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Dynamic plastic deformation behavior of Fe-X%Mn alloys
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ABSTRACT

The high strain-—rate dynamic plastic behavior of Fe-X%Mn alloys was investigated. The strain
rate did not have an efftet when tested under quasi-static strain rates(2x 10-%/sec and 2x10"/sec).
However, the true stress increased at all strain levels when the strain rate increased to 6x10%/sec.
Based on the experimental results, an constitution equation to calculate the dynamic strength for
strain rates over 10%/sec was determined. The Fe-5%Mn alloy containing athermal ¢ martensite
initially did not show work hardening. The work hardening increased with Mn content showing a
maximum at 20% Mn. The high work hardening of Fe-20%Mn and Fe-30%Mn alloys appears to be
closely related not only to the initial amounts of £ martensite but to the strain induced
transformation (r—¢ and £ —¢ ) occurring during each stages of deformation.
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Table 1. Chemical composition and transfor-
mation temperature of Fe-Mn alloys

composition Transformation
Alloy (wt.%) temperature(C)

Mn C Fe | Ms| Mf | As | Af
Fe-5%Mn | 4.71 | 0.02 | bal. | 592 471 | 748 800
Fe-13%Mn | 13.62| 0.01 | bal. [ 155 134 | 223 | 388
Fe-20%Mn {20.04| 0.01 | bal. | 140 1841 210
Fe-30%Mn | 30.20] 0.015] bal.
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Table 2. Volume fraction of each phase in
solution treated Fe-Mn alloys

Alloy Phase(vol.%)
y e d
Fe-5%Mn 0 0 100
Fe-13%Mn 0 0 72
Fe-20%Mn 37.1 574 5.4
Fe-30%Mn 100 0 0
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Fig. 1 Schematic diagram of split Hopkinson pressure bar set-up
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Fig. 2 Schematic diagram rod impact set-up




39 12 10%/sec Ao HYL 8 A7 AR &
&% (split Hopkinson pressure bar) A8 2
g2E F7E Ao i £1UE & ¥4
AFle FARA, $E3PFA, 2% (striker
bar), 98 %(incident bar), €¥%¥ (transmitter
bar) ¥22 T Ut 1B} & Alo]d
AlERE AT F 3452 AFB] FEAFE o]
o S F Lt QlEB oz AdE) olojA] Al
HE AX HEuprt a8%os AdEEH F 8 Al
ol ARF AL Ao 20| Aol o] 2PRY-E
A k. old] Y EI} & B Fe T3
2EHQ) Aolxg] AFE o]g3ld AHd 73
8% o9l A9 AY& T £& 2z} 4(2) B A1)Vl
of 8 Aitsisct.

£(t)=-2C/L-ext) (1
o(t)= A/A.-E-eqt) (2)

4714 L FU&% A9 27140, edt)e o
gEoA SR AR EY PP E, CE ¢
gyo] % 2R &5, aths 2B &3
He AeEY ¥3g, Ee o 2989 &4
F, A AEe GdAE, a8 Ax 2889 @
A g ojn| gt 71A Azle] WE WH &z A
3 A(1)25E §3-8%&o] .

E2ANE L 3% NEHE MY 2402 3
EAIA ¥ YA S ska 84 ol ¥ FA Y
z2aYd o) Ao &MY BAHL e
Ao 2A AIEAR = 29 29 Zo] FURA|, 7}
&8, SE3FAA, AlEe] A¥ L 9% A (high
hardness anvil), Z22l31 $E¢E ¥ WYL AH
g8 oz P et

719 AL FVALTHSMAC) 224 Hole
1000mn, W72 10mo|th. §H A|YH] FELT
& 7H58e 79 2 ER Alold] HXE F
J#-(optical fiber: Keyence FU-75)& 100ns 7+2
9 % #Xd nFYAF|2 FMA (photoelectronic
sensor: Keyence FS2-65)¢l A4AA Algsie &

Fe-X%Mn $3¢] 3 23894 ¥/269

FAME 22 2T ofBle] sl AHA
o AN E 1402 $EE AEUY HYE A
FEo 2 A HHe 3EA 2] Y& FA )
A3 BeldZx 5009 2=t wE AHS-3t.
F8e] EHE vlAATNE F2AF]7] A Bl
7HEE R, AER vPE FEE a8 9
3l Zde] EHL AUUY E5WYe] £3o) §
=& 4x39.

A 35 AFHVYA AW oA o] 9
& Alme] A -3ldel] T4 0.1mne] HZE Ho|Z§
2 ¥ A|He FEdeo] FE= & Basal plate %
Headol 24 7228 SEA 2 AL83lglc &
V&F AN e A8E % 2889 A1 E ¢ 2R
o] &l Felavtg AT B2HAY Al
He dxe S84 glo] 3EXAE FY Avk
ou, ol§ A2 BF 2o Y=t

1508 PEY AW WY & Hxe
micro-Vickers ZEAE o] &3l 33 200g& 7}
3l Zg3ict.

3. alEdn ¥ D@
3.1 Fe-X%Mn &322 I&EAY

Z 389 T4 &9 YAFTE A1) A 49
Hog o3 L& F e AYLT WA
F&ELE S SRR olE ¥ LAANY
F ool 10%/sec~10%/sece] MY&ET WY W
A &3t 2¥ 3& Fe-Mn ¥39 Mn¥tak
H Y-HYE UL o F3 3l 74 ¥y
&% 2x10%sect 2x10/sec® £ B g2AY
FHE, 2217 FYEE 6x10%sec] ASLE T4
&A1 RZIE Jepd Zoltth. 2y B & e
AAYH & AR 2%10%/sect 2% 10" /sec)
HYLrolE WYL 10002 S8l e 7}
To] Azt 2 gt W FH/3eU 6X10%/sec
o] HYPSoMe T P2 vis] =E 249
Mn 3}3A 2 Z=84 L Jehiz glo] By



270/M3R 845 8%, 48k 1995

=7t 7ol we} Zert A3 78k A%E
Ba] F3 3. ojs} o] F HYPL oA Fe-
Mn @89 Zxrt 7}8le AL Fallansbee §12
o] 4zl is} o] YKo} AH 9 o5&
Bt} AA A97} interlocking & drag ¥4 W&
o2 yzEd

28 3elA & = e AN SHYEAY A
(6x10%/sec)e & B9 A¢EFde €8 $¥-4
& o] A7) WL AFEAT A AT 7]

05

1400
(a)
1200 -
1000
-
3 , .
800 -
a N\N\’V\—\—v\,\ ¢
: g 600 - 8
=
400 r’ A: 210 Teec
B:x10eee
200 ¢:a10’enn
o L 1 L |
0.0 0.1 0.2 03 04
Strain
1400 -
(c) c
1200 A
8
1000
-—
é 800
8 B
g oo |
A:210Y0c
" oo} 8 200"
12010 fens
C:ex10’/ens
200
6 L 1 1 L
0.0 K] 0.2 03 0.4
Strain

0.5

True stress (Mpa)

Bol Arle B e Eolx e o3&
u&ARA] AAGY AU FHRNA YPE wE
A44to] AlH 9 ringing ¥A4E FEdd /589
9 FFel YL F7] MEA AeE YgdEnt
ety F4 deHdMe f5-848E 3-EYe 2
Hozye AH Fak= A B} curve fitting 3he
W& Adte 3] YutFolt).

7V27AEEge §EEE & AolE Uiz 3
o} ol @ AolH L F2 2} FFuld] EAde o

1400
(b)
1200 | ¢
1000 A
)
800 -
800 -
A 210 Yse0
400 - 8:2010 lsac
C:ox10°vec
200
o 1. L L i -
0.0 0.1 0.2 03 0.4 0S5 -
Strain
1400
(d)
1200
c
A
1000 |- s
800 -
e00
A: 210 7s00
400 r' B: 210 Jase
C:ex10%1e0c
200
o . il i
0.0 0.1 0.2 03 0.4 05
Strain

Fig. 8 True strain-true stress curves for Fe-X%Mn alloys deformed at various strain rates. (a) Fe-5%Mn,
(b) Fe-13%Mn, (c)Fe-20%Mn, and (d) Fe-30%Mn
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Table 8. Work-hardening and strain-rate constants for Fe-Mn.

Specimen A(MPa) B(MPa) n C
Fe~- 5%Mn 634.42 147 98 0.02163 0.0170
Fe-13%Mn 830.59 355.32 0.24004 0.0150
Fe-20%Mn 574.46 1554.94 0.68872 0.0096
Fe-30%Mn 188.67 2006.24 0.67584 0.0082
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Fig. 5 True stress-true plastic strain curves for Fe-Mn alloys: (a) Fe-5%Mn, (b) Fe-13%Mn,

(c) Fe-20%Mn, and (d) Fe-30%Mn.
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Table 4. The final length Ly and diameter D of Fe-Mn
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Material Vim/s) L{mn) Li(mn) L/L D(mm) Di(mn) D¢/Do
Fe- 5%Mn 142.8 34.98 32.50 0.9201 9.93 12.74 1.2830
Fe-13%Mn 142.9 34.89 33.20 0.9516 9.91 11.43 1.1534
Fe-20%Mn 138.7 34.89 32.50 0.9315 9.90 11.17 1.1283
Fe-30%Mn 1316 34.86 30.97 0.8884 9.90 11.03 1.1141
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Fig. 6 Comparison between experiment and Autodyn-2D simulation for the deformed shape
of rod specimens. (a) Fe-5%Mn (b) Fe-13%Mn (¢) Fe-20%Mn (d) Fe-30%Mn

2 4g@olr], W 28U 24 0.2 9]

Bz ol

(L/L)s-(Ly/L)e
(Ls/L)e

(D/D)s-(D#/D)e
(D/D)e

(Wy/D)s-(W¢/D)e
(W¢/D)e

L: error=

Dy error=

W, error=

(L; error) + (D; error) + (W; error)
3

Total error=

(9)

Table 5. Error Analysis

Error (%)
L/L | D/D | W/D | Total

Material | V{m/s)

Fe- 5%Mn | 1428 | 095 1.79 | 262 | 1.79
Fe-13%Mn | 142.9 | 0.65 | 0.57 | 0.57 | 0.60
Fe-20%Mn | 138.7 | 0.13 | 1.44 | 0.24 | 0.60

Fe-30%Mn | 131.6 | 0.25 | 0.35 | 1.20 | 0.63
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Fig. 7 Variation of dynamic properties with
distance from impact face in Fe-Mn alloy:
(a) strain, (b) strain rate and (¢)
temperature.
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