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Effect of Heat Treatment Processes on Mechanical
Properties of Crankshafts in Marine Diesel Engine Use

Gie Hong Kang
Hyundai Heavy Industries Co., Lid.
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Abstract Effects of chemical composition and heat treatment processes on mechanical properties of
crankshafts in marine diesel engine use have been studied with tensile machine, hardness tester, impact
tester and optical microscope. The following heat treatment processes, normalizing—TR forging—
quenching—tempering, show the best mechanical properties and microstructres among tried four differ-
ent heat treatment processes. The mechanical properties depend on austenitizing grain size growing from
the initial grain size after TR forging, cooling rate passing through the C—curve nose, austenitizing tem-
perature deciding from the amount of carbon and austenitizing time calculating from the diameter of
jounal of crankshfts.
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Table 1. Type and Weight of Crankshafts

dxgz Adug 2Fg dAH=2 HuE v} Weight(Kg)
# & Ha7b3d BEe W Fns 4 Type Ingot | Round Bar
dxefstel TREZF O oA zAL2 dH F-2 23/30 4060 2855
£ zdstd AYYEE, AoldFAe o4 5L | 28/32 6520 4832
39 AYYEE debisich olsh 2 w4 23/30 460 3198
229 ztoldlx BTy E7E FTAHL A 6L 28/32 7100 5446
g FYPFAATES] AN FRe Az} ] 23/30 4650 3534
ofd el A Aol vhebteh Hal Aejd Tk | 202 1920 o001
w59l AEgkel Ashb 2 dehdeh 0§ 2309 | 520 okl
Adeb] A% 2), 9T HE e Azd @ o T B i
Aol FH2RA olFelM 7H £ At 9L | 28/32 9220 7270
% <A 9 2)¢ T mBehe]Y>TREE
Table 2. Chemical Composition.

Ingot

charge C Si Mn P Ni Cr Mo Al Cu
number
S 046 029 076 0025 023 025 006 004 015

#2 042 026 077 0015 0015 005 010 0.0l - 0.07

Mn, P, So A% ko] we} charge #13
charge #2&8 2FF& Ah&stdct. Aol v
2= g3t QR 43 o] 9fdl= charge £2
9] AEE 713 JXEE AMEISY. =M=
Az ES] Az FALE 1Y ld EAISHLL
HEDG2F R dxe] FAHLE 1Y 24 @

244 chgst o] dAe ol AlYE o
1) 1zb9] xwabe] A (830°C, 14Hr)—TRxt
223k xrepo] H(880°C, 9Hr)—UA
(880°C, 6Hr) = 5} 2 (600°C, 9Hr)
2) reho] 4 (880°C, 14Hr)—TR&HZ
2 (920°C, 10Hr)—¥l = 2 (550°C, 6Hr)
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Fig. 1. Manufacturing Processes of TR Forged Crank-
shafts.
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Fig. 2. Heat Treatment Processes.
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Fig. 3. Position Number of Crankshafts.
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Fig. 4. Effect of Chemical Composition on Hardness.
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Fig. 5. Effect of Size on Hardness.
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Fig. 6. Effect of Heat Treatment Processes on Hard-
ness.
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Table 3. Effect of Heat Treatment Processes on Mechanical Properties.

Heat Treatment Mechanical Properties
Processes Y.S TS EL RA Hardness E
(Kg/mm*) (Kg/mm®) (%) (%) (HB) (J)
After TR Pin 590 859 9.0 12.4 235 49
Journal 492 790 7.7 38.3 241 16
TRoN Pin 339 669 225 41.6 187 25.8
Journal 399 666 19.7 46.9 187 28.7
TR—Q Pin 625 880 134 36.0 255 26.5
Journal 628 881 14.0 371 241 23.2
TRoN-Q | Pin 623 883 15.1 40.5 241 27.1
| Journal 588 850 14.3 416 241 18.0
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Fig. 9. Microstructures from a) Round Bar and b) Nor-
malized Round Bar.
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Fig. 10. Microstructures of Pin and Journal Parts by Different Heat Treatment Processes.

ehx ded 2)9 dAFHE A AH

=g WHHFAAFE FTHoR FFHAL
o AR A iyl Es 2w}

oA 222 Aol vl A= Aol HEH

ZAHE 93] 2R A
BAAZE Aod i) v



540 AR A ASA AL5E (1995)

H 1lelA & 5 gk F 29 1l-ax= &4
dHvlolE3l &%7} 900°Ce)m £3% A7te
1041722 AAgleEs TRE2 Ao (2
H 9—Db)ell ustel k7t =di3l Hoy H
2tole ZAAqx e} Halole AT Hlx
T okArS Btk 2¥ 11-be e AH o)
Ez 2x7 950Ceolz HA A17+e 1047}
L2 TReZ Ao HAAYEe] uvlsle] =4
zdi3}t =i Hejolv AAJYELE Hole
ARz e}t vmA] Aoz g}
TReEzF2 A §99 mAzzags 249
¢} FAFo ueld FAEAGD. 1Y 12
A F9o mAzzer a) FHEL b)
4o AAYRE HeolFw AL Fapel
vlgtel AAErt 2tn T2 AYYAE
weta ZAMdete]Erl ME =] gk olu
d 59 29y v zzel 2y 12-a%
Aojdwse] mlAzzl 23 11-bE vl

of rfr e

a) Surface X160

a) Austenitized at 900°C for 10 Hr *1%

b) Austenitized at 950°C for 10 Hr <100
Fig. 11. Grain Growth after Austenitizing.

X100
b) Center

Fig. 12. Microstructures of Pin Part after Normalized
at 880°C for 14Hr and TR Forged.

7 100

Fig. 13. Microstructures after Quenched at 920°C for
10Hr and Tempered at 550°C for 6Hr.
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