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ABSTRACT

In the pultrusion process, continuous fibers reinforcements in roving forms are drawn through a
pultrusion die. Therefore, the fibers reinforcements in the final product are generally oriented in the
longitudinal axis. In this research, for manufacturing of composite rods, on the basis of previous studies
and researches, the E-glass fiber-polyethylene prepregs were produced firstly. Then, due to the Design
of Experiments (DOE), the pultruded rods with unidirectional and helically-wound layers were

fﬁ};‘:’n:’ggf;sﬁc Pultrusion produced by using the prepregs. In this study, mechanism of the pull-winding process is created as a
Pull-winding secondary process during the main process to improve the mechanical and physical properties in the

Thermoplastic Prepreg
Void Content
Thermoplastic Composite Rod

other directions. One of the most important issues in the thermoplastics pultrusions is the fibers
impregnation quality with the polymer base. The fiber volume fractions of the productions are found by
the burn tests. The density of the specimens is found by the liquid displacement method. The
microscopic images were taken from cross-section of the pultruded rods to investigate the fiber
impregnation and the void distribution. Due to the surveys conducted, the fiber volume fractions in the
pultruded rods was increased, using the pull-winding technique, and also the void content of these rods
was decreased.
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Table 1 Mechanical and Physical Properties of E-glass

Jsb ool o st S plSoil S Jgse Sz
) (MPa) (GPa) @/cm®)

25 3400 725 2.57

gdie Byl ol easile 5l

@ Sl kil -3
il (ol adsi sl et Slapas 5 485 Sjg0 Slallae bl
oz @ 42 b G 20l adgs Gl st SUI laanad] jin
Slabe slaaigal wond gy laandl il ealiul by (halejl 25k
W g o BLIL oas Cugis slabe 5 ool

dos linl b Bllas 0)i (o> S 9 SLIl (a)2 puS s 62
asly byl 4 dsbl [0 aS sl sals oolaiwl o slagyse;l

Rty

it T iy ol -1-3

o lp aniel i 5l eolitwl a5 Canl 0o ol iy Sladllae yo
@ el saney 0 SUI ez S Gl (ol Jpaze
oy g ool atle LB ) eslatnl b ol (ol plo [22,19] cosls valgs
50 ailoads asle Lbd&.w.ciw ‘MTW adei lp ead fl).la
@l Jyame g (6lp ot asle glowiadl iy jl s pgo sal> e
oo ooliiul coS 5 by, 99 5l i (il anael (gl ol ouds olarul
GS S -2 ‘Lg)‘L..ud&..:L.'cT Slp olie (o) jled sl eslanal -1 el
Gl a4 Hoaw; @lp (@ K)ol ools lid Olie alaions
el ol gylaie &y giluaniél g5, 5l BB T (go)le 550 Casli oo
o bogd )5 3 (2 ales l Clie sl lade olgen B ogd
g Sebes e Jlid 5l SYL oS daiore oo Ol jlid (b,
G Ky, 9953 A 4 WS (o Gwed |y Clde ) alaase  Sad
ool plas jehaiedy by oo (wled 4 sy sla,Ld b ol il (saladons
A Col oo aitlo GlagS w4 isu (glwaniel coaS e Ls i
9 lold cpl 5l Sgy jeee jlow . adl paie 36 yao ) o)Ll olows
10 b8 4 o Hler 5 ood aael BLII ol aalol jo  pns Szl
3w a8 (oo jgue WSS 13 aladone o (STS05 Sjgohs & pe e
S 4 lailgnl CJB- 6 i S35l ases BLI g jlwaae] plasl
il oy ol 8 GoniiS e 45 LB g5 45 e e 2 LS
9951 o1 50 a5 (gilwaniel b, cnl pols Gubiod [0 0 o Hgue — ]
oads odwal " s yun (gilwanadl" s eolitwl lojen Cijgods b,
[18] el

“HDPE 5620 _ SuilSe g (S0 b Slasin 2 Jguz
Table 2 Mechanical and Physical Properties of HDPE 5620

- Jsoe Sl ol esls s
9 . K’.,
e iis s o
GPa) > @lem®)

(GPa) (MPa) (@r/10 min)

1 0.9 22 1.9-2.1 0.957

sl 00 olBl ST oy &8 50 5l Jgaz ol 50 eas 08,51 laseiie saled

407

5 BL pezm w0 ((JBs 0ad ol B8 oo lp 0gd e
Cosli b Jpame 5 035,50l ool Jsame gly o 0jh> cezm> a0y
gl go damlie (S50 70l (e 4D boad 0 oS oo e

3lge -2
slaTy 9 ol (Fp Il sl ool oolitul p il S g9 5l s el
Olyie 4 o8 5ufiw Gl el e g oot Cosl SUI plgieey

ighen (e Zul ple ) yorly

Ay SLJI-1-2

A s anpe oS 5 (ewdiee (Jpame 395 sl Ysess Sl gy (ol
el ey Ss 24 b 3 5l s | cadls o ki [16] s e axs S
oolisl g Koo 17 b 5 el 59,20l glojles <V guame alsi gl
1 Jgaz 5o J17] el onal aalsl jo ains SLI Jghiie (olss 048 00
Gtz cpl 5o oolaiwl 050 Eracin BUIN Sl ¢ (S5d Slasin
ol Ul &9 u“)l)f Glp AL Gl éu'&a Ple el oas 03)5]
g aly o U el atsy JSa b ol Slalxe 4 5
b e 2400 g/KM S5 b Kiyg, o555 el ooy solatal il i
3 75 LE SIS olas iS5, g 42, sl 455, 5 L)
e S5ste B (ST (5 5 5 sl ol b il 505 S5
Sytgm el ity (spipciland b el oS LI o5 5 b i o
Pl a5 WS I s Fi9All Jsame 0 ol spdyanld
10 squm jo ail go5 opl Cadld ki ol il Jsaxe SLlKe
ool ol s 055 £33 0 4 il o B0GKM LI LS5 5 jog Koo
1191

oy <22
okl dy sl Glil s ((Seidly SYgame Gnigsite IS
86 e il oy [16] aites cilis gV b Locydl] goolgils
Loyl o8 s oo JSa3 | (GhSIh SV gamme 5l (i b j1eS) 2o
osoe Sblye 3l digd e 00 4 CujanalS slaojle )3 lay] ao s 75
Ceaglia (ol Lo (olys o S ol Cad @ (sl Y e
Gl (oef Ol 52) omlb SBr ol o5 S e a
S omdle 5 6 9z 0 st (il Sl o pb (o5 (S0 Sl
$Hla (B YL 55 Rln 5 el Caglie oo Sl ST Sl
Olfse ilize slaan] b egiie glagis, b s pdy Geksi 5 (Sjalseied
1201 5,5 o L
Sy o) 5620 VL JKx ploll 5l gaiss cnl o
20r/110min" Clie ol> asls b (S condyrn <8, SYgame
216 ajy L 190°C oo 5 ASTM D1238 s fuikiul o)
539 b 4sSnns b Ol £95 S oS el o oslinul (oo SkS
2 Ollh g5 ol Slarin (B 05 o0 Cgame YU Sollw b 4z
ol oael (55510L (sl ile (SlSe (Fhg (2 Jsoz) Sl a5

! Filament
?HDPE
3 Melt Flow Index

3 ooladds (17 0993 1396 s ,a (e Suilke wdiie



IS doxe 9 )9V Yl alzyy

prLosT Fadgrels Aae ) Aulad Bl GKET S90 22 HI9 )L ST Ali) 3isTpd Huils

Jolo wigei o byl plo cule; @ azg b (Ssl g oS
Bl i alged H0 oad eslaiul BLIl jezx> s jadx el e
ol & 25 by oo Spate 1 b nlito 3 (Sl 5 58 ol
B g, Colus fuizmen o (2.83 MMP) aniél i o alaiio plaw
Samlio Glp ol aiges o 0 il iy 20 olaws (542 mm?)

PO PRV SN IEEIE AR

gielesl g,k -4-2-3
3 0k o S (smyp g Sds ln bl 9o 5l Gk cnl
0d 00,51 3 Jgaz ;0 G opl Lialesl 7k sl oo solatol ladises
olaw g L,k asle Koo Sge slaygall oyl .[23,2219] el
Lo 51 ol o a5 s ouds la g plonl s anllis doaniél i
o 3y90 00T S g B sles o el (e 5l o eslil
oo o5 0 a5 5 s Slales B cles Sl (ol s S 8
w93 5l o 5 ssbar leanill (i 5 05 008 5 1) QB LIS psboa
G 0,10 3925 Cudgume 98 i ae yuw Ll o s gy cul 4z LSS
A g el BB cogaza gl Cepu gl o5 cl iS55
S5 e yiaS SLEETYL glo Cat s o 45yl

Fomlie amlio gl Gaiow (nl )5 oud Gund Slaal 4 4z g3 L
S L olen glabe slaaises w5 slp @58 Jguz L alie Jsa
Sty @S Gamlie 5 ouyn b (4 Jgoz) Col oads (b o
S35 2 Sl by U Ol coilesl ik Jslar leal
2,5 osalin ol sladiges j3 1, Hlais )90 (olo>

ool (galuo ugi -5-2-3
5 Sision oy B il sy saios oz o baridl iy
Lo b QB 65 Coomd iy 0lg3ds ylime 4 LB sloo a5 o] 5l o
wd]suyémjm‘jouwmwdfméﬁ
3 Bgd o Jaio 00iS 4y bl s (galiwgas Lol i 09d s
Oyt g b —loanid] s God o5 i jshatearail s cdS
g 0 0l isS ol

S 5935 5 o2 St iy > S5l sl
T Gty 4 gl caddl SO -l aBilel e 4 oy
sl Sl a5 il ol Ja B 29 4 0n)lagSS
Syls alols dgas b eleds Sl 5l e ile 1 g asS e adgs 1,250 °c
Sgu 50 00.iS (pgo ) o3l LS Coos 4y diges QT BUeS
(2 JS5) 09550 melais aiged sl ] (sl

Sl dsin & 4255 b 550 gl )5 B 5l Jpame o Lo
Iy gl B i g5l IS 1 el (glalgd IS 4y Lo yas - Lol JB
O (63959 Cromnd ) Cond (39,5 Coomad ;0 S Jlad Lo ls sage 4 5
Lol i Azl 10 g 0gd oo ;00 @ lail i o 00,88 el

Nomels

ool (glilee sladiges a5 sl ialesl 5k 3 Jgur
Table 3 Design of Experiments (DOE) to produce pultruded rods with
unidirectional layers
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Fig 1. Schematic of impregnation system that used to produce prepreg
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Fig 3. Hot air flow inside the calibrator (2™ pultrusion die)
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Fig 4. Production of pultruded rods with helically-wound layers in
schematic diagram
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Fig 5. Pultruded rod with helically-wound fibers
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Table 4 Design of Experiments (DOE) to produce pultruded rods with
helically-wound layers

(MM/S) 602iS as e po Cc) B sl Liges
6.22 195 Swi
5.84 195 SW2
6.22 220 SW3
5.84 220 Sw4

Pull-winder

’ Die
Calibrator —

Fig 2. The arrangement of 1% and 2™ pultrusion die, pull-winder and its
motor
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Table 5 Experimental and theoretical density of the pultruded rods with
unidirectional and helically-wound layers
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Fig 6. Comparison of the fiber mass fraction of the pultruded rods with
unidirectional and helically-wound layers
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Fig 8. Comparison of the void content of the pultruded rods with
unidirectional and helically-wound layers
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Fig 7. Comparison of the fiber volume fraction of the pultruded rods
with unidirectional and helically-wound layers
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Fig 11. Microscopic view of the SW1
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Fig 12. Good impregnation of glass fiber in SW4 at the higher
magnifications in the microscopic image
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