AFRE NAF SII A Fe
NFPA2001 "3 & ABlokA 9] £/ R 4sldule] 7
71 2E@ARARRE A 1995-28), o] A8 AALE
ATED ALkl AME FA2

W 1 C
V- S 100-C @
714, W : Z 24394 2AIkg]
V : a7 AF[md]
S : 2slebAld APFLEK, + KX T)
C: AR }e stk AAFE[%)
T : 3799 2x[°Clelth.

AslobA| g AAA] de] ZAL SR I z70)
o2, 7Fse 3 ALGA P ZHIEE AH A
th 437t AX e FHREL feviet 294
¢l A= HF7|2 @00y 71Este] AASARE, &
Ao M= ABYA FHotel 2L JIA St 4
7] P71 E(eF 30°C)el] APRALE(+5°0)E 7FL
2 A £3 Ay BEeRAe sEE o
& AXE 2AL=E 713G



A4S ETWrIel UdAs} NAF S-II 43l 93l 9+ 81

3.2 o AE

NAF S-I opl o] 1o $-d5tel, olo] Was
845 AN FHlRR] Y 2AH V)
AANFRHVYNN FHridze] YRANER I} 2
s AHVYEL 2. olg Avs,

Vi = 2.8[m}(7t=)X 3.6[m](H 2) X L.9m](ZEo))

=19.15[m?]
V= %[I“]_ZOM X7X 8.6[m](Z©])=2.43[m’]
V=V,-V, = 16.72[m°] 3)

NAF SII kAl dA e 2% ule} wisish=
A4 NAF SIM9 #3g& BAe s MFAF K,
3 Ky7b AMREH, S=K;+ KxXTZ JVepd 4+ 9
ok o714 K2 0°C 171oilA aA71A7) 718k o)
B ¥ES YeE 2834 ASeln, Edn)
t g2, K 9% BAgA %o, 29950
met thEvh 2 Ago] ARS-g NAF S 39 K,
< 0.2413°19, K= 0.000882 FA =] Qu}. o]=
A4kshd, S = 0.2413 + 0.00088 X 35[°C]=0.27219]
th BAFEE YA} 7157 BalEoe] 7)8kE
RNE W 71FoA AR FS omai, Hs]e-
AAFTEE 10% ©l3HE AMSSIES FAE] Q) &
dgols AZGA NN LA B 8.6%S AFLS
Atk WET Y L 31400 AL vpe}l 7o
AR A Foko]l AL 1Sk, 35°CE A435)
Ak, elge] A2 S A (20l HiYsl] Ataiy,

2 Agd AM8EE NAF ST SAj3e A7)k
G o]idojolo} dlung kg2 MASIHL) ol 2
o] A4k NAF SII9) A& 98 &7)183e o)
ZF8Z B H4 872 Ao, HCFC Blend
A9l FAZAH|E 857.3kg/m®, HCFC Blend A9 &
AFE 6kgolehe 270] LStk A712ANA
HAE7E A,

o SEA 2 kel -
T = e S S m @

122, o] Ho2RE £7]83S AN £ Ut o

[«

oFA Z 7 [ kg]
871 8% [m?] = W
— 6(kgl
~ 857.3[kg/m?]
= 0.007[m’] 8

o] Atk wWetA 7] oo 8715 A}gsteiol dm,
2 dPodE 1019 §718 AHSEIHL

4. 4 A RN

4.1 HEIHH

o] A3 A 1dnle AHEHE Sxg BEEYY)
AIGA 280l osle] KSF2257(A&F2R2o] sl
U 1993)9] HEAA R wEl 308 71N
< QNS A3t R 28PN P S A ste] ABjof

v = & ol (ke)/mi] @ A SI% AR ABARE etets] A Roluk.
olmE, 4.2 AEMHA
A5E ZEE8% 30kVASF 100kVASl WAL Ex
W = S(I%T"_’C)[kg] () o WA BEwgpld 1A dARE dgside
™, Table 2] A|SAIW-E JERARATE
°le 714, AaFA AR 2318 A% Aule oA 2 §),
ARZL9} FASE B0 PAHYON, oF 43
W = ﬁ% = 5.78[kg] 6) oAl NAF SIIHCFC Blend A) 158 AM-314T)
£721(100-8.6) I A% 2 EAEAS Table 39} Table 49 7}z
7t ", UERIOH, o= AN LA 41994956 2
Table 2. Specification of specimen
. 5 7 RERES
= 30[kVA] 100[kVA] F3) A | A | Zu] RN
A% | @450[mm]x H350[mm)| @550[mm]X H750[mm] |, “'#% | Y905 | DY040 | Dyoez R

T of Korean Institute of Fire Sci. & Eng., Vol. 15, No. 4, 2001



82

Table 3. Component of NAF S-III
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Fig. 1. Horizontal heating furnace.
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Fig. 3. Installation state of specimen before ignition and
injection nozzle fixed at internal wall of heating furnace.

Fig. 4. State of external extinguisher of heating furnace.
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Fig. 5. Combustion state of specimen expanded over all
surface.

Fig. 6. State of specimen extinguishing after injection of
NAF S-IL
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Table 5. Measurement of heating temperature and time - temperature area

Time KSF 2257 Furnace | Actual furnace Area under Area under actual Difference | Tolerance
[Mins] temperature temperature standard curye curve . (%] (+0r)[%)
{Deg °C] [Deg °C] [Deg °C. Min} [Deg °C. Min]
0 20 31
1 100 ' 85
2 220 196
3 330 306
4 440 428
5 540 519
6 600 579
7 640 623
8 665 646
9 685 678
10 705 690
11 715 700
12 730 720
13 740 733
14 750 743
15 760 750
16 770 762
17 775 715
18 785 680
19 790 758
20 795 789
21 800 799
22 805 809
23 810 817
24 815 821
25 820 825 15685 15274 -2.62 10.00
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