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I. INTRODUCTION

Phase I of project "Investigation of Measuring Large Threads
with Gages of Lightweight Material' was completed Sept1972 (Ref-
Technical Report WVT-QA-7301). The results of work performed during
phase I indicated that fiber-reinforced composite materials had a
potential of being a substitute for steel in the design of lightweight
large thread gages that will effectively measure the thread
characteristics with a minimum of time and effort. This conclusion
was based on the following project results:

A. Wear was nearly comparable to steel.

B. Costs were estimated to be 50% less than steel.

C. Weight reductions of 80% were realized.

D. Lead time for thread gage could be reduced from 8 to 12

months to one or two weeks

E. Introduced the possibility of throw-away gages for cannon in

and out of production which would eliminate storage and
surveillance costs since a new gage could be made in a matter
of days.

Along with the above favorable results, phase I testing élso revealed
that the stability characteristics of the composite material used was
less than desirable. However, it was felt at the time since a required
stability was theoretically obtainable, additional studies and testing
of various composites would yield satisfactory results. Therefore it
was recommended that further studies and testing of composite materials

be undertaken to obtain desired material properties for use in the




design of large thread gages, Phase II of this work, funded by an
FY73 MIT project, will now be described and analyzed. Moreover it
includes consideration of composite materials in the use of other
types of inspection gages as well as other items where weight, cost
and procurement time is a factor.

This report describes the experimental study of the dimensional
stability of composite thread gages with interest focused on the effect
of filament tension, manufacturing process (wet & pre-preg material),
molding, filament-volume ratio, internal geometry (plain diameter ring,

"V thread and acme thread gages), and thickness at two or more levels.



1I. FABRICATION

Three basic composite configurations, plain diameter rings, V-
thread and acme thread were fabricated by a filament winding process.
A molding process was also investigated. The following outlines the
fabrication of the various samples:

A, Filament Winding Process:

The filament winding machine, FIG. 1, used in the fabrication
is electronically controlled, programable, servo-driven unit with a
high degree of winding flexibility. The fabrication technique consists
of three parts: (1) winding hoop layers on a mandrel to a desired
thickness, (2) curing of the layers at controlled temperature and (3)
separating the cured composite sample from the mandrel. The matrix
used in the construction of the wet-wound gages was an epoxy mixture
composed of 50% ''EPON 828" manufactured by the Shell Chemical Corp.
and 50% "VERSAMID 140" developed commercially by General Mills Inc,
The reinforcement used in the wet-wound was 20 end 'S-GLASS" (901)
manufactured by the Ferro Corp. For the samples that were wound with
pre-preg material, the fiberglass was 20 end "E-Glass' pre-impregnated
with an epoxy/anhydride/amino resin system, manufactured by u.s.
Polymeric, Inc.

1, Plain diameter ring gages:

In all, ten composite plain diameter ring gages were

manufactured on a master plug of 3,6872 inch diameter with various

tensions of winding, thicknesses and curing temperatures. In FIG. 2

oy



is a picture of samples2(Tl), 4 (T2), 6 (T3) and 8 (T4). Table I
gives a summary of the samples and the conditions used to manufacture

them,

Tension of
Sample No. Filament (lbs) Thickness* (Inches) Curing

1 7 1 200°F for 4 hrs.
2 7 1 70°F for 48 hrs.
3 7 =5 200°F for 4 hrs.
4 7 .5 70°F for 48 hrs.
S 1 0] 200°F for 4 hrs.
6, 9, 10 1 .5 70°F for 48 hrs.
7 1 1 200°F for 4 hrs.
8 1 1 70°F for 48 hrs.

TABLE I. Manufacturing Parameters

2. Acme thread gages (complete thread ends)**

There was a total of four composite gages wound on master
acme-thread plug 7244328, serial number V53-7897, Two of the four samples
are pictorially shown in FIG, 3 (two samples on left). The dimensions
on the master plug are listed in Appendix A. Two of these gages

(composite samples 11, 12) were wound with 20-end pre-impregnated "S-

* The thickness refers to the build-up of the reinforcement (glass)
and matrix above the top of the threads or in the case of the plain
diameter ring above the plug nominal size,

** Complete thread end is when the feather edge of a thread that
remains after grinding at each end of a thread plug is removed
back to a point where a complete thread cross-section begins,
commonly referred to as truncated end.



Glass' while the other two were wet wound (composite samples 13, 14)
using ''S-Glass'" (901) "EPON 828" and "VERSAMID 140" resin. The two
pre-preg wound samples 11, 12 were wound with a filament tension of
seven pounds and cured to 220°F for two hours and oven-cured at 350°F
for two hours, then slowly cooled to room temperature. The two w2t wound
samples 13, 14 were wound with a filament tension of one pound and
cured at room temperature for forty eight hours. All samples were
approximately one inch thick.

3. "V"-thread gages (incomplete thread ends):*

Two gages (composite samples 15, 16) of this configuration
were wound on master V-thread plug 3.250-4UNC-1A serial number 5220-
751-5177, see FIG. 4. A data sheet on this master V-plug can be found
in Appendix A. The two gages were wet-wound with a filament tension of
one pound, made one inch thick and cured at room temperature, 70°F, for
forty-eight hours.

4. Acme thread gages (incomplete thread ends):*

One gage (composite sample 17) of this configuration was
wound using master acme-thread plug 7244833, serial number V52-20075.
This gage is pictorially shown in FIG. 3 (one on right). The dimensions
of this master plug is listed in Appendix A. This gage was wound under
the same conditions as composite samples 15, 16.

B. Molding Process:

Three acme thread gages were vacuum molded (FIGS. 5 and 6)

* Incomplete thread ends are ones in which the feather edge is not removed.



with complete thread ends. The following is an outline of the
manufacturing process.
1. Aluminum fiber gage:

This gage (composite sample 18) was made by packing
.005" x ,005" x ,125" aluminum fibers into a vertical lucite mold with
the use of a vacuum., Figure 7 pictorially displays this molded gage.
After packing was accomplished, resin consisting of a 1:1 mixture of
"EPON 828" and an anhydride curing agent was drawn through the fibers
with the aid of a vacuum. The sample was room temperature cured.

2. Glass fiber gage:

This gage (composite sample 19) was fabricated by hand
packing 1/4 inch long ''S-Glass" fibers at one open mold face. The resin,
1:1 mixture of "EPON 828" and an anhydride curing agent, was then pulled
through the mold by the application of a vacuum on the bottom of the
mold. The sample was then room temperature cured.

3. Aluminum glass fiber gage:

Unlike the previous two molded samples 18 and 19, this
gage (composite sample 20) was made in two steps. First a thin coat,
approximately 1/8 inch, of epoxy, 1:1 mixture of "EPON 828" and an
anhydride curing agent, and aluminum fibers were placed in the thread
area (for wear resistance) and cured at an elevated temperature of
200°F. The second step is identical to the operation performed on the

glass-fiber gage, composite sample 19,
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I111. TESTING

This phase of the report concentrates on determining the
dimensioral stability (diametrical variation, bore taper and roundness)
pf lightweight composite gages subject to the varying fabrication
parameters (winding tension, gage thickness, curing temperature and
extreme operating temperature conditions). This testing demonstrates,
on a limited sampling, that the fabrication technique plays an important
role in the dimensional stability of the gage.

The following outlines, in detail, the test plan of the Lightweight
Composite Thread Gage Program:

A. Dimensional Stability Test of Plain Diameter Ring Gages:

The purpose of this test is to determine the effect tension
of winding, thickness and curing temperature as well as shelf life has
on the dimensional stability of the composite gage. Results are given
in Appendix B.

1. Gages to be tested: Composite samples 1 through 8

2. Simulation:

a. Dimensional stability after initial curing period.
This reading is designated as lst-Day.

b. Dimensional stability after setting for four days,
after initial winding, at room temperature, 70°F, This reading is
designated as 4th-Day.

c. Dimensional stabilaty after setting for seven days,
after initial winding, at room.temperature, 70°F. This reading is

designated as 7th-Day.
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3.

Measurements and instrumentation:

Measurement*

a. Variation in diameter:
Readings are taken at
0, 30, ... 150 angular
degrees at the following
distances from the top
face of the gage:

(1) 1/8 inch (top
reading)

(2) 1 1/4 inch (middle
reading)

(3) 2 3/8 inch (bottom
reading)

b. Bore taper: Readings are
taken every 30 angular
degrees at the following
distances from the top
face of the gage:

(1) 1/8 inch (top reading)

(2) 1 1/4 inch(middle
reading)

(3) 2 3/8 inch (bottom

reading)

15

Instrumentation

a.

Boice #5 Dial Bore
Gage, Serial Number
8772805, Boice #25
Bore Gage Setmaster,
Serial Number
V-66-1625,

Granite Surface Plate
18" x 24", Serial

Number VI-55-771

Federal Testmaster Dial
Indicator (.001"),
Serial Number VI-
67-1275,Check Master
Height Gage, Serial
Number VI-57-583,Cast
Iron Angle Plate

6" x 8" x 10", Serial
Number S-62-887, Granite
Surface Plate 18° x 24",

Serial Number VI-55-771

Figure 8 pictorially shows the location that readings are taken from.
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¢. Roundness: Readings are taken c. Taly Rond}
continuously for 360 angular Serial Number
degrees at the following VI-57-523
distances from the top face
of the gage:
(1) 1/8 inch (top reading)
(2) 1 1/4 inch (middle
reading)
(3) 2 3/8 inch (bottom
reading)
B. Reproducibility Test:

The purpose of this test is to determine the dimensional
reproducibility of fabricating three composite gages using the same
tension of winding, thickness and curing temperature. Results are
presented in Appendix C and in Figures 19, 20 and 21

1. Gages to be tested: Composite samples 6, 9 and 10.

2. Simulation: Same as A2a and A2c.

3. Measurements and instrumentation: Same as A3a and A3b.

C. Elevated Temperature Tests:

The purpose of this test is to determine the effect exposure
to elevated temperatures, 110°F, has on the dimensional stability of the
composite samples. Results are presented in Tables II through V and

Appendix D.

* Figure 9 pictorially shows this piece of equipment.
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1. Gages to be tested: Composite samples 4 and 6.
2. Simulation: Composite samples are placed in an oven,
at a temperature of 110°F, for one hour.

3. Measurement and instrumentation:

Measurement Instrumentation

a. Same as A3a a. Same as Ala

b, Variation in width: Readings b, 2-3" Micrometer,
are taken every 90 angular Serial Number
degrees VI-60-122

4, Implementation:

In order to determine the effect of the sample being
subjected to an atmosphere of elevated temperature, the sample is placad
in an oven at a constant temperature of 110°F. Measurements are taken
before the sample is placed in the oven (ambient temperature) and then
at twenty minute intervals for one hour. The final ambient temperature
reading is taken twenty hours after being removed from the oven. This
complete procedure is duplicated two weeks after initially subjecting
the sample to an elevated temperature.

D. Dimensional Stability Test of Acme Thread and V-Thread Gages:
The purpose of this test is to determine dimensional stability
(pitch or lead, major and minor diameter and flank angle) of composite
thread gages. Results are presented in Tables VI through X,
1. Gages to be tested: Filament wound composite samples 11

through 17 and molded samples 18, 19, and 20.
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2. Simulation:

a. Samples 11 and 12 - Dimensional stability lst day

after initial curing, 4 days later,

b. Samples 13 and 14 - Dimensional stability after

initial curing.

c. Samples 15 and 16 - Dimensional stability lst day

after initial curing, 5 days later, 60 days later.

d. Sample 17 - Dimensional stability 1lst day after

initial curing, 60 days later.
3. Measurements and instrumentation:
Measurement
a, '"V" thread (filament wound)
1. Pitch diameter: Readings 1
are taken at horizontal

and vertical center lines.

2, Pitch and flank angle: 2.
Readings are taken at
bottom vertical center

line.

¥ Equipment is shown in FIG. 10.
18
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Precision Balls
.15625D1A Gage
Blocks-Serial Numbers
VI-59-102 and VI-57
557, Height Stand 18"
Serial Number VI-57-
557, .00005 Indicator,
Serial Number VI-67-
1257

Precision "Perma-
Stone' Casts of Third
Profile, 14" J and L
Optical Comparator*

Serial Number VI-67-846
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b.

Acme threads (filament wound)

1.

Major diameter and minor 1. Gage Blocks -

diameter: Readings are Serial Number VI-59-

taken at horizontal and 102, Height Stand, S

vertical center lines at Serial Number VI-57-

three depths, top, middle 557, Indicator .00005

and bottom, Serial Number VI-67-
1257, Surface Plate
Serial Number VI-55-
784

Same as D3a2 Acme threads 2. Same as D3a2

(molded)

Testing was not performed due to problem of

voids in threads.

(See discussion of results-Molding Process)

19



Angle Plate

L~

@ o
s

Dial Ihdicator

Height Gage

Surface Plate

Measurement Planes

Dial Bore Gage

©

Figure 8

Inspection Method for Checking Diameter and Bore Taper of Samples 1 thru 8
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Figure 9

Taly Rond lised to Check Roundness of Samples 1 thru 8
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Fioure 10

J and |. Optical Comparator Used to Check Pitch and Flank
Angles of Samples 11 thru 17
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Iv. DISCUSSION OF RESULTS

A. Filament Winding Proccss:
1. Dimensional stability test of plain diameter ring gages:

The dimensional stability test on the lightweight plain
diameter ring gages is depicted in Appendix B. Three different
measurements were taken; variation in diameter, bore taper and
roundness in order to establish the dimensional stability of the
composite samples.

Figures 11 and 12 depict the variation in diameter of the
best and worst composite sample respectively. It should be pointed out
that it is more important to consider the variation in diameter from
position to position (top, middle, bottom and 0°, 30° ..., 180° angular
degrees) than to consider the variation from the nominal size. If the
expansion is uniform, no variation from position to position, an under
sized master gage could be fabricated to compensate for the expansion
in order to achieve the desired dimension. There are two fabrication
parameters that differ, namely tension of winding and curing temperature.
The thickness does not seem to be a contributing factor in these
measurements. Sample 5 shows a large variation in the diameter readings
because of low tension, one pound, results in a high concentration of
resin which has a relatively high coefficient of thermal expansion, as
compared to that of steel, and consequently upon curing the sample
at 200°F, the sample expands a couple of thousands of an inch. It

should be pointed out that between the 4th Day readings and the 7th Day
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readings, sample number 4 expands uniformly by approximately .0002
inches,

In Figures 13a, b and 14a, b the variation in bore taper
is shown for the best and the worst composite samples respectively.

The only fabrication parameter which is different is the curing
temperature. The thickness and tension of winding does not seem to be
a contributing factor. The elevated curing temperature, 200°F, of
sample 5 causes the resin to expand resulting in a large variation in
bore taper. There does not seem to be an appreciable difference between
the 1st, 4th and 7th Day readings.

The final measurements taken in this phase of testing, was
that of roundness. Figures 15, 16 and 17 depict the samples that were
the closest to true roundness while Figure 18 depicts the sample that
deviates the most from true roundness. Samples 4, 6 and 8 were wound
with different filament tension and thickness but were all cured at
room temperature. On the other hand, sample 5 was cured at an elevated
temperature. It is clear that the elevated temperature cure caused the
sample to distort. Some samples do not have 4th and 7th Day readings.
The reason for this is that the Taly-Rond machine broke down in the

later part of the testing and was not repaired in time.
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2. Reproducibility test:

Results of the reproducibility test of sample 6, composite
samples 9 and 10, is depicted in Figures 19 through 21 and Appendix C,
Two sets of measurements were performed, namely the variation in diameter
and bore taper. Measurements were taken on the 1lst and 7th day after
curing. All of the samples, 6, 9 and 10 were fabricated with a filament
tension of one pound, one-half inch thick and cured at room temperature,
70°F, Figures 19, 20 and 21 show the variation in diameter for samples
6, 9 and 10 respectively. One will note a variation from .0013 inches
to .0014 inches for the 7th Day reading of sample 6, while for sample
9 the 7th Day readings vary from .0013 inches to .0016 inches, a
reasonable reproduction of sample 6. On the other hand, sample 10 shows
a variation from .0005 inches to ,0016 inches which is a poor reproduction
of sample 6. The bore taper measurements, Appendix C, does not show an

appreciable difference between the three samples.
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3. Elevated temperature test:

Results of the elevated temperature test is reported in
Tables II through V and in Appendix D, In both samples, 4 and 6, there
is a shrinkage in the diameter of about .0002 inches after curing for
five and four weeks respectively, Tables II and III. After being heated
for the first time for an hour at 110°F and then cooled to ambient temperature
for twenty hours sample 6 shrinks approximately ,0003 inches while
sample 4 only shrinks approximately .0001 inches. The reason for the
shrinkage is that upon heating the samples, the compressive stresses
are relieved and thus causing the sample to reduce in size. One notices
a large shrinkage in sample number 4 because it was wound with a much
higher filament tension, seven pounds causing larger compressive
stresses. Upon cooling, the inside diameter of both samples expand
back to the sizes that they previously were at just before heating.
There is a two week curing period between the first heating and the
second heating. After being heated a second time the samples are
allowed to cool for twenty hours at ambient temperature, 70°F, before
a final measurement is taken. These measurements indicate that sample
4 returned to just about the same size as recorded on the 7th Day
reading while sample ¢ is about .0001 inches smaller than the 7th Day
reading. The results of this preliminary test seems to indicate that
the samples have stabilized.

It is interesting to note that the readings during the
second heating of sample 4 are not affected by the elevated

temperature, Table II. In this sample the compressive stresses
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were relieved in the first heating and the sample is stable under
moderate temperatures.

There was an appreciable uriform change in the width of
both samples, 4 and 6 during the heating cycles, see Tables IV and V.
One will note however that the samples returned approximately to the

same dimensions that were measured before any heating took place.
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7 DAYS AFTER BEING WOUND (7TH-DAY READING)

Position
Angular
Position Bottom Middle Top
0 2% 11 11
30 12 12 11
60 12 12 11
90 12 12 10
120 11 11 10
150 11 11 10
5 WEEKS AFTER BEING WOUND (BEFORE HEATING)
0 10 10 9
30 10 10 10
60 10 10 10
90 10 10 9
120 10 9 <)
150 10 9 10
5 WEEKS AFTER BEING WOUND (AFTER HEATING)
0 9 8 8
30 10 9 9
60 10 9 9
90 10 9 8
120 9 8 7
150 9 8 9
7 WEEKS AFTER BEING WOUND (BEFORE HEATING)
0 10 10 9
30 11 10 10
60 11 10 10
90 10 10 9
120 10 10 9
150 10 9 10
7 WEEKS AFTER BEING WOUND (AFTER HEATING)
0 11 11 10
30 12 12 11
60 12 12 11
90 12 11 11
120 11 10 10

150 11 10 11

TABLE II: Diametrical Variation of Sample 4 Before and After Heating

* All readings are in ten thousandths of an inch.
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7 DAYS AFTER BEING WOUND (7TH-DAY READING)

Position
Angular
Position Bottom Middle Top
0 13* 14 13
30 13 14 13
60 13 14 12
90 13 14 12
120 13 14 12
150 13 14 13
4 WEEKS AFTER BEING WOUND (BEFORE HEATING)
0 11 12 12
30 11 12 11
60 11 11 11
90 11 11 10
120 11 11 11
150 11 11 e
4 WEEKS AFTER BEING WOUND (AFTER HEATING)
0 9 9 8
30 8 9 8
60 8 8 8
90 8 8 7
120 8 8 8
150 8 8 9
6 WEEKS AFTER BEING WOUND (BEFORE HEATING)
0 11 11 i1
30 11 11 11
60 11 11 10
90 11 11 9
120 11 11 10
150 11 11 11
6 WEEKS AFTER BEING WOUND (20 HOURS AFTER HEATING)
0 12 13 13
30 12 13 13
60 12 13 12
90 12 12 11
120 12 12 12

150 12 13 14

TABLE III: Diametrical variation of Sample 6 Before and After Heating

* All readings are in ten thousandths
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Temp

70°F
20 min @
40 min @
60 min @
70°F.

70°F.

20 min @
40 min
60 min
70°F,

o ©

TABLE IV:

Temp

70°F.
20 min @
40 min @
60 min @
70°F,

70°F.
20 min
40 min
60 min @
70°F.

o o

TABLE V:

110°F.
110°F.
110°F.

110°F.
110°F,
110°F.

Variation in width of sample number 4 after being
to a temperature of 110°F,

110°F.
110°F.
110°F.

110°F.
110°F.
110°F.

Variation in width of sample number 6 after being heated to
a temperature of 110°F.

5 WEEKS AFTER BEING CURED

12

2.5290"
2.5295"
2.5300"
2.5300"
2.5290"

7 WEEKS AFTER BEING CURED

2.5286"
2.5298"
2.5299"
2.5299"
2.5285"

4 WEEKS AFTER BEING CURED

12

2.5290"
2.5310"
2.5315"
2.5315"
2.5290"

6 WEEKS AFTER BEING CURED

2.5290"
2.5308"
2.5312"
2,5318"
2.5289"

*  As corresponds to a clock position
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Position #

3 6
2.5290" 2,5290"
2.5295" 2.5295"
2.5300" 2.5300"
2.5300" 2.5300"
2.5290" 2.5290"

2.5289"
2,5299"
2.5300"
2.5300"
2.5288"

2,5289"
2.5299"
2.5300"
2.5300"
2.5288"

Position
3 6
2.5290" 2.5290"
2.5305" 2.5307"
2.5315" 2.5315"
2.5315" 2.5315"
2.5290" 2.5293"

2.5290"
2.5308"
2.5311"
2.5318"
2.5289"

2.5290"
2.5308"
2.5311"
2.5316"
2.5289"

9

2.5290"
2.5295"
2.5300"
2.5300"
2.5290"

2.5286"
2.5299"
2.5300"
2.5299"
2.5288"

heated

9

2.5290"
2.5308"
2.5315"
2.5315"
2.5292"

2.5290"
2.5308"
2.5311"
2.5316"
2.5289"

ISR SR PN RN
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4, Dimensional stability test of acme and '"V' thread ring gages:

Four acme thread gages were filament wound on master plug
7244328, Samples 11 and 12 were wound with pre-preg material and oven
cured; samples 13 and 14 were wet wound and room temperature cured.
Diametral variations of samples are shown in Tables VI, VII and VIII,

Samples 11 and 12 were manufactured to verify results
derived from the plain ring samples, that is high temperature curing
causes distortions. Results of 11 and 12 indicated this is true in
thread gages also,

Since master thread plug gage 7244328 had truncated threads,
that is, the feather edge of a thread that remains after grinding at each
end of a thread plug is removed back to a point where a complete thread
cross-section begins, it was necessary to cut and remove some fibers
so that the sample could be screwed off the master after curing. Therefore,
there was a possibility that the distortions in samples 11 and 12 may not
have been caused entirely by the high temperature curing, but also by
the cut fibers as a result of stress relief,

To determine if the distortions were caused by the curing
method and/or removed fibers, samples 13 and 14 were wet-wound and
room temperature cured on the same master. Results shown in Table VIII
indicated distortions similar to samples 11 and 12.

Since the curing method was changed for sample 13 and 14,
samples not requiring fibers to be removed were wound and room temperature
cured. Samples 15 and 16 were wound on master plug gage 5220-751-5177

(V thread) and sample 17 was wound on master thread plug 7244833 (acme
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thread). Both masters had incomplete thread ends, that is, the feather
edge was not removed so that samples could be screwed off without cutting
and removing fibers. Results shown in Tables IX and X clearly show vast
improvements in size, roundness, flank angle and pitch.

Samples 11 through 14 had deviations on diameters from
master of ,0033 inches to .0126 inches after initial curing, whereas,
samples 15 through 17 diameter had deviations of .0002 inches Min to
.0022 inches Max after initial curing. Also, samples 15 through showed
pitch errors of .0G02 inches to .0011 inches and flank angle errors of
0°4' to 0°10', whereas, samples 11 through 14 had pitch errors of .0024
inches to .0037 inches and flank angle errors of - 0°15' to + 0°20'.

Results clearly indicate, filament wound thread ring
gages which are wet wound, room temperature cured with uncut fibers
possessed the best dimensional stability. It must be noted also that
all samples showed excellent profile geometry in radii, chambers,
straightness of thread flanks and surface finish.

B. Molding Process:
1. Three samples, 18, 19, 20 were vacuum molded (see figure
7) using a lucite mold and master plug gage 7244238, All three showed
voids of various sizes in the thread area. The voids were a result of
insufficient material flow and fiber packing,
The use of the molding process with vacuum alone, proved
to be inadequate to properly distribute the high fiber concentration

(approx 40%) necessary to eliminate the voids.
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Small cylindrical specimens molded under pressure
showed improvements. As a result of our work and discussions with
composite material companies, it is felt that a pressurized molded
process assisted by heat and a vacuum could be a solution to the void
problem. The remaining project time did not allow investigation of
such a molding process.

2. An air-gage head that had been molded of cut aluminum
fibers and epoxy was used on a trial basis in the shop area to check
bore and rifling diameter on the 175mm cannon tube. This was
successfully molded with absence of voids since high fiber concentrations
were not required due to the relative unimportance of dimensional
stability for this application. The function of the gage head is to
carry air or electronic transducers and related elements through the
tube to measure bore and rifling diameters and does not affect the
measuring accuracy of the system. The present gage heads are made of
aluminum. Results were very satisfactory for the following reasons:

a. Weight reduction over aluminum was approximately

b. Wear in checking 50 tubes (3800 lincar feet) was

.0004 inches.
c¢. Inspection personnel were enthusiastic about its use.
d. The material having a low coefficient of friction is

very easily pushed along the bore resulting in minimal wear.
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w/r

Position

Top
Middle
Bottom

Top
Middle
Bottom

Top
Middle
Bottom

Top
Middle
Bottom

Flank Angle:

Maximum Pitch Error

Table VI:

Master
3.4651
3.4651
3.4651

3.4651
3.4651
3.4651

3.6857
3.6857
3.6857

Minor Diameter 1lst Day

Vertical Center Line

Measured Variation
3.4749 .0098
3.4741 .0090
3.4672 .0021

Minor Diameter 4th Day

3.4746 .0095
3.4737 .0086
3.4676 .0025

Major Diameter 1lst Day

3.6941 .0084
3.6949 .0092
3.6915 .0058

Major Diameter 4th Day

3.6857 3,6969 0112
3.6857 3.6959 .0102
3.6857 3.6912 . 0055
Master 14° 27! to
Variation 14° 25! to
.0037

14°
15°

Horizontal Center Line

Measured Variation
3.4744 .0093
3.4741 .0090
3.4688 .0037
3.4737 .0086
3.4744 .0093
3.4719 .0068
3.6981 .0124
3.6952 .0095
3.6941 .0084
3.6967 .0110
3.6953 .0096
3.6946 .0089

33!

ol

Deviation of Sample 11 From Master Thread Plug Gage (14°

30" Acme With Complete Thread Ends) Wound With 7 Pounds
Tension and Gelled at 220°F for 2 Hours, and then Cured
at 350°F for 2 ilours and Cooled to Room Temperature.
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Minor Diameter 1lst Day

Position
Vertical Center Line Horizontal Center Line
Master Measured Variation Measured Variation
Top 3.4651 3,4757 .0106 3.4716 .0065
Middle 3.4651 3.4750 .0099 3.4716 .0110
Bottom 3.4651  3.4755 .0104 3.4755 .0104
Minor Diameter 4th Day
Top 3.4651 3.4750 .0109 3.4721 .0070
Middle 3.4651 3.4749 .0098 3.4770 .0119
Bottom 3.4651  3.4757 .0106 3.4755 .0104
Major Diameter lst Day
Top 3.6857 3.6964 .0107 3.6943 .0086
Middle 3.6857 3.6983 .0126 3.6950 .0093
Bottom 3.6857 3.6976 .0019 .0120
Major Diameter 4th Day
Top 3.6857 3.6965 ,0108 3.6941 ,0084
Middle 3.6857 3.6971 0114 3.6947 .0090
Bottom 3.6857 3.6975 .0118 33,6977 .0120
Flank Angle: Master 14° 27! to 14° 33!
Variation 14° 15! to 14° 50'
Maximum Pitch Error .0028

Table VII: Deviation of Sample 12 From Master Thread Plug Gage (14°
30' Acme With Complete Thread Ends) Wound With 7 Pounds
Tension and Gelled at 220°F for 2 Hours and then Cured
at 350°F for 2 Hours and cooled to Room Temperature.
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Minor Diameter
Sample Position
Vertical Center Line Horizontal Center Line

Master Measured Variation Measured Variation k
16 Top 3.4651 3.4708 . 0057 3.4689 .0038 ;
16 Middle 3.4651 3.4756 .0105 3.4700 .0049
16 Bottom  3.4651 3.4725 .0074 3.4696 .0045 |
17  Top 3.4651 2.4710 .0059 3.4683 .0032 :
17 Middle 3.4651 3.4735 .0084 3.4702 .0051 :
17 Bottom  3.4651 3.4705 .0054 2.4702 .0051 i

Major Diameter

16 Top 3.6857 3.6928 .0071 3.6904 .0047
16 Middle 3.6857 2.6981 .0124 3.6905 .0048
16 Bottom  3.6857 3.6980 .0123 3.6910 .0053
17 Top 3.6857 3.6919 .0062 3.6910 .0053 1
17 Middle  3.6857 3.6961 .0104 3.6912 .0055
17  Bottom  3.6857 3.6936 .0079 3.6920 .0070 {

Flank Angle

Sample 16 Master 14° 27! to 14° 33!
Variation 14° 15°' to 14° 55!
Sample 17 Master 14° 27! to 14° 33!
Variation 14° 25°' to 14° 50!

Maximum Pitch Error

Sample 16 .0028
Sample 17 .0024

Table VIII: Deviations of Samples 13 and 14 From Master Thread Plug
Gage (14° 30' Acme With Complete Thread Ends) Wet Wound
With 1 Pound Tension and Cured at Room Temperature for
48 Hours.
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Pitch Diameter

Sample
1st Day 5th Day 60th Day
Master Measured Variation Measured Variation Measured Variation
15 3.0843 3.0863 .0020 3.0852 .0009 3.0843 .0000
16 3.0843 3.0846 .0003 3.0833 -.001 3.0828 -.001S
Flank Angle Maximum Pitch Error
Actual Measured Measured
15 30° 0' 30° 0' to 30° 4! .0002
16 30° 0' 30° 0' to 30° 4! .0004

Table IX: Deviations of Pitch Diameter, Thread Pitch and Flank Angle
From Master Thread Plug of Samples 15 and 16, Wet-Wound
With Incomplete Thread Ends, 1 Pound Tension and Cured
at 70°F for 48 Hours
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Minor Diameter 1lst Day

Position
Vertical Center Line Horizontal Center Line
Master Measured Variation Measured Variation

Top 4.4319 4.4328 .0009 4.4317 -.0002
Middle 4.4319 4.4336 .0017 4.,4336 L0017
Bottom 4.4319 4,4341 .0022 4.4326 .0007

Minor Diameter 60th Day
Top 4,4319 4,4324 .0005 4.4318 -,0001
Middle 4.4319 4.4330 .0011 4,4329 .0010
Bottom 4.4319 4.,4335 .0016 4,4331 .0012

Major Diameter 1st Day
Top 4,7323 4,7335 .0012 4,7333 .0010
Middle 4.7323 4,7339 .0016 4.7342 .0019
Bottom 4,7323 4,7340 .0017 4.7334 .0011

Major Diameter 60th Day
Top 4,7323  4.7332 .0009 4.7334 .0011
Middle 4.7323 4.7335 .0012 4,7331 .0008
Bottom 4.7323 4,7335 .0012 4,7328 ,0005
Flank Angle: Master 14° 30!

Variation 14° 20' to 14° 35!

Maximum Pitch Error .0013

Table X: Deviation of Sample 17 From Master Thread Plug Gage (14° 30'
Acme With Incomplete Thread Ends) Wet Wound With 1 Pound
Tension and Cured at Room Temperature for 48 Hours.
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V. CONCLUSION
Results of testing indicated the filament wound thread ring gagcs
which were wet-wound, room-temperature cured with uncut fibers (samples
15 thru 17) possessed the best dimensional stability, However, the
required dimensional stability was not obtainable within the fabrication

parameters used in this project as shown below:

Deviation from Master on: Test Results (Range) Required
Diameter .0003 to .0022 .001
Flank Angle -0°10' to + 0°5! #1023
Pitch .0002 to .001 .0003

Additional experiment;l studies in fabrication techniques, resin
systems and materials are required to determine if desired results
are obtainable,

The following summarizes Watervliet Arsenal's findings:

A. Filament Winding Process:

1. The temperature at which the sample is cured plays an
important part in the dimensional stability of the sample. The tests
indicated the higher the curing temperature the greater the distortion.

2. Thickness of the samples did not affect the stability
significantly. It should be pointed out that much greater thicknesses
may be a problem on larger gages.

3. Tension of winding was not critical until the samples were
exposed to an elevated temperature. The high tension sample was not
affected by the elevated temperature the second time it was heated.

4, With the fabrication parameters considered it was possible

to reproduce a sample reasonably well.
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5. Heating the samples relieved the compressive stress within
the composites.

B. Molding Process:

It has been determined, in order to mold a precision thread
ring with possible acceptable stability, it will be necessary to use
a molding process consisting of pressure and heat assisted by a vacuum,
Pressure and heat are required to achieve proper fiber distribution of
the high fiber population necessary to provide stability,

However, it has been proven that vacuum molding can be used
to manufacture various portions of inspection gages other than threads
as well as other items where weight or friction is a problem. Vacuum
molding is done with relatively simple equipment and in a very short
time. Also any parts requiring holes or other configurations are
easily molded by making provisions fof them in the mold thereby
eliminating many machining operations normally required in metal,

VI RECOMMENDATIONS

A. Extend the present study to consider various fabrication
techniques in winding complete thread end and acme-thread gages.
B. Consider materials other than "'S-Glass' and "E-Glass' for

the composite gages.

C. Consider other resin systems besides "EPON 828" and ''VERSAMID
140" for the composite gages.

D. Consider vacuum molding composite gages under pressure and heat.
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APPENDIX A

Dimensional Data and Pictorial of Master Plug Gage
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Major Diameter
Minor Diameter
Thread Pitch
Flank Angle
Pitch Diameter

Acme Thread Plug
7244328 (Complete
Thread Ends)

3.6857
3.4651
.333
14° 30!

N/A

Acme Thread Plug
7244833 (Incomplete
Thread Ends)

4,7323
4.,4319
.500
14° 30"

N/A

"V Thread
Plug 3.250
-4UNC-~1A

N/A
N/A
.250
30° 0
3.0843

Table XI: Master Thread Plug Gage Data Used as Mandrels to Wind
Sample 11 through 17.

56



APPENDIX B

Test Data of Samples 1 thru 8 not included in the Main Text.
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APPENDIX C

Reproducibility Test Data of Samples 6, 9 and 10 not included in

the Main Text.

79



HW01108

WOBYH 1Y 03"NJ ONB MJIIHL HJ
HiIM ONNGM 9 H33WNN 3IT7dWHS HO4 Y3dH1l 3403

$334330-09

37Q01IW 44

{

e
AY0-H1L

$334330-0he

I

SHNUH Eh €04 3IHN1BY3IdW3IL
NI-2/1°NGISN3L ONNOd 1

000°0

1000°0D

0ooo-"o

1000 "D~

2000 "0~

c000°Q-

1000°0-

Qo0 0-

1000°0

1e8s "9 4
$334930-0€ $331330-0
Wo1108 3001IKW 481 .RAR21108 UJocmz 401
{ f ] |
& - ] >— —ip
-— (e —Q) .
AHO-HLHK A80-1S1
6334930-012 SSHH0S O8]
] 1
.

c000°0

S3HIN]

S3HINI

80



k01108

HiIM ONNGM S H33WNN I74dWHS HO4 H3IdHLI 3HO8

§336930-051
37001INW

401

A

—

ABO-HLL

$334330-0€EE

T

HWOi1108

CHNOH 8h HOD4 3HN1HY34W3L
Wo0H 19 034NJ3 ONd MJIHL HINI-Z/T°NOISN3L ONNBd |

$334930-0¢21
31001HK d64

T

AbO-HLh

$334930-00€

Ho1108

;a8 "9 4
§334930-06
37001W d01

?

@ -

Ab0-151

5338330-0L¢
| I

-

[=d0]eis pys]

1co0°0

0000°0

1000°0-

2000 " 0-

Z000°89-

1ooo0-"o-

gooo-o-

1c00°0

c000"0

S3HIONI

S3HONI

81



i

'

W30H
Uit

4

SHNBH 8h HO 4 dYN1BY3aW3)

1Y 33405 ONY MSTHL
NTM HAAWAN 3 75WHT

s
(&}

$313493530-5Y $1382:20-Q¢€
WLl 3732 W 431 WR1108 A700 TR dalt
f i = { o
91111\\1\\ntw * “M\\\\\\\\\\ﬁ ¥
L5ad-R1/
L350 20 = i 533402 -3T1¢
[ | [m | | i T
5 =
i
|
|
— -y
— o
e A g I__ £ = b x
i
7
|
{

A

HONI-S/T "NGISNIL
HU4 HidH1

o

anNfdd I
e
$334930-0

1785 In 421

804

LLE

-

[

—

g S I 1 Y D
!

n& 2l

HM SO, o

530
~ )
S

ICHEIR-A:
$31480:z8-a67
(2 e O

Tl

e

™Y

o
o 6

[}

(£
C
(]

(D)
jun]
=

Q200
Taan

cats

I I

o, ogq

]
0
'3

TH N

(%)
F i

82

SIHIN]



k.

- e

e ot

AR AN

wiclld 1d
[

isd-hklt

SR I T DR TS
I I

M ONDM

RS RN,

$33g3=20-a21

SuMOH

gh "Hed
g BT ] el AR
& HIHWNAN J15WHE

HO4 34851

W21:i08 ATTOTW 431
I ]
PRISIEREE TS, Ui
l T

JdN1ZH3d4nW3

340

Wil 18

e
cm I 30 -8
3

© q6¢

Yttt

Cihtv

1

/meZMH anfiRd T

(.

41l

€

£330 73
£007°0-

TI8070
2atn-g
£C00°0
®532°0

i

> IHIN

r
.

SAHIN

e N

83



o

-/
wiaJE 1B
b L DM NG DM
$33e0356-06
k11138 47007 el

G sl e =L E

——— e — — —

A T

1

Nt

H1aWNN

bty T !
1Mok
J 5=
37301

SHPOH Eh Y4

HINI-c/ 1 "NOISNIL
A4

&
S SHE 4 N 3450
2

digd W2 1108

AYNIBYIanW 3]
gnNTod 1
‘eQy U4
1392302

ATTOH

| I

)

T

A et (MG

5 IS - B

——

SNt

S S

QoenTa
GRS S
LR RANE
SiEoo 0=

s _u_Q.... 3 G
R3320
302070

GAHIN ]

84



W B SHOSE She

Wdlld 1Y 044dn3
NI R DR

Hy[M

13535367

RINUIREY ddl

] |

Eh

A9id-hLt

533”3 30-a0¢

w»

T

—~

1
W\\\\\\\\c

P

a1

Ny

MITHL

A78GINW

SHNGH

gh Y24 2"NibYIakil

HINI-Z2/1T 'NGISN3L

HIAdWNAN FTaWHS HUd MHIdgH1
£33e330-021

GNPEd
ddigd © Wy 4
£33d030-06
1128 1700 IW
_ ﬂ-

&
A9a-157

$334230-0L8

] T

L

5§01 i3~

&)
o

G3HINI

HIN

m
(S

85



APPENDIX D
Elevated Temperature Test Data of Samples 4 and 6 not included in

the Main Text.
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