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" The general objective of this project was to determine the optimum
processing conditions for the large scale conversion, by molding and
laminating of oriented polyolefin film into fragment resistant transparent
armor suitable for Army aircraft glazing applications. The manufacturing
process must produce a laminate with sufficient adhesion to resist debonding
during thermal cycling and yet react as a laminar structure during ballistic
impact.
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To accomplish the objectives required the completion of the following six

major tasks.

° Preparation of reference film and sheet to which all other film
and sheet could be compared.

° Effect of film characteristics including evaluation of additional
films compared with the reference film and the seiection of film
for optimization.

e Molding of flat sheet to optimize the molding process.
e Protective covers evaluation and selection.
o Process specifications that describes the selected materials and

the procedure for converting the film into molded sheet having
the desired properties.

° Production of film and bonded sheet in accordance with the
process specifications.

These tasks were accomplished in consecutive order so that a film material
or processing condition frorn one task found to improve transparency and
ballistic performance could be used in tiie next task.

These tasks were successfully performed, in the order listed, and the general
objective of this project has been achieved. An optimum process has been

established, and in the process, areas of further development have been
identified.
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EXECUTIVE SUMMARY

This program has demonstrated the manufacturing technology for a laminated
polyolefin film transparency yielding ballistic protection equivalent to
polycarbonate at considerable weight savings. Technical requirements met by this
program include acceptable levels of light transmission, haze, interply strength,
surface protection, optical deviation and ballistic performance. Processing
parameter mits were identified through statistical designed experimentation.
Typical production transparencies have been delivered for evaluation.

INTRODUCTION

In 1976, the Army Materials and Mechanics Research Center, (AMMRC), Water-
town, Mass., contracted with Swedlow, Inc. to determine the optimum processing
conditions for the large scale conversion, by molding and laminating of oriented
polyolefin film, into fragment resistant transparent armor suitable for Army
aircraft glazing applications.

The manufacturing process must produce a laminate with sufficient adhesion to
resist debonding during thermal cycling and yet react as a laminar structure during
ballistic impact. To maintain the ballistic properties of the oriented film requires
that the manufacturing process not disturb the orientation, for complete fusion
int¢ a homogenous mass degrades the ballistic capabilities.

In addition to supplying the labor and required facilities, Swedlow applied its
experience gained as a fabricator of high-quality aircrafit transparencies and
structural laminates to the development of the manufacturing technology of
transparent polyolefin armor.

BACKGROUND

Early work conducted by AMMRC demonstrated the potential application of
molded oriented polyolefin as a fragment resistant transparent armor material.

This early work was done by AMMRC using a polyolefin film with a fluid
compression rolling orientation of approximately 4.5 : |, (four and one half times its
original length). Such orientation increases the tensile strength from approxi-
mately 4800 PSI to 33,000 PSI in the machine direction. The strength in the
transverse direction is slightly reduced, from 4800 PSI to 4600 PSI.

To take advantage of this increased directional strength of the oriented film,
successive layers of the film are cross-plied at 900, (Reference 5).

Results of the initial AMMRC studies indicated that molded polyolefin would
provide the same level of protection against the .22 caliber |7 grain fragment
simulator as polycarbonate at approximately half the weight of polycarbonate.
Such potential weight savings is highly attractive for aircraft applicarions.
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PROCEDURE

The program was divided into six major tasks. Each task was performed in
consecutive order, as listed, so that a film material or processing from one task
found to improve transparency and ballistic performance could be used in the next

task.

TASK I
TASK I

¢

TASK I

TASK IV

TASK Y

TASK VI -

Preparation of Reference Film and Sheet
Effect of Film Characteristics

Molding Flat Sheet

Protective Covers

Process Specifications

Prcduction of Film and Bonded Sheet

The performance levels desired for the oriented polyolefin film and molded panels
are shown in Table . The test methods utilized are also shown in Table 1.

All film assembly was conducted in a clean room, class 100,000 or better, in
accordance with Federal Standard 209. Clean, disposable, polyethylene gloves
were worn at all times when handling the poiyolefin film or moided sheet.




TABLE }
FILM AND MOLDED PANEL REQUIREMENTS

Performance Level Applicable Material
Property Desired Test Method Film Molded Panel
Sonic Modulus Maximum ASTM F 89 X
or
Orientation Release Maximum ASTM D 1504 X
Stress
; Haze <3 percent ASTM D 1003 X X
'
Light Transmission >85 ASTM D 1003 X X
Resistance to Minimum of 5 ASTM D 756 X
Debonding Cycles without (Procedure E,
Debonding -57C low tem-
perature)
1 Thickness t 5 percent ASTM D 374 X X
Ballistic Maximum Ballistic MIL-STD-662 X
Resistance (1) Limit
Maximum Deviation <7 minutes of ASTM D 88i-48 X
of line of sight Arc £
Interlaminar Shear None Specified To be selected X H
Strength (2) by the '
Contractor (3) }1
1
(I} Ballistic resistance determined by the Government l
(2) Although AMMRC did not specify a performance level, Swedlow established an objective
of 1000 PSI minimum.

(3) The test method used is defined in paragraph 4.6.9 of MIL-P-25690 (Reference 10).




Task | - Preparation of Reference Film and Sheet

The objective of this task was the preparation of a reference rolled film and
molded sheet representing the current state-of-the-art. The results obtained
formed the basis of comparison for materials and processing developed under
subsequent tasks.

Hercules N40O, roll oriented by American Can tc an orientation of 4.5:], was
selected by AMMRC to be the reference film. The film was furnished to Swedlow
by AMMRC.

Table 2 shows some of the typical properties of the N400 film before and after roll
orientation.

TABLE 2
TYPICAL PROPERTIES HERCULES N-400 FILM

Film Values

Property Unoriented Oriented(!)
Thickress, Inches 0.005-0.0056 0.0011-0.0013

Tensile Strength, PSI
Machine Direction 4794 32,620
Transverse Direction 4813 4,600

Elongation, Percent

Machine Direction 595 29
Transverse Direction 665 655
Light Transmission, % 91.4 93.1
Haze, % 18.4 1.5

(1) Fluid compression rolling orientation,4.5:] reduction

A chase mold with inside dimensions of 12" x 12" was fabricated in accordance with
Swedlow drawing 77050. As originally built, water cooling capability was not
provided. Results of the first two moldings indicated a slight decrease of haze
with rapid mold cooling. Therefore, the 12" x 12" mold was redesigned and
modified to provide for water cooling. Subsequent moldings demonstrated that
rapid cooling of the mold was not necessary to obtain clear moldings.

i
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Preliminary molding trials were conducted using the cycle furnished by AMMRC.
The cycle furnished was:

Temperature: +325°F
Pressure: 2000 PSI
Time: 10 minutes dwell

The following procedure was established for initial moldings in Task 1.

o The film was laid-up, oversize, by cross-plying successive layers of film
and then trimmed to the 12" x 12" molding size with a power paper
cutter.

o The cross-plied package was dried, under vacuum, for 6 hours at
+220°F.

0 Pressure was applied prior to heating and was maintained throughout

the cycle until the molded sheet had cooled to approximately +130°F,

The iritial moldings were not transparent. Several additionu. melding trials were
conducted, varying the molding and drying conditions. All resulted in moldings of
low light transmission.

At this point it was determined that there was no norticeable diiference in the
moldings as a result of the film drying temperature. Therefore, drying the film at
room temperature, under vacuum, became the standard.

At the direction of the Technical Supervisor, moldings of NS00 film, roll oriented
by Revere, were made. These moldings also exhibited low light transmission. In
addition, cross-plied samples of N&00, roll oriented by Arnerican Can, were
supplied to AMMRC for evaluation. Since the moldings produced by AMMRC from
these cross-plied samples also had low light transmission, it was concluded that the
N&400 film, roll oriented by American Can, was at fault and not the Swedlow
processing. Samples of films and laminates were submitted by the Technical
Supervisor to Hercules for examination. IR analysis showed that the clear laminate
marde in the initial work and believed to be N4QO homopolyrmer was actually N600
honopolymer (N400O designates copolymer film). This mixup led to the mistaken
designation of N400 as the reference film instead of N600. Also, the 3 and L0 mil
films labeled N60O, rolled by Revere, and used in molding trials number 10, 12, 25,
26 and 27 were actually N400, (The N600 films roiled by American Co. were
corectly labeled.) Aithough the film designated N40O0ll rolled by Revere was not
examined, it is suspected that this is actually N60D.

Also at the direction of the technical supervisor, samples ot B-503, a biaxially
oriented film, were tried. This filmn resulted in clear moldings of high light
transmission.

Molding trials Number 15 and 16 were submitted to AMMRC fcr establishment of
the reference material ballistic limit. These moldings were produced from N400
film, roli oriented by Ametican Can.
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The Vsg limit for the molded N40C reference material was 1221 ft./sec. for
Number 15 and 1238 ft./sec. for Number 16. The ballistics tests were conducted by
AMMRC using caliber .22, 17 grain fragment simulating projectiles (MIL-P-46593)
per MIL-STD-662A except for the averaging of 6 rounds instead of 10 within a
spread of 125 ft/sec. for the V5q ballistics limit velocity.

The moldings produced in Task 1 were Numbers | through 16. A summary of the
Task | molding trials is contained in Appendix A. The actual molding cycles are
contained in Appendix B as Figures I-1 through 1-5. The light transmission of the
N400 moldings ranged from a low of 12% to a high of 56%. Appendix C contains
the individual light transmission and haze readings obtained on Molding Number 4.

Task 1l - Effect of Film Characteristics

The objectives of this task were to@ evaluate additional films and compare them
with the reference film, N400, from Task I; and select the one film for
optimization, that was found to possess, overall, the qUalitites required to produce
transparent peclyolefin armor with the desired performance level.

A total of 23 additional films were received. Eleven films were originally received
and are shown in Table 3.
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Film
N-600
N-600 (1)
AT-61
B-503
P-2102
pP-818B
N-400-1I (3)
Capacitor
X-207
B-500
SK-300-2

TABLE 3
TASK I FILMS

Manufacturer

Hercules
Hercules
Crown Zellerbach
Hercu.es
Toyoba
Mobil
Hercules
General Electric
Cryovac
Hercules

Trea

(1) Film identified as N600, is N400

(2) Biaxially oriented film

(3) Film suspected to be N600.

_Rolled By

Armerican Can
Revere
American Can
(2)

(2)

(2)
Revere
()

)

(2)

(2)

An additional 12 films, shown in Table 4, were received later in the program.
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TABLE &
‘ TASK I FILMS |
3
t Film Manufacturer Rolled By
{ EK-500 Hercules (1)
E NB81-59-99-1 Diamond Shamrock Archer
! NB81-59-99-2 Diamond Shamrock Archer (2) ;
NB81-59-99-2 Diamond Shamrock Archer(3) :
NB81-59-99-3 Diainond Shamrock Archer(4) ?
NB81-59-99-3 Diamord Shamrock Archer(5)
NB&!-59-99-4 Diamond Shamrock Archer
NB81-59-99-5 Diamond Shamrock Archer
PP-41-6300-4153 El Rexene Archer
Dart Ind. El Rexene Archer E
4230-E Eastman Tenite Archer ﬁ
AT-40 Crown Zellerbach Archer |

(1) Biaxially oriented film
(2) 10:1 Orientation

(3) 12:1 Orientation

(4) &:1 Orientation

(5) 6:1 Orientation

g e mrapn AH e

Properties for all 23 films received in Task Il are shown in Table 5.
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TABLE 5
RESULTS OF FILMS RECEIVED IN TASK I

Light
Transmission Haze Thickness

Film (ype Ciientation (%) (%) (Inches)
N600 (1) Homopoiymer 4:] 91.9 1.2 0.0015
N600 (2) Homopolymer 31 92.2 3.7 0.0025
AT-61 Homopolymer 4:1 92.3 3.5 0.001
B-503 Homopolymer (3) 92.4 1.3 0.001
P-21G2 Homopolymer (3) 92.0 3.0 0.002
P-8iB Homopoiymer (3 92.9 4.0 0.002
N40OII (4) Copolymer 3:1 93.1 4.8 0.001
Capacitor Homopolymer &) 93.3 5.4 0.001
X-207 Homopolymer (3) 92.8 1.7 0.001
B-500 Homopolymer (3) 92.8 1.4 0.002
SK-300-2 Copolymer (3) 92.4 3.5 0.003
EK-500 Homopoly mer (3) 92.2 1.3 0.001/0.0012
NB81-59-99-] Homopolymer 10:1 92.9 15.0 0.0025/0.0027
NBR81-59-99-2 Homopolymer 10:1 91.3 9.7 0.0025
NB81-59-99-2 Homopolymer 12:1 92.3 11.0 0.0025
NB31-59-99-3 Copolymer 4:1 92.5 6.0 0.0035
NB81-59-99-3 Copolymer 6:1 92.7 9.5 €.0032
NB81-59-99-4 Copolymer 8:1 92.5 6.5 0.002
NB81-59-99-5 Copolymer (5) 8:1 92.2 7.2 0.0028
PP-41-6300-4153 Homopolymer 10:1 92.6 10.6 0.002/0.0028
Dart Ind. Homorgolymer 3:1 91.2 22.0 0.0035
4230-E Homopolymer 10:] 90.2 12.2 0.002
AT-40 Copolymer 6:1 92.3 4.6 0.0012

(1) Oriented by American Can

(3) Biaxially oriented
(5) U. V. Stabilizer

by Revere, is N400 Copolymer

(2) Film identified as N600 Homopolymer, oriented

(4) Film suspected to be N600 Homopolymer

Of these 12 additional filrs, 3 were to be selected to complete a total of 14 films
for Task Il evaluation. The 12 films were evaluated to determine which 3 should be
included in Task Il. The method used to rate the fiims, and the results obtained,
are contained in Table 6.
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TABLE 6
FILM RATING(!)

| i Luminous | L Film i Fiim - Roll Degree | Total
1 v Transmission ' Haze ! Condition I Caiiper | condition of Orient. i Wnefghted
! Fim . WT 10 | WTe9 I WT a7 [ WTes I Wt e WT = 3 | ccore

i Sco"'/‘i-score ~ Score/| Score | Score Score ‘

l:
' !;./Ht x S¢ L/Ht x S¢ Wt x Sc¢ /Ht x S¢ /Ht x Sc Wt x S¢

i Hercules T | s 12

EX 509 g 60 108 | " g4 ! 26 1 16 24 I 17
|

0fa. Sham. I! 1/ l 2 7 1 i !
. h H
o1, i 120 | 18 a9 | a5 12 /33 ! 277

. Dfa. Sham. [ u //‘ /| 8 | s i %
o=y 10 d 110 54 o 0 2 B e
L D, Shem. I s R 3 L0 | e p
A ;/50 36 ' 14 40 Roll 26 | 17¢
' pla. Sham i 10 10 12 3 10 l
oo 73 8 - 100 90 70 50 12 20 362
| Ofa. Shan 1 /! 7 5 ‘ n 4 9 i
L 36 j 80 63 |~ a2 55 18 2 a3
I Dla. Sham 8 71 9 8 7 2 10
poo-4 8l |'-,///30 |_/nf 56 2 8 30 299
| ots. Sham e 1 8 T - 10 1 - 12 I
v -5 8 W) " 0 L—" 5l 77 56 a ! 30 263
© g1 Rextne e .5 s 1 IS "
. -4183, 10:1 i 90 a5 | 15 59, 20 23 273
rfﬁl Rexene I 4 : 1 i 9 12 1 3 10 |
(Dart), 8:1 L a0 1~ 9! 63 60 | 12 0 . 214
Eastran 3 — '//'i/ 7 | 4 N
4230-%, 10:1 _/0 ; a! - / w | T 169
Crovn Ze'1. g I /= | 6 BE |
AT 40, &:1 Gl 70 i 99 7 w | 12 27 235

(1) LOGIC: weight Highest value given to properties regarded 3s most important to produce a 500d
laminate {clarity, Min. Haze, etc.)

Score Applied as follows.

(1) Lum. Trans. highest rec'd highest score, (2) Haze
Lowest rec'd highest score., (3) film and roll condition
Subjective judgement Best appearance, highest score
(4) film caliper - Thnickest film highest score. (5) Orientation
Greatest orfentation, highest score

RITE Ties or similar values received same score.

Th_e thr_ee films selected were the Diamond Shamrock NB81-59-99-3 with 8:l
orientation, the Hercules EK-500 and the E| Rexene PP-41-6200-4153.

In addition to the properties reported in Table 5, Orientation Release Stress was

determined on the fourteen Task II films, plus the N400 Task I reference film. The
results of this testing is summarized in Table 7 for the fifteen films. The

10
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Orientation Release Stress testing was conducted by an independent test laboratory
and copies of the test reports are contained in Appendix D.

TABLE 7
RESULTS OF ORIENTATION RELEASE STRESS TESTING

Orientation Release Stress

Maximum
Temperature Direction
Attained Machine Transverse
Film (°F) (Psi) (Psi)

N-400 250 838 Ni]
N-600 (Am.Can) 275 435 Nil
N-600 (Rev,) (1) 250 529 Nil
AT-61 250 552 Nil
B-503 325 289 205
P-2102 318 131 151
P-81B 332 174 330
N-400 II (2) 262 469 21.8
Capacitor 328 B 324
X207 334 - 499
B-500 335 288 298
SK-300-2 328 486 51.4
EK 500 335 254 290
NB81-59-99-3 276 656 1.2
PP-4{-6300-4153 305 615 1.2

(1) Film identified as N600, is N400,
(2) Film suspected to be N60U.

Moldings, 12 inches by 12 inches by 20 ounces/footZ, were prepared of each of the

14 Task 11 tilms. A total of 57 molding trials were made in Task I (Number 17
through 73).

11
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The moldings were evaluated for light transmission, haze and ballistics. The
ballistics testing, to determine the Vsp limit, was conducted by AMMRC as
described in Task I.

The average results obtained are shown in Table 8. N-400, the Task I reference
film, is included for comparative purposes.

TABLE 8
RESULTS OF FILM MOLDINGS IN TASK I

MOLCED PANEL PROPERTIES

IGHT

TRANSMISSICN HAZE V.. {FPS}
FILM MAKUF ACTURER (%) s ER
N-400 HERCULES 12.9-56.C 34.3-45.9 1221-1238
N-600(1)} HERCULES 17.2-62.0 74.0-3100.G 1074
H-600(2} HERCULES 87.0-91.0 1.0-8.0 495
AT-61 CROWN ZELLERBACH 64.0-75.0 34.6-36.9 328
B-503 HERCULES 76.0-83.0 3.0-8.2 1935
P-2102 TOYO0BA 78.2-83.0 23.19-27.0
p-g18 MOB L 72.5-74.0 7.0-11,
N-400 11(3) HERCULES 84.0-88.0 11.5-28.0 37621025
CAFACITOR GENERAL ELECTRIC 73.0-82.0 4.0-9.0
x-207 CRYCVAC 76.0-85.0 5.0-8.0
8-500 HERCULES 82.0-84.0 3.0-5.0
SK-300-2 TREA 37.2-88.0 5.0-18C.0 1234
EK-500 HERCULES 87.0-90.0 1.6-4.0
NB81-53-93-3 DIAMONT  SHAMROCK 10.2-43.0 35.C-75.0 975-1525
PP-41-6300-4153 EL KE INE 55.0-92.0 11.5-44.9

(1) Fiim identified as 6Ly, rolled by Revere, ‘s Ndv

(2) Rolled by American Can

(3) Film suspected to be N60CQ

A summary of the Task Il molding trials, Numbers 17 through 73, is contained in
Appendix A. The actual molding cycles are contained in Appencix B as Figures ll-i
through 11-20.

12
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The individual light transmission and haze readings obtained on moldings produced
in Task I, Numbers 17 through 73, are contained in Appendix C.

The results of the moldings produced in Task [1 were reviewed with AMMRC and
Hercules EK-500, a commercially available biaxially oriented homopolymer poly-
olefin fiilm, was the material selected for optimization.

As can be seen from Table 8, 12 inch by 12 inch by 20 ounces/footZ2 moldings
produced from the Hercules EK-500 film possessed the following properties.

Light Transmission > 87%
Haze <4.0%
Ballistic Resistance Vs 975 - 1025 feet/second (F.P.S.)

Typical properties of the Hercules EK-500 film are shown in Table 9.

TABLE 9
TYPICAL PROPERTIES HERCULES EK-500 FILM

i ey v

PROPERTY XEEEE
SPECIFIC GRAVITY 0.902
TENSILE STRENGTH, PSI 30,000 MACHINE AND TRANSVERSE
JIRECTIONS
1 TERSTV E MOCLLYS, PS] 350,000 MACHINE AND TRANSVERSE
DIRCCTIONS
ELONGATION, % 70-100
3 LIGHT TRANSMISSION, % 22.0
HAZE, % < 2.0

WATER ABSORPTION, % < 0.005
THICKNESS, INCHES 0.001

Task Il - Moiding Flat Sheet

The objective of this task was the optimization of the molding parameters to
convert the oriented EK-5C0 film into fragment resistant transparent armor.

13
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Sufficient EK-500 film was purchased to complete the contract. The light
transmission, haze and orientation release stress was determined on the purchased
film. The results obtained are shown in Table 10. The orientztion release stress
testing was conducted by an independent test laboratory and a copy of the test
report is contained in Appendix D.

TABLE 10
EK-500 FILM PROPERTIES

rroperty Result
Average Light Transmission (%) 93.7
Average Haze (%) 2.2

Orientation Release Stress

o Maximum Temperature Attained (°F) 324
o Average PSI, Machine Direction 214
o Average PS], Transverse Direction 156

Prior to the process optimization, a study was conducted to determine if cross-
plying of the EK-500 was necessary, since the EK500 film is biaxially oriented. As
previously discussed, cross-plying of the uniaxially oriented polyolefin film,
(~4.5:1), was found 10 be necessary to take advantage of the increased tensile
strength produced by the orientation.

Six moldings, (Trial Numbers 74 through 79), 12 inches by !2 inches by 20
ounces/foot4, of cross-plied and non-cross-plied EK-500 film were produced and
the ballistic limits determined by AMMRC. It was concluded that there was no
noticeable difference between the cross-plied and non~cross-plied EK-500 film.
Therefore, cross-plying of the EK~500 film was not required.

To optimize the molding parameters for the EK-500 film, an experimental plan was
prepared utilizing the Box-Behnken method for variables (Reference 8).

The Box-Behnken design for the variables consists of twelve edge points all lying on
a single sphere about the center of the experimental region, plus three replicates
of the center point. The Box-Behnken experimental plan establishes the para-

meters considered optimum.

The range of parameters evaluated to optimize the molding process are as follows:

Temperature: 300°F, 330°F, 360°F

Pressure: 100 psi, 1550 psi, 3000 psi

Time: 1 minute, 30 minutes, 60 minutes
14
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Included as Figure |, is the Box-Behnken design which depicts the parameters
established to determine the optimum processing cycling.
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FIGURE 1

BOX-BEHNKEN DIAGRAM
PARAMETERS ESTABLISHET' O
DETERMINE OPTIMUM PROCESSING CYCLE
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Included in Appendix E, is a copy of Swedlw, Inc. Engineerinng Report No. 943
"Test Procedure for Determining the Optimum Processing Condition fcr Transpar-
ent Polyolefin Film Armor".

A total of 20 moldings, (Trial Numbers 80 through 99), 12 inches by 12 inches by 20
ounces/footZ, were prepared in accordance with Report No. 348. Of these, i6 were
submitted to AMMRC for determination of the Vsg limit.

The results of the light transmission and haze of all 20 moldings, as well as the Vsq
limit of the 16 moldings, are shown in Table 11, In addition, the conditions used for
each of the 20 moldings is included.

Figure 2 is the Box-Behnken design which depicts the results obtained on the
parameters established, (light transmission, haze and ballistic limit).
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FIGURE 2

BOX-BEHNKEN DIAGRAM
RESULTS OF PROCESSING VARIABLES

QOf the 4 moldings not ballistically tested, three were evaluated for preliminary
resistance to debonding in accordance with ASTM D-756 procedure E(-57°C low
tempeiature). The edges of the moldings were machined to remove edge
delaminations. The moldings were measured prior to each cycle and were observed
for debonding at the completion of each cycle. The detailed results are contained
in Table 12.
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I TABLE 12

RESULTS OF RSISTANCE TO DEBONDING
TESTING PER ASTM D-756, PROCEDURE E(-57°C)

PANEL _NO. B1 (330°F, 1550 PSI, 30 MIN.)

Neignt Wigth Length Thickness {(In.: 4

Condition {Gms) {ins) (Ins) Ctr. 1 2 3 a !
Qriginal 473.7 10.83 19.75 .278 . 269 .275 275 . 285
First Cycle 3741 16.73 19.69 .281 .¢67 278 .279 .270
Second Cycle 474.0 10.73 10.69 .282 .268 2’8 .2719 .27
Third Cycle 3741 10.72 10.67 .283 .269 .278  .281 .270
Fourth Cycle 473.8 10.59 10.56 .288  .275 .284  .287 .27%
Fifth Cycle £73.9 10.61 10.56 .288 .274 .284 .287 276

NOTE:  Very sligiit edge debonding after the fifth cycle.

% PANEL MO. 98 73.5°F, 3000 PSI, 30 MIN.)

T T T YRR T e

weight Width Length Thickness (Ins.)

Condition (Gms ) {ins) {ins) Ctr 1 2 3 4 4
Original 503.4 10.95 11.91 .263 . I61 .252 .283 .254 %
First Cycle 503.5 10.91 11.83 LEf4 263 254 .245 25¢ :
Second Cycle  503.5 10.89 11.88 24 L2648 .255 .286  .256
Third Cycle 503.4 1£.83 11.86 .264 263 .254  .245 (257 . E
Fourth Cycle 503 4 10.36 11.81 .266  .264  .256  .2486  .259
Fifth Cycle 503.3 10.36 11.33 .265 .264 .25%6 .249 259

NOTE: Edge delamination and warpage after first cycle
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TABLE 12 (CONTD)

PANEL NQ. 92 (330°F, 500 PSI, 60 “1K.)

weight Width Length Thickness (Ins.)
Cendition (Gne) (Ins) (Ins) Ctr 1 2 3 4
voriginal 5173 10.69 11.80 .276 .279 L2771 L1267 (267
First Cycle 516.4 1C.64 1n.72 .218 278 .278  .268  .269
Second Cvcle  536.4 10.54 1W.70 279 278 279 .270 .270
Third Cycle 516 .3 10.64 11.69 2i8 .277 .278 269 2N
Fourth Cycle 5i6.2 10.53 11.56 292 283 .286 216 .28%
Zifth Cycle 516.4 10.53 11.55% .291 .289 .287 278 284

WJTE: tdge delamination and warpage after rirst cycle

Based on the light transmission, haze and ballistic limit results contained in Figure
2 and Table 11, the preiiminary resistance to debonding contained in Table 12 and
moldings of EK-500 produced in Task I, the following was selected as the optimum

cycle.
Temperature:
Pressure:

Time:

Location of thickness readings {all paneis)

2000 psi

+330°F

30 Minutes

20

y
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A typical moiding cycle, time versus temperature, is illustrated in Figure 3.

500
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CYCLE TIME (MINUTES)

FIGURE 3

TYPICAL MOLDING CYCLE

An additional 21 moldings, Trial Numbers 100 through 120, 12 inches by 12 inches
by 20 ounces/footZ, were prepared using the processing cycle selected as the
optimum. These moldings were utilized for testing to the requirements established
for molded polyolefin film armor (Table 1 of Task 1). Sorme of the moldings, (#107,
108, 109, 110, 113 and 114), exhibited high haze, originally thought to be due to
excessive moisture, However, it was subsequently determined, in Task 1V, to have
been caused by localized hot spots in the molding tocl.

The following tests were conducted by Swedlow, Inc. sn the moldings prepared in
Task Il using the optimum processing cycle.

c Light transmission and haze

0 Thickness

21
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] ] Deviation of line of sight
é 0 Interlaminar shear strength
o Bond tensile strength
0 Resistance to debonding 1
Additional moldings were prepared using the optimum processing cycle and 1

submitted to AMMRC for balilistics testing.
The results of the Swedlow testing is as follows:

o Light Transmission and Haze 1

Test procedure: ASTM D-1003

The minimum to maximum range of light transmission and haze for trial
numbers 100 through 120 are contained in Table 13.
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Trial
Number

100
101
102
103
104
105
106
107
108
109
1i0

LIGHT TRANSMISSION AND HAZE

TABLE 13

TESTING AT +75°F PER ASTM D-1003

Light

Trans (%)

72.3/83.3
74.3/83.4
79.5/84.9
80.1/84.5
78.6/82.9
78.5/83.3
77.8/82.7
81.1/85.0
79.3/86.2
81.3/86.7
62.7/82.7

Haze

(%)

2.5/9.1

3.7/6.7

3.5/6.8

2.1/4.6

3.0/5.0

2.4/5.7

3.2/5.7

3.0/11.9
4.0/25.7
2.6/12.9
4.3/91.3

23

Trial
Number

111
112
113
114
115
116
117
118
119
120

o E£TF =1

Taem e L e P T

Light Haze
Trans (%) (%)
77.5/84.7 3.4/5.9
79.7/84.4 1.6/4.9
72.2/85.1 4.1/63.9
75.8/84.9 2.9/56.6
81.4/86.9 0.9/3.8
82.1/86.0 2.2/4.6
82.3/84.6 1.3/4.5
82.7/85.9 2.5/6.7
81.6/85.0 2.6/4.9
81.7/84.8 2.3/4.8
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o) Thickness
Test Preccdire:  ASTM D-374

Trial Numbers 105, 116, 118 and 120 were selected for determination of
thickness.

Table 14 contains the results obtained.

TABLE 14
THICKNESS
TESTED AT +75°F, PER ASTM D-37&%

PANEL THICKNESS (INCHES) AVERAGE
NUMBER 1 2 3 4 5 THICKNESS (INCHES)
105 .280 . 265 2N 2N . 248 2N
Rl 116 .281 .247 2N .276 261 2N
‘ 118 275 .276 .261 .279 , 252 .269
! 120 .279 .256 .28 274 .258 .270
[
PANEL THICKNESS VARIATION
NUMBER {INCHES) (%)
108 +.020,-.023 +7.4,-8.5
116 +.020,-.024 +7.4,-8.9
118 +,010,-.017 +3.7,-6.3
120 +.011,-.014 +4,1,-5.2

LOCATIOUN OF THICKNESS READINGS (ALL PANELS)

-
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o Deviation of Line of Sight

Test Procedure: ASTM D-88{-48.

I L__......“A‘_...m.._.u_ﬁ

Trial Numbers 105, 116, 118 and 120 were also selected for deter-
mination of deviation of line of sight.

Table 15 cc..tains the results obtained. !
TABLE 15

MAXIMUM DEVIATION OF LINE OF SIGHT
TESTED PER ASTM D-381-48

PENEL HORIZONTAL/ ANGULAR OEVIATION {MINUTES) FER LOLATION
NUBER vertieadd 1 2 3 4 s 6 7 8 9 19 11 12 13 w15 g
!
105 H -9 -0 -7 -5 =N -9 -7 -5 <13 -8 -6 -5 -0 -8 -1 -5 [
v -5 -§ -5 -3 -4 -5 -5 -3 04 0 0 0 +5 % +3
105 H +5 +7 +5 +4 +3 +4 +3 +*2 +) Q -1 -1 -3 -3 -2 -2
{Rotated 90°) v -8 -9 -6 -2 -~10 -10 -6 -5 <16 -i0 -5 -5 210 .10 -6 -5
116 H -6 -4 9 430 41 -3 «2 46 6 -4 4 45 .5 .1 42 42
v <10 -0 -1 -1 3 -1 -0 -8 -85 -5 <7 -8 -1 -3 -5 -5
116 H 410 +11 415 413+ +11 +10  +9 44 e3 +] o+ 4l P R
(Rotated 90°) v -6 -5 - 2 -7 -6 0 +3 -6 -6 -1 2 -5 -5 -1 +2
18 H -9 6 -4 -2 -0 -7 -4 -1 2 -6 -2 -1 -0 7 33
v i} -2 -2 0 -2 -3 -2 A *2 *l 0 4 +5 -3 +5  +8
18 H 0 0 0+ 4 43 #2090 = 2R, c B A -5 -4 !
(Rotated 90°) v -8 -7 -4 -2 10 -7 -4 1 =10 -7 -3 0 -8 -7 -6 -2 I
|
- -3 - 1 0
120 H -7 -4 +1 +1 =10 -6 ] +1 -7 -2 1 *I. 3 1 + ‘
v -7 -9 -8 -l -6 -3 -8 -7 -5 -1 -4 I Y 2 2

47 4B +11 #1044 5 #5  +6  #2 <5 43 #3  +3 2 & '(],

o -1 -5 0 41 -8 -7 0 +2 -8 -6 0 «2 -7 -5 0

<
(Rotated 90°)

- X

Notes: (1) HORIZONTAL - Readings left or right of the vertical zero line, intersecting the nortzontal zero line.
VERTICAL - Readings above or below the horizontal zerc line, intersecting the vertical zero line.

LOCATION OF KEADINGS {ALL PAHELS) .
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o Interlaminar Shear Strength

Test Procedure:  Military Specification MIL-P-25690, Paragraph 4.6.9

The specimen configuration used for determination of interlaminar
shear strength is shown in Figure 4.
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TEST SPECIMEN CONFIGURATION i‘
INTERLAMINAR SHEAR STRENGTH b

FIGURE & :

L,

Trial Numbers 101, Lil, and 114 were selected for interlaminar shear : ‘
strength testing. Trial Number 114 was included in this determination i

because of the presence of high haze. )

( Table 16 contains the results obtained.
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TABLE 16
INTERLAMINAR SHEAR STRENGTH

TESTING AT +75°F PER MILITARY
SPECIFICATION MIL-P-2569C, PARAGKAPH 4.6.9

PANEL SPECIMEN {NTERLAMINAR
NUMBER NUMBER SHEAR STRENGTH (PSI)

1751
1713
1781
1367
1685

fverage: 1659

P ro —

m 1689
1456
1572
1517

1795
Average: 1606

W B N —

114 980
947
1168
¢38
1024

Average: EEY

VB~ —

Although the high haze penel, (No. 114), had approximately forty percent less
interlaininar shear strength than the panels without high haze, (No. il and L11),
the average of ¢51 PSI was very cicse to the original target value of 1600 PSI as
specified in our pronosal 75-0301i, paragraph 2.4.

The panels without the high haze had average interlaminar shear strengths of 1606
and 1659 PSI, well above the origiral target value of 1300 PSI.

e} Bond Tensile Strength

In addition to tne interlaminar shear strength, bond tensile strength was
also determined on molding trial numbers 101, 111, and 114.
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The specimen configuration used for determination of bond tensile
strength is shown in Figure 5. Backup material was bonded to the
molded polyolefin test specimens to accornmodate the test fixture.

PACKUP MATEZIA-
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TRANS PARESNT
ARMOR,

TEST SPECIMEN CONFIGURATION

BOND TENSILE STRENGTH
FIGURE 5

Testing was accomplished at +75°F at a loading rate of 200
pounds/minute.

Table 17 contains the results obtained.
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TABLE 17
BOND TENSILE STRENGTH
TESTING AT +75°F

PANEL SPECIMEN BOND TENSILE
NUMBER NUMBER STRENGTH !Q_Si) TYPE FAILURE
10 1 137 faflure ot
2 148 adhesive te¢
3 150 backup
q 170
5 159
Average: 155
1m 1 143 Failure of
2 169 adhesive 19
3 153 backup
4 166
s 133
Average: 153
14 1 49 Conesive
2 44 failure of
3 51 lamination
b 40
s 55
Average: 48

The bond tensile strength exhibited similar results to the interlaminar
shear strength, The high haze pane! had approximately seventy percent
less bond tensile strength than the panels without high haze.

Resistance to Debonding

Test Procedure: ASTM D-756, Prczedure E (-57°C)

Trial numbers 102, 106, and 115 were selected for resistance to
debonding.

Very slight edge delamination was observed after the first cycle on two
of the three panels. The third panel did not exhibit any delamination.
There was no change to any of the panels at the completion of the five
cycles.

29
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The detailed results of the debonding testing are contained in Table 18.
Table 19 contains the luminous transmittance and haze of the three
panels after completion of the resistance to debonding tests.
TABLE 18
RESULTS OF RESISTANCE TO DEBONDING

TESTING PER ASTM D-756, PROCEDURE E(-57°C)

‘ PANEL NO. 102

Weight Width Lengtn Thickness (INS)
Condition (GMS) (IKS) (INS) Ctr. \ 2 3 4
¢ original 570.3 11.89 .92 276 .242 257  .286  .273
! First Cycle 570.1 11.80 11.86 279 .246 262 230 .278
g second Cycle 569.3 11.83 11.86 278 .246  .262  .290 .278
] Thard Cycle 570.1 11.83 11.86 278 246 .262  .28%  .279
Fourth Cycle 571.5 .8 11.86 278 .286 260 .28C  .279
1 rifth Cycle 570.2 11.83 11.86 276 287 262 .290 278

PANEL t0. 106

i Weight  Width Length Thickness (INS)

Condition (GMS) _(INS) (INS3 Ctr. 1 2 3 4

Originai 567.2 11.89 17N .275 244 259 .287  .267
First Cycle 567.1 1.8 11.84 L2797 746 .26 292 269
Second Cycle 566.9 1.8 11.83 .278 246 .61 292 .270
Third Cycle 567.2 11.81 11,83 L2777 .246 262,292  .269
fourth Cycle 567.7 1.8 11.83 .276 .246 .26 .292  .269
Fifth Cycle 567.3 11.8) 11.33 .277 246 261 .2e2 270

NOTF:  VERY SLIGHT EDGE DELAMINATION AFTER FIRST CYCLE




TABLE 18 (CONT'D)

[}

<R,

i PANEL NO. 115

) Weight Width Length Thickness (INS)

) _ Condition (GM3) (NS} (INS) ctr. 10 2 2 4

. Original 570.1 11.89 11.89 .278 .24 .23 .287 274
First Cycle 570.1 11.83 11.89 .280 .246  .257 .29 .278
Second Cycle 5€9.7 11.83 11.89 .280 .236 .257 .290 278
Third Cycle 57G.4 11.81 11.88 .280 .246 L2537 .29 .278
Fourth Cycle 568.8 11.81 11.39 .280 . 246 .256 .29 L2128
Fifth Cycle §70.90 11.81 11.89 .280 .246 .257 .291 278

NOTE:  VERT SUIGHT EDGE DELAMINATION AFTER FIRST CYCif




TABLE 19
LIGHT TRANSMISSION AND HAZE
AFTER RESISTANCE TO DEBONDING
TESTING AT +75°F PER ASTM D-1003

LOCAT{ON OF READING

Panel Humber 1 2 3 4 5
102 LT = 79.6 80.1 8.3 8.5 79.4
H = 3.6 3.0 3.7 3.9 3.2
106 LT = 80.7 80.¢ 791 79.2 79.2
H = 3.9 3.0 4.6 3.9 4.0
115 LT = 83.2 82.8 81.3 81.5 81.5
H = 2.9 2.9 3.8 3.0 2.8
' 2
3
4 S Location of light
transmission and
haze readings

The molded polyolefin armor experienced a light transmission loss of 0.2 to 2.5%
and an increase of haze of 0.5 to 1.4%, as a result of the debonding testing.

Previous studies have shown that interlaminar adhesion sufficient to resist debond-
ing is required, but complete fusion into a homogenous mass is undesirable.
Resolution of these apparently conflicting requirements was accomplished under
Task III efforts.
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A summary of the Task Il molding trials, Numbers 74 through 120, is contained in

Appendix A.

34.

The actual molding cycles are contained in Appendix B as Figures Ili-1 through [1I-

The individual light transmission and haze readings obtained on each of the
moldings, trial numbers 74 through 120, are contained in Appendix C.

Attached as Table 20 are the resuits obtained on Task NI moldings, and are
compared to the original program objectives.

Property

Light Transmission (1)

Haze (1)

Resistance To
Debonding

Thickness Tolerance
Maximum Deviation
of Line of Sight

Interlaminar Shear
Strength

Ballistic Resistance
Vs0

TABLE 20

RESULTS OF EK-500 PANELS MOLDED

USING OPTIMUM CONDITIONS

Result

Original Objective

74.3 to 86.9%
0.9 to €.8%

1 panel no debonding,
5 cycles (#102)

! panel, very slight
debonding after
Sth cycle (#81)

(~0.060 In)

2 panels, very slight
debonding after
st cycle, (-0.060 In)
No change after 5
cycles (#106 & 115)

(+)3.7 to7.4%
(-) 5.2 t0 8.9%
0 to 10 minutes of arc

951 to 1659 psi

975 to 1025 FPS

(1)Moldings with high haze not included.
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> 85.0%
< 3.0%

Minimum of 5 cycies
without debonding

+ 5.0%

< 7 minutes of arc

> 1000 psi

Maximum
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The original contractuai requirement specified that the polyolefin panels were to
be mclded "net" to prevent delamination induced by a machining opeation. Cutting
to dimensions would be permitted if it was demonstrated that such cutting resulted
in no edge delamination.

During the Task III effort it was determined that molded polyolefin panels could be
machined without causing delamination. Figure 6 shows a typical panel machining
operation. To prevent delamination, a 0.125 inch thick sheet of acrylic is placed on
each side of the molded panel. Sufficient pressure is applied to prevent slippage.
Routing is then accomplished with an 18,000 RPM hand held router using a 0.500
inch diameter, two flute carbide inlaid router bit. As long as the router bit was
kept sharp, there was no delamination.

— y ‘/\(\_,:\1;:_)
\'ﬁ \ \\ N I{‘lr',ﬂr]i;\ROUTER COLLAR

0. 125 ACRYLIC

N \ 0.500 DIAMETER
) ) ROUTER B!

PRESSURE AREA

PAMEL MACHINING PROCEDURE

FIGURE 6
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Task IV - Protective Covers

The objective 2f this task was the selectior and evaluation of materials to be used
as protective covers for the molded polyoiefin panels.

In its current form, polyolefin lacks good resistance to ultraviolet exposure and is
not recommended for continuous outdoor use.

Polyolefin material, like polycarbonate, requires surface protection when subjected
to outdoor exposure.

Many f{ilms and sheet materials were consicered for possible application as
protective covers. In order to keep the overall weight of the composite to -
minimum, the following materials were selected for evaluation in Task IV.

0 Diamond Shamrock film number NB-81-59-99-5, U.V. stabilized. Nom-
inal thickness 0.0028 inches.

0 Polyviny! Fluoride (PVF) Film, U.V. stabilized. 'Tedlar" from DuPont.
Nominal thickness 0.001 inches.

) Polymethylmethacrylate (Acrylic) Film, U.V. stabilized. "Korad" from
Korad, Inc. a subsidiary of Georgia-Pacific Corp. Nominal thickness
0.003 inches.

0 Abrasion Resistant Coating (A.R.C.).

A total of 17 moldings, Trial Numbers 121 through 137, 12 inches by 12 inches by
20 ounces/foot?Z, were prepared in Task IV.

Trial Numbers 121, 122, 124, and 126 were molded with Diamond Shamrock film
NB-81-59-99-5 (U.V. stabilized) on the exterior surface(s) as follows:

Trial Nos. 121 and 122 Two plies on each surface
Trial Nos. 124 and 126 On ply on one surface only

The addition of the Diamond Shamrock film resulted in moldings of excessive haze.
Moldings with two plies of film on each surface had average haze values of 32.3
and 29.6 percent, and the moldings with one ply film on one surface only had
average haze values of 14.2 and 14.5 percent.

Because of the resulting high haze, the Diamond Shamrock film was deleted from
the program.

Trial Number 127 was molded with Tedlar (PVF) film cr each surface. The Tedlar
film would not bond to the polyolefin film during the molaing cycle. One molding
was tried, no trial number, with Tedlar (PVF) and Korad (Acrylic) film on each
surface. As with Trial Number 127, the film material would not bond to the
polyolefin film during the molding cycle.
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Because the Ted!ar and Korad Films wotlld not bond to the molded polyolefin, it
was decided to laminate the film to the polyolefin with an interlayer. Preliminary
studies indicated fair adhesion could be achieved with Polyvinyl Butyral (PVB) or
Silicone.

Six moldings, Trial Numbers 112, 118, 120, 128, 129 and 130 were utilized for
application of protective covers, with an interlayer. Trial Numbers 118 and 120
were surfaced on both sides with an acrylic film, (Korad), 0.003 inches thick,
bonded to the molded EK-500 with Polyvinyl Butyral (PVB). The adhesion was fair.
During lamination of Trial No. 120, the glass caul broke on one side, with
considerable glass adhering to the composite.

Tria: Numbers 112 and 128 were surfaced on both sides with a polyviny! fluoride
film (Tedlar), 0.001 inches thick bonded to the molded EK-500 with PVB. The
adhesion was fair, although incomplete bonding was encountered. Trial Numbers
129 and 130 were surfaced on both sides with the Tedlar Film, 0.00! inches thick,
bonded to the molded EK-500 with Swedlow Silicone. Although the adhesion was
better than that obtained with the PYB, the Tedlar film developed wrinkles during
the laminating cycle.

Light transmission and haze was measured on the six surfaced moldings and the
results are contained in Table 21. The readings were taken in areas of the
composite to avoid, as much as possible, unbonded areas, etc. A comparison of the
data was made with the molded panels prior to surfacing.
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TABLE 21
LIGHT TRANSMISSION AND HAZE
OF PANELS WITH PROTECTIVE COVERS
TESTING AT +75°F PER ASTM D-1003

KCRAD/PVB PROTECTIVE COVERS

Panel Number e 2 3 4 5 6 7 8 2 0

118 LT = 80.9 80.3 79.8 80.2 79.5 79.5 79.4 79.6 80.0 82.7/85.9
H = 9.3 8.4 9.1 8.9 7.4 7.9 8.5 8.7 8.4 2.5/6.7

120LT = 76.1 - - 77.6 - - 78.2 78.7 78.4 81.7/84.8
H = 22.2 - - 19.4 - - 14,7 14,0 13.7 2.3/4.8

TEDLAR/PVB PROTECTIVE COVERS

1121LT = 31.1 78.4 77.9 80.0 77.9 77.9 79.0 77.9 76.5 79.7/84.4
H = 14.0  18.1 15.4 16.0 16.0 15.3 14.2 15.8 14.6 1.6/4.9

128 LT = 83.0 B82.7 82.2 82.6 8.6 80.3 8.3 8l.2 80.6 82.3/86.1
b B 12,7 12.7 13.5 13.3  12.9 13.4 12.6 12.0 12.8 3.3/4.7

TEDLAR/SILICONE PROTECTIVE COVERS

129 LT = 79.8 78.6 78.4 78.7 77.1 79.2 77.1 78.6 77.4 82.7/85.8
H = 20.8 16.5 7.4 17.6 17.1 17.9 18.4 17.7 16.8 3.0/4.2

130LT = 80.7 78.8 77.4 80.5 78.2 77.2 80.1 79.3 79.3 82.3/86.1
H = 19.7  19.9 264 16.2 21.5 18.3 17.9 le.l 192.9 3.3/4.7

(1) Minimum to maximum readings of light transmission and haze -
prior to application of protective covers.

Location of light transmission
and haze readings

l 2 3 ®

4 S

7 8 9
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Molding trials Number 123, 125, 131 and 132 were coated with Swedlow protective
coating $5-6590. All four panels exhibited watrpage, due to the method used to
support the panels during cure. The protective coating had reasonably good
achesion to the molded polyolefin. T

Light transmission and haze was measured on the four protective coated moldings
and the results are contained in Table 22.

TABLE 22
LIGHT TRANSMISSION AND HAZE
OF PROTECTIVE COATED PANELS
TESTING AT +75°F PER ASTM D-1003

LOCATION OF READING

Panel Number | 2 3 4 5 6 7 8 9 (1)
123LT = 88.0 87.2  86.4 85.1 87.7 85.5 84.8 84.3 86.2 83.2/85.L
H = 2.6 2.5 2.4 2.6 2.4 2.7 2.7 2.2 2.2 3.0/4.0
125LT = 86.2 85.9 8.1 85.5 84.8 86.1 86.3 86.2 87.5 82.8/84.:
H = 2.3 3.0 27 2.0 2.0 1.8 2.2 2.2 2.2 2.5/3.2
I31LT = 87.3 85.0  84.1 82.7 83.4 85.6 85.7 83.9 84.0 82.6/86.°
H = 1.5 1.3 1.3 L7 L. 1.3 1.7 1.7 2.0 2.3/4.9
132LT = £5.1 83.0  83.1 83.2 82.4 84,8 85.5 84.4 84.2 81.0/84.°
H = 2.3 5.4 29 2.3 52 1.8 1.6 1.8 1.7 3.1/6.2

(1) Minimum to maximum readings of light transmission and haze -
prior to application of protective coating.

Location of light transmission
and haze readings

| 2
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All the molded polyclefin paneis with Korad and Tedlar protective covers experi-
enced a decrease in light transmission and an increase in haze, whereas all the
molded polyolefin panels with the protective coating experienced an increase in
light transmission and a decrease in haze.

Five molded polyolefin panels, 12 inches by i2 inches by 20 ounces/foot?, with
surface protection, were submitted to AMMRC for evaluation. Three panels had
Korad and Tedlar protective covers and two had a protective coating.

An examination of the five protected panels, and the data contained in Tables 21
and 22, resulted in the selection of the coating as the means of protecting the full-
size windows to be produced in Task VI.

A summary of the Task IV molding trials, Numbers 121 through 137, is contained in
Appendix A.

The actual molding cycles are contained in Appendix B as Figures IV-1 through IV-
10.

The individual light transmission and haze readings obtained on each of the
moldings, Trial Numbers 121 through 137, are contained in Appendix C.

It appears that the high haze of moldings 134, 135, 136 and 137 was a result of
localized hot spots during molding. A second thermocouple was used in molding
Number 137 in the location of the high haze of moldings 134, 135 and 136. As
shown in Appendix A, Task IV ar4 Appendix B, Figure IV-10, the high haze area
reached a2 maxiumum temperature of 9°F above the control area.

The localized hot spots were apparently a result of the molding tool, since the haze
pattern tended to follow the water cooling pattern.

However, since the requirement for 12" x 12" panels was fulfilled, rework of the
molding tool was not conducted.

Task V - Process Specifications

The objective of this task was the preparation of Process Specifications that
describe the selected starti~~ materials and detail the procedures for converting
oriented film into bonded sheet of optimal ballistics, optical and debending
characteristics.

The following specifications were prepared, based on the data generated in Tasks !
through 1V, and are included in Appendix E.

Enegineering Report No. 990

"Material Procurement Specification - Polypropylene Film for Trans-
patent Armor"

This specification establishes the material requirements to be accep-
table for the production of transparent film armor and provides the
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receiving procedure and test methods to be employed in assuring
conformance.

Engineering Report No. 991

"Process Specification-Production of Transparent Polyolefin Film
Armor"

This specification describes the materials and procedures required for
converting polyclefin film into bonded sheet.

The following drawings were prepared during the periormance of this contract and
are included in Appendix F.

Swedlow Number 77050

Assembly-Chase Mold (12"x12") - AMMRC. Transparent Armor Test
Plaques.

Swedlow Number 30025

Assembly-Chase Mold-AMMRC. Transparent Armor Windows.

In addition, the following drawing is included in Appendix F for reference purposes.
AMMRC CD-1
Transparent Polypropylene Film Windows.

Task VI - Production of Film and Bonded Sheet

The objective of this task was to produce film and molded sheet in accordance with
the process specification generated in Task V,

A chase mold with inside dimensions of 16" x 27" was fabricated in accordance with
Swedlow Drawing 80025. Since it had been previously determined that water
cooling of the mold was not required to produce clear moldings, such cooling was
not incorporated in the tool.

A total of 19 moldings, Trial Numbers 138 through 156, were prepared in
accordance with Engineering Report Number 991,

Trial Numbers 138 and 1139, which were 12 inches by 12 inches by 20 ounces/foot2,
were used to verify the molding cycle. Both moldings were clear, indicating
satisfactory molding conditions. The individual light transmission and haze
readings obtained on molding Trial Numbers 138 and 139 are contained in Appendix
C.

Trial numbers 140 through 156 were 16" x 27" moldings, from which triangular
windows per AMMRC drawing CD-1 could be obtained. Each 16" x 27" molding was
large enough to obtain two windows. Trial numbers 140 through 149 were nominal
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0.094 inch thick, (7.12 ounces/foot?), and trial numbers 150 through 156 were
nominal G.313 inch thick, (23.71 ounces/ioot2).

As reported in Task 1V, it was determined that the fuil-size trianguiar windows
would be coated with a protective coating.

Molding trials 140, 141, 144, 147, 149 and 156 had varying defects such as
delamination, wrinkles and dimples which made them unsuitable as windows. These
moldings were used for protective coating evaluations.

The moldings to be utilized as windows, moldings 142, 143, 145, 146, 148, 150,151,
152, 153, 154 and 155 were coated, in the tull 16" x 27" size, with Swedlow's
protective coating S$5-6590Q. After cozting and curing both sides, triangular
windows per AMMRC drawing CD-l, as shown in Figure 7, were machined from
each molding. Each molding yielded two windows, except molding No. 151, where
only one window could be obtained due to slippage during machining.
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AMMRC DRAVING CD-1
FIGURE 7

Light transmission and haze was measured on the 21 individual CD-l trianguiar
windows and the results are contained in Table 23.
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TABLE 23

LIGHT TRANSMISSION AND HAZE
OF TRIANGULAR WINDOWS
TESTING AT +75°F PER ASTM D-1003

Panel Nominal Location of Readings
Number Thickness (Ins.) 1 2 3 4
142-1 0.094 LT = 89.8 91.1 91.2 83.4
H = 2.0 3.4 3.2 3.1
142-2 0.094 LT = 89.5 89.6 89.1 88.C
H = 2.2 2.4 4.8 2.0
143-1 0.094 LT = 90.6 90.5 90.4 89.3
H = 2.3 4.4 2.6 2.4
143-2 0.094 LT = 90.5 90.4 90.5 89.8
H = 2.7 2.4 3.1 2.2
145-1 0.094 LT = 90.7 9.1 39.9 89.5
H = 1.9 2.6 2.4 2.7
145-2 0.094 LT = 90.0 90.5 91.0 89.6
H = 3.0 3.2 3.0 2.0
146-1 0.094 LT = 90.1 90.2 90.6 89.7
H = 2.6 2.7 2.9 2.8
146-2 0.094% LT = 90.5 90.8 90.6 89.6
H = 2.8 3.8 3.6 3.2
148-1 0.09¢4 LT = 88.5 89.8 88.9 838.0
H = 4.3 5.3 4.1 5.2
148-2 0.094 LT = 89.4 90.2 90.1 88.6
H = 2.8 2.2 i.9 2.9
150-1 0.313 LT= 83.5 84.4 84.5 83.2
H = 4.1 4.0 3.8 3.6
150-2 0.313 LT = 84.1 84.u 84.6 83.4
H = 3 3.6 4.4 5.3
151-1 0.313 LT- 83.8 84.C 84.6 83.8
H = 4.3 4.6 5.1 4.3
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TABLE 23 (CONT'D)

Panel Nominal Location of Readings
Number Thickness (Ins.) 1 2 3 4
152-1 0.313 LT = 85.0 84.9 85.1 84.4
H = 5.5 5.7 6.2 4.3
152-2 0.313 LT = 85.0 85.7 84.9 84.6
H = 4.9 5.6 5.9 5.5
153-1 0.313 LT = 85.6 85.1 84.1 84.6
H = 5.0 4.9 5.4 5.1
153-2 0.313 LT = 85.5 85.2 85.4 85.7
H = 5.0 5.2 5.4 5.1
154-1 0.313 LT = 84.7 85.2 85.7 33.7
H = 4.5 5.9 4.9 4.3
154-2 0.313 LT = 84.4 83.7 84.6 83.2
H = 2.8 3.7 4.0 2.6
155-1 0.313 LT = 84.9 86.3 84.8 84,2
H = 4.8 5.2 4.9 4.9
155-2 0.313 LT = 34.8 85.0 84,2 83.8
H = 5.1 5.8 5.1 5.1

The 21 individual CD-l triangular windows were dimensionally inspected for
conformance to AMMRC drawing CD-1. The results obtained are contained in
Table 24.
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] TABLE 2% i
F DIMENSIONAL RESULTS OF TRIANGULAR WINDOWS ]
t’ Panel Thickness (Inches) Dimensions (Inches) ;
Number 2 3 4 Reqt. 24.60 13.63 0.50 1.0 0.3IR 0.50R l.03R ’j

142-1 .100 .080 .087 .ll1é .094 24,51 13.55 .38 .95 ok ok ok ‘g

142-2 L103 .089 .0%0 .l19 .09 24.55 13.58 .40 .98 ok ok ok q

143-1 L095 .087 .099 .115 .094 24.52 13.55 .40 .89 ok ok ok
143-2 L1046 .090 .091i .1l4 .094 24.50 13.54 .40 .93 ok ok ok

145-1 .096 .087 .091 .112 .094¢ 24.49 13.60 .40 .97 ok ok ok

Mt o=

145-2 .095 .085 .095 .Il1 .094¢ 24.50 13.60 .40 1.00 ok ok ok

146-1 .090 .083 .087 .107 .094¢ 24.51 13.58 .44 .95 ok ok ok

l46-2 .092 .091 .092 .109 .09¢ 24.54 13.57 .45 .97 ok ok ok ;
i

148-1 091 .09% .098 .Il! .0%¢ 24,50 13.55 .47 1.00 ok ok ok é

148-2 .096 .089 ..00 .121 .094 24.53 13.58 .40 .94 ok ok ok
150-1 .291 .280 .302 .314 .313  24.50 13.56 .36 .86 ok ok ok %
150-2 .307 .288 .282 .330 .313 24.54% 13.55 .42 .94 ok ok ok
151-1 .292  .292 .289 .324 .313  24.51 13.58 .40 .95 ok ok ok
152-) .297 .285 .293 .329 .313 24,53 13.60 .40 .95 ok ok ok
152-2 .302 .302 .297 .333 .313  24.53 13.61 .40 .95 ok ok ok
153-1 L2318 .308 .312 .348 313 24.49 13,57 .42 .35 ok ok ok

153-2 2325 .300 .311 .348 .313 24.51 13.55 .40 .93 ok ok ok

1 154-1 .305 .292 .291 .331 .313  24.51 13.60 .40 .95 ok ok ok |
154-2 .307  .309 .307 .338 .313 24.53 13.57 .4l 95 ok ok ok g
155-1 J32¢ 0 .310 .310 .350 .313  24.51 13.55 .4l .89 ok ok ok
155-1 .316  .302 .326 .337 .313 24.51 13,54 .41 .90 ok ok ok ;
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1

3 Location of light transmissiun,
haze and thickness readings :

B
i
|
!

The following 20 CD-!| triangular windows were delivered to AMMRC.

o Ten windows nominal 0.094" thick, (7.12 ounces/foot2).
Two each Trial No. 142, 143, 145, 146 and 148,

P,

0 Ten windows nominal 0.313" thick, (23.71 ounces/foot?).
Two each Trial No. 150, 152, 153, 154 and 155,

In addition, 15 rolls, 0.001" x 32" wide of Hercules EK-500 Film was delivered to
AMMRC. The total net weight was 860 pounds.

A summary cf the Task VI molding trials, Numbers 138 through 156, is contained in
Appendix A.

The actual molding cycles are contained in Appendix B as Figures VI-1 through VI-
19.

CONCLUSIONS

Based on the results obtai.ed during the performance of this program, the
following conclusions can be reached.

0 The basic objective of this program, the determination of the optimum
processing condition for oriented polyolefin film, has been successfully
accomplished.

o The manufacturing technology has been established for the production
of transparent poiyolefin film armor having acceptable levels of light
transmission, haze, interply strength, surface protection, optical
deviation, machinability and ballistic performance.

0 As a direct result of the process optimization developed during this
program, Swedlow produced triangular shaped helicopter windows for
evaluation by AMMRC. The production of these windows demonstrated
the validity of the production process and the feasibiiity of process
scale up from the 12 inch by 12 inch by 20 ounces/ft2 size.

o A range of sizes and thicknesses are now capable of being produced in
molded oriented polyolefin.
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RECOMMENDATIONS !]
As a result of the work conducted under this contract, the following areas have 4
been identified where further development activity should be considered. :
o Improvement of the ultra-violet resistance of the orierted film. 5
|
L}
o Investigate additional protective covers and protective coatings. ‘
o Improvement of the bonding capability of the protective covers and
protective coatings.
o Determine practical limits of production, (thickness and size), and
effects on optical qualities and ballistic limits.
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DELIVERED ITEMS

During the performance of this contract, Task I through Task VI, the following
items have been delivered by Swediow, Inc. to AMMRC.

TASK

I

1

HI

33

15

23

ITEM
Moldings, 12" x 12" x 20 oz/f12
of N400 Reference Filmm (#15 and #16).

Layups, 14" x 14" x 20 oz/ft2
of N400 Reference Film. (Cross-
piies, unmolded). |

Moldings, 12" x 12" x 20 oz/ft2. |
2 each N600 (A.C.X#21 and #23) |
2 each Identified as N600 (Rev.),

(#25 and ##26}, are N400

3 each AT61 (#22,#29 and #34)

2 each B503 (#18 and #19)

2 each P 2101 (#32 and #33)

2 each X207 (#37 and #39)

2 each P81B (#38 and #49)

2 each G.E. (##40 and #46)

3 each B500 (#41, #44 and #438)

3 each Identified as N40JI1

(445, 1H47 and #52), suspected to be N6GO

4 each SK300 (#57, #59 #60 and #61)

2 each Dia. Shamrock (##65 and #66)

2 each EK500 (#70 and #71)

2 each El Rexene (#69 and #72)

Layups, 12" x 12" x 20 oz/{t2.
(Cross-plies, unmolded)

1l each P2102, N40Q I1

{Suspected to be N600),

N600 (A.C.), N60O (Rev.Xis N400) B503,
ATél, G.E., X207, P818, B500Q,

N400, SK300, Dia. Shamrock,

EX 500 and El Rexene.

Moldings, 12" x 12" x 20 oz/ft2

of EK 500 Film.

(#76 through #80, #82 through
#86, #88 through #91, #93 through
#97, #99, #104, #117 and #119,
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ITEM

2 Layups, 12" x 12" x 20 oz/ft2,
(Unmclded)
1 Cross-plied, 1 not cross-plied.

Engineering Report No. 948

"Test Procedure for Determining The
Optimum Processing Condition For
Transparent Polyolefin Film Armor™.

5  Moldings, 12" x 12" x 20 oz/ft2.
of EK 500 Fiim.
2 with 85-6590 protective coating
(#131 and #132).
3 with protective covers (#118,
##128 and ##130).

Engineering Report No. 990

"Material Procurement Specification -
Polypropylene Film for Transparent
Armor",

Engineering Report No. 991
"Process Specification - Production
of Transparent Polyolefin Film Armor".

20 Triangular windows per AMMRC
Drawing CD-1.

10 Windows 0.094" thick.
(2 each #1642, #143, #145, #146
and ##148).

10 Windows 0.313" thick.
(2 each #150, #152 through #155).

860 pounds of biaxially oriented EK-500
film. (15 rolls 0.001" thick by 32" wide)
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TASK 1

TASK 11

TASK 111

TASK TV

TASK VI

APPENDIX A

SUMMARY OF MOLDING TRIALS

- Trial Numbers 1 through 16

- Trial Numbers 17 through 73

- Trial Numbers 74 through 120

- Trial Numbers 121 through 137

- Trial Numbers 138 through 156
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TASK 1

PREPARATION OF REFERENCE FILM AND SHEET

Trial Numbers 1 through 16
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TASK TII

EFFECT OF FILM CHARACTERISTICS

Trial Numbers 17 through 73
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TASK 111

MOLDING FLAT SHEET

Trial Numbers 74 through 120
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TASK IV

PROTECTIVE COVERS
Trial Numbers 121 through 137
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TASK VI

PRODUCTION OF FILM AND BONDED SHEET

Trial Numbers 138 through 156
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TASK 11

TASK 111

TASK 1V

TASK Vi

APPENDIX B

MOLDING CYCLES

Figures I-i through [-5
Figures 11-1 through 11-20
Figures III-1 through 111-34
Figures IV-1 through 1V-10

Figures VI-1 through VI-19
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TASK [

TASK 11

TASK III

TASK TV

TASK VI

APPENDIX C

INDIVIDUAL LIGHT TRANSMISSION

AND HAZE READINGS

Trial

Trial

Trial

Trial

Trial

Number 14

Numbers 17 through 73

Numbers 74 through 120

Numbers 121 through 137

Numbers 138 and 139
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TASK 1

LIGHT TRANSMISSION AND HAZE
TESTING AT +75°F PER ASTM D-1003

Tria] Location of Readings
Number Film 1 2 3 4
14 N400Q L.7. (%) 37.0 37.7 35.1 40.0 29.9
Haze (%) 78.2 74.9 80.4 76.2 78.5
1 2
5 Location of
Readings
4 3
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TASK I1
LIGHT TRANSMISSION AND HAZE

TESTING AT +75°F PER ASTM D-1003

—

"

Location of Readings

Trial

Lo

Film

Number

B-503

17

B-503

18

w W
0™
e8]

T O

L ™M
@

3R 30

8-503

19

N600(AC)

20

N600( AC)

21

N O
m~ o
O =t

CJd o~

— 0
~ ™

wy u

[ag e )]

~ ™

AT 61

22

[en o))
o <

m~ —

[coqN o]

o~

O w

(Vp)

N600(AC)

23

n

~

o %
(a3}

Uy —

N600 (AC)

24

N60O(R) (1)

25

N60O(R) (1)

26

N600(R) (1)

27

[Cp RS

AT 61

28

AT 51

29

P 2102

30

P 2102

31

P 2102

32

p 2102

33




O VOO O NS WO —mPY M WO OO M VW O X

Location of Readings

Fage 2

Film

AT-61

34

LIGHT TRANSMISSION AND HAZE TESTING

TASK Il - Cont

Trial
Number
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Page 3

TASK 1T - Cont

LIGHT TRANSMISSION AND HAZE TESTING

Location of Readings

Trial

Film

Number

e e i e e

N-400, II (2)
B-500
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TASK II - Cont Page 4
LIGHT TRANSMISSION AND HAZE TESTING

Tria) Location of Readings
Number Film 1 2 3 4 5
70 EK-500 L.T. (%) 89.8 87.7 88.0 87.7 87.2
Haze (%) 1.5 ) 1.3 0 0.6
71 EK-500 L.T. (%) 87.: 88.3 88.5 88.8 87.5
Haze (%) 1.8 2.6 2.6 2.6 3.6
72 E1 Rexene L.T. (%) 58.8 55.2 54,7 57.5 63.0
Haze (%) 38.8 43.0 44,9 43.4 38.2
73 EK-500 L.T. (%) 84.8 85.8 85.7 86.7 85.0
Haze (%) 3.7 3.4 4.4 5.2 8.6

(1) Film identified az N609 (R), oriented by Revere, is N40O
(2) Suspected to be N6J0 film

Location of
Readings

I T i
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fage 2
LIGHT TRANSMISSION AND HAZE

TASK Il - Cent

(HERCULES EK-500 FILM)

Location of Reading

Trial

Number
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TASK 1I1 - Cont Page 3
LIGHT TRANSMISSION AND HAZE

(HERCULES EK-500 FILM)
LOCATION OF LIGHT TRANSMISSION |
AND HAZE READINGS
(PANELS 74-99)
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TASK III -

LIGHT TRANSMISSION AND HAZE

(HERCULES EK-500 FILM)

LOCATION OF READING

PANEL
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LOCATION OF READING

Page 5
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LIGHT TRANSMISSION AND HAZE
(HERCULES EK-500 FILM)

PANEL

TASK IIT -
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LIGHT TRANSMISSION AHD HAZE

TASK

IV

TESTING AT +75°F PER ASTM D-1093

(HERCULES EK-500 FILM)
LOCATION OF READING

Panel Number 1 4 5 6 8
121 LT = 78.1 79.0 79.9 77.0 76.7 78.6 77.2 77.3 79.0
H = 33.5 30.2 26.8 35.6 37.1 30.5 34.4 32.6 30.3
122 LT = 81.7 80.5 79.7 80.5 79.6 79.6 80.3 80. 79.7
H = 28.1 28.7 31.9 30.1 29.7 30.2 28.8 27.8 31.0
123 LT = 85.1 84,1 83.5 85.0 83.6 83.2 8..4 84.1 83.9
H = 3.¢ 4.0 3.8 3.0 3.3 3.6 2.4 3.4 3.2
124 LT = 84.2 83.6 32.9 83.4 82.5 82.2 83.2 82.2 82.0
H = 12.2 13.7 16.1 13.2 14.6 14.5 14.1 14.2 15.°2
125 LT = 83.4 82.8 83.3 33.6 83.0 84.2 84.2 83.3 83.5
H = 3.2 31 2.9 2.8 2.7 2. 2.6 2.6 2.5
125 LT = 81.1 80.5 80.6 81.7 30.8 81.3 82.9 82.5 32.5
H = 14.5 14.9 14.9 15.2 14.9 16.9 12.4 13.7 13.0
127 LT = 86.8 85.2 85.4 86.0 33.2 83.0 86.0 84.0 83.8
H = 6.5 6.6 6.9 6.1 6.3 7. 6.5 6. 7.3
128 LT = 86.1 84.2 84.5 85.7 82.8 83.5 85.9 83.7 85.7
H = 3.3 3.7 4.3 3.3 4.0 3.7 4.7 4.2 4.7
129 LT = 85.8 84.2 85.0 85.3 82.7 83.5 83. 83.5 85.7
H = 3.1 4.1 3.7 3. 3.2 3.0 3 3. .2
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TASK IV Cont Page 2
LIGHT TRANSMISSION AND HAZE

(HERCULES EK-500 FILM)

LOCATION OF READING

Pane! Number 1 2 3 6 7
130 LT = 86.2 83.4 82.6 85.9 82.7 83.4 86.5 84.0 83.0
H = 3.3 3 2.3 3.3 2.4 3.7 3.6 3.5 4.
131 LT = 86.3 83.6 83.9 86.2 82.6 83.5 84.3 83.2 84.7
H = 3.6 2.3 3.1 4.1 3.3 3.9 2.5 3.3 4.9
132 LT = 84.5 81.9 82.1 83.8 81.0 83.5 84.9 82.8 84.7
H = 4.6 5.1 3.8 3.6 6.2 3.6 3.6 3.1 3.7
133 LT = 86.3 85. 84.5 86.5 84.1 84.1 86.1 84.2 84.4
H = 3.6 5. 2.5 3.8 4.8 3.0 3.4 2.7 2.
134 LT = 84.3 80.4 81.9 84.5 81.6 82.7 85.4 83.4 84.7
H = 3.8 31 8.0 3.1 9.2 4,3 3.1 2.2 4.0
135 LT = 84.8 75. 83.5 83.5 69.8 80.8 82.9 65.7 70.7
Ho= 3.5 15.6 3.2 3.0 38.1 3.2 3.3 47.7 36.5
136 LT = 82.8 72.8 79.6 82.5 75.0 80.7 83.5 81.8 84.4
H = 3.2 59.2 13.3 4.1 53.3 10.6 3 5.0 2.4
137 LT = 83.7 75. 77.5 83.9 75. 77.4 84.4 80.3 82.4
H = 3.0 38.9 15.7 3.1 35, 16.2 2 14.5 3.3

LOCATION OF LIGHT TRANSMISSION

AND HAZE READINGS (ALL PANELS)
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TASK VI

LIGHT TRANSMISSION AND HAZE i

TESTING AT +75°F PER ASTM D-1003
{HERCULES EK-500 FILM)
Location of Readings

Panel Number 1 2 3 4 5 6 7 8 9
138 LT = 86.1 84.4 84.6 85.8 83.2 83.6 85.2 33.8 84.7 ;
H = 3.4 3.6 4.2 3.2 4.0 3.6 4.3 3.9 4.6
139 LT = 85.6 84.2 84.0 84.3 82.7 83.5 85.0 84.3 84.3 1
H = 5.7 4.4 4.4 4.2 2.4 4.0 4.4 4.2 4.5
1]
!
1 2 3 '
4 5 6 Location of Light Transmission and

Haze readings.
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TASK 11

Crown Zelierbach AT-61

Hercules N-400 (Rolled by Am. Can)

Hercules N-600 {(Rolled by Revere) (1s N40O Film)
Hercules N-600 (Rolled by Am. Can)

Hercules B-503

Toyoba P2102

Cryovac Xx-207

Hercules N-400, Type I1I {Suspected tu be N60Q Film)
Mobil Bicor 240-B1 (P-81-B)

General Electric Capacitor Grade

Hercules B-500

Trea SK 300-2

Diamond Shamrock NB-81-59-3

Hercules EX-500

E1 Rexene PP-41-6300-4153
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APPROVED EMNGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 879-6110

A NATIONAL YLCHNICAL SERVICES CCMPANY

TESTED FOR

Swedlow, Inc. Report No. 677-1399-1
12242 Western Ave. P.0. No. 21898
Garden Grove, California 92645 Date: 7 September 1976

Attention: R. Shelton

1.0 TEST SAMPLE

One Plastic Film Material marked Crown Zellerbach #AT-61
(Comp. rolled by American Can Co. at 230°F)

2.0 TEST PERFORMED

Orientation FRelease Stress per ASTM D1504-70

3.0 TEST RESULTS
3.1 Tested Parrallel To Arrow
Specimen Maximum Temperature Release
No. attained, °F Stress, psi Remarks
1 250 563 (See Note 1)
2 250 567 (See Note 1)
3 250 579 {See Note 1)
. 4 250 525 (See Note 1)
' 5 250 498 (See Note 1)
Average 552
3.2 Test Perpendicular to Arrow
1 . .
' Specimen Maximum Temperature Release
] No. attained, °F Stress, rsi Remarks
»
Ei 1 250 Nil (See Note 2)
Lgs 2 250 Nil (See Note 2)
L 3 250 Nil (See Note 2)
4 250 Nil (See Note 2)
5 250 N1l {See Note 2)

QTHE® DIVIZIONE

LOS AanGELES LavipiOne 7 3300 WES™ I04Tr STRELT ; (OL ArClL LS (AL (18 AA 9050 4 (21): 728 32C2
VALLEY D'VvepON ;9351 CANOCA Avinul ; (=E15wWOR r (ALIFGCRBI0A 910)) . 41213 D71 4820

SAULUL UIvISION, 20308 w COLOEN 18 ARLLT RD , 3&aylt) (ALITCBIGA 9] )0 IECY>- 2 ¢ a1 da
CALIPOR~IA TLSY Liws DV 7 1402 @UIBITLG Ave  , SC 1L *"OnIl (& 917)) €200 J8) seRd
$O €y MONTL Oiv / 18)3) SO18( MU &AVENUL 7 30 fo 2O (AL Clrare 9:1)) 1310 440 93]
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D:q APPROVED ENGINEERING TEST LABORATORIES

Note 1: Specimen returned tec about the original shape and dimensions
upon cooling to room temperature.

Note 2: VNo locad indication on 0-1 1lb. range (1 division = 0.01 1b.)

APPROVED ENGINEERING TEST LABORATORIES

F Alircsn Tochootl L.

Francis Pickell Sr., Projéct Engineer

Subscribed and sworn to before me this 3rd day cf Cctober 29, 1976. |

Orrilian - . -
BETTY MATTESDON

NOTARY PUBLIC - CALIFORNIA
ORANGE COUNTY

-he County of Orange, State cof

dkl

2 No, 677-1399-1
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q AFPROVED ENGINEERING TEST LABORATORIES

R4
N

Note l: Specimen returned to about the original shape and dimensions
upon cooling to rcom temperature,

Note 2: No load indication on 0-1 1lb. range (1 division = 0.0l 1lb.)

IO S

APPROVED ENGINEERING TEST LABORATORIES

7 Alicos ﬁAM . 1;1—7\

Francis Pickell Sr., Project Encineer
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ay of October 29, 1976.

Oudtaut h

OFFICIAL SEAL

BETTY MATTESON

NOTARY PUBLIO - CALIFORMA
ORANGE COUNTY

Bet*ﬁéﬁétteson, Notary Public in and for the County of Orange, State of
Calif6rnia. My commission expires October 29, 1977.
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- APPROVED ENGINEERIMG TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631 / TEL. {714} 879-6110

A NATIONAL TCCHNICAL SERVICES COMPANY

|

|
; 3
AETL 5
|

TESTED FOR

Swedlow, Inc. Report No. 677-1399-2 5
12242 Western Ave. P.O. No. 21898 | 8
Garden Grove, california 92645 Date: 7 September 1976
Attention: R. Shelton
1.0 TEST SAMPLE
One Plastic Film Material marked Hercules N40O0 (Tomp. rolled by
American Can Co. at 244°F).
2.0 TEST PERFORMED
Orientation Release Stress per ASTM D1504-70
-
3.0 TEST RESULTS
3.1 Tested Parrallel To Arrow
Specimen Maximum Temperature Release
No. attained, °F Stress, psi Remarks
1 250 800 (See Note 1)
2 250 911 (See Note 1)
3 250 811 (See Note 1)
4 250 835 (See Note 1)
: 5 250 835 (See Note 1)
! Average 83
3.2 Test Perpendicular to Arrow
] Specimen Maximum Temperature Release
No. attained, °F Stress, psi Remarks
1 250 Nil {(See Note 2)
2 250 Nil (See Note 2)
% 3 250 Nil (See Note 2)
4 250 Nil (See Note 2)
s .
1 5 250 Nil (See Note 2) 2
‘ 7 :
OTHER CIVISIONS
LOS ANCLULS O'VIS1OM /7 5120 w3 1COTH STEICT ;1 CS £LbLLS (&gt ORML 900eY 7 (213 211 3202
VAILEY DIVIZION  , ¥i3) CANOG & Al tevsg /A RBYSWUR T (A bkt 9131}, 1213 D81 08D
SALUCUL DIvIStON ; 3008t w COLOEN 1018aRCLL O ;, 3L ULUS (RLIFOBNIA §]15¢ 7 anDYY 2% 818
CRLWOHrOA V(5T LAaABY LIV ¢t e} PD AT MG AV 7 %0 L UL (A 9i2py €213 70) see)

SC. FL MONTL DIV, 4 ja)) POTALAO AvIteul ¢ SO €L MOUNIE (B CEna 91233 4 1213 coes 9%
- B -
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APPROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENDIA / FULLERTON, CALIFORNIA 92631/ TEL. {714] 879-6110

A NATIONAL TECHMNICAL BERVICTS COMPANY

Swedlow, Inc.

Report No. 677-1399-3

12242 Western Ave. P.0O., No. 21898
Garden Grove, talifornia 92645 Date: 7 September 1976
Attention: R. Shelton
1.0 TEST SAMPLE
One Plastic Film Material marxed Hercules N600 (Comp. rolledéd by
Revere)
2.0 TEST PERFORMED NOTE: Film identified as N600 Revere, is N40Q
Orientation Release Stress per ASTM D1504-7C
3.0 TEST RESULTS
3.1 Tested Parrallel To Arrow
Specimen Maximum Temperature Relecase
No. attained, °F Stress, psi Remarks
1 250 496 (See Note 1)
2 250 506 (See MNote 1)
3 250 550 (See Note 1)
4 250 551 (See Hote 1
5 250 541 {(See Rote 1)
Average 29
3.2 Test Perpendicular to Arrow

Specimen Maximum Tempereture Release
___No. attained, °F Stress, psi Remarks
1 250 Nil {See Note 2)
2 250 Nil (See Note 2)
3 250 Nil (See Note 2)
4 250 Nil (See Note 2)
5 250 Nil (See Note 2)
OTHEA OIVISIONS
LOS ANGELES G'VISION 7 932G wiST 0470 STRECT J L OS LreC L ES CaLFCOMNA w00, 5 (2)): 11 D202
VALLEY Qiv3ON ; 9331 CARQLA AVENUF i CREISe URY e (&L PO8.D 830 1 (7)) D) GAXC
SAULCUS BivisiON ; 20982 W COLCIN TB1anGILL HO |, S Ul (AL DAMIE 91330 ] BT, JL9 s) 88
CALIPORM A TLST LABS DIV, )a22 POTEEHO AVE ¢ 88 £ L MOWIL (A $173) 7 1213 200 8ass

$0. Li. MONTL DIV, 4 14)) POIRFGO AVENUL / 30 fL 1AONIL _CALIOBINA $173) / i2)
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: APPROVED ENGINEERING TEST LABORATORIES

Note 1l: Specimen returned to about the original shape and dimensions
upon cooling to room temperature.

Note 2: ©No load indication con 0-1 lp. rarge (1 division = 0.01 1lb.)

APPROVED ENGINEERING TEST LABORATORIES

F adircis Packail Ao

Francis Pickell Sr., Prhject Encineer

Subscribed and sworn to before me this 3ré day of October 29, 1976.

OFPICIAL SEAL
BETTY MATTESON

gy g

f'uwmmwvnm.auRMMA
Is ORANGE COUNTY
My Commimion Expires Oct. 28, 1977

-, 1

(5%' N i

Betty ttesoni_Notary Public in and@ for the County of Orange, State of
//Calif rnia. My commissicn expires October 29, 1977.

dkl
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APPROVED ENGINEERING TEST LABORATORIES / 1538 EAST VALENCIA / FULLERTON,K CALIFORNIA 92631/ TEL. (714] 8796110

A MAYIOMAL TECHNICAL RERVICTS COMPANMY

TESTED FOR

Swedlow, Inc. Report No. 677-1399-4
12242 Western Ave. P.0. No. 21898‘
Garden Grove, california 92645 Date: 7 September 1976

Attention: R. Shelton

l.¢C TEST SAMPLE

One Plastic Film Material marked Hercules N6(GL (Comp. rolled by
American Can Co. at 224°F)

2.0 TEST PERFORMED

Orientation Release Stress per ASTM D1504-70

3.0 TEST RESULTS
3.1 Tested Parallel To Arrow
Specimen Maximum Temperature Release
No. attained, °F Stress, psi Remarks
1 275 404 (See Note 1)
2 275 360 (See Note 1)
3 275 480 (See Note 1)
4 275 480 (See Note 1)
5 275 450 (See Note 1)
Average 435
3.2 Test Perpendicular to Arrow
Specimen Maximum Temperature Release
No. attained, °F Stress, psi Remarks
1 275 Nil (See Note 2)
2 275 Nil (See Note 2)
3 275 Nil (See Note 2)
; 4 275 Nil (See Note 2)
AN
5 275 Nil (See Note 2)

CTHEHR DIVISIONS

LOS ANCEILLS OIVIBION 7 3320 WEST J0eTw STRLLY /L CS ArGELLS (ALl UBNIA $DDAY 7 8210 12e 3202

VALLEY DIVISION 7/ 9331 CANQGCA AVINUL /| (=a13wWDRYe CALIPGRNIA 9100 7 (1) 14} 0830
SAUCU) DI'VISION /20998 W LOLDEN T RIANCIL RD / $AUGUY CALIFOBNIA §] 3% 7 1LY 7y 818
CALIFOANIA TLLT LAYY DV /i 1422 POVRIAG AVE 7 80 LL cO1l LA 9123) ¢ 2131 20) 826y
g SL MONTE O!v. / 142) PUISLAO AVINUL / %C LU »ONTL CayL1s OBIaA LIRS Y I t210) 400 9y
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D:q APPROVED ENGINEERING 1EST LABORATORIES

Note 1: Specimen returned to about the original shape and dimensions
upon cooling to room temperature.

Note 2: No load indication on 0-1 1b. range (1 division = 0.01 1b.)

APPROVED ENGINEERING TEST LABORATORIES

F i ’/@oéo/ég/#

Francis Pickell Sr., Projcct Engineer

. Subscribed and sworn to before me this 3rd day of October 29, 1976.

207 TP

//Bettﬁ%ﬁatteson&\Notary Public in and for the County of Orange, State of
C .

alifornia My“commission expires October 29, 1977.
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FROVED ENGINCERING TEST LABORATORIES / 15356 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 879-6110

A ~ATIONAL TEOMNICAL SIRVICLS COMPANY

TRSTED FOR

Swedlow, 1Inc. Report No. 677-1399-5
- 12242 viestern Ave. P.O. No. 21898
Garden Grcve, california 92645 Date: 7 September 1976

Attention: R. Shelton

One Plastic Film Material rarxed Hercules B502 (Bi-axially
oriented by Hercules)

2.0 TEST FERFCRMED

Orientation Release Sircss per ASTM D1504-70

[ 2.0 TEST RESULTS
3.1 Tested Parrallel to Arrow
g Specimen Maximum Tcmperature Felcase
: No. attained, °F _Stress, psi  Remarks
‘ 1 325 311 {See Note 1)
2 325 . 316 (See Note 1)
i 3 325 290 (See Note 1)
] 4 275 -~ 209 (See Note 2)
5 325 318 (See Note 21
Average 283"
3.2 Test Perpendicular to Arrow
Specimen Maximum Temperature Relcase
_Mo. _attained, °F = ___ Stress, psi Remarks
1 325 : 287 (See Note 1)
2 325 267 {See Hote 1)
3 325° 221 (See Note 1)
4 295 126 (See Note 2)
g . 290 123 (See*Note 2)
Averace ‘ 205,
OIMER D VISIONS
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Note 1:

Note 2:

APPROVED

F rti ey Calieed L.

APPROVED ENGINEERING TEST LABORATORIES ?

Specimen returned to about the original shape and dimensions
upon cooling to room temperature.

Specimen ruptured upon attainment of maximum release stress.

ENGINEERING TEST LABORATORIES

Francis P

Subscribe

ickell Sr., Project Engineer

d and sworn to before me this 3rd cday of October 29, 1976.

(74P

etty
Californi

W7 AR YT - W v e

dkl

teson, Notary Public in and for the County of Orange, State of
a. My commission expires October 29, 1977.
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,l.ROVED ENGINEERING TEST LABORATORIES /

1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631 / TEL. (714) 879-6110
A NATIONAL TECHNICAL BERVICES COMPANY

hi

: TESTED FOR
4 - i
Swedlow, Inc. Report No. 677-1738-1
12242 Western Ave. P.O. No. 23437
3 Garden Grove, California 92645

Date: 17 January 1977
Attention: R. Shelton

1.0 TEST SAMPLE

One plastic Film Material marked Toyoba P-2102.
2.0 TEST PERFORMED

Orientation Release Stress per ASTM D1504-70 (*)

3.0 TEST RESULTS
3.1 Test Parallel To Arrow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 310 126
2 312 133
3 310 124
4 314 132
5 316 139
Average 131 i
J.2 Tested Perpendicular To Arrow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 314 128
2 312 126 )
; . 3 310 122 i
n 4 312 117
i 5 3is8 262 (**) ”i
i Average 151 3 E
E
;A
t . OTHEA DIVISIONS i -
. , LOS ANGEILES O1VISION ; 3370 wilST 106TH STARCLT , LOS ANCELES. CAL:SORNIA 90063 7 (210) 276 3202 {
vALLEY SivisiON 7 913) CANOCA AVEINUL 7/ CHATSWOATM CALIPOANIA 91311 7 (210} Je1 G830 -
SAUCUL OIvissQr , 70988 w GOLDEN TRIANCLE AD / 3AUCUL CALIFONMIA 3] )30 ’ 1903) 2 9.0)188 *
H CALIPOANIA 1C4Y LABS Oiv. / 1412 20Tw(AQ ave.

7 20 (L mONTE Ca 9170
D& A

PRI
30. €L MONTL DIV, / 18)) POTREAQ Avanuk ;/ 50, L WONTE CALI

221




£>:<] APPROVED CNGINEERING TEST LABORATORIES

(*) Except air medium was used

(**) Two additional specimens were tested, one in same general area
as specimen No. 5 and the other one six inches away from specimen
No. 5. The results on both tests were simular to the results
obtained for specimen No. 5.

'._"I ~
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.o, Vel M
vt L-x%

APPROVED ENGINEERING TEST LABORATORIESS F'oriiTN@2\
) S~ <, N~

~

‘ ; ; <7 quiine
_"'N“MMM,& '-. ¢
Francis Pickell Sr., P.E. -
Project Engineer o I

i S\,
\%

|
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Subscribed and sworn to before me this 17th day Qf.fanRahY.uhd/7 -

LETA S

BETTY 1'ATTESON
R NGiARY FUALIC  CALIFORNW
ALY PRINCIPAL OFFICE IN
A ORAHGE COUNTY

My Conisacn Exoues vet 29, 1977

Notary Public in and for the County of Orange, State

of ca¥ifornia. My commission expires October 29, 1977.
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7 “PROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631 / TEL. {714) 879.6110 { N

A NATIONAL TECKHNICAL SEAYICES COMPANY

TESTED FOR ?

Swedlow, Inc. ' ' Report No. 677-1738-2 ]
12242 Western Ave. P.0O. No. 23437 ;;
Garden Grove, California 92645 Date: 17 January 1977 :

Attention: R. Shelton

1.0 TEST SAMPLE

One plastic Film Material marked Cryovac X207.

2.0 TEST PERFORMED

Orientation Release Stress per ASTM D1504-70 (*)

3.0 TEST RESULTS
3.1 Test Parallel To Arrow
Specimen © Maximum Temperature Release
No. Attained, °F Stress, psi
1 334 285
: 2 333 221
? 3 334 250 {
4 332 242
5 330 237

Average ' 247

Tested Perpendicular To Arrow

Specimen Maximum Temperature Pelease
No. Attained, °F Stress, psi

1 280 524
2 273 545

3 276 510
4 274 427
5 274 488
Average 4949

NTHER DIVISIONS

LOS ANGELES DIVISION /3330 WEST J04Tw STREET /1LO% ANGELES CALIFORNIA 90043 / (233) 213 3207
VALLEY OIvisiOM 7 #33) CANOZA AVINUE 7 CRATRnC AT CALIPORNIA )31 7 (213) 341 003D
SAUGUS DIVISION 7 20808 W COLDEIN TRIANGLE RO ; §AUCin, CALIFZANA §1330 I 190%) J3y-0)8s
CALISORNIA TLSY LASS DIV, /7 432 POIRERD Avl. ; 4O (L tAONTL ~A 917323 ¢ 1213) 26 assd

1211) caa 93




D APPROVED ENGINEERING TEST LABORATORIES

AN

{*) Except air medium was used

APPROVED ENGINEERING TEST LABORATORIES

;PAAL4L¢~1/ 7€LCJQL£JZI-¥L‘
Francis Pickell Sr., P.E.
Project Engineer

Subscribed and sworn to before me this 17th day of January 1

DV r Tl

30

VLTIV TTRTY]
HFECIAL Shay

BETTY MATTESON
NOTARY PUHLIT  CALIF URNIA
PRINCIPAL UITY_EIN
Onntc,e COUNTY

My Commiss.cn Exoues uet 12 1577

L T Y T L P e P I T O T U T I T T Lt

B I8 ea 0 da 0t 048]

Pl WL U T T

~J
~3

,Bettydﬂbttesoﬁszotary Public in and for the County of Orange, State

//of California.

My commission expires October 29, 1977.

= "oV

DA -SRI S
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PF] IVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 879.6110

A NATIONAL TICHMMICAL SEAVICES COMPANY

et e

1

- TESTED FOR

T,

e e e
. i "

Swedlow, Inc. . . Report No. 677-1738-3 f Y
12242 Western Ave. P.O. No. 23437 ! ;
Garden Grove, California 92645 Date: 17 January 1977 : it

Attention: R. Shelton

1.0 TEST SAMPLE . X
One plastic Film Material marked Hercules N400, Type II.

2.0 TEST PERFCRMED ~ NOTE: Film suspected to be N600

Orientation Release Stress per ASTM D1504-70 (*)

3.0 TEST RESULTS .
3.1 Test Parallel To Arrow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 206 466
2 205 428
3 204 489
4 204 490
: 5 205 470
Average 469
3.2 Tested Perpendicular To Arrcow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 250 13
2 260 14
; 3 262 32
{ 4 260 36
. 5 262 14
f Average 21.8
“ OTHER DIVISIONS .
l LOd ‘HF(&CS OIVIBION / 3320 wis? J0aTH STALLT ; LOM ANCELES, CALIFORNIA 90045 7/ (21)) 7748 )2C2
: e o roves w O ot TaIANGLL MG s taveut AL Oama e, | o) e
20 €L MONTE DIV, 7/ 16)) POTRIEAD AvENUE ; 3O L MONTL, CALIFORN'A 9)73) /

121)) asa 93,

CALIPOANIA TLST LABS OIV. ; 1437 POTRIGO AVE, / 30 €L ~ONTEL CA 91703 7/ 1213) 28 848)
* " - j
. a 2 BV W et




D:q APPROVED ENGINEERING TEST LABORATORIES

(*) Except air medium was used

F riena Paclotd 4
Francis Pickell Sr., P.E.
Project Engineer

Subscribed and sworn to before me

GFFICIAL SEAL
BETTY MATTESON
NOTARY PUBLIC CALIFORMNIA

PRIMCIPAL OFFICEIN
QRANGE SuunTY

My Commisgen Exom uet 7% 4877
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be lunnuutlnn.uum-.n.

2,

Betty

of California. My commission expires October 29, 1977.

Report No.

t‘j: I l:.\-h -m}\m@m -erlua:m_[' i‘_

attesoé Notary Public in and for the County of Orange, State

677-1738-3
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AP'MJVF.O ENGINEERING TLST LAEORATORIES / 1535 EAST VALENCIA / FULLERTON, CALIFORNIA 22631/ TEL. (714) 8796110

A NATIONAL TECHNICAL SEAVICCS COMPANY

] TESTED FOR

Swedlow, Inc. Report No. 677-1738-4
12242 Western Ave. P.O. No. 23437 {
Carden Grove, California 92645 Date: 17 January 1977 |

Attention: R. Shelton

1.0 TEST SAMPLE :

One plastic Film Material marked Mobil Bicor #240-Bl.

: 2.0 TEST PERFCRMED
@ ) Orientation Release Stress per ASTM D1504-70 (*) .
¢ H
3.0 TEST RESULTS
3.1 Test Parallcl Tc Arrow
Specimen - © Maximum Temperature Release
r No. Attained, °F i Stress, psi
1 332 85 »
2 329 75 i
3 330 72 i
3
4 329 69 }
5 330 70 ; {
I
Average 74 , |
3.2 Tested Perpendicular To Arrow ;
Specimen Maximum Temperature Release
_ No. Attained, °F Stress, psi
| 1 326 330
2 328 347
3 324 320
4 326 331 :
5 326 322 '
: o
! Average 330 y
QTHER DIVISIONS %
{ O ANGELES Diwis1OMN /9320 wisT (04T STREET s 1 O3 ANCFLES CA1 FORNIA ONQad 7 121)) 176 3702 ! %
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» 0. €L MONTE 01V, / J4) POTALAD AVENUE / 30 €L MONYL, CALIFOANIA 93732 (2i)) can $3))
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w APPROVED ENGINEERING TEST LABORATORIES

(*)

Fronca Tackard Lo

Except air medium was used

Francis Pickell Sr.,
Project Engineer

Subscribed and sworn to before me this 17th

P.E.

N .
N

day
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Betty
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atteson, Notary Public in and for the County of Orange,

ifornia.

My commission expires October 29,
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.OVED ENGINEERING TEST LABORATORIES /

A NATIONAL TPCHMICAL SERV.CES COMPANY

TESTED FOR

Swedlow,

Inc.

12242 Western Ave.

Garden Grove,

Attention: R. Shelton

1.0

TEST SAMPLE

1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 8796110

Report No. 677-1738-5
P.O. No. 23437

California 92645 Date: 17 January 1977

One plastic Film Material marked G.E. Capacitor Grade.

TEST PERFORMED

Orientation Release Stress per ASTM D1504-70 (¥*)

T=ZST RESULTS

Test Parallel To Arrow

Specimen
No.

Average

Maximum Temperature Release
Attained, °F

Stress, psi

325 204

328 . 184
326 175
327 201
326 186

190

Tested Perpendicular To Arxrow

Specimen
No.

How -

5

Average

QTHER DIVISIONS

Maximum Temperature Release
Attained, °F Stress, psi

323 331
319 323
321 331
319 311
322 323

324

LOS ANGELES CHVISION 73310 WEST JO4TH BTALCETY / LU ANGELES, CALIPOANA 20043 / 121 )) 1763202
vAaLLO 7 O'vi$iON [ 993) CANOGA AVENUE /7 CHATLVORTH, (Wi FORNIA $)3)3 7 (217) Je1 08130
SAUGCUS OIVISION 7 2080 W COLOEN TRIANGLE ROD. / SAUGUS. CALIFONNIA 91350 719035 13%. 0104

CALIFOPNIA TEST LABS Div.

7 1832 POIVREAG AVE. / 3D EL MONTE, “A 9113y (71 3) 283 0sdS
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APPROVED EMGINEERING TEST LABORATORIES

(*) Except air medium was used

,- TSI

: e \ Al s ™ P

; APPROVED ENGINEERING TEST LABORATORIES:D _ \<\,
N : SCNC T

E s ciar Fechpoil, I . = (7 cuinns ')"r-‘,
{

Francis Pickell Sr., P.E.

Project Engineer 7
WA /
! R
; T
. . —_ -
5 " Subscribed and sworn to before e EP%S l{tnugax cf Januarx 1977.
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SFOICIAL S

BETTY MATTESON
NOTaay PUBLIC CALIFORNA
PRINCIPAL OFFICE IN
OrASGE COUNTY

by Com =5 cn Exomes vet 29,1977

etty M tteson,?ﬁbtary Public in and for the County of Orange, State
of CaXifcrnia. 'My commission expires October 29, 1977.
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] .PPROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631 / TEL. {714) 8796110
2

A NATIONAL TECCHNICAL SEAVICES COMPANY

TESTED FOR

Swedlow, Inc. ' Report No. 677-1738-6
12242 Western Ave. P.O. No. 23437

Carden Grove, California 92645 ' Date: 17 January 1977

Attention: R. Shelton

1.0 TEST SAMPLE

One plastic Film Material marked Hercules B500.

2.0 TEST PERFORIMED

Orientation Release Stress per ASTM D1504-70 (*)

3.0 TEST RESULTS
3.1 Test Parallel To Arrow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 330 295
2 335 288
3 333 288
4 . 334 290
5 332 281
Average 288
3.2 Tested Perpendicular To Arrow
Specimen Maximum Temperature Relecase
No. Attained, °F ) Stress, psi
1 325 303
2 328 308
; 3 224 286
' 4 325 29Q
S 322 301
Average 298
H OTHEA OIVISIONS
l LOS ANMGILTS DIVISION £ 9320 wEhT 1047 ST8ELYT ; LOS ANTELLL, CALIFORNIA 90643 7 {J1)] 776 3221
N VALLEY Otvi310N 7 9531 CANOCA AVINUL  CoATSvORIM CALITORNIA $33)) 7 (21)) 14) 0820
. SAUCUSL OIVISION 7 20800 W GOLOLN TRIANGLL 80 ; LAUGUS. CALITUANIA 91)30 / i108%) 2.9 8) 00
¢ CALIPORNIA TEAT LABL OIV. / 16)3 POYA(RO AVE. ; 30 € #CHTL CA 9I13) g (21)) Te) vans

$O. EL MONTIC DIV, 7 J4)1 POTEERQ AVEreut /| 40 CL 1 OrTl CALIFORIOA 9)2)) / 1713 4a0 9911
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D:q APPROVED ENGINEERING TCST LABORATORIES

(*) Except air medium was used

Francis Pickell Sr., P.E.
Project Engineer

B N e v ety SR NP

Subscribed and sworn to before me this ay of January 1977.

ey I L T e T e ) nuinunsgann oo,

OFRICIAL SEAL

BETTY MATTESON
NOTARY AUBLIC  CALITOENIA
PRINCIPA;, MW £ 1N - \

. " Ok-%0E Cuut Y H
My Sommuss.on Exgriey uii 23 31? ;
* . " VEresshENIE e sesnrTan arsseeasres it ’ 1
/ 4‘%1—/ ' ‘
1 ‘

etty Mayteson, Hotary Public in and for the County of Orange, State
of Cali*ornia. commission expires Octcber 29, 1977.
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;Y PROVED ENGINEERING TEST LABORATORIES / 1535 EAST VALENCIA / FULLERTON, CALIFORNIA 92631 / TEL. (714) 8796110 i

A NATIONAL TECHNMICAL SEAVICES COMPANY

TESTED FOR )
Swedlow, Inc. ' Report No. 677-1738-7

12242 Western Ave. P.O. No. 23437

Garden Grove, California 92645 Date: 17 January 1977

Attention: R. Shelton

1.0 TEST SAMPLE

One plastic Film Material marked Trea SK 300-2

2.0 TEST PERFORMED

Orientation Release Stress per ASTM D1204-70 (*)

3.0 TEST RESULTS
3.1 Test Parallel To Arrow
Specimen Maximum Tazmperature Release
No. Attained, °F Stress, psi
1 326 488
2 326 502
3 327 473
, 4 325 478
% 5 328 488
! Average 486
3.2 Tested Perpendicular To Arrow
Specimen Maximum Temperature Release
No. Attained, °F Stress, psi
1 316 5.6
2 318 5.6
3 316 5.8
4 316 5.3
5 316 3.4 i
Average 5.1

i OTHER 0IVISIONE

i LOS ANCELCS OIVISION 7 $)20 wEST 1047 STRELT /7 LOL ANGELES, CALIFOANMA 90083 /7 1211 776 1202
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D:q APPROVED ENGINEERING TEST LABQRATORIES

(*) Except air medium was used

FAGA oo 12;wéﬂ432,£2‘
Francis Pickell Sr.,”P.E.
Project Engineer

~
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OFNICIAL Stas

BETTY MATTESCN
NOTARY PUBLIC CALISUAI .2 H
PRINCIFAL OFFICE IN H
ORANGE-COUNTY :

P T T O TR LR

W? Wy Commssinn Expures Uet 29 197 -
Betty atteson( Notary Public in and for the County of Orange, State.
of C&lifornia.‘\ My commission expires October 29, 1977
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APPROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714; 879-6110

A NATIONAL TECHNICAL SERYICES COMPANY

.
!
!
!

TESTED FOR :
1 Swedlow, Inc. Report No. 877-3066-1 |
. 12122 Western Ave. P.O. No. 31466

Garden Grove, Californiu 92642 Date: 18 September 1978

T NI, T T YY

1.0  TEST ITEM

One Plastic Film Material Marked Diamond Shamock #NB-81-59-3,

2.0 TEST PERFORMED

Orientation Release Stress per ASTM D150420, except air medium E
was used.

3.0 TEST RESULTS

3.1 Tested Parallel to Direction of Isotrophy
Specimen Maximum Temperature M--ientation
No. Attained, °F ~lease Stress, psi
: 1 276 706
2 274 738
3 265 663
4 257 586
5 260 588
Average 266 656 ‘
3.2 Tested Normal To Direction of Isotrophy
1 275 1.2
2 273 1.1
: 3 270 .8
g 4 272 1.5
% 5 270 1.2
L Average 272 1.2
APPROVED ENGINEERING TEST LABORATOKIES
_ Fraresn Fruchotd Jda
: Francis Pickell Sr., P.E.
S Project Engineer :
OTHER DIVIS'ONS , ;
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APPROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 8798110

A NATIONMAL TECHNICAL SERYICES COMPANY

TESTED FOR

Swedlow, Inc. Report No. B877-3066-2
12122 Westexn Ave. P.O. No. 31466

Garden Grove, California 92642 Date: 18 September 1978
1.0 TEST ITEM

One Plastic Film Material Marked Hercules #EKS00

2.0 TEST PERFORMED

Orientation Release Stress per ASTM D150420, except air medium
was used.

3.0 TEST RESULTS
3.1 Tested Parallel to Direction of Isotrophy
Specimen Max .mum Temperature Crientation
1 No. Atc ined, °F Rele-~se Strec., y L_
1l .<3 262
2 325 263
3 330 275
4 332 239
5 335 242
Average 331 254
3.2 Tested Normal To Direction of Isotrophy
1 312 321
2 329 284
3 320 270
4 325 276
5 322 299
Average 322 290

APPROVED ENGINEERING TEST LABORATORIES

.
> w—

qubd/ﬂJCAAV ‘1¢;;MLJ£J14,£L,
Francis Pickell Sr., P.E.
Project Engineer

QTHER OIVISIONS
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] APPROYIED INGINEERING TEST LABORATORIES / 1538 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL. (714) 8786110
A MATIONAL TECHNICAL SERYICES COMPANY

!

L

e

[Ep—

g
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TESTED FOR

Swedlow, Inc. Report No. 877-3066-~3
12122 Western Ave. P.O. No. 31466

Garden Grove, California 92642 Date: 18 September 1978
1.0 TEST ITEM

APPROVED ENGINEERING TEST LABORATORIES

:tﬁba.w.c~4»- 1?;~cfia£“2 ‘41

One Plastic Film Material marked E1 Rexene #PP-41-6300-4153

TEST PERFORMED

Orientation release stress per ASTM D150420, except air medium was

used.

TEST RESULTS

Tested Parallel to Direction of Isotrophy

Release Stress, psi

Specimen Maximum Temperature Orientation

No. Attained, °F

1 293 606

2 295 681

3 290 633

4 285 556

S 290 597
Average 291 615

Tested Normal To Direction of Isotrophy

psi

Specimen Maximum Temperature Orientation
No. Actained, °F Release Stress,
1 305 1.8
2 300 .9
3 300 .8
4 295 1.1
5 305 1.3
Average 301 1.2

Francis Pickell Sr.
Project Englne

dkl

THEA DIVISIONS ’
LO8 AMOELES DIVISION / $)20 WEST 04T+ STREET / LOS ANGELES. CALIFORAMNIA 4004 : N 202
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APPROVED INGINBERING TEST LABORATORIES / 1838 EAST VALENCIA / FULLERTON, CALIFORNIA 92831/ TEL. (714) 8796110
A NATIONAL TECHNICAL SERVICES COMPANY

TESTED FOR
Swedlow, Inc, Report No. 977-3505
12122 Western Ave. P.O. No. 34943
Garden Grove, California 92645 Date: 26 March 1979
1.0 TEST ITEM
One Plastic Film Material marked Hercules EK-500
2.0 TEST PERFORMED
Orientation release stress per ASTM D1504-70, except
air medium was used.
) 3.0 TEST RESULTS
g
' Tested Parallel to directiron of Isotrophy
Specimen Maximum Temperature Orientation
No. attained, °F Release Stress, psi
1 323 224
2 320 219
3 320 212
4 322 205
5 324 209
Average 322 214
3.2 Tested Normal to Direction of Isotrophy
Specimen Maximum Temperature Orientation
No. attained, °F Release Stress, psi
1 318 162 4
2 322 164 B
3 320 152 1
4 318 153 !
5 320 - 150 4
Average 320 1356 ;
APPROVED ENGINEERING TEST LABORATORIES
!
!
- CoaAlr -
Pt Francis Picke sr.,P.E.

Project Engineer

OTHERA OIVISIONS T
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APPENDIX E

SPECIFICATIONS

Engineering Report No. 948 - Test Procedure for
Determining the Optimum Processing
Condition for Transparent Polyolefin
Film Armor

Engineering Report No. 990 - Material Procurement

Specification - Polypropylene Film for
Transparent Armor

Engineering Report No. 991 -  Process Specification -
Production of Transparent Polyolefin
Film Armor




Swedlow Inc. Garden Grove, Calif.

OATE OF 1SSUE NUMBER
PREPARED 821£8/79 <A Swedlow Inc' @ TYPE 948
] e /@‘EME .
. ACVISION neyls < CLASSIHCANQN
A__|C. Gibson op ENGINEERING REPORT Non-Proprietary !
N STAMP (F PROPRIETARY
8 :
b
) ! ;
. 1
TITLE TEST PROCEDURE FOR DETERMINING THE OPTIMUM PROCESSING |
CONDITION FOR TRANSPARENT POLYOLEFIN FILM ARMOR L
|
F
REVISION INFORMATION (DATES, ETC.) LIST AMENDMENTS HERE !
REVISION "A" - Dated April 12, 1979
i
5
i
SWEDLOW APPROVALS b
REYISION cuecxzo ()4 o APPROVAL __Appnov-u. ] APPROVAL
7/ ../' R Y -f,' "
C G)R;p}; /7? C. Lingle
cf /S e 2
A 1C. Gibson ’3/77’ R. Shelton__g#-/3-727
B
c
o}

CUSTOMER APPROVALS (IF REQUIRED)

ACvigION - CHECKED BY APPROVAL APPROVAL APPROVAL

0
)




D r—y - 1

SCOPE
1.0
2.0
3.0
4.0

TABLE OF CONTENTS

TITLE

SCOFE
REFERENCES
BACKGROUND
PROCEDURE

PAGE




1.0

2.0

3.0

SCOPE

This procedure establishes the method to be used by Swedlow in
determining the optimum processing conditions, with a minimum
number of experiments, for Transparent Polyolefin Film Armor.

The procedure to be used will be a two factorial experimental
plan where three factors (temperature, pressure and time) are

evaluated at three different levels.

REFERENCES

1. Contract Number DAAG-46-76-C-0034, Amendment Number POQ0OQT.

2. Box, G.E.P. and Behnken D.H. "3Some New Three Level Designs
for the Study of Quantitative Variabies", Technometrics 2,

pp 455-475 (1960).

3. The Design and Analysis of Industrial Experiments, Second

Edition, Edited by 0. L. Davies.
BACKGROUND

Pricr to any experimental work, parameters were established by
AMMRC as guidlines for Task III, (Ref. 1., naragraph F-2.2.3.2).

These preliminary guidelines are shown in Table 1.

TABLE 1

PRELIMINARY GUIDELINES
FOR TASK III

ITEn UNITS LOW
a) Temperature O 300
b) Pressure PSI 100
¢) Time Minutes 20

HIGH

380
8000
60

We beiieve that these molding quidelines should be modified to

a mgre meaninful span. Tests to date indicate that molding at
300°F does not allow lamination to take place, while 380%F is in
the melt region allowing excessive flow and loss of clarity.

A A e B



Results of the moldings of EK 500 film for Task Il indicates that
increasing temperature generally decreases the light transmission
and increases the haze. this can be seen in Figure 1. It can
also be noted that the maximum light transmission and minimum
haze are cbtained when the maximum molding temperature is
slightly below the crystalline melting point of tha EK 500 {ilm,
which 1s 3330F,

-—"T—t——'_"--?_--‘”_ PRV e e e e e P

e LeRT TeaAaNS. £

> NST ONAK L

AN e

o MOLDING | TEMRSZATU IS

_(EX-Spao:*lloudiz)

=0 330 340, - 330 é
STt T TR ST STttt TerTm— T T T s T _‘ bl G -
- MAXLIAUM TEMETRATIARS (OF Jmmem
e S e (YA UC=7 1) [ s i S PR

The range of pressure desired seems to be excessive, especially
since a two level factorial program loses accuracy rapidly as the
rance of parametric variation increases.

It also seems that the time element could be reduced. Adequate
adhesion, cormensurate with ballistics resistance, has been
cbtained with somewhat less time at temperature.




Based on the data obtained to date with molding EK5CG0 film,
and a discussion with the C.0.R., we have estab]ished a new
set of guidlines, resulting in the Box-Behnken Design,

(Paragraph 11,2, of Ref. 2), shown in Table 2. (Table 2

4.0 PROCEDURE . W
i
- reflects the new range of independent variables as agreed t

Hpen. TABLE 2 ° 3
|
. INDEPENDENT VARIABLES ;
ITEM UNITS LOW MIDOLE  HIGH
a) Temperature O 300 330 360 q
b) Pressure PSI 100 1550 3000
¢) Time Minutes 1 30 60
DEPENDENT VARIABLES
ITEM UNITS  TEST METHOD
d) Light Transmission % ASTM-D-1003
e) Haze % ASTM-D-1003
f) Ballistics Veo MIL-STD-662
g) Interlaminar Shear PSI MIL-P-25690, Para. 4.6.9
h) Resistance to Debonding - ASTM-D-756, Proc. E. (-57°C)
i) Deviation Minutes ASTM-0-881-48 |
of Arc
j) Thickness Inches  ASTM-D-374

As a result, the "Experimental Schedule", shown in Table 3, is
proposed. (This experimental schedule follows that shown in
Table 11.1a of Ref. 2).

;
i
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TABLE 3 !

EXPERIMENTAL SCHEDULE

TEMPEgATURE PRESSURE TIME
RUN NUMBER (°F) (PSI) (MINUTES)
1 330 1550 30
2 360 100 30
3 360 1550 60
4 300 3000 1
5 300 3000 30
6 300 1550 ]
7 360 3000 30
8 330 1550 30
S 300 100 30
10 300 1550 60
1 330 3000 60
12 330 100 60
13 360 1550 1
14 330 100 1
15 330 1550 30

The run data will be recorded on run sheets shown in Figure 2.

At the completion of one test sequence, (runs i thru 15 of Table 3),
the samples will be measured for the dependent variables d) and e)
of Table 2. The molded samples will then be delivered to AMMRC

for ballistics evaluation. These results (including ballistics),
will then be analyzed, informally, and if necessary, adjustment

of some factor levels will be made or individual points will be
moved slightly.

Based on the results obtained, a second test sequence imay be made.
If a second test sequence is necessary, the samples will be eval-
uated as described above,

The results obtained from the one or two test sequences will provide !

a basis for selecting an optimum molding cycle. The data will be
recorded as shown in Table 4,

-4-




TABLE 4
RUN a b o d e f
NUMBER TEMP PRESS TIME LIGHT TRANS HAZE BALLISTICS
1 0 C 0
2 + - 0
3 + 0 +
4 - + -
5 - + 0
6 - 0
7 + + 0
8 0 0 0
9 - - 0
10 - 0 +
N 0 +
12 0 - +
13 + 0 -
14 0 - ~
15 J 0 0

The optimum molding cycle will be selected as follows. (Paragraph
11.5 of Ref. 2).

0 A three-dimensional ctibe will be drawn, in perspective, and
the observed d), e), and f} values will be entered at the
appropriate points. The points where the observed response
is highest and lowest will be noted.

0 The point or points at which the best combination of responses
ic found will be identified. The corresponding a), b}, and
¢) combinations should be good estimates of thc hest operat-
ing conditicns of the process.

The selected cycle, (optimum), will be utilized to produce
approximately six moldings. Three will be tested by Swedlow tc
the requirements of Table 2, dependent variables d), e), g), h),
i), and j); and three will be delivered to AMMRC for ballistics
testing (Table 2, f).

5
4
1
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SCOPE

This specificatien is for use in the procurement of clear, color-
less, heat-set biaxially oriented polypropylene homopolymer film.

It specifies the requirements the material must meet tu be
acceptable for the production of transparent film armor and provides
the receiving inspection procedure and test methods to be empiioyed
in assuring conformance to the requirements of this specification.

REFERENCES
ASTM Standards - Methods of Testing.
REQUIREMENTS AND TEST METHODS

The biaxially oriented polypropylene film, as received, shall
conform to the requirements of Table 1.

Conformance to the requirements of Table 1 will be determined
by the test methods shown in the same table.

RECEIVING INSPECTION

NOTE: Do not handle polypropylene film with bare hands. Use
clean, disposable, polyethylene gloves at all times.

Two samples of the film material will be taken from one roll and
one sample will be delivered to the test laboratory for evaluation.

Evaluation will consist of the tests and methods shown as Items 1
through 9 in Table 1,

If the first film sample meets the requirements of Items 1 through
9 of Table 1, the second sample will be sent to an outside qual-
ified test laboratory for determination of the Orientation Release
Stress, Item 10 of Table 1.

ACCEPTANCE

After arrival, tha film ;hall be impounded until released by the
Receiving Inspection Department.

Upon release of the Acceptance Report from the test laboratory,
the Receiving Inspection Department shall approve release of the
film for production.

RETEST

If the film sample fails to meet all the requirements of Table 1,
a second sampling may be taken.

If the second film sampling passes all the requirements of Table 1,
the film shall be approved as noted in Section 5.0.




7.0
7.1

REJECTION

Page 2

Failure of the second film sample to meet all the requirements

of Table 1 shall be cause for rejection.

il
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TABLE 1

ORIENTED POLYPROPYLENE FILM

REQUIREMENTS AND TEST METHODS

[tem Property Test Method Requirement
] Thickness, Inches ASTM D-374 0.001 (1)
2 Melting Point . °C (°F) ASTH D-2217 167 (332.6) (1)
3 Specific Gravity ASTM D-792 0.902 (1)
4 Water Absorption, % ASTM D-570 < 0.005
5 Light Transmission, % ASTM 0-1003 >91.0
6 Haze, % ASTM D-1003 < 2.0
7 Tensile Strength, PSI ASTM D-882, 30,000 Machine (1)
4 Method A and Transverse
8 Tensile Modulus, PSI ASTM D-882, 350,000 Machine (1)
Method A and Transverse
9 Elongation, ¥ ASTM D-882, 70-100
Method A
10 Orientation ASTM D-1504

Release Stress

Temperature, °F
Release Stress, PSI

300 Minimum

200 Minimum machine,
150 Minimum transverse

(1)

Manufacturers' tolerance apply.

T i Wb e kom i
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Page 4
APPROVED MATERIALS
Manufacturers

Product Designation Source
Clear, Colorless, £EK-500 Hercules Inc.
Heat-set, Biaxially Film Division
Oriented Polypropylene Wilmington, Delaware
Homopolymer Film 19899

AR
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SCOPE

This process specification describes the materials and procedures
required for converting poiyolefin film into bonded sheet having
good ballistic, optical and resistance to debonding characteristics.
REFERENCES

Orawings

AMMRC

CD-1 Transparent Polypropylere Film Windows

Swedlow

77050 Assembly-Chsse Mold (12" x 12") - AMMRC
Transparent Armor Test Plaques

80025 Assembly-Chase Mold - AMMRC
Transparent Armor Windows

Other

ASTM Standards - Methods of Testing
federal Standard 209 - Clean Room and Work Staticn Requirements,
Controlled Environment.

REQUIREMENTS - FILM

A clear, coloriess, heat-set, biaxially oriented polypropylene
homopolymer fiim meeting the requirements of Material Procurement
Specification ER-090,

REQUIREMENTS - MOLDED SHEET

After converting, the molded sheet shall conform to the Requirements
of Table 1.

Confermance to the requi~.ments of Table 1 will be determined by the
test Methods shown in the same table.

The melded sheet shail be free of delamination.
Optical defects such as inclusions, wrinkles, rol! flaws, die lines or
orange peel shall not be grouped in such a manner as to cause vision

impairment.

The maximum deviation, line of sight, shall not exceed the limit
shown in Table 1 ercept for an area within two inches of the

trimmed edge, where such requirements shall be disregarded.
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5.0 MATERIALS
5.1 The following material shall become the finished product.

5.1.1 Clear, biaxially oriented polygropylene film as described in
paragraph 3.1.

é 5.1.2 A transparent abrasion resistant protective coating.
Source: See paragraph 7.5.6 i
]
5.2 The following materials are not incorporated into the finished ]
nroduct, but are required for part preparation, §
5.2.1 Bleached cheesecloth -
E Source: Industrial Textiles
Los Angeles, Ca. i
5.2.2  Capren 80, 0.002 inch thick, 80 inch wide roll. f
Source: Allied Chemicals
Los Angeles, Ca.
5.2.3 Vacuum Bag Sealer. Vac-Seal Type 1191 (Zinc Chromate, green, i
f

1/8 inch by 1/2 inch by length).

Source: Hastings Plastics
Santa Monica, Ca.

(82}
[aS]
—

isopropyl Alcohol, reagent grade.

Source: Van Waters and Rogers
Norwe ik, Ca.

5.2.5 Masking Tape. 34 209, Permacel P-70, or equal.
5.2.6 Gloves, polyethylere, disposable.

5.2.7 Masking Paper: St. Regis WPL-3

Source: St. Regis, Sherman Division
Los Angeles, Ca.

TN
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Vacuum Bleeder Material. NN 121
synthetic cloth.

Source: J. P. Stevens, Inc.
Garfield, New Jersey

EQUIPMENT

Vacuum Pump

A heavy duty vacuum pump, capable of maintaining a minimum of
24 inches of mercury vacuum, shall be required as part of the
drying equipment.

Laminating Mold.

The laminating mold shall be of aluminum construction in accordance
with the design in drawings 77050 and 80025.

Polish Plates.
Chrome on Brass, mirror finish one side.

Source: Weiland fmerica Inc.
Orange, New Jersey

Anti-Static Bar.

3M Number 210 or equal.
Anti-Static Air Nozzle.
3M Number 902 or equal.
MANUFACTURING PROCESS

NOTE: 1. 0o not handle polyolefin film or molded sheet with
bare hands. Use clean, disposable, polyethylene gloves
at all times.

2. Film layup, mold and press polish plate cleaning, and
assembly for molding shall be accomplished in a clean
room, class 100,00 or better, in accordance with
Federal Standard 209.

Film Layup.

Withdraw a roll of EK-500 film from stores and have slit to the
required size. (A minimum of two inches greater than the final
molded size has been found acceptable.)

One method of roll set-up for film takeoff is illustrated in
Figure 1.

it i
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7.1.3 Wind a convenient number of plies of EX-500 filin on a winding
mandrel. (Fifty plies has been found to be a convenient number). 1
Lay the EK-500 film on a clean piece of EK-500. Continue the i
winding and layup until the required number of plies are
attained as shown helow. Between successive layups blow off the
film using an anti-static air nozzle,

Nominal Weight Approximate Number

Thickness (Inches) Ounces/Square Foot of Plies of EK-500 ;
h

0.264 20.0 264

0.094 7.12 94

0.313 23.71 313

When laying up the film, add ten plies of film to each side.
These extra plies of film are to aid in preventing contamination
and are removed prior to molding.

7.1.4 When the required number of plies has been attained, cover wrap the
unit with clean, dry EX-500 film.

7.2 Deaeration.

7.2.1 Place wrapped unit on a flat plate. Place bleeder material
around the edge of the unit.

7.2.2 Adhere vacuum bag sealer tape number 1191 to the plate approximately
two inches outside and around the bleeder material.

7.2.3 Cut a piece of capron film at least six inches oversize, and lay up
on top of the unit.

7.2.4 Remove the waxed release paper from the vacuum sealer tape and
adhere the capron film to fit loosely over the unit. Make pigtails
where there is excess capron.

7.2.5 Apply vacuum, 20-24 inches of Mercury, for a minimum of eignt hours.

7.3 Trimming.

7.3.1 After deaeration, use a power shear and trim the wrapped, compressed
unit to the required molding size. (The molding size is 0.031 inches
less than the inside dimension of the mold.)

Leave the protective EK-500 film on the unit during trimming. Take
all precautions to prevent contamination.

7.3.2  Mfter trimming, immediately rewrap unit with clean, dry EK-500 film,

~J
P~

Drying.
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Repeat paragraphs 7.2.1 through 7.2.4.

Apply vacuum, 20-24 inches of Mercury, for a minimum of twelve
hours.

Care must be taken to keep stack edges square.

Preparation for Molding.

Polish plates.

Thoroughly clean the press polish plates. Blow off all foreign
material with an anti-static air nozzle. Clean the press polish
plate with clean cheeseclioth saturated with lsopropyl Alcohol.
Wipe with clean dry cheesecloth and repeat.

Mold.

Thoroughly clean the mold using the same procedure as described
in paragraph 7.5.1.2,

Assembly

Place one press polish plate in the bottom portion of the mold,
polish surface up.

Remove the unit of EK-500 from under vacuum and transport to tne
clean room for stripping and/or weighing.

Remove the protective EK-500 film and the required number of plies
evenly from each side, to achieve the nominal thickness/weight as
shown in paragraph 7.1.3.

Place the EK-500 unit on the press polish plate.

Position a thermocouple wire in the unit, mid-stack, no mere than
one-fourth inch in from the edge. Secure to the mold with masking
tape,

Place the second press polish plate on top of the unit, palish
surface down,

Place the top portion of the mold on the top press polish plate.
(A sectional view of the molding assembly is shown in Figure 2).

Mol ding

NOTE: Al mo]din% data to be recorded every five minutes on a run
sheet as shown in Figure 3.
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Load the assembly into a cold press. (Platen temperature < 100°F).
Attach the thermocouple wire to the potentiometer.
Close the press and set the pressure to 2000 PSI.

Turn on the steam to the press platens until the mid-stack temper-

ature reaches + 330°F. Maintain a mid-stack temperature of + 330°F,

+ 5°F -0°F for thirty minutes.
Turn the steam pressure off and hold for ten minutes.

Force cool the assembly by passing water through the press platens
until the mid-stack temperature is < 100°F.

Release pressure and remove mold from the press.

Remove molded EK-500 unit from mold and identify with a serial
number.

Quality Control.
Quaiity Control shall visually inspect the molded unit for voids,

unbonded areas, general optical quality, luminous transmittance,
haze and thickness.

Protective Coating.

Units acceptable from paragraph 7?5.5.1'sha11 have both surfaces
coated with an abrasion resistant protective coating.

The materials and process used for applying the protective coat-
ing was developed prior to this contract and, as such, is not

a part of this process specification. Protective coating cap-
ability, including the process and facilities, is currently
available from several transparency fabricators.

Quality Control.

Quality control shall inspect the molded units with protective
covers as specified in paragraph 7.5.5.1.

Acceptable units shall be machired to the triangular shape as shown
in AMMRC Drawing CD-1, as follows.

Machining,

The molded unit is protected on each surface with WPL-3 protective
paper.

The molded unit is band sawed one-inch oversize, to the approximate
shape of the window.
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l

)
: 7.5.8.3 The window is machined to final dimensions as fcllows.
7.5.8.3.7 To prevent delamination, a 0.125 inch thick sheet of acrylic is
placed on 2ach side of the molded panel. Sufficient pressure is
applied to prevent slipping. Routing is then accomplished with an
18000 RPM hand held router using a 0.500 inch diameter, two flute
carbide inlaid router bit.
7.5.8.3.2 The machined panel is then submitted to Quality Control.
7.5.9 Quality Control
7.5.9.1 Quality Control shall determine compliance with the drawing
dimensions.
7.5.9.2 Quality Control shall determine compliance with Items 1,2,3,4
and 8 of Table 1.
7.5.9.3 Every tenth unit shall be tested to determine compliance with
Items 5 and 6 of Table 1.
i 7.5.9.4 Compiiance to item 7 of Tabie 1 is to be determined by the Army
i Materials and Mechanics Research Center (AMMRC).

8.0 PACKAGING/DELIVERY

The completed unit shall be protected by sealing in a 0.002 inch
polyethylene film envelope and delivered to the customer.
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TABLE 1
MOLDED POLYOLEFIN FILM ARMOR

REQUIREMENTS AND TEST METHOOS

Page 8

Item Property Test Method Requirement

1 Weight, Ounces/Foot2 --- Paragraph 7.1.3

2 Light Transmission, % ASTM D-1003 > 82.0

3 Haze, % ASTM D-1003 < 4.0

4 Maximum Deviation, ASTM D-881-48 < 7.0
Line of Sight-Minutes
of Arc

5 Resistance to ASTM D-756 Hinimum of 5
Debonding Procedure £, Cycles without

-57°C Low Temperature) Debonding

6 Interlarinar Shear MIL-P-25690, > 1000
Strength, PSI Paragraph 4.6.9

7 Ballistics, V50 MIL-STD-662 Maximum

8 Thickness ASTM D-374 + 5%

- e rier
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CONTRACT NUMBER DAAG-46-76-C-0034
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APPENDIX F
K
. DRAWINGS
; : AMMRC
; v CD-1 Transparent Polypropylene Film Windows
SWEDLOW, Inc.
77050 Assembly - Chase Mold (12" x 12") - AMMRC.
Transparent Armor Test Plaques
L ' 80025 Assembly - Chase Mola - AMMRC Transparent
Armor Windows
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