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Development of Steel for High-strength Crankshaft by Precipitation Strengthening of Mn-nitride
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A high-strength gas soft-nitrided crankshaft steel
that does not rely on the addition of rare metals has
been developed. High strength is realized in Honda’s
conventional high-strength crankshaft steel through
the addition of the rare metal molybdenum (Mo). By
contrast, a high level of strength was achieved in the
developed steel by making effective use of manganese
(Mn), a universal component of steel, in the production
process. High strength was realized by strengthening
the ferrite phase using Mn content of 0.9 wt% or
higher. It was determined that the strengthening
mechanism was precipitation strengthening by means
of Mn nitrides (n-Mn;N,) formed in the surface
layer ferrite phase as a result of gas soft nitriding.
Straightenability, a characteristic that is antagonistic
to high strength, is also demanded from crankshaft
steels following gas soft nitriding. This demand was
responded to in the developed steel by increasing
toughness through the reduction of carbon (C) content
in order to increase the area ratio of the ferrite phase.
The innovations described above have made it possible
to reduce material costs by doing away with Mo
while realizing an equivalent level of strength to the
conventional high-strength steel. Strength has also
been increased by 16% against crankshafts produced
using the conventional standard steel, which contains
no rare metals.
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Fig. 1 Schematic of hardness profile after GSN
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Fig. 2 Relationship between Mn and fatigue strength
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Fig. 3 Relationship between ferrite area ratio and C
content
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Table 1 Chemical composition of developed and
conventional steel (wt%)
C Si Mn P S Cr Mo
Developed

high-strength steel 0.30 | 0.20 | 1.00 | 0.015| 0.05 | 0.05

Conventional

high-strength steel 0.37 | 0.20 | 0.82 [0.015| 0.07 | 0.05 | 0.16

Conventional

0.40 | 0.20 | 0.60 | 0.015| 0.05 | 0.05
standard steel
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% Table 1 12/”7.
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0.3wt% & L 7.
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Fig. 6 Relationship between Mneg and 50 ym depth
hardness
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Fig. 7 Microstructure of developed steel after GSN
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Fig. 10 Crankshaft characteristic
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Table 2 Chemical composition (wt%)

C Si Mn P S

0.3C-0.5Mn 0.30 0.01 0.48 0.002 | 0.001
0.3C-1.0Mn 0.29 0.01 0.97 0.002 | 0.001
0.3C-1.5Mn 0.30 0.01 1.43 0.002 | 0.001
0.3C-2.0Mn 0.29 0.01 1.92 0.002 | 0.001
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Fig. 11 Method of specimen preparation and property
evaluation
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Fig. 13 Nitrogen concentration after GSN

— 142 —



Mn 21t & 2THERIERERE T 7> 7+ 7 NAEEORRE

6.2.3. BEICRIZT Mn DFE

Fig. 14 128D 50 pem VR X WHEEJIIE KSR 2 R4
MRS 7 — AR RRBRI Jo W THIA A 300 g
TERL 2. €y — AWREIE Mn mERE & S8
5. ZOFERIT Mn EKICE R BVWEKL 2B D/ S —
T4 MBICERT A WEEELZEAONS. WEL T 2T
4 MHOFEE A I IES Mn D224 6 012§ 5720,
Yy — AERE R O AR E A 50 g 12 F o Tl i
WA LS5 2T 254 MHOBIEHIEE2 B Z %>
72, MnEOBAE & 127 =74 MO F23HERR
XNz, Fig. 20 Mn BRI KIZ K 2EHFEEDM L7 «
F 4 MMAOWEE IR 2 L HER X B,

6.3. 771 rRDOHEMDRETE

Mn 2k 258k X B = X L &S 212 T 3 720 EfFIK
S 1B EE (Field emission type transmission
electron microscope: FE-TEM)IZ& 0D 7 = 54 MMHPD
PRAIALAL B ZR &2 2 hi L 7z, FE-TEM #5884 92 L 7z #0k
AR E UTRBARMIC B 2L 2 7 = X L DEER
D=, 4.2. HITaE L 7=FAFEM D C & &L Mn |2 [EBED
0.3C-1.0Mn ##E L 7z. BISEHABHIMLAYBE TO 7 =
T4 MEEBIRET 270K MA» S 50 um D2 5H]D
HiL7=. Fig. 15(a) i GSN D 7 = 54 MARTEE S h
7=HIREHE T H 1, Fig. 15(b) iFT L F — 43 X $1t5
Wi HERE R E B EE (Scanning TEM -Energy

400 -
=
L 350
?
[0}
o
B
2 300
c
o
()
©
£ 250
o
0 —o=Hardness (Perlite and Ferrite) 300 g
—{=-Hardness (Ferrite) 50 g
200 T T T . |
0 0.5 1.0 1.5 2.0 2.5

Mn (Wt%)

Fig. 14 50 ym depth hardness after GSN
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Fig. 16  Structure analysis of precipitation
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Fig. 17 Schematic of unit cell
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Fig. 20 Schematic of precipitate behavior
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