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An Experimental investigation on Nitinol shape memory alloy reinforced
GLAREs against Charpy low velocity impact
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This research is on the energy absorption level in a metal-fiber laminate reinforced with a shape-memory-alloy and
against low velocity impact. The parameters of the study are fiber angle, level of pre-strain and position of
GLARE . . . . . .
Shape memory alloy memory wires in a GLARE reinforced with 2 memory-wires, zfmd_a ZQO—J Charpy—lmpa}ct device was used to e)_(ert
Nitinol the impact. Moreover, we have focused on effects of changes in fiber's angel, the location of shape-memory wires
and their pre-strain effect on energy absorption level of GLARE, which is reinforced with two shape-memory-
wires, against a Charpy-impact of 200 Jules.Taguchi method was used in designing of the experiments for this
research and the investigated specimen were constructed based on L16 orthogonal array. During the usage of array,
parameters of "fiber angel" and the "pre-strain level of shape-memory wires" were tested in 4levels as well as the
parameter related to the location of shape-memory-wires, tested in 2levels. The scrutinized GLAREs were
constructed of 16layers containing 3layers of aluminum. The analysis of variance was performed on extracted data
to investigate the effect of changes in parameters on the energy absorption level of laminate-Charpy-impact. It was
found that the changes in following parameters of pre-strain of shape-memory wires, fiber's angel and the location
of these wires in laminate, have the influence of 39.12%, 32.13%, 4.56% , respectively, on the energy absorption
level of laminate. The variance analysis also proved that changes in energy absorption have confidence level of
92.1%, 90.6% and 71% respectively with the changes in aforementioned parameters.
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Fig 6-A. The distance between
the SMA wires and the impact
plate in the string-included
specimen near to the impactor
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Fig 6-B. The distance between
SMA wires and the impact plate
in the string-included specimen

far from the impactor

Sloalabl> s 1> diges B0 JSCi
@ Spop alold o ol lages o5 3 ags alols o ol lagew o5
R R S RXCETIw:S B,ls 18 eaisjay 0
U5 ol g can] Gles w Jbabisls slapaw il jelite 4
75 los ;o aids 150 wae a o lailinl sbhaiged @Yoz o b5k
Q"\""’ Wu o R 05)1.: )15 UJ‘ PL‘?U‘ La QA ool )l)_% u.uj...u.L..: a0
Gold 25 Cos o 5 S jlbalidle gl B i b (Sl 0255
S
Sy el a5 2000 ) o)L a s s oiws l ces bl gl
PR 40 mm alolé Lgl)l.) oK U"‘ 6Lbu)5;L.: A eslaiul Y ‘ALI.Z...J
b e 200 ] oy Jlael (63,5 anin

e g b4
S35 aigei 16 (gl (nl )0 (o) 3590 slaaised wb a1 dnilis
e Sl & g b slo S5 55, i oeSilie e Jold 1,
eSlee 00 LaS TS Jloged gl ol i8S )L )5 diged 1 (29,5
wilge 2000 (o5l5 arpo ply o a¥aiz 655l @i (e

a4 4 gl Gloggin T ojlads IS g0 muds ;o Sgga &l
Ol s 5o ladigal ;0 &g sbay Wad G e U 4
30 5 Jsl eloains olSiT il plpyaly Jalitls (glapee 5,5 iy
g RSk Ol LT 5885 Wisdoe ol |, plaaises
36 BL gLy aiws ;o 18 g edgaw,0 Ly oo, 0 ey loaladl>
oo igd oo Julis 1) 4250 60 5 45,30 ,0 jolie sy 4 biaiges
SN G i 4y s 2 slatipes 3 5 Lo 5
wlin sug; 554 93 laarws i)l LB (50 90 (S5 «So33)
e s loalil glaes (23,5 iy Oliee Wl 50 &5 Sglis ol b il
Slages ©x5)18 Joe 5 Wadoo Jold 1) 00y5 3 9 00)5 2 polie
S o0 S9m (S35 S0 593 99) oI 5l i i 4y jloaladl>

Shamss o 5o wsdiee cvalin 7 U5 ol Syie o azils
Alp sl S i bl jbabil slapaw bl o a5 Slediges
Las16 513 3120659 B8L5 A 64 L4 learss) ailb .
cd 5l polie d(cwl ouds ools lis Hlages o Oglaie slagz b
Oy A5 45415 b B 6l ls sladiges a5 ol ) osimsylis (5,
o &ln 1557 3 o)l slaaiged) W) 1) 4,0 655 @iz Olie
e Sl el a0 Jlosl a5 0gd 423§ Jlas o b camlie ol Judo

Sl 5l 2 gl Jgaz 3 ead grhe (bl 2k Gib
A, el slapew T8 Y 4 gAY ol
035 L B T 55 L5 5l laga 45) oalisls (glapans odimd i) s
IR on B 59y » (g odem; Sl 3550 S G Ol g 00D
(4 oyl JS) a il (6,135 40Y &g, dalol s § 8,5
oo S 59, 1 i 4 Vs 5 e 4ty JB YL B ST o
Oar oo AB PS5l Yoz 5, 151 ey a4y Lo sles 5
oy S otz (o RS ol slosl 5l ain 1 cubdS b o ooyl
ks aye glaises ol Gl Jole JeoSS gl wn S
b lodigas 5 ob ooy 0,5 o5l 5l oolisial b a¥aiz Lol cloacsl>
oS (5 5 G5 o)t sl St) wad asle o lwtiel ol
Joalisls clapmns 650518 o dlols saias lii B 5 AHB oylass

bl 0ui o Holns Ao 4y Coond

Fig. 3 Aluminum layers and fixing needles
O SLbI 5o o as slogyzsm 5 (ogeieosl] Y 3 Y5

Fig 4. Wovens fibers Layig up and imbeding prestrained SMA. wires
oon B 95 53 ond (5,5 A Hlealill e o SUI g lIS Y 4SS

aluminum layers

> ——— nitinol wires

B
Fig 5 A. Specimen layers extended model B. Final specimen

s Ugai —o AL 5B aYaix sladiges o ayY oo 1S glad -1 5 JSb

@rolS 5)5U5 9 egle g puiss

2j

(¥}

408


www.sid.ir

9LOLS 5)9Ud 9 pgle &y puiis

J)

[ Y]

409

Ve 5 5 gac S gme

el aladla SWIT b ossd wyois B 38 slaasVada (37 ) 0

Delamination

Fig. 8 Layers delamination style in treatments no. 3 and 7
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Fig. 9 Layers delamination style in treatments no. 1 and 5
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Fig. 7 Diagram showing the means of impact energy absorption of the
treatments
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Fig. 10 90 degree fibers fractioning in treatments no. 1 and 5
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Fig. 11 Layers delamination style in treatments no. 2, 4, 6 and 8
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Delamination

Fig. 12 Layers delamination style in treatments no. 9 and 13
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Fig. 13 Layers delamination style in treatment no. 12
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Fig. 14 Layers delamination style in treatment no. 10
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Plastic deformation

Fig. 17 Layers delamination style in treatment no. 16
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Fig. 18 Layers delamination style in treatment no. 15
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