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Abstract

Overall changes in dimension of approximately 0.070 and 0.110 percent
were determined for laminates made of 181 glass cloth with a typical
polyester resin and a typical high-temperature-resistant resin, respec-
tively, when they were exposed to a change in relative humidity of from
zero to 100 percent. The amount of change in dimension was increased
slightly by an increase in resin content. The average thermal coefficients
of expansion were approximately 8.5 x 10 -6 and 3.4 x 10 -6 per degree
Fahrenheit for the regular polyester and the high-temperature-resistant
resin laminates, respectively, in the range of 0° to 180° F.

Introduction

Many applications for glass-cloth-reinforced plastics in aircraft, or in
such related fields as control equipment for aircraft, require close 

!This progress report is one of a series (ANC-17, Item 55-6) prepared
and distributed by the Forest Products Laboratory under U. S. Navy,
Bureau of Aeronautics No. NAer 01683 and U. S. Air Force No. DO
(33-616)53-20, Amendment A2(55-295). Results here reported are
preliminary and may be revised as additional data become available.

Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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dimensional tolerances and freedom from distortion in service that might
result from environmental dimensional changes. Likewise, it is impor-
tant in some applications to know the rate of dimensional change associated
with prolonged exposure to high relative humidity. It was the purpose of
this work to investigate, for a limited number of combinations of cloths
and resins, these overall dimensional changes with changes in relative
humidity and temperature, and also to investigate the rate at which weight
changes in laminates of typical thicknesses.

Fabrication of Test Material

For the measurement of dimensional changes at various equilibrium mois-
ture content conditions, glass-cloth-reinforced laminates approximately
36 inches square and approximately 0.04 inch thick were fabricated at a
pressure of about 15 pounds per square inch in a hot press. One parallel-
laminated and one cross-laminated test panel were fabricated of 181 glass
cloth with Volan A finish to test the effects of each variable. Selectron
5003 was used at a normal resin content (38 ± 2 percent) in each of these
panels, which were made as void-free as possible. Two additional paral-
lel-laminated panels were made at resin contents of approximately 31
percent and 46 percent. The same constructions were repeated with one
of the newer high-temperature-resistant resins (PDL-7-669) at low,
normal, and high resin content.

To investigate the rate of weight changes associated with continuous ex-
posure to high humidity, two 18-inch-square panels, one 0.040 inch thick
and one 1/8 inch thick, were made with 181 glass cloth parallel laminated
with a normal amount of polyester resin.

The laminates made with PDL-7-669 were post-cured in accordance with
the resin manufacturer's instructions.

Exposure Conditions and Testing Techniques 

Five strips, each 7/8 inch wide and 31 inches long, were cut from each of
the 36-inch-square test laminates in the parallel-to-warp direction and 5
in the perpendicular-to-warp direction. These strips were exposed in an
oven at 220° F. for several hours to assure complete dryness, and then
cooled to room temperature. Two small measuring holes were then drilled
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30 inches apart. The exact length between these holes was measured for
each strip in the dry condition at 80° F. by means of a measuring device
that could be read to 0.001 inch. One strip in each direction from each
test laminate was then exposed under each of the following conditions
until constant dimensional measurements were obtained: 80° F. and
either 30, 65, or 90 percent relative humidity, or immersion in water.
One strip in each direction from each laminate was also exposed at 0°,
80°, and 180° F. for a short period to assure temperature equilibrium
and was then measured quickly at that temperature.

The two 18-inch-square laminates were trimmed immediately after being
fabricated, and were exposed at 220° F. to assure complete dryness.
Each panel was then weighed carefully and exposed in an atmosphere of
90 percent relative humidity and 80° F. The exposed panels were then
reweighed after 2, 4, 8, 16, and 32 days, and thereafter approximately
once each month for about a year.

Test Results

Moisture-Induced Dimensional Changes

The dimensional changes induced by exposure of the laminates to various
relative humidities from 0 to 100 percent are shown in tables 1 through 7,
and are summarized graphically in figures 1 and 2. A study of the data
revealed that there was apparently no significant difference in the dimen-
sional changes of the parallel-laminated polyester laminates in the two
directions. These data also show that there was little difference between
the parallel-laminated panels with 46 and 40 percent resin content and the
cross-laminated panel with 40 percent resin content. These results were
therefore averaged and plotted as one line, as shown in figure 1. Lower-
ing the resin content to 31 percent in a parallel-laminated panel appeared
to reduce the amount of change. Figure 1 shows that the relationship be-
tween dimensional change and relative humidity of the atmosphere is not
a straight-line relation, but rather appears to be a slightly S-shaped
curve. The overall increase from the ovendry to the completely soaked
condition for a laminate made with 181 glass cloth and a normal resin
content of about 38 percent appears to be about 0.060 percent.

Laminates impregnated with PDL-7-669 resin and completely post-cured
after curing were found to be less dimensionally stable than the polyester-
impregnated laminates, as may be shown by comparing figure 1 with
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figure 2. Again there appeared to be little difference in the values in the
two directions for the parallel-laminated panels, and they were therefore
averaged and plotted together. There did, however, appear to be a rela-
tion between the resin content and the dimensional change, as shown in
figure 2. It may be noted that, for a normal resin content of about 38
percent, the overall dimensional change from an ovendry condition to
equilibrium at 90 percent relative humi.dity is approximately 0.115 per-
cent, or considerably more than the overall change for a polyester-im-
pregnated laminate. It may also be noted in figure 2 that the maximum
dimensional increase occurs at about 90 percent relative humidity rather
than at the soaked condition. There is no apparent explanation for this
seemingly unusual performance.

The maximum weight increase of the soaked polyester-impregnated lam-
inates was approximately 1.1 percent, whereas the soaked laminates im-
pregnated with PDL-7-669 gained about 8.2 percent.

Rate of Moisture Pick-Up

The two 18-inch-square laminates were weighed periodically during their
exposure at 90 percent relative humidity. The weight increase for both
laminates was rather erratic, probably because of variations in the rela-
tive humidity of the exposure rooms, and it was found to be exceedingly
difficult to determine exactly when weight equilibrium was reached. The
data show, however, that the 0.040-inch-thick laminate exposed uniformly
to the atmosphere reached equilibrium weight in approximately 2 weeks,
whereas the 1/8-inch-thick laminate under similar conditions reached
equilibrium only after 6 months of exposure. The increase in weight for
both thicknesses at equilibrium conditions was slightly less than 0.1 per-
cent.

Thermal Coefficients of Expansion

Table 8 presents the thermal coefficients of expansion of parallel laminates
made from 181 glass cloth in the range of 0° to 180° F. The thermal co-
efficient of expansion for both resins increases slightly as the resin con-
tent increases. The coefficient for the laminates impregnated with PDL-
7-669 resin is considerably less than that for the laminates impregnated
with Selectron 5003. There appeared to be no appreciable difference in
the thermal coefficient of expansion between the parallel-to-warp and per-
pendicular-to-warp directions.
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WADC Technical Report 54-306, Part I, entitled "Investigation of Thermal
Properties of Plastic Laminates, " presents much more detailed results
on the thermal coefficient of expansion of laminates than are presented in
this report. For comparable resins and resin contents, however, the
results obtained in this work agree very well with those presented in the
WADC report, with the exception that the values in the WADC report for
PDL-7-669 are slightly higher than those presented here.
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Table I. --Four plies  of 181 Volan A glass fabric parallel lami-
nated with Selectron 5003 resin at a pressure of 10 
pounds per square inch and 40 percent resin content

Relative humidity:Initial length :Final length:Length diff. : Length diff.

Percent Inches : Inches : Inches : Percent

PARALLEL TO WARP

30 29.995 : 29.997 : 0.002 : 0.007
65 29.988 : 29.997 : .009 : .030
90 29.991 : 30.011 : .020 : .067

Soaked 29.999 : 30.021 .022 .073

PERPENDICULAR TO WARP

30 : 29.989 • 29.993 .004 .013
65 : 29.996 30.008 .012 .040
90 : 29.993 30.015 .022 .073

Soaked : 29.996 • 30.019 .023 .077
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Table Z. --Four plies of 181 Volan A glass fabric cross laminated
with Selectron 5003 resin at a pressure of 10 pounds 
per square inch and 40 percent resin content.

Relative humidity : Initial length : Final length : Length diff. : Length diff.

Percent Inches

PARALLEL

Inches Inches : Percent

TO WARP

30 29.995 : 29.998 0.003 : 0.010
65 29.987 : 30.001 .014 : .047
90 : 29.998 : 30.019 .021 : .070

Soaked : 29.991 : 30.014 .023 : .077

PERPENDICULAR TO WARP

30 : 29.993 : 29.995 : .002 : .007
65 : 29.994 : 30.006 : .012 : .040
90 : 29.995 : 30.015 : .020 : .067

Soaked : 29.995 : 30.017 : .022 : .073
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Table 3. --Four plies  of 181 Volan A glass fabric parallel lami-
nated with Selectron 5003 resin at a pressure of 5 
pounds per square inch and 46 percent resin content 

Relative humidity : Initial length : Final length: Length diff. : Length diff.

Percent Inches	 :	 Inches	 :	 Inches : Percent

PARALLEL TO WARP

30 : 29.992	 :	 29.994	 :	 0.002 : 0.007
65 : 29.991	 :	 30.002	 :	 .011 : .037
90 29.990	 :	 30.009	 :	 .019 •. .063

Soaked 29.998	 :	 30.021	 :	 .023 : .077

PERPENDICULAR TO WARP

30 29.999	 :	 30.002	 .003 .010
65 30.003	 :	 30.011	 .008 .027
90 29.997	 :	 30.019	 .022 .073

Soaked 29.992	 :	 30.018	 .026 .087
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Table Lk --Four plies of 181 Volan A glass fabric parallel lami-
nated with Selectron 5003 resin at a pressure of 35 
to 40 pounds per square inch and 31 percent resin
content

Relative humidity : Initial length : Final length: Length diff. : Length diff.

Percent : Inches :

PARALLEL

Inches : Inches : Percent

TO WARP

30 : 29.998 : 29.999 : 0.001 : 0.003
65 : 29.997 : 30.005 : .008 : .027
90 : 30.051 : 30.066 : .015 : .050

Soaked 29.997 : 30.012 : .015 : .050

PERPENDICULAR TO WARP

30 : 29.989 : 29.991 : .002 •. .007
65 : 29.983 : 29.991 : .008 : .027
90 : 29.990 : 30.008 : .018 : .060

Soaked 30.006 : 30.023 : .017 .057
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Table 5. --Four plies of 181 Volan A glass  fabric parallel lami-
nated with PDL-7-669 resin at a pressure of 40 
pounds per square inch and 32 percent resin content 

Relative humidity : Initial length :Final length:Length diff. : Length diff.

Percent Inches	 :	 Inches	 :	 Inches : Percent

PARALLEL TO WARP

30 29.978	 :	 29.986	 :	 0.008 : 0.027
65 29.981	 :	 30.003	 .022 : .073
90 29.985	 :	 30.010	 .025 .083

Soaked 29.987	 :	 30.009	 .022 .073

PERPENDICULAR TO WARP

30 29.987	 :	 29.993	 .006 .020
65 : 30.001	 :	 30.019	 .018 .060
90 : 29.978	 :	 30.002	 .024 .080

Soaked : 29.985	 :	 30.004	 .019 .063
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Table 6. --Four plies of 181 Volan A glass fabric parallel lami-
nated with PDL-7-669 resin at a pressure of 5 pounds

per square inch and 46 percent resin content

Relative humidity: Initial length : Final length: Length diff. : Length diff.

Percent : Inches :

PARALLEL

Inches : Inches : Percent

TO WARP

30 : 29.978 : 29.992 ; 0.014 : 0.047

65 : 29.975 : 30.008 .033 : .110

90 : 29.980 : 30.020 .040 : .133

Soaked : 29.979 : 30.015 .036 .. .120

PERPENDICULAR TO WARP

30 29.986 : 29.998 : .012 : .040

65 : 30.001 : 30.025 : .024 : .080

90 : 29.999 : 30.037 : .036 : .120

Soaked : 30.001 : 30.036 : .035 : .117
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Table 7. --Four plies of 181 Volan A glass fabric parallel lami-
nated with PDL-7-669 resin at a pressure of 15 
pounds per square inch and 38 percent resin content 

Relative humidity : Initial length : Final length: Length diff. : Length diff.

Percent Inches :

PARALLEL

Inches : Inches : Percent

TO WARP

30 29.983 : 29.994 : 0.011 ; 0.037
65 : 29.983 : 30.009 : .026 : .087
90 29.983 : 30.017 : .034 : .113

Soaked •. 29.988 : 30.020 : .032 .107

PERPENDICULAR TO WARP

30 29.981 : 29.993 : .012 .040
65 29.985 : 30.010 : .025 : .083
90 29.980 : 30.015 : .035 : .117

Soaked 29.985 : 30.016 : .031 : .103
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Table 8. --Thermal coefficient of expansion of parallel lam-
inates of 181 glass cloth in the range of 0° to
180° F.

Resin : Resin content : Coefficient of expansion   

: Parallel to
warp

: Across warp

Selectron 5003
Do.
Do.

PDL-7-669
Do.
Do.

Percent

31
40
46

32
38
46

6.5 x 10
-6

8.8 x 10-6
9.0 x 10-6

3.0 x 10
6

3.4 x 10 6

4.2 x 10
-6

6.9 x 10 -6

8.0 x 10 -6

8.9 x 10-6

2.7 x 10 -6

3.4 x 10 -6

4.4 x 10-6
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