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An Approach to Increase Strength of Materials for Built-up Type
Crankshafts
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Abstract

Recently, there is an increasing need for improving the efficiency of low-speed diesel engines for ships. In
response, Kobe Steel has newly developed an inexpensive low-alloyed steel for built-up type crankshafts. This
steel has a high yield point and high fatigue strength while avoiding the risk of quench cracking, which often
occurs in large forged steel products. Crank throws were manufactured from multiple steel types, including
the newly developed steel, and the material properties of samples of steel pieces taken from their major parts
were evaluated. The results confirmed that the newly developed steel has mechanical properties and a fatigue
strength superior to those of conventional steel. It is expected that this newly developed steel will be applied
to next-generation engines and contribute to compliance with environmental regulations, which are expected to
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become increasingly stringent.
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Fig.1 Manufacturing process of semi-builtup type crankshaft
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Table 1 Chemical composition and heat treatment methods of test steels

Steel ¢ Chemical composition (wt%) Heat
ee e

P C | S [Mn] Ni|Cr|Mo| V| treatment
32CrNiMo6-3 Max. | 0.40 | 0.40| 1.50| 1.10| 1.60 | 0.40 | 0.20 | Normalized

(developed &
alloy steel) Min. [0.25]0.15{0.80| 0.60|1.10 [ 0.15| — | tempered
34CrNiMo6 Max. | 0.38 | 0.40]|0.70| 1.70| 1.70| 0.30| — | Quenched

(conventional alloy &
steel) Min. [0.30| — [0.40|1.40|1.40(0.15| — | tempered
Carbon steel Max. [0.50 | 0.40|1.40| — |0.30 — |o0.12|Normalized

. &
(conventional steel) Min. | — | — [100] — | — | — |0.06| tempered
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Table2 Forged crank throws manufactured from test steels

i Specified strength
Throw Steel making Cyh_nder Forging P £
No Steel type process size method YP TS
’ (mm) (MPa) (MPa)
1| s20rNiMog-3 | Super clean 950 2 step die =590 =780
(Developed) forging
2 | 34CrNiMog | | apdegassing 500 Gas =590 =780
(conventional) cutting
3 | Carbonsteel | 2P degassing 600 Die 2350~370 | 2590~610
(conventional) forging
4 | Carbonsteel | 2P degassing 600 Gas =350~370 | 2590~610
(conventional) cutting
5 | Carbonsteel | 2P degassing 960 2stepdie | - a50 370 | 2590~610
(conventional) forging
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Fig.4 Tensile test results of specimens collected from crank arm in
the vicinity of hole for shrink fitting journal
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Table 3 Mean fatigue strength and standard deviation of test steels
for crank throws

d SN S
No. steel type (MPa) n (MPa) | (MPa)
1 32CrNiMo6-3 25 13 479 29.0
2 34CrNiMo6 25 13 438 17.4
3 Carbon steel 25 13 313 1.2
4 Carbon steel 25 13 263 1.2
5 Carbon steel 25 13 313 1.2

d: Stress increment or decrement

n': Total number of the fatigue test specimens
Syt Mean fatigue strength

s Standard deviation
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Table 4 Evaluation of fatigue characteristics at lower limit of fatigue strength with 90% confidence interval

® @ ® @ ® ®
No. steel type op D Ry | opwrro |tos na | Savs | ®/ @
(MPa) | (mm) | (mm) (MPa) | (MPa) | (MPa)
1 32CrNiMo6-3 951 1,220 90 224 1.4 468 2.09
2 34CrNiMo6 841 645 40 229 1.4 431 1.88
3 Carbon steel 732 720 45 209 1.4 312 1.49
4 Carbon steel 673 730 55 197 1.4 262 1.33
5 Carbon steel 696 990 70 194 1.4 312 1.61

op: Average tensile strength result of crank pin part

D' Diameter of crank pin
R g Radius of crank pin fillet
Opw k=10° Designed fatigue strength (K=1.0)

t 41 nrt Inverse function of t-distribution with one-sided probability a of 0.1 and degrees of freedom n-1
S 4905 * Fatigue limit resulted from 90% confidence interval

,D: 777 EE (mm)

R, ¥¥ 74 Ly FEEE (mm)

oy - BRI S (MPa)
K @ 857 av 21209 B85

B, WETOX AT ARBKICH LT, Al
BEICIVREINSLZ T V7213105, CGF
(Continuous Grain Flow) #&EiICk W #Es 7T >~
ZNIZL05A35 2 55 Vo Mkkid i R LBt %
WH L 7z— K8 27 5 > 2 @ik LT K=1.15 D45 &2
ZEMBBELIVIUEL TS Y, Thbb, ZOKRK
KofErmwiliE a2 2@ Lz—KEl 2y 5> 7 %
BHTAIEICED, HERXD IEVIETHRETT T~
2 A AT 2 2 LA EETH Do

SN HHEEIC L Y EE ST r T 0 7 ilihsikiE L
b, ZOw, K=10%R (5) ITMCA LzikiHES
SRIE 0w k=10 C F BRIETTIRIE S, 000, Z BUEALT 5 2 LI K
D, AT =D S, 2 ARFK A M IR L TR L 72,
ZOMPEERAIRT, BBIIRME 0,1, K517
Oy bL72KY 507 A0—DE YEIZBITH5]ERK
DOFE I LTzo B AT — D S0/ 0o k10 DI
LU ETH Y, HEHEFMEE LIl>TWw5b 2 &A%
b0 & IC, EIHEEALE & BB AL L TR
L7279y 7 2a—13K =209 243 BN 19857
HETH Y, EFHETREICH L TRE RS-V U2
LTwb,

ZZT

CTC=PIRMB LR CcRE L7227 57 Aa—
OB 2 BRACL, BRI & 957 R & BT L
7o PSR ROME LR T,
CBRMTRE LS 7 A0 —DT — LY v —
FOVERIGEIIAERM X D S RmVBEREE A L Tw
bo F7z, PEROBEEEOMBERE L LB L T
WK E AT 5,
C EE AL B & ORI A s L 22 B Ss
DY Ty AU —FEVETREXYRELTEBY, £
D 90% EHEIX I BT 5 FRRJE S IX TACS UR
M53 THLE S 15 B EHIE S iR ORFUTIRA L T
209 DENTETREE AL TV 5,
B, INSOHEEIIC, BIIEM O 32CrNiMo6-3

EPER OB X D b IR TH B KT 650 MPa, 5l
HRiR & 850 MPa & A3 M Al 7 5 o 7 WM& L
THARBHHEZ I LD LT 5% L OMBIHE D S
KRBT L7z S 51T, EiFEELEm S L ORLA
ERECHEGE SNHBEMOMLI 2 5 v 7 Au—1d—1k
WMy rrekkc?, FibEymEoR (5) b
FAREE T AT ARMKOMEE LTLIEZ 52
BUFRIAREZ RIS L7120 T H DRAHEE S N7k 5,
RO M E B AT 5 Z LISk o THIR 2 5
YIMNIBIFATY) v LT LY RPESTTRIE A HER K
DL ERET B EAWEEE o T2,

Lt%, ARBIFMPB L OBEGEBM SR T > Y v il
MEN, FTETRL < 722 BRERFINO IS E#T
L ENHfFE N5,

z £ X W

1) KRZBEEED. HARS) v Yo7 ) v 75458 2019, Volbd,
No.5, p.680.

2) MW Z. R&DA TG 2016, Vol.66, No.1, p.2-6.

3) M RECE. SEES UMK E TR oL 22, 1993,
265p.

4)  FERREIT . R&DAT B H . 2009, Vol.59, No.1, p.94-97.

5) R. Yakura et al. 27th CIMAC Congress. 2013, Paper No.442.

6) International Association of Classification Society, "Calculation

for 1.C. Engine Crankshafts, Unified Requirement M53". 2017.

-

=RRTT
SRIGEID  SRSEMERS BlvhHIEE  SRMUEEIDM  SRRMUISEN Bevh e
(g FRMEERR SRE1=y b D) (B ERHEERN SR b B

o
P

RETK
SR RIS
(s ERATRENT RNz | BN

RsD =7 515415 /Vol. 70 No. 2 (Dec. 2020) 51



