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A Study on the Dissimilar Friction Welding
of Reverse Idle Gear Shaft Materials

for Automobile

Seong-Pil Yoon

Department of Mechanical Engineering
Industrial Graduate School

Pukyong National University

Abstract

Friction welding (FRW)."is a solid-state welding process that produces a weld

under compressive force contact of workpieces rotating -or moving relative to one
another to produce heat and plastically displace material from the faying surfaces.
The friction welding has been shown to have significant economic and technical
advantages. Recently, according to industrial development, friction welding has been
applied on various industries such as aerospace, ship, farm machines, automobile,
and machine component fields, etc. 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 to check the weld quality,
particularly in a production environment.

In this study, an experimental study was conducted not only to optimize the



dissimilar friction welding conditions for 20mm diameter solid bar in forging steel
(KS SF45) to carbon steel (KS SM45C) of reverse idle gear shaft materials for
automobile, but also to investigate the relationship between the weld parameters
and the nondestructive coefficients, such as total AE counts and ultrasonic
attenuation coefficient. 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 the nondestructive
coefficients, such as AE total-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 about 100%" of the SF45 base
metal under the' condition of the heating time over 7(s). The total, upset increases
lineally with /increasing the heating time. Optimal welding conditions were
determined as follows; rotating speed, n=2,000 (rpm), heating pressure, Pi1=70(MPa),
upsetting pressure, P>=140(MPa), heating  time, £1=7(s) and 'upsetting time, t:=5(s)
when the total upset length is 7.9(mm). Hardness distribution after PWHT shows
HV700. All PWHT" welded . parts shows about 3 .time higher hardness than
as—welded material. The ~weld . interface of dissimilar friction welded parts was
strongly mixed to show a well-combined structure of macro-particles without

particle growth or any defects.

_iv_



FRW

SRR

HAZ

Nomenclature

Friction welding

Rotating speed (rpm)

Heating pressure (MPa)

Upsetting pressure (MPa)

Heating time (s)

Upsetting time (s)

Total-upset (mm)

Heat affected zone

Weld interface

Virkers’ hardness

Acoustic emission

AE total counts (count)

Echo amplitude (%)

Echo amplitude (%)

Ultrasonic attenuation coefficient (dB/mm)
Original pressure level at a source
Pressure-level-at second reference location
Distance of pulse travel

Ultrasonic amplitude

Tensile strength (MPa)

Yield strength (MPa)

Fracture strain (%)

Reduction of area (%)

Impact energy (kg-m)
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Table 3-1 Chemical composition of the materials (wt. %)

Material @ Si Mn P S Cr Mo Ni Cu Fe

SF45 - 0.35.4.0.82 | 0.19 - 0.14 - 015 | 0.25 | Bal

SM45C | 045 | 0.18 | 0.67710.015 | 0.016 | 015 | 019 | 0.08 | 0.19 | Bal

Table 3-2 Mechanical properties of the materials

Tensile Yield Reduction of .
: Elongation | Hardness
Material strength strength area (%) (HV)
o(MPa) 0,(MPa) (%) ’
SF45 695 400 47.2 26.2 170
SM45C 846 725 42.5 16.6 215
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(a) Shape and dimension of friction welding test specimens

SM45C SF45

(b) Friction welding test specimens

Fig. 3-1 Shapes and dimensions of the test specimens (continued)
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(¢c) Finish shape of friction welding

S.qi::: i |-I.':: Tk }
'(d) Tensile test specimen
I =Ty kY

il [

.,;-{l_,-:: ::'-';::

(e) Photograph showing section through friction welded joints

Fig. 3-1 Shape and dimension of test specimens (continued)
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Fig. 3-2 Appearance of TOHO TH-25 friction welding machine
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B oATel ALgE bR g el

2 (Py), wETGAA ), GAATHE) Seolth WA ZuEs P Do 2o
Table 3-39] 27 o=® A3 % 7144y piat A% o AFx20S 44

st agal o] 2L v|Foz JFAATHy) Wk
ANF(Ur)el A3E A AT T3 23 Adoe Gz 71DA
i 3} A] A up 28 H A (As-welded) 2} 153+ 4 A
(PWHT)el theh B S-S vl HESA

)= el S T R

Table 3-3 Testing conditions of-the dissimilar friction-welding and the results

Rotating| Heating | Upsetting | Heating |Upsetting| - Tensile Total
speed | /pressure | pressure time time strength | upset
Case

n P P» t to Or Ur
(rpm) (MPa) (MPa) (s) (s) (MPa) (mm)
40 80 3 4 638 1.3
50 100 5 5 6568 2.5

1 2000
60 120 5 5 672 4.0
70 140 5 5 694 5.8
1 5 655 1.2
3 5 658 2.6
2 2000 70 140 5 5 688 49
7 5 696 79
9 5 695 10.1
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BAH Aol AZF dolB Tlo]=o] FAEATE fo] B teo]=of FAgE Wl
7|2HE HdeEE AEASE HFEd Ak, 2 Add 4
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(Threshold voltage)S 1.0V&E AAslo] o] oo 2ES 7fA= AE 2~
(Pulse)?HS 25X At &5 Algtel &3t AE 2159 HAATS 4

Zo]7] 98t HZEZm A (Couplent)S AFEstdon FHeo 22E /A7 9

A4 Sand paper® AH§3tel =4 R9lo @A EAS FAsA Antsigin
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Table 3-4 AE instrumentation and operating parameters

PZ Type R-15
Transducers
150kHz resonance frequency
Model 1220A
Pre—amplifier 40dB fixed gain
100-300kHz filter
Main-amplifier 40dB gain
Threshold voltage at comparator | 1.0V (80dB : gain+threshold)

EEAGHS KS B 0831e] 7489 STB-AlS A& o xgvo oA
I} FAE 9l A ParametricAFel ¢10 7345 4MHzQl §EAE AFE-38ES oW,
USK-7D 253 "471 8 Ab&eke] 253 setvHE SAsqth 2 A3
ARG gu ek Ao b8 E R 9] =S Table 3-5 % Fig. 3-3° 77}
UeH AT Fig. 3-3o1A ¢ 2ol 207 A28 A|H 2oz YA}
SHAEH AldH el W, ajE oA wEARZE ojuity '] st B A
2% &%, 7FE Sl /el ESE A=ZF k. wekx EY

A e
b sugel A vhg Qo] EAS M b wiE, m okl EwelA oA
WAL defut ARH RS R s EA D A E T B Aol A

2&vel AR5 oA FAECAE A 2av fla, S9be wEt
A7) Wil Az Ao oFEstE Aol o] Agex Fomz o

Jelol el WAE sbsstd Wsky] fsA T ouAe A A A5 A2/
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Table 3-5 Equipment for measurement of ultrasonic parameters

Equipment Part Num. Production
U.T Detector USK-7D KrautKramer
Oscilloscope 9310A Lecory
Transducer 4AMHz ®10 Panametrics
U.T couplant 7ZG-F KrautKramer

Fig. 3-3 Layout of ultrasonic attenuation equipment
1A FAHANAUAE Fel7-2ls AlE 7= Fig. 3-49F 2& &% 30kg-

cm® AFE3]E Z=ZA A E 7] (Charphy type impact testing machine) S A8 3}

o 2 Aol A ARERE AR 7= 2R e 2ol 359 (Pendulum) W, 3
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4. 4323 R 1%

4. 1 SM45C-SF45 o] nlz&3 43}

Fig. 4-1& 2+ 9] Table 3-3(Case 1)¢] <=1 3}

E UEd otk # AddolA s dAAEHP)S BE

2w o] g o w FEH G MA 7dgtE (PN (Po), 7D A7) 3
Z} A7 2R o WH3INA AAS FAEAT. 2HAA B

E} =79 v]3] P=70MPa, P>=140MPa, t;=5s, to=5s2] &7 %

Al GERSETE o]i= R AI(SF45) A= (698MPa)2] 100%] =g sl 2ol

E3 o] AFAE g EHY P Azl AX . webd 19 gt

o HAZAE P P2 42 70, 140(MPa), 67 6= Ztzh bs2 AR 3t

HAA )&
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Fig. 4-1 Tensile strength versus welding heating pressures for' SM45C-SF45
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Fig. 4-3 __$hape of the friction -W__e_l_ded flash
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Fig. 4-5 Effect of heating-time on shape of the friction welded flash
(n=2000rpm, P1=70MPa, P>=140MPa)
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Fig. 4-11 Impact fracture surface for SM45C-SF45
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(d(srmsc} ~ e (¢) BM(SF45)

Fig. 4-13 Macro-structures of BM, HAZ and WI for SM45C-SF45(x200)
Welding conditions : n=2000(rpm), P1=70(MPa), P>=140(MPa), t,=7(s), t2=5(s)
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Fig. 4-18 Micro Virkers hardness distribution of SM45C-SF45 (PWHT)
Welding conditions : n=2000(rpm), P1=70(MPa), P>=140(MPa), t1=7(s), t2=5(s)
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(a) HAZ(SM45C)

(b) HAZ(SF45)

(d) BM(SM45C)

(¢) BM(SF43)

Fig. 4-19 Macro-structures of BM, HAZ and WI for SM45C-SF45 (PWHT, x200)
Welding conditions : n=2000(rpm), P;=70(MPa), P,=140(MPa), t:;=7(s), t-=5(s)
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