P E R >BER & LVIEEM Z v /omiEssits 707 v v 7 bokl% 133

BRATER

Bl Technical Data

o U VIFRE#HZ AV - SREREL

9529 % 7 MO

IR HE ™, AR, B0

{TZ 11 [ /S A S

Development of High-Strength Nitrocarburized Crankshaft using

Normalized Vanadium Microalloyed Steel

Kosuke Kato, Kazuyoshi Kimura, Satoru Suwa, Daiji Kawaguchi, and Atsushi Murakami

Synopsis

1t is important in a nitrocarburized crankshaft to have all high fatigue strength, machinability, and straightening ability.

A vanadium microalloyed steel was developed of which a high level of strength and toughness could be achieved by control of

normalizing temperature.
The result of this development is as follows.

(1) The amount of vanadium that melts in steel increases with an increase in normalizing temperature and hardness increases.

Hardness can be arranged by the carbon equivalent weight.

The nitrocarburized surface hardness can be arranged by the chromium equivalent weight. The surface hardness increases in

proportion to the amount of dissolved vanadium.

(2) The alloy design was able to be established by using [C]eq and [Cr]eq.
(3) The insoluble vanadium carbide shows an effect of silicon grain boundary pin detention. And microstructure is prevented

from coarsening. Moreover, toughness is improved.

(4) Optimization of normalizing temperature helped to enable the achievement of more than 30 % increase in fatigue strength

against conventional steels while maintaining machinability and straightening ability.
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Table 1. Chemical compositions of steels (mass%).

C Si Mn Cu Ni Cr V
Steel A 0.48 0.10 0.74 0.10 0.08 0.15 —
Steel B 0.46 0.10 0.72 0.10 0.08 0.15 0.10
Steel C 0.47 0.10 0.75 0.10 0.08 0.15 0.20
Steel D 0.47 0.10 0.73 0.10 0.08 0.15 0.30
Steel E 0.47 0.09 0.75 0.10 0.08 0.15 0.40
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Fig.1. Microstructure of specimens after normalizing.
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Table 2. Chemical compositions of steels (mass%).

C Si | Mn| Cr | V | A
Developed steel [0.47 [ 0.10|0.7510.15]0.30 | —
Conventional steel | 0.23 | 0.60 | 1.00 [ 1.00 | — |0.16




140 BRI £81%&27%5 20104

3. 3 EHHERH

Fig 15 IC &L O S A /R 9. BRA 1213
Fig.16 I2/R 9 & 9 [ZBAF o [msz i P ER - % Vv, B
%56 L (1103 ~ 1253 K) —BMn T c sz bz it L
7. BRI LBROERBE S 1L 458-474 HY, JLEVEE S 1

0.4 mm & H\ VO SEFENE LN TWD, NEE S 1

1103 K DL [T 200 HV LLEASEfR T E T 5. Fig17 12
BeZe & LIREE LI REDOBRERT. Bk o LiREY
ER L ETREIRED LT 501, NERE S
DOWEIMcLsdbneEZ6NA. L2L, b LR

700 —
Normalizing temperature
© 1103K
o 1153K
600 | o 1203
= A 1253K
—
E 500 |
[ )
@
S |°%
> 400 [
= 00 : !
2
= 300 | Q
@ T A
T & : é ° ‘ ;
S .0 o
200 | ~°~—$...o,_,q__
Necessary hardness gradient to
achiev e faigue strength
100 : ‘

0.0 0.2 0.4 0.6 0.8 1.0
Distance from surface (mm)

Fig.15. Hardness distributions of developed steel with

normalizing temperatures after nitorocarburizing.

£ 1253 K T3 750 EE D 1) LA N 7% - 72 Fig.18

WZHEZ & LIRFE 1203 K, 1253 K @ 3 7 Tz /R 975,
1253 K # 13 F+P Ak O M RAL 2SI S 7z, BEM O
VOERBEREIZ 123K THDH I En5, HALHH]

Lo

Fig.16. Geometry of rotating-bending fatigue, and
bending test specimen.

600
550 | @
Grain coarsening
S8 500
=
=
2 450
o
»
@
3400 |
©
L
350 | X @ Developed steel
x :Conventional
300

1100 1150 1200 1250 1300
Normalizing temperature (K)

Fig.17. Relationship between normalizing temperature
and fatigue strength.

1203 K

1253 K

e o 5.1 0 W oy

F|g.18. Mlcrostructures of developed steel after normalizing at 1203 K and 1253 K.



P ER >BER & LV IEES 2 e /omsagssts 70 7 v v 7 holgE 141

KLFCTd D AREE VC DA &0 F+P ALKk A KA
L7272 D5 MENT E L ol Ex 6D,
BIZEHHIZ VSN DIRE TDH 450 MPa L | D JE 57 58
BHEROENTEBY, ek (350 MPa) & HELL T30 %
PDbomLasxin, F£7-, Eeo LIRE 2 mlts5 2
& THRK 50 % DIEFTHEDH EHRSNS.

3. 4 OTAHABEMN

HIEE 3.3 O EEEFAFH ERER A % VT 3 sl B %
T, MBERERBICEZAPBETLETCOMLIAAR
FUWETHIETOTABEELZRAEL . MLAA
EOARKEVIEIEOTABIEEICEND 2 L2 EKT 5.
Fig19 1B & LI L LAABDOEBEZRT. £
7o, BE D L BN Lo, B X OV1153 K THEZ
5 LA L 720k oM LiARBEZPRE L2, BEL S L
AT E TOTABIEMEISHE SRS, Bk b LIRE
1253 K O LiIAA =T L 72013 F+P fLkAVHLIRAL
LizzbickrdbnbErzons. /2, ERHOML
AAED 21 mm THDHLIT s, FABMOBERS Uik
FEx 1203 K DLTFICRRE TS, fERkil L MED VA
BIEEIRLNS.

DEoZ ent, izt s LREL EIRT L2 L
THREE — 81N T v A EN T VIR & et T 5
ZEDREE o 7.

3.0
X:Conventional steel
€25 |
E
s | S 8
g B o
S 20 | S GGraincoarsening
3 i
e
£
=
£
3 i
= 1.5
as-forged
O
1.0 -
1050 1150 1250 1350

Normalizing temperature (K)
Fig.19. Relationship between normalizing temperature

and maximum deformation.

R ZEHNCRETA VT2 I 7y 7 hD#d
BRI, BEME (BREE, O ARBIE) 10645
T, POEFREIZ 30 % LB ELTWAZ & 2R
LTwW5,

4. 1% 5l
il & & F+P MLARIC AT T HEL © LIRE OB & A

TH5IET, UTOHRZGS & & O ITHME - N7

vRENEREL Y T 7 i E BRSS L 7.

(D) BEZ & LINELER ICH - ~EE T2 VEIIL DTS
ML, M2 [Cleqil(2) THEMDITRETH 5.
LR OERBRE L3 [Crleq(4) T (BHEPTE,
[VIE e Ul S E3m4 5.

() BE% S5 LMIZB VT [Cleql [Crleqk WA Z LT
HELBRONIMHES L RBHE S 2HET L 2 250
ReL ), BIEMEZELOOEERITTEMH
VL7

GV HRNEEET2RELT RO LA T 2
&ET, ST R o 2R EE VCASHLIRA LB R
T-& LTEH L F+PHLEE O AL 1235 Lok
HANG.

GBS LiIRELY REfts25 28T, O3 ABIEHES
FEME L 2255, RSB IZBATM AL 30 %Ll Eom
ErENn Bz Ty A ERE L.

(3¢ )
DFR%A, BTH D, s, REEE, HAR
16 B4, 53(1982), 26.
2) DM L AU, 70(1999), 43.
3) VAT Sanyo Technical Report, 8(2001), 68.
AFE O, NEKR=, MLk %, KHMR, £
A\ : Honda R&D Technical Review, 22(2010), 55.

5) 3 EsE—R, A EAT A, 67(1996), 56.
6) BEHFIE, R AT A, 63(1992), 15.

7) I EsE—IR, AT EAT A, 65(1994), 22.
8) I L3I, MG BRI, 75(2004), 11.





