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Basic Characteristics of Non-inflammable Liquid
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One of the recent social and environmental themes surrounding substations is the

prevention of a functional failure attended by fire in the substation and the check of spread

of fire to neighbouring buildings.

The purpose of this development was to break through the limitation of the mineral oil

transformer, which is the main current at present and is susceptible to fire. Our goal was to
develop a new transformer filled with liquid of a completely non-inflammable nature and having

better cooling capacity. We selected ethylene tetrachloride as the coolant to meet our objective.

Prior to the development, we investigated basic characteristics such as physical

properties, flammability, electrical characteristics, cooling capacity, influence on transformer

structural materials, etc.
transformer technology was adequate,.

Results of this investigation proved that the present mineral oil
We proceeded to manufacture a non-inflammable

liquid-immersed transformer, 3 phase, 77 kV, 2000k VA. We tested the prototype transformer

in terms of environmental safety, cooling characteristics, insulating capacity, etc., concluding

that the design has potential for practical applications. We continued to strive for increased

capacity and successfully developed the 10000 kVA transformer.
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Tab. 1/Physical characteristics of non-inflammable liquid
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Fig. 1/Temperature dependence of physical characteristics
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Fig. 3/AC voltage breakdown characteristics
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Fig. 4/Impulse voltage breakdown characteristics
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Fig. 6/Comparison of cooling characteristics
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Fig. 7/Remainder rate of tensile strength
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Fig. 9/Temperature gradient of non-inflammable liquid
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Fig. 11/Relation between arc energy and tank pressure rise

& ARRAEOERSE |
4 ERIC K DB

4.1 77kV, 10000kVAREDZUFE

(1) 1l ke

LI EORMEF— 7 (23T ERT v 7 LA2TIKY,
10000k VA® Fe kg 2 BTl A SR IcHE L Tl L 72,

it Mg L T HRL - Tuv 2018, #isk-
WA PO L = F L > D AR IR %, Bk
ﬂm@&ﬁ%ﬂkéw/—/w72%.>—wﬁﬁm
SKITLHRZFNFNMH LN TH B,

2612k Z, 2T ICABRIRIRRINEILS S iAE
[Eds e ol 2 2 #iuRd ., 72, K12 AR
VRHVEETE S (TTRV, 10000kVA) Dy %0537,

@12 AR SN ZE TR

Fig. 12/View of non-inflammable liquid-immersed transformer

76 /10000k VA ZEZR DLk

Tab. 6/Specification of 10000kVA transformer

¥ ;[ BARTHRGADAR, AFNS v 7 ORERT
- # | 348

B & #|eowz -
E O % | 10000kvA — -
E O W | IX 75250V 2% 6750V

% & B O@®| 1k 108 2x 6AS o

® @ W g Al o -
z.m 'ﬁi miElETF L (COl)

RT7/RRERABSEHEESR CHAZEIRDLEE

Tab. 7/ Comparison of non-inflammable liquid-immersed and oil-immersed

transformers
15 B| ToadsazEs | & A F E B
A M o 1k | REE )
£5/BEOEEEP— I TRE—FEN LR o mELIFLY | Jisoen Hz%
Tab. 5/ Arc energy and pressure rise related to kind of fault w % M B|l—xuz2z e
™ 7—2|7—s] ot [MEEk] 7 — 5 [E £ TLAg—F TLRA— a
~. |® ER = BEl rauy¥- £ R MEEEE I T ) * (BREMEREK)

S vl kA T ks s [k [ka/e Jugtens [i" | Frm@n |
EERAMsE | 2500 | 15.0 [ 33750 | 0.1 | 3375 | 0.420 | 0.4 R wnm w|/—xv22 NEEEL
25y 78| 250 | 8.0 180 0.1 [ 180 [0.022[0.07 4 | Ay ~—5 | 2rEH (anRoy) | MBS (all010%)
I s—>ms| 30|21 s 0.1 57 |0.007 | 0.035 R EH WS | BHBEC Y kst N
{EERAEME# | 1000 | 1.4 [10260] 0.1 | 1026 [0.128 0.2 B = |k ERS T

W% el 28000 E LI

FEITEHIE $No.1 0

19



(2) # %

AR A HVEETE B I ER 3 2 Bk o 6 fhl
RS, 3. 29 Tk N7z & 9 12520k V TLIWL400k V
DLMETH -7z,

Fro, BHEEROER A ERMNTT 0 77 A2k
0 A L7z #5458, LIWLO400k Viz ki LT, éleiliz e
TE 2 A Wi BV Thie i1 7. 2k V/mm, ##E Hukdis
WELRIZB O THRAIT7.9kV/ MmO ERDEHE TH
B ARIEMI S = 4 LSz B THeAA16. 9k V/mm
ThHab,

C DR RS S & B L BRI 2 WERHITIR ) A
iz

131277k V, 10000k VA AERTE (A iy K128 - 35 0 1 3
VIR (TR N I

(3) W M
© HHETERE
HATO M AZIESFIZHE L TREE L 2 AR Rm H)

BIEADRIE EASKBOMER LD, Z0miEeE%

MMAZEIER: (BHERERD & Hdd % &, B s F

i Gfe) W DZFEE, KRG EESRTT7C ~

8°C, MAZELRTITC~18CH N, ARG LT

AR EGE gL n1/12 (50°C) /S wWZ kb

SRATRUH LAY K & <, BHRHEEE X oEYggh (k) Bk

DXHFEM L N TI0CREL < 74 5,

72, WHMERE® RS 5 B5EE (W/ m™C) (2

DTS, B RS L) S A T

LEAR

(ESEE 3

13/ |BF2H

Fig. 13/Field strength contour map

20

EHEIMAEIERZOF)L . 8% 2 K& <2000kVAETILE
FE# OFHEICIITEVATH 5,
B (T HERE D i % i,
@ BCELERERT - A R
WIHERED AL T 5 2 & 0 & BB SR o i fil
(2, BUTOMAZEIES IR L THI60% & hE L e 5,
AR R o 7 BE, BATIIAZE RS0
TN 26 4Ny 72T & B, FDHUFT B
L & > 7B 2T T & T e tRo i mift34975%
L& < b
(4) % %
@ WA
AT ARIERD L EAL.6 2 K S Wiz, A
FIEL L D HIB0%FETR < % b,
@ v—n#
SN ELTO Ny F oo KT AR AT

%o
@ BJEsEE
ARG RV 2028 FE 25 0 PN SR A RO 0 N TR
(2, A A & AEREENE T, SRS A7
HOIIEEE A &4 5,
@) gt
{4t 2 12 0 TUSHAT 0 A ZE T 2 D Bl
Mg T =4, Bt otz L 280K
PSR 2 (T 2 L85 5,
® orH~N—¥
JrHR—gFEREHN L L, IR &R
FEAr 2 it D152 DIRRT TR T & 5,

4.2 RERBEFHRICLDIRAEREDRL

HUfE, 0 oy 2 L 202 L A6§E A Mo @i
AR AR L), GEE G0 I 2 T B HLE
fEfEihTh L, o, HIREELEAPLRIZL S
i H Mot Bt R r TEL TV b,

x 8/ BHEBEDLLER

Tab. 8/Comparison of cooling effects

e o AT
e AT (B5EEEEAT)
& & 8 45700 53200
i % (W) [mamm| 11000 | 10200
Bt 56700 | 63400
- 234 | 318
4 #H) F® Om M (m?) (S -‘;1~$'] (-391—9)
Alm*X 4 &) 41mix 74
|| B B mGw = 44.0 42.0
T(® » mm & | 388 1’5
Rl s £ % i 47.0 52.4
Ele = = = 45.7 53.5
& # = 5.5 4.8
=g fmt i
HERE (W/nC) [ W) i53.9 8.6

BENRHILEN0



5 HENE

A, kAR (WG F v ) IR £ HE
DFEH, BIFBHTOMAZEIEROH N THISTE L 2 &
DI 5 A o 72,

C DARIEERZ T 341, 77k V, 2000kVAD E 7L
Lz s B L7z, CoRMELES TRER 2, ha
PRk, RtERESic oW THBRL oI TE 2 RmL
ER2DT, 10000kVAD 4 2 kfFE L, EREGE B
AEEIT-Twa,

WefzlZ, O L TEMRRL, ol W 2o
Ty 7 ORREMICA L, EEMHoBEERLET,

¢ THRAOERSE |

SE X

(1) WHIfb, SEREEGIEIE SO Rk
S60 ik BERRIF9E 2 R (SA-85-69)
(2)  ASPRFERTE (A (He T Rg aE) BHIE RN 4 S62

LA ENI-EHHRE

H5EF @
2FEFS 7. i FORR # FER HBEA DEES =] i ECRE I HEREMEA
- ; 5 ? & 2
|-4791 E=EEORRETER By N (201218 | s—pmri— am et mE Ei E.—;. T
I-12831 | EEREELE “E W L

MMEBTRSBBU SO | 372 FHE |-204628 | S—bA—si— BTG EEE | KE A3 | WIGMEEH

1-58336 e i - s

Lk o R F4T 1207024 S—p AR — = [ BhER KE A% | Ehgmam
1-72516 | SkUMBOBEAE @R A i
Em ® 1-209030 | s—bn—ri—amitams | T ET | spman
1-81664 | #1412y EHER AP BE - . BAHBE
B . . e WH EE
1-90383 mmglﬁ%i ig{mﬁzg f‘—'ﬂ“-‘ﬂ"}/&*‘ |=-212521 v—r'\-/\—ﬁfﬂﬁtﬁﬁ& LJ-I—F E(ﬁ immﬁw
LA & E— 1-214281 | E#iE— % —ORHER =/ [
1-121020 | S— b /8 —{F{ERE ) 2ith
Sesne R e Lo - xg IR
WA & » h
I-12102] | 2r— b Fsi—{H{EEE 2 H a5
SeHEE [-214322 | —b~_—/i— B BHGEE AH Rf Lt £
I-121484 | BEIZ| FER WA 4 [ b—a— s WF EA
: . : & KHEH A% &
—h A —si—f ] i PR L g ]

I-129818 J; N-RERENR | o e | e 1-214323 | S—hN—/—ARPHREEE | oo e i
o Le—p ol — N — RS SR TE | U i3 8 i 1-218420 | o—bR—sN— B BHELESEE Wiz s PR RS
I-13s32l | o 8 2 HBE Ll sl 4 M EE

S—pR—/ - BB HE | KE A . % S p s , Wt EE | gonman

1-175820 o B4 e e 1-218421 o—p A= — B 5 4 B 3]

A e HBE . 1265984 | R/ F L O DITHRER | 2o

1-192322 | S—b—/N— B RIS {EE W A WA =2k E=E
P |-285230 | f—bA—/S—EHENHLIE{EEE | IWT EE | SPSHIEEN

1-195821 | S—b~—/ i AREHGTEE | | - X £ T e—

= 1-300972 | WM/ NF > IDITHER | oo o

1-195822 | 2—p~—si— HEHHEASEE ;fﬁﬂig s 2] PraTa—

1-303116 | S—b_—si—amREE | | ;_j’_ ELEET T
=]

FEIWHIREN(0

21



