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Abstract

In recent years, with the wide application of long-span suspended tubular busbar in substations
of various voltage levels, the problem of excessive deflection of tubular busbar has become more
and more prominent. In this paper, relying on a 750 kV substation, aiming at the problem of ex-
cessive deflection of the long-span suspended tubular busbar, a three-dimensional finite ele-
ment model is established to calculate the deflection and field strength of the tubular busbar,
and a new type of tubular busbar suspension system is proposed by means of comprehensive
comparative analysis, theoretical calculation and true-type testing, namely, V-shaped insulator
string with double-sided auxiliary cable tubular busbar suspension system. And related fitting is
developed and manufactured. Compared with the current solution, the tubular busbar deflec-
tion in the interval and between the suspension points of adjacent intervals can be greatly re-
duced to less than 0.5 D (D is the outer diameter of the tubular busbar), and it has the advantag-
es of controllable field strength, simple structure, and convenient construction. Taking a 750 kV
substation as an example, it can save about 28% of the investment in the tubular busbar fittings.
The research results of the V-shaped insulator string plus double-sided auxiliary cable suspen-
sion system and its special fittings provide technical support for the subsequent construction of
long-span suspended tubular busbar projects, and it has broad application space and excellent
social benefits.
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FRAA [E 5 Hi 12 462 (2015) 902 5 (1 SR ML 28 W] G T B[R 7 A GIS 5088 F 4 1 B S e it R g s 4
Mk @ sn) MER, X HIEZERM 25 K (K: FF/RIC, #5000 BB X, 75 A BRI B B
AN P AN SR 48 2 4 B P AL A F 3% (FRTFR GIS)e PRIEXT T HR ZE RO Ry st , AN dk 4
ZIR G A G B (W HGIS)E P N GIS, H N GIS R TTHIR, #Huihk AR, Rk
JUAF HGIS. 1A HGIS BEEAE TR =N, XA MNER. Har, &5V RECE Dy E M H s
220~750 KV [ZHMAC HL % B (bRt REZR TR 30 1] S56 RGUTE i, — S Bl A7 T Sl X, R
PRSI ER,  TiC PR T (R] R O P S8 R A A BT N[2]. PR, K R i s B A B 2N
PRS0, A8 B8 P 0 BT Sk 1D 1) 80 A1 R >R B 22 [3] [4] [5]

TSRV B R (AT RR T BF), R K, AIRAERT, S5l&Fa&H TIERE. Fik,
ML E SR HE A KT 05~1.0 D (D NERME). TR MBAERE, BRIP4 EEREkK, 2
R, HENHREIE R, SRR 1) A RREMR A I B 4 R BT 0%, 2l R T O
fil Sk s IR, BRI RTCIEIER A 2) BmaUE R T AR A e Rk 3) BmlE
BEES It TR, S TR SE ML MK [6] [7] [8].
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SR KB R T BRI K R, L P A O RV T e 1) BOIMMIR, /N REES
T AR P BRI I, 207 SR S0 4 AR KR I, 85 M 22 0] [10]. 2) & BER 3R L 28,
DA B A BRI, TR B R, NI TR A SN, Tk U B K BB R
RS B (L AR . 3) WLEHASHI 4L, L 4 HL B BHR (1], HAT, O MEsk e B
ERRSHE RS, FRERGR, SRR, W LEAEE, FRS R
TR T T2 [12].

FRFEE 750 KV ABHINE, BRI A BRI, S50 A0 W7 2 S b i, R0 T
R R RS, IR O UM RISy S A R, TR E K AR R A
BRI HITEANT 1.0 D (D A ESME) I H .

2. KEERPAEHREEFIERS
2.1 KIETIEE T

3750 kV A% HE s bl [ AR AT AR = 29 1940.00~1920.00 m, 750 KV it B 2% B 5% P 4 HGIS % 4%,
wEBmNNERE
750 kV &M E RS EIE 1 iR

Table 1. Tube bus parameters

=1 B8

Jrs A ZHUH
1 ERA Y FREERE A 4 T 6263-300/276
2 BATHIE 750 kV
3 R <2000 m
4 IF1] B B 48 m 1 42 m i ff
5 (AL S5 A TR A U

NG BERR R KA 51 R I ) A, BE5K 750 KV 8 T BE IRV BE A 5 P BERRIE . RAH AT 1) e 2 1) A
Z [ ) BEBe % F# HI7E 0.5 D (D = 300 mm) LAY .

2.2. {EHRIERES AT

1) BB B RE 1) 4 FOE AR R 5T

GBI R L EMNE KR M AU B R B R, DAY R BEPS FE, AT i 8 BEFRE[13] [14]. 750
KV i K 46 2% 7 5 R KK L 10 m, ACTF 7 RG220 9 me (R, FIa16E P & REDEEE R AN, 5N HH AR 1]
B s A [P A B B A 20T 20 my, A i AN Ak A 2 3 o ) 9 P9 B AR AT Tl B A B ) e

2) PR SRR I

TR A B2 0 Bl b, vk — PR A R SR I A5, SRR VR B TR, DASEIIR
INEBFRER E B RIS MILER 4 TFE 500 kV f42, 330 KV #4248 O ek, DA ORT B 15 2R f) i)
A BRI BT FIZ AT . T 750 KV V B sk 46 4+ T AE TG — AT B E 2 MEs, B Z4 1
750 KV FEEZ PRI SEMAPEA 2 -

3) ZIREBIHFI WL

T EARRR T PR A SRR AR, TR 2R /N BAR R A R oy R . oy REL5 K0 2 AR E B
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3.1 BIHAR
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RAE, TS =G neRNEEmail DEAME, U a e R BBE R 3) =mEm
SR DO Bl 2R & A5 R P AT T BT B A s m A i, SRl hn K R R R, K
JERT I SE R AAT 155 4) ARSB RN B 2[RRI Bh A 2 S 432, R AR A 2k e 1oy Iy A 488 i £ e 22,
INTT T 15 8 P
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1=rREmneH 2 B REBk L 5 H

Figure 1. Pipe bus suspension system with V-shaped insulator string and auxiliary cables on both sides
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3.2.1. BRARGEHHANEES T

IEHAEOT, SRR M BLT B mirh 3, S 75 P 1 0 A 3 P E B AN AR, (R TR
AL 512, HME R EE SR AR SR A, R TR R SR T A ) B
PeRE . EDERERMVEE, MBAEAE . Fil, BRI ARE G B P g — A5
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i o LB A RIEAT RE 7 HT
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Figure 2. Photo of the tubular busbar tilted to one side

2. ERgLE—MERERA
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Figure 3. Force diagram of the tubular busbar inclined to one side

E 3. ERLE—MEMZ RS E

HE M RIS TLEDN G I, JHA R —MBURL, WM EY) Gy, LAHER
B BEf - MUMBURH I R B (S B TER), RO R T
M M 5 NESHERIE N R G il EIFE R th A AN R, AT g MR, 20

Fro =(L/L)*G @)
Fro =((L-L)/L)*G )
Fh 2 U 5 SR 0 1 FRLHT Gy 20 BAE FAZE b 2 A P AR S5 b PR ) P, BT F gy Y819
Fro=((L+L)/L)*G, 3)
Fio1 = (La/L)*G @)
U ORAF 04, 0RO RS2 T EER T4
Em+Fan=ﬁm+Eml ()
R, SARCRFRAEARCAT, AR MG E G,
G =((L*L)/(L+2%L,))*G (6)
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Figure 4. Force diagram of the insulator string at the hanging point on the frame

B 4. BT HRAMR EERQNZIRTE

A R B RIS T HE RS Fa 1 Fg AT 20 i O 5 T AV B A2 TR B80T AT I =0 70 B
P S A R RRAGT ., T A Fac 55 Fac IR UAH BRI, Fag Ml Fee NAEZ T ERE A HAEITA &
PFEIH) U4, C i1 D FITES A 5 B A .
PSLLIVEEARSZ ). ERRAE AEZ ) E RRACR AR SR I A 6~ PR
E R A2 IH — KT 71 Fese RN
Fes = Fas + Fgs =TANG(2)*G/2 @)

Figure 5. Cross-line force diagram
B 5 B&ZHhE

E
P N\ o«
E ‘ EG % FE
' 7‘,,,.5 . FES I

Figure 6. Force diagram of the hanging point of the tubular busbar
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Figure 7. Tubular busbar structure diagram
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322. BRARGEITAR
1) B RGBHEI
Q) NLEA RUFM A MERE, R EIRER . HiE R 750 KV, i TR 825 KV, #E HLif 5000 A
b) SREERIEE. J1%VERE RATF, WAL TREIFER . MELERBPHL: ERBITRARNF
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Figure 8. Structure diagram of the tower support fittings of the tubular busbar
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) TEMG RAME . TAUHE(635.1 kV) N, Ton] WH#. o BT H/KTHEHI7E 1000 pv LR . HZEHR
RPN T G B R R AUR M RE &

d) iR E bR dE . AT R RVEE SR, G, B S EER, #T 2R 1.

e) FREEHIFHAN LR T 55K S 2L HLFHAE .

f) LI FLNIE S RS2 AR B B (T sk 2 e S ) 0 2RI 4R 71, AN T i T 771
65%, A4 TR IR K (R &R LI SR ), NA/NT FL R 11 10%.

2) ER=RE R &AM

Q) ERHEA S & RN Rl
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Figure 9. Structure diagram of height adjustment mechanism
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Figure 10. Structure diagram of the fixing fittings of the tubular busbar
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Figure 11. Structure diagram of the double-sided auxiliary cable for the three-point suspension hardware of the tubular busbar
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Figure 12. Sectional diagram of a typical 750 kV busbar partition in a substation
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323. BRAGMEITH

NIRRT A AT 1, X RS EE R PR A3 3R EAT T COMSOL =445 FR T B 15 [15]
[16].

DAL ML 48 m REZRIRIRG S VE T AN S, SRV BL46 25 1 H3 XU 4 B R 2R (1 6 BER I R
4, WK 12 Fis.

1) ERHREGEIE

a) AR HERA FE BILAL I KA 133 mm;

b) B G0, BRI R K R N S B, B R R B e IR RS i v
i

c) B4 80 kg I B2 Rt/ o

2) BBRGHEG A EITH

Q) SREMABGTIEIN, BRHEIC, PhERLL ISR T HL 37 58 B B KA I DAL s B f i, BUiE /S
T 2.3 kV/mm;

b) BRL BN ERARIGAR 2 T 37 5 B KA T 2.3 kVimm, 481 A KT 4 mm B, ATRE
£ 2.0 kV/mm LA .

3.3. AEIAWENE

PASE G S0 78 48 m B2 [R]RG 5 R F VB8 251 ER DOSUI A Bl Az 2R 3 B8 i R G D iR S i e
PR KHESE I TR, 7RG X B2 e REEAT & [17] [18].

REABTRFGZE

1) IR

a) AER I I Hh R ARG 4 A

b) RIMEHEERE S 4 BF 6263-300/276;

c) W Vv B 4a Sk B Al Bh R R K REE O RS R A B

d) MR AR & T R

2) RIS

BRI 46 m, HEAPEE 48 m; B RER R SUBIEE S AL 7.84 m (BRI B S8 00 8.84 m); DU
MR RFR AR ELIE RN 6.5 my [ — ML S AP B 7.06 m. B RELR = B R & B A U B S 2R A N
35mAl4misy, XFHCH T R OG/\F B LA K 70 AT IS, B RR = AR i A i SR R
OIIFEE 9 0.6 m, EAARSHERIE 130 & 14,

3) I T7 i S A B

RIS, A7 TR TREH A L3RS AT RE B . 85 20 3 BER IO O BORAS . o H (B
G ER) F A S R AS R H% B2 HEAT I 58 A0 35 o 0 BE P I A H 1] L 4 A\ B A A L AR (BT A
C AHBI FLR) AT I &, WM A& 15 Fioss

Horf 1, 5 fUNE BRI A, 2. 4 SUNE RIS BEE A 21, 220 41, 42 HER=AERE
B )\ RSB 0 3 SO BRI L 31 AN AL C TRINEI FRMALE, M40k B (R B )
G ERET, AN AT
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Figure 13. Schematic diagram of the attachment when the span is 48 m and each side of the figure-eight tower is 3.5 m
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Figure 14. Schematic diagram of the attachment when the span is 48 m and each side of the figure-eight tower is 4 m
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Figure 15. Schematic diagram of measurement location
& 15 MEMEREE
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Figure 16. Schematic diagram of the side arm of the double-sided figure-eight tower with the three-point suspension fittings
of the tubular busbar

E 16 E=m2ReRREN/N\FERIERNEREE
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Figure 17. Schematic diagram of the side arm of the three-point suspension fittings of the tubular busbar with the two points
21 and 42 removed
E17. EB=SER&EEE 21, 2HIHNEREE

21 22 41 42

Figure 18. Schematic diagram of the side arm of the three-point suspension fittings of the tubular busbar with the two points
21, 22, 41 and 42 removed
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Figure 19. Diagram of the method for calculating the deformation of the tubular busbar
B 19. WEERBLTHENG EE

P16 P KT R 9B I K A R ST IiD, IR 22 R Sk BR Il . R T 20 4 5

DOI: 10.12677/sg.2023.131003 40 e


https://doi.org/10.12677/sg.2023.131003

PUEI

HELRIHELR NN, ARTEEOVIEE, $eEE BN, AR RN U,

6) I H i

B RE= pE i BB E O\ B R, AR IE A6 3.5 mo (VR B\ e (B
NHERIT%—), MEHHEELE 2

Table 2. Deflection measurement data sheet of tubular busbar (arm extension 3.5 m on each side) mm

=2 ENRENERER(EMELMH 35m)

o MR MBE NBE MBE R MBEE MBE MR MBE R R TH

1 21 2 22 31 3 41 4 42 5 %

P RE S 3.5 m; /2

BCE 70 kg, AMECE

80 kg; H[H] 41 & 160 kg;
M7 1191 kg

PO B % 3.5 m; A2

MIFCE 70 kg, A5 0L =

80 kg; HHIH] 71 E 200 kg;
M7y 1221 kg

P R % 3.5 m; /2

S 20 kg, A0 i =

80 kg; 1 55 15 KA H
200 kg; I 7j 1207 kg

PO SEH A 3.5 m; i
BEAMIEE (21 42 &); K
4 879 262 0 2.8 83  6.21 0 238 721 879 UA'HE 90 kg, A{UKCE
80 kg: H/H] 471 E 160 kg;
M7 1115 kg

P REf A 3.5 m; il
BAMIE (21 42 &); K
5 894 318 0 8.2 925 88 0 182 68.6 925 fURCEE 100 kg, A7 MIALE
90 kg; H[H] 471 & 200 kg;
I J7 1143 kg

PO B A 3.5 m; il
FAMUE (21, 42 55); K
6 433 122 0 168 44 74 -2.8 0 328 947 947 IRCE 45kg, AMINCE
90 kg; 1 A% 15 KA
200 kg; I7J 1125 kg

PO ZEH S 3.5 m; 4
HERME (21, 224 41, 42
R)s AMECE 80ky, A
MIEZE 70 kg;
rhA] 4 200 kg W A7
1008 kg

1 867 378 0 -2.8 585 -0.2 0 242 653 86.7

2 715 308 0 1.2 76.7 -0.2 0 19.2 553 76.7

3 436 173 0 12.7 299 51  -10.7 0 347 885 885

7 943 36 0 4 106 9 0 29 82.7 106

I3 2 A

a) B LATEEOR, B R R

b) AR ES TR, BCEE LR, SE M ROR S BN E AL

C) W& R P IL MR AZ I, X ES R BB A, (E o — 3 Sk B PR B3 D kAL /D 5
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d) #E =i meRSMIE, SUEBRNR, HPeE ok LA A <5 18] % i BRERZAL

e) M= iEMERWME, NOVERTT R, SRl PHR, SRERAREE T,

B RE= U S R E O\ B SR, RO AE A 4.0 mo (VR B\ a0 e ] (B
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Table 3. Comparison table of deflection measurement data of tubular busbar mm
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Figure 20. Comparison diagram of deflection measurement data of tubular busbar
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