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Investigation on the ultimate strength of unidirectional
tapes and plain clath hybrid laminates

PEN G Chao-yi., XIAQ Jiayu,-ZEN GJing-cheng /JIAN G Dazhi

(College of Aerospace-and Material Engineering,
National University of-Defense Technology , Changsha 410073, China)

Abstract i Unidirectional-tapes/plain-cloth hybrid laminates are widely applied in fabri-
cating complex'composite structures:” A theoretical analyss approach was established in the
present paper to predict the-ultimate strength of the tapes/ plain-cloth reinforced compostes
based on three-dimensional finite element analys s and optimum design method. The tenson
and compression experiments on the tapes plain-cloth laminates were done to verify the ef-
fectiveness of the theoretical method put forward in thispaper. The deviation of the ultimate

strength between the theoretically predicted results and the experimental results are within
15 %.

Key words: aerospace propulson system; plain cloth; unidirectional tape; composite;
hybrid lamination; ultimate strength; finite element
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Fig.1 lllustration of the Solid46 laminated element
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Fig.2 lllustration for the loads on the laminate
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Fig.4 lllustration of tensile and compressve specimens
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1 T300 /'E51
Table 1 Material properties o\ T300('plain-¢loth) / E51
laminate
/ M Pa
E=-E 46.0 GPa | Xt =Y; 504
B 8.9 GPa Xc=Yc 524
G 3.5 GPa Z 40
G = Gi3 4.8 GPa Z 180
V12 0.06 Sxz = Svz 65
Vaz =V i3 0.29 Sxy 48
3 T700/ E51
Table2 Material propertiesdof T700/ E51
unidirectional laminate
/ MPa
E 120 GPa Xt 1550
BE=E 10.3 GPa Xc 990
G2 = Gis 51GPa Y:=2 38
Gs 4.7 GPa Yc=Z 180
Vi =V g3 0.32 Svz 74
V23 0.35 Sxz = Sxv 81
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Fig.5 Typical stressstrain curve of‘the tensle test

3

Table 3-——Experimental strength of the téensile specimens

X
2% 3% A# 5#
FPFE-MPa 753.1,710.8 739.7 772.6 703.2 735.9
LPF MPa~ 698/3 661.7 686.7 706.5 653.4 681.3
, X 5
T300 ,
T700
5 FPF
L PF ,LPF FPF ,
T300 , ,
6
(a)
T300
:(b) T300 ,
T700 ()
T700
, T300
T300 , T700
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Fig.6 Typical macro fracture appearance of the
tensile specimens
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Table 4 Comparison of calculated and experimental
FPFand L PF grength of the tensile specimens

B1448-83 ,
- 7
5.
5

Table 5 Experimental strength of the specimens
in compression

1# 2# 3# 4# 5#

FPFH MPa 701.2 734.3 695.8 742.1 687.9 712.3
L PF/ MPa 501.6 555.6 487.3 561.2 486.1 518.4

/M Pa / M Pa ! %
FPF 739.7 807.8 9.2
L PF 753.9 681.3 10.7
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- 7
L 1
1
tl 1
3
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Fig. 7 Typical stress-strain curve of the compressive

experiment

P8 M i i 4 SR i A SR

Fig. 8 Typical fracture appearance of the compressive

Specimen
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T700 ,
T700 ; T300
, T300
, T700
T300
, ,FPF T700

FPF (T700
) LPF(T300 )
6 . ,FPF
5.3%,L PF
14.5%,

6 FPF LPF

Table 6 Compar isonof, calculated and exper imental

FPFand L-PF grength of the'compressive specimens

I M Pa

/ MPa %

FPF 750.4 712.3 5.3

L PF 4430 518.4 14.5

) T300
T700
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