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A Study of Static and Dynamic Deformation Behaviors of SCM415 steel on the

Change of Grain size and Spherodization of Cementite

Lim, Jong-Min

Department of Metallurgical Engineering. Graduate School.

Pukyong National University

Abstract

Effects of ferrite-pearlite grain size and spherodization of cementite on static and dynamic

deformation behaviors of SCM415 steels were investigated in this study. Dynamic torsional test was

conducted using torsional Kolsky bar by the strain rate of 10%s.

Eight type of specimens were used with different ferrite-pearlite grain size and spherodization

degree of cementite. Dynamic test results were analyzed comparing with static tensile results and

microstructural changes.

The obtained results are as follows:

1)

2)

3)

4)

All the specimens of static and dynamic tests showed a ductile fracture mode of dimple.
Specimens of the dynamic test showed adiabatic shear bands on the beneath of fracture surface.
In static tensile test, decreased tensile strength and increased uniform and non-uniform

elongations appeared as spherodization degree of cementite increased. Tensile strength,

uniform elongation and non—uniform elongation increased as ferrite—pearlite grain size
decreased.

In dynamic torsional test, decreased shear strength and increased uniform elongation appeared
as spherodization degree of cementite increased. Increased uniform elongation and decreased
non—tmiform elongation appeared as ferrite—pearlite grain size decreased, while shear strength
was independent on the change of ferrite-pearlite grain size.

Due to the largest wniform elongation, superior cold forgeability at high speed was expected
on the specimen condition of fine ferrite-pearlite grain and high spherodization degree of

cementite,
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Fig. 1. Diagram for deriving the Hall-Petch equation.
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N MILD STEEL
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Fig. 2. Adiabatic shear field on a partial mild steel deformation map

showing critical strain contours[20].
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Fig. 3. Adiabatic shear field on a partial aluminium deformation map
showing critical strain contours{20].
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Fig. 4. Adiabatic shear field on a partial aluminium alloy deformation
map|[20].
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Fig. 5. (A) Typical relationship between shear stress and shear strain
in dynamic torsional test.
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Fig. 5. (B) Photographs of the grid patterns obtained in five separate
tests at the nominal strain values shown in Fig. 5. (A)
The nominal strain rate is 1600/sec in each test. Each
square in the grid pattern measures 100 microns on side
prior to deformation(1].
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Adiabatic shear bands
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Fig. 6. The output of the infrared detectors as a function of time
and axial position. Each spot on the specimen is 35 microns

wide and the space between two adjacent spots is 11

microns[1].
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Fig. 7. Typical stress—time curve showing the temperature as a
function of time in two separate tests. Note that the peak
temperatures are separated by about 60 s secll].

_24_



3. 43 U

3.1. A8 2 dAH

BoAfeld AMEE ARE (F)ACHAAAA lwvbEel ofs] At
SCM4157 024 A7 18mme %A (Rod)ol®, 3tst4 £ & 1o HeU
At

Az vHMzASHE A F APFAY]) LTSS WA 95k
<7 8o ubehdl wpe} o] 2uA AAEE AASH WA AMidA dHY
?7}@]*1 gRexS WENA AAEA/E WEAZAY Fine grain® We 4
o Jzez FAFWES wrEse] ARYL vHsashs WHoz 80T,
50min A% W.Q.& 28 #2d F 800CIA 50min FAlst 2HHE v
A3 AAT. Intermediate grain® 920CelA 50min A, Coarse graine
1000C1A 50min FAste 2FEL ztz waAAG. 72EHE Wde Al
ot AAYTRNN FALEESE 720TE AT F FAANLES WSHANA
0%, 50%, 80%°l4el Fades #EE dAEs AT °lW Fine
grain® 7<% SminZel 100%9 TAEIF o) FoiA TAHE 50%A MBRE
o1x] 23t 2zt Agr BARZY] Watd me F(Fine grain), /(Intermediate
grain), ((Coarse grain)®] 71Z&, 7431&¢] 2teojo] w2} O(spherodization ;
09), 50(spherodization ; 50%), 80(spherodization ; 80%°]73) 2l 7138 Z3tst
o gr1stgden, 29 89 Axdl wet F 7HAY AHES AFHA

Ax " A|He QQumpdte] FAo2 AWS AHs XA, EFY R
305 Jolg gejoz oFF F BT L FAAARVB(e]F SEM)E
Nastel A4Y =7 2 vl Tases dFSAG AW 27, B
olE BHEg TASeg e ANEA7|(Image analyzer)$l Image-Pro

Plus 4.1 T2 1HE o] £33



o Ag3tel AHsA,
TABEE(%) =

q71el A Ve FASHA Fe AdeelE e WHEES, 2 VsE
T4stE AwEelolE §iAte] WAEEE YEIT.

32 AANF AN Y

Ztzte]l Axe Ao wel 4 AHS IF WwFe] T AT WFH B
138 ASTM EETAN &8 ¥
2}9] Subsize F2BC 2 Gage length7t 30.010.1m, Gage® AE°] 6.0X1m<}
BAQFAAe 2 7HFE4h A8 Subsize #ALS I8 99 YEHASIT
AFNBE WEARAN BT (Zwick-14947D)E o] £3te] WMPEE 107sec oI A
N@sged, A8F dad A BHe SEMoZ #AsAT

YHES AFAGARE WS

32
£
r‘O
o}

M

33. FvE" N

2AUEY AP A" AHE 1Y 1094419 o] ¥¥A 2.5m, F7
165/me] Thin-walled tube @S] Gage¥-E 71 glow, BA4e A e
s B A 7T A

23 110 TANEY AP ZFX<Q Torsional Kolsky bars =212 219
< Uy o] AXe TAsFAAHEF9 Data acquisition system2=

- 26 -



rold o, AEo] 254mol3 Zol7t 2mel & 4 Te A d 2024 ¢
2oy Boz FAHY o FHUEY AP Fulw ¥ Aold AlH<
FAstn FA}EALAR] ClampE ¢59¥F %<& I2AF F Dynamic
loading pulleyE #EA1A Clamp$t Dynamic loading pulley Akelel #3H& ol
g8 94 Fo TorqueE FAAZTY 2 F ClampE A=W, €A
A 5H(Shear wave)7t HAEH, o] AGHI} AW mdgoEH 2 WY
252 AHS WA of FAHAAN JALT, WAL, FRdE 2A2F AlE e
Zrg 72 Agd FAHol Adxe WEHA(Strain gage)ol AAHIL, oS
oxwAzxd 7120 7129 A5 FoA wAgE R A d5=
FAYE JFAGWE e y (S, 2dn FRRE FH ddey (W& =
Qe o] 7S r(MBHE ARS 2AFe FH AvgA-duwy
(Dynamic shear stress—strain)34< Fatgch £ A7 AggAgoAe
el 8 & = (Shear strain rate)s= 1600 sec ‘ol ow, A& APge At
Ach. A" & Aug AW BAF GageF o WHH 49L& SEMeE #3F
3 At

dl

|

34. @9 AgW= aF

SHNEYARNA By ABN=e) APARE H

7 SEM, £3AAg@n A4 (e]5 TEM) #2 2 naZd=54< st

N#O GageRE RATASHA7Z ¥ &9 R W] 7EAA ¥=5
ZA2YA AHske] W vheRE F, FH 2 AR@%YeI DS B
Ar]7d 2 SEMo = BT EF wh wA2 FEIE AHEs] ddd
o] A Undeformed G o2 20mt4, 8% 25g, 3+FAIZ 1629 22
o2 A3

TEM #2g weame ogs 2o wyez Fusdn. $4 Aud

i

_27...



Gage & AUA&HG7 2 9838 L wgo] stsjAA] dxs AL
AHF T AAFAZ oF 100me] HEE aAvpsigrh. 28 wE AlES
Dimple grinder2 Disc® %% FA7 20~30mA =7t HES Au}s} i,
109% Perchloric acid ¢+ 90% Methanol &3-&9elA Jet polishing(40V,
60mA)3te] Holed AT olwl Awhwi=o] F4 Kol F&stA Holedl
FPANEZ AT F94E5 AT %

CM200)0. 2 289,

,v

vlg gtebA|E S TEM(Philips

M\

O

_28_



O-~C~p-00 30—

Fine grain
Spherodization

F-0

1 0%

800T. 8007T. 800T.
50min 50min 50min
720T.
S5min
w.a, 0.25C/min
670T

F-80 : above 80%

0.25C/min
670C

[a.c|

[ F-80 |

920°T.

r , N
Intermediate grain

50min Spherodization
-0 : 0%
) 1-50 : about 50%
4T /min o : 0%
720T. 720C. 1-80 : above 8
3hr 24hr
0.25T/min 0.25T/min
=0 | I-50 | 1-80
Coarse grain
1000TC, . .
50min Spherodization
CcC-0 :0%
. C-50 : about 50%
4T /min .
720, 720T, C-80 : above 80%
10hr AO0hr
0.25T /min 0.25T/min 0.25T /min

670T

AC.

C-0 C-50




Table 1. Chemical composition of the specimen.

(wt%)
C Si Mn P S Cr Mo Fe
0.15 0.19 0.72 0.01 0.01 1.02 0.21 bal.
L{li/ O
-—————'\L | -
1
30
[ |

L7

(Unit : mm)

Fig. 9. Dimensions of tensile test specimen
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Fig. 10. Shape and dimensions of the thin tubular specimen with
hexagonal flanges used in the torsional Kolsky bar. (unit :

mm)

T T T T 1 r ———————— 1
! I I
: -—-Ipowsn SUPPLY : } N :
[ e p !
o Axed bar { 1' l
| e gl !
! !
| I I
l 11 1
I i |
| RECORDER PC i i
: — | : l
{ OSCILLOSCOPE { i :
! I I
L e o e N U, ]
DATA ACQUISITION DYNAMIC LOADING
SYSTEM SYSTEM

Fig. 11. Schematic diagram of the torsional Kolsky bar.
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(b) F-80 ; spherodization : 100%

Fig. 12. Optical micrographs of fine grain specimens.
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(a) I-0 ; spherodization : 0%

(c) I-80 ; spherodization : 91%

Fig. 13. Optical micrographs of intermediate grain specimens.
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(c) C-80 ; spherodization : 83%

Fig. 14. Optical micrographs of coarse grain specimens.
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Table 2. Quantitative analysis data of the specimens.

Specimen No Grain size Pearlite Volume fraction Spherodization
) (4m) (%) (%)
F-0 34 0
-;.iﬁg____,_ 4‘6
-80 - 100
-0 34 0
-50 11.0 - 55
1-80 - 91
Cc-0 33 0
C-50 35.5 - 52
C-80 - 83
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Table 3. Static tensile properties of the specimens.

Grain Ultimate ;.4
Specimen R Spherodization Tensile Uniform Fracture Hardness
size Stress . .
No. (m) (%) Stress (MPa) strain strain (HRB)
(MPa)
-0 0% 650 366 0.121 0.219 90.1
——— 4.6
F—80 100% 480 353 0.164 0.309 76.8
-0 0% 616 338 0.102 0.186 87.9
I-50 11.0 55% 464 300 0.150 0.277 76.4
1-80 91% 434 275 0.156 0.298 73.8
c-0 0% 606 269 0.095 0.188 83.4
Cc-50 355 52% 446 246 0.148 0.258 73.4
C-80 83% 423 256 0.152 0.288 60.0
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2 200}
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0 1 1 i 1 1 L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
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(a) Fine grain
700 700
R — C-0
— }-50 Cc-50
,,,,, 1-80 ----- C-80
s 5
a a
s > < .
w I
(‘I‘) a e
@ o .
2 a0} 2 200f
] L
- [
100 | 100
o L 1 1 e 1 1 L 1 1 1 1 1
0.00 0.05 0.10 0.15 020 0.25 0.30 0.35 800 0.05 C.10 0.15 0.20 025 0.30 0.35
Strain Strain
(b) Intermediate grain (c) Coarse grain
Fig. 15. Typical stress-strain curves obtained from static tensile

tests.
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IFig. 16.

(a) F-0 ; spherodization @ 0%

(h) =30 : spherodization : 100%

SEM fractographs of the fractured finc grain specimens

tensile test.
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(h) I-30 : spherodization @ 53%

204m

(c) T-80 : spherodization @ 91%

Fig. 17. SEM fractographs of the fractured intermediate grain

specimens by tensile test.
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(b) C-50 : spherodization @ 52%

(c) C-80 : spherodization : 3376

Fig. 18. SEM fractographs of the fractured coarse grain specimens

by tensile test.
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Table 4. Dynamic shear properties of the specimens.

Grain

Maximum

Shear strain at

’ (am) (MPa) stress point
F-0 0% 407 0.43 0.66
— 4.6

F—-80 100% 350 0.48 0.69
-0 0% 413 0.36 0.57
I-50 11.0 55% 379 0.41 0.63
~80 91% 344 0.45 0.69
Cc-0 0% 417 0.25 0.50
C-50 35.5 52% 397 0.28 0.66
C-80 83% 345 0.35 0.69
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Fig. 19. Typical stress—strain curves obtained from dynamic torsion
tests.
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Fig. 20.

(a) F-0 : spherodization @ 0%

204m

(b) F-80 ; spherodization : 100%

SEM fractographs of the fractured fine grain specimens

dynamic torsional test.

_45_

by



(a) I-0 ; spherodization : 0%

(c) I-80 ; spherodization @ 91%

Fig. 21. SEM fractographs of the fractured intermediate grain
specimens by dynamic torsional test.
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(h) C-50 : spherodization : 5296

G

. SRS 20 /m
(c) C-80 ; spherodization : 83%

Fig. 22. SEM fractographs of the fractured coarse grain specimens

by dynamic torsional test.
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(a) F-0 ; spherodization : 0%

(b) F-80 ; spherodization : 100%

Fig. 23. SEM micrographs of the deformed area of side area in the
fractured fine grain specimens under dynamic loading

condition.
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Fd

(a) 1-0 ;

spherodization @ 0%

(b) 1-50 ; spherodization : 55%

T o ~yr

(c) I-80 ; spherodization : 91%6

Fig. 24. SEM micrographs of the deformed area of side area in the

fractured intermediate grain specimens

loading condition.
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(a) C-0 : spherodization : 0%

»

(¢) C-80 : spherodization @ 8326

Fig. 25. SEM micrographs of the deformed area of side area in the
fractured coarse grain specimens under dynamic loading

condition.
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Fig. 26. Torsional stress-strain curve showing the 3 stages of

dynamic deformation behavior.
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Fig. 34. Characteristics of stress—strain data obtain from dynamic

torsion test.
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