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ABSTRACT

This paper studies the main parameters of tube-to-bar dissimilar material and shape friction welding for
piping materials. The weldability of joint parts was investigated with respect to tensile tests, micro-Vickers
hardness, the bond of area, and optical microstructure. The specimens are tested as-welded. Optimal welding
conditions are n = 2000 rpm, HP = 50 MPa, UP = 100 MPa, HT = 5 sec, and UT = 10 sec when the
metal loss (Mo) is 11 mm. Moreover, the same two materials for friction welding are strongly mixed with a
well-combined structure of micro-particles without any molten material, particle growth, or defects. Therefore,
the expected result of dissimilar material friction welding includes a reduction of cost and material in the
welding process.
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Table 1 Chemical composition of A105 and A312
steel (Wt%)

C Si Mn P S
0.35 0.20 0.6 0.035 0.04
A105 ;
Cr Mo Ni Cu Fe
0.3 0.12 0.4 0.4 Bal.
C Si Mn P S
0.08 1.0 2.0 0.045 0.03
A312 -
Cr Mo Ni Cu Fe
16.0 2.0 10.0 0 Bal.
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Fig. 3 Schematic shape of tensile test specimen of
friction welded joints(unit: mm)
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Table 2 Mechanical properties of materials

Material A105 A312

Tensile strength, o, (MPa) 494 760
Yield strength, o, (MPa) 348 332
Reduction of area, ¢ (%) 62 -
Elongation, &(%) 35 54

Hardness (HV) 192 176
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eN
=
'y
%
A

o

she ARlo® 9ol 9%o] A, o
A&oln, vupg 71E (Heating Process)$
(Upsetting Process)©] £+ ARzlolt},
e Ho] QAR E Ao A= A A]F
1= "HsAE7)(SHIMADZU UH-F500kNX)ZA4 ¢
T omm/minl. 2 S3EET. AEAEe
olZZ WA AEAIFZ|Mitutoyo HV-100)S
g3taom, HAL FEAFS ASTM E384-05

O~ =
&=
o]

o K o
e

-
o

d

N

oN

4> 2o

Z6)0ll F3t] AEAES FFsAY. AP
Z7L& 10g, 7FXAIZE 10sec, 0.5mm SIHEo 2 =
Attt AAANDH A==y D 2P
1A 7] HKOLAS)S] FIAE Aztolt},
nReHe 7o np dYos HERBY o
= oF 1300C Amoln, AR 2mAge] of

3 &4 fEol wAs, o] W npFEE o] &3t
o Hglo] o]FojZic} I3k B Ao AlgE H
go)3 WA AEg °oxo] A H

rﬂ'
It
tlo

T o= T
2A5tal, T2 A 35 59 o] Rzs)
o AHE FHASZ YA F ARE npEA
71m, mpER7d A % 71EE RS w 2

O.l., },n
*Hﬂ

o]Zol o) IHAE
< Al

Table 4= ATl AHEE rPEgy ¥Wse 84
27 EASATE Table 4004 vptg3e] W=
= 3] (rotating speed, n), "FE7}1E A (heating
pressure, HP), 419} (upsetting pressure, UP), w}zt
7+8 Al ZH(heating time, HT), YAl (upsetting time,
UT) Seolth WA mhzgxe oy =& quo]‘
71 8] e 7Y] AN AHA, FAEF 3
Au AP F& Bt oA kA =

E1J

A7 Zhdste] He

Table 3 Friction welding parameters and experimental

conditions

Ex. n HP UP HT UT
No. | (rpm) | (MPa) | (MPa) (sec) (sec)

1 2000 10 20 5 5

2 2000 20 30 5 5

3 2000 30 60 5 5

4 2000 40 80 5 5

5 2000 50 100 5 5

6 2000 60 120 5 5

7 2000 50 100 1~9 10
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Fig. 5 Tensile strength of welded specimen according
to HP and UP combination

Fig. 6 Fracture shape of tensile specimen
(Condition : HP=50MPa and UP=100MPa)
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Fig. 7 Elongation of welded specimen according
to HP and UP combination
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to heating time

Fig. 9 Effect of heating time on shape of the
friction welded flash
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