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Design and instrumentation of low velocity drop-weight impact testing machine
for estimation of energy absorption capacity in aluminum based composite foam

Hossein Farahat, Seyed Yousef Ahmadi Brooghani”

Department of Mechanical Engineering, University of Birjand, Birjand, Iran
* P.0.B. 97175/615, Birjand, Iran, syahmadi@birjand.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the energy absorption capacity of A356 aluminum foam reinforced by SiC particles under
Received 28 April 2016 impact loading was studied. The foam was manufactured by direct foaming of melts with blowing agent

Accepted 17 June 2016

Available Online 20July 2016 CaCO3. The drop-weight impact testing machine was designed and fabricated. The dynamic load-cell

circuit was designed and mounted on the impactor. The impact test was carried out using a
hemispherical indenter with a velocity of 6.70 m/s on the foam specimens, and the load-time history

Keywords:

A356/SiCp composite foam data was obtained. The results were compared with the results reported by a piezoelectric force sensor
Drop-weight impact test and validated. The obtained impact response of A356/SiCp composite foam is stable, which represents
Load-cell circuit the suitable design of the machine and its reliable output. This is emphasized by comparison of material

Energy absorption behavior with the results of other researchers. The response includes three stages: an initial linear

behavior, a plateau of load and failure of the foam. In plateau region, the plastic deformations can be
tolerated by the foam at nearly constant load. The end of plateau region and beginning of the failure
region occur at the moment when the rate of energy absorbed by the foam is decreasing. The values of
plateau load and absorbed energy estimated from load-cell are 1.62 kN and 22.04 J respectively, which
has a relative error of 1.8% and 7.7% in comparison with piezoelectric sensor. The value and percentage
of absorbed energy were obtained as 6.07 J, 6.58 J, 9.39 J and 27.5%, 29.9%, 42.6% for elastic, plateau
and failure regions respectively.
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Table 1 The chemical composition of A356 aluminum alloy

Mn Zn Ti Cu Fe Mg Si Sy

001 002 007 009 019 035 681 5wy

4- at 900 rpm for 20 min
2- Adding 1
wt. % Mg L

3- SiC particles

1- A356 all

at 650-680°C
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Fig. 1 The production of composite ingot
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Fig. 5 A picture of the drop-weight impact testing machine
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Fig. 4 Schematic view of the impact testing machine used in this work
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Fig. 9 The details of dynamic load-cell circuit
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Fig. 10 Arrangement of the strain gages on the compression bar and in
the Wheatstone bridge circuit [22]

[22] s i s joe)lid o als (g5, agins i S Slode 0320 10 S8

Fig. 11 The strain gages mounted on the impactor
C)lo Gz sy 2 TS e 11 S5

gz a5 Aload ool plis (4 5 3 Glaolesd) 1> Koo Caow
il e "10 S sislen dayl (5350 Lo
Sulol psd digas 4 (282 ASnl (A 4 iy el plnd s
Vo Uy (o5 s lod 45) gt s3m 5 Jlo) JiSem S o
sty Sloads 9 0dd (5 glmen odls LLuiST ptaw lawg (ail e
WS Lol 5heslanwl b 00,5 co 0,53 SamalS 0 a0 lo) sy
Je) o oalital w5 3l GT sl Sz o 8 &5 Sty by
Syt i il Sl 4 58 il iS5 (S
b o[22] syl camsa 1) pleyas ol bly s oo
O ez 9 g ORI b &) s a5l ssve (5,5 1S
Oy 5 ey aille dbgie (Sleiiw polie (0] Cowoas
25 g & azsi bpsd Laugs ool i 50 Gl 5 0ad avule

Ded oo Cpatd S ydim g o5

223

ol 1y Gtalojl @l §f (slaigas "8 USE" 03,5 00 053 jigeals awgs
Srg b D g 4 bgype JuSw oS 25500 abioMle om0
ot L ESTas e 5 4,0 slend vy sl o5 slaigSay il

A eolaiwl Juog) 5l el gl cplpls s

Jog) e i 5 oo =23
2 gy ol e e 5 olb 1L 5 10 9 sl Ss” ik
A e (ol 25,5 il o 4,5 gei] lSEs g Sl
5 (9 JS2) Py oanSeush (5Sr 63y 2 okd o) @RS
el liiass 5 il o (TDS 10128 * S5 505) oshend
Jo sl eolial b lae ol 00,8 co ooliiwl (ylo) cans 4155 (69,0
5 (LYLL3/350 g5 5) HBM o s o 5 ou ol iy
logins i) eyl g 10 JS8™ [22] wloas osilnz 552 5,
o8l G w3 oe LS ) sy y Jlae o lid o alee s,
bl by lopew (e abgrre slodliosys 5o 5 logiw S
s e plad 1y g i) S el ol M1 S el a S
93 Sy Cww a0 walee omalie SOl o a5 sboles
20508 Chz 3 SN0 5 Gype iz (o e sonl 350 i isyS
S Gln g S ) S IS0 0 055 e 8 el e
Sly riw i) o Cew IS8 505 (251 slae)led) 4z Cuw

03ls LS| i Slasein 2 Jouar
Table 2 The data acquisition system characteristics
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Fig. 14 A piezoelectric dynamic force sensor (left) and signal
conditioner (right)
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Fig. 21 Comparison of absorbed energy and load versus time for
aluminum foam under impact loading: (A) results reported by Mohan et
al. [11], (B) results of this work
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