UNCLASSIFIED

AD NUMBER

ADO013772

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Specific
Authority; May 1953. Other requests shall
be referred to WADC, Wright-Patterson, AFB
OH.

AUTHORITY

AFAL 1ltr 17 Aug 1979

THIS PAGE IS UNCLASSIFIED




TIX-%Y4) T
WADC TECHNICAL REPORT 52~1&42
H W"E‘H |
L
v
L
L ] | (,} :
~ i
é POST-MOLDING SHRINKAGE CHARACTERISTICS OF SOME
o THERMOSETTING PLASTIC MOLDING MATERIALS
STEVEN T. MARSHALL, 2D LT, USAF
CHARLES P. ELLIS, JR.
MATERIALS LABORATORY
MAY 1953
L
Pt
oo
' WRIGHT AIR DEVELOPMENT CENTER
J ,
i

i Qooliboood




NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern~
ment procurement operation, the United States Government thereby in-
cur'snoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in any way
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Afir Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.
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The following correction is applicable to WADC Technical Report 52-142,
"Post-Molding Shrinkage Characteristics of Some Thermosetting Plastic Molding

Materials", dated May 1953.

Delete the designation: "Bakelite BM-120" on pages 2, L, 6, 8, 10,
16, 18 and substitute for that designation the following: "Bakelite mica-

f£illed phenolic",
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FOREWORD

This report was initiated under Besearch and Development
Order No. 614-12, "Structural Plastics MX 1925", and was admin-
jstered under the direction of the Materials Laboratary, Directo-
rate of Research, Wright Air Develomment Center with Steven T,
Marshall, 2/Lt. and Charles P. £llis, Jr. acting as project
engineers,
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ABSTRACT

The dimensional stability as to post-molding shrinkage
of commercially available melamine, phenolic and polyester
plastic molding materials was investigated by means of accel-
erated conditioning procedures which produced shrinkage
corresponding to that obtained on parts in service in long-
time aging. It is concluied, that of the materials tested,
the polyester mineral filled molding material demonstrated
the greatest degree of dimensional stability. '

PUBLICATION REVIEW

This report has been reviewed and is approved,

FOR THE COMMANDING GENZRAL:

ie B. SORTE
Colonel, USAF

Chief, Materials Laboratory
Directorate of Research
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INTRCDUCTION

Thermosetting plastic molding materials are used in a wide variety of
electrical and non-structural applications in aircraft, becanse of their
mechanical, electrical and physical properties and molding characteristies.
Although extensive mechanicel and electricel test programs on these materi-
els have been carried out in the past, the dimensionsl stability properties
have received little emphasis. However, with the increasing necessity of
mainteinence of close tolerances in molded parts information on the dimen-
siopal stability properties of molded thermosetting plastics is required.

In particular, extensive unsatisfactory service has been experienced in air-
craft due to dimensionsl changes of molded plastic parts. These have in some
cases been due to expansion from moisture absorption in high humidity exposure,
or to shrinkage due to long time aging under conditions in which continuous
exposure to this humidity was not involved.

The latter dimensional change is termed post-mold shrinkage beceuse it
represents internal changes such as further curing or polymerizaticn occuring
over a long period of time. It can be observed in the laboratory as en accel-
erated test by elevated temperature exposure. This report covers an investi-
gation on this shrinkage problem. An investigation of the exposed dimensional
changes of plastic molding material at high humidity will be covered in a
supplement to this report.

The present investigation was undertsken to determine in particular, the
dimensional stability of molded dielectric insert materials for use as a die-
lectric material in AN type multi-pin electrical connectors meeting require-
ments of Military Specification MIL-C-5015. Commercisl resin manufscturers
and febricators submitted samples of experimental and commercislly available

molding compounds in the form of both AN type comnector inserts and standard
test bars.

The courtesy of the American Cyanamid Company; American Phenolic Corpor-
ation; Bakelite Division, Union Carbide and Carbon Corporation; Cannon Electric
Company; Durez FPlastics and Chemicals, Incorporated; Monowatt, Incorporated;
Monsanto Chemical Company; and the Plaskon Division; Libbey-Owens-Ford Glass
Compeny in furnishing materials for use in this investigation 1s acknowledged.

MATERTALS

The moldinz compounds whose properties were investigated in this program
are described as follows:

Melmac 592: Manufactured by the American Cyanamid Company.
The material is a brown colored, mineral filled.
melamine plastic.

WADC TR H2-142 1




Melmac 1500:
Melmac 1502:
Amphenol 101:
Durez 12810:

/ Bakelite BM 120:
Plaskon 422:
Resimene &03A:

Resimene L1128Y4:

Manufactured by the American Cyansmid Company.
The material is a brown colored, wood cellulose
filled melamine plastic.

Manufactured by the American Cyenamid Company.
The material is a brown colored, alpha cellulose
filled melamine plastic.

Manufactured for the American Phenolic Corporation.
The material is a blue colored, asbestos filled
diallyl phthalate plastic.

Manufactured by Durez Plastics and Chemicals, Inc.
The material is a yellow brown phenolic plastic.

Manufactured by the Bakelite Division, Union
Carbide and Cerbon Company.

The material is a black, mica filled phenolic
plastic.

Manufactured by the Plaskon Division, Libbey-Owens-
Ford Glass Company.
The material is a yellow, minerel filled alhyd plastic.

Manufactured by the Monsento Chemical Company.
The material is a light brown colored wood cellulose
filled melamine plastic,

Manufactured by the Monsanto Chemical Company.
The material is a light brown colored experimental
mineral filled melamine plastic.

The materials were submitted as either molded AN type connector insert disks
with nominal diameters of O.77 to 1.83 inches or as standard molded bars

BG" x 1/2" x 1/2") or both.

The physical eppearance of molded inserts are

described in Table I and in Military Specification MIL-C-5015 and drawings
applicable thereto. The molding data on these inserts are presented in Tables
2, 3, and 4 with data from each fabricator presented in seperate tables, Con-
nector fabricators participating in this progrsm are Americen Phenolic Corp.,
Cannon Electric Company, and Monowatt Incorporated, Molding dats on the stand-

erd bars are not available.

Since the bars were molded by the resin manufact-

urer, it is assumed that they were molded under conditions that produce a speci-
men of optimum over all properties,

DEFINITIONS

The dimensional stabllity with which this report is concerned is defined
as the ability of a thermosetting plastic material to resist shrinksge when
that material is subjected to elevated temperature conditioning of such a
megnitude and duration as to similate the affects of prolonged aging and yet
not of sufficient magnitude to decompose the resin,
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The lack of complete dimensional stability is expressed as shrinkage with
all data given es percent of original dimension.

TEST PROCEDURES
Dimensionel Stability Tests:

The submitted test specimens of molded AN type connector inserts were
- tested for elevated temperature dimensional stability as follows: The speci-
mens were first conditioned for a minimum of three days at 23+ 1.1°Centigrade
and 50 # 4% relative humidity. This conditioning shell hereinaiter be
- referred to as standard conditioning. Following standard conditioning, the
specimen dismeter was measured to the nearest 0.0001 inch with micrometer celi-
pers. Two diameter measurements at right angles to each other were taken on
each specimen. The specimens were then cycled 8 hours at 125°C. followed by
16 hours at standard conditioning. Diameter measurements were mede period-
ically at the end of 2 cycle throughout the test period until the completion
' of 30 cycles. Shrinkege was recorded as percent original diameter. These
data appear in Table VI,

The molded 5" x 1/2" x 1/2" standard test bars were first machined so
that their ends were smooth and parallel. The specimens were then subjected
to stendard conditioning for a period of at least three days. The initisel
1 length was then measured to the nearest 0.0001 inch over the five inch dimen-
sion.

Following this initial conditioning and measurement, the specimens were
divided into two groups, the first of which was then cycled 48 hours at 125°C.
Blus 24 hours at standard conditioning whereas the second group was cycleu

& hours at 100°C. plus 24 hours at standard conditioning. Length messurements
were taken of all specimens at the completion of each cycle. The dsta obtained
are shown in Table VII and Figure 2, and Table VIII and Figure 3 for groups
1 and 2 respectively.

In the case of both the insert test specimens and the molded bars, all
elevated temperature conditioning was performed in a forced draft oven, with
the specimens so distributed that there was a free flow of air past the speci-
mens at all times, The specimens were shielded from the heating elements by
asbestos board.

RESULTS AND DISCUSSION

Dota on the post-molding shrinkege of AN connector inserts after cycling
through periods of 8 hours at 125°C. plus 16 hours at standard conditioning,
are presented in Table VI, A representative portion of this data is shown
graphically in Figure 1. Data on the post-molding shrinkagze of stsndard 5" x
1/2" x 1/2" test bars after cycling through periods of 48 hours at 125°C, plus
24 hours at standard conditions are given in Table VII. These data are plotted
graphically in Figure 2. Data on the shrinkage of stsndard test bars after
cycling through periods of 48 hours at 100°C, plus 24 hours at standard condi-
tions are presented in Table VOL These data are plotted grephically in Figure 3.

WADC TR H2-1k2 3




Shrinkage of AN Connector Inserts:

From the data in Table VI, it may be seen that there is no apparent corre-
lation between insert shrinksge for a particular molding materisl and insert
nominal diameter. In addition, a comparison of the insert description in
Table I with the corresponding shrinkage data in Teble VI shows thet for a
partigular insert nominal diameter and molding material, there is no apparent
correlation between shrinksge and the number of holes in the specimen.

From the data presented graphically in Figure 1, it is shown that the
shrinkege of the wood cellulose filled melamine molding meterials, Melmac 1500
and Resimene 803A, is independent of material fabricator or fabricating tech-
nique. All specimens of these materials showed 1.6 to 1.7 percent shrinkage
after 30 periods of cycling 8 hours at 125°C, plus 16 hours of standard condi-
tioning. The rate of shrinkage of these materials decreased continuously as
the number of cycling periods increased by at the completion of 30 cycles, the
material was still shrinking at the rate of 0.03 percent per cycle.

Curve 8 of Figure 1 shows grephically the shrinksge date of sample UF in
Table VI. This semple, molded by Monowatt (Incorporated), of Melmac 1500 was,
as shown in Table V, post-mold treated for 18 hours at 105 - 110° C, prior to
being subjected to the test cycling. The range of values obtained on the
individual specimens shows that one specimen demonstrated unusually high shrink-
age (2.76 percent after 30 cycles) and the aversge of the various test
measurements is therefore unusually high. In genersl, the decrease in post-
mold shrinkege of wood flour filled melamic by the postcure treatment as
epplied by Monowatt Inc. was slight and in one case the shrinkage ran unusually

high,

Curve 3 of Figure 1 represents a mineral filled melamine, Melmac 592,
which demonstrated a maximm average shrinksge of 0.66% after 30 cycling periods
of & hours at 125° C. plus 16 hours of standerd conditioning.

Curve U represents mica filled bakelite, average shrinkage of 0.1% after
30 cycling periods.

Curve 5 represents the shrinkage characteristics of an asbestos filled
diellyl phthalate, Amphenol 1-501, whose maximum shrinkage is shown to be 0.2

Curve 6 represents a phenolic material, Durez 12810, which demonstrates a
shrinkage of 0.14% after 30 cycles of temperature conditioning,

The materials represented by curves U4, 5 and 6 (BML20, Amphenol 1-501,
and Durez 12810) are the only materials tested as molded AN connector insert
disks whose shrinkage curves have distinctly leveldd out to a negligible rate
of shrinkege. In the case of the former material this leveling out occured
after 20 cycling periods, whereas the shrinkace curves of the latter two
materiale leveled out after 14 cycling periods.

WADC. TR 52-1k2 L




Shrinkage of Standard Test Bars:

A, Oycles of U8 hours at 125°C. + 24 hours at standard conditions.-

From curves 1 and 2 of Figure 2, it may be seen that there is little
difference in the shrinkage properties of the two wood flour filled melamines,
Resimene 803A and Melmac 1500. DBoth these materials demonstrate shrinkage in
the vicinity of 1.2% after seven cycling periods.

Curves 3, 4, and 5 represent mineral filled melemines. Curve 3 rep-
resents Resimene 111284 while curves 4 end 5§ represent two production runs of
Melmac 592. The shrinkege of these materials lie in the range of 0.6 - 0.8%
after seven cycling periods. There is a consistent spread of 0.2% shrinkege
between the two production runs of Melmac 592,

Curves 6 and 7 represent two production runs of alpha cellulose filled
melemine, Melmac 1502. These specimens demonstrated shrinkage properties after

seven cycling periods of from 0,26 to O.42%. There was consistent difference

in excess of 0.1% shrinkage between the two separate production runs of the

material.

Curves 8 and 9 represent the shrinkage properties of the mineral filled
polyester type materials, Amphenol 1-501 and Pleskon 422, These materials
demonstrated shrinkage properties in the vicinity of 0.1%.

Of the materials tested under the sbove conditioning, only those
materials represented by curves 8 and 9 of Figure 2, Ampheono 1-501 and
Pladkon 422, demonstrate shrinkaege rates epproaching zero at the completion
of seven cycling periods, All other materials tested under these conditioms
continued to shrink at an appreciable but ever decreasing rates.

B. Cycles of L& hours at 100°C, + 2l hours at standard conditions.-

As in the previous tests cited the wood flour filled melamine mater~
ials, Resimene 803A and Melmac 1500, as represented by Figure 3, curves 1 end
3 respectively, demonstrated the greatest amount of shrinkage. After four

cycles of the sbove conditioning, the shrinkage of these materials was in the
vicinity of 0.8b. '

The minersl filled melamines, Resimene 111284 and Melmse 592 are

represented by curves 3 and 4 respectively of Figure 3. The shrinksge of
these materials after four cycling periods at the above conditions is in the
vicinity of O.’-ﬂ.

Curves 5 and 6 of Figure 3 represent the two production runs of Mel-
mac 1502, A spread of shrinkasge properties of nearly 0.2 after four cycling
pefriods exists between the two batches. The average of the shrinkage of these
two batches is approximately 0.15% after four cycling periods.

In no case did the rate of shrinkege of the materisls tested under
the above conditions approach a negligible rate within the four cycling periods.
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Correlation of Test Results.-

From a comparison of the data presented in Figures 2 =nd 3, it may be
seen that an alteration of the elevated cycling temperature from 125%C. to
100°C. setrves merely to decrease the rate of material shrinkage and does
not in any other way serve to alter the shfinksge problem involved.

From a comparison of the data presented in Figures 1 and 2, it may be
seen that, for any given total post-curing time at 125°C,, the diametrical
shrinkage of a round specimen appears to be greater then the longitudinal
shrinkage of a bar specimen.

Reproducibility of Test Results.-

From a comparison of the data presented in Tables 6, 7, and 8, it may be
seen that the range of test data obtained from standard test bars is far more
nerrow than the range of test data obtained on molded AN connector inserts.
This may be attributed to the fact that accurate, reproducible micrometer read-
ings were difficult to obtain from the insert disks whereas measurements of
the standard test bars were made with ease.

CONCLUSIONS

The polyester type moldine materials, represented herein by Plaskon uoo
and Amphenol 1-507, demonstrate far less post-molding shrinksge than other '
materials tested. In no case were test bars molded of polyester material ob-
served to shrink in excess of O.IU%. In no case was Plaskon 422 observed to
shrink in excess of 0.09%.

The phenolic materials demonstrated verying shrinkege properties; Durez
12810 was found to be comparable to Plaskon 422 whereas the shrinkage of BML20
was observed to be in the range of 0,4%.

The shrinkage of the melamine materials tested was found to be grouped,
in general, in accordance with the filler material employed. Melmac 1502
alphacellulose filled melamine, was observed to shrink in the vicinity of 0.5%.
The mineral filled melamines, Melmac 592 and Resimene 11128Y4, demonstrated
shrinkege properties approaching 0.8%. The wood flour filled melamines, Mel-
mac 1500 and Resimene 803A, demonstrated, in genersal, shrinkasges of eporoximately
1.2%. In an isolated case, one of these materials was observed to shrink 2.76%.

It ie worthy to note that only the polyester materials indicated that,
within the time limits of the test conditioning, the maximum shrinkage of the
materials had been reached.

This test program has provided a high temperature - dimensional stability
requirement for inclusion in Militery Snecification MIL-P-L329(USAF) which
covers polyester type molding materials that have good dimensional stability
and electrical properties.

WADC TR 52-1l42 6
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TABLE 6

AVERAGE POST-MDLDING SHRINKAGE DATA OF MOLDED PLASTIC AN TYPE CONNECTOR INSERTS AFTER
CICLING PERIODS OF & HOURS AT 125°C PLUS 16 HOURS AT 25°C AND 50% RELATIVE HuwrpITX{l)

Insert . Ko ot Molded by American Phenolic Corpor-tior}lz) Nolded by Camon Fleetric PEE™ by Monowstt Tnc o)
Dlemeter Tiype  Cyeles WATERIAL WATERIAL MATSRIAL

(inches) Noo Tures 12210 Kmphenol I-501 Tkelite W 20 Velnsc 7 Wonsanto S03h  Welmac 1500 Tnsert Mo. of Tosert Wo. of ~
Avg.t Rage?  Avg.% Rmnged Avg.$ Rmpe? Avg.X Range? Avg.t Range$ Avgt Ranget n: Cycles  YVonsanto %03,  Typs Cy=lss  Nelmac 1500

Avgg 13 ¥o. Avg.t
.10 1 .03 -— .22 L6 67 - 3 o2
5 06 to 08 22 «56 1.00 1c ] 2,02 1 5 91 .
Ja0 - «25 &l 1.17 -— 2,35 1.0%
10 - W .72 ] 1.20
10 J2  to 28 - ol &0 1,37 . 1.23
A - 53 Bl 1Ll6 1,30
<10 bl .29 W76 147 1.35 b 196 3 1,22
30 J0 to - - 3h 8 1.57 1.0 2,04 - 1,3
+13 - 4l . : .88 1,68+ 1.50 2,17 143
770 pi:] P I 2L = —1.IZ 95 LU — L
5 08t A5 o3 - 1.9 1.07 ] 1.5
a2 26 68 - 1.2 1,16 1.70
<09 25 52 -6l 1.52 L
10 A8 to .28 &0 T . 1.58 1.h8
27 32 68 8 i 1.63 1.58
~ —_— .37 &6 1.55 1.35 . 1.m
30. - - ol 15 . 1.61 1.54 1,83
~ - 250 79 - 1.6l 1.62 1.8
- - - . 53 o77 95 W9 1.58 o 98
1,020 2n 5 - - - 56 o 2c 5 1.7t 5 1,01
-— _ -_— «60 +39 1.02 1.8 1.0k
«07 o1k 36 T3 1.17 1.20
10 a6 to 25 37 - 77 1,21 1,25
«25 22 R : 80 . 1.26 1.28 .
<03 01 3L s 1.55 1.5 1.64 1le2
30 07 to 05 36 . 8 1.57 i) 1.57 30 1.8 30 L7
12 07 238 . $0 3 1,61 1,61 2,02 1.5
-— .02 o33 L2 1.08 96 .
1,020 28 5 - 09 <37 55 . 1.16 1.02 1,12
- .18 W #70 - 1,31 1.16 2p $ 1.29
- 09 39 40 1.36 1.33 1.52
10 J0 «20 oo Le72 .47 1.3
- 26 53 95 1.56 1.58
- - Jdio 68 1.54 P la
30 -~ - - o8 B . 1.67 1.57 30 1.1
— — 61 9 1.83 1,78 1.88
e N - 3z E:A 3 T T
1,965 3 5 08 to J0 23 1 W7l : £ 3c 5 1o 3 5 &
o) .10 25 57 o83 . .75 1.56 92
- «21 37 ol 1.1 1.00
10 23 o0 62 1.33 3 1,02
- .25 ols3 85 1,15 1.03 2.8 1.04
210 16 o309 63 1.9 1.28 30 2.2h 30 1,22
30 J22 te o8 L2 T3 1,45 1.33 : 2.30 148
13 229 o K 1.5 1.3
«O7 «15 0 52 1,02 . 1.03
1.365 3R ] 08 to 36 36 «53 1.06 1,06
08 »17 o5 o5l 1,17 1.1
- o3 - & : L3l 1.38
10 - o3k - ok 1.3 1.h2
- .38 - .78 1,1 1.52
20 19 L9 <77 1.58 1.55
30 Jd2 b «21 51 «80 1.60 1.57
+13 #21 . 55 & 1.6, 1,62
- .10 21 . - .76 70
1.830 L 5 - J 23 - & N B 1.05
- J «25 - 1.02 Sy b 5 1.2
Ol .28 30 - 1,05 96 1.65
10 22 to 22 .35 - 3.17 1.5 1,48
Bt 2L Al - 1.30 1.26 2 1.64
Ol a7 5] - . 1.56 1.3 1.7
30 Jl 0 to W - Le-i 1.55 30 1.68
216 <19 ok5 - 191 1.66 1.80
03 22 21 22 K- 80 1.10
1.830 5 05 to a3 2l 5] 1,05 2 LE 5 Lol ha S 1.70 .72
LR 06 .15 28 A9 1.21 1.0h 1.25 2.13
J2 o33 28 L6 Ji2 1.33 PR 1.39
10 A to 29 .32 55 1.25 1.37 17 L6 17 1.8
16 o2l o35 0 1.2 1.%9 1.61 2,5,
206 oI 31 «56 Lk 1.2 1.5 1.30
22 .10 to a7 o9 o2 1.58 155 26 1.59 26 1.98 3
a3 21 W3 «£9 1.7 1.68 1.73 2.67
.10 o7 .32 65 1.2 1.57 1,56 1.b3
30 J2 to 19 L2 ] 1.6 1.67 30 1.6% 30 2.9
oAl #21 obb .76 1.75 1.78 1.%0 2.76
<02 o9 +28 o3 65 56
1.830 L3 5 Ob to .10 29 ih ) 68 68 -
#07 «10 32 L9 o72 67 .
- ol L5 A3 b o5
10 - .19 L .58 97 $1
- 26 51 8 1.01 1,05
10 W15 o2 56 1.0 1.18
30 Jq to 16 «58 72 110 1.23
Jde 27 .62 .88 1.1 1.27

(”Data are recorded as percent original diameter. The data represnets an average of two measurements on each of
(2) three insert specimens.

See Table 3 for molding getails,
(3)sea Table i for molding cetaris,

)See Table 5 for molding details,
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Materials 2, 3, L Figure 1

1.
2.

i

Melmac 1500
Monsanto 803A

Melmac 592 ‘ o
Bakelite BM120 Molded by American Phenolic

Amphenol 1-501

Durez 12%10
Monsanto %03A Molded by Cannon Electric Co.

Melmc 1500 and after bake} Molded bylonowatt Inc.

Footnotes: Figure 1

1.
2.
Je
Lo

Nominal Diameter of Type L inserts is 1,830 inch,
See Table 3 for molding details of 1-6.

See Table l; for moXding details of 7.

See Table 5 for molding details of &4
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Footnotes: Figure 2

1. All mterials were molded by the resin manufacturer. No molding
data are available,

2. Two production runs of Melmac 592 and 1502 are represented.
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Footnotes: Figure 3.

1. All materials were molded by the resin mannfacturer. ¥No
molding data are available.

2. Two production runs of Melmac 1502 are vepresented.
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