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Mechanical Properties and Microstructure Characteristics of Radial Friction Welding
Joint of 10 Steel and 35CrMnSi

CHEN Da-jun, LI Zhong-sheng, ZHANG Long-ping, DAI Ming-hui, DAI Ye, FU Yang-fan

(Southwest Institute of Technique and Engineering, Chongqing 400039, China)

ABSTRACT: The paper aims to study mechanical properties and microstructure characteristics of joint of 10 steel/35CrMnSi
by inertia radial friction welding. The inertia radial friction welding of 10 steel/35CrMnSi was tested. Microstructure characteri-
zation and mechanical properties of welding joints were studied with OM, ultrasonic testing, universal material testing machine
and micro-hardness tester. The results show that the crack, slag and incomplete fusion were not found in weld zone of inertia
radial friction welding joint of 10 steel and 35CrMnSi. The bonding rate was 100%. The micro-hardness curve of welding joint
was high in the middle and low at two ends. The average shear strength of the welding joints could be up to 520 MPa, which
was higher than that of 10 steel base metal. There was obvious serrated bite at the welding interface. The HAZ in 35CrMnSi side
was fine martensite and a few bainite. And a plastic deformation layer with obvious metal streamline was formed in 10 steel side.
The plastic deformation layer near the welding interface was a fine grain region with a thickness of about 150 pm. Few marten-
site and ferrite of microstructure were in the fine grain region . The results show that dissimilar metals of 10 steel and 35CrMnSi
can be welded with high-strength by inertia radial friction welding.
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Fig.1 Microstructure of 10 steel base metal
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Fig.2 Microstructure of 35CrMnSi base metal
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Fig.3 CT-30T inertia radial friction welding machine for ex-

periment
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Fig.4 Schematic diagram of inertia radial friction welding
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Fig.5 Macro morphology of welding sample
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Fig.6 Ultrasonic testing figure of welding joints
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Fig.7 Shear strength of welding joints
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Fig.8 Micro-hardness distribution of welding joints
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Fig.9 Longitudinal section microstructure of welding joints
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Fig.10 Cross section microstructure of welding joints

35CrMnSi BE#F (A X)) FIFGEZmIX (B X ) 1
WHLUILE 11, AT, #EERX (B X)) JEEY
500 pm, A LUk SORLAN /N S FC AR DTG4,
X F B T X R R R AL T Ac3 DU L, 24
221 T RICIARAL, PR ST BT 47N [ AN
/D DLIGAAR, B 35CrMnSi Ml HAE i X 15 (9hs BiF (i
e, XA 8 s Y WA B A LA ) A . SR
VEGZI X ) 35CrMnSi HEVES S5 RM —5, £IL
M AR

B 11

HE

Fig.11 Microstructure of 35CrMnSi base metal (A zone) and
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Fig.12 Microstructure from welding interface to 10 steel (D
zone)

3 it

1) RABERm EEEERLHT 10
/35CrMnSi 504 1) e o i 4



F10HE 2

WRRCZE A 10 H9/35CrMnSi 2 ) FEAGEAE 1 Sk 1) ) 271 B S 2L SURRAIE 121

2) 10 #4/35CrMnSi AR 1A) BE AR R Sk R X
WARKIMMLG, Jeils . RIGEGHEZEE, HE %
100%.

3) 3k I R A S R e R] s R S AIG A 4
fE, SEETYIREE L 520 MPa, B& T 10 B9RFH .

4) 10 H49/35CrMnSi K542 51w A B S <l otk
WA, 35CrMnSi Ml A4 A i XA 40 /N B G AR A /D
DURARZNZL; 10 SMMDE & T — 2 54 B 8 4w i 2k
P EAPEAR T 2, S K B ) Y M AR 2 R 2
150 pm A9 40 SR IX, HAH 21 /0 B [ PR Rk 1A

S -

(1] A, ZEPRHE, BRIEHE. 35CtMnSi 4R THOEk ik
BRI RE R )], FREEER, 2009, 38(1): 6—S8.
XIE Rui-Jun, LI Lin-huo, CHEN Fu-rong. Study on Mi-
crostructure and Mechanical Property of Joint of
35CrMnSi Steel Plate by EBW[J]. Welding Technology,
2009, 38(1): 6—38.

2] Gl B, EEEE, SF MRS 8/35CMnSIA £
I T IMEHRFIED]. K221, 2007, 28(2): 63—66.
LYU Shi-xiong, YANG Shi-qin, WANG Hai-tao, et al.
The Interface Structure Features of the Copper Alloy/
35CrMnSiA Joint[J]. Transactions of the China Welding
Institution, 2007, 28(2): 63—66.

(B3] BREK, skFWN, ERkie, & B0 7T REE

35CrMnSi H[J]. #iEe2A4R, 2011, 32(9): 33—36.
CHEN Guo-qing, ZHANG Bing-gang, WANG Zhen-bing,
et al. Vacuum Electron Beam Welding of 35CrMnSi Steel
[J]. Transactions of the China Welding Institution, 2011,
32(9): 33—36.

4] A, BEERERR RS EED]. U T AT,
2006(2): 27—29.

ZHOU Jun. Development and Prospect of Friction Weld-
ing Technology[J]. Machinist Metal Forming, 2006(2):
27—29.

(51  BkEGAS, ZER. SRR BOR AT Tolk
SRR, % UL TR, 2017, 9(5): 73—82.
GENG Pei-hao, QIN Guo-liang. Inertia Friction Welding
Technology and Its Application in Aviation Industry
Field[J]. Journal of Netshape Forming Engineering, 2017,
9(5): 73—82.

[6]  ZEZE, ks, JZE, S WIHAREE OB ) FE 4
JRFEL B I SEmm [T]. 48R3k, 2015, 36(2): 19—22.
QIN Guo-liang, LING Yong-liang, ZHOU Jun, et al. In-
fluence of the Initial Rotation Speed on the Formation of
Inertial Radial Friction Welding Joint[J]. Transactions of
the China Welding Institution, 2015, 36(2): 19—22.

(7] BRR%, fRIEZE, TRICEE, % K418 iftatS 42CrMo
SRR AT B SRR 5T [T]. 45442, 2008(6): 58—60.
CHEN Da-jun, XU Xiao-ling, XU Yuan-ze, et al. Inertia
Friction Welding of Dissimilar Materials Between K418
Turbine Disk and 42CrMo Shaft[J]. Welding & Joining,

[10]

[11]

[13]

2008(6): 58—60.

BT, SKENEE, FhFE, %F. LF6 A8 S A BN
Fift < JR PR EE S0 T2 BORWESE )], TR T2,
2016(5): 68—71.

ZHAO Yan-hua, ZHANG Li-na, SUN Xiu-jing, et al. In-
ertia Friction Welding Between LF6 Aluminum Alloy and
Stainless Steel[J]. Aerospace Materials & Technology,
2016(5): 68—71.

PRILE, BUIHE, BRRZE, S8 AEEH S BRIV
BIREL A SUS YRR )], K% UE TR, 2017, 9(5):
198—202.

CHEN Wu-xing, DAI Ming-hui, CHEN Da-jun, et al.
Microstructure and Properties of Inertia Friction Welded
Joint of Stainless Steel and Carburizing Steel[J]. Journal
of Netshape Forming Engineering, 2017, 9(5): 198—202.
SR, RIS, FROCEE. MUBERA 4 T3, BS. H96 5
35CtMnSi HYFEEARHANENTIE[T]. Sas bRl 5 TR,
2006, 29(5): 55—58.

WU Wei, XU Xiao-ling, XU Yuan-ze. Study on Radial
Friction Welding of Typical Copper-alloy T3, BS5, H96
with Steel 35CrMnSi[J]. Ordnance Material Science and
Engineering, 2006, 29(5): 55—58.

B, KRR, RIS, S REEHEEX 35CrMnSi/T3
0 PR AR 1) BE SR FE R R S A [J]. R KA AR,
2010(9): 24—28.

LUO lJian, ZHAO Guo-ji, XU Xiao-ling, et al. Effects of
Flywheel Rotation Speed on Properties of 35CrMnSi/T3
Inertial Radial Friction Welding[J]. Journal of Chongqing
University, 2010(9): 24—28.

Bk, IhE, XUIEEEE, % /NRGE T3/35CrMnSi #95Fif
RHEPEAR ) BERR IR L R (], TP EA B8 R
2, 2010, 20(7): 1309—1314.

LUO Jian, SUN Yu, LIU De-jia, et al. Characteristics of
Intertial Radial Friction Welding Joints of Small Size
T3/35CrMnSi Dissimilar Metal Materials[J]. The China
Journal of Nonferrous Metals, 2010, 20(7): 1309—1314.
ZEZB, kK, A, %. 37CtMnMo R f1n) EE
PSSV YERE)]. MRHR, 2012, 33(1): 21—25.
QIN Guo-liang, ZHANG Chun-bo, ZHOU Jun, et al. Mi-
crostructure and Properties of Radial Friction Welded
Joint of 37CtMnMo Steel Pipe[J]. Transactions of the
China Welding Institution, 2012, 33(1): 21—25.

TRIRZE, TROCEE, SRH, . /INEUAR 0 Ay BE R
ARI. ET24R, 2007, 28(3): 346—348.

XU Xiao-ling, XU Yuan-ze, WU Wei, et al. Study on
Radial Friction Welding Band of Small Shell[J]. Acta
Arma- mentarii, 2007, 28(3): 346—348.

B, BE PR, RIS, % 35CTMnSi/T3 MPEAR i) g
IR E A FE TR Y 1], VRSB R EFR,
2010, 44(3): 63—067.

LUO Jian, ZHAO Guo-ji, XU Xiao-ling, et al. Element
Diffusion on Interface of 35CrMnSi/T3 Intertial Radial
Friction Weld[J]. Journal of Xi'an Jiao Tong University,
2010, 44(3): 63—67.



