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INTRODUCTION 

Structural Insulating materials, when used in superconducting magnets, must 
satisfy severe conditions such as high mechanical strength but also show a low 
thermal contraction 1n order ta maintain the windings under compression Inside 
an external casing both a t room and at helium temperature. 

These conditions are necessary to avoid slight relative displacements of 
the superconductor under electromagnetic forces, which can lead essentially 
through the energy release to unstable behaviour of the col ls. 

In this paper three-dimensional thermal contraction and mechanical proper
t ies of glass-cloth reinforced epoxy laminates are reported. 

The results are shown to depend on the material density (and thus on the 
glass content). They cover both commercially available products and other 
materials of higher density recently developed with the aim of getting a thermal 
contraction of same amplitude as that of the superconductor, specially in the 
direction orthogonal to the plane of laminations. 

The feasibi l i ty of this last type of structural material was Investigated 
along a R and D programme involved with the "TORE I I " project, a tokamak machine 
proposed for plasma Physics experiments by the EURATOM-CEA Association (1 ) . 
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CHOICE OF MATERIALS AND EXPERIMENTAL CONDITIONS 

Test samples were essentially made of preimpregnated epoxy glass-cloth 
laminations cured under different conditions. 

Some products commercially available (with densities between 1.8 x 10 and 
2 x 10 Kg.m ) were also measured in order to extend the range of comparison 
with known materials. 

The fiber glass content of these compound materials was estimated from the 
relations : 
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n G and TQ being the f i l l ing factors in volume and weight, and d the specific mass 
of the compound. 

Typical values of the specific mass of glass and epoxy such that : 
* 

dG = 2.5 x 10 3 and d e * 1.2 x 10 3 (Kg.m"3) 

were used for evaluation of the composition as well as for the thermal contrac
tions from 300 K to 77 K 

(r4 * 0.6 x 10"3 (f4 « 9 x 10"3 
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The dimensions of the samples used for measurements were 1 cm of cross-
section and 3 cm of height. 

Samples of higher density were specifically elaborated in the form of piles 
of preimpregnated epoxy fiber glass laminates cured under controlled compression. 

All measurements (i.e. thermal contraction and compressive strength) were 
made in the two orthogonal directions parallel and normal to the glass cloth 
layers. 

In the plane of laminations only the direction parallel to the fiber glass 
filaments was considered. In this plane the two orthogonal directions were 
found equivalent for that sort of cloth. 
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The precision obtained with the experimental devices used was +_ 2 % and the 
thermal contraction was measured only from 300 K to 77 K. 

The mechanical test, limited to static mode of operation, consist of compres 
sive tests giving the Young's modulus and the ultimate compressive strength. 

Some flexural tests were made to control the level of ultimate shaar stress 
in the plane of laminations. 

THREE-DI/tENSiONAL THERMAL CO*TRACTION 

The results obtained for the different types of samples are classified with 
respect to the density of the material and are shown in Fig. 1 where (r^) . . and 

AL ( T - ) , are respectively the thermal contraction in the direction parallel and 
orthogonal to the plane of laminations. 

A linear decrease of the thermal contraction with increasing densities is 
observed in the two orthogonal directions along the wide range explored. 

The difference observed between the two curves for low densities is a good 
illustration of the importance of a convenient selection in structural materials 
to be used in superconducting coils. 

Results obtained with other compound insulating materials such as glass mat 
epoxy and glass cloth reinforced polyimide exhibit a factor of 4 larger of the 
thermal contraction with respect to that of the highest density material pro
duced in the laboratory. 

The results obtained in the plane of laminations for the two orthogonal 
directions parallel to the glass-fibers were not significantly different 
(near 10 %). 

INFLUENCE OF THE CURING PRESSURE ON THE THERMAL CONTRACTION 

Although the epoxy f i l l ing factor is obviously largely responsible for the 
results given in the last paragraph, the level of compression during the curing 
process is also an important parameter to control. 

Samples made of preimpregnated epoxy fiber glass tapes (0.3 mm thick and 
45 % of resin content) were manufactured with a controlled curing pressure 
(from 2 x 10"1 to lOMN.m"2). 
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The results obtained with these samples on the thermal contraction in the 
direction orthogonal to the plane of laminations are shown in Fig. 2 where the 
mean thickness of individual laminates is also reported. 

They show that control of the cubing pressure may be important in order to 
provide a simple mean of obtaining low values of thermal contraction of the 
insulating materials used during coil winding, for interturn or spacer insulator. 

ULTIMATE COMPRESSIVE STRENGTH AND YOUNG'S MODULUS 

As mentioned before, the mechanical tests were made at room temperature. 
The results obtained on the ultimate compressive strength and on the 

Young's modulus are shown in Fig. 3 and 4 in fonction of the material density ; 
they show an important increase of the mechanical characteristics with the 
increasing densities both normal and parallel to the plane of laminations. 

-2 -2 
Typical values respectively of 650 MN.m and 25 000 MN.m can be observed 

for the ultimate strength and Young's modulus in the direction normal to the 
lamination plane. 3 -3 Some flexural tests made on samples of 2.1 x 10 Kg.m density exhibit 
ultimate shear strength of 50 MN.m in the plane of laminations. 

Although low temperature mechanical tests results are not available at this 
time for the higher values of density, some results published recently in the 
literature indicates for this type of material at lower density (1.8 x 10"5 Kg/m ) 
an important increase of the Young's modulus (50 %) and of the ultimate compres
sive strength (f bout 100 %) from 300 K to 4 K ( 2 1 . 

Low temperature mechanicals tests will be performed in the near future on 
high density products. 

CONCLUSION 

In the present work we have succeeded in controlling the three-dimensional 
thermal contraction of structural insulating materials using glass cloth rein
forcement to be used in cryotechno'logy. 

These properties were used in the design of large coils. 
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In these projects the superconducting coils using high density epoxy fiber 
glass laminates and spacers can be kept under compression in their external 
casing after being cooled at liquid helium temperature. 
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FIGURE CAPTIONS 

Fig. 1 - Thermal contraction of fiber glass reinforced epoxy materia.., versus 
the density (from 300 to 77 K). 

Fig. 2 - Influence of the curing pressure of epoxy fiber-glass laminates on their 
thickness and thermal contraction (from300 to 77 K). 

Fig. 3 - Ultimate compressive strength in the two orthogonal directions versus 
the density ( // and 1 to laminations). 

Fig. 4 - Young's modulus in the two orthogonal directions versus the density 
( // and 1 to laminations). 
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