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Development of Cold Forging 0.53% Carbon Steel for CVJ Outer Race
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ABSTRACT

A 0.53%-carbon steel was developed for the
outer race of constant velocity universal joint of
automobiles drive axles. It has the advantages of
good formabilities in cold forging and induction
hardening, thus realizing production of the outer
race with cold forging throughout the process.

Torsional strength and rolling contact fatigue
life are the requirements for the outer race
component, thus necessitating the high carbon
content which makes the steel so rigid after
spheroidized annealing, a condition so far believed
incomparable with cold forging. This paper outlines
the development of the 0.53%C-0.05%S1-0.25%Mn-
15ppmB steel which makes it possible to meet the
rigidity requirement and still use it in cold forging.
The cold forging process for high-carbon content
steel and the metal mold technologies, which
were established along with the steel, are also
introduced.

Thus, it was made possible to realize in-
house processing for all procedures, from forging
to completion of heat treatment, thus contribute
to simplification of the manufacturing process,
enhancing efficiency and saving energy as well as
achieving weight savings, as compared with the
existing cemented steels for case hardening.
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Table 1 Chemical Compositions of Steels

(mass¥)

Steel | C |Si[Mn|Cr|Mo| B [Ti

Base | 0.53 <001 0.50 |<0.01|<0.01 |<0. 0002|<0.01

si-series| 0.53 .00 0.50 |<o. 01|<n o1 <0. 000z <0. 01

Mn—series; 0.53 i([},(ll 1. 00 |<0. 01'<0 01<0. 0002 {<0. 01

Cr-series| 0.5 [<0.01] 0.50 [ 00]<o. 01 |<0. 0002] 0. 01

Mo-series| 0.53 | (0 011 0.50 |<0.01 0. 50 |<0. 0002;<0, 01

B-series iO ‘13'(0 01| 0.50 |<0.01{<0. 01 j~0. 0020 0.03
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Table 2 Partition Coefficient
Cr Mn Mo Si
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ZZT, (Cr). Mn), Mo)BXU(SI)iz72F4 b
FOREE R, Cre Mn, Mo B £ U ST~ 7= T
BB UL WIRIITTHED X > ¥ 4 F~D4HLE Cr >
Mn > Mo > Si DNEE %2 1) SiIZOWTIdF7 =514 M
ADFEAKE N D728 Cr. Siv Mn %2 FIF T, ZF
HHOERALZ > 720

43. SREEBEANGE

BA SRR P EANE ORI & L Rl 2 5
HV450 755 & 112 #ilfl2 £ & o Fig. 5 1239 G4tk
DEHFIEB > Mo = Si > Mn > Cr DIETH %, B i
DEEITTHEITH L BERT b %08 L 7oL R S 23

B (ppm)

1100 {]] '.llO 210 30

Base : 0.53C-0.50 Mn

A Cr
d,'

e=0.8

1000 -

Flow stress (MPa)
&
(=]
T

800 | -
v:' Pre-heat treatment :
Mn Spheroidized annealing
‘?00 [ 1 1
-0.5 0 0.5 1.0 1.5

Si, Cr, Mo, Mn (%)
Difference from the base ¢ omposition

Fig. 4 Effects of Alloy Contents
on Flow Stress in Upset Tests

_83_

44, RIEBEBANERSES

o RFE L BEANR S S OBRE Fig. 7 128”7
AR E T 57201203, k2 7217 C o2 <Mz

Si, Mn, Cr, Mo (%)
Difference from the base composition

Fig. 5 Effects of Alloy Contents on
Induction Hardenability

201% l.

Ideal critical diameter Di (mm)

Test method : Jominy test

Quenching : 925°C (1697) for W.Q.
|

10 , :

>2 10 20 30 40 50
Soluble B (ppm)

Fig. 6 Effects of Soluble B on Harden-

ability Low C-Mn Steels

B (ppm)
0 10 20 30

8 T T T

TF .

sk Base : 0.53C-0.50Mn
z5F B e
= 4f .
[=%
-7
-
4]
8
° 3t -
=
3
=
@ ; :

AVl Pre-heat treatment :
Mn Spheroidized annealing
2 1 ] 1
-0.5 0 0.5 1.0 1.5

60



ERY a1 > MASERERRMT7 74— L — XD

TUT RS, RS G O @ I BEA NI BT R
BEAAN & [FSERE S 2 A5 5 720, 050%Min & L7z,

45. EEFEIDEALS

HEEIROERIBEANE L BRI~ O E Y
Fig. 8 127 %,

Siv Mn (@ Ew AN, WRISEEICB X3922
WEETH ) . FEERTOMLRE S B LRSS0 &
wERE L AL E - 72,

Mo IFZ IOtk 25 72134 7% L LT, @A
WHEANEM 2SN B TCHETH AL, TAMTEEL
I 2 HI§ 240 & L7z,

4.6. FHEBOSEERANEICS LETHE
5 T R e R AVBERE L 20D Di il (BEA MRS E) & A w T
Lz s L OBIE% Fig. 9 1IR3, DI 2RI X b &
L7z
Di = 0.338 xv/C(1+0.64Si) (1+4.1Mn) (1+2.83
P) (1 — 0.62S) (1+2.33Cr) (1+052Ni) (1+
3.14Mo) (1+0.27Cu) X 254 ===+ (2)
BEZ & LALFLZ 5\ C DI SIS 512 LAt TH
KNREALIEER S AR T %0 BRI LBEZ: £ LB\ T
X, BEZ & LALEE S i LA TR LR S AMRT L Cw

80 ‘
20— } \ ) |
[ S —e ]
|| pee™
60— —— GFFo
o
3) v
g 50 8% —— | = Min05% -
9 3| |
5 W-e— —11
= / |
- / | o:Alloy steel
0 e @ :Csteel o
i | |
]r 1
20|©
10 :
0.2 0.4 0.6 0.8 1.0

C Content (mass%)

Fig. 7 Relationship between Carbon Con-
tent and Maximum Hardness

b FORMEEIIICHRIZ L > TEAR Y | HEIC Cr TIH O
EHE LV, Cridt X v 7 4 A0S ERE) 28 &
KEL LAY T A M2 (FeCr)C & LTHIELE A Y
FANEEEALZODEEZ BND,

5 T | T
Pre-heat treatment
B  : Spheroidized annealing
8
[=H
]
2
8
o
.z
g
E 3 F o
Mn
V™ Bae =08
3 1 I 1
700 800 900 1000 1100

Flow strees (MPa)

Fig. 8 Relationship between Cold Workabi-
lity and Induction Hardenability

5 e
UGOV
A 1 _8-®

4 b T‘ ®

o

‘/’ v v W
3F /."_\'/’ ]

'y

Open : Normalized
2t Solid : Spheroidized |

0 e Si(0.02~0.49)

A A Mn (0.29 ~0.75)

I+ O m Mo (0.10 ~ 0.30) y
v v Cr(0.15 ~0.70)

Effective case depth (mm)

0 ' . ) ! L
0 10 200 30 40 50 60 70

Di (mm)

Fig. 9 Effects of Ideal Critical Diameter
(Di) on Induction Hardenability

_84_



HONDA R & D Technical Review

Vol.5 (1993)

Table 3 Analysis Method to Plastic Working

Informations.
Annalysis method Global Local Practicability
A|lB|C|D|E
Slab method o] A Simplicity
Ship lind method O OO0 Difficulty of design
Upperboundmethed | O | O @] Difficulty
Finite clement methed | O | O | © | © | O |Difficulty
Simulation cxperiment s
10 material Elgjed O|O|Aa A Difficulty in local
Az Load Q : general

B : Transformation of material
C : Stress distribution

D : Strain distribution

E : Temperature distribution

A :occasional
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Table 4 Chemical Composition of
Developed Steel

{ mass % )

C Si Mn Cr B

Developed steel 0.53 0.05 0.25 0.15 | 0.0015

0.50 0.15 0.60 =030 -
~053 | ~035 | ~0.90

JIS 853C
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