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Development of Nitrocarburized High-strength Crankshaft with No Rare Metals Added
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Conventional nitrocarburized high-strength
crankshafts secure high fatigue strength through
a strengthening mechanism using the rare metal
molybdenum (Mo). In contrast, a crankshaft with
high fatigue strength equal to that of the conventional
material was developed without the addition of rare
metals by using copper (Cu) and chromium (Cr) and
optimizing the material design.

Cr increases the hardness near the surface
layers during nitrocarburization, which effectively
increases the strength. However, in this case cracking
easily occurs when plastic deformation is applied
to straighten crankshaft bending that occurs in the
nitrocarburization process, which has made it a
challenge to actively use Cr. The developed material
combines hardening by Cr with ferrite solid solution
strengthening by Cu, and enhances straightenability by
suppressing the Cr content required for strengthening.
This simultaneously achieved both high fatigue
strength and good straightenability without the addition
of rare metals.
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Table 1 Bending fatigue strength and cracking limit
strain of Cr added steel after

nitrocarburization (Conventional steel = 100)
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strength strain
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Fig. 1 Relationship between ferrite ratio and cracking
limit strain (Ferrite ratio 11.1% data = 100)
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Table 2 Chemical composition of original test steel

C Si Mn Cu Ni Cr
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Fig. 4 Influence of alloying elements on surface

hardness after nitrocarburization
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Fig. 2 Relationship between internal hardness and Fig. 5 Relationship between hardness and bending
wear loss at oil seal section of crankshaft fatigue strength (Conventional steel = 100)
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Fig. 7 Influence of Cr on surface hardness and
internal hardness after nitrocarburization
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Fig. 9 Lattice constant of ferrite after nitrocarburization

Fig. 10 Transmission electron micrograph taken from
diffusion layer of steel containing 0.10 mass% Cr
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Table 3 Chemical composition of developed and conventional steel in mass %

C Si Mn P S Cu Cr Mo
Developed steel 0.30 | 0.08 | 0.80 | 0.013 | 0.05 | 0.25 | 0.12
Conventional steel 0.37 0.20 0.82 | 0.015 | 0.05 0.16
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Fig. 12 Hardness profile after nitrocarburization

Table 4 Bending fatigue strength and cracking limit
strain of crankshafts (Conventional high
strength crankshaft = 100)
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strength strain
Developed 102 29
steel

DB HV 300 232 LCTH D, Table 4 173 k51
WkO2 Vo2 x 7 b ERIFEOHNTIE T RS & S IE
P AR L 7=

6. £&®

Cu, Cr #olft U 725 o st MR & SRR Sk 1 TR
FTBHZEIZED, Mo 2L ETL T A ZILDOFRMARN
WhERIE Y 5V 7 v 7 NEBIELE Zhickbhaz
b AR 2 %L, SR L 7 2 ZLEED ) 2 2 %[0
WD ENEEE Ko7z KB TUTOZ 252
25 7-.

(1) Criz &k 2k IO AL E Culc kb7 = 54
FEAERLA A DTS ZLIZED, LT A XL E
RINE 3SR O BRI & [R5 D R ST R &
BAF i G EE 2 E T 5 Z L 3 RETH 5.

(2) @ o BBk Cu, Cridfikte k2225 I
HIZERINTED, 22T v THMOFEIZ X H B3l
HAMERTTAETD 5.

(3)0.10 mass% 2 D Cr HIZ I F B kL0 s L%
WFEZOBEFEGIL L D & CrN I & 5 M a2 i
WTH5.

ZZ Xk

(1) 5 TRt : 1 Bl R RS 50 5 2 35 0 2 iRl D 4Bl
A, EBEHLI, Vol.55, No.10, p.64-68(2001)

(2) $8RfE—, A Bk O LUBMER Ul 32
%, 5%, p.262-266(1992)

(3) #FICT5, WA, sRFREEAT, KM, s mE o7
WIEIEFEN 2 7 v v v T L OFYE, BEEHEGNE
et 2T %, No.47-00, p.9-12(2000)

(4) BHZBEA, BIFgth, AT, Tt SRME:
R R AN Y T v 2 v v 7 OF¥E, Honda
R&D Technical Review, Vol.15, No.2, p.175-182

(5) RWEM, .z, mAERE, OEHRE, EHE, &



L7 ARV AEBERBIEI T T2+ 7 NORE

RICE mla - L MTIc ks —&A2 5 v o
DPE IR DA b, T B, Vol.48, No.l,
p.68-71(1998)

(6) BIFgkth, WErnHah, rBPil=s, MR PEUEE IS I HE
gty 7 2 2 ¢ 7 b OFi%E, Honda R&D
Technical Review, Vol.19, No.1, p.86-93

(7) P L 7 2 2 L OB R &R, RO TR
2, HEHEA, Vol.63, No.11, p.14-18(2009)

(8)Matsumura,Y., Kurebayashi,Y., Konagaya,D.,
Mizuno,K.: Development of Nitrocarburizing
Steel for Crankshafts, SAE Technical Papers,
1999-01-0601(1999)

(9) CRBEGR, = HH DS U - ek SRS D R G2 AL R 12 B9 3
i Cu D8, B, Vol.77, Nol, p.29-38(2006)

(10) A b5 — BB, AR AT R rhoiR 86 o0 gk S L R 11
FKIE$TATICR OB, B, Vol.75, No.1,
p.11-18(2004)

(D) Bz —88, wAEfT: 7 254 b oS—=F 4 FRJEH
B OB IZRIXT C, VEORE, 5N,
Vol.65, Nol, p.22-30(1994)






