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Friction Welding of Spheroidal Graphite Cast Iron and 2024 Aluminium
Alloys using Insert Metal
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ABSTRACT: Friction welding of GCD45 spheroidal graphite cast iron and 2024 aluminum alloy has been studied, especially in terms of the joint
faces and strength of friction welding. For appropriate results of the friction welding of GCD45 graphite cast iron and 2024 aluminum alloy, an
insert of A1050 pure aluminum metal was used. The joint strength of the A1050 pure aluminum insert approached the maximum strength of
165.7Mpa, compared to 128MPa for the joint between GCD45 graphite cast iron and A1050 pure aluminum without the insert metal. Maximum
strength, 165.7Mpa, was possible for the following optimum conditions: 20MPa for the friction pressure, P1, 60MPa for the upsetting pressure,
P2, 1 second for the friction time, t1, 3000rpm for the rotation, N, and 0.3 seconds for the brake time, tB.
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Table 3 Friction Welding Condition and result of tensile
(GCD45 and A1050)

Table 1 Chemical COmpOSiﬁOnS of base materials (n'laSS %) Prefriction | Friction | Upsetting | Prefriction | Friction |Upsetting Tensile
Sir‘r\pb pressure | pressure | pressure time time time LZT; strength (S)
Material| C Si Mn P S Cu Mg Cr Zn Ti Al Fe O L PoecmPa | POPe) | PaMPad | toseed | iGsee) | ralsed e |
! 10 15 80 I 0.5 6 | 2000|8168 149
GCD45 |35 29 04 008 0@ 0.05 Bal
2 10 15 40 I | 3 |2000| 981 | 6.3
A1050 ]0.0 0.1 0.0 - - 00 - - - 0.01 Bal 0.2
3 10 5 80 I i 6 (20001020250
A2024 10.0 05 031 - - 40 13 0.030.250.03 Bal 05 4 10 30 20 ] 0.5 3 2000 | 127.8 | 209
5 10 30 80 | 3 |2000] 813 |228
Table 2 Mechanical properties of base materials 6 10 15 40 I 05 | 3 |3000|0964] 55
; ; : 7 10 15 40 | 3 | 3000 n7.6 | 122
Material Ylelc(i Msll;re)ngth Tenm(l]e\:/[ Is)tr)ength Elor(lga)hon
2 a ’ s | 10 30 | 40 i | os | e |3000]1232] 143
A2024 120 185 22
A1050 107.8 108.8 25.3 )
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Fig. 1 Shape and dimensions of base material (mm)
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Photo 1 Microstructure of interfaces welded with direct welding



78 A5 - 4

FA R EFrEol

7 gt

5

ey
Ry

(B)

Photo 2 (A) SEM image of tensile fractured surface of
welded joint (GCD 45 side), (B) EDS Al analysis
on phase in (A)

Photo 3 (A) SEM image of tensile fractured surface of welded
joint (A 1050 side), (B) EDS carbon analysis on phase
in (A), (C) EDS Fe analysis on phase in (A)
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Table 4 Friction Welding Condition and Result of Tensile
(GCD45 and A2024)

Prefriction| Friction | Upsetting |Prefriction | Friction |Upsetting Tensile Thickness of
Semple pm N
pressure | pressure | pressure time time time strength insert metal
No. ND Cmnm>
Po(AMPa) | PUMPa) [ Pa(AMPa) | folsec) | tilsec) | talsec) (MPa) Govend
I 10 20 60 | | 6 3000| 124.5 2.5 2
2 o 20 60 I 2 5 3000| 102.4 29 2
3 10 20 60 | 3 4 3000 92.7 3.1 2
4 10 20 60 ! 6 3000 2.5 30 2
5 10 30 60 I 1 [} 3000| 984 3.4 2

Table 5 Friction Welding Condition and Result of Tensile
(GCD45 and A2024)

Prefriction| Friction | Upsetting |Prefriction | Friction | Upsetting Tersile Thickness of
Semple rpm S
pressure | pressure | pressure time time time strength insert metal
No ND (mm)
Po(MPa) |PIUMPG) | P2(MPal | tolsec) | tisec) | t(sec) (MPa) [
| 10 20 60 | 1 6 3000| 1336 4.4 5
2 &) 20 60 I 2 ] 3000{ 1038 48 5
3 10 20 60 1 6 3000| 1657 45 5
4 10 30 60 | 2 6 3000| 18.0 5.1 5
5 10 40 60 2 & 3000| 95.2 4.3 5
6 i0 20 60 | 1 [} 3000| 142.2 4.9 5

Table 6 Friction Welding Condition and Result of Tensile
(GCD45 and A2024)

Prefriction| Friction | Upsetting | Prefriction | Friction | Upsetting Tensile Thickness of
Semple rpm S
pressure | pressure | pressure time time time strength insert metol
No. (G {mm)
Po(MPa) | PiMPa) | P2(MPa) | tolsec) | hilsec) | talsec) (MPad Grm)
1 0 20 60 § 2 5 3000| 984 5.2 8
2 10 20 60 | I & 3000 121.2 62 8
3 10 20 60 1 1 6 3000| 132.4 556 8
4 10 20 60 | | 5 3000| 1.5 6.5 8
5 10 20 60 I 2 6 3000 1083 51 8
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{ Weld interface !
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A2024 <i
&)
Photo 4 SEM image of tensile fractured surface of welded joint
(Thickness of insert metal : 2mm), (A) GCD 45 side, (B)

A2024 side

Photo 5 SEM image of tensile fractured surface of welded joint ~ Photo 7 SEM image of tensile fractured surface of welded joint

(Thickness of insert metal : 8mm) {Thickness of insert metal : 5mm)

(A) GCD 45 side (A) FCD 45 side

(B) EDS Al analysis on phase in (A) (B) EDS Al analysis on phase in (A)
() A2024 side (C) A2024 side

(D) EDS carbon analysis on phase in (C) (D) EDS Al analysis on phase in (C)

(E) EDS Fe analysis on phase in () (E) EDS Fe analysis on phase in (C)
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