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Synopsis :

To develop microalloyed carbon steel bars for machinery parts, the effects of
microalloying elements and the hot working conditions on the strength and toughness of
medium carbon steel were investigated. The results obtained are as follows: (1) Because
of the effect of V or Nb for precipitation hardening and crystal grain refinement, addition
of V and/or Nb is effective for producing micro-alloyed carbon steel bars. (2) Strength,
hardness and toughness are controlled by the heating temperature and the cooling rate
from Ar3 to Arl. (3) The chemical component design should be based on the
manufacturing conditions and required properties of each part. (4) This steel is suitable

to the connecting rod, crank shaft, pin, shaft and so on.
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Properties of Microalloyed Medium Carbon Steel Bars

Nobuyuki Kondo, Kimio Mine, Nariaki Koshizuka, Yoshiji Yamamoto, Toshire Nakao
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alloyed carbon steel bars.
{2) Strength, hardness and toughness are controlled by the heating tempera-

ture and the cooling rate from Ary to Ary.
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Fig. 3 Effect of alloy contents on tensile strength
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Fig. 4 Effect of alloy contents on charpy impact value

Table 1 Chemical composition (wt.%

Stecl c | s \Mu r | s |or Vi N

NH45MV | 0.45 | 0.27 ‘1.25 l0.011|0.020[0.02]0.00] 0.0071
RS |

NH45CV | 0.45 | 0.25

| 0.0 ]0.010 0.0200.20[0.09] 0.0068
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Photo 2 Electron-micrograph of dispersed precipitate in the
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Photo 3 Result of EDX analysis of dispersed precipitate in
the hoterolled NH45MV 50 mmg steel har

HEOR¥IC Lo, HEEML LTS,

Photo 2 {3 50mm¢ HOZETTFEMBESEHY, <+ o
7 Arhiz 100A i Bie il 7 52 B b s, O
Wi EDX (=440 F— 488 X BoHER) kv EELS (8
FHRABE AT ®) 1T & TR LodE M, Photo 3 351 0r Fig. 6
IRT RSV BRI T - 0,

3.1.2 HEEAEE

QBEH o 1 ORI S Fig, 7 1RT, 25 mmg Ho
MR AT Lk h T S,

#iFm NH4AGMV: Y3 58 kgffmm?, TS 82 kgffmm?, El 269, RA

58%, pEe 10.0 kgf-mfem?
fEsE NHebCV: Y8 55 kgfjfmm?2, TS 81 kgffmm?, El 25%, RA
57%, uFee 8.8 kgl -mjem?®

Tt HOfERE S45C WAL & Lo JIS &2 (25mmg) YS

— 53 — UL Vol. 16 No. 3 1984



208 ERE PR KR o
M =50kgf-mfem?, TSz70 kgf/mm?, Elz17%, RAZ=45% klo¢
1000 uBnz8kgf-miem? H2THMR L5, X6hiZ, MRAES LER

X100

Intensity
<

C-Kedge 2840y
O

N-K edge 402 eV

g V-Lz1 edge S13ev

U ¥ Fe-Ledge 7086V
O

Energy

Fig. 6 Result of EELS analysis of dispersed precipitaie in
the hot-rolled NH45MV 50 mme steel bar
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Fig. 7 Mechanical properties of hot-rolled steel bar
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Fig. 12 Effect of hot-lforging conditions on mechanical prop-
erties
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Table 3 Mechanical properties of connecting rod

¥S TS forad RA o HV (10 kef)
Steel s . ; - Tz D Note
(kgi/mm?) (kefpm?) (%) %) (kegf-mfem?) 7 s
NHASMV 66 93 16 56 [ 8.2 265 3.3
- _ L - . As hot-forged
NH45CV 64 89 16 57 J 9.3 252 3.9
S40C 53 77 17 63 ‘ 8.3 253 ‘ 1.5 ‘ 0T

F1T7S No.14A G.L.=5.65 v A =25 mm
*IISNo.3 3.0 mm/, 3.5mme

57 —
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Table 4 Mechanical properties of crank shalt

[SE T

\
‘ VS TS Efe RA o Bt
Steel 1 (gt (kegf/mm?) (% %) (kgf - mjem?) f . Note
o ‘ — o
NH45MY 57 86 16 31 3.1 92,6 0.4
- As hot-forged
NH45CY 59 85 15 29 3.1 21.2 0.7
345C 59 84 13 32 3.9 22.3 0.8 O-T
o m——— i - I ——
#1T[S No. 14A G.L.=5.65 v A =25 mm
#2]1S No.3
Table 6 Mechanical properties of powerbhovel part
S — - . e
o - Vs . rA | Eatt | BV (10 ket) o
(kg mm?) ‘ (et | o (%) | (kl-mjem?) \ i :
: e et e e S i . , o
NH38V 45 | 74 ‘ 25 | sl 5.8 | 221 6.7 | As hot-forged
S45C 41 1 70 i a4 51 7 189 8.0 Heat-treatment
118 No.14A G.L, =5 .65 v A =25 mm - . .
#1S8 No.3
Table 5 Chemical composition (wt. %)
Steel‘ClSi‘Mn P‘S‘V‘N
0 ® NHiSMV L
- o NHASCY | NH3sY lo38\026‘096‘0010‘0013‘0 09‘00068

l:‘JJfDJ:’) i, VENEREFES R R TT L, AR

v E20 (kgf-m/cm?)
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Fig. 17 Effect of drawing reduction on mechanical properties
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