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13. STR T

4The objective of this program was to design and demonstrate the
feasibility of a floating smoke grenade which could be ground or air
launched. The floating smoke grenade would supplement or replace
the currently operational M8 and M 18 smoke grenades which do not float
and, therefore, provide poor signals when thrown in water. Further-
more, when air launched, the M8 and M18 tend to burn themselves in
mud and shallo'' water due to their high terminal velocity at impact. To
overcome this problem, the floating smoke grenade also required an
aerodynamic decelator. A smoke inflated "ballute" provided this element "

In all, five colors of smoke were developed including red, yellow,
green, white, and violet. In controlled comparison tests, these smoke

colors were found to be equal to or better than the M8 and M18 colors.
Smoke volume was blightly less than the M8 and M18, but burn time was
almost twice as great as that of the M18 and equal to that of the M8.
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ABSTRACT

The objective of this program was to design and demonstrate
the feasibility of a floating smoke grenade which could be ground or
air launched. The floating smoke grenade would supplement or replace
the currently operational M8 and M18 smoke grenades which do not
float and, therefore, provide poor signals when thrown in water.
Furthermore, when air launched, the M8 and M18 tend to bury them-
selves in mud and shallow water due to their high terminal velocity at
impact. I o overcome this problem, the floating smoke grenade also
required an aerodynamic decelator. A smoke inflated "ballute" provided
this element.

In all, five colors of smoke were developed including red, yellow,
green, v.hite, and violet. In controlled comparison tests, these smoke
colors were found to be equal to or better than the M8 and M18 colors.
Smoke volume was slightly less than the M8 and M18, but burn time was
almost twice as great as that of the M18 and equal to that of the M8.
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FOREWORD

This report was prepared for the Land Warfare Laboratory,
Aberdeen Proving Ground, Mary°land by Northrop Carolina, A Sub-
sidiary of Northrop Corporation. This report presents the results
of the program conducted under Contract DAAHD05-71-C-0154 during
the period of November 1970 through June 1971. This effort was
conducted to falfill the Small Development Requirement for Grenade,
Hand/Rifle, Smoke (Floating) USACDC 14479.

Contributors to the work reported herein and not listed as
authors are:

R. L. Borcherding
T. A. Cox
L. A. Wieder
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SUMMARY

The objective of this program was to design and demonstrate
"the feasibility of a floating smoke grenade which could be ground or
air launched. The floating smoke grenade would supplement or re-
place the currently operational M8 and M 18 smoke grenades which do
not float and, therefore, provide poor signals when thrown in water.
Furthermore, when air launched, the M8 and M18 tend to bury them-
selves in mud and shallow water due to their high terminal velocity
at impact. To overcome this problem, the floating smoke grenade also
required an aerodynamic decelator.

The "ballute" technology developed for the TMF-1 40 mm Floating
Target Marker was applied successfully to the design of the Floating
Smoke Grenade, and all program objectives were met. The smoke in-
flated ballute acts both as a flotation collar and a "parachute. "

A total of 332 units were fabricated and tested during the program.
These include development tests, feasibility demonstration tests,
environmental tests,and acceptance testing of delivered units. Units
were hand launched and air dropped over water during the test program.
Signal visibility tests were conducted by observing the functioning units
from an aircraft. In all cases, color identitication and signal acquisition
distances exceeded the required minimum of 3000 meters at an altitude
of 1000 feet.

In all, five colors of smoke were developed including red, yellow,
green, white, and violet. In controlled comparison tests, these smoke
colors were found to be equal to or better than the M8 and M18 colors.
Smoke volume was slightly less than the M8 and M 18, but burn time was
almost twice as great as that of the M18 and equal to that of the M8.

In the bullet impact tests, the green, red and violet compositions
did not ignite. White and yellow grenades ignited and burned non-
violently. There were no detonations. Dry grass ignition tests were
also conducted. Straw which had been driect in an oven for 30 days
at 1600F was used in these tests. Violet and yellow grenades which
were completely covered with straw started fires after 90 seconds.
Green, red, and white units did not start fires.

At the completion of the program, 320 grenades (65 of each color)
were fabricated and delivered to the Government for further evaluation.
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SECTION I

j INTRODUCTION

'1',e objective of th-s program was to design and demonstrate the
"".ea~isbil4,l of a floating sm3ke grenade which could be ground or air
iaoU.-2e~, f, 's gruiiade will broaden tL-e Arm.3's smoke capability. to
includ.• '.r .ng, screeni~g, and signaling in areas that are partially
or con .,' ' --ly covered with water. Experience in Vietnam has shown
that the srandard smoke grenades ('AN -M8 and M18) are ineffective in
such areas.

The primary technical requirements for the floating smoke
grenad, as specified in the Statement of Work No. DAAD05-71-Q-0410
is summarized in Table I. The greatest'e-.iphasis was placed on
reliability which dictated a minimum of new, unproven concepts ard/
or components. The body, bottom, top and fuze for the floating grenade
are the same basic components used on the M18 Smoke Grenade. The
chimney and ballute assembly was developed on the TMF-1 Smoke
Marker, a 40 mm smoke streamer program, and a floating rescue
marker program. The smoke composition is the sime basic formu-
lation developed for the TMF-1 Marker.

The design of the floating smoke grenade is shown in Figure 1.
Figure 2 illustrates the operation of the floating smoke grenade. The
grenade may be hand thrown, rifle launched, or aircraft launched from

any dispenser compatible with the M--18. Approximately two seconds
after the firing arm is released, the output of the fuze delay ignites 'the
smoke mix first fire. The resultant pressure generated inside the
canister fails the taped joint on the can, thereby separating the top
section of the canister from the main body of the grenade. 'A cord
attached between the top and main body prevents the former from
becoming a missile hazard. Gases from the smoke mix inflat6 the
"ballute instantaneously. The inflated ballute, acting as an aerodynamic
decelerator, slows the descent rate of the grenade to approximately
40 feet per second. At this descent rate and with its large frontal
area (approximately 80 square inches), the smoke grenade will im-
pact so gently in shallow water that it will not bury itself in soft mud
below the surface. The design of the floating smoke grenade, the smoke

compositions, and overall performance parameters are deseribed in
detail in Section ..
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TABLE I - FLOATING SMOKE GRE NADE' REQUIREMENTS

117 Requirement
Item Essential Desired

Number of major components - One

Weight' 12 oz to 32 oz

Envelope .. Same as ANM-8 ---
and ANM- 18

Environment Wet-hot, AR70-38 AUl climatic
I conditions

Ii

Paradrop Yes

Assembly/disassembly time None ---

Power requirements None ---

Transportability Man-air transportable ---

Observation distance 3000 meters from ---

1000 ft min. altitude

Expendable Yes

Impact insensitive to small Yes
arms fire

'All weather operation Yes ---

Visible time, 1. 5 minates 3 minutes

Reliability in inundated areas 95% ---

Grass fire hazard None ---

Smok~e volume Same as ANM-8
* and ANM- 18

Colors Red, yellow, violet, ---

green and white

Storage life 5 years --

.Maintenance Visual -- -

Human engineering No special training, ---

safe to operate;
AR60Z- l'and AR 385-16

"" Priority of characteristics Reliability, per- or n

fo rmanc e
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SECTION II

HARDWARE DESIGN

1. BODY

The body is made from the M-18 body, drawing number
C13-19-82-1. The basic material is terneplate which is rolled
into a cylinder and joined by a longitudinal soldered seam. The
body is made in two parts, which are subsequently joined to the
chimney during the final assembly operation.

The canister body was altered for the delivery units to provide
more material for crimping the canister bottom to the ballute assembly.
The body was lengthened . 37 inches.

2. BOTTOM

The bottom is made from optional tinplate (per QQ -T -425) or
terneplate (per QQ-T-191). A double seam joint is used to secure
the bottom to the body. A material meeting MIL-S-11388 is used
to seal the joint against moisture. The 0. 50-inch-diameter vent hole
in the M-i8 design is unnecessary with the proposed design and was
the refore eliminated.

3. TOP ASSEMBLY

The top assembly is identical to that used on the M-18 grenade.
The material for the top design is the same as that used on the M-18,
with optional tinplate, or terneplate.

A threaded brass adapter, welded to the center of the top, provides
for fuze attachment. A material meeting MIL-S-11388 i3 applied to the
lip to provide a moisture seal after the top is crimped to the body.

4. CHIMNEY

The chimney is made from 2011-T3 aluminum alloy, a widely used
screw machine material. The properties of this alloy are as follows:

Tensile strength (psi) 55,000
Yield strength (psi) 43, 000
Elongation (% in 2 in.) 15
Shear strength (psi) 32,000
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4 Endurance limit (psi) 18,000
Brinell hardness 95
Modulus of elasticity (psi) 10. Z X 106

Specific gravity 2. 8Z
Melting range (OF) 995 to 1190

In addition to providing an outlet for the smoke, the chimney forms
a bulkhead between the bzllute and smoke grain, supplies the attachment
points for the ballute and allows the fuze output to reach the smoke first
fire. A groove on the chimney outer perimeter permits the outer can to
be attached by a 360-degree roll crimp. The eight, 1 Z diameter holes
are provided in the bulkhead wall to allow a small portion of the smoke
to pressurize the ballute.

5. BALLUTE ASSEMBLY

The aerodynamic retardation and floating capability is provided
by a gas-filled ballute constructed from two flat, circular pieces of
silicone rubber coated glass fabric. The two sheets are sewn together
at the outer periphery and retained by plates on the I. D. The chimney
forms the inside gas seal as shown in Figure 1. Gases bleed from the
burning smoke composition through vent holes in the bulkhead of the
chimney, filling the ballute and expanding it into a tight toroidal ring.

* The ballute is sized to provide sufficient aerodynamic retardation to
prevent the grenade from sinking in either water or mud. After contact
with the water, the ballute remains inflated, providing a floating collar.
The center of gravity of the floating unit is below the center of buoyancy,
thus keeping the grenade in an upright attitude. The concept described
abome also nas I-een successfully used on the 40-rmm TMF-1 as well
as the LUU-8/B, -10/B, and -11/B rescue markers.

The ballutes were fabricated and subsequently sewn by an outside
vendor for the delivery units. Talc was used on the ballute material
for the delivery units because sticking of the ballute material presented
a problem during environmental tests. The vendor also indicated a need
for the talc for sewing purposes. The reduced diameter for the ballutes
from twelve inches to ten and one-half inches on the delivery units re-
lieved the installation packing problem a significant amount. Ballute
hardware, on the delivery units, had specific sharp corners removed
because the environmental functioned units had evidence of ballute cuts
and impressions from these sharp corners. The importance of removal
of all sharp corners was evidenced during the manufacture of the 320
units because the chimney cut a ballute that had been assembled and
accidentally dropped. The drawing has been updated to alleviate this

S~ problem.

I .
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6. INSULATION

The liner insulation (or liner) for the smoke/body interface is
made from bleached cotton phenolic tubing, Type FPE, per MIL-P-
79. The tube's thickness (. 11 inches) was sized to satisfy the following
two design requirements:

1. Minimize heat flow from the smoke canister to the
water, which would decrease burn rate and smoke
volume.

2. Reduce the temperature of the body to prevent grass
fires.

This material has been successfully used as a flare case material
in a battlefield illumination system and an improved target illumination
flare (shielded flare) program.

Type FPE cotton phenolic has the following properties:

Tensile strength (psi) 7,000
Modulus of elasticity (psi) 1, 000,000
Compressive strength (psi) 13,000
Rockwell hardness (M) M-105
Density (gm/cc) 1. 14
Thermal conductivity (calories/ /

sec/centimeterZ/oc) 7 X 10"
Specific heat (cal/gm) 0. 35 to 0. 40

A longitudinal grcove cut into the wall of the insulation sleeve
allows a relief for the longitudinal seam along the body.

I1
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SECTION ITT

SMOKE COMPOSITIONS

1. GENERAL

The smoke charge design consists of an ignition starter -nix, a
ballute inflation mix and the main smoke charge, all pressed
simultaneously in the listed order.

The charge is a single end burner 1. 5 to 2. 7 inches long
depending on the smoke color. The violet composition required more
free volume to allow for char expansion during burning. The main
charge composition is a pressed dye/sodium picrate formulation. The
high percentage of dye, approximately 57 percent, offsets the floating
grenade's smaller charge weight compared to the standard M-18 (4076).
Since the floating grenade envelope and smoke volume output had tc
compare with the M-18 grenade, the following is a comparison of the
two units:

Floating
M-18 Smoke

Smoke charge volume (cu in.) 14.36 7.70(1)

Burn pattern Prngressive Neutral

Burn time (sec) 50 to 90 90 rrin.

Average burn rate (in. /sec) 0. 013 0.025(

Average dye in composition (%) 40 57

Average density (gm/cc) 1.40 1. 37'

( lThe chargc volrmnu for the violet and green are 5. 0Z ci. in. and 8. 50
cu. in., respectively.

( 2 ~I'he burning rate for the violet and green are .017 inches per second
and . 030 inches per second, respectively.

( 3)The density for the violet is 1. 62 gms/icc.

3d1



Floating

M-18 Smoke

Smoke composition weight (gin) 330 170~~

Initial surface area (sq in.) 8. 95 3. 35

Charge length i. .

The introductiorn of the ballute mechanism into the M-18 en-
velope, however, did require some sacrifice in charge length. The

smoke length is reduced from the 3. 5 inches in the M-18 to 1. 5 to

2. 7 inches. This reduction in smoke charge length did not materially

affect the smoke cloud visibility. See Appendix A.

The thre~e charge components were developed through an ex-

tensive series of tests listed in the Appendixes. Details of the -three

elements of the smoke charge are discussed in the following paragraphs.

Z. IGNITION STARTER MIXTURE

The Boron Potassium Nitrate starter mixture gave excellent

results throughout the duration of the program. It had a 100 percent

reliability in igniting the inflation mix. However, the initial weight

of 5. 8 gramns used on the first units was reduced to 3 grams early

in the program to prevent burning of the ballute and "flaming" of the
smoke cloud.

3. INFLATION MIX

OnlyLhe red and green grenades used nitrocellulose ball powder

in the inflation mixes through t~he environmental function tests. The

environmental function tests pointed up the need of ball powder in all

units because of the burning of the balliutes, particularly with colors

white and yellow that did not have the ball powder in the inflation mix.

All delivery units used ball powder in the inflation mix. Since ball1

powder has been incorporated in all inflatiou mixes, no burn problems

occuirred oz- the ballutes d-iring function tests.

r4. SMOKE COMPOSITION

Do -ing the developmiental phase of this program, prior to

producing the 320 grenades, the sm-oke composition was made up in

'The composition weight for the violet and green are 130 grams and
185 grams.. respectively.

.The charge length for the violet and green are 1. 5 inches and Z. 7
incbes, respectively.
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10OOg batches or less. The production of 320 grenades (64 of each color)
was made up in approximately twenty-pound batches. Tests were made
prior to pressing this material for the production of 64 of each color.
It was found that the burn time characteristic was not the same. The
mixes were altered by adding more sodium picrate. SMP-60, Data
List-040G88000, covers this procedure in detail. The drawings indicate
the need to adjust formulations to satisfy burning time. The net result

of changes was as follows:

% Sodium Picrate % Sodium Picrate
Color 100og Mix Production Mix

White 38 39
Green 37 37.5
Yellow 39 39.6
Red 38 38.0 (No Change)

Violet 38 38.0 (No Change)

As a result of the functional tests on the environmental units, an
extensive effort was made before producing 64 units to reduce the
possible effect of vibration. During the course of this effort, it was

found that a comparable weight of the violet smoke composition to the
other colors yielded erratic results in burning of the smoke com-
positions. This erratic effect was most noticeable in severe chuffing
as well as short burning duration. Increased pressing pressure

alleviated the vibration problem and reduced smoke composition weight

yielded a smoother flow of smoke from the chimney while maintaining
minimum burn times.

Another problem encountered with the violet smoke mix was a

large char expansion during burning. It was reasoned that the char
expansion in a confined space above the smoke mix causes a pressure
buildup against the charge, increasing its burning rate. To alleviate

this condition, a large gap (1. 25 inches) was left between the face of the

starter mix and the chimney.

Difficulty in the green color "washing out" or filterning durhig

burning resulted in the use of a foam-filled hole. This hole, a half-
inch diameter drilled through the center of the charge, was filled
with an Flexipol RP5 Polyurethane foam(l). This hole allowed the

smoke to vent inward from the burning surface, thus, bypassing the
char layer.

( 1)Trade name of Flexible Products Company, Marietta, Georgia.

t-
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Details of the composition tailoring and other problem solving
efforts can be found in Appendixes B, C, D, E, and F.

The compositions of the various mixes are listed in Appendix G.

4
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SECTION IV

TEST RESULTS

1. DEVELOPMENT TESTS

In addition to the extensive smoke formulation work described
in Section III, the ballute made up the balance of the development
tests. Early tests were conducted with the silicone coated cotton
material which was used on the early 40-mm TMF-1 design. Difficulties
were experienced in tears and burns. Packaging of the ballute in the
small space available proved to be troublesome. Changes were made
to the chimney and phenolic asbestos spacers to help eliminate these
problems. In addition, the ballute diameter was reduced from 12
inches to 10. 5 inches.

After the feasibility demonstration tests were conducted, three
silicone fiberglass ballute materials were tested. Fourteen ballute
assemblies were tested using the SRG 0610, RM-7 and RM-5 silicone
coated fiberglass material. All ballute systems functioned perfectly.

T'ie fiberglass material selected for use in the 85 environmental
test units is designated RM-7. This material had adequate strength
and heat resistance to withstand the starter mix ignition and ballute
inflation requirements of the floating grenade. The increased heat
resistance of the RM-7 material permitted the continued use of the
more reliable BKNO3 first fire and therefore eliminated further testing
of black powder for starter mix. The 0. 004 inch glass cloth thickness
is coated on both sides with silicone rubber giving a total weight of 7.5
oz. /sq. yd. This material was easily packaged in the fully assembled
grenade.

Test data from 3M Company indicates that this material is
flexible after being subjected to -70°F for five hours, is non-corrosive
in normal use and shows no cracking in a bend test after being subjected
to 450°F for 24 hourz.

All environmental and delivery units were fabricated with the RM-7
ballute material. Results of the ballute testing are summarized on
Table II.
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Z. FEASIBILITY DEMONSTRATION TESTS

A group of thirty-five units was fabricated for the feasibility
demonstration phase of the program. Twenty-five units were ran-
domly selected from this group to undergo T&H, wetness and function
testing according to the test plan; and the ten remaining units were
designated as vendor acceptance test rounds. The ten units were to
be lea..-Lebted according to the test plan prior to being function tested.

Three of the ten vendor acceptance test units leaked when they
were subjected to 3 psig and submerged under water. The entire
surface of the tape and the edges of the tape were coated with clear
acrylic lacquer. After the lacquer was dried, the three units were leak-
tested again and none of the three units leaked. Lacquer was applied to
the 25 demonstratior units as described above.

Sixteen of the demonstration units were put into individual fiber
containers, and then they were assembled into a shipping box. The
packed container was placed in an environmental chamber and subjected
to a four-hour temperature soak at 158°F and a T&H cycle approximating
the storage and transit conditions of Category 2 of AR70-38. Environ-
mental data are contained in Appendix H.

The remaining nine demonstration units and the 10 vendor
acceptance units were placed in covered storage at 70 0 F. At the end
of the T&H cycle, the 17 units were visually inspected, and there was
no evidence of any deterioration on the exterior of the units.

A "wet" water solution was prepared by adding 3 pounds of Amway
laundry detergent to 10 gallons of water. The 17 units were weighed,
and then they were placed in the "wet" water solution. Additional water
was added to the tank to provide a hydraulic pressure of 0. 5 psig on the
units. One hour later, the 16 units were removed from the "wet" water
tank, rinsed, dried, and weighed again.

Weight gains were noted in 10/16 of the units. The gains in weight
ranged from 0. 1 gram to 2. 9 grams. (See Appendix H). The fuzes were
removed from the 7 units which exhibited gains in weight of a gram or more;

and, in all cases, the paper pyrotechnic container of the fuze was wet,
and water was observed in the upper portion of the chimney on the smoke
unit. The only path available for getting water into this part of the unit

was through the compressed asbestos fuze gasket. New fuzes were

assembled into the 16 units prior to function testing.

On February 15, 1971, five units (one of each color) of the ten

vendor acceptance group were tested. The five units were thrown into

-- ATI
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a 6-foot diameter by 1-foot deep pool of water. All units sank to the.
bottom of the pooi before they 1'unztioned. The units floated to the
surface of the water, and they emitted smoke with excellent color,
volume and burning times in excess of 90 seconds.

The feasibility of demonstration, tests were performed on February
16, 1971, and they were witnessed by Mr.. Paul Fr-nsell of LWL. Eight
of the 9 control units and 12 of the 16 environmental test units were
tested. The test data are presented in Appendix "H". Although several
problems were discovered, it was pre,• that it was possible to make a
floating grenade.

3. ENVIRONMENTAL TESTS

Fifty (50) grenades (ten of each of five colors) were subjected to
the proposed test matrix. This group of fifty (50) units and an additional-
group of thirty-five (35) units were functioned and witnessed by Mr. Paul
Frosell of LWL. In addition to the tests outlined in the test plan, a
Cessna 206 was used to drop sever, iuits from an altitude of approximatelý
300 feet into Grovestone Lake near Swannanoa, North Carolina.

The results of the function tests were:

1. Red - burn time, smoke volume'and color were good
on all units.

2. Green - burn time, smoke volume and color were good'.

3. Yellow - burn time, smoke volume and cblor vvexe good, but
ballute material was subjeci to burn'holes.

4 White - burn time, smoke volume and color were good, but
ballute material was subject to burn holes.

5. Violet - smoke volume and color were good but severe
chuffing with one group of tests caused insufficient burn
time.

6. The seven units which were air dropped provided full-up
ballutes before impacting the water. Descent retardation
with full-up ba17.1tes proved effective since all units air
dropped functioned well. All five colors were included in
the air to surfa'.e function test.

'1!
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As a result of the above problems, the following corrective actions were
recommended.

1. Remove all sharp corners f rom bal.ute hardware on

delivery units.

Z. Use talc on ballute mate ial to eliminate sticking of
ballute halves to each ot tier. This will allow the ballute to
unfold more freely on inflation.

3. Change yellow and white inflation mixes to reduce
burning effect on ballute material: when the ballute

is initially inflated.

The following conclusions were made following the above tests:

1. Red' and green grenades are ready for manufacturing.

* Z.. Cha~nges, in inflation mixes for yellow and white will
allow these grenades to be placed in manufacturing.

3. Run addition.al tests on violet prior to placing this

grenade smoke colo-r in manufacturing.

Comprehensive tables delineating the results of all function tests

.ere incorporated in..progress report No. 6.

4. DELIVERY ACCEPTANCE TESTS

Eighty-four units were tested for functional acceptance of the
320 delivery grenades. The resufts of these tests are included in
Appendix I . All units passed the acceptance tests and approval on
the delivery units were received.

S: :

*' I
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

1. The five colors, violet, red, white, green and yellow, are all
comparable to the M-18 grenade.

Z. All colors have achieved the ninety second minimum burn time
level. The burn time is affected by the Sodium Picrate and must
be closely controlled in the processing procedures.

3. BKNO 3 as an ignition composition has shown excellent reliability.

4. The grenades, as data will attest to, have shown good performance.
An overall value engineering program could reduce production costs
without affecting the performance characteristics.

5. Ballute material and assembly, including the sewing, provides a

unit that exhibits good flotation, descent retardation and strength
upon inflation.

6. Ballute assembly should have a value engineering study made at an

early date. Costs can be reduced by:

a) Replacing screws with rivets.

b) Redesign chimney for die casting.

7. The manufacturer of smoke grenades should be advised by the user
of the optimum length of grenade can assenmbly.
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APPENDIX A

DATA .OR COLOR COMPARISON UNITS
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APPENDIX A

Burning Time, Sec Color

Floating Floating

Color M-18 M-18 Nl- 18 M-18 Remarks

White 200 1Z0 DinWg White M-18 flamed for 200

white seconds

Green --- 118 Dark Aqua Fuze failed on M-18;

r~reen first triat

* Violet 84 104 OK OK Top spacer was

twisted on floating
M- 18 - burned

ballute

Red 97 103 OK OK Burned hole in
S~bottom of ballute

Yellow 55 106 OK OK

rXX-4
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APPENDIX C

RED SMOKE UNIT DATA
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APPENDIX D

VIOLET SMOKE UNIT DATA
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APPENDIX E

WHITE SMOKE UNIT DATA
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APPENDIX F

YELLOW SMOKE UNIT DATA
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APPENDIX G

SUMMARY OF SMOKE COMPOSITION AND

CHARGE CONFIGURATION OF THE

FLOATING GRENADE UNITS
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APPENDIX H

ENVIRONMENTAL TEST DATA

FOR

FEASIBILITY DEMONSTRATION UNITS
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APPENDIX H

ENVIRONMENTAL TEST DATA

FOR

FEASIBILITY DEMONSTRATION UNITS

T & H TEST DATA

1. Pre-soak: 4 hours required, 157°0 F 2*F, 15 * 5% RH

Actual (as taken from the Recorder Chart)

Time Dry Bulb Wet Bulb %RH

0930 158 104 16%

1000 158 110 20%

1030 158 112 25%

1100 158 115 27%

1130 i58 116 28%

1200 158 118 -ý 9o

1230 158 119 31%

1300 158 120 33%

1330 .58 122 350

2. D,*urnal

Time Dry Bulb Wet E-lb %RH

Required Actual Required Actual Required Actual

1400 94 87 N/A 82 80 80%

1700 91 85 N/A 78 84 73%

2000 117 105 N/A 95 74 70%

2300 150 140 N/A 125 30 62%

0200 160 152 N/A 135 10 62%

0500 142 133 N/A 110 35 47%

0800 105 98 N/A 97 59 95%

1100 98 92 N/A 88 75 85%

NIi
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LEAK TEST DATA

FEASIBILITY DEMONSTRATION UNITS

Color N Wo, gm Wf, grn

Red 2 491.3 491.3 -0-

3 488.2 491.1 +2.9

4 490.7 493.3 +2 6

Yellow 2 489.4 490. 3 -CO. 9

3 490.5 492.2 +1.7

4 490.8 490.8 -0-

White 2 485.4 487.2 +1.8

3 490 492.8 +2.8

4 490 490 -0-

Violet 2 490.4 493.3 +2.9

3 490 490.1 +0.1

4 J89. 5 491.7 +2.2

Green 2 493.8 493.8 -0-

3 493 493 -0-

4 491.1 491.2 +0.1

5 492. 8 492.8

%C
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I APPENDIX IUCINTSTDT O

SDEL-IVERY ACCEPTANCE UNITS
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APPENDIX J

EN VIRONMENTAL TESTING OF

FLOATING SMOKE GRENADES
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TEST REPORT NO. A-3754

DATE 19 May .197). -80-

REP.ORT OF TEST
ON

ENVIROIMENTA TESTING
OF

FLOATING SMOKE GRENADES

FOR

NORTHRUP CAROLINA, INC.
ASHEVILLE, NORTH CAROLiNP. 28802

GENERAL TESTING LABORATORIES, INC.

6840 Industrial Road
Springfield, Virginia 22151

F PREPARED CHECKED APPROVED

BY 'A. A. Ellis W. P. Dorv~nlo, C . M,. Tc-j.i ,

AE O7
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DATE 12_19_Y 21i_

A!M4INISTRATIVE DATA.

PURPOSE OF TEST

The purpose of the test program was to assure that the Northrup Carolina,
Inc. Floating Smoke Grenades can comply with environmental treatment as

* described herein and as required by Northrup Carolina, Inc. purchase
order number 121250.

TEST PMMDRMED FOR

Ncrthrup Carolina, Inc.
Asneville, North Carolina 28802

TBST ARTICLE DESCRIPTION

The Northrup Carolina Floating Smoke Grenade is a cylindrical shaped object
approximately 2.0 inches in diameter and approximately 5.0 inches in length.

MANUFACTIRER

Northrup Carolina, Inc.

Asheville, North Carolina 28802

APPLICABLE DC)CUENTS

1. Army Regulation AR70-38
2. MII-STD-810B
3. MIL -E-5272C
4. 14IP 4-2-8 04

QuNTITY 1 TEST ARTICLES

Group I, fifteen (15) Floating Smoke Grenades, to undergo testing while
remaining in the shipping container (wooden crate). Group HI, fifteen (05)
Floating Smoke Grenades, to undergo testing unpackaged and fully exposed
to the required z.nvironments. Group III, five (5) Floating Smoke Grenades;
Group IV, five (5) Floating Smoke Grenades and Group V, five (5) Floating
3moke Grenades,to undergo testing unpackaged and fully exposed to the
required environments. Total number of test articles, forty-five (45).

SECURITY CIASSIi'ICATION OF T.MT ARTICLES

Unclassified

DATE TEST COMPLPED

23 April 1971)

REPORT NO. _ A-15!L TESTIUT

PAGE . 1 _OF -.12-

"..-



DATE _ 9_y 1971 -84-

TEST CONDUCTED BY

General Testing Laboratories, Inc.
Pyrotechnic Laboratory
Hartvood Division
]lart-wood, Virginia 224I71

DISPOSITION OF TEST ARTICLES

Upon completion of the test program, the test articles were returned to
Northrup Carolina, Inc., Asheville, North Carolina for further evaluation.

ýTESTMG 
•'

REPORT NO. A-37It.

PAGE •.5 OF2.1
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DATE 19 aty 1971

'ABS•IkT -86-

This report delineates dynamic and environmental testing of forty-
five (45) Floating Smoke Grenades for Northrup Carolina, Inc.., Ashcville,
North Carolina.

Storage and Tras.sit Conditions Diurnal Cycle, Operational
Conditions Diurnal Clycle. Rain Fall, Sea Salt Fallout, Sand and Dust and
Transportation and Airv',iift Vibration tests were conducted durixrg the test
program.

Upon completion of the test program, .all test articles were
returned to Northrup Carolina, Inc., Asheville, North Carolina for further
evaluation.

II
REPORT No. i A-375ý TESTING MIA

-iPAGE_7OF 19



DATE 19 May 19T1 -87-

FACTUkL DATA

RPORT NO. _A-1754~~TIG
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__ _ _ __ DATE _19 N:ay 1971 -88-

1.0 TEST APPARATUS AND EUIPMF,,T

1.1 Storage and Transit Conditions Diurnal Cycle

1.1.1 Temperature-Humidity Chamber
Standard Cabinet Company
Model: L}HCA/27FS

1.1.2 Recorder/Controller
Honeywell
Model: Y60oC43- (AA)-24-IlI-893
Calibration Due: 18 August 1971

1.1.3 Hygrometer
Hygrodynamics
Model: 15-3000
Calibration Due: 8 October 1971

1.2 Operational Conditions Diurnal Cycle

1.2.1 Temperature-Humidity-Solar Radiation Chamber
Tenney
Model A-141D
Thermal Recorder
Calibration Due: 22 May 1971
Humidity Recorder
Calibration Due: 24 May 1971

1.3 Rain Fall

1.3.1 Rain Fall Chamber
TIdustrial Filter and Pump Mfg. Co.
Model: CAR-1

1.4 Sea Salt Fallout

1.4.1 Marine Atmosphere Chamber
Industrial Filter and Pw.-• Mfg. Co.
Model: CAR-1

1.5 Sand and Dust

1.5.1 Sand and Dust Chamber
General Terting Laboratories
M-O.el: 64FS

REPORT NO. -&,-37.51t

PAGE. 9- OF..._



DATE J_ ay__ 97_. -

1.5.2 Temperature Recorder
Honeywell Brown
Model: 153X64Pl2-X-Is2
Range: -150o to 200c0

'Calibration Due: 12 August 1971

1.6 Transportation and Aircraft Vibration

1.6.1 Vibration Exciter
M. B. Electronics
Model: C-150

1.6.2 Power Amplifier
M-B Electronics
Model: 4450

1.6.3 Accelerometer (Control)
Endevco Corporation

A-f Model: 2273A
Calibration Due: 5 May 1971

1.6.4 Accelerometer (Monitor)
Endevco Corporation
Model: 2213
Calibration Due: 19 May 1971

1.6.5 Accelerometer Amplifier
Endevco Corporation
Model: 2713A/A3B8
Calibration Due: 17 May 1971

1.6.6 Accelerometer Amplifier
Endevco Corporation
Model: 271iA//PA54
Calibration Due: 17 May 1971

1.6.7 Thermal Conditioning Shroud
Wyle Manufacturing Corporation
Model: TE-l0o-64

1.6.8 Temperature Recorder

Honeywell Brown
Mordel: 153x6oP12-X-42
Range: -150 to 2000 F
Calibration Due: 12 August 1971

5REPORKT NO. A-3754T

I PAGE Iý-oF -1



DATE _.9•.1 May .•

2".6.9 Control Oc-ei2..)ator
Brue. and KJaer
Model: N575/N 576-1029

1.6,10 Electronic Counter
M-B Electronics
Model: N212
Calibration Dwu: 12 September 1971

A-375), ýTE ST I KGS~~~REPORT NO. A35•TSIG-•

PAGE '.OF ... 9
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DATE 19 19i 7 .... 
-91-

2.0 TEST PROCEDURE

2.1 General

The forty-five (45) Floating Smoke Grenades were sequentially
subjected to the environmental test as presented in Table I.

TANZE I

Group Group Group Group Group
C REQDIRE4ENT I II III IV V

Storage and Transit 15 JI
Conditions Diurnal Cycle
(per Table 2-3 AR 70-8) -
Operational Conditions 15
Diurnal Cycle (per Table

Rain Fall NCI Reguired 15_1-_5
Sea Salt Fallout (per 15 5S~MIL-STD-810B,

Method 509)
Sand and Dust (per 15S•IL-E-52T2 C
ASG, 4.11.3, Proc. III)
Transportation and 15
Aircraft Vibration
(N-T 14-2-8o14)_______ _________

Functional Testing 15 15 5 _5 5
(total of 45 units) .,

pIn Group I, the 15 test grenades plus one inert unit will be
packaged in both the indivudual containers and shipping box. This is the
configuration in which the grenades would be subjected -to vibration, sea
salt fallout and diurnal.

2.2 Storage and Transit Conditions Diurnal Cycle

The test articles designated in Table I vere subjected to twenty-one
(21) hours of Temperature-Humidity exposure as presented in Table II.

REPORT NO. A-375k4 
T US..

"jPAGE 12 OF 19

L ____ _____



DATE 19 May 1971 -92-

TABLE, II

STORAGE AND TRNSIT CONDITIONS

lOCAL Ih'IUCED JIR INDUCED REIATIVE
TIME TPERATIBqE OF ULMIDITY %

0300 94 80

o6o0 91 84

0900 117 74

1200 150 30

1500 160 10

1800 i42 35

2100 105 59

24o0 98 75

Max. 16o 85

Min. 90 10

2.3 Operational Conditions Diurnal Cycle

The test articles designated in Table I -w-re subjected to twenty-
one (21) hours of Temperature-Humidity-Solar Radiation exposure as presented
in Table III.

REPORT NO. A-375), TITG

PAGE .1.h3or 19
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DATE ___ M_ 7 -93-

TABLE III

OPERATIONAL CONDITIONS
ILOCAL AMBIENT AIR SOLAR AMBI.ENTP HUMIDITY
TIME EX4PERfTURE RADIATION Rel • Dew Pt.

or WU/frtIhr OF

0300 79 0 100 79

o6oo 78 70 100 78

0900 87 290 82P- 81

1200 94 36o 75 84

1500 95 290 74 85
18oo 90 70 82 84

2100 83 0 95 82

24oo 80 0 100 80

Max. 95 36o 100 85

Min. 78 0 71 78

2.4 Raidi Fall

The test articles designated in Table I were subjected to twelve
((12) hours exposure to simlLated rain fall as presented in Table IV.

TABLE IV

TIME PERIOD RATE (in/hr.) TL. (in)

1 Minute 27 0.45
5 Minutes 12 1.0
10 Minutes 9 1.5
1 Hour 5.5 5.5
10.73 Hours 0.098 1.05

REPOU T NO. ... A375!.

PAGE..14.. OF -1_9_
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DATE 19 May 1971

2.5 Sea Salt Fallout

The test articles designated in Table I were subjected to forty-eight
(48) hours of salt fog exposure.

A sodium chloride solation was prepared by desolving five (5) parts
by weight of sodium chloride in ninety-five (95) parts by weight of distilled
water.

The salt spray chamber reservoir was filled with the sodium chloride
solution and the test articles placed on the support racks within the chamber
and the chamber temperature adjusted to 95°F.

2.6 Sand and Dust

The test articles designated in Table I were subjected to three (3)
hours of Sand and Dust exposure.

The test articles were placed within the sand and dust chamber, the
dust density determined, with light source a'ad photo cell smoke meter,
to be within the specified limits of 0.1 to L.25 grams per cubic foot and
the air velocity determined, with Alnor velometer, to be within the specified
limits of 2500 (+ 500) feet per minute. The chamber temperature was adjusted
to 77oF and stabilized for the duration of the test.

2.7 Transportation and Aircraft Vibration

The test articles designated in Table I were subjected to the
vibration schedule of Table V for three (3) hours, forty-five (45) minutes
at -65°F and three (3) hours, forty-five (45) minutes at 145°F in one (1)
major axis only. Prior to the initiation of vibration testing, the test
articles were conditioned for a period of four (4) hours at the required
temperature.

REPORT NO. A-3754I

PAGE L_ OF __19
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DATE 19 MRy 1971

TALE Y

I _... .. __ __ __ R"CE SURVE Y.. . . .... . .)I _ _ _ ____ __' ,_ __'__ _'m • io
FREQuECY (liz) - AMnaITUDE DUJRATION

5 - 15 0.5 g 30 linute dwell
15 - 500 1.0 g per resonance

GROUND VEHICLE

5.5 - 7 1.0" d.a. 45 Minutes cycling
T - 37 2.5 9's less dwell

________________AIRCPAFTr

37 - 52 0.036" d.a. 3 Hrs. Cycling
52 - 500 5.0 g9's less dwell

REgPORT NO.. A-3754- -4.

PAGE 1 OF 1
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VIB~RATON i~TE-TARN1

-m ;3
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DATE 19 May 971 -97-

2.8 Cali'r..*- ton of Instrumentktion

All test equipment and/or instrumentation requiring calibration
that was utilized in conducting the test program'complied with the accuracies
ar,' calibration terhniques of MIL-C-45662A and was traccable' to the National
Bureau of Standards. Each instrument displayed a label as to the datc of
last calibration and the due -late of next calibration.

3.0 I"EST RESUL7S

2 , _S+--r and Transit Conditions Diurnal Cycle

".0 •( .en (15), Group I, Floating Smoke Grenades designated for
_FJ'orage e- -asit Conditiote, Diurnal Cycle -withstood the temperature/
humidity -. ;ure detailed in Table II of paragraph 2.2 without ap~arent
!ýIication of damage and/or deterioration as a result of the test.

3.' Operational Conditions Diurnal Cycle

The twenty (20) Groups II and III, Floating Smoke Grenades designated
for OperaL.onal Conditions riurnal Cycle withstood the temperature/humidity/
solar radiation exposure detailed in Table III -f paragraph 2.3 without
apparent indication of damage and/or deterioration as a result of the test.'

3.3 Rain Fall

The twenty (20) Groups II and IV, Floating Smoke Grenades designated
for Rain Fall withstood the exposure detailed in Table IV of paragraph
2.4 without apparent indication of damage and/or deterioration as a result
of the test.

3.4 Sea Salt Fallout

The twenty (20), Groups I and V, Floating Smoke Grenades designated
for Sea Salt Fallout withs.tood the test exposure without apparent indication
of damage and/or deterioration as a result of the test.

3.5 Sand and Dust

The fifteen (15),Group II, Floating Smoke grenades designated for
Sand and Dust withstood the test exposure without apparent indication ofdamage and/or deterioration as a result of the test.
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3.6 TransPoi-Lation and Aircraft Vibration,

The fifteen (15), Group I, Floating Smokt. Grenades designated for
Transportation and Aircraft Vibration withstood the' vibration exposure
detailed in Table V of paragraph 2.7 without apparent indication of damage
and/or deterioration as a result of the teat a+ either -65°F or 1450F.

Resonant frequancies determined during the resonance survey is
presented in Tible VI.

i ~TABUE VI

.RESOr&NC SCHED.U.LEr.• •
K FRE-CY (Hz __________ (___)_DURATION

236, 1T50V 30 Minutes

S426 145° 30 Minutes
S500 54, 30 Minutes

388 -W 30 Minutes
S500 -650 30 Minutes

II

i- •T

- .
TESTING•
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