2015 % %39 % FE G EKFFIR(ERAFR) Vol.39 No.3

%3 M Journal of China University of Petroleum Jun. 2015
XERS.1673-5005(2015)03-0165-05 doi;10.3969/j. issn. 1673-5005. 2015. 03. 023

700 MPa 27 8 24054 R B fili i F e v 4 Pk sE 40 Br

Zo#E, fhwne', miRHE, £3H
(1. P BB HXFNE TRLRE, LA F S 266580; 2. 7 B6 bR KA FiE L E N FLH, TES 065000)

FEEE A FHEESEARXS 700 MPa S0 SOk B AT SEA T . 1l SRR B A0 AR A HAT R PR AR e
RSP T A SR R T2 BB BRI ) 60 MPa B4 A] 3 s THUEB ) 120 MPa TOUER ] 1 s B,
AT KA AR R, BE BRI ) SRS Ml 1) 4 e (0 e R LA B0, A i B R ARk T By A5 TR
DCHERSEM IX 2 A BRSBTS, R R AL AR 9 ~ 11 o BRI 123k HAZ 0 OB B2 e B
FEAR 4. 13% PEARSR B2 e T35 715 MPa, W 229% , WECAR R 68% , i B0 T 3% 98 ), S MLy v T

KERIA AN ARRLEN ;BRI Bk A MERE

FESES TG 453 SCERARAERD A

51 AR ik, AN TOnR  ARIRL, 55, 700 MPa 0 40 StoRL B AT FE AR PERE 0T [0 ] ob AR 2 2 4. A SRR
2£0,2015,39(3) :165-169.

FENG Tao, SUN Keqiang, YU Zhenqi, et al. Performance analysis of 700 MPa grade ultrafine grained steel friction welding
for sucker rod[J]. Journal of China University of Petroleum ( Edition of Natural Science) , 2015,39(3) :165-169.

Performance analysis of 700 MPa grade ultrafine grained steel
friction welding for sucker rod

FENG Tao', SUN Keqiang', YU Zhenqi®, WANG Yinzhen'

(1. College of Mechanical & Electronic Engineering in China University of Petroleum, Qingdao 266580, China;
2. China Petroleum Pipeline Bureau Domestic Division, Langfang 065000, China)

Abstract: Friction welding was used in the welding of sucker rod of 700 MPa grade ultrafine grained steel. Experimental
results show that ultrafine grained steel has good weldability of friction welding when the friction welding process parameters
are strictly controlled. It indicates that the grain growth can be inhibited effectively when selecting the following experimen-
tal parameters: friction pressure of 60 MPa, friction time of 3 s, upset pressure of 120 MPa, upset time of 1 s. Friction
time is the most important factor affecting the axial expansion allowance. Ultrafine grained steel friction welding joints are
mainly composed of welding seam, thermal-mechanically affected zone (TMAZ) and heat affected zone (HAZ). There is
a slight grain growth with the maximum grain diameter of 9-11 pm in the heat affected zone. The performance analysis of
welding joint shows that micro-hardness of friction welding joints is lower than that of the base metal of 4. 13% . The tensile
strength of the ultrafine grained steel friction welding joint is up to 715 MPa, with the cross section elongation percentage of
22% , the cross section contraction ratio of 68% and the impact toughness of 98 J, which shows a typical ductile fracture.
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Table 1 Chemical components of base metal

s

JLHR C Mn  Ni Si P S v Al
S8 0.21 1.37 0.04 0.13 0.015 0.005 0.03 0.047
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Table 2 Mechanical properties of base metal
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Fig.1 Microstructure of base metal
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Table 3 Friction welding experiment scheme for
ultrafine grained steel

R BN BEERNE BURIE TUREE
75 pi/MPa /s p,/MPa /s
1 40 1 80 1
2 40 3 100 2
3 40 5 120 3
4 60 1 100 3
5 60 3 120 1
6 60 5 80 2
7 80 1 120 2
8 80 3 80 3
9 80 5 100 1
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Fig.2 Joint morphologies with weak, middle

and strong welding conditions
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Fig.3 Metallographic analysis of friction welding joint
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Fig.4 Metallographic composition of friction

welding joint
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Fig.5 HAZ microstructure and composition analysis on friction welding joint of ultrafine grained steel
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Fig.6 Hardness distribution of friction welding join
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Table 4 Tensile test results of friction welding joint

E Brhrg JoE R FiE {2 W g%

F5n o,/ MPa o./MPa 8/ % v/ %
1 320 — — —
2 740 620 15 67.5
3 700 590 11 50.2
4 590 — — —
5 715 605 22 68
6 690 570 13 60
7 635 — — —
8 680 550 13 55
9 600 — — —
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Fig.7 Macrostructures of tensile test sample
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Fig.8 Fracture microstructures of friction welding joint
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