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Superplastic Formabilities of Sorbite Carbon Steels at Elevated Temperature

Tatsuji SHIMIzU and Shuhei OsaAkr

Abstract

Elevated temperature tensile tests have been conducted for several steels with different carbon
content over the temperature range (700°C~800°C) including A; and Az transformation points,
The effects of temperature, strain rate and microstructure on the superplastic formabilities have
been studied and the results obtained are as follows ;

(1) In Sorbite material of the higher carbon steel, the more remarkable drop of the strength and

the greater elongation are observed at the temperature just above Aj point

. This is considered to

be superplastic phenomena due to (a+7) microduplex structure producted by the precipitation of
many fine y particles on the eutectoid transformation,

(2) The superplastic deformation is by no means uniform, but a large fraction of the total

elongation is contributed by the elongation due to necking,

The sustained stress at the bottom of

the neck is constant during tensile test and so the creep process may take part in the deformation.

(8) The Sorbite materials of each steels have larger strain rate sensitivity index of flow stress

than the as-received materials and is considerably superior to the superplastic formability.
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Cc s |m] p | s
S35C 0.31 \; 0.21 0.46 | 0.001 i 0.040
S55C 0.55 ‘ 0.27 0.67 | 0.001 | 0.045
SK 5 0.81 i 0.27 r 1.08 1 0.002 | 0.071
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Fig. 1 Size of tensile specimen
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Table 2 The tensile properties of specimen at room temperature

Tensile Percent Reduction Hardness
Specimen strength elongation of area
(kg. mm~-2) (%) (%) (Hv)

$35C as-received 60.5 32.2 52.8 237
sorbite o 80.1 17.6 63.1 275

S55C as-received 80.2 23.3 46.9 328

sorbite o 78.2 22.4 _ 61.9 315

SK 5 as-received 65.5 31.4 55.2 295

sorbite 98.1 15.6 35.2 345

ESBEEM 2O O HL, BANDHLTE ThE X
SHEUEL, RO &S B ZfT-12. W OST
DT { AgHiE _F940°C DRI 305 [ IR R %
KBEARN L, X512600°C T305EEL &L 2Ty
N MBSO L DREI. R XY A3 b ALEE
#icoxFig, 1177 & 5 2R, ~HEob EREERR
BRIEL, TP = 2 ) 21—~ 6007 F THIEEL 2.
Table 212 Zh 5 5 DERICHT 55 EOHRIVTEE
BZEF 5. S35C B LUSSSCOFFE 7 =5 A b » *
— 54 OEEHEBZ L > T3, SK5DFK I
75 4 b TS WVERIR & X v & 4 b ASELL oM
21U T 3 12D ST HRICENEIRFEII T d 51
L b b THBREMICEATE b, 181E 835C 1

F1 electric
furnace

J : water jacket

O :0 ring

P : pull rod

S : tensile

pipe

tensile load

Fig. 2 Apparatus for heating specimen
Vol.23 No.2 (1972)

C : thermocouples

IO E X~

specimen

T : stainless steel

PUE S A EEBRIIHE 277 T B, —F, RO v v
NS4 MR AT £ A O X TS — 0
B2HLTHH, T 5RTHERIRE 5 LY
AE S, BRI TWE T L3,

Fig. 2 13 ERS ERREESE O MEWSOMIER T, =
Bz 27 o v 2ERBLOEBERIEEERL, Tarny
FEEEDORDTXFIZ0V L 72N TEHT 2L
LT - THHORE 2, TAT U T ARHLT
HEEE OMALOBEIR 2 3 b - 7o SRERIREE I A0 AL
5 L Of As ZERE 2 277:700°C > 5800°C DTEFH & U
72, CAUE Tm RHESSHERIRRE & 375 & (0.5~0.6)
Tm ML TS, REBRORE G 2E—TT 5
129, ERTRESEIACERIEOHIZ ZHEN
BIEHEET 5 & & i, REBRIMTHEO LT KD
i 7 A A e 2 a AABEEEIIT X hRL, EFE
IR ST & - T 4 2 °C LUN OXEEOTE IR FE
THCENTEI. BRAZHFXERECHSHUD
30 FIEMREE L, SN L ORER R ORI E
AL 18, EIREEDS BERER 2L 0. EE
JEDTELT EERBRIT T 2 7 0 2~y FOFBBHRE
B AU CERICE A YA - TRINT A2 &
k- TiT-1e.

¥ P ARREA S & O REHE ORI IS B IR T 2
HU .

3. BRBIUER

3 1 BIEREREEIDOREKEN

S55C DFEH LUF =3 4 v EHT) Loy
LR R FRTONWT OB, or (flow stress) & B
Wifhor 0 OTREEHERTFME % Fig. 31C/Rd. = F 1 b
HOZTEES UL BIRIT /2 21T U Tohs - THiRIE RS 5
DITHU T, YA~ 4 TR, D22 b &M D
A 511z, 760°C LU OREHIPE T2 2~ 5 4 +EIT
BT, b ERNMERRL, < &ITIBHTEREA
(A1) T OB 726°C iz T/ 22 h, F



HIRICI B Y Vo34 b RESROARIENE 25T B (83) 19

S55C
~—— sorbite
~~ — qas-received

g

[ ]

(o2}

Percent elongation, ¢(%)

~

Flow stress, o, (Kg » mm=2)

700 750 800

Temperature (°C)
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UV DIXFBIS A S Ntz 21U T760°C ¥ Tlk
R A & & T #0E B UEEE [ME T 5
P, TNE Y X S ITEHRE CIIEORN T A fEh 2
Uy R=5 4 M EIRIERIUMERERLUIZ. 760°C &b
RISV THIM TEFARPLO R FEA S8 6
72275 5Di%, S55C D As ZERESS OB TH
BUDMBEA — 2T A+ (v) BAEERY, Uiz
DS o TEULIT & 3 MR D 7SR DSTE TR L 7 A%
DIRBE 2Bl X 21T B e & #i bh 3. BIE
HRgOTED 5, & DFEID Acz Hi3§9750°C TH 5
T & 2WERRAL 12, BT 0Tk, A~ F 1 FEF
73 40~100% D LEEZHY/IN & WE T oD W38 s IR ey
VER g DI, YASL bHIE SRR, ¢
EITALI L OV ASFERERE FIC IS T 5 2 L FE N T26°
CHLXT60°C It THHE L v~ 2 D5 AL, 200
% LA VRS B h ls b B s oA b iz, 780°C
YU L OE—r HDHLET 2 IRIEER Tl Bl ey 4 il
Uy 2= 5 4 & RERSEOEVESE 2 5.
PSS P EAHSK & BRI 2 R U e S O
~OFHIHE Z D & & OB ONB »Fig. 4
IR, HEDIDR-—RECEIT 25— 5 4 #HD
IEH~0F AGX 2R CHITL .. T bbbt~ 5
A PPRTEBCTEINE, BABRSIICEL 2E, T4
DITWD U, FRRINC RN O o 2 421 ,726°C
DEE, BN 0=35%, T80 ¢=45% &
TERDE & L YU SEOETIFE N T 5.

10
sorbite

8

5& as-received =

g ¢ — e

- NG,

I K

- | |

A !

b7
2 - -@% —
- N 150 200

Strain (%)
Fig. 4 Stress-strain curves for S55C at high

temperature (tensile rate 0.2mm-min.—1)
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Fig. 10 The changes of reduction of area, hardness (Hv) and microstructure along

the longitudinal direction of the ruptured specimen of SKS5-Sorbite material
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