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Manufacturing Process Development of Piston Rod in

Marine Diesel Engine using Friction Welding Process

Jung-Seok Oh

Department of Mechanical Engineering, Graduate School,

Korea Maritime University

Abstract

Inertia welding is a solid-state welding process in which butt welds
in materials are made in bar or cylinder form at the joint face, and
energy required for welding is obtained from a rotating flywheel. The
stored energy 1s converted to frictional heat at the interface under
axial load. The quality of the welded joint depends on many parameters,
including axial force, initial revolution speed and energy, amount of
upset, working time, and residual stresses in the joint. Inertia
welding was conducted to make the large piston rod. Due to material
characteristics, such as, thermal conductivity and flow stress, on the
two sides of the weld interface, modeling is crucial in determining the
optimal weld geometry and parameters. FE simulation was performed by
the commercial code DEFORM-2D. A good agreement between the predicted
and actual welded shape is observed. It is expected that modeling will
significantly reduce the number of experimental trials needed to
determine the weld parameters, especially for welds for which are very

expensive materials or large rod. Many kinds of tests, including macro



and microstructure observation, tensile, hardness and fatigue test, are
conducted to evaluate the quality of welded joints. Based on the
results of the tests, it can be concluded that the inertia welding
joints of the large piston rod are better properties than the base

material.
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Table 1. Hardness and depth of hardening

Type Required hardening Depth of hardening
MC(E)/-C Min 380 HV=20 0.8 +1.0 /0 mm
RTX(A) 520 ~ 620 HV20 1.5 +1.5/ 0 mm
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ftem Ep
No. Item Diescription
011 Screw

023 Screw

035 C-ring

47 Ci-ring

054 Pizton skirt

080 Screw

072 Screw

084 Locking wire

04e Pizton ring Mot

106 Pigton ring Mo, 2+4
118 Pizton ring Mo 3

143 Pizton crown

155 Pipe for cooling insert
167 Disc

179 Pizton rod

180 Stud

1582 Sealing ring

202 Dizc

214 Mut

Fig. 1 Components of piston
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Table 2 Chemical compositions of AISI4140

Composition (wt.%)

Materials C Si Mn P S Cr
Max Max Max
AISI4140 0.38~0.4310.15~0.35/0.6~0.85 0.03 0.03 |0.9-1.2
Table 3 Material properties of AISI4140
Properties
Vaterials sg?éilih Tensile Elongation Reduct ion
(MP;% strength (MPa) (%) of area (%)
AISI4140 834 980.7 12 45

Table 4 Thermo-mechanical processing and parameters for FE simulation

[tem Value Unit
Friction factor 0.25 -
Room temperature 20 T
Convection coefficient 20 W/m*C
Lubrlgapt heat transfer 10000 W/nlC
coefficient
Emissivity 0.7 -

Table 5 Thermal conductivities and heat capacities of AISI4140

20T 300C | 600 | 800C | 1000C | 1350TC
Thermal conductivity
(W/mC) 53.3 45.7 33.9 24.8 32.9 29
Heat capacity
(/i C ) 10° 3.7 3.1 5.6 4.9 4.3 4.3
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Table 6 Simulation parameters condition for friction welding process

Process parameters (@ ,=160mm, @, =280mm)
Simulation Friction
number Flywheel energy |Inertia moment Forge force
(N-m) (kg-12) force (N
(kN)
1 1.8x10° 2,500 3,500
2 1.8x10° 2,500 4,000
3 1.8x10° 1.054 2,500 4,500
4 1.8x10° 3,000 4,000
5 1.8x10° 3,000 4,500
5.0x10°
6 Case 1
4.5x10°] _ _ .Case 2 &
4.0x10° - - - - Case 3 L
6| —-— Case 4 ,
3.5x106 R -
~ 3.0x10° r—-— ——-—— —-—- —1
< 6 | .l
o 2:510°
o B
S 2.0x10°1
L
1.5x10°
1.0x10°
5.0x10° -
0.0 —71ir r r1r - r rr 1 r 1 T 1 T T 7
0O 20 40 60 80 100 120 140 160
Time (sec)

Fig. 12 Force versus time curve for friction welding process

- 28 -




Table 7 Simulation results for friction welding process

(D x=160mm, & ou:=280mm)

Simulation |Friction time |[Friction upset| Total time Total upset
number (sec) length (mm) (sec) length (mm)
1 123 4.5 148 19.1
2 123 4.5 146 21.5
3 123 4.5 145 23.9
4 102 4.5 123 17.4
5 102 4.5 121 19.1
2.0x10°
\
1.6x10° \
= |
£ 1.2x10°- |
z 1
=] |
g 8.0x10 Case 1 ‘
uCJ 1= —-Case?2 ‘
40x10°4 " " - - Case3 :
—-— Case 4 i
1=---Case5 1
0.0 LA L L L .
0 20 40 60 80

— 1 T 1 T
100 120 140 160
Time (sec)

Fig. 13 Energy versus time curve for friction welding process
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Fig. 17 Inertia friction welding machine
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Fig. 18 Fixed appearance of rotating part

Fig. 19 Fixed appearance of stationary part
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Fig. 20 Manufactured piston rod by friction welding processing
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F.W JOINT
Fig. 22 Microstructure on vertical section

Fig. 23 Microstructure at 15mm from friction welding joint

- 41 -



Fig. 25 Microstructure at bmm from friction welding joint
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Fig. 26 Interface of friction welding joint
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210

Fig. 28 Schematic of fatigue test specimen on welded joint

Table 10 Fatigue life for original materials

Specimen No. Weight (Kg) %ﬁ;;i? giuggiiz Fracture
F1 18 25.16 le7 X
F2 20 27.95 le7 X
F3 21 29.35 4.3e6 0
F4 22 30.75 5.8eb o]
F5 24 33.55 4.7e4 0
F6 26 36.34 1.6e4 0
F7 28 39.14 4.1e3 0
E8 30 41.93 2.3e3 0
Table 11 Fatigue life for welded joint
Specimen No. Weight (Kg) %ﬁ;;i? giuggiiz Fracture
F1 20 27.95 le7 X
F2 21 29.35 le7 X
F3 22 30.75 le7 X
F4 23 32.15 3.2e6 0
F5 25 34.94 2.3eb 0
F6 28 39.14 5.8e3 0
F7 30 41.93 3.6e3 0

- 47




Stress amplitude (MPa)

® Base matal
450 - A \Weld matal
8 A
400 oA
L ]
350 - A
®
A
® A
am' . ‘
P
250 4 ™
10° 10" 10° 10° 10

Number of cycles to failure (Nf)

Fig. 29 S-N curve for AISI4140

- 48 -




)

el

Ho

(1) v}

o
iy

i

)
Ho
ol

12]—0] 2
g Agy=x o
\I‘l/ﬂ
1, 12 2 2%
7]_0]—E'ﬂ

il

B

——
‘;lo

o)
o
]
oF
TH
=K

To-

el

N
O

jpuze)

X
Ho

i
T

—

)
To-

o

"0

<
o

w
pase

(3) mt

X
;o_l
4
it

o

oj

ﬁo

ojy

puzel

il

1) 7%
s ]

T

o
o
o
o

B

a}
o] & Apol7}

oot

At

+

L

;OE
o
o
o
w

I
=

- 49 -



i

(7) 2EENY AEARE e §qY Yz S4e
u e Lhebek

Aol vz =437

- 50 -



[2] o] &<, "SUA A7IdAEE T el &4, Fd

=
A A A g Ad v et FAISE S = A, 1996, pp. 99~104

[4] D.K Kim, D.Y. Kim, S.H Ryu, D.J Kim, "Application of nimonic 80A to
the forging of an exhaust valve head", Journal of Materials
Processing Technology, Vol. 113, 2001, pp. 148~152.

[6] =R, "tid "Adz wizB e A7|gA" &4 Ao gk A",
el Fri skl AAFeke] =, 2004,

[6] AW, A9, ol&A, "HSS-Cot SMB5C ©]F mh& &3 Aje] 923w
of #gk AF(D)", T ATG3]w=Ey #A193] A45, 1995, pp. 918~928
[7] Yun—-Geun Koo, Pyung-Woo Shin and Nho-Kwang Park, "Nimonic 80A%} w}
ErIAL| EA WL vt Aol 24 H 7AH 54", ddaS5es] A,

Vol. 34, No. 6, 1996, pp. 763~772
[8

[——

S.H. Kim, J.0. Ham, Y.B. Yun and N.K. Park, "Nimonic 80AS} <7 =}

ZERRY A a2 A7) ' 54", fEde4553]4, Vol. 35,
No. 9, 1997, pp. 1244~1253

[9] =&, AAA, "Inconel 713Ce} SCM 440¢] w}2-8-H", Journal of KWS,
A1548, A6Z, 1997, pp. 564~570.

[10] Ahmet Z. Sahin, Bekir S. Yibas, M. Ahmed, J. Nickel, "Analysis of

the Friction Welding Process in Relation to the Welding of Copper

- 51 -



and Steel Bar", Journal of Materials Processing Technology, Vol. 82,
1998, pp. 127~136.

1 g, wegr), "2l ~7(STS304) ¥ &5 3 (A16351) R84
ol AA SO #g A, =SS A Al9W Al4E 2000.
8.

[12] 745, Re7], "7 (SM50) 3 515 95 (A6063) 2] w8741 4 ol
o3 A", Journal of KWS, Vol. 16, No. 2, 1998, pp. 100~106.

[13] ZQH, &8, U=7], "dAAE AT A2024-T69F SM45Ce] whHg-
dell #ek A", Journal of KWS, Vol. 16, No. 5, 1998,

[14] A4, 9A4E, ""Had dFuge] npEgFels Te= d7e9-
24" Journal of KWS, Vol. 18, No. 5, 2000, pp. 624~629.

[15] P.D. Sketchley, P.L. Threadgill, I.G. Wright, "Rotary f{friction
welding of an FesAl based ODS alloy", Materials Science and
Engineering A329-331, 2002, pp. 756~762.

[16] Antonio A.M. da silva, Axel Meyer, Jorge F. dos Santos, Carlos
Eduardo Fortis Kwietniewski, Telmo R. Strohaecker, "Mechanical and
Metallurgical Properties of Friction welded TiC Particulate
Reinforced Ti-6A1-4V", Composites Science and Technology, Vol. 64,
2004, pp. 1495~1501.

[17] D.G. Lee, K.C. Jang, J.M. Kuk, I.S. Kim, "Fatigue Properties of
Inertia dissimilar Friction-welded Stainless Steels", Journal of
Materials Processing Technology, Vol. 155-156, 2004, pp. 1402~1407.

[18] V.V. Satyanarayana, G. Madhusudhan Reddy, T. Mohandas, "Dissimilar
metal friction welding of austenitic—ferritic stainless steels",
Journal of Materials Processing Technology 160, 2005, pp. 128~137

[19] Ho-Shin Jeong and Takeshi Shinoda, "Fundamentals and Basic

- 52 -



Application of Friction Welding", Journal of KWS, Vol. 15, No. 6,
1997, pp. 1~12.

[20] "Manufacturing Technology, Inc. catalog"

[21] T. Altan, S.I. Oh and H.L. Gegel, "Metal forming fundamentals and
applications", American Society for Metals, 1983.

[22] S. Kobayashi, S.I. Oh and Altan, "Metal forming and the
finite-element method", Oxford University Press, 1989.

[23] =&, "3akd <dxtdxe) d-HaA Fessy", d=Heried
HPALSF] =1, 1993,

[24] 0.C. Zienkiewicz and R.L. Taylor, "The Finite Element Method",
Vol. 2, London, McGraw-Hill Book Company, 1991.

[25] "Special metal catalog".

[26] "DEFORM 2D manual", SFTC.

[27] Ho-Seung Jeong, Jong-Rae Cho, Jung-Seok Oh, Fuong-Nam Kim,
Sung-Gyu Choi and Man-Young Ha, "Inertia Friction Welding Process
Analysis and Mechanical Properties Evaluation of Large Rotor Shaft
in Marine Turbo Charger", International Journal Of Precidion
Engineering and Manufacturing Vol. 11, No. 1, pp. 83~88

[28] H. S. Jeong, J. R. Cho and H. C. Park, "Development of Dissimilar
Inertia Welding Process of Large Superalloy Spindle", Key
Engineering Materials Vols. 345-346 (2007)pp. 1429-1432

- 53 -



SHYY. a8 2

=

=

A WA kel AL

PN
T

el

et
<H

=K

B
o

h s

S ECIME R

Aol Al o]

!
ol

oz A

-
it

“Many thanks!"#}+

TR FEdARE
u}

g
—]——D .

=
=

= iy

A% 0.

oM =

=4
2%

a
T

o
B

o
of

mjn

0

N

—_
o

o

p—

0

T

ol
JK

Iy

T

Aol

-

o

Qts

—_
o

A

-
adl

—_

0
e

g
Ko

0

—_

0

e
p
‘m__vo
o

=gy},



o
—_

43

=i
=

2, AL

)

& AT

o oAt

2t

0

N

o

o

™
63

Hl 7l

ozl wjju] A

oj

FelAl Apebd whEbd A gk 2

A4

al

=13
21

by

]

o

12

2010



	1. 서론
	1.1 연구 배경
	1.2 연구 동향
	1.3 연구 목적

	2. 이론적 배경
	2.1 피스톤 로드의 구성 및 기능
	2.2 피스톤 로드 사용환경
	2.3 기존의 피스톤 로드 제작 방법
	2.4 마찰용접을 이용한 새로운 제작 방법
	2.5 마찰용접
	2.6 유한요소 기본 방정식

	3. 마찰용접 유한요소 공정해석
	3.1 마찰용접 공정해석
	3.2 마찰용접 공정해석 결과 및 고찰

	4. 마찰용접 실험
	4.1 피스톤 로드 제작
	4.2 마찰용접부 특성 평가
	4.2.1 금속학적 평가
	4.2.2 인장특성 평가
	4.2.3 경도 특성 평가
	4.2.4 피로 특성 평가


	5. 결론
	참고문헌


