s 00000000000 FEATURE : Progress of Technology in 100-year History of Kobe Steel

good

Jotdbodbotdbotdbtdbtdboboboobgn

Technical Developments and Recent Trends in Crankshaft Materials at
Kobe Steel

L e
oooo®
Haruyoshi Kubo

OO0D0Q0Pf%ooo
Dr. Hiroyuki Mori

Semi-built-up and solid crankshafts, as a main part of diesel engines, have been subjected to increasingly
severe service conditions to meet such engine requirements as higher output and more compact size. This
has driven crankshaft manufacturers to improve the fatigue strength, quality, and reliability of crankshafts.
This paper describes technical developments and recent trends in this area including improved steel-making

processes, new materials with higher strength, and new fillet hardening processes.
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Photo 1 Built-up type crankshaft
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Fig. 1 lllustration of built-up type crankshaft
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Table 1 Manufacturing sequence of built-up type crankshaft made
of cast steel crankthrow

Casting . Rough Forging . Flame
design machining | ' design cutting .
Cast | Forged
¥ 1 throw i l shafts
Pattern Hot rolling . (Journal)
making on pin & fillet ! | | Steel making Heat !
1 1 1 | Ingot making treatment
| I
. Heat I !
Moulding treatment | | | i l
| I
¥ ¥ ' H . Rough
Heatini =
| | Steel making Preliminary | | | 9 machining
& pouring final machining| ! ' i l
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| i Final machining | 1
! | Riser cutting Cold rolling Forging for shrink
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Final machining| 1 '-=-----------------f---o-
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Photo 2 Solid type crankshaft
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Table 2 Manufacturing sequence of solid type crankshaft
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Fig. 2 RR forging
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Table 3 Technical development of built-up type crankshaft

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Full built-up type : : : : : :
i i Semi built-up type crankthrow
Casting design | Solidification analysis
Mold filling and solidification analysis ——
Open-hearth furnace | : |
Steel making T ; 3 P (T%emot::c ;L)Jmace
ap degassing process metho
process 3 Ladle furnace process (LF)
Grade 1
Grade 2
Cast steel Grade 3
material Grade 4
Grade 5
Low-Si
Cold rolling (Old type equipment) |
Cold rolling (New type/Small size)
Fillet rolling Cold rolling (New type/Large size)
Hot rolling
Ultrasonic test Automatic apparatus
apparatus | P
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Fig. 3 Ladle furnace process
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Fig. 4 Comparison of P, S and O contents between tap degassing
process and ladle furnace process
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Fig. 5 Mechanical properties and heat treatment of cast steel
materials for crankthrow
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Photo 3 Fillet cold rolling equipment
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Photo 4 Fatigue testing machine for actual-sized crankthrow
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Table 4 Results of fatigue tests on actual-sized crankthrow

Fatigue strength

Type of Fillet Tensile
; Degree of increase
cPr_an dksha:t Material | cold strength Fatigue 9
(Pin diameter rolling Oe |strength | Amount | Rate
in mm) (MPa) g\, (MPa) (\vpa) | (D)

Type 80 |Cast steel| Non 557.6 176.4 0 0
(730)  |(Grade 2)| Treated | 557.6 313.6 137.2 78
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Fig. 6 Mechanical properties of cast steel materials and forged steel
materials for crankthrow
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Fig. 7 lllustration of hot rolling
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Fig. 8 Effect of hot rolling
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Photo 5 Automatic ultrasonic inspection equipment
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Fig. 9 Share of crankshafts with tensile strength of over 950MPa
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Photo 6 Fatigue testing machine
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Fig.10 Results of fatigue tests on actual--sized crankthrow
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