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ABSTRACT: In this study, for the tube-to-tube friction welding of hose nipple materials, the main parameters of friction welding were
investigated using tensile tests, Vickers hardness surveys of the bond area (HAZ), and observations of the microstructure to increase the quality of
friction welding based on visual examination. As-welded and post weld heat treated (PWHT) specimens were tested. The optimal welding
conditions were found to be n = 1000 rpm, HP = 10 MPa, UP = 15 MPa, HT = 9 s, and UT = 5 s when the metal loss (Mo) was 7.5 mm.
Furthermore, the peak of the hardness distribution of the friction welded joints could be eliminated by PWHT. Moreover, the two materials of the
friction weld were thoroughly mixed with a well-combined structure of micro-particles, without any molten material, particle growth, or defects.

1. M =

w287 (Friction welding, FRW) (AWS, 1989; Irving, 1993;
Jeong and Shinoda, 1997)2 T&A+ E8 71284, Ad&
A, A8 T V1S9 &Y FHEo] gt o H
S A8 A3 & de BAE /AL
3 AAA] A 7]eH ] HoA s g
1 ol& Bee WA, 1 =Y 5Ax PEYsE RS
TAGE e T ARE JHdEtEA HEH A Aess
doz u dgste vpEde o3 F ARE
|49 dFToEA 53] o|FaE &4 Bel +&H I
Th(Kang and Min, 1998; Oh et al, 1988; Suh et al, 1995).

2~ YZE(Hose nipple)ol@t 3|S5 571419 4 H
ZoA 7itE FAIE Tk REel dgdhe # ghlolA
I 5229 2o g AVE 52 tE AA e} AEATE
BZolth dA Y 58 T2 UES Az dhHe 94
3

=14
[SI=Ra)’

=
_‘:_—ﬂ_}g—

-

o T oo

WEE AAE Al AN Aoz - o4 B Bu

AARE Hgstel YUt ok WA AEHL Y= A% 7
e AR EAo] B, Fgol Bastel f - 9173 Jhgel w
£ 748 34 b w2l WEel 24w g3 7k Alzto] gel
ST ek o B9, A AZ FHL o] WE
B2 UFE AA 27 FolA oF 50% olgol WSl HEA

A= £AHT glov, Adels A7 £3 gol 2awT.
wepr 52 UZe| A% FHE AN Siste] solz &
5% 24 olgald olg nRgHos ANgonH 7}
AZE B aAle) 48 Aas) SEs ARTAL sk
A Bk B %ol g AMOR 52 UES AR H¥ 7]
< il 35% olde] AAm] ZhaEnt ofuel Ak st Al
F7Hel ti@ FAY FR7} Thsstte Rak AlEH 3
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Table 1 Mechanical properties of SM20C

Tensile Yield Reduction Elongation Hardness
strength strength of area ¢ 1%] HV
ot [MPa] oy [MPa] ¢ [%] °

490 320 37 17 150

Heat treatment conditions(PWHT): treatment(780°C/4h) —
furnace cooling

(a) Specimen of O.D. 36 mm (LD. 25 mm) tube-to-tube
welded (L = 315 mm)
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(b) Tensile test specimen of friction welded pipe (unit: mm)

Fig. 1 Tensile test specimen and cross section of friction welded
pipe to make the specimen
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Fig. 2 Photograph showing section through friction welding

specimen

Atk o] 2UE AWER Bt 52 2547 Kong et al.(2010)
o] YT 2 0TA AE 9 22| A AAE vl 9
3 71Zo = gt

8-S A 42 Fig 1)l JERR nkel o] 97
3o mmxHl7d 25mm, Zole SRHANE V|IEoE 1SS
205 mm, 35S 110mmE F 315mme|th Fig. 1(b)e 53
B Feo e ARE dolddor dusta AH s,
AX7VE & A BRRE ARER 1500704 Avkgk KS
Z(KS B0801) 14A%. Q17 AlgHe] meFolth
=3 Fig. 20 EAIHO] = vHEEATe] A=
AbeE7] flste] mpREAAle] EHTHE TSR
JFo 2 At e A BAEE TS Fo
of WH7ks skt

)

ES
o]

7

N
=

o
rJ
N X
9

)
[0
o

22 A A Y

11284 7] (Model : FF-60 TTM-S1)+= Fig. 3l UEhdule}l 2o]
A&T5 B8 o] 23 (Continuous drive brake type)o|™, v}&-§-
ol 7Fed Aol Ad HAL HZIH 1HgZe] 77
g60mme|tt. I3 = AE7]= RHsA A 7](Model: KDMT-120)
2A I9AEEE 2mm/minS 2 7} 24 9 vpRgA o] F=
E AT AEARLS vielaz Hlojzix AEAY]

(Model : MVK-H1, Akashi)& AM&-3t9oH, AldzAdL 3%
1000g 2 35AIF 10seco] 3L, 0.5mme] HH 2 SHAHOZ
5H 2, ¢ 242 omm7bA] ST =8 vhEg A A ek

LTI
,,,,,

Fig. 3 Appearance of friction welding machine(Model : FF-60 Il
M-S1)
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Table 2 Similar friction welding conditions and the results

600
’ UP=10(MPa), HT=5, 10, 15(s), UT=5(s) I

=
-
s 550 F
VN .
b
= 4
o0 500 490
= .
2 o, of as-recieved.
@ ’ ™ A
)
=
E 450 '
[ Optimum of HP

400 5 ' -

5 10 15 20 25

Heating pressure, HP(MPa)

Fig. 4 Relationship between tensile strength and heating pressure
of as-welded specimens

< o & Atk WA Fg 49 7HAgE ) npEgAA o 1
Zxete] FARTE ZHESHE(HP)Ol e HAH20S 10MPa
2 AR F Atk 3, JAYHUP) S FaLEY(Kong and
Lee, 2013; Kong and Park, 2013)9] &A1 SF=ul&o) <3
15MPaZ 2% & Qlon, o] 218 29A A (Table 29
109 Z3)oll 483t

Fig. 5+ Table 29] 207 A3(100 Z=A)olA] Aozl vhag
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ol 7FEAIRte] 92Y v s S-S 75mmelt, 7HE
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o|ZHE & F R0l Als EATFH DAY AbololE 7
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No. Rotating speed, Heating pressure, Upsetting pressure, Heating time, Upsetting time, Metal loss,

n [rpm] HP [MPa] UP [MPa] HT [sec] UT [sec] Mo [mm]
1 5 33
2 10 10 7
3 15 10
4 5 35
5 1300 15 10 10 5 72
6 15 10
7 5 37
8 20 10 6.6
9 15 94

10 1000 10 15 1~17 5 0.5~11.7
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Fig. 5 Relationship between metal loss and heating time of
as-welded specimens
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Fig. 6 Relationship between strength and heating time of
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Fig. 8 Hardness distribution near the weld interface of as-welded
and PWHT specimens, welding conditions: n = 1000 rpm,
HP = 10MPa, UP = 15MPa, HT = 9sec, UT = 5sec
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Fig. 9 Microstructures of as-welded and PWHT(x200), welding
conditions: n = 1000 rpm, HP = 10 MPa, UP = 15MPa,
HT = 9sec, UT = 5sec
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