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NOTICES

The findings in this report are not to be construed as an --
official Department of the Army position unless so
designated by other authorized documents.

I
Destroy this report when it is no l onger needed. Do not
return it to originator. -

This project has been accomplished as part of the US Army
Manufacturing Methods and Technology Program which has as -.
its objective the timely establishment of manufacturing
processes, techniques or equipment to insure the efficient
production of current or future defense programs. -
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ABSTRACT

Cross-plied , oriented film was received at the beginning
of this period .

Test specimen fabrication was begun using this material .
Both full sca’e and subscale specimens were fabricated .

Thirty-two subscale and twelve full scale test panels
were fabri cated under a variety of preconditioning steps
and molding conditions.

The specimen fabrication results were evaluated and a —

molding procedure developed for the initial engineering
sample molding trial .

A technique for creating a vacuum chamber between caul
plates was developed . This procedure which utilizes a
silicone rubber seal on an aluminum frame was tested on
both subscale and full scale specimen fabrication.

Surplus orientation equipment was purchased , inspected ,
and stored at Swedlow. - - —
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ABSTRACT

Cross-pl ied, oriented film was received at the beginning
of this period.

Test specimen fabrication was begun using this material . 
-

Both full scale and subscale specimens were fabricated .

Thi rty-two subscale and twelve full scale test panels
were fabricated under a variety of precondition ing steps
and molding conditions .

Ii
I i

The specimen fabrication results were evalua ted and a
molding procedure developed for the initial engineering -

sample molding trial , a

A technique for creating a vacuum chamber between caul
plates was developed . This procedure which utilizes a
sili cone rubber seal on an alum i num frame was tested on
both subscale and full scale specimen fabrication .

Surplus orientation equipment was purchased , inspected ,
and stored at Swedlow.
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1 1.0 PURPOSE

I 

The purpose of this program is to establish production techniques
and production capabilities for the manufacture of armor panels.
The armor panel s are intended for use wi th flat radar antenna to

I 

provide protection from munitions fragments .

The armor panels will be fl at molded sheets of various sizes and
edge finishes . The sheets will be molded from cross-plied assem-

I blies of unidirectionally oriented , blown film made from a di-
electric grade polypropylene . A protective over lay will be molded
into the panel surfaces and camouflage will be incorporated in or

r onto a portion of the panels.

The program is divided into four tasks as described below :

Step 1 Engineering Samples

Two sets of two each panels will be produced in order to
demonstrate the ballistic capabilities of the selected
materials and processes.

Step 2 Confirmatory Samples

Ten sets of two each panels of various sizes , thicknesses ,
-. and camouflaging methods will be produced in order to
-: demonstrate the total capabilities of the panels in regards

to environmenta l stability , electronic transmission , and
— ballistic characteristics. In addition , camouflaging

te~hniques and panel trim and edge fusing will be
demonstrated .

-. Step 3 Pilot Run

Thirty-two sets of two each panels will be produced in
-. order to demonstrate the capacity of each production

step and verify the capability of the line to fabricate
at an acceptable rate .

j ~ Step 4 Production Capability Demonstration

An in-plant demonstration will be held in order to show
the production capabilities of the pilot production line
to invited representatives of i ndustry and government.

The first quarterly report described in detail the program
T objectives , tasks , and schedule.

I I -1- 

~~~~~~~ - . - -~~~~~~~~~~~~~ --~~~~~~~~~~~~~



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---“—-- .-- —— --- -,.—- —- .-—- - —---—-- - - - 
~~~~~~~~~~~ 

.-
~
-- —--

2.0 INTRODUCTION

The following is a combined report for two quarterly periods
covering the time period from March 1 , 1978 through August 31 , 1978.

During this period the oriented film material supply problem was
resolved and sufficient mandrel cross-plied material was received
to support the program.

It was also determined that the balance of the oriented film re-
quired for the contract would be government supplied .

Additionally, surplus film orientation equipment was purchased that
provides the basic components of a film orienting line if such a
line is required for future film production .

Testing during this period covered both subscale and full scale
process development. The problems and results are discussed in
this report.

In addition , special tooling was developed to create a between caul
plate vacuum chamber. The design and development of this tooling
is also descri bed in this report.

-2-
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3.0 ORIENTED FILM

3.1 Cross-Plied Oriented Film Pads

During this period ninety cross-plied film pads were received .
These pads were mandrel cross-plied by Engineering Technology of
Salt Lake City from a film extruded and oriented by Phillips
Cheir~ cdl Corporation .

The cross-plied pads were wound to a nominal areal density of
1.25 lbs/sq ft and cut into 38” x 50” pads.

Material for the balance of the program will be oriented by
AMMRC Watertown , Mass., and supplied as government furnished
material. The cross-plying task will agaiii be performed by
Engineering Technology .

3.2 Film Orienting Equipment

As an extension of the program , surplus film orientation equip-
ment was purchased from Phillips Fiber Corporation . This equip-
ment originally setup as a part of two film orientation lines ,
includes draw rolls , restraining rolls , and radiant heat ovens.

Required in order to setup this line would be the refurbishment
of the surplus equipment , the addition , of off-
winding ~‘d on-winding stations , and an upgrading or repl acement
of the control equipment.

Swedlow has completed an inspection of the surplus equipment and
has prepared proposals covering equipment setup costs .

The surplus equipment is presently being stored at Swedlow pending
a decision on its use.

1~I
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4.0 TEST SPECIMEN FABRICATION

4.1 Genera l

During this report period thirty-two subscale specimens have been
fabricated. The specimens were prepared in order to evaluate
various steps in the molding process as well as preconditioning
steps.

In addition , twelve full scale specimens were mol ded so that scale
up problems and production tooling and equipment could also be
evaluated .

These forty-two specimens were molded under a variety of precon-
ditioning and molding procedures that are described in the next
paragraphs.

4.2 Description of Molding Procedures

4.2.1 Materials

The first six specimens were hand cross-p lied from a -oil of film
supplied by AMMRC and received November 30, 1977. The balance of
the specimens were molded usin g material cross-p lied by Engineering
Technology of Salt Lake City and received March 23, 1978.

4.2.2 Preconditioning

Preconditioning included low vacuum (20-25 inches Hg) application
for various time periods , low vacuum in conjunction with an oven
heating cycle , and low vacuum followed by a high vacuum (29 inches
Hg minimum). A preconditioning at a very high vacuum (4 x 10 ‘

~

Torr) in a high vacuum chamber was also used prior to vacuum
bagging of one specimen.

4.2.3 Molding Conditions

Specimens were laminated under various evacuation conditions. In-
cluded were film stacks molded under the followin g conditions:

Film stacks uncontained No vacuum

Film stacks vacuum bagged 1) Low vacuum
20-25 inches Hg

2) High vacuum
29 inches Hg minimum

-4-
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Film stacks evacuated in a High vacuum
chamber created by making 29 inches Hg minimum
a seal between the caul plates

The molding pressure used to fabricate the forty-two sample panels
ranged between 2000 and 3000 psi with 2200 psi being used on the
majority of the samples.

In order to evaluate a possible thickness control method , some
panels w~ ‘e mol ded using die stops set to the nominal panel thick-
ness. In this case full molding pressure is mainta i ned until the
die reached the stops. At this point and during cool down , the
effective pressure rapidly drops.

Figure 1 on the following page shows three different procedures
used during the molding of the samples.

4.2.4 Molding Containment

Specimens were molded both between open press platens and in con-
taining matched metal molds . In both cases various edge con-
straints were employed .

Specimens molded between platens were either unrestrained film
stacks between caul plates with no edge pressure or vacuum
bagged specimens with a side pressure of less than 15 psi.

Specimens molded in the containing mold also have several varieties
of edge constraint and edge pressure . Six of the specimens were
cut to fit the cavity with various clearances used . These spec-
imens could have edge pressure up to the panel molding pressure
(2000 psi nominal) depending on clearance and film stack hydraulic
characteristics.

Other specimens were molded using foamed alum~num spacers aroundthe edge of the film stack. This open cel l foam has a comr’ressive
strength of approximately 100 psi and this limits the effective
edge pressure to this value .

4.2.5 Temperature Monitoring

All specimens were monitored by using .003 - .006 inch diameter
thermoauples at the specimen mid-stack. Panel surface temperatures
were also monitored by inserting thermocouples i nto the top and
bottom caul plates .

I

-5-
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In the cases where the mid-stack thermocouple was stretched , broken ,
or otherwise rendered non-functional , the lamination cycle was
completed by utilizing a caul plate temperature or time cycle.

4.2.6 Laminat ing Equipment

Subscale panel moldings were done in a 50-ton hydraulic laboratory
press equipped with electrically heated platens and thermostatically
controlled.

The full scale samples were molded in a 2000 ton hydraulic press.
The match steel mold and platens were steam heated with the
temperature controlled by steam pressure regulation.

4.2.7 Molding Results

Table I presents a summary of the specimen molding results. The
compilation includes an identification of the materials used , pre-
conditioning steps , a molding cycle description , and comments on
final molding results .

I —
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4.3 Problem Discussion

Defects that were encountered during specimen fabrications included
surface and subsurface delamination or non-lamination , air entrap-
ment , warpage , and opacity caused by excess heat and/or contami-
nation ,

The major and repeating defect was delamination , especially de-
lamination of the surface plies , This condition occurred to some
extent on all panels.

4.3.1 Delamination

As noted above , delamination was a major and common defect. The
fol lowi ng genera l observations are made in connection with the
degree of delamination associated with various processing variables ,

Degree of Delamination
Not

Process Variable Increased Decreased Affected

Increased panel size X

Increased time/temperature X

Addition of protective plies X

Discontinuity at surface X

Aluminum foil separator x

Oven pre-drying cycle x
(under vacuum)

It can also be noted tha t the delam inations were generall y asso-
ciated with the edges of the panel and the outer plies and were
not associated with apparent high pressure areas.

Possible causes of the delamination problem are :

1) Non-lam ination due to variations in effective pressure
(caused by variations in stack thickness , caul plate
var ia ti ons , or material edge flow during cure),

2) Non-lamination due to contamination.

-15-
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3) Non-lami nation or delamination due to trapped moisture or
other outgasing medium ,

Process changes that will be made in order to up-grade processing
steps and to minimize delami nation causes are noted below :

1) Increased dwell time ,

2) Use of aluminum foil separator.

3) Additional film preconditioning steps designed to aid in
moisture removal .

4.3.2 Air Entrapment

Trapped air has been an intermi ttent problem in the smaller samples
and has always been present to some extent in the full size panels.

Longer , higher temperature laminating cycles tend to decrease the
problem as does additional dwell time at the higher temperature .

In addition , although panel evacuation has not shown a consistent
relationship with air entrapment , the elimination of as much air
as possible prior to and during the molding cycle appears to be a
necessary step.

In order to accomplish this objective on future moldings , in
addition to the specification requirement of 29 inches Hg vacuum
minimum , the containment will be sufficientl y leak free to main-
tain vacuum with minimal vacuum drop when the vacuum line is
closed off. (The target will be a maximum vacuum drop of 5-inches -

Hg in five minutes.)

4.3.3 Warpage

Warpage is associated with three different laminating conditions ,
1) temperature differences across the panel faces during cool
down , 2) low laminating pressure , 3) excessive side pressure
during molding .

In order to minimize the fi rst warpage cause , a stepwise cool down
cycle utilizing steam pressure control will be initiated .

The second cause dictates the discontinuance of molding to stops .
This will prevent pressure loss during cool down .

I

-16-

—
~~~~~~~~~~~ - - - .



-~~ - -

Net contained die molding will also be discontinued in order to
el iminate the third warpage cause.

4.3.4 Opacity Caused by Overheat or Contamination

The heat caused mol di ng problems w i ll be controlled by usin g a
slower stepwise heat-up cycle.

Contam i nat ion , however , i s a more diff i cult problem to control in
that the contamination source or sources are not positively
identified.

Possible contamination sources are :

1) Moisture or contamination within the film pads as received .

2) Contamination from the caul plates or peel ply.

In order to decrease the possibility of moisture entrapment problems ,
future panels w i ll be p recond i t i oned w ith two long mo i s ture removal
steps. First , the loose film stack will be subjected to a very
high vacuum (10 4 Torr or l ower). The ~tack w i ll then be evacuated
and subjected to an oven heating of 225 F while under a moderate
vacuum (20—25 inches Hg) prior to final high vacuum conditioning.

Revise d , degreasing/clean ing procedures will be used to m inimize
contamination from the caul plates. In addition , f i lm surfaces
will be covered with aluminum foil in order to further minimize
caul plate contamination and eliminate any contamination that
might originate from the peel ply.

4 .4 Mol di ng Proce dure - Engi neer i ng Samp les

The follow i ng i s an outline of the proposed procedure to be use d
in the fabrication of the full scale engineering samples. This
procedure incorporates the changes discussed in the preceding
sections -

Mold ing Stack Preparation

Shear pads to over size dimension

Combine pads and remove plies to weight (thickness) required

Cover both surfaces with four plies of protective film
(Hercules 8-500)

j 1. Shear stack to final molding dimensions

— 1 7—
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Cover both surfaces with 1 1/2 mil aluminum foil

Cover foil with .005 nylon fabric

Position on 3/8 inch thick aluminum caul plate

Posi ti on frame seal , foamed aluminum spacers and insert
thermocouple at mid-stack (Figure 2 sho -~ 3/8-inch panel
and 1-inch panel molding assembly)

Mold i ng Assem bl y Precond i ti o~t~~
Plac e assem b ly in high vacuum chamber and hold for 24 hours
minimum at l0-~ Torr minimum

Hold assembly at low vacuum 20-25 inches Hg and 225°F minimum
for 15 hours minimum

Hold assembly under 29 inches Hg minimum vacuum for one (1)
hour minimum. (Evacuated assembly shall not drop more than
5 inches Hg in f ive minutes) ,

Molding Procedure

Loac 1 assembly into the matched steel chase mold pre -heated
to 225°F

Raise the temperature stepwise by increasing the steam
pressure in 10 psi increments until mid-stack temperature
reaches 350°F

Hold the assembly at 350 to 353°F for 20 minutes minimum

Reduce temperature stepwise by decreasing temperature in
10 psi increments to 300°F

Turn off steam and force coo l the assembly (water cool press
platen) to room temperature .

Heat Treat iny~~an e l

Holding the panel flat between aluminum plates , heat treat
at 200°F for four (4) hours minimum. Heat up and cool down
time is to be one ~l) hour mini m um.

- -18-
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5.0 CAUL_PLATE SEALING

5.1 General

During this period a method of seal ing the assembly between caul
plates was developed. The method u t i l i zes  a thic k walled silicone
rubber tube bonded onto an aluminum frame .

Caul  p la te to caul  p l a te sea l i n g a l l o w s  the evacua t ion of an -

assembly between caul plates without use of a vacuum bag.

As the seal frames are reusa b l e , they are expected to require much
less labor and materials than the vacuum bag method. The method
i s a l s o  exp ec ted to be more rel i a b le , efficient , and cleaner than
loading into an integral matched mold vacuum chamber.

The arrangement although requiring two separate seals , al l ows the
sealing frame to be placed around the film stack after it is
positioned on the l ower caul plate . This eliminates the difficult
task of dropping the film stack into a cavity or removing a
molded panel fro’u .

~ cavity .

Several seal configurations were considered and tested. The thick
walled tube seal was selected because it was readily available
and had a longer -each and was more compressible than the solid
rubber configurations.

5.2 Des c r~ption , Frame Seals

Figure 2 (Frame Seals) shows the fram e seal for both the 3/8-inch
thick panel film stack and the one-inch thick panel film stack.

The 3/8-inch panel frame has ~ 1/32-inch flat silicone seal on one
side and a 3/8-inch diameter by 0.080-inch wall tube sea l on the
other side . Using this frame the chamber must be evacuated
throug h a caul plate vacuum passage.

The frame seal for sealing the one-inch film stack employs two
3/8-inch diameter by 0.080-inch wall tube seals bonded onto a
D /8’- inch thick aluminum frame . The configuration a l lows suff ic ie nt
room the the vacuum tube to he brought out through the frame .

F igure 3 (Frame Seals Asse l-bly) shows a cross-section of the film
assembly sea l as it would appear during the molding operation.

The above described frame seals were fabricated during this period
and are scheduled for trial at the beg inning of the next period.

I

1.
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6.0 PROGRAM FOR NEXT PERIOD

6.1 Process Development

Continue process studies on problem areas defined in Section 4.3
in order to evaluate and extend the proposed solutions .

6.2 Processing Procedure

Using the results from the above study , revise as required the
processing procedure for the fabrication of the Engineering
Sample panels (Section 3.4).

6.3 Engineering Sample Panel Fabrication

Using the developed processing procedure , fa b r ica te a set of
Engineering Sample panels (two each 0.375-inch thick and two
each 1.045—inch thick panels).

6.4 Router Trim Fixture

Design and fabricate a router trim f ixture for trimming the
Engineering Sample panels.
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