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ABSTRACT

Five alloys were selected randomly in the composition range showing the best shape memory effect in
Fe-Mn-Si system reported by Murakami®. The shape memory effects of those alloys were mainly investi-
gated through the training treatment which consisted of the repetition of 2% tensile deformation at room
temperature and subsequent annealing at 600°C above A, temperature.

At the same deformation degress in rolling 600°C-annealing for 1 hr. showed the best shape memory
effect, and 10%—deformation degrees represented maxima of the shpae memory effects at all annealing
temperatures, 500C, 600C and 700C.

The shape memory effects of the alloys were increased by increasing training cylcle up to 5 cycles.
This was because a large number of dislocations introduced by training process gave rise to increase in the
austenite yield stress, and acted as nucleation sites for stress induced ¢ martensite.

The thermal cycling treatment, repetition of cooling in nitrogen at —196°C and heating to 300°C for 5
min., did not improve the shape memory effect.
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Fig. 1. Effect of Mn and Si contents on the magni-
tude of shape memory for Fe-Mn-Si
alloys.”
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Table 1. Chemical composition(wt% ), transforma-
tion temperature(’C) and & vol.% of the

alloys used.
Alloy .
Fe [Mn] Si| C |Ms|As| A | Ty e
Number
1 bal. [29.785.9010.020( — | 120 | 180 [ 46 |18.2
2 bal. [29.89]6.19/0.015( — | 129187 | -90 |22.3
3 bal. |28.62|5.18]0.015[ — | 141|190 | -28 22.2
4 bal. {26.68{5.97(0.030( — | 147|200 [ 80 |17.4
5 bal. [30.17[6.00{0.020f — | — | — |-38 (171
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Fig. 2. Schematic illustration of SME measure-
ment.
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W @ Width 6.25
T - Thickness 1
R : Radious of fillet 6
L : Over-all length 100
A : Length of reduced sectier 273
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Fig. 3. Shape and dimension of tension test speci-
men.
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Photo 1. Microstructure of alloys used.( As—quenched)

a)alloy 1 b)alloy 2 c)alloy 3 d)alloy 4 elalloy 5



\‘\l\ \“ 1 | W\lﬂﬂ“ | \H\W\ i J l I I |
g ||
%'* |'”“ i “ m J .
H1 ” ‘ l “ IMII “t ﬂu“ lﬂ {4'”; “ \w wmm]l“ 1““ i M\\ . \Jm i
g 3 i
‘ M[WIH ‘1 h “ il IH" ” “I‘ il

n patterns of alloy 1 sub-
jected to reduction of thickness.



Dilatation

1 —_ i L i A 1 L 1
50 100 150 200 250 300 350 400 450
Temperature(C)

Fig. 7. Dilatation curves of alloy 1 after cold roll-

ing

a)As—quenched b)10% ¢)20% d)30%
Table 2. Transformation temperature of alloy 1
subjected to cold rolling.

ATC) A(T)
As—quenched 120 180
10% cold rolling 132 310
20% cold rolling 205 400
30% cold rolling 260 425
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Fig. 8. Variation of shpae memory effect with re-
duction of thickness in alloy 1 after anneal-
ing at various temperatures.
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Fig. 9. Variation of shape memory effect with
bending strain in alloy 1 after annealing at
9507 for 1hr.
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Fig. 10. Variation of shape memory effect with
number of training in alloy 1.(2% tensile
deformation—600°C for 10 min.)

i, slip@¥e] e UAFHE wsheh o9 ol
slip @l dad dA&o] £ olf+ training|
EE de eddol BAE Azl WEold, ot
ZelrlolE #AHE A4 dAEHe @2 of

35

i

rl

30

26 |

20 -

Y.S.(Kg/mm?)

15

e: As-quenched

10+
4: 5 trained

0 t ¥ L 1 1 1 1 L 1
o] 50 70 S0 110 130 150 170
Temperature(°C)

Fig. 11. Temperature dependence of 0.2% offset
yield stress in as—quenched and 5 trained
alloy 1.



Photo 2. Microstructures of alloy 1.
a)As—quenched b)3 trained ¢)5 trained

trainignA] EY4HE A7} eviErlrlo|Eo] |APAA
2 Agfozsn 53 247t As-
quenched AejRt} O @& evtarlAlojEe] A
HE 7T o] B} &g 23T §HRT] €

training §+

SRR TEEE 74, 29% 1994/125

100 80

90

4160
[
L 160 ®
E 80 3
z a
2 40 :
g 5
5 70T €
o
3 30 §
e : Hardness £
m: & Vol% <120
6ol
10
>
[} L = 1]
1} K] 5

Training number

Fig. 12. Variation of hardness and pct of ¢ mar-
tensite with number of training in alloy 1.
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Photo 3. Transmission electron micrographs of as
—quenched state and 5 trained state In
alloy 1.
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Fig. 13. Variation of shape memory effect with
number of thermal cycle in alloy 1.(-196
«3007C)
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Photo 4. Microstructures of alloy 1 subjected to thermal cycling. (-196-3007TC )
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