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The Effect of Degree of Spheroidization on the Cold Forgeability of Steel

Tsuyoshi INOUE,

Synopsis:

The cold forgeability has been studied using a medium carbon steel,

Yoshitaka OcHIDA, and Shushi KINOSHITA

(0-489,C), spheroidize-

annealed to give a wide variation of degree of spheroidization,

The degree of spheroidization varies with the temperatures and insufficient degrees are brought about
with both higher and lower temperatures than the optimum. A spheroidization treatment with lower
temperatures gives the structure containing the unresolved pearlite, whereas the treatment with higher

temperatures reforms well-defined pearlite.

The degree of spheroidization has a minor effect on the deformation resistance (strength), it, how-

ever, has a pronounced effect on the formability (ductility).

Although the unresolved pearlite deterio-

lates the ductility to a less extent, the reformed pearlite impairs it noticeably.
The microscopic observation has been carried out by means of scanning electron microscopy on the

ductile fracture process to interpret the results mentioned above.

The observation substantiates that

voids associated with fully or partially spheroidized carbides tend to grow separately along the tensile

axis and to consume a considerable amount of the strain to fracture after void initiation.

On the

other hand, voids with reformed pearlite are ready to grow to the size as large as pearlite nodules and

to propagate iIn the transverse direction.

The difference in ductile fracture behavior is expected to account for the effect of degree of spher-

oidization on ductility.
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(a) Partnally sphermdlzed carbldes

Dimentional measurements are carried out

as illustrated in (b) and carbide with aspect ratio (I/w) less than 5 is defined

spheroidal.
Table 1. Chemical composition of steel (wt%).
C Si Mn P S Al
0-39 0.30 0-82 0-010 | 0-007 | 0.003

& S40C L U, BAEEZEBER XY 90ke L L
7cDb 13mm ¢ CEATHH L. REBAEEL DR
KIERBREWWR D X 5T E Lz bLEMITTITX D
ERR L, BIRMERR X OVEMERBIC X » BRIsEx #A
L7
22 zKRibBnE
BRIR(LBOIBIC I % { D F RV H D05, Z T TR—K
CHTEEERM TR L LTAL AW SR TW5R5EY A
Wi, BREHRIEEES LITX AR LT =54 h+oe
—Z 4 MEREE A XD DB WIRECIEL, H
YhRRRF T itk W RILZE —HEB I
b, BWTD LI XDEHR(ILE TibE35ETH

5. FEBTI, Fig. | @R/ THETHLEDE oo
FHEIC LD BHRIMEBESR2 L2 5 kDI, BEnEjaE

(T)%G%%3m67%%lif 2%, DRIFREE], %A
RER I —E L Lz

2.3 AN

LEEMARE DIRRLBE X AT T2 DI R X
CETHME (L7 #5) C X hEBEIE2 T or.
S DITERRCBEL EREMICHENITT 5201, HMRER
LT (1) MIREILWHE (Fsc), (2) BHRRR(LW
R (Dsc), (3) BiR/S— 354 b7 oo — VEE(Drp),

Peak temperature

7=690%C
710
730
750
770
790

Heat program of spheroidization, Peak
temperature (7°) is changed to vary the
degree of spheroidization.
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Photo. 3. Microstructures after spheroidization with peak temperatures (7°) defined in Fig. 1.
(a) T=690°C, (b) 710°C, (c) 730°C, (d) 750°C, (e) 770°C and (f) 790
°C. 730°C is the optimum for spheroidization and lower temperatures give unre-
solved pearlite and higher temperatures reform well-difined pearlite.
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Photo. 4. Fractographs of tensile specimens spher-
oidized at (a) 690°C, (b) 730°C and (c)
790°C. Fully or partially spheroidized
structures ((a) and (b)) reveal uniformlly
dispersed fine dimples, whereas well-defin—
ed pearlite (c) reveals large dimples
with pearlite lamellae as indicated by
arrows.
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. x 1100
Photo. 5. Features of voids in the specimen spher-
oidized at 690°C, strained to (a) e=1-19
(immediately underneath fracture surface)
and (b) ¢=0-52.
round ¢=0'5 and tend to grow separately

along tensile axis.

Voids initiate at a-
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Photo. 6. Voids in the specimen spheroidized at
730°C, strained to (a) e=1-18 and (b)
e=0-52.
to those mentioned in Photo. 5.

Features of voids are similar

=1-19) ‘¢, Photo. 5 (b) 131K & (e=1:0) TD
BT & d70 5 K4 FOBRFE2RT. 690°C Trazktk
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#F (e=0°52) O F A FOBFZRT. 730°C it
DEEMTEEERRIT BICTR L 690°C & L IZIER U
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TH5-

x 1100

Photo. 7. Voids associated with pearlite nodule in
the specimen spheroidized at 790°C,
strained to ¢e=0-87. Voids grown to the
size of pearlite nodule can be seen im-
mediately underneath fracture surface.

x 1100
initiation within

Photo. 8. Early stage of void
pearlite nodule in the specimen spher-
oidized at 790°C, strained to ¢=0'84.
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Photo. 9. Voids grown to pearlite nodule in the

specimen spheroidized at 790°C, strain-
ed to e=0-84.
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