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INTRODUCTION

A large proportion of plastics currently used in Army applications
are exposed to the destructive influences of outdoor weather., Heat,
~cold, rain, sleet, ice, ultraviolet, infrared, ozone, oxygen; and a number
of similar elements enter into a broad picture of gradual deterioration.
Obvsiously, fallure under environmental conditions is a critical factor
limiting the use of polymeric compositions as engineering materials.

Thus, determinations of these effects in advance is of a distinct economic
advantage. ' ‘

The running of a test program over the long outdoor exposure period
normally required is an unsupportable burden for many suppliers and an
unacceptable delay for the military user. On the other hand, reliance
on limited initial material property and appearance specification require-

-...ments (Appendix A) entails the risk of failure shown in photographs

(Figures 1 to 3) and described in detail (Appendix B)._ Other possible
causative factors are improper design, material selection and process
fabrication techniques.

Steps leading to the selection and design of the 80 mil high density
(linear) polyethylene to replace kneeling silhouette (E type) fiberboard
targets are well documented (Ref 1 to 4). Comments regarding current
difficulties have been furnished by both the target developer (Appendix C)
and the raw material producer (Appendix D).

Considering limitations of time and material furnished for this ‘
investigation, the most promising approach, at the time, was to determine_j
material “equivalency” to "Marlex 6001" and the current extent of elevated
temperature target warpage, its prevention,and corrective action to be
applied to existing defective targets. '

EXPERIMENTAL

~ Materials

Three silhouette plastics targets were used in this study. Two,(no
identity as to manufacturer, lot, material etc.) were submitted by the
Product Engineering Division, Rock Island Arsenal and presumably represent
the field targets which warped at elevated temperatures. The other, ob-
tained from Plaxall Inc. (target developer s molder) was represented to
have been thermoformed from 100-110 mil pigmented Marlex 6001 linear high
density polyethylene extruded sheet stock. Hereinafter, these targets will
- be referred to as "Field" and “Standard"”, respectively.

e |
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Procedures

One of the "Field" targets was submitted to Phillips Petroleum Co.,
the producer of Marlex 6001, for an independent evaluation (Appendix D). '
The other "Field" target was compared with the "Standard” for "Marlex
6001 equivalency". With the exception of thermal properties, standard
tests were employed. For melting range, crystalline melt and freezing
point determinations a Dupont 900 Differential Thermal Analyzer with
attached Scanning Calorimeter was used. Penetration Point data was ob-
tained with a Dupont 941 Thermomechanical .Analyzer attached to the same
basic instrument. In all cases the programmed heat rise was 5 C per
minute., For freezing point, the samples were allowed to cool to ambient

at an unspecified rate. For penetration point a_5 gm load applied to a
penetration probe was supported by the test samples until the penetration

point temperature was reached.

In addition, three 5" x 19.5" transversely sectioned samples of the':
virield" target were subjected, in a sequence of experiments, to heat
treatment at 260°F (127 ¢) for 2 hours and a variety of cooling procedures
to determine; o
- : |
a. The extent of warpage at elevated temperature. |
! |
b. The means for elimination of warpage. ;

c. Verification of the proper corrective action.
Due to lack of "Standard" material no warpage comparisons have been made |
in this study. Free movement and restraint fixtures used in these experi-
‘ments are as shown in Figures 4 and 5. Warpage is defined in this serles
of experiments as the distance in inches of the maximum poiht of departure
of the target from its original horizontal plane.  This point occurred at
the longitudinal center line of the target. ,

TEST RESULTS AND DISCUSSION

Material "REquivalency"

Based on Melt Index and Density the polyethylene used to form the

wpield" target appears to be "equal" to the "Standard" Marlex 6001 (Table 1

and Appendix I). Since the properties mentioned above were the only ones
specified on the piece part drawing (Appendix A), the "Field" target was
accepted as the "equal" of the vgtandard". However, a further comparison

shows a significant difference in certain propertles (Table 1) which could
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effect end use performance. Therefore, the material used in the "IField"
target cannot be considered the equal of the "Standard",

Since the "Field" target material has a lower intrinsic viscosity

- (average molecular weight ﬁw) it would have a lower flexural modulus

(stiffness) than the "Standard" at equivalent temperatures. An example

- of this phenomenon can be seen in Appendix E. Here, Marlex 5000 (lower

Mw) is compared with the "Standard" for flexural moduls (stiffness) over
the climatic temperature range. The higher ash content (pigment) of the
"Field" sample accounts for its slightly hjgher density and tensile strength
than the “Standard". The differences in percent elongation and target
thickness (weight) will be subsequently discussed.

During the course of this investigation it was learned that the pro-
duction of Marlex 6001 (Standard) has been discontinued as of March 1974
and the producer has recommended to one molder that Marlex 5502 be used

“in lieu thereof,

In view of the foregoing, the need for new quality assurance require-
ments for material is quite apparent. It is also obvious that the developed

material requirement should be correlatable with satisfactory field per-

formance.

To reduce the heat effects of solar radiation on the target, consideration

may be given to either painting the targets with Enamel, Lusterless, Quick
Drying, Styrenated Alkyd type, Solar Heat Reflecting MIL-C-4606 or using .
the combination of heat reflecting pigments in this paint (Ref 5) as a sub- .
stitute for the olive drab colorant pigments currently used in targets.

If painting is done, then techniques for developing good adhesion to the
target material must be developed.

Design Considerations

Although generally conforming with design requirements, it should‘be

- noted that the "Field"” target is thinner and consequently weighs less than .
~the "Standard" target.

Target thickness has an important bearing on hit response accuracy
(Ref 1). TIts importance to resistance to warpage is alluded to in Appen-
dices C and D, but is not documented with evidence to establish the optimum -
thickness. The 80 mil thickness requirement was previously established as
an optimum (Ref 1) when consideration.was given for an attached three
dimensional target and weight limitations of the training pop-up and record-
ing device (M31Al and 3C52) holders (Ref 4). Since heat effects are trans-.
mitted inward from the surface, it can be expected that a thicker polyethylene
(poor conductor) target would maintain better rigidity over a longer period
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of exposure to solar radiation than a thinner target. Therefore, when
targets are used without attached three dimensional targets (Figures 1 to
3) consideration should be given to reoptimizing the thickness require-
ments upward for improved performance at elevated temperatures. Additional
measures, such as straightening sides of the ribs to a maximum to provide
greater stiffness and to straighten the curvature of the target holding
device (reduce induced stresses) would help to alleviate the elevated
temperature warpage problem.

Processing .

The relations between basic molecular properties (density, melt index,
average molecular weight) and the physical and other properties of poly-
ethylene are not always simple and clear. Often, molecular structural

features other than basic properties exert some influence on certain physicaI

properties. Processing conditions may radically change the orientation
(alignment) of the molecules in the resin and thus, too, affect some of

its properties.. For example, the difference in percent elongation of the
"Standard" samples varies from 235 to 560% in the longitudinal direction
and 195 to 500% in the transverse direction (Table 1). Differences of'
lesser magnitude are also observable for percent elongation of the "Field".
samples in both directions. The largest difference in tensile strengths
(3845 psi vs. 3985) was found in two specimens stamped from the longitudinal
direction of the "Standard"” sample. These anistropic effects are directly
attributable to cold drawing or polymer crystallization under directional
stresses induced by sheet extrusion and thermoforming operations. While
anisotropic aspects of processing can never be entirely eliminated they can
be minimized by the development of "meaningful" specification tests and
requirements for the fabricated item.

When thermoplastics are processed the polymers are melted, shaped and
cooled from the surface inwards. This can result, in unfavorable cases,
in thermal stresses which may influence properties such as impact resistance,
shrinkage, warpage etc. of the article. Freezing of the outer skin hinders
the stress-free contraction of inner zones of the polymer during cooling.
In semicrystalline polyethylene, stresses created by shrinking as the
interior of the article cools inside a frozen skin are augmented by volume
contraction effects arising when the inner zones, which cool more slowly,
crystallize to a greater extent., The magnitude of thermal stresses de-
veloped depends on the elastic modulus of the frozen polymer, its thickness;
its coefficient of linear thermal expansion, the specific volumes of
crystallized and melted polymer, the initial melt temperature and the temp-
erature to which the article is cooled. Although thermal stresses are not
large in well made polyethylene articles, they can reach considerable
magnitudes under some circumstances. Therefore, experiments were devised
to determine: ‘ ’




a. The extent of warpage created in the "Field" target by elevated
- temperature exposure, '

4

b. The means for its prevention.
¢. The means for the straightening of warped targets and preventiné
. the reoccurence of warpage in them at elevated temperatures. j

An examination of Table 2 and Figures 6 and 7 will show how all objec-
tives were met. By heating specimens to 260°F (slightly below the crystal-
line melting point of 276°F) locked-in thermal stresses, due to processing,
‘were relieved without melting., Restraints, when imposed on the specimens,
prevented warpage no matter how specimens were cooled. However, when
‘restraints were removed and the specimens were reheated to 260°F, it was
only the previously ice water quenched specimens which would show zero
warpage (a new "plastic memory"). The previously air and oven cooled
specimens retain the original "plastic memory" (warpage of 2.75 inches at
" 260°F and 1.25 inches at room temperature) due to its mechanical and thermal

processing history. :

CONCLUSIONS

® Current quality assurance provisions for material are inadequate
for determining the "equlvalency"” of any other high density polyethylene
to "Marlex 6001", Based on broader characterization, than currently required,
the material used to fabricate the submitted "field" target is not "equal"
to Marlex 6001.

® The selection of Marlex 6001 as the "Standard" is questionable

. because of its low heat distortion temperature at 66 psi (165-1700F) when
- compared to other possible candidate materials, such as polyhexamethylene
© (300-360°F), acetal (338°F) and polycarbonates (282-293°F),

® ) thicker ( 80 mil) target with straighter ribs sides will provide
increased resistance to deformation forces (wind, bullet impingement, clamps)
at elevated temperatures,

® Targets which, due to faulty processing techniques, will or have
warped at elevated temperatures can be simply treated to provide “warp
proofness”. In addition, simple test procedures and requirements can be
developed to assure the procurement of. targets which have been sultably :

processed. ‘




RECOMMENDATIONS

1. Determine whether thicker (100-110 mil) targets, submitted by the
target developer (Appendix H) to Forts Polk and Jackson for evaluation,
 have performed satisfactorily during the summer of 1974. If performance
is satisfactory then targets of equivalent thickness and design should be
fabricated from the substitute for Marlex 6001 (no longer produced) and
evaluated in a like manner.

2. A selected number of on hand "Field" targets should be restrained
from movement and heat treated at 260 * 59°F for 1 hour and then quenched
in ice water. Prior to removal of the restraints, the target material *
should be at ambient. The treated targets (80 mils thick) should be eval-
uated in a similar manner as in paragraph 1 above. ‘

3. All evaluations in paragraphs 1 and 2 above shall be meticulously . -
recorded., In addition, unfired upon (unexposed and exposed) targets, fully
identified, shall be set aside for the development of "meaningful" speci-
fication tests and requirements for material and fabrication process.

b, If none of the evaluations performed in paragraphs 1 and 2 above
yield satisfactory targets, then consideration should be given to the
following in order of economic advantage:

a. Determine whether painting targets with Enamel, Solar Heat
Reflecting, Olive Drab, MIL-C-46096 will reduce target temperature suffi-
ciently to prevent warpage.

b. If treatment 4a is successful then determine if solar heat
reflecting pigments used in the paint can successfully replace pigments
used in the targets.

c. If feasible, determine whether straightening of the holding
clamp will reduce warpage. o

d. Redesign of ribbing (straightening of sides) to provide
greater stiffness. , .

e. Selection and testing of other plastic materlals.
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TABLE 1

TARGET MATERIAL PROPERTIES

.

FIELD

STANDARD

P/NS—E-?? RAI Research

Polyethylene

' Markings ~ #12002898 (ink)
: Corp Patent Pending
(Molded)
Flatness Flat Slightly warped
Color + Green QOlive drabd
Holding Slots 2 vertical(at base) None
Weight, lbs. 1.861 2,434
Thickness, inches 0,075 to 0,087 0.094 to 0,114
Melting Range, °C o 120 to 142 114 to 142-
Melting Point (grystalline) c 135.5 135.5
_ Freezing Point, C 124 124
Penetration Point, C o 130 130
Melt Index, gms/qqpin,@ 190 ¢ 0.207 0.206
Intrinsic Viscosity(l) 1.00 1.41
Tensile Strength, psi., 2" Min. 1 2 1 2
Longitudinal Direction 4020 | Lo10. 3985 3845
Transverse ' 4250 4280 L0000 - 3975
Elongation, %, 2" min, 1 2 1 o2
Longitudinal Direction 700 675 560 235
Transverse 65 525 500 195
Density, gms/cc. 0.966 0.959
Ash @ 600°C, % , 1.2 0.68
Polymer Identity Polyethylene 1

\

(1) A measure of approximate average -

molecular weight (fw)

[1.00 ~~ 130,000 Mw, 1.45 ~/ 400,000 'M'w]
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DEPARTMENT OF THE ARMY
ROCK ISLAND ARSENAL
ROCK ISLAND. ILLINOIS 61201

SARRI-LS-P 15 Oct 73

SUBJECT: Polyethylene Targets

Commander

Picatinny Arsenal

Plastic Technology Evaluation Center
ATTN: SARPA-FR-MD

Dover, New Jersey 07801

1. This Arsenal requests your technical assistance regarding the
gelection of a plastic material to overcome a problem that has developed
with the subject target. The problem developed during the past spring
and summer. Solar radiation (heat from direct sun light) causes the
target material to soften and deform. The softening reduces the effec=
tiveness of the automatic target mechanism to record projectile hits on
the target., Further, the deformation of the target presents to the
gunner a reduced silhouette, : '

2. It is most desirable to continue using a plastic material for the
target, as the plastic tends to close the bullet holes after being hit.
This permits a second bullet to pass thru approximately the same hole
and record another hit. This also provides a longer usage life,

3. The current material is a high density polyethylene, designated as
Phillips Petroleum Company's "MARLEX" No. 6001 or equal. See inclosed
target drawing for details of material and configuration. If a material
can be provided to overcome the heat problem and maintain its physical
properties under cold conditions, it would be desirable to have a source
for procurement., It is intended to fabricate sufficient targets of an
improved material to perform evaluation under extreme climatic conditions.

4, 1f the foregoing request for technical assistance requires further
 explanation and/or if funding is required, please inform the above office,
Contact is L.S. MacMillan, auto 793~4562.

T

FOR THE COMMANDER: | /

1 Incl | R. S. HENRY

as Chief, Producy Engineering Divisiom
Bug ard Hld .. Sawings Bonds 18

i ) / t
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- 0 APPENDIX B (cont) @

DEPARTMENT OF THE ARMY
ROCK ISLAND ARSENAL
ROCK ISLAND. ILLINOIS 81201

SARRI~LS~P ‘ : 21 Nov 73

SUBJECT: Polyethylene Target

Commander .
Picatinny Arsenal )

Plastic Technology Evaluation Center T '
ATTN: SARPA-FR-MD, Mr. Eig

Dover, New Jersey 07801

1. Reference is made to:

a. SARRI-LS-P letter, dtd 15 Oct 73, to SARPA-FR-MD, subject as above. .

b. Telecon, 9 Nov 73, between Mr, Merrill Eig, Picatinny Arsenal, and
Mr. L.S. MacMillan, Rock Island Arsenal. '

2. The referenced letter requested technical assistance regarding selection
of a new material to overcome deformation of current material caused by solar
heat absorption. The referenced telecon was to obtain further explanation of
that request. This letter is written to elaborate on the problem and recommend

approaches to be taken.
3. The following are estiﬁated performance parameters for the plastic targétﬁ

a. Target installed on firing ranges will be exposed to climatic con-
ditions for prolonged periods,.estiTated three month average.

b. Extreme temperatures rangé from ~40CF to + 200°F (estimated extreme
temperature caused by heat absorption from the sum).

C. The average target life is 3000 projectile hits per target.

4, The objective of the referenced letter‘requeSt is to provide a tafget to
meet the preceding paragraph 3 requirements and overcome the problem stated in
that letter. The following sequence of evaluations are recommended to cover

all aspects of the problem:

o . ByadHldlL.S. SuingBods BRECY

/




SARRI-LS-P ,
SUBJECT: Polyethylene Target 21 Nov 73

a. In order to insure that the specified material is as required by
the drawing, it is requested that an analysis of fielded target material be
made. Samples taken from a fielded target are being sent under separate
cover for this purpose.

v

b. Based on positive results of a. above (i.e., material is as required),

research plastic materials to determine if a satisfactory replacement to meet
performance requirements is available. This would be the most expedient and -
economical, as tooling is available. to produce current configuration.

c. If the foregoing efforts fail to satisfy the ijective, a program

to develop an improved design using the best available material will be under-

taken.

5. . To elaborate further on the problem photographs are inclosed showing the

subject targets installed on target mechanism in field use. Note that all
targets are deformed to some degree. The targets as shown on mounts were
usually stored in the down or horizontal position. However, interim improve-
ment measures were taken by issuing the following instructions to the user:

a. Leave targets in the upright position when not in use.

b. Replace targets when initial bending is first noted., These targets
will harden when removed from exposure to sun's rays and can be used later.

6. This Arsenal will continue to be available to provide further guidance,
as stated in reference a. letter.

FOR THE COMMANDER:

Incl ' "R. S. HENRY
6 Photographs . Chief, Product/Engineering Division

20




APPENDTX C

R AT Research Corporation 225 Marcus Boulevard Hauppauge, L., N.Y. 11787 516 2730911 Telex: 96-7763 :

May 13, 1974

Mr. Leonard R. Weiner
Picatinny Arsenal
Material Engineering Lab
Building #183

Dover, New Jersey 07801

Dear Mr. Weiner:

We appreciate your consulting R A I regarding the warping problem of the
waffle polyethylene targets, experienced by training bases under warm
temperature conditions. During our meeting of May 6, 1974, we indicated
that we had expressed our concern regarding this in that over the last
several years targets which were purchased by Central Procurement were
fabricated from thinner plastic sheet than were submitted by our company,
both as the final product developed by our company and subsequent sales

of the target by R A I to various bases throughout the U. S. (This problem
was pointed out in our letter of May 26, 1968 to Naval Training Device Center
and our letter of March 8, 1972 to Army Material Command. Copies of these
letters were given to you for your reference.)

We are not herein proposing that the total solution to this problem is a

heavier target, but certainly a thinner target than the one developed compounds
the problem. Our suggestions as to the steps required to solve this problem
will be outlined hereinafter, but excerpts from our letters heretofore referred
to follow in order to further clarl_fy these comments:

May 28, 1968 to NTDC

o ''We pointed out that the bid contained no performance and quality
assurance specifications which we believe essential to insure the
effectiveness of this target. The purpose of this letter is to further
expand on the necessity for performance and quality assurance
specifications. We would suggest that independent verification be
made with the Naval Training Device Center personnel involved in
the evaluation of these targets. e '

21
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‘ .Mr. Leonard R. Weiner ‘
Page 2 May 13, 1974

The target as specified in the subject bid did not consider several
aspects of prime importance:

1. Rock Island Arsenal Laboratory, under project number 1-A-0-13001-A-039.
(September 5, 1962) did an extensive study entitled, "The Development

of Fiber-board Targets for the M31A1 Trainfire Mechanism.”" The
abstract of this report is enclosed for your examination. You will note

that it concluded the statement that 'the final criterion for evaluation

must be the firing test."

- Based upon the report mentioned above, cardboard targets have been

. procured by a performance test conducted at a suitable range. At a
minimum, polyethylene targets should be required to meet applicable
portions of that specification, and prospective suppliers be required to
qualify their targets before they are considered a source of supply. No
subsequent work on plastic targets has contradicted the Rock Island
Laboratory findings on the need for performance testing.

2. Another point of consideration is that Note #6 of drawing #361000B60001
says of thickness that '"Targets shall be formed from sheet stock which _
is .080" + 5" in thickness. This does not really describe what the finished
thickness of the target should be. It would therefore be possible to stamp
press targets of a 75 gauge sheet, resulting in a far less effective target
but which would still comply with the bid. The improved performance of
the heavier gauge has been repeatedly demonstrated by R A I and Naval
Training Device Center evaluation reports. R A I Research, being aware
of this, has always supplied the Army Marine Corps and Naval Training
Device Center with targets having a mean thickness of greater than

. 080" to insure the necessary field performance.

3. The forming of the sheet after extrusion, as provided for in the bid,
must be done so as to insure a maximum wall thickness throughout the
waffle section. The normal manufacture of this type of part, as may be
seen in most commercially available molded parts, would be a short
cycle forming operation with no consideration to wall thickness. This
type of manufacture would result in a thinner wall, especially in the most
critical center section which would make the target far less effective.
The waffle thickness is important for the following reasons:

22
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'Mr. Leonard R, Weiner
Page 3 May 13, 1974

a) To insure vibration transmission to the microswitch to indicate
hit/kill response especially critical with the M16 rifle.

b) Have sufficient material surrounding the bullet hole to initiate
the flow characteristic required to reduce the size of the hole so that
‘a subsequent bullet in the same spot will still respond. Also, the
volume of material on contact would resist shattering. Shattering
would obviously make the target unresponsive.

c) To resist the vertical whiplash and horizontal deformation force
after 1, 500 hits, the thickness of the horizontal and vertical ribs -
is essential to provide the strength required to minimize this force.

In responding to the above referenced bid, R A I, estimated its cost

on the required quality control, the slower forming cycle which assured
a heavier gauge in the waffle, and the heavier gauge sheet. There are
numercus additional performance and quality assurance specifications
which can be added to the bid. The main point is that it is essential that
they be included for the best interests of the Government and its training

program. " '

March 8, 1972 to AMC

"In determining the thickness of the target, detailed evaluations were
conducted with sheet high density polyethylene materials ranging from
60 to 93 mils. The results of these tests were that the thicker targets
showed significant improvements in response accuracy and hit capability
with all other performance characteristics about the same.

The final evaluation targets manufactured by R A I were 90 mils in
thickness and the initial performance data was satisfactory. At the
conclusion of the evaluation R A I, as you know, sold targets to numerous
Army bases before they were available through NTDC, All of these
targets including our current inventory as shown in the attached brochure,
were 90 mils. - However, government specifications assigned to the target
were 80 mils + 5 mils and several large volume central procurements
were made with that thickness requirement.

In our recent visits to the various bases introducing them to our target
training equipment, we have found that the targets in the field are approx-.
imately 75 mils and response accuracy and warping, especially in warm
weather, have been a problem. As you know, both of these factors are
quite critical in training effectiveness and, in fact, were two of the major
reasons for initiating a target development program to begin with. 23
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In connection with the foregoing and our background in target development
and plastics technology, we recommend that an evaluation program be
conducted with a thicker gauge target so that improved performance
characteristics could be clearly demonstrated. Specifically, we propose
manufacturing an evaluation quantity of 2,500 "E" targets of 100 mil
thickness. We are confidernt that these thicker - targets will result in
substantially improved response accuracy and considerably reduce buckling.

In projecting ahead, if this thicker target were centrally purchased in
large volume, the difference in cost, if any, would be slightly more than
the price presently paid by NTDC in their volume procurements of this
past year. The difference would be limited to the additional resin cost,
all other manufacturing procedures remaining the same. However, the
cost effectiveness and performance would be greatly enhanced. (I would
like to note that beyond 110 mils, manufacturing, especially vacuum
forming cycle time, would change the cost picture beyond the additional
resin required. )

~We believe the approval of this request will give the government the true

worth of the initial target development program. We respectfully request
that you consider the above proposal as we smcerely believe this unproved
target is in the best interests of the Government. '

No doubt, based on the foregoing, R A I alerted the military to the Warping
problem currently of concern and the suggestions therein are most valid.

1.

We would propose the following:

Thickness specifications for current purchases be changed to 90 mil sheet
stock and detailed quality assurances and performance specifications be
generated thereon which would include:

a) Quality assurance of the base material utilizing laboratory
tests for gel permeation, molecular distribution, tensile and
stiffness tests, etc.

b) Thickness specifications - Initial specifications of minimum sheet
stock, minimum thickness of the side wall of the waffle structure
(this side wall can vary depending on the cycle time in the vacuum
forming equipment).

c) Additional specification including weight of target, flatness
tolerances and color, eic. ’

d) Performance specification to the extent they can practicably be
managed. Please note R A I performance specification attached

which was part of our target brochure. -
2l

/




O

Mr. Leonard R. Weiner
- Page 5 May 13, 1974
2, Conduct a comparative evaluation of 90 mil and 100 mil targets

specifically directed towards eliminating the current problem. Our

opinion, as evidenced by work conducted by R A I under our initial
development contract, is that the 100 mil target will prove far more
effective regarding hit/kill response and would have less warping problems. -
We had indicated to you that R A I, at its own expense, manufactured 110
mil targets, 500 of which were sent to Fort Polk for evaluation. While the

" results of the Fort Polk evaluation will certainly be indicative, a larger

scale test, under technical evaluation procedures would be more meaningful.
We had initially proposed a test quantity of 2,500 each 90 and 110 mil
targets under the direction of a technical agency such as Picatinny Arsenal

..and Range personnel.

Further development work should be considered for an improved target
based on stability improved hit/kill response accuracy and increased hit
quantity capability. In this regard R A I has had considerable experience.
in field requirements for targets, initially having developed the polyethylene -
target and thereafter gaining substantial first-hand knowledge while visiting
numerous bases throughout the country. As you know, R A I sells to the

U. S. military target training equipment that, along with the M31A1, utilize
these very same targets. The point being that our training management
personnel believe that other materials, now currently available together
with a redesign of the target structure would greatly improve the targets
overall capability and cost effectiveness.

Iam hopeful that these comments assist you in your mission. R A Iis prépared
to provide to the U. S. Government its technical services and target expertise

wherever meaningful..

ra_d

|
Very truly yours,

R A I_RESEARCH CORPORATION

S. Jf/ Arditti
Prgsident
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POLYETHYLENE TARGETS

Performance Data Sheet

90 mill Target, Nominal Waffle and Rib Structure Thickness not less than 80 mills"

Performance Specifications

Firing Test

Response Accuracy

Residual Hole Size

Py

Target Endurance Test

Environmental Test

. Shatterproof

Target mounted at a distance of 75 yards
in M31Al train-fire device or equivalent.

With 30 caliber Spitzer round, 40 visually
verified hits, device activates a minimum
of 38 times.

M-16 rifle - 60 visually verified hits,
device activates a minimum of 55 times.

30 caliber (. 30 inches) Spitzer type bullet
fired perpendicular to target surface
should leave a hole not larger than .22
inches. |

2000 visually verified hits with a response
accuracy of 90% minimum.

After being holed by 100 - 30 caliber
rounds, target should be submerged in
water for 24 hours. Upon removal target
should be subjected to 1900 visually
verified hits with a response accuracy of
90% minimum. |

Target weight after being holed by 200
rounds of 30 caliber ammunition should
be reduced by no more than 0.5% of
original weight.

RAI RESEARCH CORPORATION, 36-40 37th Street, Long Island City, N.Y. 11101
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March 8, 1972

Mr. Frank Domingoes

"AMC-ATTN | oot
U. S. Army Material Command

~ Washington, D. C. 20310

' Re: Proposal for Evaluation of 110 Mil Polyethylene
"E" Type Target - Waffle Structure

Dear Mr. Domingoes:

As you know, R A I Research Corporation developed the Polyethylene
"E" Type Waffle Target currently in extensive use by the U. S. militar]l
forces. During the initial stages of this development R A I evaluated |
many materials, structures and thicknesses to determine the best target
considering cost effectiveness, response accuracy and hit capability.

In determining the thickness of the target, detailed evaluations were
conducted with sheet high density polyethylene materials ranging from
60 to 03 mils. The results of these tests were that the thicker targets
showed significant improvements in response accuracy and hit capability
with all other performance characteristics about the same.

The final evaluation targets manufactured by R A I were 00 mils in thick-
ness and the initial performance data was satisfactory. At the conclusion
of the evaluation R A I, as you know, sold targets to numerous Army bases
before they were available through NTDC. All of these targets including
our current inventory as shown in the attached brochure, were 80 mils.
However, government specifications assigned to the target were 80 mils

* 5 milg and several large volume central procurements were made with
that thickness requirement. '

In our recent visits to the various bases introducing them to our target
training equipment, we have found that the targets in the field are approxi-
mately 75 mils and response accuracy and warping, especially in warm
weather, have been a problem. As you know, both of these factors are
quite critical in training effectiveness and, in fact, were two of the major
reasons for initiating a target development program to begin with.

. 27
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" In connection with the foregoing and our background in target development .

and plastics technology, we recommend that an evaluation program be
conducted with a thicker gauge target so that improved performance
characteristics could be clearly demonstrated. Specifically, we propose

- manufacturing an evaluation quantity of 2,500 "E" targets of 110 mil

thickness. These targets would be the exact same structure as the
current procurement except that we would notch out the bottom of the
targets so that they would fit into both the M31A1 and DART mechanisms,
We are confident that these thicker targets will result in substantially
improved response accuracy and considerably reduce buckling.

The pi‘oposed initial evaluation cost for 2, 500 targets including modification

 and special handling is $9, 700, with delivery four weeks after contract

approval, Subsequent small quantities for further evaluation would be
available at $2.60 each.

In projecting ahead, if this thicker target were centrally purchased in

large volume, the difference in cost, if any, would be slightly more than

the price presently paid by NTDC in their volume procurements of this

past year. The difference would be limited to the additional resin cost,

all other manufacturing procedures remaining the same. However, the

cost effectiveness and performance would be greatly enhanced. ( I'would

like to note that beyond 110 mils, manufacturing, especially vacuum forming
cycle time, would change the cost picture beyond the additional resin required.)

We believe the approval of this request will give the go{rernment the true
worth of the initial target development program. We respectfully request
that you consider the above proposal as we sincerely believe this improved
target is in the best interests of the Government.

Very truly yours,

R A I RESEARCH CORPORATION

S. J. Arditti
President

SJA/cd
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' alay 20, 1968

~ Mr. S, E. Smith
« . Contract Negotiator

~ Naval Tralning Dovice Centor =~ - "%

. Orlando, Florida 82618 .

" Referonce: IFD N61350-68-B-0076
AR RAI-F108 .~ e

¢ Dear Mr. Sraith:

. This letter follows our letter of May 24, 1068, to Mr. John W, Poase, at which -

2o7 time RAI formally indicated to Naval Trafaning Device Couter our contention of

. & proprictary position ou the target boing precured by Naval Trainfag Device
. Conter under the ahove referenced bid. Wa ara hopotul this will be considered '

. by Naval Tralaing Device Centar and/or Army pateat people at the earlicat

. poasible time, ' B

- In addftion, we pofntad cut that the bid contained no porformance and quality

- aseurance apecifications which we helteve essential to inoure thae effectiveness

of this target. The purpese of this lotter 15 to further expand on the necegoity

-, for performance and quality assurance specifications. We would puggest that

- independont vortfication be made with the Naval Training Dovice Centor personnel -
involved in the ovaluation of theso targets, : '

-~ Tho target as spacified in the subject bid did not conaider several aspects of prime
" importance: - . '

L. Rock Island Arsenal Laboratory, under pbojoct sumber 1-A-0~1300k-A~039 ‘
- {Soptamber 8, 1963) did an extensive study entitled, " Tho Developmont of Fibers
;. board Targets for the M31AL Trafufire Mochanizm, " The abstract of this roport

T TS SRS T

: :
b . S oo e e
e | PR .
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A {a eacloged for your examination, You will nota that ft concluded with the statae , =
‘oo raaud that "tho final eriterion for evaluation must be the firing tost, "

o Dased upen the raport moentioned above, cardboeard targets have beea , .
S procured by a performance tost conductod at a sultable range. At a minimum, .
' polyothylene targots should be requirad to meoet applicable portions of that —
specification, and prospoctive suppliers be roquired to qualify thelr targets before
they are considored a gource of supply. No subascquent work on plastic targets has |
" contradicted the Rock Island Laboratory findings on tha need for performance = -
Lo teating, !

© 3. Another point of consideration i3 that Note ¢8 of drawing £361000B60001 says e

| of thickneas that " Targots shall be formed from sheet stock which fa ,080" 4+ " -

i thicknese. " This dees not really deacribe what the finfshed thickness of the

. target should ba. It would therefore be possible to stamp pross targotz of o

- 75 gauge sheot, reaulting in a far leso effective target but which would atill comply

with the bid. The Improved performance of the heavicr gauge bas been repeatadly

- dernonsirated by RAIand Naval Trainfug Device Center evaluation reports. RALl
‘. Research, boing aware of this, has always supplied tho Army Marine Corps and
" Naval Training Device Centor with targets having a mean thickness of greater
. than ,080" to insure the necessary fiold performance. ‘

) .

8. The forming of the sheot after extrusion, aa provided for in the bid, must be .

*  done so as to insure a maximum wall thickaess throughout the waffla seation, The
. wormol masufacture of this type of part, v may bo scen in most commerclally - -

" avaflable molded pariz, would be a short cyelo forming operation with no con=

. gideration to wall thickaess, This type of manufacture would result in a thinner |

- wall, espeeially in the most exitical centor section which would make the target

' far leso offective, The waflle thicknosa {a important for the following reasonst

> @) To {nsure vibration transmission to the ricroswitch to ndicate hit/kill
A responge especially critical with the M0 rifle. ‘

o B)  Have sufficiont material surrounding the bullet hole to initiate the flow
37 ehavacteristie required to reduce the siza of the holo o that a subsequernt
. bullet {a the same spot will still respond. Algo, the volume of material on
. coantact would reaist shattering. Shattering would obvicusly make the target
uaresponsive, " ’ ' L
7" @) 'To resist the vertical whiplash and horfzontal deformation force after 1, 500
L7 bita, the thickness of the horizonial nnd vertical ribe 18 ese¢utial to provide
Lo tho strongih reguirad to minimige this foree, -, ... . - e

D A
. o ' -
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.. In responding to the above referonced bid, RAT astimated its cost on the required - -

~ . quality control, the slowar forming cycle which assures a heavier gauge in the

< walfle, and the heavier gaugo sheet, There are numorous additional performance .
and quality assurance spocifications which can bo added to the bid, The maln . .

- point is thot 8 13 easontial that they be included for the best intorests ofthe ... -

Goveramont and fio training program, o e R

E s
Ly '
. [N

B

.

" 8JAidh
. Enclosura 3
7 {lottor in quplicato) e "
i ca:  Mr, John W, Poage -, i e t"‘:‘:-“:‘

. Naval Tralalng Davics ;C_onto_:‘
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APPENDIX D

PHILLIPS PETROLEUM COMPANY

FAIRFIELD, NEW JERSEY 07006
20 NEW DUTCH LANE

CHEMICAL DEPARTMENT
Plastics Division

May 24, 1974 -
FILE: ES-53-74

SUBJECT: Polyethylene Targets
' !

Mr. Leonard R. Weiner {
Materials Engineering Laboratory
Building 183

Picatinny Arsenal

Dover, NJ 07801

"y
3

Dear Mr. Weiner:

You had requested our assistance in the warpage problem being ex-
perienced on polyethylene rifle targets. We would like to comment
as follows:

1. Our evaluation indicated the targets appeared to have been
formed from Marlex® EHM 6001. We based this on the density
and melt index of the sheet.

2. The target design can be improved to resist warpage by making

: the ribs more pronounced. The sides of the ribs should be
straightened to the maximum. This will result in greater
part stiffness. In addition, we recommend the use of 187 mil -
sheet. The 80 mil sheet appeared to be too flimsey, as 1ndi—
cated by the apparent wind warpage shown in picture #2. '

3. To help utilize the targets on hand you might consider the
use of supporting wood frames. In addition, we recommend
that existing mounting plates be straightened where necessary.
The target in picture #3 appeared to be mounted on a notice-
ably bent mounting plate.

Enclosed are the pictures and the part drawings you had loaned me.
I also have the targets if you should want them returned to you.

- If you‘'have any questions, please call.

Very truly yours,

‘ R Eli Solop
ES:sas B Tech. Serv. Engineer
cc: H. B. Walker " ' 32
Enclosure - / -
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