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Instrumented Impact Test using Subsize Charpy Specimen for
Evaluating Impact Fracture Behavior in Bulk Amorphous Metals
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Abstract

In order to investigate the mechanical behavior of newly developed materials, the evaluation of mechanical properties
using small-size specimen is essential. For those purposes, an instrumented impact testing apparatus, which provides the
load-displacement curve under impact loading without oscillations, was devised. To develop the test procedure with the
setup, the impact behaviors of various kinds of structural materials such as S45C, SCM4, Ti alloys (Ti-6V-4Al) and Zr-

based bulk amorphous metal, were investigated through the instrumented Charpy V-notch impact tests.

The

calibrations of the dynamic load and displacement that was calculated based on the Newton’s second law were carried
out through the quasi-static load test and the comparison of a directly measured value using a laser displacement meter.
Satisfactory results could be obtained. The crack initiation and propagation processes during impact fracture could be
well divided on the curve, depending on the intrinsic characteristic of specimen tested; ductile or brittle. The absorbed
impact energy in Zr-basd BAM was largely used for crack initiation not for crack propagation process. The fracture
surfaces under impact loading showed different feature when compared with the static cases.
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Fig. 1 Geometry and dimension of Zr- BAM specimen

=T

Fig. 2 Schematic illustration of the instrumented
impact test apparatus and magnified parts
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Fig. 5 Load-displacement curves in (a) S45C, (b) SCM4, (c) Ti alloy and (d) Zr-BAM specimens
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Table 1 Results obtained using subsize Charpy
specimens.

KN [ S,,.,mm | E,J E,J E

max? m

J

F a total?
S45C Impact 1.72 1.55 1.96 2.28 4.24
Static 1.32 1.55 1.58 2.25 3.83
SCM4 Impact 1.32 1.61 1.50 1.30 2.80
Static 0.87 1.80 1.19 1.13 2.32
Ti-alloy Impact 1.47 0.86 0.72 1.96 2.68
Static 1.83 0.96 1.13 0.61 1.74
Zr-BAM | Impact 0.90 0.30 0.13 0.10 0.23
Static 0.98 0.33 0.16 0.00 0.16
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Fig. 6 Optical and SEM images of fracture surface
in S45C specimen under (a) impact and
(b) quasi-static conditions.

(d)

Fig. 7 Optical and SEM images of fracture surface
in Ti-alloy specimen under (a) impact and
(b) quasi-static loading conditions.
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Fig. 8 Optical and SEM images of fracture surface
in Zr-BAM specimen under (a) impact and
(b) quasi-static conditions.

&

R8s

Ak, o= Andes A4 Amd 4
A AgelN W o S8 FER
ShA, Fig. 7 oA 9F o] zr-7] WA ofEu
Sol g #E2 AP AQ F7] Tl vein-like
pattern ©] s}tk Mol HA vebdt

T4 4 st E glA W E (ligament) S
ol ofg] o] #A F o ga shtro] 2 A
o WA AL B & U 54 23
AME #d AT g

= vein-like pattern o]

oA Tha W
ol Ti Aol o
Axol, a1 WY

S s
Qo] 71700] A

$1T}

A
=

2 Anne

= Abgske] A AlE A
Ad7= S A2 AAst e 4
S 7oA A 7F B st 59 oscillation ©]
e SE-RAAEE I 5 AAb. ALk
o= 3 HeE ol HMAAR S #
At A dAEt, ot AGst Al ol
7}s3ki ok

S45C ¢} SCM4 A& A5, T A3tz 3kl A
PFESE A3 ss Ued, 4 *g—/ll"ﬂ
vz SdlE Yehidd Ti-d=Y A,
g JfAel Zasdt oyA = 173@?_]
FTAA Hoh & s YERAA N, o
of HQast oyA= FAFx

i

o oo

e
=
=
R

z_\b‘. ™

2)

106

3) Zr-7] ¥A olET A F5(Zr-BAM)Y A9,
kR A Al EL“JZ—? Hy Ass o
Wolar, < JRAlel ek ol |y 7t AA
= v e dy-Es Z}X] st
4) 1 FA8S AH&ete At AR FAAY
Az 3 efg-He] dme Ane g
o W& A& yehgla, sSuaEdse
Hol & 4 ATk HA ofEH A S5
A b Ake] A A vein-like pattern
RNaL, 53] T34 T4 x4 stellA 27
o oy Jje] BA o] MAdte &
IATH

iuf

Al

S

N
—1ﬂ 7 o

2

©

3

Ay (2 Hr BN
o M b AL
PL

x

N

o

SRS A7 2ATANE T A
Z}AFA (Grant No. 2001-1-30400-002-2)
wetEUTh B3 2 A &+
AA-2~(SRI International)®] Dr. D. A.
Shockey 9} Dr. K. Kobayashi, =221 BAM A & #H &
A& 3l = Howmet Co.9} Liquidmetal Technology

e =gy

ikl

P

Ao
o

(1) Bruck, H. A., Christman, T., Rosakis, A. J. and W. J.
Johnson, “Quasi-static constitutive behavior of Zr-Ti-Ni-
Cu-Be bulk amorphous alloys”, Scripta Metal. Mater., Vol.
30, pp. 429-434, 1994.

Lowhaphandu. P., Ludrosky, L. A., Montgomery, S. L.
and Lewandowski, J. J., “Deformation and fracture
toughness of a bulk amorphous Zr-Ti-Ni-Cu-Be alloy”,
Intermetallics, Vol. 8 pp. 487-492, 2000.

ISO 14556, “Steel-Charpy V-notch pendulum impa
-ct Instrumented test method”, 1997.

Kalthoff, J.F., and Gregor, M., “Instrumented impact
testing of subsize Charpy V-notch specimens, small
specimen test techniques”, ASTM 1329, 1997.
Lorriot. T., “Specimen loading determined by
displacement measurement in instrumented Charpy
impact test”, Engineering Fracture Mechanics, Vol.
65, pp. 703-713, 2000

Katharine M. Flores and Reinhold H. Dauskardt,
“Enhanced toughness due to stable crack tip damage
zones in bulk metallic glass”, scripta materialia,
Vol.41, pp. 937-943, 1999.

Shin H.-S. and Ahn S.-Y., “Evaluation of ductile-
brittle transition behavior of structural materials
using subsize Charpy impact specimens”, Proc.
KSME, pp. 24-30, 1998.

Shin H.-S, Ko. D. K. et al, “Deformation and
fracture behavior of structural Bulk Amorphous
Metal under impact loading”, Trans. KSME 2003.
in press

@

3
“4)

®)

(6)

(7

@®)



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장




