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Design Method of Composite Laminates with a Controlled Coefficient of

Thermal Expansion

Takashi ISHIKAWA, Hisao FUKUNAGA and Koh-ichi ONO

Synopsis :

A lamination tailoring technique is proposed in order to control a coefficient of thermal expansion (CTE)
of carbon/epoxy composites in a principal direction. This technique consists of two concepts of the ther-

moelastic invariants and the lamination parameters.

the feasible region  of the lamination parameters.
intersect almost at a point.
CTE in one direction in that temperature range.

The expansion free condition yields to a parabola in
The calculated curves for a wide range of temperature
A laminate with the construction corresponding to this point exhibits a null
Some experimental results indicate that the present pro-

cedure is possible and promising. Controlling to a small negative CTE to cancel an extension of metal part

is also feasible.

Key words : CFRP laminates; coefficients of thermal expansion; control; zero value; minus; design

method.
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Fig. 1. Effect of an off-axis angle upon CTE’s of

unidirectional and CFRP materials

quoted from Ref. 2.
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Fig. 2. Experimental results of longitudinal

CTE’s of the high strength UD-CFRP under a
wide range of temperatures®!V.

Table 1. Six independent material properties of
high-strength UD-CFRP with V,=60% at 123K,
300 K and 423 K.

Temperature
123K 300K 423 K
Material properties (Unit)

EL (GPa) 118 116 120
E7(GPa) 18 9 1.8
GL 7 (GPa) 9 4.5 0.9
vy, 0.294 0.304 0.354
ar (X1075K™h 2.08 2.91 7.5
o (X106 K1) —0.568 0.03 0.45

WKEABEREBERIXF—7ITBMLADDTHS, o
MEEBROBEKREM.T— 51 Table 1 KRT LD %
WA I & 4%, Table 1 DMEESHIE, KESMHER
ft=R* VHWEMT, BEOKREEIAEE (V) »°60%
BEICELTBY, XB3) 2w LEOHOER
EODICENEHLABDOTHS.
HAEFMBEHED o, L LTE1X 107 7K™ 258,
Table 1 O EEFE*(17)RIRALT, §, & DFHFE
FHEICFay P L7zDA Fig. 3 TH 5. LUF, Fig 3,
Fig. 5, Fig. 7 (2B W T, #tdhiz, BB/ 72— ¥ —
L THY, HEIIFUL L & THA. Fig 3 T, &FF
FEHOEESDHIZoWT 123K, 300K, 423K 0=
BEOHERERZRLTHS. i, BPRICEETh
B OESOBESL LT, HHBICBBY TRENT
W5, ZORDOETA) OEMAIFMEIEORHETHY,
ChPELCHBH I MBI KE 2D EERTH
&, BRYEBOALBOEORERE YT 2 — 5 —h%, &F
BHMERERZHFOEBM L L TRBEAXOHMME252 %
ZeAbh B, a0 DB, ZOMBTIREAHEINTIT
—HTRbLIL bbb, BETIE, ZORKEEE



1444 B & M 754 (1989) £ 9 B
1.0 & Table 2. Six independent material properties of
Iso-Axial -Stiffness high-modulus UD-CFRP.
Condition
Temperature
) ) - 123K 223K 293 K 373K
ac = 1x107 K Material properties (Unit)
Ey (GPa) 223 219 218 223
Et(GPa) 7.82 7.57 7.15 5.94
Gy 1 (GPa) 5.18 4.51 3.98 3.15
—ac Parabola vp 0.207 0.214 0.247 0.262
Bounded ar (X1075K™h 1.70 | 2.87 | 3.71 | 4.80
Region a; (X1076K™Y —0.41 | —0.81 | —0.78 | —0.60
+ ac Parabola
Verified Point Crosg-Ply:0° =81%
EZ 4—+Gc-—| —-Qc——
! 1.0 7 ~ 7
1.0 £ 293K 373K
Fig. 3. A solution of the feasible region of the
lamination parameters where CTE values are con-
trolled between =1 X 1077K™! (Based on mate-
rial properties of Table 1 : V,= 60%).
18
>
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0 1
+
8 o 9 =450 o &
-9
8 o°
€ +0 .
H = L Fig. 5. Calculated results of CTE control for
E ;g high-modulus CFRP material.
It 0°
T
2 =R CFRP 7213 C4 <, #HH W o B RRE
- HEOMITR > TVD I L H ST EEKER
T CFRP 125\ Tb, FMORE %o 7%, BHEICH

Fig. 4. An example of a symmetric laminate con-
struction for a set of the lamination parameters of

(0.40, 0.40).
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Fig. 6. Schematic model of a structural element:
of a space station with CFRP tube and aluminum
end fixture.
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(a) a,= —0.958 X 1076 K~!
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Fig. 7. Calculated results of CTE control to some
negative values.
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\,‘n—/
o % °
—_— o °
Av. for A Group Exp. of A-#5 °

Z100 -80 60 -40 -20 O 20 40 60 80 100
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Fig. 8. Measured CTE data for specimens of
group A [(0°, £45°)] from low to high tempera-
tures.
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perimental CTE’s for (0°, + 8) laminates with vari-
able 6 and a ratio of 40% of 0° layers.
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