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Factors on Measurement of Thermal Expansion

for Glass Fiber/Phenolic Resin Composites

YANG Yang GAO Shan XU Hui

(Aerospace Research Institute of Materials & processing Technology , Beijing

100076)

Abstract Several runs of thermal expansion measurements was presented for Pyros specimen, the precision and
bias of the result show that the instrument is in a good condition. A large number of thermal expansion measurements
was presented for the glass fiber/phenolic resin composites as a function of holding time, heating rate and curing treat-
ment. The specimen was further cured by the increase of temperature, and the shrinkage of the specimen by the loss
of volatiles and the thermal deformation of curing reaction can counteract the expansion by the heating, which caused
plateau on the heating curves. Repeated expansion measurements for the specimen shows that the curves of heating
and cooling progress were almost identical. Heating treatment is necessary before thermal expansion measurements,
and the heating temperature should be higher than the measurement temperature, but lower than curing temperature
which keeps the microstructure of composites unchanged. The appropriate heating rate should be applied, for higher
heating rate will infect precision of the measured result, while lower heating rate will increase time cost.

Key words Glass fiber/phenolic resin composites, Mean linear coefficient of thermal expansion, Curing treat-

ment, Heating rate
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Fig. 1 Length versus temperature curves of Pyros specimen
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Tab.1 Resultsand discreteness of thermal

expansion measurements of Pyros specimen
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/C /107K /% /107°K™!
RT ~ 100 13.0 1.5 13.10
RT ~ 150 13.1 0.9 13.40
RT ~200 13.3 1.1 13.55
RT ~250 13.7 0.4 13.76
RT ~300 14.0 0.8 14.00
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Fig.2 Heating and holding curves of initial

condition and heat treatment specimen
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AU 100°C LA, Tl il 4 43 ol 3 30 46 3 19 ~F
&, IKERE N, R E SRR N R
ST A it ROST Ut/ N 5 0 it 52 5 A 1 1E I K A
HOH , FHE RS A R R ZEAXTRAR Y
T EE I 15 I AR bR A ot i R T v L R
W 3B R R KA K, — RS -6 R, 6
FRemi s, B &, R RS AR
U AEE—E 25 5, FHERE AN 0. 5°C/min B 2550 45
e/, HA TH R R (1 ~ 4°C/min) 5 5256 25 F ok
ST R AR A DA REAS B BRI 5 3
1, AN RESE 2 IH PR Tl 3R 1 52

X4 Jm M RL, FE— MR BRI Y, BRI R
R 1 2 TELT 110 O28 00 80 0 I TR ot RIS, A TR 2 K it £ ek
e TIHHRANZE A& 1 Bs X T B EAT 4E S R
AT SRR T A RHE 3Z2 JA ) 3 — 25 [ 4k, /Ny
T S, JUH S B v T [ A B A R
A TR RN, X — i BRI AR AR AT, 3
R W AR T AR A 4 iR R 2 =0 Bk

AN I ETRE S BN L 2= LA OK .
ASTM E228—06 PABfELE - M 58 BT |, URE 1 B 4
Z IR AR BE ) A6 AR A AN B 3 20 wmy/m, 75 D
ZRELZNIL,

2.2.3 EEMK

Xof B RS A [) — A S AT B A 0K, TR T i
R s R, [F— AR — UG g0 5 5 ik
AR L, 76 IR ~ 150°C 45 BB W &, i AE 150 ~
200°C I, 55— R I A — AN B A <O 57 XK, AR
Pt L3R AT, T LA R TE IR 2] 150°C I, 5 kK K
AN TFIRES ZE R A 2 i /N TN 150°C -4, 4%
KRR R A 52 2% 10 B A R, Xl g0 25 51
AT BN, J. T. Mottram 25 A R 6, S
P B AR S RETE 160°C .1 650 min AY K3 rb B 46
AN 9% M1 12% , 1T LA H 160°C i 43 7= A 45 B
A,

[T AE L 5 S — U i B2 Ui o e v oA B
WCAE X URBHRE i R & AR T R RT3 g AR A T AR —
YA I 2 F XA S AT T — R B B 25 iR
IR I 4 5 FHER I &R BV & I gs th 2= Az
TR BEN, WARKIRE K 2.2.2 AT LI,
A FHEER R R [ A PR A 2 A R b 5 i b ) ) 4 ik 2R B
N W e B L v 2o R A w95 L D 7 <6
K A RE 76 AR I i M R, AR R 2R
S RN, R i R A VR | s RS T 3

A1, 1. T. Mottram %5 A7V BFSE T X F R HORHY
YSUREAE X R B D0 3 1) 2 i), 2 T 2200 380, AR AR I )
A ARES] RS AR A] B[R — Bkt ok B F
AR R R M e 25 AR R

FIT LA A B o, B B £ A 38t g Ty A 6 52 A 4
BT -3 R F i W R A T AL 3 Ak 3R
1o TR R B AR T R B, DA bt Rty
HRLE L A AR

0.20

0.151

0.10f

0.05r

2k & /mm

0.00f —

-0.05¢ . . . .
0 100 200
T/ C
KIS J) Al P U HR
Fig.5 Thermal expansion of the sample for two runs
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