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Friction Welding Technology of Ultra—high—strength Steel

QIAN Xiao-liang, JIANG Hua, WANG Bo, JIANG Chun-mao, LIU You—-jiang, LIU Yan, FANG Xiao—ling
(North Hua'an Industrial Group Co. , Ltd. , Qigihar 161046, China)

ABSTRACT : Objective To study the friction welding process of a product. Methods The joint structure and properties of
ultra—high—strength steel 45CrNiMolVA under different technological parameters of friction welding, as well as the effects
of different tempering temperatures in heat treatment on the strength of welded joint were studied. Results The results
showed that the high toughness of 45CrNiMol VA steel could effectively guarantee the toughness of welded joint, which met
the high performance requirements of products, and improved the performance of the welded joint. The correct determina-
tion of heat treatment after welding was the important guarantee for the performance of weld and parent metal structure.
Conclusion Trials showed that ultra—high—strength steel (45CrNiMolVA) could be used in the friction welding production
with ideal performance.

KEY WORDS: 45CrNiMol VA steel; friction welding; tempering temperature ; structure performance

R AL N R R SRR R R R R R AN AR, i L ERRY
o PR AR, Ho RPN S T RE W BRSAR, FRTSR E 42T b R R R AR A =S T
TRHET IR, EARE RS EERIWMA L A I WSTENL ISR LIRS, SN ST IR
20 122 50 AR, R E LR LA ORI AE 0 T0as T BERTEHIbE . SRR, 8 e o B2 4R A PR I |

s B E: 2014-03-26
{EE® N &2 (1983—), 8, ERILFFERA, LRI, FZMEF WAL BT,



Fot Hi4l

B AU R AR e R B T i R, 5 i
PRRLE AL RIE B SE SR B BT AR R F R
F 07 AT IN T PR O S S A A R I T — T
SRR AR

FERIRF AR 200 100 Z AT 5 KR, B
R — TP St R ROR ik R R A
P I RE MRFE AR T BRI, B2
BT TA R AT ), B P X 45 CrNiMol VA 4 JBE 442
PR RIS AR B T 2058400 SCH R B R
FEHARNT 45CeNiMol VA 5 i 5 45 F4) B9 S 422 00 1 7
5%,

B8 A R I B 7 i DA 45CeNiMol VA 54
SR JERA R R SR = S i TR e i & K
W AR, YT 2 BN T A e 5E L 7= & 1 B
PRI AR R 28I, Ja 22U T A 4%
I TN T A  BRAIR T AR P23 TR 40 Bt
PRk BUINJG , R0 B A A 4 500 P B B B R 4R 45
B ] DA g s T R AN I TR R A
G 1 R A 0 B K A AR 4R T L A Ak 2 1]
KT 258 2 AR UE T B R AR 45 Tk RE A

BRIGESE 25 g 0 5 Y B AR L 2P 75

AR
1 REHFRIRFE
1.1 45CrNiMol VA #B 538N IEEEIE S

45CrNiMol VA ‘B2 3 [ Ay 48 =y W iy 2l B, >R H]
LA N+ ELZS H REIP R LA IR R T2
VY 1 e B 2 R, AR AR K 2 AR ) R A, B AR
s A 0 B ISR — R SE R K PR S T
AP T A58 U™ b )RR e T, & 1 5
TR AR Yl AT R 1 AR R T DL
B FES M TT R B S A B e, R ok Rl
W S EORAG TR AR AR . AR AR Y A
K (C,, =C+Mn/6+Si/24 +Ni/15+C1/5+Mo/4+Cu/13
+P2) it E B IZA SRS E R 0. 9% ~
1.23% , HRYEZLE, ik S 5 >0. 60% B, H9b 48 14
B, VERE I ) AR A, MR A 22, AR ) 2 v e N
MERE TR R, AR ELA A 2K A SR L
i 1e]

&1 45CrNilMoVA WL FER S (FRESH, %)
Table 1 Chemical composition of 45CrNilMoVA steel

C Mn Si Cr Mo Ni P S
0.44~0.49 0.60~0.9 0.15~0.35 0.90~1.20 0.05~0.15 0.9~1.10 0.40~0.70 <0.015 <0.015
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Table 2 Orthogonal test table of parameters for the

welding process

6 A B C D E
E9 —%  —% JEE 4 ik Tk
K ARl R ABm R P ]

1 10 2 0.6 10 30
15 2.5 1 15 40
20 3 2 20 50
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Table 3 Orthogonal test arrangement table of parame-

ters for welding process

T A B C D E
1 10 2 0.6 10 30
2 10 2.5 1 15 40
3 10 3 2.5 20 50
4 15 2 0.6 10 30
5 15 2.5 1 15 40
6 15 3 2.5 20 50
7 20 2 0.6 10 30
8 20 2.5 1 15 40
9 20 3 2.5 20 50
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Fig. 4 Pearlite + Ferrite + Martensite in the Heat Affected Zone
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Table 4 Physical and chemical analysis data of weld-

ing samples

Ak 5 b7

T SRR R, A a,

/MPa /% /(J-em™)
1 ML AERIE A 825 10 36,26
2 AT 850 9.5 34,40
3 JREEREE L i R AT 700 13.5 45,40
4 RS A RIS 850 10
5
6
7

30, 34
Yk i BT 850  10.5 31,33
YRk i BT 730 12 40, 40
JEpe Sk i BT 350 22 24,27

8 E%;%ﬁﬁq;ﬁiggﬁ 800 10 30,31

9 SRk i BT 750  12.5 45,39
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Table 5 Heat Treatment Technology in the test
P WKRTESH Bk T A4
1 900 °C x70 min 2 460 C x150 min
2 900 °C x70 min 2 500 °C x150 min
3 900 °C x70 min Jfi% 545 °C x150 min
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Table 6 Physical and chemical analysis data of sam-

ples
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Fig. 5 Tempered martensite + a small amount of tempered

troostite
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Fig. 6 Tempered martensite in the weld structure
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