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Keywords Abstract

The aim of this study is to attain the maximum carried-load under compressive axial loading for a composite
lattice cylindrical structure with a specified geometry by an experimental-statistical method. For this
purpose, after studying the research in the field of fabrication factors of structures manufactured by filament
winding process and also available facilities, the influence of four fabrication factors including fiber
(roving) tension, winding speed, cure cycle and fiber type on the product quality and strength of the
composite lattice cylinders has been investigated. For this purpose, design of experiment (DOE) with
Taguchi method has been applied to investigate the effect of fabrication factors on the the response variables
in three levels without considering their interactions. According to Taguchi method, nine structures have
been manufactured and tested and the results of the test have been analyzed using analysis of variance to
determine the influence of the fabrication factors on the response variables. Two response variables
including specific maximum carried-load and compressive efficiency have been considered. The results
have shown that fiber type with 88.23% and fiber tension with 9.98% have greater influence, respectively,
on the specific maximum carried-load while the effect of winding speed with 0.7% and cure cycle with
0.3% are negligible. In addition, the results illustrated that fiber type with 54.20%, fiber tension with
23.54% and winding speed with 14.86% have greater influence, respectively, on the compressive efficiency
while the effect of cure cycle with 1.85% is negligilble.

Statistical analysis, experimental analysis,
composite lattice cylinder, compressive
axial load

Please cite this article using: S oolaiul 5 ol 5l allie 4 gl )l (gl

Fadavian, A., Davar, A., Heydari Beni, M., Eskandari Jam, J., “Statistical-experimental analysis of the effect of fabrication parameters on the strength
of composite grid-stiffened cylinders under compressive axial load”, In Persian, Journal of Science and Technology of Composites, Vol. 8, No. 2, pp.
1543-1555, 2021. https://doi.org/ 10.22068/JSTC.2021.531397.1729



Oed 5 9boad dwal

SoLid (5) 970 Vb S (S 520lS Suidie SR gl Uil o wabi Lo i)l Hil ()75 - ST Ju=s

A0 o S |y BLI oz 1S Sl a4y oo 03958 (gosimoilis
Spdyee 5B i sl 3 b 4 SU ez S nizien

sl S5e ool (s s 5 (6] pailer 5 LIS
50,5 elobd (fujsels jlid cod b colu Gl ) 5 (e,
S 5 iz S (235 led LI (2sS gla gzl o] o
b 53 (5B by, jleslii il b wsles S Bl Jelos 61 1) ey
5 55 JLad Bl s o5, auo ) el cnl 51 Se e Sl deaales]
5 D S )y Sled Sl ol (o) lallgil et (Al
idlge S w0 (59, 2 Fhe Jelse im0 SUI s

sl 75 agmlel (b g, 31 TT s 5 (Sl g
Siseels slaalyd (5 o) cala ol o S8 Gla el (o)
73 Sopiin ool 8l 5 (opleS (250 Oman ok - 4t
iz g B glos gl el Sl imad ool 55 iles,S oalil
o oy Pl g panS alSouul p BLI as slass g bayY slaws
Srdil it gonms ol )bl sladdde sames ailea
sl GLII slos 51 s oSl 5 255 plSi]

Soisles] ohb s, 5l esliiul L [8] olKen 5 ' o IEliss
sy (Sl ol gl ® sl ey Sl oy 4 (75U pslio
Sl (G55 Sy iz sl s Sz Sl gl sl jsels
Pl oy ite aw ) SLIT iS5 Sl @l ol Al
03,5 (o Wy (Hhws g (arzme (S plSl (5 97 (S
sl 45l (55 2ot Mol (55, 1y 5T oyt oo 5 o5l

lmoansS ey gim jl oolial 13b s anlllae [9] o San 5 7 SusS
oad 4l Sb e slalginl aig ool g A5 @595 2 %5 9R)
aslas ol ais,S Al 1) ol L om0 sy sleca;enels )
S oas 4l slo o 3l ool by 28 Sligios gl Jol
7 Dygee & 398 JloS g 4285 @l g (S phaied lacejelS
Lol o>

s55elS Socden wlstal 56T (gl gy 50 [10] o San 5 ol 5
b b S8 (D jeels Seiten ailgiwl 2T ()Lt (55970 Jb S
Lo o258 a0 J1 5T O] 51 (G50 sl adlllas 5 S5 bgis (o500
Ol g, 5l esyltd (5970 (55138, o ojlaw plSxiuil iSTa oI5
ol 00l oolaiwl 5,25 by, g Sgdone

Flo)lyd Grize § S sloojlow (ot ;5 umiay Dlidos
ool plsotinl 5 (s (bg) b oo wlgi slaojl ol gla )25
b, Sl Coanl oaimo i oy cnl BT 1S (000
oy oud plonl Sl 151 el 2y peelS slaojlos oSl L
loyld b (Dj9eelS sladly) g (9l 5le Sl (sla,SB il o,
Sl Hlid O g ol £45 cpl 5o (6 05 )L Lowe .cnl 00gy Sglae
il g plSoil s olo,giS T a xS ol oo
ouis odalie (WIS Laswgs (25135 9Sh (S jenelS St (slaosle
5 il el sla eSSl () gl cal )3 W o]

7 Fractional Factorial
8 Lossie

9 Doctor Blade Gap
1© Dobrzanski

1 Gunasegaran

12 Kopecki

doddo -1
CodeS sgie (ilie mli—o ;5 el (98059, 0y 4 Az g3 L ojg el
Y ..xﬂso ot cudy OV games (0 sudS sbanasls SauY s>
S L.;Lebu...l.‘l_e L 6‘)]9“‘ )l solarul ‘Jj_.m u—o_ﬁj » )L\ff.ai; J,a‘}c )'l
Slge sl iRl Hlareds s 35elS Slge 5l eolail cg el 5l sl azdly
L s solae Glgreds docaigelf 0,8 awl oo b e oy
DA 438 5 09 (S (S ((SE (oleS 50 5 pla S
oole () raiil co (Lol Cuond g0 Lol olgo ol sl @Bl ol
o3l (@) Wi we (Sl g 638 (s ol Elgil slls 4 A
AT a5l e )3 g olisS BLI caily BLIN & jgods S 00liS Cuels
J1] s (6 pody e o joualS

S8, p s ol layel )l g ol an T ((jemls slaejl o
3 i s g SBUI i a8 (i sl ailis e il Sl
5 98 oo Sl (o Sloola) ojio 5 (nj) Jlade p o Ghoms aal B
LsLaLc covgy ol boa—s azsl s sleojl s plSo il (gl az o

Seiion iyl digy >k a4 i 50 [2] WS 5 5 9 655
CdlE gy, Sl sa5le b BLI 6 A og, 5l ojl—w pl sl
50 0ab il (gaiges a5 Ceol 5l Sl s wlaid S o SeSidin
arals 58 ielS a0, 40 s505 ¢ ogaiogl] JLre (saiges b alio

Ll o psbaiess aialesl il plonl s [3] Mg 5 Jlsagsle
—onS o ) sieeel S gleablr (Lrelsd) oSl b o)l
RIS RYST IEJOUEI SRt ST ARV S N
O St JLS 5 iz S e 3 Gl ale s 3L daiales]
Solel s 51 ol ol .l oo camy p Lo o Jlasl oSl
A it i ol o Sl soamaglii il ly s s, <
BB 58 ad oSt jLid g ai il by o Jlasl sl 1,
Byl (sl e Jlas! plSoeiul) Fwly yuiie b oz 2

JiosS ig, 4 Linlesl oo 51 ool ol U [4] o Sam g " (ys8

. . .. .. . . o v e,
(S g Bl heS 5 i wl B sla e Sl oy 4 (S5
il jlid o 2o jsmelS 5
. . A

b 0 ,Sug, ool ul b —amgh 5o (5] o) sen o " )
09,5 Sz 3 o5 Z3lo oyl Sl quy 2 o 2 S by, b il
S ass gjlarae] p wsloass ganaims (b g anTd (o, «dLI
(BLI o S Fasly yaitie ds oS ool o0l a8 LA 0 Al yuiie
oy ol s Pae a3l GlAY e odp plSouul 5 o e
ol BLI g din o Ngm pSul (6,8 05ll (gl sar i glaY

. 4 \ .

Sade g oy, ple lod o () Ol gouiiS pudas Jolb Jole a

*Void

2 Totaro and De Nicola
3 Mazumdar and Hoa

4 Polyether ether ketone
5 Consolidation

6 Cohen

1544

33)940l5 (5 9US 9 podc &y puini



0940l (5 )9Ud 9 pole &y puiss

Ve 5 9boasd dweal

o lis g)w)bmuq)wwhﬁmd&&l,mlfwlﬁmu 6 yioh)ly 3l 3 =5 - k_s)LQT,\Jn.J:.lZS

Oty 3 Sl olasiel Jau
Table 1 Specifications of fibers and resins

dadiie 055l ol

Araldite LY556 (100) Huntsman 33

Aradur HY917 (90) Huntsman o,
DYO070 (1) Huntsman saaslis
Carbon Fabric T300 50K Interglas oS AUl
S Glass tex 2400 Silenka asod SUI
Aramid 805 tex Twaron VAN

Oty 9 S (Sl plss 2 Jgar
Table 2 Mechanical properties of fibers and resin

S plSoil WiVl 0 S olge
(MPa) (GPa) (Kg/md)
2930 99 1400 Sl )-l
1204 52 2400 s
3500 230 1700 ouS
83 3.1 1100 S5

ojlw LJB g3w oo -2-1-2

s <ol 00 ol L350 kb 5 65| (glailgial ol la
S slaal eyl Sl Sawsly Jolb At (—wia ol
el s o 9 oy Gm Juols (e Slaca) ol le o,
el 00 pleil 05l (65 B (g3l S colpspo ailonds dlre lac,
ol 00 03 5] 4 cwsaie glo el )l g ojle olal 3 Jgax o

AS“.; (WD LSL“):-A‘)Lg_ 9 a}L_; oLu_l 3 Js.}.’
Table 3 Structural dimensions and geometric parameters of the grid

H b, by ac ap ® D L
52.78™ 26

4mm 5mm 5mm oMM 2g0mm 300mM

el oas osliiad LS wiige - oLl Sl 5 5l 5l e sl
ot gy a5 (gt plonsl (3o " inlins Sl daoma 5
a5 5 st S50 90 4 ol (sl il Je) "l
o0 plsil cplpe )b lase jo had g5l Jow > cpl o ailoads Jow
oo

b a8 ol oad aslial | LIS oSL 555 5l es 5 B el sy
ol 6l ol sus sloml T ) [sT i 4t b sy pd i oK
B ol oa s gl S l3Ble s Ceejd & LS ki BB a5
I Sy B 5l e LSS o al pailss BB i el sl
el oals ools lad by b e

6 Solid

7 Generative Shape Design
8 Surface

9 Plaxiglass

10 Corel Draw

1545

)b (970 Nl Ea (Sgals S sloallgi ol iles
el oy 4z ls yy

S o8 Lgtalesl (Hhb (29, b b cal nl r Som gl cal )
oileS AlSoel 45 C Ll e Jolss sl CapieS S sla Il 5l
gt lalid wrias 38 56 0 emelS St slaslgil slaojl
et et ol 5 e io g ] 5l Bt (g lol Jelow b Gizeen
ooV Gl el anld iloana (aghy cnl 9k @lsyo g
el (25950 sloejl 5l g5l sl bl

SRR 92

g 2Lk 5 lagilesl (hb (s, Glesh cnl )0 G (b,
009y Subel Jedow Jamo!l il ioul (g0 59008 St (slailgioal (05l
ol el Jolie (gom (isu 50 el ool e o toles] b
lp el ail gand 5 siladde Jold (D jeals S (slailgind
Ao ) sl oot 5 ol S8y 5 (e 4D sogru B
00l (gmypt GR35 () o el wd S S o el sl Jlos
oW
e 35eelS Sieo (514l ginsl g0 3L sl g o> )b 12
b 5 slailyinl slaaing &y 4SS (Stie (sloojlo Ypane
o) 5| (oot iz At (anme 9 @ jlo locy) Jol 45 03l
Gage sk o (LS ply 5o Stie gloojlos (YL Cuaglio olmf el
slalgl ladiwg 251 6ly 0525 WS b polie 9o 5,103
NS ogre 052g 5 ol U e (5,955 polie Sl 1S LS Ysane
Jlis 5o [11] el S5t b1 58 5 (6 5u503lil 45 ol ataogy
(3ol 093) IS (55l Somin (slmojlos oy s (sladiig,
o Ele Gl ogme L35 i e LS 355 5l )l e
1 i sy o gl 5 95 5on s (slos 3 S ol
78 ORleS 5l ol e se (Sl g plo il adsl Cogae sl
genad) Tonms ol Cald 4 55l 5 SeBiee 698 @l 4 oo
J11] s Stn laojlos Judos 5 (ol 4o ooliiul gl (oaisS

Gangs ok hanl oS cosl i 5y Slais 90 ol el Sl e
GBS G o SS9 0a 2l Sl el 5l St o5l
AL 65 B algy e b Sl QS (S il 5
s slalgnl o 9, p e B el ool Sl SeSlw
Sl 9,0 BLIN S assples ormanss ) olliws ookl b g oays 5
S IS Stio 03l b o0 omm s, SsSebe B
OluS 5 g olgo-1-1-2
ool il ael )T 5 0,8 et i B g5 a5 Sitia ailgrl el sl
5 0duS Cow g S sl (313, Jobe oolaiwl 8 50 3y il 00l
Lolss onijlus joiws 3190 100 i 4y 5 0l o ooimolis
3 e wloa b ailfazs) IS an sy 9 Bl eg 1 Jouz jo ailoa &

ol 00y 00ls LS eolawl 3550 (3, 9 LI Sl ples 2 Jao

1 Shape Imperfections
2 stiffened Shell

3 Knock-Down
4CATIA

5 Part Design



Oed 5 9boad dwal

SoLid (5) 970 Vb S (S 520lS Suidie SR gl Uil o wabi Lo i)l Hil ()75 - d)ka}ilXi

695 eSS gl (et Sl 08 eolitul (c3y
@l 4 S 5o el 3518 DS 5T (99,0 05l sy (sl o098 J e
B plSe K IS )0 o5l Sy (sl sl o0 o0ls L S g3l
Olie alS oy o3y > 50 (n) 005 opb 3l 6xSslr sl
Obgs &3y > 58 el S5 S5 Gy b aiSle g (2ib (69515
Slegide ool (n3y 05 9 o)le (Sl Send 50 (n)) e I B aS o
oz Sl ead Sy oile 5 A 53 058 (Sl (s v B L
aw b S jo el oad ools plis SeSdas LB ol o 4y S golail
Cdiges polas 7 s 5o 00,8 &l SeSlw CJB yg,0 o5l £o

PO PRV IRV PTEa I

Fig. 4 View of {He mandrel on the rotating system and ready to cure

oy lp s eslel bl 65, Jyse 605,18 sog 5l oles 4 S
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Fig. 10 Comparison of load - displacement diagrams of three aramid-
epoxy structures
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Fig. 11 Comparison of load - displacement diagrams of three glass-
epoxy structures

Sl e gojl a ol b slo Jogas (stunlie 11 S

(O Sy il 3l AT ol s o )Ll j iy Olads o

plSouul ralS o 5j50 (pl 45 wes o Gial3El ) Wee o> l5ee
115 6 4] Sg—iisn o)l o)l Cadyl alS i o g CujeelS
Aol jo sl Sglase o5l 95 o (gl &S le iomn Gy S las
Ot @l 11 JSCi 3 91 o)l digas 0,0 (glodas ai o jgnalS
aS ap oo Lt 1o les diged aidl co 2 0jlonh iged 4y G (5L
g S mhw 5 il olpen 4 lawgie Ao Sy Jlosl
EPSRNIEIC Y WIRNESYTE Y NI NS WP P I
Soybz Jodo s Ll ol ol pen 4y 1) BN ccnlinn (g3l ariel a5 oy
O O9=S () 05 ege iS pSTae Jleel it SN gt
00 oo 1 o lads digas &) o (65505 led Sl 5 o0 BLII slaayy
0,las digas 4y Cond 1 olas digad yiion (60,b BYo 51 Ko (S cl

Rigid metal

Fig. 9 Overview of the test device and preparation of test conditions
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Fig. 12 Comparison of load - displacement diagrams of three carbon-
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structures compared to the minimum load bearing
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