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Design of higher allowable temperature range for zero thermal expansion

composites considering stiffness characteristic

WANG Bingda , YANG Zihao , ZHANG Yongcun’
(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University
of Technology, Dalian 116024, China)

Abstract: The macroscopic zero thermal expansion of material could be obtained through combining two kinds of
materials with different positive thermal expansion coefficients within a unit cell. These composites usually possess
higher thermally geometric stability in the large temperature fluctuation. However, it readily produces excessive
thermal stress on the interface between the two constituent materials and therefore limits the allowable tempera-
ture range of the material. A new evaluation index of the maximum thermal stress of unit temperature rise was re-
sorted to perform allowable temperature and stiffness analyses for the three types of typical bending-dominated
zero expansion materials. Both the analytic and numerical simulation methods were adopted and the influences of
cell design parameters on these aspects were also discussed. The results show that when the designed zero expan-
sion attribute is achieved, the high stiffness and high allowable temperature range can be obtained at the same time
if the reasonable constituent materials and structural parameters are selected.
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Fig.1 Bending-dominated zero thermal expansion lattice composites
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Table 1 Definition of cell geometric parameters and material
properties of zero thermal expansion composites

L Total dual-constituent cell length

L, Bi-layer curve panel length

0 Included angle of bi-layer curve panel
t Total thickness of dual-constituent cell

4 Thickness of layer 1

Iy Thickness of layer 2

m Two layer thickness ratio t,/t,

q Length ratio of curved part to total cell L,/L
E,, E; Young's modulus of two constituent materials
vy V2 Poisson’s ratios of two constituent materials
ay, @ CTEs of two constituent materials

n Young’s modulus ratio E,/E,
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Table2 Formulas of cell thermal expansion coefficient, equivalent stiffness and interfacial
thermal stress of zero thermal expansion composites

4m? +3m+1/mn

Qqum =(n +02)/2+((l/2 (l]){

2 Exm+E,

Configuration 1

AaAt 3(t1 +1) Dy
ol = Aty 1D
- _AaAt 1+3(t1+t2)D2
At nD

m3in+dm2 +6m+1/mn+4
2
Eglzﬁ i D) (%)293”24(%) (gcosa+€)—%sin0)+302sin0—63
m
} [1=cosh(K,x)/cosh(K.L/2)]

] [1—cosh(K,x)/cosh(K.L/2)]

(ﬁé) 6(1+m)? _1}
12 1) 30 +m)?+ A +mn)m? +1/mn)] 2

Thermal stress on side of material 1

Thermal stress on side of material 2

Am? +3m+1/mn

6(1 +m)>

@y = a1 +q(a2 —01){[
EZ _ 2 Exm+E,

HZ 3 (m+D)
AaAt 3(t1 +t) Dy

m3n+4m? +6m+1/mn+4

T BA+m)? + (L) + 1 mm)] 2qnm? +(1—q)(1 + m)(1 +m)?

(1=g)(1+n)(1+m)? OqL _m
12 ¢t 2(m+1)

(%)203/[[12(41L/1)2 (8cos0+20~3sin6) + 36 sind— 6% | g+ 2(1 - g) (um + 1) /mn)

Configuration 2 Aty I+ nD [1-cosh(K.x)/ cosh(K.qL/2)] + Thermal stress on side of material 1
AaAt EihEnlng n+un Oe—1)
— [1—cosh(K,x)/cosh(K.Ly/2)]
o2 = &1 AqEIII Efnln(l)z)l]) 2D 0 In
aAt 1 +1)Dy ) .
TS I+ D ] [1 - cosh(K.x)/ cosh(K.qL/2)] + Thermal stress on side of material 2

AaAt EihEnlng Hh+th
A gEih+Euln(1-q) 2D

[1-cosh(K.x)/cosh(K.Ly/2)] ——

()L tl)
I

1
4m? +3m+ —
mn

6(1 +m)?*

3
Qym = a1 +glaz —ay)

1
m3in+4m? +6m+ — +4
mn

. . 2 Eym+E,
Confi tion3 E} = —
O1! 1gura 0n H \E (m+ 1)
AcA 3 D
Qadt M}[ —cosh(K.x) /cosh(K.qL/4)]
o3 = Aty nD
AaAt 3(t+1) Do
- 1+7 [1-
Aty

3(1+m)2+(1+mn)(m2+i)] (]2 A
mn

cosh(K.x) [ cosh(K.qL/4)]

fgl, m
2(1+m)

(%)293/[[12(@/202 (8cos6+20 - 3sin6) + 36% sin0 - 6% g + 2(1  q) (um + 1) /mn)

Thermal stress on side of material 1

Thermal stress on side of material 2

EI:EI,EH:(EI+Ez)/z,llztf/12,111:t3/12,Dl _Elﬁ/[lz 1—1%)],D2_E2t3/[12 1—v2)]
ki=2(+v)t/GED. k2 =2(1+v2) 2/ BE2) k =ky +k2,yc = 12 (t2/2+11) +nt3 [ [2(t2 + 11 m)]

[tz/Dl +2 /Dy +3(1 +t2)2/D]/12 K2=A/k

®3 FABKESHHAERTI TS
Table 3 Material parameters of zero thermal expansion
composites in finite element analysis

E/GPa  a/(10°K™) v
Material 1 (Invar) 140 1 0.25
Material 2 (Steel) 200 12 0.25
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Table4 Geometric parameters of zero thermal expansion
composites in finite element model

L/mm q Lo/mm t/mm

50 0.3-0.9 Ly=qL 1
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Fig.2 Finite element thermal stress numerical simulation of zero thermal expansion composites
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Fig. 10 Effect of thermal expansion coefficient difference (@ — 1) on
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