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Application of Hot Rolling to Diesel Engine Cast Crankshafts

Toshiyuki OchilJ Haruyoshi Kubo[J Atsuhito Yoshimoto Yasumasa Yoshidall Takashi Chiyoudald Nobuo Kanamaru

O

Micro-shrinkage is unavoidable in cast steel products. In order to consolidate micro-shrinkage in the product
surface area, a new hot rolling method was developed. It is currently used for all cast crank throws
manufactured at the Kobe Steel factory. An increase in fatigue strength of nearly 30% was observed in the hot
rolled pin and fillet area. The study also clarified that micro-shrinkage consolidation is dominated by the

hydro static pressure value of the hot rolled area.
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Fig. 2 Schematic illustration of testing equipment
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Fig. 3 Results of pin area examination
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Table 1 Comparison of mechanical properties between hot rolled
and non hot rolled area

Without hot rolling With hot rolling
TS (MPa) 560 557
YP (MPa) 357 356
EL. (O) 30 33
RA (O) 47 67
Kya () 37 43
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Fig. 5 Effect of hot rolling for fatigue strength
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Table 2 Estimation of required specification of hot-rolling equipment

Experiment FEM. FEM. ana]ysis
analysis estimation

Location Pin Pin Fillet
Diameter (mm) 692 1008 1008
Number of rolls 1 2 2
Roll diameter (mm) 90 90 200
Roll width (mm) 30 40 80
Reduction (mm) 3.0 4.0 4.0
Fn (ton) 34 34 96 101
Ft (ton) 33 3.0 (6.2) (42)
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Fig. 7 Hot rolling equipment
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Table 3 Variation of consolidating effect against hot rolling condition

Reduction Roll diameter Consolidated depth

(mm) (mm) (mm)

05 @ 52 10

0.9 ¢ 66 12

14 ¢ 140 18

30 @ 90 20

30 @ 140 25

2.0 ¢ 180 25

3 dimensional FEM analysis
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Fig.10 3 dimensional FEM analysis @
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Table 4 Calculated value of hydro static pressure and equivalent
strain at marginal consolidated depth

Reduction Roll Consolidated | Hydro static | Equivalent
diameter depth pressure strain
(mm) (mm) (mm) (MPa/MPa)
0.5 52 10 1.03 0.97
0.9 66 12 1.03 1.07
14 140 18 0.95 0.86
3.0 90 20 1.00 1.00
3.0 140 25 0.96 0.77
2.0 180 25 0.98 0.69

gbooboooobooboobobobooooogooog
gobooboobboobooboboobooboo
gobooboobboobooboboobooboo
goboobooooboboobobooobooboo
goboobboobuoobbooboonpboon
O01100p0mmO00003mmOO000O0OODO
O2ommO0000000O0ODO0OO0OO0O0O0OO0ODOO
gobooboobbuooboobobooobooboo
goboobooboboobooboboobooboo
gbobooooobooboboboboooooogoDo
gbobooooood
gobobooooobooboboboboooooogoo
gboboooobooboboboboooooooo
gbobooooobooboobobobooooo

el 0O0ODOOO0DLODO0ODOD0

coobOOe790mmO0000C0O0O0O0O0OOODO,O0O
cooboooobooboooboooooooooooboooon

40 T T T T
Roller diameter
35 200mm +
Té‘ 30k 160mm _|
E [ 120mm _|
g_ 25 100mm
g 80mm
° 20 60mm |
k= 4
§ 151 omm |
E 7
S 101 g -
o
5 | - —
0 ] ] ] ] ]
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Reductiond (mm)

011 00OO0DOO0ODOO0OOO0ODOODOOOoOoOO
Fig.11 Relations between reduction, consolidated depth and roller
diameter

180 T Iw T T T T T T T
160 - I Hot rolled area i
¢ A ith
140 | < reawith no .
° o micro-shrinkage
£ 120 b
E
o 100 - b
c
K=
2 80 b
o
o
> 60r E
40 - g
@[] Shallowest micro-shrinkage observed
20 O under hot rolled area )
1 1 1 1 1 1 1 1 1

0
O 20 40 60 80 100 120 140 160 180 200
X positiond (mm)

012 JO0000O000O0O0O0O00O0O0O000OO0OO0DO
Fig.12 Result of pin and fillet area examination in actual size crank
throw test specimen

goboobooboobobooboobbooboo
gobooboobobobobooboobbooboo
gobooboobooboooodg

b 12000000 obmooboobobooboo
gooobog2s03ssmmioooooooooog
gboooooooboboboboooooooogoDo
gbooooooobooboboboooooooogoDo
gooon

CO0O00o0obOOobOOobOOoboOooboeeen100ooan
coboobooooooOoooobOobooobzo000 800
cooboooobooooooOoooooOooOooobooboOooon
coobooooboooooooooooooobooboooo
coobobooobooooooooooOoboooobooboooo
coobooooobooooooooooboooooboboooo
coboboooooboooooooooobooboooobooooo
gobobooooobooooooooooboobooooboboooo

goooo

O

goooooo

10 M. NISHIHARA et al.00 Proceedings of 9TH International
Congress On Combustion Engines, A5 (1971).

20 00 0000000000000 0000 422 (1991), p.615.

30 00000000 6100000000 0ODO 327 (1986), p.383.

40 0000000000000 Vol.35, No.405 (1993), p.1201.

R:D 000000/ Vol 52 No. 10 Apr. 20020 15



