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A Study on the Friction Welding of SM45C/SM20C-Pipe
which Used in the Light Piston-Rod

Byung-Hoon Min*, Su-Hyun Choi", Jeong-Sik Kang™, Hyung-Ho Lee™, Taeg-Ki Min"™"

{ Abstract }

Various researches to reduce weight of a vehicle are achieving. One of these researches is tendencious to manufacture
the hollow piston rod using friction welding instead of solid one of the vehicle shock absorber. This study deals with
the friction welding of SM45C to SM20C-pipe that is used normally in the vehicle shock absorber. The friction time
was variable conditions under the conditions of spindle revolution of 2,000rpm, friction pressure of 55MPa, upset
pressure of 75MPa, and upset time of 2.0seconds. Under these conditions, the microstructure of weld interface, tensile
fracture surface and mechanical tests of friction weld were studied and so the results were as follows. When the friction
time was 1.5seconds under the conditions, the maximum tensile strength of the friction weld happened to be 837MPa,
which is 113% of SM20C’s tensile strength and 97% of SM45C’s. The optimal welding conditions were n=2,000rpm,
P=55MPa, P;=75MPa, t;=1.5sec, t,=2.0sec when the total upset length is 1.7mm.
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Table 1 Mechanical properties of materials

Mechanical properties
Materials Tensile | Bending Elongation | Hardness
strength | strength %) (Hv)
(MPa) | (MPa) o
SM45C 861 1982 11 256
SM20C(pipe)| 740 1595 24 249

Table 2 Chemical compositions of materials(Wt. %)

Elemenz[ate”als SMA4SC SM20C
C 0.45 021
Si 0.19 0.29
Mn 0.70 123
P 0.016 0.008

0.021 0.003

Cr 0.008 -
Mo - -
W - -
Y, - -
Co - -
Fe Bal. Bal.
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Table 3 Friction welding conditions by friction pressure —
. _ _ T T B ey ;I ]
Spindle Friction Upset | Friction | Upset | 100w 7 100mm |
revolution | pressure | pressure time time ' C
(N, rpm) | (P;, MPa) | (P, MPa) { (t1, sec) | (tz, sec) “
40 ‘.'i=- Tmm
>
2,000 50 70 1.0 2.0 ﬁl N
SM45C SM206- 1S §
60
Fig. 1 Specimen of tensile test
Table 4 Friction welding conditions by upset pressure
Spindle Friction Upset | Friction | Upset
revolution | pressure | pressure | time time p
(N, rpm) | (P, MPa) | (P, MPa) | (11, sec) | (t2, sec)
70 Weld interface
2,000 50 100 1.0 2.0 I ] = g
130 SMA5C SM20Cl Bt 8
108mm

Table 5 Friction welding conditions by friction time

Spindle Friction Upset | Friction | Upset
revolution | pressure | pressure time time
(N, ipm) | (P1, MPa) | (P,, MPa) | (i, sec) | (t2, sec)

0.2

0.4

0.6

2,000 50 70 2.0

0.8

1.0
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Fig. 2 3-Point bending test specimen
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Fig. 7 Appearance of welded joint and fracture appearance
of tensile test by Table 3

46

Fig. 9 Appearance of welded joint and fracture appearance
of tensile test by Table 4
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Fig. 10 Relationships between friction time t; and tensile

strength
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Fig. 11 Appearance of welded joint by Table 5

Fig. 12 wehd o] F4-5 vehfu

itk W ABAHE ok ol A 2ol
Qolu A& Fal T 4 ek o)A sheko] A of
d mARH doid HEE e Frrt Sk
A HolZ

FEA

Ao A opg3E Ad

47

Py : 50MPa, P, : 70MPa, t; : 2.0 sec
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Fig. 12 Fracture appearance of tensile test by Table 5
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Fig. 14 Appearance of bending test
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Fig. 15 Hardness distributions of friction weld
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A : Base Metal(SM45C)

E : Base Metal(SM20C)

B : HA.Z(SM45C) D : HA.Z(SM20C)

C : Welding Interface

Fig. 16 Micro-structure of friction welds(x1000)
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