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A Study on the I\/leohanica| Properties of
Dissimilar Friction Welded Steel Bars

and the Nondestructive Evaluation

Won-Taek Jung

Department of Mechanical Engineering
Industrial Graduate School

Pukyong National University

Abstract

Friction welding has been shown to have significant economic
and technical advantages. However, one of the major concerns
in using the friction welding products is the reliability of the weld
quality. No reliable nondestructive test evaluation is available at
present for detecting weld quality, particularly in a production
environment.

In this study, dissimilar friction welding were produced using
15mm diameter solid bar in chrome molybedenum steel(KS
SCM440) to carbon steel(KS S45C) to investigate their

mechanical properties and the relationship between the weld



parameters and the nondestructive coefficients. The main friction
welding ‘parameters were selected to endure good quality welds
on the basis of visual examination, tensile tests, Virkers hardness
surveys of the bond of area and HAZ and macrostructure
investigations. The specimens were tested as—welded and post
weld heat treated (PWHT). And also, the relationships between
the weld parameters and nondestructive coefficients, such as AE
counts and ultrasonic attenuation coefficient.

The study has led to the following concluding remarks.

The tensile strength of the friction welded steel bars was
increased up to 100% of the S45C base metal under the
condition of all heating time. The total upset increases lineally
with increasing the heating time. Optimal welding conditions were
determined as, rotating speed, n7=2,000(rom), heating pressure,
P, =60(MPa), upsetting pressure, AP,=100(MPa), heating time,
4=4(s) and upsetting time, £=5(s) when the total upset length is
5.4(mm). The toughness of PWHT specimens is higher than
as—welded. It is seem to be that there are not evident

relationship between AE counts, ultrasonic attenuation coefficient

and heating time. But, more work is required to clarify this issue.



daB

Nomenclature

Rotating Speed (rpm)
Heating Pressure (MPa)
Upsetting Pressure (MPa)
Heating Time (s)
Upsetting Time (s)
Heating Time Upset (mm)
Upsetting Time Upset (mm)
Total Upset (mm)

Heat Affected Zone

Weld Interface

Virkers’ Hardness
Acoustic Emission

AE Total counts (count)
Echo Amplitude (%)

Echo Amplitude (%)

Ultrasonic Attenuation Coefficient (dB/m)

Original pressure level at a source

Pressure level at second reference location

Distance of pulse travel

Ultrasonic Amplitude
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Fig. 2-6 The concept of pulse echo method

B2 2 2E AW 232 RS W ZFFAUAY RFEE
AABAAN BAE T QRN FHFch AA AN Supeo] wige F o
&89 3] ¢l & (acoustic impedance)d] ol o8] #9-= =, AR wApe}
AHAFe 2oy SAAFA A T AEO o FaT 4L I <
dhd oz AAW &7t FAQAE B 2L aFNA wAbEE A
B3 Exelis ARz upolAdr) whalel F3o] vl &2 AAWA Heps

E = P2/Z
z U 22Hrt Adss wFolA &t AFd Bl =&t
Asiae SBAHAd el A

s A8 A9stE &I (acoustic wave)s A# 7HA o] =2 oluA| g &
Ao FhRet A e &8 AZo &A(oss of amplitude)H &3e] &
o glojxe] wWalel Aoty Bx A £HE v|EAoR e it
(beam spreading), &7 (absorption), 2t (scattering) &2 28 F oy, =

_15_



out 729 99e e e g E7 T A
AARYA L 2R g At
R
- AT o 74
AR AN L) Aol F g 4
AFcHOT Qg e7ke] Ao o3 AR 7
742 (attenuation) = YerE o g th&3 o] @AY
P=Pre®
AN, Py = 22 B & 7E XM Ao
P = A" xTF A3 Fo 54
= AT

A<l a—?&?}él(SPL)t 1:‘r—%ﬂr Zol A

SPL = 20 log (P/Py) dB
o714, P ol| BEA M xgue] FagEoelm, P 7] 1FHAA
o o)A aelold. 2oty AzoAe ¥ AE melskd A 1% H2g A%
st apole] Sqte] &8 v o] FolAth

SPL,-SPL» = 20 log (Pi/P2) dB

gral A Lol o8 Falshd, #AASF o e ARE oed ol ndY

al = 20 log (P)/P2) dB
a2 7FAAST dv, 1 @9E= dB/meltt. AR ZAAFE FHel A
gzEstn AwRo g Fuyvt B2FE pAAFE A

_16_



3. 0899 9@ 238
31 As % A gH
2 dTo] Algd mREE AdAsE S4CH SCM440 ZA T, o= A
2o Zxet oA, WrtEAdd FHES T, FUl PAY AFeln 7ATFE
& VARSI E 2HE AANRFA tFstA AgEE AR, Cr-Mod
A(SCMAd0) = WA, Wrhed, DedE Sol $%au, 8 §28 i)
A, ABA, FEY) 5 FF, AXF, YHUxrEF LEF S olsdn
Table 3-1 @ Table 3-20 SCM4403} S45C9] 1 3}3HA z4 2 71AH 44
g 77t Yepa,
Table 3-1 Chemical composition of materials (wt. %)
Material C Si Mn P S Cr Mo Ni Cu
SCM440 | 039 | 021 | 078 | 0.012 | 0.012 | 103 | 018 | 006 | 0.17
S45C 045 | 0.18 | 067 | 0015|0016 015 | 019 | 0.08 | 0.19
Table 3-2 Mechanical properties of materials
. Tensile Yield Reduction of Elongation Hardness
Material strength strength area £(%) Hy
o(MPa) | o,(MPa) (%) 0
SCM440 1029 799 32.6 136 270
S45C 749 672 42.7 16 238
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(a) Friction welding test specimens

(b) Appearance of finished goods of friction welds

Fig. 3-1 Shape and dimension of test specimens (continued)
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(d) Photograph showing section through FRW specimen

(e) Photograph of specimens for measuring the attenuation coefficient

Fig. 3-1 Shape and dimension of test specimens (unit:mm)
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Rotating | Heating | Upsetting | Heating Upsetting| Tensile Total

case | speed | pressure | pressure time time strength | upset

n(rpm) | P1(MPa) | Po(MPa) | t(s) to(s) | MPa) | {7(mm)

40 80 2 3 794 2.5

60 100 4 5 806 55

1 2000

40 20 4 5 796 46

60 100 4 5 208 5.7

2 | 2000 60 100 1~7 5 1.9~10
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Table 3-4 AE instrumentation and operating parameters

PZ Type R-15

150kHz resonance frequency
Model 1220A

Pre—-amplifier 40dB fixed gain
100-300kHz filter

Transducers

Main-amplifier 40dB gain

Threshold voltage at comparator | 1.0V (80dB gain+threshold)
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UERHQITE  Fig. 3-3clA1 sk 2ol 2&urt gEA2TE Add FHOR 9
AstAEE AgHe W, wjEd A HhAzE dojdth ¥l shd

HzZol &9, 7t2Fo] &ust olEd At -ﬂ\:}. weby EE
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2712 Huste ZHAFE FAHSA

oxg Kl

Table 3-5 Equipment for measurement of ultrasonic parameters

Equipment ‘ Part Num. Production
U.T Deterctor USK-7D KrautKramer
Oscilloscope 9310A Lecory
Transducer AMHz ¢10 Panametrics
U.T couplant 7G-F KrautKramer

Fig. 3-3 Layout of ultrasonic attenuation equipment
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Fig. 4 12 979 Table 3-3(Case 1)¢ #Euste] e AF2= AsE
tebdich, o) 2ol BE FdgEP)H AR (P)ol ZH2E 40, 80(MPa)
o Hl8) 60, 100(MPa)®} 14734 =7} ok 10(MPa) A% &7 vehdoh b ol
AnAe g 23% 0 We Aty Ax @y webA 1dA FHse] HH
A& Pt P2 7 60, 1000MPa) = 27333l
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—_ U S
© -
& 800 /
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650 " 1 1L 1 3 l " 1 n
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Heating pressure, P, (MPa)

Upsetting pressure, P, (MPa)

Fig. 4-1 Relationship between tensile strength and welding pressures in the

as-welded of SCM440 to S45C
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