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Abstract

High voltage electric power transmitter GIS(Gas Insulated Switchgear) above 72.5kV needs to satisfy domestic Korean peninsular
standard(ES-6110-0002) in KEPCO with respect to normal and special operation conditions which include internal gas pressure, dead
weight, wind and seismic load. Some other requirements not described in Korean standard can be applied from other international
standards such as IEC(International Electronical Committee) 62271-203 and 62271-207. The GIS is a kind of pressure vessel structure
made of aluminum and filled with SF6 gas of internal pressure 0.4~0.5MPa. Finite element analysis of GIS is performed with such
operational loads including seismic loading and the stability and reliability is determined according to ASME BPVC(Boiler and
Pressure Vessel Code) SEC. VIII standard where the allowable stress level of the pressure vessel is suggested. The result shows
that the stress of GIS is satisfied the allowable stress level and the safety factor is about 2.3 for Korean peninsular standard.
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728 AN (gas insulated switchgear, GIS)E
A HYTFS AT AYAT AHE, 4 A ¥
AFe AX8tA o FHFE At Y-S St wgh
71& Aejg e A 771 E FE5YAE WHAZ ¥R
A"l g 7Hg 5 AXE XT3 thedst 4A atFl W3
FET 7= A74E FHslofok gt Song §(1999)
GIS/GCB M #3A A€ 7I<Ed 3 2718 A%
N} AR WYrixs 2 E 7kx FEANE ettt
19994 12¥ ®EAF d=A4YFAPL T 14L& EE =4
Tl H37E 800kV GISAE 438+ tH(Song, 2000).
Lee ©(2001)2 GISe AA Layouts 3i435l7| 2} 1 Bay

T A oE AT YR 5] AAXAE A AHE
7F338ke] Uzlsd & 9tk Kim $(2013)2 Wld Ajd/
AME 53 ¥ AYr171Q] GISY WS At
3 ARE vA - T ¥ F2ES UREHY 71Ee
B34S Bk, °l§ f8 Wdds A5VeES ¥4
st o1=9] A$(Xia, et al., 2013)9& IEC 62271-203
o w2}t 420kV GISY WRaA AH=E XAt 17.5MPa
Az YA o] Unt. AT o] g =EEL FIAHE
Felt SFALGEH Y 2FdtEel e sjAo] BT 3
A= ¥3kth. Chopra(2001) 3 Kim(2005) = U184l
3l o] € U-&o] Sl 7EF 25| UiFlEA FopellA, Kim
(2016)2 =, 599 =2 AAV|E, 7 2 o3 47
71%, DNV OSE sl o 97| F3E AR 72
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725kV GIS A3 #v]e] KEPCO 7|& Wz % &9 4
Bo] Wzlsly =38 A5 vlast3itt. Lee 5(2011)2 BIM
71dke] agdd ZeAES] FRAA YT AHE Al
A wge] 3 AR RIS T YIS ZeAAE
Adeet. & =iolMe F=dHTAHKEPCO)9] 4
B3 [EC 62271-203 e A3/SAHH st
AN S FHst, o 7T8MPa U HEAF 2.3°] =&
Ho] 72.5kV GIS /o] FRI=ATY.

ol

2. S HE 714

F3 60HzS] 34 73] 24 AMdehs S € S91&
72.5kV 7t AN AR = A EETH (ES-6110-0002,
2012)9l &gitt. o] Aol BAHA] & Al [EC 6227-
2079 #E7)7] F FHHIEC 62271-207, 2012).
A7 SF6 U§7t2dg L Adi = 0.5MPa, Ay o]
0.4MPa°ltt. Aol 1o AE7I27t A & Baks
¢F9F A6061-T6, AAF= Yrt 7 SS4000] 1 EAA =
Table 17 2t} B2 AEQ] A6061-T62] 3-8-88 7152
ol#l¢] ASME BPVC(ASME Boiler and Pressure Vessel
Code, 2010) EF U= E&& SB-2099) ¢J3f S+ 121.0
MPa® 445 (¥F (1] ¥7]), ASME (2] ¢HAAF
2ol 2f3f -8-88-2 1.58¢1 23} 181.5MPa® gt AR
A 8Ll SS400 749 31-8-88 2 ASME ¥E (1) & &%
TS SA-36°0 £J3)], S= 165.0MPa°] 32 ASME (2]el
o3 SHHAS 2]& 1.58 o W} 247.5MPa® 3l

EF (1)1 ASME BPVC II Part D properties(Metric)
materials®] Table 5A SECTION VIII, DIVISION 2,
MAXIMUM ALLOWABLE STRESS VALUES FOR
FERROUS MATERIALS.

¥F [2): ASME BPVC VIII Division 2, Rules for
construction of pressure vessels®] Part 4 design by
rule requirements 4.1.6 design allowable stress.

9714 Aol Membrane stresst T3 AFSole
3-8-38 S 1r} Folof &k31, Membrane +Bending stress©]
LA 1.58 Bt ZA| Hof git. A4 A8H<e AA

Table 1 Material property of GIS

Material property

Material E Density o o,
(GPa) (kg/m®) | (MPa) (MPa)
A6061-T6| 69.0 0.28 | 2700.0 220.8 276.0

SS400 210.0 0.3 7860.0 245.0 400~510
(+{16 mm)

Porcelain | 104.0 0.3 2403.0 214.0 171.2

Epoxy 20.0 0.25 1360.0 - -
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S (p), TF(W), Wi-eel B/8sks, ¥

24, 4 skF, Azlskge] o ek Adstsol ’40}

AAA, & dvlele
%), 57

BPee see
A8 shEe AAlsigel Hh

23 3k Al AA 718 (3)3% 2ot
¥ (3): ASME BPVC VIII Division 2, Rules for
construction of pressure vessels®] Part 5 design by

analysis requirements 5.1.3 loading conditions :

3.A.

R A4S

ol &%

annex

T BETHE THE IS 4L Table 29 2t

Table 2 Domestic and internal standard

materials

Rule Org;.ml- Content Pa.r t o.f
zation application
Rated voltage S.F6 gas,
S79 5KV Wind speed
ES-6110-0002(GIS) KEPCO normai /abn'or >40m/s,
2012.12.31 Revision . Seismic
mal service
ndition performance
e 0.22¢
IEC 62271-203: 2011 Ratﬁ%g;gage
GIS-Part 203: GIS [EC Quotatio'n Wind speed
for rated voltages >40m/s
above 52kV standard of
ES-6110-0002
IEC 62271-207: 2012 Rated voltage RRS
GIS-Part 207: >52kV, (Required
Seismic qualification | IEC (Seismic) response
for GIS for rated normal service| spectrum)
voltages above 52kV condition 0.25g, 0.5
KS D 3503: 2014 Sst 42(1)&;“1 :
Rolled steel for KS - e -
neral structure strength
ge 245MPa
ASME BPVC VIII All N
Division 2:2010 | , o\ 0 0:‘”:9:85:25 SB-209
Rules for construction p (A6061-T6)
vessel
of pressure vessels
ASME BPVC II Part Allows stress of
D properties ASME | materials and SA-36
prop (85400)

yield stress

3. et P4

¥ AA| Layout Fig. 191, ©|% Part A¢} Part D28
Z}z} 1 Bay¥ule] 45t ANSYS 16.1 APDLE,

GIB, ES/DS, DS, CT ¥ ®¥3

B0t PAAARE

Part A9 % 9F 2.9ton, 84

Z#2e ok 3 0ton, 84F

BE Shelll88(d) 84,
= Beam181(‘ﬂ]) 84F ARSI

2= 33,2277, Part D29

(b)= Part A, Part D28 ®2dg ¥Ado|t}.

< 19.8347°It}. Fig. 2(a)%
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Verticality
DS

GIB(T)

(a) Part A

Academic

Interrupter =

Bellows

Interrupter
controller

(b) Part D2
Fig. 2 Modeling and parts of GIS

3.1 RARAMAE F=34

AN U FAALH (0.4~0.5MPa)% AFl 4@
g 724 AW S FZVT FB82BRs}
Hlmsh] skl FHErlel PaRe] b o8 98 4
(D3}, 2/H%(Cap)e] o1& €8 4] ()& ol§3t] AN
=5 Yool S8 Table 3% 2tk 88 ABRE ol
4 Hoge $9S ANE 4 Qo] REeaHYoR 3
R L AR BRI
+ & ®2 $. 15 WA FAolthmm).

o, = Pr/t, L
o, =1238Pr*/{ 2)

oA - ARF - ALE - YA

Table 3 Theoretical stress value(MPa) of GIS
(D2*: Without interrupter)

Tank | Stress | Cap | Stress

Part (MPa) t 7, t. o,
A 0.4 |226.0| 9.0 10.0 - -
D2 0.5 |348.0f - - 34.0 | 64.8

(Interrupter)| 0.5 |348.0| 9.0 19.3 - -
D2* 0.4 |226.0| 9.0 10.0 - -
D2

0.4 (234.0| 2.5 37.4 - -

(Bellows)

3.1.1 7k W) te 48 o4
Fig. 3(a) Part A°] 2% Hth$2e GIB(T) 833%le]

% 70.8MPac°]iL, 7|el =522 3% 10.0MPa% Table

ANSYS|
R16.1]
Academic

©5.554 Tge3 263.
32.9772 98.9315 164.886 230.84 29€.795

(a) Part A

ELEMENT SOLUTION
STEP=1

S— L
0 87.2712 174.542 261.814 349.085
43.6356 130.907 218.178 305.44¢ 392.72

(b) Part D2

(c) Bellows
Fig. 3 Stresses due to internal gas pressure
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39] o]&4] (el & &8 & 10.0MPast 2t} XA <]
7BF, 47 2 RSN A A= $EHE A9
s, AL o 36.5MPaZ, 2ES/DSS| ARFY A|x| %
oA Stk HUWHE 4.4mmE, TR Yehd

Fig. 3(b) Part D29 AdHi-(interrupter) #Hui-$¥2
CTe] €459 oA 110.8MPaclv}, €H5EE A9
19.6MPa%, Table 39 ©]&4] (2)9] -$4 # 19.3MPast
AR, O BaRe] -$8& 9 10.0MPa® Table 39
ol&4] (1)9] %8 3t 10.0MPast 2t} =3, a3 94
(cap) 582 63.8MPa& Table 3¢ ©]&4 (2)9] 38 3k
64.8MPa%t AR, XA H= ¢ 87.0MPaZ EDS A|A|
dellA vehdol. FHgue Ads fAHoA 4. 1mme]ldh.
GIS FHEE ddsie gk 23 #e] M2 Z(bellows) = =
FYFE 99 Solideaz 2dHHNTL 38 Fig. 3(C)
oA °F 37.0MPaclt}.

3.1.2 AF( )l U 38 4

Azl 2% Part A9 #Ht)-$8& PTHA| o 3.0MPa°lx,
AR Fe PTH AA|Hel|A o 15.1MPa7t A%t} 4%
oA Hd¥AE 0.2mmelt}. Part D29 GIB(Z)H $32
0.2MPa, EDS% $82 2.1MPa°]i xdte] gL o
1.2MPa7} ZAgct. W2z 38L& 0.4MPa, AAH
28 & 31.6MPas A7) 22l ARt G A e}
v, Hd¥E 0.1lmmE EDSHA vehdt).

3.2 SR &Y

72.5kV GISel| BFAEF7] 100042 AR FELR
Wl I5He g 71ES F&gnh £ A7 Uzl A
AMEE 8 FSHAHEH (required response spectrum,
RRS)2 A #E714(0.22g) 7 IEC 62271-207 (moderate
0.25g, high 0.5g)°] A-&H A}, THAYER ML 7=
5] oo A FEREY FF ATE AR
ohll= i os WA AN 3] AT SHAHEH
AN A, Re A oAl Fo] 90%018 HEF FES 2
2ert aREen, £ Bl £ U 2|70-$Ho] 2T 17
HAot.

3.2.1 2fAETF 34

AF FHHL F2Eo|Y 714 RFY 1i4HEF, B=
Y-S BE3tl. Table 4% Part A9} Part D29 1f31%E
9} 4ekS bt Fig. 4% Part A$} Part D29 1%
e giolth

210 BRHMPZTES
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Table 4 Natural frequency of Part A and Part D2

Part Mode |Natural frequency (Hz)| Direction
1 5.0 X
A 2 9.8 Z
3 65.7 Y
1 17.0 X
D2 2 22.6 Z
3 147.7 Y

ANSYS|
Ri61|

(a) Part A(5.0Hz, X Direction)

ANSYS|
e

(b) Part D2(17.0Hz, X Direction)
Fig. 4 The first mode shape

3.2.2 ARETH (ES-6110-0002)° &J3t UIzl-g =34

GISE A¥HEF SD(Edgt BAD), AZ3Y [o AA=HEg,
AZAAF Cast Cve Table 594 2z 0.16, 0.23°]t}.
Fig. 5(a)& Moderate 0.22gl g A EH &84 71&%
SHAFER 1, old Cast CvE A &3t ALME 87
SH2H E™ (required response spectrum, RRS)< Fig.
5(b) ¢ At}

Table 5 Seismic Constants

Geological Region [ Region IT
type Ca Cv Ca Cv
SA 0.09 0.09 0.05 0.05
SB 0.11 0.11 0.07 0.07
SC 0.13 0.18 0.08 0.11
SD 0.16 0.23 0.11 0.16
SE 0.22 0.37 0.17 0.23

* Region I: Remaining region of south excluding Region II
* Region II: The northern part of Gangwon-do, Jeju-do




I Period (sec)
(a) Local standard response spectrum curve

Response spectra by MOLIT(Sp,) (Damping = 5 %)
07 T — T T T T T

Acceleration (g)

gl b b LB
10" 10° 10’ 10"

Frequency (Hz)

(b) Response spectrum curve

Fig. 5 Required response spectrum of KEPCO
(moderate 0.22g, damping: 5%)

Fig. 6(a)& Fig. 5(b)9] 7% ¢§ Part A9 Wizl
AN dg, QA HAGYL 7 DSFO &
% 16.5MPa°| i, PTH9] 34 32 12.1MPa°lt}. A|A]%-9]
382 26.8MPaZ, GIB(T)¥¢ do|x¥ X|X|th7}
ddd Aoty HdWidEe FYEA 2.5mmelt}. Fig.
6(b) Part D29] 379 HH-EHL 2.7MPac|™ EDSH
B4 Jehdtt, AdE(interrupter)s] Hul-$E2 <
2.0MPa, 22 P& oF 3.2MPazl dA3t}. A|x|He
Fo$82 10.5MPaZ, GIB(Z)%9 AA|t) dAREA
TRt} 7|22 e AR AAF A o 10.1MPa¢]
$o] Yeldt} AHEE 0.4mme g, GIB(Z)%e |7
oA At

3.2.3 IEC 62271-207 7)&l ¢J3t yA-sH8A

A2 FAFEQ] IEC 62271-207 WXH4 87¢H
2~HEHL Fig. 78 2t} Fig. 8(a)= IEC 62271-207
71 Moderate 0.25g°l 9% Part A9 Y24 A=
Base] H-$EL 4 DSH §HFA=E 17.0MPa°lL,

S.97227 11.9445 17.9168 23.8851
2.98614 8.95841 14.2307 20.203 26.8752

(a) Part A

AAAAAAAA

2.35322 4.70645 7.05S67 9.4123
T661 3.35298 5.88306 23628

(a) Part D
Fig. 6 Seismic stress according to KEPCO standard

PTR-A 12.5MPa°ltt. A|x|5-¢] H-&82 27.8MPa%,
GIB(T)*¢} so| =¥ AA|7} Gd€ A3elx, HdHe=
F/dFAA 2.6mmeo]ct.

Fig. 8(b)= High 0.5¢ o1& Wi}y Az =59
HA-&H2 7 DSHe S4FN=2 34.1MPac| L, PTHeIA
25.1MPa°] 2. AR HQSHL 55.6MPaZ,
GIB(T)F-¢ sjo|=q A7} 448 AHolth. PTH<

1.6 4 ;

S —
| 0.259‘
1.4 —0.5¢
fige ] ek
| Damping 5%|
=~ 1B /
o
s
2 10
[ X
o
2 08
o
<
® 06
= ]
©
2 o4
)
0.2 =
/
0.0 i
0.1 1 10 100

Frequency (Hz)

Fig. 7 |IEC 62271-207 Seismic response spectrum curve
(Moderate: 0.25g, High: 0.6g, Damping 5%)
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ANSYS|
16,

12.3641
1 55.6384

(b) Part A(High 0.5g)

Fig. 8 Seismic stress according to IEC 62271-207 of
Part A.

ANSYS
R16.1

0 2.442015 4.8803 7.32044 5.7605%
1.22007 3.66002 6.10037 £.52052 10

(a) Part D2(Moderate 0.25g)

cccccccc

20.456
23.0129

Fig. 9 Seismic stress according to |[EC 62271-207 of
Part D2

212 #=R{ATRBES =2 HM30A HM3=(2017.6)

4249 AXdAA &8 @2 25.1MPa°lth. HUWHH=
K%M 5.3mme]t}.

IEC 62271-207 71 Part D29] Moderate 0.25g, High
0.5gl g WA Hil= 247 Figs. 9 (a), (b)olth
Moderate 0.25gel] & HH-$HL EDSH &5
2.8MPa, ¥ ¢ 2.2MPa’}, GIB¥l 2.6MParl,
A2 zd| 3.0MPazt ZAgTE AAHY HgEL 10.9
MPa=, GIB(Z)5-¢ AAY @AFEANA EAst 27
ZAME9L AR FAFAME oF 10.56MPad] &go], Hdi
U9 E GIB(Z)F-9 el 0.4mme|t}.

IEC 62271-207 7] High 0.5gel & Hu-3¥&
EDSH 2359 5.2MPa% JErdt). 2ieiol 4.2MPa,
GIBHel| 5.0MPa, 922+ 7.3MPa’} EAgtl AR <
H-$¥ & 23.0MPaZ GIB(Z)5-9 AAH JAFRAA,
A7\ 22 A Y dAFdE 21.2MPazt 'EAgT).
A= GIB(Z)F 4l 0.8mme]tt.

4. QIFd It

BRSNS I EPALEIEA 82 e Table
69l 34l sl E 2 JAArE A8l Hd-eHS 2T
ASME BPVC VIII Div. 29| Part 5 design by analysis
requirements 5.1.3 loading conditions :

A z3etE 42 4 (3)3 2ot

appendix A.3

0.9P+ Ps+ D+ (Wor 0.7E) (3)

P RS 7i2digtel L, P & WA sEel 2
E dulde d3sA ga D AFelt. 35 wek X7
8% £l 0.79] #AdAS(participation factor) & F3Hd
AR 8t oA & e At A9 4§ H4dsksd

Table 6 Max. Equivalent stress before participation
factor is applied(MPa).
(Tank*: Without interrupter, *: Dead weight)

Normal
service |Special service condition| Allow
Part condition able
W KEPCO | IEC IEC |stress
(0.22g) | (0.25g) | (0.5g)
Tank |70.8| 3.0 16.5 17.0 | 34.1 [181.5

A
Support | 36.5 | 15.1 | 26.8 27.8 | 55.6 |247.5
Tank |110.8] 1.2 2.0 2.2 4.2 |181.5
D2 Tank® | 57.0| 2.1 2.7 2.8 5.2 |181.5

Bellows | 37.0 | 0.4 3.2 3.0 7.3 |247.5
Support | 87.0 | 31.6 | 10.5 10.9 | 23.0 |247.5




Table 7 Max. Equivalent stress after participation
factor is applied(MPa).
(Tank*: Without interrupter, *: Dead weight)

Normal

service | Special service condition | _,

Part condition Final
L+ | KEPCO[ TEC [ IEC stress

(0.22g) | (0.25g) | (0.58)

Par;:clfoitwn 09|10| 07 | 07 | 07 | -
11.5 - - 78.2

Tank |63.7| 3.0 - 11.9 - 78.6
Part - - 23.8 | 90.5
A 18.7 - - 66.6
Support | 32.8 | 15.1 - 194 - 67.3

- - 38.9 | 86.8

1.4 - - 102.3

Tank [99.7| 1.2 - 1.5 - 102.5

- - 2.9 |103.8

1.8 - - 55.1

Tank* |51.3| 2.1 - 1.9 - 55.3
Part - - 3.6 | 57.0
D2 2.2 - - 35.9
Bellows | 33.3| 0.4 - 2.1 - 35.8

- - 5.1 | 38.8

7.3 - - 117.2

Support | 78.3 | 31.6 - 7.6 - 117.5

- - 16.1 |126.0

Fike A9 7Fssitt. 3-8-88& A A7 stee] 719
=& veilie FAre B A 0.9, A B¢
1.0, SFAMEHE 0.72 A&3th 7R NeA AEd
Table 69 &g FAAFE F& GIS ¥A4E HFAQ
AH8-$8 2 Table 73 Zt}.

FAASFE 283 &, Part A B3 (tank) FALE
FeiA1e] 7k tat Aol tig -$¥L 63.7MPa, 3.0MPa
oli, B (R AEE) A, S EETTH (0.228), IEC
(Moderate 0.25g), (High 0.5g) #& A9 $8L 77
11.5MPa, 11.9MPa, 23.8MPa’} €t} ¢Fu|Ee Mem-
branes+Bending stress 38882 181.5MPa°c|BE,
FHRETHS 283 B9 HWAHE-SE 78.2MPadl
g kA 2.3, IEC(Moderate 0.25g)9l& 2.3°],
(High 0.5g)°ME RIS 2.00] AHEH AT}, 25 tis)
v $- B2 0 2 Membranes stress®] 3-8-38 121MPag
A3 E S FES FHsL YES ¢ T Uk

o ALE A48 &, Part D2 B3 (tank interrupter)
9] AR EAIY Tt Al dE $L 99.7
MPa, 1.2MPa°|x, 5FAH/IH (A 8t5)A], SHRE
T4(0.22g), IEC(Moderate 0.25g), (High 0.5g) #&

oA - ARF - ALE - HHYA

A9l g8 Z+7; 1.4MPa, 1.5MPa, 21.9MPa”l |t}
dZu|Fe] 3888 181.5MPaclREg, FAXETHL
AL 59 HAR-SE 102.3MPacll W& HHASFE
1.7, IEC(Moderate 0.25¢)3 (High 0.5g)olX = SHdAs
1.70] ZA==HAc}t. B3F ] w4 BR5EHo® Memb-
ranes stress%e] 31839 121MPag 343l ® ¢S
ot JSS ¢ F Aok

54 B

B A7 7234 Aol o8k, 72.5kV GIS A=
it 2FA 9 A2 st5 Ay ARA % kAo Hofx| 1
Ach. AEEGNA, 13 2fFEFE FHARETH AT
AARAZ-GEAHER ] Hf| 71E5%EQ] 0.55g7} =g Fule
Gl 3o A7 S FA4o] AZ o] Hox|a it

T2 QHAAd L UIEIkA SF6l o3t 38, AAF | 2%
58, R oJgt -4 ol FAAFE ALE &, 2F
3 H-gE o Bt FHEETE AEA, Part A
GFug B3R 42 HUAHE-SY 78.2MPad W
AT =(ASME 715 &J#) 2.30], Part D2 B35 -89
102.3MPa°ll & HHAFE 1.70] AEHAUY. B3AHE
AR e A AAFE] AS 8L 117.2MPa& FAAS
2.1°] A&, 9= IEC 62271-207 High 0.5g 71
AEA], FREETH HAWrIEEY 22797 HEd, FHF
€% Part AE 90.5MPa, Part D2 103.8MPaZ ¢4
Aee 242 2.0, 1.7°] AU

ZAlel 2

¥ A7E 20169E $EEE(ONY) SedTAges
28 S0, 71716 B ARE CAZAINA ATSL
e EF
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