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A Study on Insert Metal in Friction Welding of A2024 to SM45C
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Abstract

|
I

experiment.

This study was investigated on the friction welding of A2024 aluminum alloy to SM45C carbon steel
with insert metals. The tensile strength of welded joints. the hardness distribution of welds, the
microstructure of welds and the tensile fracture surfaces were mainly investigated through this

When aluminum alloy A6351 was used as insert metal, the maximum tensile strengh of welded joint
was obtained. In this case, the maximum joint efficiency was 76.2 percent of base metal.
Optimal welding conditions were N=2,000rpm, P.=40MPa, P2=120MPa, ti1=1.5 sec, t2=bsec.

1LME

278 12 42 $474 2 JARE A
e AMEET Qe A20004 EEvEHEe HRE, U
o aAEddA ue $49 FFoR 53], BEHA
AATZE7 WEsle 2EE 2 Y 94 ¥F
olghe E4E /3 Qb zeyd, 7 olgddl Agd
L gAste vhdgold TAg Tgsa Wl o
2o WA4o] Wiz, SHTY F4Aol dat] &
gx40] e AEnEHIel vlwall el oA
un%)o;]) g, BE 59 7144 Mol ol ol&4Hm 3l
C},l .

A20004 L=olEdan daze] npRsR¥Ye &
AAR) FHok 257 P2 L A&, ¢ ¥ 2

al
=

_19..

Fdo| WAEy] o] §HA0l A HolAh.
24, o5 M7 £44¢ 4 A7 Ak AUAE
A}83HA 51=8. Koichi Ogawa 5°¢ 394 ¢ 9%
T E(A1050) AR AME3d A2017 Ao S
I SM45C ©A7%E vhagaE Ax AIAS AR
oan A £AMH ALY ZALE 26%14 T3%E &
A7TE $ANZoH, Hiizu Ochi §'¢ A4Az ¢
2olgo} 3% Mgg 718 FFE M3l A2017 &
205323 SM45C ©47%e g 249 Hd
ART 380 MPad 4dU®, &3HE J=e AUAe =
A Zed 4%E wetha %ok

B d7e 2Re njdgHY AR Aest ¥,
Aol F& Al0503 F2EAZ AT =A% Ax
74= A6351 18lx, 60004 ¢FvledE F 2x=st

bl
2
=2




H.-qdg 7]

T A60612 AMgale] A2024 4FuEFIH SMA5C
S *% HHEHelR, AU olF ol3ARe $47
Eof vAE s $8RY 24 280, dYgAne B

st 1493 AUAl el HEstuat gt
2. 8=

Aol AHEE A5 ATAEAY A2024 B2u)H
23 SM45C @i 7¥o] . AYAZ A1050, A6061,
A63519 A& 4FUETFTE ALY olExEE
A% 20mme $8-& do] 100mm=z ztzt dvketm, o
AE Aoz 713 3 APUL 289 AH 2 A
dck. Aze E}Q*é-‘:*} 7IAR 44A& Table 1,
Table 29 uebdct

Table 1 Chemical composition of materials(wt.%)

Materials Cu|Fe| Si |Mn|Mg|Pb| C Al
Weld | A2024 14.34/0.27(0.300.50(1.47| - | - |Bal.
metal | snase 0.10] Bal. |0.26]0.65] - | - 051 -

A1050 || - |0.13]0.14] - 001 - | - |Ba.
Insert | 6061 (10.39]0.34]0.46]0.14]0.83] 0. 48] - Bal.
metal

A6351 110.48/0.16]0.91{0.57[0.69] - | - |Bal.

Table 2 Mechanical properties of materials

Materials T.S(MPa) | Elongation(%) | Hardness(mHv)
A2024 .
Weld °20 ! -
metal | SM45C 875 8.5 287
A1050 107 31 32
Insert | A6061 305 16.3 119
metal
AB351 216 20 70
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Table 3 Friction w elding conditions of SM45C to insert

metals
Welding conditiolr:rmt et AT050 | A6061 A6351
Spindle speed N(rpm) 1,000 1,000 1.000
Friction pressure Pi{(MPa) 40 40 40
Upset pressure 12(MPa) 80 120 100
Friction time Ti(sec) 1 ] 1
Upset time Tu(sec) 5 5 5

Table 4 Friction welding conditions of A2024 to SM45C
with insert metals

lelding specimens . - - -
Welding conditions Direct | Al050 | A6061 | A6351
Spindle speed N(rpm} 2.000 2,000 2,000 | 2,000
Friction pressure Pi{MPa) 40 40 40 40
Upset pressure P:(MPa) 80~1601 80~160 | 80~180 | 80~160
Friction time T)(sec) 0.5~1.5] 0.5~1.510.5~1.5/0.5~1.8
Upset time T.(sec) 5} 5 5 5
100 4 100
gl
A
. A2024
SM45C insert metal
Fig. 1 Friction welding specimen(unit : mm)
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Fig. 3 Relationships between total upset length
and friction time
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Fig. 7 Hardness distributions of friction welds
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(A) A2024/5M45C (B) A2024/A6351/SM45C
Photo 1 Macrostructure of friction welds

A2024 base

wel('i‘ ihterface

HAZ of A2024
(A) A2024/SM45C (B) A2024/A6351/SM45C
Photo 2 Macrostructure of friction welds
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part b
(A) A2024/SM45C

part b

(B) A2024/A6351/SMA45C

Photo 3 SEM image of tensile fracture surfaces
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