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ARTICLE INFORMATION ABSTRACT
Original Research Paper Due to the polar functional groups of PVC thermoplastic and its good adhesiveness to the metals,
Received 19 June 2016 production and roll forming of PVC/ aluminuim/ glass fiber FMLs were investigated in this research.

Accepted 04 August 2016

Available Online 14 September 2016 First, flexural strength and bonding quality between PVC matrix and aluminuim layer in the FMLs were

studied by doing three point bending tests according to ASTM D790 standard. In the following, FMLs
with dimension of 12x80 c¢cm and two layups including [0/90, 0/90, Al]s and [45/-45, 45/-45, Al], were

Keywords:
PVC/aluminum/fiberglass FMLs produced using film stacking and hot pressing procedure. The FMLs were rollformed into 30, 45 and
Roll Forming, Delamination 60° channel section profiles at 160°C using a single stand roll forming process and geometrical defects

Geometrical defects including profile bowing, edge wrinkling, spring back and also aluminuim/composite layers

delamination of the resulted profiles were evaluated. The FMLs also were roll formed into 86° channel
section profiles using a multi stand roll forming process and the effects of multi stand roll forming on
the defects stacking were evaluated. Finally, it was concluded that more than 45° bend angle increase in
a roll forming stand results in composite/ aluminum delamination. Also, placement of the reinforcing
fibers in the longitudinal direction of the profiles reduces the profile bowing and edge wrinkling defects
significantly.

Please cite this article using: “awled o3 bl i3 wyle 3 Wlie ol & glay ! (glp
V. Zal, H. Moslemi Naeini, A. R. Bahramian, J. Shahbazi Karami, Experimental investigation on the roll forming of PVC /aluminum/glass fabric FMLs into channel section
profiles, Modares Mechanical Engineering, Vol. 16, No. 9, pp. 207-215, 2016 (in Persian)



Ol 9 Jb dua9

JSibs UL ploiio a3 audush U/ pgaiseglT / w593 FML Glad)s Sile (3 JSib (52055 allias

) (Slodezmn 9 e o ] g0 0

Selgs e Rl g ane ally ead oLt ONie p adl ol
ebie oy ) Olyie a4 (oo S8 i sloa 8 FML oYsaxe
g,y cnl Bllas @8ly 10 [10] ol oty (Byme Y game opl adgs (sly
25 0l oy FML 55 glag,s FML ol Jyame o5 e &
My Gl Jyame cwlie Lalis 3 gyl (B b ashl
Dy g0

A6 sl Pl 3 glateas a0 5L aFML 25l i IS5 ol
Sl el 4y ar g b oS I oy JS8 6l 5 0ud o3 oasle)S
s el oLt 353 5| Smdly LB, s ey ¥l LFML s o sis
S 55 ISl 5 oad speas e aia) los I L culpli
S ol cge s pFojlail (nl 45 090 o0 sl die; (s Sl (2985
Iy iz slodSs s olml 5 ead (BL Sy (135 slr 4)
iy sl )5 aie) GBFML S0 5t (eizmes 05l o0 (Sa
ol S aiboe g (el SlaaY o Jlail sl 4
[11] 53leis0 sg0mme 1 1agys ol JS5 s 555031

F e adg ln o Cd oy Sl lawld 5l saoss
Vb S 0 425 b 3gy 00 N5 @ ol SO @ (B9 538 Dlalad
Glise sloan)d sl (20 S b odmny el adgs culls 5 aJes
g 485 3 Qe axg 3)50 FML ¥game sy (ol (oS0
ol 0ds pwy

B9 S sl Fl qwyp 4 [12] S 5 plyaisubil S
o8 095 (Glagnh sl FML elusl (20 JSo (55, 5 Lo 5 25
GRS 0aisS dguse i) dasme Hold aS W8S s g aislo
S 20 S gy 4 {13] (liSen 5 ol 5 asin LFML
Ok slales 1o Sk cae 5 wSlon Hlosn b ave; GLFML Gres
en 5 5, wis,S samlin ) Yo slabes 5 ad SaSe> cus s
szl ciogy b ae) slo FML elus! oalSe o)y 4 [14]
ol onl cwe Grere (20 JSD G 0 o Y o Sl
5 Lo sla il 6 oy 4 [15] )lSen 5 (wse S i S (B yme
Shion by GBFML Gl US55, » BdSE Cepm
5 olhe gwiin JS3 (0,50 Cewsy sl oS BT A g aSley
15 sgamme ples o3l Sy 0wl (BodSE b Gl Sl 6 xSslr
25 plol Gugandas a0

6looy)5 sl oy Coenl FML gla Jidgy ags ool 0g2 L
Pl FML sl L350 (a0 S8 & g2l (cimghy Jl> & b o ls calisee
5 ol sladeden eyl (Ao KD Cur anl (n e el 85
Olple el (SHe (cas IS a8 golal g atwgy O30 & oz
PSS (oyp & g 0 die) (] 0 d92ge M 4 axg L
Sy 45 6,500 Sl L 4 el ot a3l FML slag)s Sl
P Ohonh 2B Gash ae Slap il S ) Ol Raegh il 6ol o))
@ hns Sl ol & WS ool WFML oo IS5 o)
oS3, b 3 b pple)S a8 el o 3 ol s il
) poeizesll @ ohg 4y Sl L o Saiee Zeols sl
Colis J16] o)l (cosl LFML adg (glp oolital 050 3l o 5 Lol

2 Thermoplastic
3 Amorphous

9 o lois 16 )93 1395 ,3T (o830 SBle w i

Aok -1
Al bosle iz & wits (Jaio Slge Sl (g0 s (oS 5 Sl
(oS 5 e oy ) Lol s adly Lo aonts oS3 calies SlSe
25 FMLS ol ass osle oSy 5 cilises ool wiz s 05,51 wol3
sbay fleys & Jlal b oS aits oS 5 SVpame ) slasgae
ol Sgdoe Jol> peely (BjerslS sloaY eizmes 5 S3U (53
Wylo Sy Djpe ) (Fujeels 9 ild Y g0 o bl SYgaze
o o dies 65VL 4y 4 Caglie 5 Solo Sl (538 DY game
@ el Cond (S ol Gy (il SVgaze oS
o Wloads 525 iliss sboay 5l S¥game ol e g5V JS>
S5 bl Sygo o ol clods Soded 4 oz Jlal b Ygono
Ay Sy g ol iBgie (am @Y 4 oy b S D) @Y (G
FML oYgame o (S 5l o0l Canslls donl 10 g 990 00 yoS S5
2 2y aps e 5B 0¥ jpa puzes [21] aasie s 5no
Om DYl aizmen 9 05 Ld g pSoxans (S 590l8 sloaY O jglone
game il bawgd G550 03z 5 Gndy ape b cage baY G
ool bl & azg L [4,3] 0piioo (feelS SVsame b anlio o
@ Canglie o5 Ladlgn by ilie mbio o SYVgame ol 3,8 ond
il Vb Coanl S5 deds & Caglin 5 Sins plSoiial (S5 0,
5] el ooty Cgllas

il 0,555 b FML (olss b5 (55, 2 ilises (s sl S
2l 55l iz 5 ndparps ol il [6] glul ol w35 el
05 Sl Sl (2590al slaa Yoz boad Cosl s3V98 (29,995
sl oads Jol> o3l )39 Rtz IRl g & Sl 0057 ()15,
05,8 Jele o prage 1) S Za 5500l (e JLal Sl (9 0929 0l L
e [7] 05,5 1,5 aalllas 3)50 b & Cesl 03,57 (Byme laojls (]
Jg5 soYsh ablia ioy plSocial sk Laldl [8] o) Ko g s>
2 g a8 Wloa)S )l 1) onyS S Sal b ooads cosis
S s> 9 a5 wigh g3l ablie (il ol slasplS
seelS 5 5 sloay o Jlowl g JolS Jlasl (e oud 1S
WIS S (R 3elS 9 53 4V G Jlal Sl @ly 0 bl
ol adg e el JSaa [9] atlie c¥same ol Al g o Shes
Hp s ol o3l aY y ueelS sbay e Jlal SYgaxe
alp 5l b dlewy SUAS S 0 (6350 0 g) o8y iy sla i
Pl wilize gl Giagy 0 calpl Wisdoe Glahz jlzs (s
(Sl sloiss) Liws oyge3l 5l eolitwl b s FML (gla¥ oo Jlas!
055 o )8 il 290 (Sealizs sl i) 4, (03l b 5

gloo Wl Cosal g Vgame (pl 005208 s (sblje 2929 L
S oo sl il olen gl OMSie b DY guaze ] aded ¢ i
Orzeed 5 de) yerly b (gl BUI (sjle wtll 4 5L FML Jsame
o g oile anadl ool 53 AV L Jol> 2 eeels 4Y canlis Jlas!
5 Jyamme anje Gl carge o Cul pole) gl B (S jeesls slaaY
P mlo Gl DYgame (pl las )5 ol sgamme 5 SialS axs o
@ 5 b FML adgs o 50008 slaa¥ o oM 5 ogdle 1005 0
Sl (2le)S 5 (SlSe (Al 5 er IS Zu el g 5 ppa Js

! Fiber Metal Laminates

208



Ol 9 Jb dua9

JSibs UL ploiio a3 audush U/ pgaiseglT / w593 FML Glad)s Sile (3 JSib (52055 allias

51 ol o) o oolizl AI3550 ruiogll 559 (Sl Lolys .1 Jguer

(S osel Gy
Table 1. Mechanical properties of the used Al3550 sheet (achieved
using tensile test)

I
(GPa) ek plio s dt mpay M
(MPa) (MPa) ¢S S
71 117 172 0.04 259 0.09

Fig. 1 Three point bending test setup, mounted on a computer
controlled universal compression testting machine.
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Fig. 2 Roll forming experimental setup, and guide system of the strips
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Fig. 3 Geometrical characteristics of roll formed section in a single
stand roll forming line
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Fig. 4 Common defects in roll forming process of channel sections, A)
Spring beck, B) Bowing and C) edge wrinkling
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Table 2 Different combinations of parameters in the roll forming of the
FMLs
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