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Seismic Responses and Isolation Analysis of the Neutral Point Protection Device in
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Abstract: Pillar-type electrical equipment with high seismic vulnerability is installed in the upper modules of off-
shore platform structures such as offshore stations in wind farms.To investigate the seismic performance of such
equipment, a finite element model is set up for the neutral point protection device of the 220 kV main transformer in a
real offshore substation in China. The seismic responses analysis of the equipment is performed by the time-history
analysis method. The results show that although the stress at the root of the porcelain bushing complies with the speci-
fication requirement, yet the low rigidity of the steel plate of the equipment mounting frame leads to excessive local
stress at the connection between the disconnector and the steel plate in seismic condition, exists the damage risk and
causes indirectly the damage of equipment. After applying base isolation control using isolation bearings to the origi-
nal equipment, the stress and acceleration responses at critical locations of the equipment, as well as the peak stress
of the equipment mounting frame , can be significantly reduced, thereby meeting the seismic design requirements.

Key words: offshore substation; transformer neutral point protection device; FEM analysis; seismic response;
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A TR SR —3h . HAT, R Y)

0 5l5§

7R R 430607 WU H AR T 52 T, RETR S,
PR AT o b i KU A Sy — Pl Y
THIEREVR , e S R R HTRR IR . — . W T
FE 3k Tk A Uk A 2 A ) EL A R Y 1 KL
A% 2B B EEAE R, & LUE T RR IR A A0

s BHA:2025-12-12;  f&[E HHE:2026-02-29

11908 SR 0108 B R Yl T, i (RIS R 7
e IEE AUNGEER AN B 2 el R (RO
it T 58 B A e AL B R AR, LM
JEE 55 A A el v T B S P T . HLSE
R IFAR I AT, B A R Ja LA Ak
o AL R B X ZE R R Y R AR A

EETUH : LT A A %8 B(22PTD097) ;L35 il 5 1 5% e A B2 AR5 H (2022QT(831)-007,,2022QT(83)-

048),

Project Supported by Shanghai Pujiang Program(22PJD097), Research Project of SIDRI(2022QT(831)-007,2022QT(83)-048).



k55504

B, AR, BRI BRI P R R E R R SRR T <173

FRFIZEAF T ASZ BRI 15 % TAE R X
RS BIT B, L HE Z R W ifg 7 i
JF SR, 2800 R 3 0t T AR e B
X, AR A% 2 MR IS I 4500 22 4k 75 A5 31
PRIE

1 L R I 25K ) TP A A 2 P SR Rk
2, W b b AR R kTR A B
T A R AT X SR R I A R A 2 R
PP s AR RS R 7R S50 1 S EA
SR B TR HEE , LT R BT R T A
1 FEHLEAVE N 5 7 A AR P, X SR
AR IPURTERE , PG A TS &
TEHLGE T 0 2 M i, A6 S bR TR rh 5 2 T AT
ENERE ; SKRBRAE T T SRR TR A 1 HL R R
i B A Y A i ) R A A TR A RS 5 AR
TIR AR ZR o BT SR S R iR 4, &
FOEYEIEAT T 8 G5, 38 S ek
RBE T RE R o A XF 4 5 P 7R A il B 1 LA
T, 1T S B B F A A A R AR R Y
ES (NI IBE 5 G NE Y O L T 515 ) N B 3 0=
LR L /S UL A L W R e S E | ok 1)
Yy, iR AR AT B AT DAL | e R S A
TEPURMEREAR LI TTRE

Wi 7 R P R 50 0 S ol 7 AR ) i,
A2 3 TR X R AR 8 B U B R 4 AR B AT T F
580 SCUE AT OB BT U AR e S AR A B = B AR 1
T R i, B0 UE T BR AR R AR AR S B
TR RE I B RO s 5 R AR SR T E AT A
FVFRITEBL T, AR RIS KRR H R
M ) 8 119 B S B JE B R B AR 5 & R kL 1
KT HTRE At A, IR AT S T T
PRI ; Alessandri 55 "17F B2 W7 K A5 15 25 JIC B 42 %€ 4N
22 g BH JE A8 T T T A SN S5 R R S ] 5 R
SEeiE i A FROTEUE AL S R 8 2 iR BT 1
25 R e e R AR B S e K B AR 5 TH RE D
R E AT T A5 Sh P, SOk R4 TR
AP FIBIFTE LA, MR A ZAS A5 AR H il L S A8 1Y)
W RERER AR BT T BAs 5258, I T 7
bR R FIRE XX FL A1 SR BB B 5 A i T o
PESH R

SR, b L35 4 G L2 A BT R 58 ) =
G At b H R B R v R R A, X KU EL 38
T e i i P P E AR A A BT RR IR IR R
Koo SCH R BB T 3 YT 554 T a5 20 X (0
T B AR XU H 308 1 T sl v LR (8 7y S S

FEZH S BE A5 220 kV A8 A% Ik A i E R 2
E(TNP), 38 13 A BRI 0 B 7 2 i AT e 43
MF, FEIRAEWG L Tl v 28 SRS B £ Y 4540 3
T30 o FEAE 5 0] BE A B IRE 3, 24 I T LA 2
P TR shins il %o FL A M B s s8R

1 220 kVEERPHESFRIPEETRITE
182 K% B B2 i K2 43 4

1.1 ERENSHRERTEE
SCH RIS G b P R R R R R L LR 1
TR iz s R 28 43 5P~ 220 kV 3=
A g () PR SSAHGE A BITE & AR A L R I LT
RIS RGN EZEEH . % E 2 m L
PE S N E B AR % B 5 T F AN S5 A S A PR 4y
PR, 2% B AR 6.6 m, EL 2 1 v, WPk pS R FH ke RS
SO RIBRITER WA B A% GW 13-126/630 [
BFE YH1.5W-144/320 BF 5 78 . A2 1 IR
R E R A A, ARIRAAEL IR 85
FEAN55 5L 10 mm (RN A B 114 15 B 22 20 20 AL 45
WEHT, s M E 480 kg, FHBSCHR PR
H4.5 m 273 N o £ SRR 42 1F 7 B 4
AR , JER A AR AR AR TR b TR 37 5 i A o
M b RSN TR TR — 2 A E
AR L , BT PR T AR = A2 A 28 m, DL 2.
925 925

““““ L3 g N |
‘ G
= \
-
a :
5 %ﬁﬁ@?
§ i
N L
e Sre 3 400 :
700
5| |
s = — 3k
= B
S mm 1700
" o AN /11N )

El1 220kVEZEFPERRIPEE

Fig.1 220 kV transformer neutral point
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Table 1 Material parameters of TNP

TR FEHREL R
AR LRI 206 GPa
Bpp— 02354 N AP 0.3
7 850 kg/m’
FPERL R 100 GPa
b B T [R5 AL 0.25
SR 2 000 kg/m'
PR 16 GPa
plie g LA AR 0.3
ST 1300 kg/m®
HPERLEE 100 GPa
AT Ve AL 0.25
SRR TE 2 690 kg/m’
HMER R 200 GPa
Hi 9 R .
BhE NG AL 0.3

SR 1 385 kg/m'
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Table 2 The main frequencies and modes of TNP

Wk AR He FERAY
1 2.797 6 Wi B O B SR X 1) -3
2 29787 b B O B S Y 1) -3
3 4.948 4 LE AR X 13
4 5.644 1 SR Y 1073
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Fig. 4 The first two modes of TNP
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Fig. 5 The acceleration response spectrums of the

earthquake waves
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Table 3 Case list of seismic analyses

Hi ADEAEL IR/ (m - 57)

T HiFEE

X Y VA
Tl EQ, 2.15 3.03 8.62
T2 EQ. 2.31 251 6.88
T3 EQ; 1.89 3.42 7.35
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P S S U D) Re Y i ZE A B, SO A AT
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N o AN T bR 5 T By g o 1 D A L3R 4, I
O B AV A% i o B AR 8 I g (2 H B
AR I e ) R 5 DAL
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Table 4 Peak dynamic response of TNP

- W TS BE A/ (m - 57) TR AR X037 B W /mm I JJ W (/M Pa
X[ Y[ AD| Y1) AD| BB B LA HLNAR
TH1 EQ, 9.94  31.80 19.39 31.19 87.36 3.35 4.81 437.89
TH2 EQ. 1201 16.67 9.57 49.55 2.11 3.02 301.31
T3 EQ; 1263 18.64 9.92 41.16 59.28 251 3.28 287.39
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BOLBTHRS.
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Table 5 Acceleration amplification factor of the

top of TNP
T WA Jon 58 32 ik A 2R B
X1 Y D)
TH1 3.28 14.76 225
T2 4.78 7.20 1.39
T3 3.70 9.87 1.35

IS BT, R T8 1), A KP4 U
R PE TR R BB R . AR R 3 4 1903 L i
NS5 P T, P PR A )1 ) T JRE e ik 31K
g B 2475 L L L A TOUPR ek 1] 0 J3E Wi ST e

AU IR 18] 14 60% , Z 1) A WAL fIT o B8 R R O
F Y A1 1 20% 0 1] UL i) b 5B AR FH X L AR
24 TS A4 o028k 5 i 552 M AL XT58 7N o
1.4.2 X & T3 ABSALAS vy J2 4T

o DR P B TR A 2 A R ik
RS, S B R Z MR A — 2ok, B
VLA SO A 215 H 0 SRR [R) 15 P S P T i
WAELEA G L, 35 KA TR RS P RE 2352 M 1 45
MIIEH TAE, E R RARIN, SO R T4
X A5 % 5 [ B 2258 86 G A ALk 248 XoF A7 A 2 {1y TR
FAXHOLRS o & 4 v AT, T3 1 7KF 5207 W)
Y Ia], HY ) TR AL e R T X ), &6 T
Bl 1R B Y ) AH XE 7 F% w0 R AR HE U {3k
87.36 mm, ik B AN A = 1Y 1.32%, 7 255
KeiE o XA THUT Z AN RS I (E ] 0, AN ie
1 1) bR Bl A RIS R i) (57 B M [0 1438 /N T
TR ), 25 T80 N AEXS 7 B W AN BB 3 4 mmo
IERT UL, bR AR R X T2 H AR B A 86 ) 47 % Ty
SEMEL/IN  JEASTT DL 20



-176- 20264E6 f y § X3 4 ek el
1001 N F3/Pa
A 7508 WP ES |

50

AR /mm

—50F

—87.36 mm
0 IIO 2IO 3|0 4|0
ENEIS

El6 PBREFXTNERY @B TR

Fig. 6 Time-history of relative displacement of
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disconnector in Y-dierction(case 1)
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Table 6 Peak stress responses and safety factors of TNP
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Fig. 8 Arrangement of isolation bearings
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Table 7 Mechanical parameters of the isolation bearing
IKOFEER T S50 Jet ARy JEMEN Ak
&N-mm™)  JBH/% WIEE/&N-mm™)  FE/(N-mm™) J7/kN
1.12 22 9.55 0.73 40
22 RREBIEMHERANTEE
22.1 EA&TRIAnik B 5 AR XALAS vé B 2 P
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JAE Ji ) 52 gl 7 T S8R B, R RR i X i U (L e 2
SFH T AR AT 28.11%, VI RS 23.02%., Y
Ti] F) B o R B A I T X 1], 5 ) R SRR T
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Table 8 Horizontal acceleration amplification factor of

the top of TNP
T WA A TR R FR
X1n] Y[
Bra s T e P R= i L
T 3.28 1.13 14.76 3.63
T2 4.78 1.08 7.20 1.51
T3 3.70 1.01 9.87 2.32
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Fig. 9 Comparation of time-history of relative

displacement of disconnector in Y-dierction(case 1)
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Fig. 10 Comparation of time-history of local stress of
bracket plate(case 2)
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Table 9 Peak stress response of bracket plate

T4 B 11/ MPa P72 J5 /MPa B 5%
T 437.89 100.19 77.12
T2 301.31 72.13 76.06
T3 287.39 69.20 75.92
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