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Strength Analysis of Filament Wound Truss

Student : Wei-Cheng Chang Advisor : Professor Tai-Yan Kam

Department of Mechanical Engineering

National Chiao Tung University

Abstract

In this thesis, a light weight, high strength, and easy to assemble
composite truss have been developed. The fabrication process and
method of the truss are presented in this paper and the fabrication of the
link and spherical joint as well as the way to assemble are included. The
composite truss consists of asnumber of filament wound composite line
and spherical joint. The two ends of each:link are two connectors used to
connect to two spherical joints. The tonnectors and joints are designed in
such a way that the composite truss-can be assembled in an efficient and
accurate way. In order to decrease the truss weight, the composite
spherical joint is developed in a particular method which includes the
design, the fabrication, the mold design, the mechanics analysis, and the
test of the composite spherical joint and then the truss is tested
experimentally and analyzed. There are three parts of the experiment
which are tensile failure test of the link, the tensile and the compressive
failure test of spherical joint, and the compressive test of the truss. The
analysis methods of truss contain the tensile and the compressive failure
analysis, the tensile analysis of spherical joint, force- applied analysis of
truss by using the finite element software-ANSYS. The method of design
and fabrication of composite spherical joint has been proved to work
through comparing the results between experiments and analyses. It could
make the entire truss lighter and the assembled way easier. The present
study is a step forward to the actual application.
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# 4-1 Real Constants 3% #%_

% f< ¢ Real Constants & 2 =

Layer 1 2 3 4 5 6 7
B
30 -30 30 -30 30 -30 30
B R
RC1 024 | 024 | 0.24 | 0.24 0 0.24 0
RC2 024 | 024 | 0.24 | 0.24 | 0.24 | 0.24 0
RC3 024 | 024 | 024 | 0.24 | 0.24 | 0.24 | 0.24
RC4 024 | 024 | 0.24 | 0.24 | 0.24 0 0.24
RC5 024 | 0.24 | 0.24 0 0.24 0 0.24
H i~
mm
# 4-1 Real Constants % £
BHF ARG
Real Constants #% z_
B B 3A 2A 1a 2B 3B
A RC1 RC1 RC2 RC3 RC4
B RC1 RC2 RC2 RC4 RC5
C RC1 RC2 RC3 RC4 RC5
D RC2 RC2 RC3 RC4 RC5
42 LS 2 R i
Material Constant Value(GPa)
= 117.444
E, 5.956
E; 5.956
G12=Gl3 2.709
Gos 0.686
U 12 0.34
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% 43 iR R MR R

Material Constant Value(MPa)
Xt 1200.52
Xc 1332.53
Y1=Z1 16.16
Yc=Zc 83.73
S=T 57.30
R 42.90
F 4-43E M2 PR Y B
Material Constant Value(GPa)
E, 147.7
E, 11.2
E; 11.2
G1o=Gy3 6.57
V12 0.3
% 453 EH 2 LN A
Material Constant Value(MPa)
Xt 1882
Y1=Z1 32.7

F 46 A A8 R Rt

@tk |ANSYS 445 i
=2 R oF 0
AR RN 50KN %
A 3.79
B 0AKN |108KN &
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3047 7 ek Bt RS

$ 4 Ik &R 90 B AL | BRI
30 & 50KN 108KN
25 & 58KN 128KN
20 B 65KN 151.5KN
15 & 72KN 181KN
R kiR 0 B |90 B AL |4 SRk
30 B 140KN 128KN 168KN
25 B 175KN 162KN 176KN
20 B 242KN 194KN 206KN
15 & 348KN 365KN
4-8 B2 IpEMRE
Material Constant Value(MPa)
Xt 1882
Xc 2090
YT:ZT 32.7
YC:ZC 169
S=T 139
7 6-1 zRA545Ep @ * 1
iz o "
IR HE | FRRM LI A
b A degp X 4
ra R B AT H
Sy E S
ERig [ 2R
wWeedt | #iEe e )
&7 554 Fh & 4P B R
R RSN P HLAF 1 83 47 55 A
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% 6-2 MEFFEBEHFH R
IR et L >EER AR R A
A 1.65 kg 0.5 kg
s & 74.2KN 47.2KN
19 9 pEA 8.95 mm 5.68 mm
TS TT P T 8.31
271 HEFIERFUPTHRESE
TRehil v 2 TRy Feigk %
R R Bge | KR RBKERA
EEREER RS | PR Fe R €A
% EEA 4 5N F 4 72 5% 16KN, F- 4
bR b B o K 4 s 25KN F 4
S LR F K% 30KN 4 | B¥EsiE /< 8mm
e RESLG R F4 [KEIITKN £4 (BB /£ 10mm
@ ML Y Y R4 i 37.5KN R 4 [ E /T 10mm
% 7-2 8mmepdid s 478 %
B &R
B~ 4 (Pa) 3.50E+08 1.04E+08
B =~ 5 J& (Pa) 1.20E+09 3.95E+08
= 3.43E+00 3.80E+00
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# 7-3 10 mmak & m A 47 % %

L R ER 3
B~ Ji* (Pa) 2.56E+08 7.64E+07
B = 55 /& (Pa) 1.20E+09 3.95E+08
g 4.69E+00 5.17E+00

T4 FRILE R R AT R

FaiEs | %KN) A5 (KN) L
12.539
8mm 30 34.3 %
0)
10mm 37 46.7 20.77%
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ELEMELTTS AUG 23 2005
/EXPANCED 22:07:33
PLOT NO. 1
-_NODAL SOLUTICN
AUG 20 2005
STEP=1 12:53:41
SUB =1 PLOT NO. 1
TIMF=1
8Y (AVG)
RSYS=0
OMX =.617E-04
SM =—. 669E+08
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—. 206E+08 . L65E+H09 L 2BTEHDS . 350E+H09

&t & Bl(%a L E S 8mm)
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