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A study on the restoring method of the abrasived cylinder liner of
cast iron using thermal plastic deformation technique

Kwangryeol leex, Jongho Kim** and Youngsik Kim#**
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Abstract : The cast iron cylinder liner of the marine engine must be scrapped after its
inner surface was definitely wom out due to the friction between the surface and piston
ring during the operating. In this research, the restoring method of the worn out cast iron
cylinder liner are discussed based on the results of experimental work of the thermal

plastic deformation technique,

Key words: cylinder liner(2&4¢ gojy),

induction heat treatment (LF 3 Hx=7148),

thermal plastic deformation(¥£*d ¥ %:TPD), hard phase(7 3}4+)
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Fig.1 Schematic diagram of cylinder liner restoration
system
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Fig.2 Contraction principle of the cylinder liner
by the heating and cooling thermal cycle.
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Fig. 3 Selection of test piece
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Table.l Chemical composition of test piece

Kind C Si Mn P S
Base metal | 2.92 09 | 067 | 0.098 | 0.089
1 TPD 2.89 09 | 067 {00981 0.089
2 TPD 291 09 | 067 | 0.098 | 0.089
3 TPD 292 09 | 067 | 0.098 | 0.089
312 AZ A=

471 409 AgAZRE A AFAIGAIS
No.8 test specimen)®] AlgZAI= Table29 Z
o AEATAM & F e e o] EA
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Table. 2 The mechanical properties of substrate material

Kind Base |1 rpp {2 TPD |3 TPD
metal
Tensile
strength(MP) 263 2484 | 2472 | 2478
313 A=
Table3& A7) 47 A AANA HFHE 7+ A1Y
Holl 7|F8HF 1000kg R AIZF 152Z BEayg
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Table.3 The Brinell hardness of test specimens '

Measuring points
Kind | 1 |2 ]3| . |14 15| Mean | Std
B
A€ o7tz |217] . | 212|217 2148 | 499
metal |
1 TPD| 207 {207 | 207 .. [201) 217 2071 | 4.14
{2 TPD| 207 {212 | 201 | ... | 207207 | 2060 | 3.47
3TPD| 212 | 212|207 | .. | 207|207 | 2065 | 3.20
230
220F E
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3TPD
Fig. 4 The variation of hardness of test specimens
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Fig. 5 The graphite size in heating side(x100)
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Table.4 The variation of graphite size

< TR
{viﬁ'% ﬁ - or-arca max size max size
~ v :17*:-/ (Zttdl()e' ) length ¢m width m
N DR | (stdbev) | (StdDev.)
: 0.1466964 172.02307 86.941177
« |heat
Base |%0 T8\ oo117a12) | 0173018) | (17591673)
metal | S
without cooling 0.16933569 2849436 20618921
TPD |~ side (0.00169063) | (40.26173) (24.882839)
heating 0.23399417 520.10126 282.86313
id 0.00513704) | (77.034416) (38.326988)
leycle | S19€
TPD cooting 0.18909264 64251531 229 33057
o (0.00288768) | (67.743533) (30.5261)
side
heating 0.19639716 510.13892 236.58026
id (0.00496592) | (74.852127) (41.00219)
%cycles | Side
TPD cooling 0.1357387 348.71832 354.09537
side (0.00136973) | (B4.616688) | (24.069115)
AP, AT : DI8H26554 | 42414401 155.46582
A% A TN heat
Ay T f:c;:g (0.00225704) | (B8.711632) | (22.769814)
Jeycles | 7
TPD cooling 0.16062546 704.52026 354.09537
o (0.00384592) | (76.111511 (38.747246)
side )

Fig 7 The graphite size in cooling side(x100)
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Fig8 The variation of layer distance of pearlite in
middle part (x1000)
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Table.S The varitions of inner diameter before and afler
TPD

do m o

Deformed
Before TPD After TPD I:"n‘;';’;
(%)
Position R
F-A | p-s [P g g | g [Rowndf b b
—Ness -ness
48 | 3w
aTDO) | 28420 28136 ] 308 | 27054 | 277, 21
& B39 BLIB| 303 7044 -1.71% | - 1.39%
b
A00mm (o 8| 28155 193 | 27844 | 22688 | 156 504 | 467
from -1.78% | -166%
™)
C
{X0mm -255 | -282
2821 |281.46| 064 | 27955 | 278, :
tom | 21 |28146] 064 | 27955 | 27854 | 101 0906|104
TDC)
’_\
d
(300mm ) 157 | -191
211 (28088 022 | 253 | 27 54
from | 2112088 S5 | ZBOL| 058 | s -0.69%
TDC}
[0
{300mum . -191 | 229
2063|2044 019 { 7872 | 7815 | 05 ’ :
fom | U631 20441 019 | ZmT2L| 715 | 057 06| 0
TDC)
Puosition
F-A | P-S [Round] F-A | P-$ |Round| F-A | p-g
A ] 3159 [34585] 005 343.1j 3275 | 038 | o1 | 3
: -0.80% | -0.9085
. -020 | -02%
3401|3486 0% | 3462 | e | om
B W91 3488] 05 | 3462 ] Bas | og ol s
008 | 043
s |t 003 | azon | wass | o
C  |aasslma8) 003 {300 | Bags | oos 00 | 0010
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