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An experimental investigation into warm deep drawing process on
PV C/fiberglass composite laminates
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this work, the influence of process parameters on warm deep drawing of PVC/fiberglass composite
Received 31 July 2017 laminates is investigated through the experimental tests. Fiberglass reinforced polymer composite
Accepted 01 September 2017 laminate sheets are new emerging materials that have many potential applications. These composites

Available Online 05 October 2017 provide high strength to weight ratios exceeding those of aluminum or steel. For the experimental tests,

composite samples with [0/90],, [0/90]4, [-30/30]2 [-30/30]4 lay ups were produced in using film

Keywords:

PVYC/fiberglass laminate stacking procedure. To investigate the effects of each parameter on the output results, and to decrease

Deep drawing the number of experiments, statistical analyses based on Taguchi's method are used. Initially, the

‘%’;}”ﬂ:gare composite laminates were produced. Then, these laminates underwent deep drawing deformations and
cup-shaped specimen were produced. The results of the study showed that the two variables,
temperature and blank holder force, have the most influence on output parameters. By increasing the
blank holder force, the required maximum forming force increases and the wrinkling decreases.
Whereas, increasing the temperature reduces the maximum forming force and increases the wrinkling
phenomenon in the flange of cup. In addition, it is demonstrated that by maintaining an interaction
between the forming temperature and blank-holder force, the wrinkling phenomenon can be controlled.
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Fig. 1 Schematic of the film stacking procedure
ey cilil (g, 4 (59l slacine] algy Slads 1 S8

10 o)laids 17 095 1396 (53 (e Silse wise

S s 143] Wlad S 15 azg 050 iy s coule S
Pl @ g b a8 clll goladl gblie b o)l slapile S
P2 50 5 AL 0l Gl mlis o g sl (Sogd 9 (Sl
Lulps 4 Vb Cuwglie @ plgor ols> (nl ez 5l 0sh o0 adsi (VL
L] ol g asn 5 Vsb e b sl Canglin sy csliol
Vi e o8 Cenl ' ok ale (sloog 5 (sl wisas e 2ges
ey Sl olo b anglio 1o 055 00 O (St Cols o
e (2l g 009 i sl (150 die) 5 sl BLI e Ll o ile S
ol o S Sl st 0gd e (5 FpSottae Slabad uy
N et ©gd abl 5 Webos pr (230> b lyjels
o5 OleS b Sdoge b asili e (omsa e de) slaajoslS calple
S5t 5 oz Slakd oy oy |y o] Cage ol &5 snd _amo S
b dglie )0 owsgay de) Gloaj50lS (gl (gluly S5l oo b
P e &5 Col 6500 (S prleS a) slatuielS b
[5] 05 o g ;0malS (l 5,18
ool (Saio DY gaze wls mie Sladngn Sl (S o)y (oSS
iS5 03 4 plgie 9,5 laanl B ol Sl pledises Glsie «
s &g a3 ol o g 05 oyl T b pe b GaseS S g Gres
loe )10)95 2 loig oLl 5l BespS (2AS ggiie DY gaze oy
g e Boyb (Joegil By Sl 4 g SV gaze (nl alea ]
o w 6] Olen 5 (o2 0,8 o)Ll oniy (hlos ain slaceens
oS wols ol o]zl Cujerels s a¥ais Slse ras LRAS
Slosially 555 2 NS Jalse cn s Lod 5 3y 005, o
bl 99 ol e bl Sl elas b oS 035 (SuuSg,z aboxr 5l (29>
L il ankd g ools als (gobj o> 1) 359 4 (SuS92 ¥ e
S GRS Gilwand 5 228 adlhae @ [7] (e 5 SSI§ 0gas olgs
S ST (fu500l8 sl yg sl YU slos po SV S5 5 e
G iy p3lSe il s omo IS a5 aizh § aomts oyl aiisls
alsl )3 S (oo s i S i Sl e 22ST Bos I 5 ool
p3Y o 2 Sye Jelse 1y ani el Gl e 5 Led e 50 oLy
T8 sles (Rl L as wisls olis g 00,8 (yme S5V s)505 s
Gy IS5V 6,505 Gl Y G i el Gy S 108
9 7 s o [B] S5 %o slasjgliws 5l oo (205 5508
Bl B slaajaeels 61y YU (slod o Gras GRAS AT )3 (giluands
slod Gl S50 5L33,50 (B35S 9508 Sliee RO 4 (o0 00t
(9] Oan jSs 5 155 g 0903 0 )L5) (58S Gae (alS 5 ansl 3 )5
WY b sl (masile Yoz Slge S8 Sl o)
slopite p 1) (Gl @Y cubrs Sl 5 by Hlognh Sl
b Gros (1edS (0S5 (59 Mzt ree GRAS ALl (29)5
ol 4l eSS Sepe by all g Sleal culbks il
S s e Y Cabis il b oS wols ylis sli] oaizes
el [10] OllSen oo 5 Sy o G 3l |y (pled ankad 0 (S
Gy @S wnlp cod ond andly U (n55elS 55 (S L8,
sl jsmels 2o o slo,Sgsle a5 sl las lagl mls axsls

S 658 slad e 40 o)l (65,b olds (6518 slagye bends adly SLI

Polar Functional Groups
2 Stamping

130


https://dorl.net/dor/20.1001.1.10275940.1396.17.10.32.0
https://mme.modares.ac.ir/article-15-5498-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1396.17.10.32.0]

B3Vl ol (pea pldue 9 (ol 3L Joxo

lizo laled 53 S Ae) b Al Bl i jsselS B9 Bres S JTHd (1) Hw)

Table 1 Mechanical properties of fiber glass [16]
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Table 2 Mechanical properties of the PVC (Polyvinyl Chloride)
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Table 5 Design of experiments based on Taghuchi L16 orthogonal array
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Fig. 6 Schematic representation of the equipment for the deep drawing
process
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