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Analysis on reasons of overheating fracture for 35 steel extension rod

Guo Xinliang, Dai Keshun, Yang Yingchun, Yu Hongjiang, Jiao Zonghan, Zhou Jingbo
(Electric Power Research Institute of Yunnan Power Co. , Ltd. , Kunming 650217, China)

Abstract: Extension rod is an important load-bearing connection fitting for transmission lines. Therefore, for an example of an extension rod
fracture for 500 kV transmission line, the reasons causing the overheating fracture of extension rod were investigated by macroscopic observa-
tion, material composition detection, mechanical performance detection at room temperature and high temperature, metallographic structure
observation under different heat treatment conditions, fracture morphology observation and current test of extension rod. The results show
that the poor contact or disconnection of jumper conductor clamper causes the extension rod to generate serious heat for a long time owing to
passing through large current, the pearlite structure of the extension rod changes from lamellar structure to spherical structure, and creep oc-
curs under the action of wire tension, then the bearing area decreases and the tensile strength has a significant drop, finally fracture occurs
on the extension rod under the action of wire tension. Thus, the research provides guide for the line patrolling, installation and repair work
of jumper conductor clamper.

Key words: extension rod; jumper conductor clamper; creep; overheating fracture; transmission lines

ST o e A FEL o P A — b 4
B, TSR PRI, R 35 R AE
BRI T o AT AR I D7 2 4 s
Lepsivg i g L BRI, R 0 el H 2 ) 2 e AR

5500 kV Hi L Z BRI AT P A A R ],
F ISR AR, AR B 11 S sk3E K5
AR (B 2T 7 PLIERE R KRBT BR,
— R H, A MG ERENIT . ACE AT

SEIBAT o IERPLFF WA RN 206 . MRA 1%
SRV AN G BT 5 BOCRL AT Y 8 B ANl A2 151
BRI ML IB AT R i S O %
Fy RN BT AR AR A A R R
ESETFIIALT B AT P B K i) o R S L 4
GRS | 1R R AR TR

WrRs BHI: 2020-12-17; {&iTHHE: 2021-02-16
E&WH: ~EHMEHLTHE (YNKIXM20180175)
EEEN: R (1971-), B, %+, SRTRI
E-mail: 330965365@ qq. com

KARFFFRLS], R B MG . )
SEVERERGIN . R A PR F R AATASUREE . I
DTSSR ST, X KRR
OB, RIS RE KT AT B4 5 R, i ek
B L IS WL e (280 5T Tt S
1 KB FEE5ER
L1 EWR

o WA (T AR I AE K BT AT 2 IRAE
WF LA K BFT O G TR, BT 597, PR
B TR ORI 5 LA A BT A KT 9 350 13 %



514

SR KA 35 FNHE AT BB 2 R 3 A 217

MERBERE (e, W 1 TR, W7 20 4 R AF i Dy 1A
BB AR Y, W B R R, EL T 113
B, RN N SR S B 2 R AR 5 I
HUFTER, W2, &3 fis, Wil el K hnpT i w7 F 4k
HEA @16.07 mm, FERFIFFHY E AR A D22, 19 mm,
W TR T TET AR 3R 20 47. 4%,

FL S S AT

Fig. 1 Image of replaced extension rod
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Fig. 2 Morphology near fracture of fractured extension rod
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Fig. 3 Fracture morphology of fractured extension rod
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Fig. 4 Local melting morphology of support rod

TR 2 3K F) 660 C LI L
L2 5l

R K AEEIEAL, 208 GB/T 4336—2016'"°
ST BLAE RTS8 K AT AT
BRI B R, R 45 5 2 1, SE KR AF Y
BEE TR 35 B, AORME 2 BRI 2 SR A5 5 b I
BEHER

®1 ERAUFHEZERS (%, RESH)

Table 1 Chemical compositions of extension rod ( %, mass fraction)

oK C Si Mn P S Cr Ni Cu Fe
WL S 0.362 0.261 0. 686 0.0192  0.0223  0.0182  0.0262  0.0452 Sk
RETER R 0.344 0. 260 0. 672 0.0172  0.0168  0.0196  0.0301  0.0459 S
B AE K AT 0.321 0.249 0. 634 0. 0335 0. 0058 0.0721 0.0109  0.0847 Sotm
35 BRI ESR . 0.320~0.390  0.170~0.370  0.500~0.800  <0.035 <0.035 <0.2500 =<0.3000 <0.2500 #4v&
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Table 2 Test results of Brinell hardness and tensile

strength at room temperature for extension rod

FR i BT 2/ HBW HLHIBER S/ MPa
W BE AL AT 165.2 —

AW IR AT 175.0 624

BT B 171.2 620

ARWTHEAHIAT B PRI EE S 624 MPa, 7 4E K i A
AR B 0 620 MPa, S S A 70 47 558 32 (L 1
JRESR (/T 530 MPa) .

SR GB/T 1172—1999" " Ay RLAE nI 1, T4 4E
AT A A A A0S L 4707 58 B Al T {ELAE 576 ~
582 MPa Z[a], #eSMHTHIR MW 22K (/)
F 530 MPa)
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R R R A TR, OB A BT A BT 9
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SRIEAH L FEAR T 44. 7%, Brhm B AE A i 2 245K
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Table 3 Test results of tensile strength for new extension

rod at different temperatures

IR/ C 23 300 400 500 600 660

PidisE/MPa 620 605 546 343 203 110
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Fig. 5 Curve for tensile strength of new extension rod

at different temperatures

6 FTRE I RFT B s IR AR P b

Fig. 6 Images of specimens for new extension rod in high

temperature tensile
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Fig. 7 Metallographic structures of extension rod
(¢) Fractured extension rod

(a) New extension rod  (b) Unfractured extension rod
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Fig. 8 Metallographic structures of new extension rod at different temperatures
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Fig. 9 SEM image of bright area for fracture
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Fig. 10 Dimple morphology of fracture
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Table 4 Energy spectrum analysis results of fracture

( %, mass fraction)

frE C 0 Si Mn Fe i

WEEX 6.68 31.48 — — 61.84  100.00
SeEEIX 11.81 32.34  0.56 0.98 54.31  100.00
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Fig. 11 Macro-morphologies of tensile fracture at different temperatures for extension rod
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Fig. 12 Dimples morphology of tensile fracture at 660 °C
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Table 5 The maximum temperatures of new

extension rod in current test

HIGH /A 252 505 750 1000
IR E/C 101 249 380 >550

+1>550 °C
g/ C
537
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Fig. 13 Temperature distribution map for infrared detection of

extension rod
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