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FOREWORD

A Ik EE EE

The studies described in this report comprise Phase I of Edgewood Arsenal's two=-phase study
| of the electrostatic vulnerability of the E8 and XM15/XM165 clusters. The report was prepared
by the General Electric Company, Management and Technical Services Department (GE=MTSD),
Bay St. Louis, Mississippi, under National Aeronauticc and Space Administration (NASA)
Contract NAS8-235624 for the Smoke and Riot Control Branch, Production and Maintenance
Engineering Laboratory (administered through the Engineering Test and Evaluation Section,
Process Technology Branch, Chemical Process Laboratory), Weapons Development and Engi-
neering Laboratory, Edgewood Arsenal, Edgewood, Maryland,
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EXECUTIVE SUMMARY

Recent incidents with XM16/XM165 CS clusters indicate that electrostatic effects may have
been responsible for premature functioning of the units, Additionally, an E8 manufacturing
facility was destroyed by a fire which could have resulted from electroatatic buildup during
one of the manufacturing processes, Both of these units disperse C8 gas, As the rosults of
the ineidents and Edgewood Arsenal's Modernization Program, a systems approach was
selocted by Edgewood to determine the electrostatic vulnerability of the XM156/XM 165 cluster
and E8 launcher, Initially two phases of study wero identified, Tho first two phases would

be a study of the fuse train and their component parts, From the results of the first and
second phases (idontification and subsystem testing, respectively) a third phase, System Study
and Test, will be planned to evaluate the complete systems,

This report covers the results of the first phase and includes;
®  Describing electrostatic theory as it applies to system vulnerability,
® Evaluating XM15/XM165 and E8 material characteristics,
® Determining conditions which affect electrostatic initiation sensitivity,

® Constructing equivalent electrical circuits to facilitate analysis and interpretation of
data, A

® Developing Phase II test plan,

The second phase will consist of:

® Conducting electrostatic spark ignition and triboelectrification tests on subsystems
and components of the E8 and XM15/XM165 clusters.
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. ®  Evaluating prior incidents of the E8 and XM15/XM165 clusters from an electrostatic
X viewpoint.
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®  Refining the equivalent electrical circuits generated in Phase I,
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Plotting equipotential curves of simulated E8 and XM15/XM165 configuration to pro-
vide a visual dispiay of the electric field,

F,,00 ope

® Performing a systems test program to verify proper functioning of modified components,
® Recommending measures to eliminate or neutralize potential accidents,

Proposing a future system test program,
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The intent of this approach is to provide a logical, economical, sequential test methology;
whereby, not only can the electrostatic vulnerability be determined, but a baseline of information
is estublished for future reference and utilization,

Initial Phase JI spark ignition tests have heen conducted on components und subsystem configu-
rations of the XM15 fuse train to provide Edgewood the henefit of test data prior to the stort

of production of the XM16 cluster. As the results of these tests and Edgewood's ignition tests,
the following changes were incorporated early in the production cyele:

®  Aluminum junction blocks ware used in lieu of lexan (plastic) junction blocks na
originally proposed hy Edgewood Arsenal,

© Conductive cements arc used to electrically hond the delay fuses to the junction
blocks.,

While the changes appear simple in nature, they constitute major improvements to reduce the
electrostatic vulnerability of the XM15/XM166 cluster,

vi
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ABSTRACT

This report describes the results of investigations conducted by the Materiel Tasting and Re-
soarch Subsoction (MT&R), Management and Technical Services Department, Spaco Division,
of the General Eloctric Company in conjunction with the Smoke and Riot Control Branch, Pro=
duction and Maintenance Engineering Laboratory,and Engineering Test and Evaluation Sccetion,
Process Technology Branch, Chemical Process Laboratory, Weapons Development and Engi-
neering Laboratory, Edgewood Arsenal, Edgewood, Maryland, This two-phase investigation
is concerned mainly with electrostatics. Phase I consists of electrostatic vulnerability iden~

tification and the survey of manufacturers' facilities; and Phase II will coneist of Implementing
the test plan as described in Section 7 of this report,

Two iaadvertent ignitions of the XM15/XM165 cluster and one ignition of the E8 launcher ocourred
without the cause being understood at the time.

During the course of the investigations, the XM16/XM166 and the ES8 launcher were shown to

be susceptible to electrostatic ignition, The pyrotechnic hazard of prime concern associated
with electrostatics is that of the spark which can be generated. The heat, shock, and ionization
produced by the spark can cause ignition of pyrotechnics. However, as a result of the initial
ignition tests (XM15 fuse train), changes have been incorporated to make the fusing system
relatively safe from premature electrostatic activation,

Included in this report is a summary of a visit to the E8 launcher manufacturing facility. An
XM15/XM166 manufacturing facility was also visited, and the results of this investigation have
been submitted under separate cover as Report No. GE-MTSD-R~047, "Inadvertent Functioning
of an XM16 Cluster During Manufacturing, " dated October 29, 1970,
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SECTION 1
INTRODUCTION

1,1 GENERAL

This report contains the results of Phase [ of a two~phanse investigation of the electrostatic
vulnerability of the E8 and XM16/XM166 clustera being conducted hy the General Electric
Company, Management and Tochnical Scrvices Department (GE-MTED) for the Smoke and Riot
Control Branch, Production and Engineering Laboratory (sdministerad through the Engincering
Test and Evaluation Section, Process Technology Branch, Chemical Process Lahoratory),
Weapons Development and Engineering Laboratory, Edgewood Arsonal, Edgowood, Maryland,
The contracting agency is the National Aeronautics and Space Administration (NASA), George
C. Marshall . @nce Flight Centor, Huntsville, Alabama, This program is being conducted at the
NASA Mississippt Test ucility, Bay St. Touis, Mississippl, under contract NAS8-23524,

Phase I consisted of identification of the characteristic of the E8 and XM 16/XM165 system
which affect its clectrostatic vulnerability and a survey of the manufacturers!' fucilitios.
Phase IT will be the implementation of the test plan detailed in Section 7 of this report,

The objectives of Phase I wore to;
® Identify areas of potential electrostatic hazards
®  Collect all available literature and information related to this study.

®  Construct equivalent electrical circuits to facilitate analysis and interpretation of
data,

®  Construct equivalent electrical circuits
®  Define the Phase II test plan
To accomplish these objectivr s, Phase I was divided into the following five tasks:

® Taskl - Identification of the locations and operations where electrostatic potentials
may be generated.

® Task II - Determination of engineering characteristics and evaluation of properties
of materials and discrete components used in the assemblies to disclose the individual
electrostatic sensitivity values.

® Task III - Evaluation of the process equipment and procedures for determination of
hazards,

® Task IV - Generation of equivalent electrical circuits.

® Task V - Development of the Phase 1I test plan. )
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Each task was implemented as shown in the Phase logic diagrams, Figures 1-1 through 1-6,
The results of these tasks are presented in this report as follows:

® Bection 2 ~ Summary Discussion

® Bection 3 - Eleotrostatics

® Bection 4 - Material Characteristics

® Bection 6 - Potentjal Electrostatic Hazards
®  Section 68 - Equivalent Elactrical Circuits
® Section 7 -~ Phase II Test Plan

Section 8 - Referencos

The following paragraphs present those aspects of the physical design and functioning of the

XM16/XM166 cluster and ES launcher necessary to the understanding of the technical task re-
sults included in the remainder of this report.

1.2 XM15/XM1656 CLUSTERS

1.2,1 DESIGN

The XM 165 chemical agent canister cluster assembly (Figure 1-7) is designed to disperse tacti-
cal C8 from an aircraft or helicopter. The XM166 cluster consists of an XM43 adapter (2" in
Figure 1-7), two XM15 clusters ("15" in Figure 1-7), and an XM1 explosive bolt ("'12" in
Figure 1-7),

The XM15 cluster (Figures 1-8 and 1-9) consists of eight modules that are heat-sealed together,
an XM721 time fuze and an ignition system sealed in a rubber compound. Each module contains
33 XM16 canisters, yielding 264 canisters in each XM15 cluster (see Figures 1-9 and 1-10).

1.2,2 FUNCTIONING
The XM165 cluster is designed to be initiated either electrically or mechanically.
1.2.2.1 Electrical Initiation

The XM165 cluster explosive bolt is activated in flight when the pilot pushes a firing switch on
the contro! stick grip. This fires the constraining explosive bolt, As the bolt shears, the end
clamps of the adapter move outward, allowing the hinged clamps to pivot upward, The two
XM15 clusters are forced downward by four leaf springs located under the adapter. When the
XM15 clusters drop, the arming wire, the safety cover, and the safety wire sttached to the tie
rod are pulled from the XM721 fuze. ™his starts the time initiator and releases the interrupter
from its position blocking the slide,

The parts of the XM15 cluster fusing system are labeled in Figure 1-11. As depicted, comple-
tion of the timing cycle releases the detonator slide. The M&G detonator impacts a firing pin and

1" tA
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i 1 End clamps 9 Tie rod
2 XM43 adapter 10 Arming wire tube
‘ 3  Hinged clamp 11 Detonator boot
4  Bafety clamp 12 XM1 explosive bolt
i 5  Cover tiedown screw 18 Clip
i 6 Tie rod yoke 14  Wiring harness
‘ 7  XM166 arming wire 15  XM15 cluster
; 8  Suspension lugs 16  Wiring harness

Figure 1-7, XM1656 Cluster
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RUBBER COMPQUND

RETAINER TAD
XM?21 MECHANICAL TIME FUSE

INSTRUCTION LABEL

FORMED WIRE CLIP

TSSETTING KEY

IDENTIFICATION LABEL
MODULE

Figure 1-8, XM15 Cluster
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PUSHER PLATE
DELAY FUSE

IGNITER ASSEMBLY

EXPULSION CHARGE

CANISTER RETAINER HOLE

XM16 CANISTER

Figure 1-9, XM16 Canister Module, Cross-Section View
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STIFFENER RING

RUBBER DISK
DELAY FUSE

FUSE__

/ T

P———

IGNITION TUSE
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i

CANISTER

IGNITION COMPOSITION 7

_—

CS AIXTURE

Pigure 1-10. Cross Section of XM16 Canister
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COMPONENTS OF XM72) FUZE

:  JUNCTION BLOCK (SMALL|
} DETONAGR SLIDE e
: / JUNCTION BLOCK (LARGE)

ARMING PIN ..

AY

., /M35 DETONATOR

\

IGNITER PELLEY '

s

. FIRING PIN

W

&
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? 4

o pid jied i
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Figure 1-11, XM15 Cluster Fusing System
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detonates, activating an igniter pellet located below the slide. Through a delay fuse, the firing
train is continued to two small junction blocks located on each side of the XM721 fuze. The
small junction blocks are also connected by a line igniter that bypasses the XM721 fuze, ensur=-
ing ignition of both junction blocks in the event of a failure at either end of the delay fuse con~
nected to the igniter pellet. Each small junction block contains an ignition mixture and is con~ -
nected to a large junction block by two delay fuses. Each of the two large junction blocks
contain ignition mixture and eight delay fuses which lead to igniters, Sixteen igniters, two for
each module, ignite 26~-gram black powder bags to expel the XM16 canisters from the modules,

The two delay fuses and two igniters connecting the large junction block and each module, and
the two delay fuses connecting each small junction block and each large junction block, provide
two independent ignition systems. Functicn of either ignition system is sufficient to ignite the
hlack powder expelling charge in a module. The canisters of the end modules are expelled
2.4 seconds after the igniter pellet is activated, The canisters in the remaining modules are
expelled at 0.5-gsecond intervals. The initiation of the black powder bags in the module also
ignites the fuse in each XM16 canister (Figure 1-10).

At the end of the fuse delay period, the ignition mixture is ignited. The burning of the ignition
mixture is so rapid that the burned fuse is blown out of the rubber disk assembly and the canis~
ter is propelled. This initial displacement aids in dispersing the canisters for better area
coverage. The CS mixture is also ignited. As the CS mixture begins burning, pressure builds
up and the XM16 canister continues to be propelled along the ground in an erratic path with
some canisters becoming airborne. The CS is disseminzted during the burning period.

1.2.2.2 Mechanical Initiation

When the XM165 cluster is released mechanically, the adapter is dropped with both XM16
clusters attached. The XM166 arming wire is attached to the bomb rack of the aircraft and
extends through the arming wire tube of the adapter to the explosive bolt. When the XM 165
cluster is dropped, the arming wire frees the firing pin in the explosive bolt which impacts the
M55 detonator., The M55 detonator then initiates an explosive train which shears the explosive
bolt. The sequence, thereafter, is as described in paragraph 1.2,2.1.

The XM15 cluster may also be considered as an individual system and dropped independently.
In this mode the XM43 adapter is not used.

1.3 E8 LAUNCHER

1.3.1 DESIGN

The E8 launcher (Figure 1-12) is designed to disperse tactical CS canisters through
built-in launch tubes. The ES8 consists of a launcher module (Figure 1~13) and a firing
platform (Figure 1-14), The lanncher weighs approximately 34 pounds and may be transporied,
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T0 OPERATOR

0

1  Shorting bar 6 E23 cartridge

2  Pyrotechnic disc 7 Pyrotechnic disc

3  Branch fuse strip 8 Propellant cup

4  Electric squib 9 Lacquered diaphragm
) 0 Main fuse train

Cartridge fuse strip 1

Figure 1-12, ES8 Launcher - Electrical Functioning
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" i 1  Top cover 11  Baseplate
i 2 Foam cap 12  Epoxy resin
3  Foil vapor barricr 13 E23 cartridge
. 4  Paper tube 14  Polyurethane foam
! 5 Main fuse train 156  Plastic separator cap
v 6 Fuse strip . 16  Cardboard separator disc
7  Electrical squib 17  Trail release catch
5 8  Firing well cover 18  Auxiliary fuse train
i 8 Plastic case 19  Plastic separator cap, flanged
10 Carrying harness attachment ring

‘ Figure 1-13. Launcher Module - Cutaway View
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1 Back pad 5 Base

2 Position panel 6 Trail (right hand)
3  Tether spike 7 Spike

4  Stability platform 8 Trail (left hand)

Figure 1-14. Firing Pla- .rm (Components)
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emplaced, sighted and fired by one man. A total of 64 E23 cartridges (Figure 1-15) are fired
from 16 tubes arranged in a rectangular pattern,

1.3.2 FUNCTIONING
The E8 launcher can be fired either electrically or manually,
ha
1.8.2.1 Electrical
The E8 launcher functions electrically as follows (reforence the parts identified in Figure 1-12);
®  With the shorting bar (1) removed, the M2 electric squibs (4) are fired by an electric
signa] genorated by the operator,
; ®  When the squib ignites, the flame starts the main fuse train (10) burning.
. ®  The main fuse train connects to 16 branch fuse strips (3), each connected to an
' individual tube,
®  As the branch fuse strip burns to completion, the pyrotechnic disc (7) of the first
; E23 cartridge (6) of each tube is ignited, The remaining tubes are fired in predeter-
o mined sequence.
-
“% ® The pyrotechnic disc transfers the flame to the cartridge fuse strip (5).
® The fuse strip burns down both sides of the cartridge, burns through a lacquered
r B -
N diaphragm (9), and ignites the black powder inside the propellant cup (8).
®  Burning of the black powder will eject the cartridge from the launcher and ignite the
5 pyrotechnic disc (2) on the second cartridge.
A
This sequence is repeated until all the cartridges are fired from each tube.
v 1.3.2.2 Manual
¥
The E8 launcher can be fired manually as follows (reference the parts identified in Figure 1-16):
,-l ®  The launcher can be fired by removing the lanyard reel (1) and safety pin (4) and
pulling on the lanyard (7).
l ®  As the lanyard is pulled, the firing release pin (6) slides out of the spring-loaded

mousetrap-type manual actuator (3) and releases the striker arm (2).

The spring-powered striker arm swings over and strikes the M42 percussion primer
(6). After a delay ot 6 seconds, heat from the burning primer ignites the primer
fuse train, The primer fuse train ignites the main fuse train,

— il
®

The remainder of the firing cycle is identical to that described in paragraph 1,3,2,1 after
squib ignition.
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17

14

13

®

T. i
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1 Fuse train 10 Propellnm. cup
2 Pyrotechnic dise 11 Black powder
8 Pyrotechnic fuee strip 12 Threaded disc
. 4 Lead-foil ta; 18 CS8 pyrotechnic mixture
6 Crimp rlnc 14 Elastomeric disphragm
8 ...;cquored diaphragm 16 Aluminum canister
1 Pfrotec nic pad 18 ;Fn‘ter coating .
] 8 st-fire coating 17 Noszsle
| ] 9 Time-delay fuse

Figure 1~15, E23 Cartridge - Cutaway View
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Lanyard reel 5 Primer

Striker arm 6 Firing release pin
Manual activator 7 Lanyard

Safety pin

Figure 1-16. E8 Launcher - Manual Functio ‘ing
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Referencing the parts identified in Figure 1-15, the E23 cartridge functions ns follows:

®  The functioning cycle begins when the heat from the pyrotachnic pad (7) burns through
the Jacquered diaphragm (6) and ignites the black powder (11) as described in para-
graph 1,3,2.1. When the black powder ignitos, the gas prodnced expels tho cartridge
from the launcher,

.4

® At the same time the black powder ignites and the first-fire coating (8) 18 ignited
and in turn ignites the i~ to 6~second time~delay fure (9) inside the cartridgo,

® At the end of the dalay timo, the delay fuae ignites the ignitor conting (16) which in
turn ignites the CB pyrotechnie mixture (13).

®  Tho preasure builds up within tho canistor opening tho nozzle (17),

. The mixture burns for 10 to 156 seconds, Thrust exertod by tho burning mixture propela tho
K cartridgo nlong the ground in a zigzag path while the agont is boing relonsed,

=
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SECTION 2
SUMMARY D|SCUSSION

2,1  INTRODUCTION

This discusaion relates the results obtained in the firat phase of a two-phase inveatigation of
the electroatatic vulnorability of the E8 and XM16/XM16hH clustors,

Phase I conalsta of olectroatatic identfiontion of materinla’ properties and churnetoriaties, n
aurvoy of the manufacturer's faotlities, idontifieation of areas of patontial eleetrostatic hazards,
conatruetion of equivalent elootrionl efreuits, and dofinttization of tho Phuse IJ test plan,

Phaso 11 of thia tnvestigation will hy the tmplomontation of the tost plan, as dotalled m Sectlon
7 of thia report,  The objectives of Phase 11 aro to:

®  Conduet electrostatic spark fgnition and tribooloctrificntion tosts on subgystems and
components of the E8 and XM16/XM166 ¢lustors,

®  Lvaluate prior incidents of the I'8 and XM16/XM 165 clusters from nn clectrostatic
viewpoint,

®  Refine the equivalent clectrical eireults gonorated in Phase I,
®  Recommend measures to eliminate or neutralize hazards areus.
®  Propose a future system test program,

2,2 XMI15/XM1656 CLUSTER

The XM15/XM165 tactical CS canister cluster appears to be vulnerable to premature activation
by electrostatic charge. This assumption is based on the general design features of the unit
(l.e., use of nonconductive plastics and other nonconductive materialg) and on two premature
uctivations of the XM165 during unloading operations. However, because of the results of
Edgewood ignition tests and the initial Phase II XM15 fuse train tests, changes have been incor-
porated to make the fusing system relatively safe from premature activation by electrostatic
charge.

The modifications designed to decrease electrostatic ignition sensitivity, requires validation
to verity that they are functioning as intended. The new ignition sensitivity level must be

established, and the possibility that a new potentially hazardous situation will be introduced
must be investigated. ‘

The pyrotechnic hazard of prime concern that is assoclated with electrostatics is that of the
spark which can be generated during the charging/dischurging phenomena, If a gap exists and
if the applied voltage potential is sufficient, the gap will break down and a spark will oceur,
The heat, shock, und lonization produced by the spark can induce ignition of pyrotechnics,

2-1
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Gapa ean aceur at several locations within the XM15/XM166 cluster, Thoae in the vicinity

of the pyrotechnics are; Approximate
Brenkdayn
Loenon Gaps Dielectric Voltage
Betweoen the fuse and 31 Mila Alr 3900 v
the pellets in the block
Between the fuse nnd f to 10 Milg Alr or RTV 1000 to 6000 V
black

Since the XM41 adapter {8 in electrienl contnet with thepe gapr, my voltnge that i inducod to
the adaptor will bo present at the gap,  For oxample, if o man han a charge of 3000 volta and
comon i contuet with the adaptor, moat of this potontinl (3000 volts) will appear nerosa the
#p. It ds not wnecammon for 1 man to develop n patentinl of 3000 to 10,000 volts in normal
work netlvidon,  Assuming that o man s chorged (o 10,000 volts und hng a enpacitanee of 200
pleofurads (reforonee 37, Soction &), then ho has the eapability of delivering .01 jonles of
onergy to thegap (1 1/2 (¢‘Vg).

Inftial Phase IT tosting of tho XM16 fuse irain (roforonee 9, Scetlon 8) rovealed that tho unit con

ho fgnited with ,006 joules; thorofore, 1t 8 vory fongible for the system to lgnite prematurely

if o charged man comes in contnet with tho XM43 adaptor. Howover, with tho chunges that have
been ‘ccently incorporated (uluminum junction blocks and conductive coment to bond the delay
fuses to the junction blocks), one of tho potential gaps has boen eliminated and the other gap
should not present a problom sinoe a good conductive path i8 provided to conduct uny potential
around the gap, (Phase II testing will roveal whethor or not this is the case,) lfuctory assem-
bled fuse trains, chunges incorporated, will be tested for clectrogtatic spark ignition sensitivities,

From the evaluation of potential clectrostatic huzards it uppears that huzardous manufacturing
conditions have been negated by implementation of techniques of electrostatic suppression and
personnel safety. Other areas of potential electrostatic hazards are identified in Section 5 und
cun be eliminated by using cither conductive materials or antistatic aerosols,

The main factors in generating electrostatic potential are the properties of the materials
involved. Section 4 containg the properties and characteristics of the materials used in the
XM15/XM166 cluster and provides a ready reference of pertinent information that is required
for an electrostutic evaluation. This information can algo be used for other studies or further
designs/modifications relating to the XM15/XM165 type systems. For example, the expulsion
churge assembly (black powder bag) is placed between two expulsion pads. From Table 4-1
(line numbers 16 and 19=1) it can be seen that thege two items ure separated by 10 units on the
triboclectric series which indicates that a charge can easily be generated between the two units.
Therefore, extra caution should be excercised during this purt of the assembly operation.

The equivalent clectrical eircuit for the XM165 is presented in Section 8. From a generalized
cquivilent circuit many types of investigations can be mude depending on the assumed conditions.
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To investigate what happens when a man carrying an electrostatic charge touches the XM43
adapter, the circuit shown in Figure 2-1 can be used to represent the man and the XM166, (The
derivation for this circuit and the components are explained in Section 6.) The charged man can
be represented by a capacitor C, in series with a resistance R,. Cg, is the ratio of the charge
on the man to the voltage between his budy and the ground, (These quantities may all vary as the
man moves about; for example purposes use the values exiating at the instaut the man

touches the equipment.) R, represents the resistance to the flow of current hetween the man

and the equipment,

RO

—WW—o v 7 T

Vot
o=1— "0

®}

Figure 2-1. Circuit for Analysis of Redistribution of Charge

Determination of the circuit component values are not part of this phase. However, an attempt

- will be made to determine these values during Phase II (reference paragraph 7.4.2).

2.3 E8 LAUNCHER

The ES8 tactical CS backpack appears to be vulnerable to premature activation by electrostatic
charge. This assumption is based on the general design features of the unit (i.e., use of non-
conductive plastics and other nonconductive materials) and a premature activation and ensuing
fire at a production facility.

From the electrical conception standpoint the E8 launcher is constructed differently than the
XM165. The E8 launcher is completely encased in insulating material. The housing itself
represents a multiple layer dielectric insulator surrounding all critical parts of the system.
The existence of such an insulator around the critical "circuits" would appear to be a good
safety measure; however, there are conditions that can oceur whereby this insulator may
contribute to the electrostatic ignition sensitivity of the system. This condition is described
in paragraph 6.3 of this report.

Normal use of the E8 launcher is expected to include conaiderable amounts of movement and
rubbing of the Royalite case against other material. A larger percentage of this action might
occur against material worn by a man aad some would occur against his skin as he prepares

the launcher for use. It would also be expected that the same man could be involved in preparing

B e
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the launcher for firing, which includes removing the firing well cover and touching parts of the
manual activator assembly or squib input leads.

The functional contact between the man and the E8 Jauncher can induce electrostatic charge
separation by triboelectric effects, The potential that would result hetween the man and
launcher would be expected to he caused by a negative charge or electron excess on the Royalite
and a depletion of electrons or a positive charge on the man, The extent of charge separation
devends upon the material on the man (and also the Royalite), the extent of agitation, the length
of time after the agitation that the charge is "utilized, " and the existing humidity. When the
man removes the firing well cover and touches any part of the manual activator assembly,

he will transfer his charge depletion to the igniter cord and fuse strip critical area as shown

in Figure 2-2, simplified equivalent circuit of manual activator-primer fuse assembly,

The components Co and R o represent the internal impedance and energy storage capability of

the energy source. In this case, consider a man who may generate or transfer an energy

charge from a source. R o and Co may be replaced by other types of sources as would appear
when considering the electromagnetic case. The components R A @nd C, represent the equiva-
lent circuit values of the "metul to metal" contact resistances and the corresponding capacitance,
The simplified distributed circuit "transmission line" is represented by RB’ RC' RD, C B and
CC’ The components C D’ CE’ and CF are simplified circuit capacitances of the aluminum
frame, fuse strip, and igniter cord to the case.

If no breakdown occurs, the charge originally generated between the man and the case will be
distributed to CD’ CE’ and CF'

The length of time the charge remains across the capacitors is a function of the conductivity of
the imperfect dielectric. It may be possible to accumulate the charge or under certain circum-
stances have it oppositely charged from that described. When two charge accumulations occur
which are of opposite polarity the transient breakdown conditions can increase considerably,

From the manufacturing standpoint, the prime area of concern is the foaming operation, One
of the fiaal process sters is that of filling the voids of the ES with polyurethane foam. This
operation appears to be conducive to production of high electrostatic potentials, An ES8 foaming
operation test will be conducted during Phase II as defined in Section 7 of this report. The
objective of this test is to measure the electrostatic potentials induced during each phase of the

foaming operation, to determine from these data the feasibility of electrostatic discharge, and
to establish the likelihood of ignition of the system by this means.,
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SECTION3
ELECTROSTATICS

3.1 GENERAL

Electrostatics is the physics that deals with phenomena due to attractions or repulsions of
electric charges but not dependent upon their motion (reference 16, S8ection 8), The mechanisms
involved in the process ot developing the electric charges are still subject to further research
even though multi-volume books have been written on the mathematics of eleatrostatics; this
branch of electrical studies, which is the oldest, is still in ite infancy.

Electrostatics has to be considered as a hazard to pyrotechnics since the forces involved can
cause ignition. Elimination of the forces that can cause ignition is the problem to be solved when
pyrotechnics are exposed to electrostatic charges. Because of the many variabies and factors
involved in electrostatics, each case where electrostatics may be a hazard to pyrotechnics is
almost unique,

The prime point to consider is that of a spark occurring when an electrostatic charge is being
created or neutralized. A spark produces heat, light, a small shock wave, and an electro-
magnetic field. It is the heat of the spark that is the most probable cause of ignition of pyro-
technics although the other forces can also cause ignition.

3.2 ELECTROSTATIC CHARGE 4

Table 3~1 shows three theories of the ways in which a material may become charged. Of the
three, the electron theory is considered the classical.

Table 3-1. Theories of the Ways in which a Material May Become Charged*

Charge carrier | Why does the carrier move? Why does the movement terminate ?

electrons going to lower energy levels Energy levels at same height, hot spot
or thermal e.m.f. cooled off, or capacitance fully charged
ions going to lower energy levels levelling complete or shortage of ions

or diffusion down concen- back e.m.f. capacitance fully charged
tration gradient or eléc~ :
trolytic e.m.f.

bulk adhesion of parts of opposing | surfaces separated
surfaces or particulate con=- surfaces separated
tamination transferred me=~
chanicall

*Reference 13, Section 8
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Whenever two surfaces, whether liquid or solid, come into contact (no matier how gently),

their surfaces are crushed on the atomie level and electrons pass back and forth between the
objects, On separation, one surface always comes away with more electrons (negatively charged)
than the other surface (positively charged). Therefore, a charge (or more appropriately, a
static charge or electric charge) may be defined as an accumulation of an excess or deficit of
electrons on an insulating (or insulated) object., Friction or rubbing is not necessary for this
charging to take place; mere contact and separation are enough. Rubbing merely increases the
number and frequency of contact-separation incidents, each of which causes local electrification,

The degreo and polarity of the imparted charges depend to some degree on the relative position
of the materials in the triboelectric series (reference paragraph 3,3). Static charges, because
they aro all of the same polarity on an object, repel one another and therefore accumulate on
the outermost surfaces of the charged object, If a conductive coating, no mattor how miniscule,
is present on the surface of an item, the charge will spread over the entire surface, so that a
grounding touch at any point can bleed off the whole charge. Tho conductivity of this surface
layer may be very small, provided it is continuous, because, while high voltages are common
in static phenomena, amperages are almost immeasurably low (reference 16, Section 8).

Insulators exhibit the charging phenomena more pronouncedly. As shown in Table 3-2 (refer-
ence 1, Section 8), insulators can be classified as materials that exhibit a resistivity of 108
ohm-em or higher.

Table 3~2. Classification of Materials Based on Resistivity*

RESISTIVITY, OHM-CM** CLA3S
0-10° Conductor
103-108 Partial Conductor
108-1018 {or higher) Insulator

*Reference 1, Section 8
**Unit resistance between two opposite faces of a 1-cm cube.

Conductors and partial conductors, when electrically isolated from earth, can also become
charged,
3.3 TRIBOELECTRIC SERIES

The term triboelectric stems from triboelectricity which is a charge of electricity generated by
friction (tribo meaning friction) (reference 15, Section 8),

When two materials (insulated from ground) are rubbed together they will assume opposite
charges. If a third material is introduced, then a series can be formed if material A becomes
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positive with reapect to B and C and if B becomes negative with respect to C, Table 3

~3 shows

three series of this nature, The material uppermosat in the series becomes positively charged
when rubbed by a material lower in the serfes; the lower material hecomes negatively charged,
This type of series is called the "triboelectric series, "

Imperfections in materials and surfaces, variations in rabbing techniques, surface contamina-
tion, and the breakdown of the surrounding gareous medium make it impossible to develop a
quantitative trihoelectric series based on charge difference, As can be seen in Tahles 3-3 and
d-4, the series can be altered as these conditions vary. Therefore, because the trihoelectric
series is inconclusive in describing the behavior of electrostatic charges, it can only he used

as a tool in the evaluation and analysis of electrostatics,

No correlation of triboelecirification with other properties such as surface or volume resistivity
or diclectrie constant has been found, '

Table 34, Triboelectric Series (Reference 28, Section 8)

(Reference 27, (Reference 28, (Reference 29 Gruner's Contact
Section 8) Section 8) Section 8) Potential Series
(Reference 30,
Section 8)
Posgitive Positive Positive Material Potential
Asbestos Wool Wool
Glass Nylon Nylon
Mica Silk Viscose Wool +42
Wool Viscose Cotton Perlon II +20
Cat's fur Cordura Stlk Dacron* +14
Lead Human sgkin Acetate Paper +12
Silk Fiberglass Lucite Glass, steel | +10
Aluminum Cotton Polyvinyl aleohol Nylon +7
Paper Glass Dacron* Cotton +5
Cotton Acele Orlon** Brass 0
Sealing wax Dacron* Dynel Orlon** ~4
Chromium
Ebonite Orlon** Velon
Brass Polyethylene Polyethylene Hard rubber -14
Sulfur Tefloxn Rubber 20
Platinum
India Rubber
Negative Negative Negative
*DuPont polyester fiber
**DuPont acrylic fibers
3-4




3,4 ANTISTATICS

To remove or neutralize electrostatic charges it is neceasary to provide a conductive path to a
medium that can consume the charge, Earth ground and the surrounding atmosphere are the
two available media., Connecting the insulators directly to the ground will only remove those
charges in the immediate area of the connecting point since the insulator {8 nonconductive and
the charges are localized, Therefore, the insulator's surface must he made conductive or the
ground point wiped over the surface area if the charge 18 to be removed, If a grounded sur-
face is used, a charge will he developed when the surfaces are aeparated, If the surrounding
alr is conductive (high moisture content or fonized) the charges will bleed off, Some of the
ways to {onize air are;

®  Open flame

® Infrared heaters

® X-Ruays

®  Certain wavelengths of ultraviolet light

® Radioactive sources such as Polonium 210

®  Sharp point, charged or uncharged, connected to ground and placed near the object to
be destationized

The most important factor in removing electrostatic charge is to prevent electrostatic dis-
charge, The spark produces intense light and heat, shock waves, and electromagnetic fields,
any of which can detonate explosives and ignite flammable mixtures,

There are several methods which can be used to make the surface of insulators conductive
(assuming that consideration of the surface is sufficient since electrostatic charge is primarily
located on surfaces). These methods can be broadly classified as inducing conductive materials
and applying a conductive spray or coating,

3.5 THE STREAMER THEORY OF THE SPARK (Reference 38, Section 8)

Conrider the application of a voltage gradient of E volts per cm across a gap of length d ecm
between parallel plane electrodes in a gas at a pressure of p mm Hg, If the ratio % is sufficient~
ly high, an electron leaving the cathode will fonize the gas molecules, and the additional electrons
- 80 formed will be accelerated in the applied field and cause further fonization. The process is
rapidly cumulative and is appropriately termed an electron avalanche. In a field of the magni-
tude required to cause breakdown, the electrons travel at a speed of the order of 2 x 107 cm/sec,
while the positive fons from which the electrons have been detached have a speed of about 2 x 105
cm/sec, The positive ions may therefore be considered stationary in comparison with the more

3-5
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rapidly moving electrons, and the avalanche develops across the gap as a cloud of electrons
behind which is left a positive ion space charge, in the manner indicated in (n) on Figure 3~1,

The space charge produced by the electron avalanche produces a digtortion of the field in the
gap, as shown in (a) on Figure 3-1, The distortion is greatest in the region of the head of the
avalanche where the ion denaity reaches its highest value, The space ~charge field k., auguments
the externally applied field E and also creates a field in the direction radial to the axis.

When the avalanche has crossed the gap, the electrons arc swept into the anode and the positive
ions remain in a cone-shaped volu:.a extending acrosa the gap, as shown in (b) on Figure 8-1,
The ion density is relatively low except in the region near the anode, and therefore the presence
of the positive ions does not in itself conatitute breakdown of the gap, However, in the gns sur-
rounding the avalanche photo-electrons are produced by photons emitted from the donsoly ionized
gas constituting the avalanche stem. These electrons initiate auxiliary avalanchos which, if

the space~-charge field developed by the main avalanche is of the order of the extornal field,

will be directed toward the stem of the main avalanche. The greatest multiplication in these
auxiliary avalanches will occur along the axis of the main uvalanche where the space ~charge
field supplements the external fleld. DPositive ions left behind by these avalanches effectively
lengthen and intensify the space charge of the main avalanche in the direction of the cathode, and
the process develops as a self-propagating streamer, shown in (c) on Figure 3-1, The streamer
proceeds across the gap to form a concducting filament of highly ionized gas between the elec~
trodes. This filament constitutes the initial stage of the spark channel through which the exter-
nal circuit discharges,

When a voltage gradient is applied to the gap in excess of the minimum breakdown value, the
space-charge field developed by the avalanche attains a value of the order of the external field
before the avalanche reaches the anode, In this case mid-gap streamers may be expected, and
are, in fact, observed,

The transition from an electron avalanche into a streamer is considered to occur when the

radial field E r produced by the positive fons at the head of the avalanche is of the order of the
externally applied field E. Unless this is so, there will be no appreciable enhancement of ioniza~
tion in the region of the avalanche or diversion of subsidiary electron avalanches to the main
avalanche,

3.6 BREAKDOWN VOLTAGE CHARACTERISTICS (Reference 38, Section 8)

This paragraph is designed to provide theoretical and experimental values of the voltage break-
down of air. It can be shown that this voltage is a function of the gap distance, or:

V=cd+BYd

where V = breakdown voltage
C and B = constants
d = gap distance

3-6
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There have been several expreasions derived for the hreakdown voltage of nir, The following
exproasion is given by Ritz for the variation of breakdown voltage with humidity, gas density,
and gap length (reforence 38, Section B),

V=666 Vp + |24,56 + 0,41 (%) - 1)] dp
where V = breakdown voltage

d = gap length in em

P - gns denaity

e = ahaolute humidity in mm Hg

Bronkdown voltngoa mensured and ealewlated by Ritz for gapa up to 1 em are listed in Tahle
d=06, The hroakdown voltago for gnps ahove 1 om aroe fiven in Table 8-6, whora thoy are com-
pared with the values glven by sevorpl inveatigntors,

The breakdown voltages givon in ‘Tables 3-6 and 3-6 woro moasurod with ne voltagos, but tho
valuos may ho considoroed to apply oqually woll to do voltago broakdown, Tho rosults of sovoral
invostigators (roforences 44, 46, und 46, Soction 8) for du breakdown agree with or show no
noticeable deviation from tho values plottod which wero obtained with ne voltages, It may thoro-
fore be assumed that within tho margins of exporimental orror no differenco has yet boen dotect-
ed botween the de and ne breakdown voltagos (referonco 38, Soction 8),

Referenco 38, Svotion 8 provides the rosults of numorous investigations of broukdown voltagus

for parallel plctes, gaps, sphere gups, sphere-plane gaps, coaxial oylinders, point-plane gaps,
point=point gaps and rod gaps,

‘The sphere gap is used internationally as an instrument for the measurement of the peak value
of ne, de, and impulse voltages, and calibration tubles have been issued giving the breakdown
voltages corresponding to different gap lengths between various sizes of Spheres (references 43
and 47, Section 8), These tables include figures for spheres up to 200 em in diameter and
voltages up to 2,5 million volts, The breakdown characteristics have therefore been widely
studied by numerous investigators (references 44, 45, 48, 49, 50, and 61, Section 8) with the
result that many more data have been obtained concerning this type of gap than for the uniform -
field gap between parallel plates, For small Gaps between large spheres the breakdown charac-
teristics are closely the same as for the uniform field, but with increasing spacing between the
spheres the field loses its uniformity and the breakdown voltage falls below that for the uniform
field. The greater the dinmeter of the spheres the greater is the gap length to which the spheres
can be separated before the breakdown voltage falls below that for the uniform field.

Values for the ac breakdown voltages of a number of gaps in air at 760 mm Hg and 20°C for
several slzes of spheres aro given in Table 3-7.




Table 3-6, AC Breakdown Voltages in Uniform Fields in Air at 20°C and
760 mm Hg (Absolute Humidity of 10 mm Hg) (Reference a8,

R-062

Saction 8)
Breakdown voltages in kV
Measured breakdown
Gap in om Mensured Caleulatad gradient in kV/om

0,06 3,13 8,10 62, 16
0,07 3.490 3.48 49,86
0,08 3, 84 3,80 48,00
0,00 4,18 4,21 46,44
0.10 4,54 " 4,66 46, 40
0,12 6,23 6,20 43, 08
0.15 6,26 ¢.20 41,67
0.2 7.90 7.89 39, 60
0.3 11,02 11.01 36,73
0.4 14.01 14,03 36.03
0.6 17,0 16. 98 34,0

0.8 26.7 26.60 32,138
1,0 31,36 31,21 31,36
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]' Table 3-8, AC Breakdown Voltages in Uaiform Fields in Air at 20°C and 760 mm Hg
(Reference 38, 8ection 8)
Breakdown voltage {n kV
Gap Schumarm1 Rﬂ;z2 Holze:r3 Brucﬁ1 Sphere gap5
in em
1 31,7 31.356 31,66 30.30 31.0
2 69,6 68,7 61,2 567.04 68
3 87.0 856.8 86,94 83,19 86
4 114.0 112,0 113,04 109.0 112
6 140.0 134.5 137.8 134.7 137
6 166.2 163.8 163,44 160,2 164
7 191,8 189.9 187.74 185.6 190
8 216.8 215.0 212.88 211,0 215
9 241,2 240,0 237.78 236.3 240
! 10 266,0 265.0 263.0 261.4 265
: 11 290. 4 290.0 | 288.2 286. 6 288
12 .o 315.5 313.2 311.6 312
13 ‘e .o 338.1 . 336
14 .o .o 363.2 .o 362 ,
15 .o .o 387.7 oo 388 1
16 .. .. 412.6 .. 412 h
? 1Reference 40, Section 8

2 Reference 39, Section 8
5 3 Reference 41, Section 8
| 4 Reference 42, Section 8
. Reference 43, Section 8

RS |
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Table 3-7, AQ) Breakdown Voltages (in kv) of Gaps in Air at
20" and 760 mm Hg between Spheres of Different
Diameters (References 43 and 38, Section 8)
Sphere diameter in em
i Gap in cm. 6.25 12,6 26 50 100 200
_ 1 31,9 3.5 31 v e .o
1.6 45.9 45,6 45 .o ‘e v
2 58.2 59.2 69 58 ‘e .
| 2.5 69.6 72.0 72 72 71 .
N
3 79.1 85.2 86 85 84 v
4 94.8 109 112 112 112 .
6 . 129 137 137 137 137
6 . 146 161 164 163 163
l‘ 8 . 174 205 214 215 215
i 10 . . 243 243 266 265
15 . .. 314 372 387 389
I 20 . . 461 508 510
' 25 . . . 532 611 630
B 30 . . . 591 709 745
b 35 . . e 640 797 858
) 40 . . . . 876 265
. 45 . . .. . 949 1,070
' 50 . . .. .. 1,010 1,180
z I £ . . . . 1,240 1,600
J
f 100 . . . . ‘e 1,930
- 150 .0 L) .o e . e 2’ 350
§
h 1
"
|
: %-. ' ‘l 3-11
’?’-4 ,
f‘ r’“:‘ L .. - - _




3.7 DEFINITIONS

The properties and characteristios of insulators are expressed {n terms such as electric hreak~
down, dielectric constant, resiativity, etc. Some of these characteristics are summarized in
the following paragraphs to provide a quick reference.

3.7.1 ELECTRIC BREAKDOWN

Electric breakdown occurs when the applied voltages can no longer he maintained across the
material in a stahle fashion without excessive tiow of current or the physical disruption of the
material (reference 1, Section 8), The factors involved are:

®  Thickness ® Time

® Spacing ® Temperature

® Aren ' ® Thermal aging

® Homogeneity ® Frequency of applicd voltage
®  Shape @  Moisture

® Conducting attachments ® Contamination

These factors must be considered together since each has an effect on the other, There are

several types of electric breakdowns, and often two or more will occur at the same time. The
types of breakdowns are:

® Intrinsic
® Thermal
®  Physical-Defect

® Discharge

The applied voltage stress is called voltage breakdown and the gradient is referred to as the
dielectric strengith, breakdown stress, breakdown strength, or electric strength.

3.7.2 DIELECTRIC STRENGTH

Dielectric strength is the ratio of the dielectric breakdown voltage to the thickness of an insulat-
ing material. The dielectric¢ breakdown voltage is the voltage at which electrical breakdown of
a specimen of electrical insulating material between two electrodes occurs under prescribe
conditions of test (type of voltage applied, method of application, electrode configuration,
thickness of sample, temperature, etc.) (reference 18, Section 8),

Dielectric strength is expressed in voltage per unit thickness; i.e. , volts/mil,

Tiiem 4 x e -




Lal TS s . .

w3

R

R-0562

There are throe different methods for applying the test voltage:
®  Bhort-time test
® Step-hy~slep
® BSlow-rate-of-rise time

Because each method will yield different results, it is necessary to know what method is used.
Also, whare gpecimens have a high breakdown voltage, oll is used as the surrounding medium
and the value may not ho comparable with values obtained in air,

3.7.8 DIELECTRIC CONSTANT
Dielectric constant (permittivity, €' K! K) is defined as the ratio of the paralleled capacitance
(Cx) of a given configuration of clectrodes with an insulating matorial as the dielectric to the

capacitance (Cv) of the same electrode configuration with a vacuum as the dielectric (reference
C

19, Soction 8): " -
' =5
v
In most materials the dielectric constant, a dimensionless number, will vary with frequency.
3.7.4 RESISTANCE

3.7.4.1 Insulation Resistance (0551)

The insulation resistance between two electrodes that are in contact with, or embedded in, a
specimen is the ratio of the direct voltage applied to the electrodes to the total current between
them. It is dependent upon both the volume and surface resistances of the specimen (reference
17, Section 8).

3.7.4.2 Volume Resistance (Rv)

The volume resistance between two electrodes that are in contact with, or embedded in, a
specimen is the ratio of the direct voltage applied to the electrodes to that portion of the current
between them that is distributed through the volume of the specimen (reference 17, Section 8).

3.7.4.3 Surface Resistance Rg)

The surface resistance between two electrodes that are on the surface of a specimen is the
ratio of the direct voltage applied to the electrodes to that portion of the current between them
which is primarily in a thin layer of moisture or other semiconducting material that may be
deposited on the surface (reference 17, Section 8).

3.7.5 RESISTIVITY

3.7.5.1 Volume Resistivity

Volume resistivity ( py) of a material is the ratio of the potential gradient parallel to the current
in the material to the current density. The volume resistivity is numerically equal to the volume

3=13
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resistance in ohms between opposite faces of a 1 cm cube of the material (reference 17,
Section 8);
- Rv A

py = v
v X

n

where Rv volume resistance of inaterial

t

A = cross-sectional area of material
b length of material

Ii

Volume resistance may be expressed in any convenient terms of ohms and physical cuhe; 1, . ;
ohm~-cm, ohm-inches, megohm-~inches, etc,

3.7.6.2 Surface Resistivity

Surface resistivity ( p s) of a material is the ratio of the potential gradient parallel to the current
along its surface to the current per unit width of the surface. The surface resistivity is numeri~

cully equal to the surface resistance between two electrodes forming opposite sides of a square
(reference 17, Section 8):

Pg = Rs X
y
where Rs = surface resistance
x = distance between electrodes
y = width of material between electrodes

Surface resistivity is expressed in ohms (reference 52, Section 8),

3.7.6 ARC RESISTANCE

Arc resistance is the time required for an arc to track or to establish a conductive path (another
term sometimes used to describe electrical breakdown characteristics of insulators when an

electric discharge or arc is formed) (reference 1, Section 8), Arc resistance is expressed in
seconds,

3.7.7 SCHEMATIC REPRESENTATION (Reference 1, Section 8)

An insulating material (dielectric) can be represented by a combination of lumped resistance
and capacitance in several ways, such as the following:
A B

—

.lc
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A = schematic representation of an insulating material (dielectric)
B = equivalent series circuit
C = equivalent parallel cireuit

C = capacitance, R = resistance, and the subscripts P and 8 refer to parallel and series,
respectively, The more complex (and realistic) relationship (A) can be simplified to the oequiva -~
lent circuits shown in B and C, If voltage is suddenly applied to the series circuit, a current
will flow (limit by the resistance) to charge the capacitance; ns voltago (charge) builds up across
the capacitance, the curront will decrense, The "BETTER'" the dielectric the lower the sorios
resistance, In the parallel representation, in contraat, the highor the parallel resistance tha
loas current is hypassed or "leaked, "

Some circuits used to detormine the electrical charactoristics of insulating materinls actually
measure tho series case, However, the parallel reprosontation is most commonly usod, per-
hups because in this case u "good" dielectric is represented by a high parallel resistance.

3.7.8 ALTERNATING VOLTAGE FACTORS (Refercnce 1, Section 8)

When an alternating voltage is applied to a "perfect! dielectric, a current will flow. The current
will be displaced in time so that it is 90° out of phase with the voltage. Since no insulating
material is perfect, the current actually leads the voltage by something less than 900, as shown
in Figure 3-2. The smaller the angle 8, the better the dielectric. Figure 3-3 shows the vector
diagram of the current in a parallel representation of a dielectric.

AMPLITUDE, VOR A

i

voltage in volts

I

E

I current in amperes
o = phase angle

& = loss angle

Figure 3-2. Temporal Relationship to Current to Voltage in an Imperfect Dieiectric
_ (Reference 1, Section 8)
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. E = vollago in volts
= total current in amperes

I
1 = capacitive component of current
I

]

3 = loss angle (phase defect angle)
§ f = frequency of applied voltage

C = parallel capacitance in farads

Rp = parallel resistance in ohms

1 Figure 3-3. Vector Diagram of the Current in a Paxallel Representation
i of a Dielectric (Reference 1, Section 8)

The "quality" of the dielectric can be expressed by the ratio of the resistive to the capacitive
component of the current as shown in Equation 3-1, where tan8 =cot @ = cos @

TmigAsy

tand =1 /I = dissipation factor
“' Rp/ “c

(Equation 3-1)
¢ for small values. Cos 9 is the power factor, which is often referred to instead of the more
d , appropriate dissipation factor.

_ The power loss in the dielectric can be expressed as shown in Equation 3-2.
} watts loss = 2nf Cp tan & EZ
- (Equation 3-2)
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Different materinls with the same dimensions may exhibit different values of capacitance., The
relative dielectric constant (permittivity) is defined by Equatijon 3-3;

I =
¢ Cp /CV
(Equation 3-3)

where Cp = parullel eapacitance of the material and Cv = capacitance of a dimensionally
equivalent vacuum. Uging these factors it is possible to write the following dimensionless
expression which is proportional to the total watts loss of Equation 3-2;

watts loss = ¢'tan § = €¢" = pelative loss index

(¢ 1s also known as the '"loss factor'), The watts loss can also be shown to be proportional to

the reciprocal of the parallel resistance (the ac conductance) which is, however, dependent upon
the dimensions of the material.

In a more sophisticated approach it is usual to use complex quantities in handling periodic
phenomena such as alternating voltage. In this case the factor ji= 'V:Trepresents an imaginary
component oriented in the "+ j" axis (the vertical axis of the vector diagram shown in Figure
3-3). It is then possible to combine dielectric constant and loss index to give a complex dielec-

tric constant, € = €' -j €', of which the dielectric constant, €', is the real part and the
loss index, €', is the imaginary part.

In considering the influence of alternating voltage on insulating materials such as plastics, it

is important to recognize that all of the conductance observed need not come from the migration
of charge carriers in the material. An insulating material may contain bound charges or, under
the influence of electrical stress, develop additional bound charges of various types which will
be displaced to a limited extent by the action of the electric field. Such displacement constitutes
an energy-consuming process which is dependent upon factors such as temperature and the
frequency of the applied voltage. These polarization losses are measured as conductance.

3.7.9 ELECTRIC CHARGE

The electric charge q may be defined as an accumulation of an excess or deficit of electrons
on an insulating (or insulated) body. The unit of the carge is normally referred to as coulomb.

3.7,10 FORCE BETWEEN CHARGES

Coulomb found that the force between two charges is inversely proportional to the square of the
distance between themn. This can be expressed in the mks (meter, kilogram, second) system as:

F:M

4ne, r?
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q and q' = point charges
r 1= the distance between q and q '
W: an arbitrary constant determined by the choice of unit aystem

‘o = ig called the permittivity of free space and is equal to 8,85 x 10712
fared/m in the mks System,

T~ aunit vector along
F = the force on the charge of q' coulombs due to the charge q

The unit of charge in the mks system is called one coulomb,
3.7.11  ELECTROSTATIC UNITS (ESU) SYSTEM

In this system Coulomb's Law takes the form:

= '
5

This unit of charge is called one statcoulomb and it is that charge which repels an equai charge
of the same sign with a force of one dyne when the charges are separated by one centimeter:

1 coulomb = 8 x 109 statcoulombs
3.7.12 ELECTRIC FIELD

An electric field E is defined as any region in which there would be a force upon a charge
brought into the region and is expressed as:
F

E = =

where E and F are vectors the electric field vector at a point i8 referred to as the electric
intensity (electric field strength, electric field intensity, field intensity) at that point.

3.7.13 CAPACITANCE

The capacitaxice C of a capacitor is defined as the ratio of the charge q on either plate to the
potential difference V between the plates:

=l
C=vy

3.7.14 ELECTROSTATIC ENERGY
The energy stored in a capacitor can be expressed as:
W = 1/2 cv2

where: W = the energy in joules
C = the capacitance
V = the voltage

3-18
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SECTION 4
MATERIAL CHARACTERISTICS

The theoretical propertios and characteristies of the materials affecting olectroatatics wore
discussed in Section 3 of this report, This section prosents the electrical, chemical, mechan~

leal, and physical propertios and charactoriatics portinont to tho components of the XM15/XM 165
and F8 clusters,

4,2 XM16/XM166 AND E8 COMPONENTS

Tables 4~1 through 4~13 contain matorial characteristic information for the following components
of the XM16/XM166 and E8 clustors;

L. .

1 ]

v n

i
L

SR LSS "

Table 4-1,
Table 4-2,
Table 4-3,
Table 4-4,
Table 4-5,
Table 4-6,
Tuble 4-7,

® E8 Cluster

Table 4-8,

® XMI15/XM1856 Clustor

DI.14-23-1905, Canister Cluster, Chemical Agent XM15

DL14-23-1887, Adapter, Canister Cluster Assembly XM43
DL14-23-1928, Fuze, Mechanical Time, XM721

DI.14-23-1869, Canister Assembly, Erratic Dispersion, XM16
DL14-23-1963, Packing Instruction for XM165 Canister Clustor Assembly
DL14-23-1886, Canister Cluster Assembly, Chemical Agent XM165
DL14~-23-1946, Bolt, Explosive, XM1

E146~1-149, Launcher and Cartridge Chemical Agent, TAC CS,

Portable, E8 Assembly

Table 4-9,

E146-1-154, Launcher Tube, Fuze and Case Assembly

Table 4-10, DL146-1-49, Cartridge 35mm Riot Control, C8 E23 "A' (also
serves as DL146~-1-50, 51 and 52)

Table 4-11,
Table 4-12,

DL146-1-97, Manual Activator Assembly
DL146-1-117, Launching Platform Assembly

Table 4-13, DL146-1-25, Harness Assembly

These tables are intended to serve as u centralized source of easily~extractable {nformation
for clectrostatic evaluation and analysis, For the convenience of the uger, the tables, which
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contain the {tems listed on the Subject Master Document List (DL), ware arranged to he
entirely compatible with the drawing system, Detalled information is presented in the tables
as follows:

® Line Numhor ~ This lieading refers to the individual lne item number which corre~
sponds to and is listed on the master material liat; for example, Line No, 1on

i Table 4-1 refei1s to Item No, 1 of LM14~23~1907, The dash numbers, such as 2-1

on Table 4~2, refor to tho item numbers on the next lower drawing; for example,

item 3 rofors to C14-23-1904 and ~1 {8 the first item on C14~23-~1904,

® Deaeription - This eolumn/heading 18 utilized to deserihe the itom numbor as it
L apponrs on the drawings,

® Specifieation ~ This column 18 used ns reference to olthor a pertinent speeifieation
or tho spocific drawing number of the itom as indieatod in the material linting
5 referred to in tho two procoding columns,

® Materinl = This column deseribos the material as to either type, size, particle size,
i grade, density or whatever is deemed the most appropriate.

¢ SBurfacc Resistivity ~ The surface resistivity of a material is the ratio of the potential
x‘ gradient parallel to the current along its surface to the current per unit width of the
surfuce, expresscd in ohms on these tables. (Reference Section 8 for additional
information, )

k ®  Volume Resistivity = The volume resistivity of a material is the ratio of the potential

gradient parallel to the current in the material to the current density, expressed in

reeam. ity

ohm - cm on these tubles, (Reference Section 3 for additional information,)

® Dielectric Constant - The (relative) dielectric constant of a material is defined as
the ratio of the capacitance of a given configuration of electrodes with the dielectric

material filiing the void between the electrodes to the capacitance of the same
electrode configuration with the void left enpty, Some of the reference materials

did not identify the test method employed, and in some cases the value was given

only at one or two frequencies. Dielectric constants vary with frequency, but it is
not feasible to include the total frequency range in this type of table. Therefore,

only representative values (mostly at 60 Hz) were selected for the tables. (Reference
Scction 3 for additional information.)

Ly ® Dielectric Strength ~ The dielectric strength is the ratio of the dielectric breakdown
- voltage to the thickness of an insulating material, expressed in volts/mil on the

i tubles, (Reference Section 3 for additional information,)

PIAt




® Water Ahsorption ~ Water absorption {8 the ratio of the welght of water absorbed

by a material to the weight of the dry material (reference 20, Section 8), The water
absorption is expressed in percontage. Because of the nonporosity /nonabsarhic
characteristics of forrous materials the water absorption is basically non-existent
and can he identified only as surface renction,

® Temporature Coefficient of Resistance ~ The temporature coefficient of resistanco
i the realatanee change per degree centigrade change,

® Trihoolectrig Series Number ~ The trihaeloctric series torm stems from triho~
oectrieity which is n chargo of olootrieity generated hy friction (triho moaning friction);
columns I, II and I undor this head refor to sories I, sorios If, nnd sorios I in
Table 3-3 of this report, Tho numbers in the eolumn refer to tho Aamo number in
Table 3-3, (Reforenco Section 3 for additionnl injormation, )

¢  [Fleetrical Fnorgy for Ignition - Elootrieal onorgy for tgnition is the energy, moensured
in joulos, that s required to {gnito n pyrotochnic mixturo,

®  Are Resistance = The arc resistance 1s the time required for an are to track or to
establish u conduetive path, Arc rosistanco is exprossed in scconds, (Reference
Scetion 3 for additional information. )

® Reference = The numbers in this column refor to the references from which the
- information wus obtained, The complete reference list is contained in Section 8,

4,3 INSULATING MATERIALS/PLASTICS

" Plastics, the synthetiec materials that are processed by molding or forming them to final
shape, are the insulating materials most commonly utilized in the fabrication of the XM15/

XM165 and E8 clusters, Chemically, plastics are composed of chainlike molecules of high
i molecular weight, called polymers,

There are about 40 basic families of plastics which are divided into two classes, thermo-
b plastics and thermosets,

Thermoplastics are materials having a linear macromolecular structure that will repeatedly
soften when heated and harden when cooled, Typleal of the thermoplastics family are the
styrene polymers and copolymers, acrylics, cellulosics, polyethylenes, vinyls, nylons,
and varfous fluorocarbon materials,

] Thermosets are matertals that will ‘indergo or have undergone a chemical reaction by the
action of heat, catalysts, ultra-violet light, etc, » leading to a relatively infusible and cross-

I linked state. Typical of the plastics in the thermosetting family are the epoxies, glyptals,

- melamines, ureaformaldchyde resins, and phenolics.

!




R-052

The resiativity of plastics as compared to rubber, mica, glass and porcelain is shown in
Figure 4~1; Figure 4~2 compares the resistivities of several plastins, The dielectric strength
of plastics as compared to rubber, mica, glass and porcelain {8 shown in Figure 4~3: Figure
4-4 compares the dielectric strength of several plastics,

| RUBBER

Bl eorcELay

10 1012 1014 1010 1018 wZU

10
RESISTIVITY OHM-CM

Figure 4-1. Resistivity of Plastics, Porcelain, Glass, Mica, and Rubber
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Figure 4-2, Resistivity of Some Plasticy




Figure 4=-3. Dielectric Strength of Kubber, Mica, Glass, Porcelain, and Plastics
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Figure 4-4. Dielectric Strength of Some Plastics
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FOLDOUT FRAME I

1'able 4~-1, DL14—23-—1905; Canister Cluster, Chemical Agent

» VU e ey oy
: SURFACE VOLUME - S MELECTRI WAL AR N
%r PERCRIPTION | SPECIFICATION MATERIAL RESISTIVITY | eSSV Y ':'.'»'N:(u:'\“a‘ AN IVINTITTINTITINS A .:: m':(. l'l’\l 'n B
) (KA (OHMS-C M)y DR vobas M (pEreEs g, WHIC™ b <
L
1 Candater, Er- | Beo DL-14-20-1089 . i - - - .- - -] -
ractic Dispey-
aion, XM16
2 | Lanyard. xM15 | C1a-23-1974 - - - - - - o )
Cluater
3-1 Bnap, Spring, - Rteel - 12x07" - .- 0 0.005 ] .-
Eye
2-3 & 3| Pin and Cable - Stainiosa fitee) -- 12x1078 - - o 0,005 8| 22
24 & 5] Aleove - fitee) - 1251079 - - n 0,005 (] -
84 [Bhell Assembly, | D14-23-1907 e - -- -- - - . IR .
Io-t 8hell, Cluster | F14-23-1908 Plantio, Rarlyn A1565 pry 1o'f 108 100KC & 1M i on a0 w1 - G
24 1000
0 _ 1.
-2 |wire QW 00349 1AWG 18 Wire, Type 8, - (R PTII - 0 0. 00303 W
uheoated
3 Plate, Pusher, | F14-23-1900 Plastie, Surlyn A16HG ppy 0'8 10'? V00K & TMC [tn ont 30 myny Loy - -
Clustor FaE ] 0o
. Cover, fibell | K14-23-1010 Plantio, Burlyn A1555 DRY 10°® | joTv 100KC & iMelon o so ey |14 .
2 4 1000
714 Igniter Ansembly | Di4-20 911 o .. L e o - - .- -
14-1 | Bushing, Igniter | MIL-R-3065 Ulass SR80R, Rubber T o 2.500%n  [s00 . e Wl -
14-2 | Tube, Igniter C-14-33-1913 Polyatyrene 10819 “ 2.62-2.65 116 Thick 0,03 - 0.04 - 20 .
11396, 80 Mz, 500
Type 1
Clags |
14-3 Fuse, Deolay C-14-23-1914 - e - - - - .. . -
- . - Sheath, Lead (Pb) o 22x10°8 - - 0 0.0039 | -1 8
- e Delay Composition - - - - . .- R
. - aa Silicon (81 - . - - . .- R
- - - Boron (B) - - .~ .- - -~ - -
. - - Red Lead  (PbyOg) - - - - - — -] ..
144 [ignition Com- | C143-8-9 - -- - - - . - o
position
- - - Zircontum (2Zr)  Grade G - 4ox1078 12 at 10% 02 - - - R
Avg. Particle Size 2,3 Miorons
- -~ - Molybdenum Trioxide (MoOy) .- - - .- - ¢ .- - .-
Powdered, Reagent Grade L
- -- - Chromic Oxide, Sesqul (Cr,0q) -- - - - - - S .
Powdered, Reagent Grade
- -- - Ethy! Alcohol (C,H50H) . - - - - . R
Denatured, AnhyJrous
Filmex A-1
L)
14-8  [Resin, Epoxy - Epoxy sx10'4 2x10'4 . 1/8" Thick  [0.10 - 0.30 - 15 | --
60 He M50
146 [Hardener, Epoxy - - - -- - - - - ] e |
15 Fuse, Delay Same an 14-3
18) Pad, Expulsion | D14-23-1915 Polyurethane, Polyester 3 - - -- - -- -- 11 17 -]
) Foam, Nominal 2/1hs /Ft
17) - -- - -- -- - N
) Density -a e 1. 4 by WOGT,
18) 60 Hz
19 Charge Assembly ] C14-23-191¢ - - - - - . - U
!:xp‘x?:lon 1
18-1 Bag, Plastie Cl4-23-1817 Paolyethylene 0.001" Thick 1018 -- 2.3 i /1" Thick 0. 015 .- 23 19 .
! L-P378, Type B lmer,
18-2  [Powder, Black | MiL-p.223 Potassium Nitrate - 74/; - . - - - - I B B
Charcoal - 15-6%
Sulfur - 30,4,




FOLDOUT FRAME /

) , ‘ R-052
~1905, Canister Cluster, Chemical Agent XM15
e PEMPRCC i | a1 b e | FERCTIIE A
. PEELE TR WALl . . FRERGY Lot Al
SELECHOC T TS v Arsog o | U ERIGERS T sy ies s Mg i Tl 11 ; . [T AT . "
: e ; NS ' N HESINFAN L e REMANKS
CONSTANE L or s pregsy, [ RSN 0 I T R L
-- - [ 0,004 " -~ -- -~ .- 1,2 —
. . 0 0,006 ] 22 -- - .- lfz o RS
.. n 0,00h ] - - .- 42 -
s ~ T 1 . 7 Tharmogisatic - Warking Haoge ~1609F to 1009F
ORC B IMCHn Ent a0 Mib |14 Loss than &0 Dissipation Pactor (Eler.) 100KC & 1MC ¥, 0030
T falid Copper Wire, 0,04030" DIAM,-
- -- u [T [ i3} i4 - - o Ares Cie Miln 1624
. Roaistance (bums /1000 ft, - 6,365 o
GKC & IMC T O 30 My 1.4 oo - - - ~e Lean than 90 7 Thormapiastic - Working Ranga ~1600F (o 130°F
2.4 104 Dissipation Fagtor (Flec,) 100KC & 1MC =0, 0030
= - B e B T P " - o 0
TN MC (e Ofl 30 . . SN - - N Less than 90 7 Tharinoplastly - Working Rango -160°F to 180°F
G b M Lo ot 30 Ml 44 Dissipation Fantor (Elec,) 100KC & 1MC = 0, 0030
800 e - 14 e 17 .. .. 1,8 e
1/4" ‘Thick 0,00 = 0,04 . 20 - - - .-
H00 1,8 Disslp Factor (Electrical)
60 CP3=0,000! -~ 0,0008
. - - e | == | == |Theu Sheatn - - -
10 to 80
— 0 0.0039 - 8 8 -~ - 1,2 M, P, 327%
- - - ~ | we 1 - |.0001 10 .0002 -~ ? e
- - - o] e - - - - Fuel (81) Stabilizer
- - - - .. - s - - Fuel (B)
-- - - | .- - .- - - Oxidant (Fb,0,) Decomposes 500-830°C
=~ |Fuel (2r) Explosive Primer
- o o I - o - .- Oxidant (MoOy)
- — .- | - - .- - - When heated suddenly
' Oxide (€r203) gecomposes 8330°C
-~ Solvent (C,H,OH)
T DiGlycerol Ether, High Viscosity,
1/8" Thick 0.10 - 0,50 . 15 . - - 80 1.8 Hardener and Resin Fast Curing System,
M50 ' No great amount of Filler
- - e - . - PO - .- Di-Ethylepe Amine
. - - Moy o1z | .- - - 3 Distpation Factor (Elec) 0,81, 3 x 10™
Temp. range to 250°F
by War, i R
/4" Thick 0,015 - nl o .- .- Melts 15 -
e,
.- See MIL P223 PC 2 for additional lnfo,
V_J Table 4=-1 4-6
e R oy
I S R S




FOLDOUT FRAME L

Table 4-~1, DI, 14-22~1905, Canister Cluster, Chemical A

Jre—— fr*;
. FEMPERATURE | Vit
SURFACE VOLUME DIELECTRIC | wAlER COEFFICIEN SEINES
W% 1 oescmprion | sprciFicaTioN MATERIAL RESIBTIVITY | RESISTIVITY | TERLECTRI | STknaTh | ansoreiion |, AU R
(1HIMN {OHMB-CM) AVOLIS/MUEG ] (PERCEN 1) PER e
[ 1
20 Bhell Asa'y. DI4-23-1018 - .- - - -- .- -- -~ -
Center
20-1 8hell Aas'y, fame an 3
20-3 | Piats, Cluster | DI4-33-1010 Aurlyn A1666 PRY 10 10! R 1.4 - R
20-3 | Plastie - Buriyn A1585 DRY 1o w'® 100K¢ & M| (in on1 30 1.4 w | -
¢ Militovo
04 | Wire QO-W 001343 AWG 018 Wire e vaeaixie® - -- 0 0.00303 L] H
él Pad, fpring QQ-A-260/11 Aluminum, 6461 'l"ur T“ -- ',!,n'.'.nnn’“ .- - 0 0. 00486 n 1"
a2 End, Clonure, A v N B B B . N .
Aow'y. D428 -1022 “e
22-1 [ Bhell. Closire | DI4-z3-1900 Plantie, Burlyn A1656 pRY 1x30'0 1 0l 1OOKE & TME] (tn ent 30 1.4 -
2.4 Mily tono
202 Viate, Clunter Sume ny 202 - e -- -= - L - -
— R S BT e T A - SRS R —
22-3 - Q=W D034 AWG 018 Wire "o 112400 - 0 00004 A 41
24 Separator, QUS40 Steel Bheet, 1008-1020 . 14x100 - - 0 o006 18 | --
Upper Fin. ¢}
b1} Spacer, Di4-23-1824 Polyurethane Polyester - . 60 Mz an 41 by W(lr'l". ao “, 17
Canlster Foam, 21bs/Ft Donsity
28 Separator, QQ-8-6Pn Sheet Btecl, 1008-1020 - 12x107% - e ) 0.008 8 |-
Lower Fin, ¢}
26 Fuge, Mechan~ | See DI4-23-1920 - . - - .- .. -- | -
foal Time,
XM721
27) Junction Block, | QQ-A-691 Aluminum Aly Die Castings, .- 2.828x 10" .- e 0 0,004408 8 11
] Small or Alloy Nos. 13 or Al13 or AL Aly
28) QQ~A~200/8 Bar 6081 or 6082
29 Junction Block, | QQ~-A-591 Aluminum Aly Die Castings, - 2.828% 107 .- - 0 0.00448 R 1
Large ot Alloy Nos. 13 or A13 or AL Aly
QQ-A-200/M Bar 606) or 6062
30 Label, ldentifi~
cation, XM15H .
Cluster Aiuminum Foll -4
Metal Foil Ad- MIL-P-18834 Adhesive Backed -- 2.828x10 - .- 0 0,00448 8 .-
hesive Backed
31 Pellet, Igniter, C14-23-1959 -- -~ .- - e e - - | -a
) Junction Block
33)
“e - e Etlyl Alcohol, Denstured, -- -- .- -~ .- .- LN I
Anhydrous, Filmex A-1
- - .- Zirconlum, (Gr) Grade G, Av, - -~ - - - -- o | o
Particle Bize-2.3 microns
- - - Perric Oxtde(Fe,0,) Reagent - - . - . 8 - - | -
Gr. Powdey
- - .- Super Floes (81!, Powder) - - - - — .. - -
Comm. Gr.
a3 Key, Setting MIL-A-2550 Corrosion Registant Steel - 12x10°¢ - e 0 0.008 L} --
Iu Screw, Machine | MS 356206-264 Carbon Steel, Cadmium Plated -~ 12x19-¢ . - ° 0.008 8 |-
85 Streamer Ass'y, | NAB109] -30H ton Cord with Cotton Duck - - ux.s @ 23% - At 24 He 10 - we | Nes
Warning oth Streamer 10% Mz immersion Ce12
Ny, 52, 0'¢
C=71 & 7008
& 837 RH
2% RTV-118 - Specimen 24 Hre. & 78°F & - axto!® 2.8 088 in. 0,1 -- 19 |-
Red Sell-Leveling] 807 RH 80 Hz Thickness
Adhesive seslant Silicone Rubber-RTV118
QGen. Elec. Co,. 0,103 {n.
Red-Pourable [Thickness -
a7 RTV-40 .- Specimen 24 Hes, » 78°F & .- l:lnln“ 3.7 ), 044 in. 0.} - [T
Silicone Rubbes 80, RH (RED) 60 )y (in)
Silicone Rubber-RTVE00 1075 10,
Thick 200
38 Blue Silicone .o G. K, Co, 884155 an - . - - oo we b
Primer




» o) » R..()ﬁz
23-1905, Canister Cluster, Chemical Agent XM15 (cont'd) FOLDOUN FRAMF /
|
b b i . - A ELECTIICAY.
VEMPERATY RE | TRIBOELES TUHIE AT
, | DIRLFCTRIC WATFiIt GEFFICIEN SRS ENERGY Fl Al -
RECTRIC | siiENGTH | ansolition | AURTEICIERL | PERES MBI S | gesiniase HE LI 10 MAItRS
) (VOLES/MILI (PRRCENT) PER Y T m PONNES LBECUNDS) i
- 7".._.‘/4~__,._.__-»
gl TMC] dn il 30 1A - -1 - |- - - Tharmoplastic -Workany, e 16071 10 15001
. Mib) 1oy : - Dissapation §actor 100K & TMC - 0, oo
’ M d . - LI R -- oo - Thermophustiv - Working Range <1607 1o 1n0f
K(thlM( uMnl:)"liul‘i:: h o Iinsipation Factor 100K & IMC - 0,000
oy | e . KRaljd Copper Wire U,04080° ham,
-- = 0 0.003%) N A B 1,2 Area Cor Mils 1624, Henintance Ohma ‘3,000 (1, 6,388
- -~ 1 0.00496 n 1 n . . L -
< i .
R B 4 —— TR ST T I eIty _—d
0 . | - N . . Workiag Hange - 16001 w a0t
K(- WA LU 14 f#nn than 40 1 Thermagdastie, Temperatuee Sensiuve
A Mih) 1000 - e L Daatian Y actaes (Rlg e ', 0000
L T T T s it S A - i e e
My p 4 . . 1,2 Bohid Copper Wire 0, 04080" am, - Areas Uiy WiTa 10738
. 0 0,000 ] 21 2} ' Nesiutane Ohma /1,000 (1, 0,905
-~ .- 0 0,009 [ wn n i e
1,4 or o
iy . o1 by WOT, - w o fe- e oo Temp. Range to #00"E "
) L] Disnlpaton Faetor (Flee,) 0,-18x 10
s .- 0 0.006 f o 13 .o e
1,3 e
b == 0 0,00448 8 1" 8 .- 10-120
1,2 we
- b 0 0,00448 8 1 8 - 10-320 2
1, -
1,2 -
i it 0 0.00446 8 - ~ - -e
- . . - e | o ae Range of 0.01 -
9 -
- - - - Rl R - - - | Bolvent (CyH,OH)
- - - T i R - . .| Oxtdent (FE,0) Rescts With Aluminum
- - -t - =1 [I* . - -~ | Oxident (FE,04) Reacts with Alumioum
‘A B B - T - - Stablizer (8;) Reacts with Halogens
- . [ 0,005 8 .. - - . e .
.- . 0 0.008 8 - . - . 1,2 -
59 23°C . At 24 Hr HO - e | Nes |- - -
{0 {mmersion’ ce12 1,2 N is Thermopisetic
N, 6-2.0'¢ .
CuT% @ 7008 .
& 857 RH
- - - Range 4 to 30008
A0os in. o 18 e 4“1 Dissipation Factor (Electrical)
2 Thickness 80 CPS 90,0028
560 re o
0. 103 in. Belf -Leveling Silcone
Thickness -
26
), 040 In, "y e 1w |- ] - - Brittle Point - 96°F Range - 78°F to 800°F
». Thick 600 3,1 Disuipation Factor (Electrical)
VKD an. 80 CP8 < 0,020
[thick  s00 _
- Used as Primer for 800 Series RTV, Titanate
- e .- - e |- e .- - Curing Mechaniam (Also for 60
Series HTV)
Table 4~1 (cont'd) 4=7
jp —
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FOLDOUT FRAME I

Table 4~1, DI,14-22-1905, Canister Cluster, Chemical Agen

e ——— s i R
- VEMPERATIRE ] THIROE
LINE SURFACK VOLUME | pipy porpc| PIRLECTRIC)  WATER ) coppricient | sRries
. | DERCRIPTION | SPECIFICATION MATERIAL REMSTIVITY | RERIBTIVITY ATRENGTH | ABBORPTION §oy sy i
" (O1ME (oHME-cM} | CONSTANT L oyapya/ming] eencenn 19 AL —_—
38 | Vaouum Bealant - flubbery w7 - 2.9 000 - - "y -
'r-.w. Type ' (109Hz)
879.8
‘I
(] Dibaty! Tin o Chemioal Catalyst .- - - “- v - e | w-
ing Aot
"hermalite 18"
[} Land Azide ~n Yand fhaath with Laad Azide - Far Load - -~ -- 0 0.0039 e 8
""Pyvocore’, Core (PhiNg)q) 109
Typs 3013 (3 Graine pav Foot)
“ Tape, Muminum| L-T-80 Alumimm - 9. 0265107 - e o 0. 00446 'Y Y
Prassurs Senaf~
tive
o Operstor and DTM-3-1380 ~e - .o - oo s . i
Organisaticaal | 881-13
Maint, Masual
“ | T, Fuse MIL-8-184 Steel 1008, 0.020" Thickness . 1Y B an "o 6,008 o[ o

.

A

A -

e




5. Canister Cluster, Chemical Agent XM15 (cont'd) FOLDOUT FRAME / ~062

e —— — e S —
" CEMPERATURE | TiinokLECTRIC | BEECTIICAL
"STRENGTH | ApaaHiON pUERHICIENY | apwirs nmnen | REREERIOR e REFER~
(VTR/MIL | (PERCENT) P\ OULE ANCE | “ENCE REMARKA
PERYC T m (JOULES) (BRCONDS)
800 - - wl- - -
1,8 Rango to 360°F Working Temp,

- h o T i b e - Ditetyl Tin Dilaurats (C Hg)g An{OOCCy Hys)R
Uned s & Catalyst For ﬁi‘i}&m Foama
and Roainei Condensation Catelyat; Stabliver
For Polyvinyl Chloride Resine,

- 0 0,0039 e L] a Only with pin el 1,3 Igmition - 1/% amp + aquib or eanter align

point probe ' probe (ko #R{Ngig GND shesth add

Cantered 000V,

exactly on

orons section

ond ~ . 0011
- 0 0.00448 LI IR Y] ] an - ) Ay aide fa ot aonductive
B o000 &l 188 | - -

|
_
Table 4-1 (cont'd) 4-8
A S s a- i




Tuble 4~2, DL14-23-1887, Adnpter, Canister

' - " TEMPERATIRE ] |
NO. DESCRIPTION SPRCIFICATIO MATERIAL R"»‘:""Fhl";l'TY (t')NMg(:M) CONBTANT (VOLTA/MIL) | A E e, oF ﬁﬁﬂtgzéwry -]
1 Amu?&vm QQ-Wr498, Stainiens Atesl, 803 - 1n07® n - ) 0,008
Asay XM166 | Cond, A
) Spring, Leaf MIL-fn7847 Btenl, 1086, Btrip on 11078 . - 0 0,008
8 Tubs, Arming WWeT~700/6 A:;l'n aog.l. Drawn, Beaminan - 2, 8385107 ~ - 0 0,00446
Wire TR -
‘ End Clamp D-14-33-1691 Stainlesn Beel, Cran, 00 - tax1o™® - - 0 0,008 1
Aan'y Plate, or 088F h
Pin, Clamp QQ-8-764 N o
5 gllmp, Hinge, | QQ-A-300/p Auminum 6083, T6 - 4.888x1070 - - 0 0, 00446 )
"luater ) — . _ e 5 b
6 Pad, fiwayhmon | QQ-A-300/8 Aluminum 6081, T8 - 2, 8max 10" s - 0 0, 00445 1
7 Pad, fwayhrace | Ge-A-#00/a Alisinum 6061, T4 - L | S SRR L1 R B
# Adaptay QQ-A-200/8 Aluminum 6001, Té o % ﬁaaxlq"f_ e T R !
9 Tio Rod Aasly | R14-83-1901 - - 1251079 - o - e .
Yoke o Tin Rod | QQ-R-~765 Mainlenn Rani nn -8 - [ 0,006 #
Hetainar, fafety | QQ-A-760 fainians ftas| L Junio o o 0 0,004 "
or, R e O O e e o 0 _[oen
10 Waahar AN R60P Dat4y, aumm::: ':‘x:;., o #.680x10"0 on - 0 0. U046 i
ntreat 08
e - = - . ek — S —t T ST — B NI S
1| Wesher MR18790-807 Atainiess Htaed - 10 - 0 |00 Lo
18 | N, self Locke | MBST0d0—4 | carton es) o a0 - 0 0,006 "
ing Ring Base Cadmium Matad R ! o o | I | . .
1 Nut, Self Look~ | M831043-08 Carbon Atael - 1%a107 o= - 0 0,000 o
ing Ring Dase R Cadmium Plated SR S I U
1 Clamp M8321333-3 Alumium Alloy - 2,830%10"% . o 0 0, 00448 o
Aldlad 3084 T=3 or Tet o RS IS NN SuN
1 Sorew MB34634-C18 Passivated Corrusion - 18x10°8 - - 0 0,008 8
R..“u‘ M I Bl L SR R R p— L EGE T
1 forew ME4094-CID Passivated Corroston - 12x10"8 - - 0 0,008 0
1 Sorew MB346R4-118 Carbon au: - e 12x10°8 - - 0 0.008 8
Cdmlnn !
18 |sorew MA38308-285 Carbon Steal » - 12x10"¢ - - 0 0.006 9
Olhhn L1
19 |Screw M835306.241 Carbon Stee] - 12x10°8 - . 0 0,008 8
Cadinlur Plated
20 Spacer NASASDD-48 2034 Alumisum, Anodized - 2.828x10°% - - 0 000448 8
a1 Gorew, Salf NAS1190-04P4W | Carbon Steed - 18x10™ - . 0 0,008 8
Locking Cadmium Pated
33 Eariess Clip 121003 ' Berylltum Coppor - 1.7341x10"8 - - ) 0.00393 s
N ver Plated
PY) Clamp 7602-F Steel, Nicke! Plated - 12x10"9 - - 0 0,008 8
% Bpring, Com= | Q@-W=470 Steel, Music, Wire - 12x10"8 . - 0 0,008 s
pression
Adapier Steet,
Musio, Wire
2 Bprlmu.mcon- QQ-W=470 Stsel, Music, Wire - 12x10"9 - - 0 0,008 8
press
Adagter fkeel,
Music, Wire
28 Primer MIL-8-22478 Surface Primer - - . .. - " -
GR N, Form 8
3 Sesling Com~ | MIL-8-a2473~ Béaling Compound - - - - - - ”
. Grade CV
28 Eud Clamp D14-23-1891 Stainless Steel 308 or 3035E - 12x108 - - ° 0,005 8
Bame ag 4
29 &o"ofé xuu::m FP-8-160 Stael, Cold Rolled - 12510°8 - - 0 0,008 8
30 Thumb Sorews - | FF-T-308 Carbon Steel - 1x10™8 - - o 0.008 »
Style 1 Cadmium Plated
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FOLDOUT FRAME /4

¢ —f{)5¢
4, DL14-23-1887, Adapler, Canister Cluster Assemhly XM43 R-002
AR R
‘ TEMPERATURE ) numowecrie | ELEC HICAL
MELECTIC]  wATER 08 FPICIENT 11 ENERGY FOR ¢
RIELECTRIC | 'GERERGTI | AmsoRriion [oe ericlen | SEWIES Wimakn | FECEER DO L e P REMARKS
NRTANT | cvorrs/ming] (PERCENT) W e T - (IOULER) {BECONDS,
- e ) 0.008 o] m | -~ - - 1,9 -
- - 0 0,006 o] a2 | -~ . - 1,2 -
0, 00446 (1T 3 - - 1,2 -
0, 005 Al az - - - 1,8 -
0. 00448 s 1 8 - - 1,2 —
0.00441) 8 n ] e - 1,8 - _ |
0, 0440 L} 11 ) B 1 oo - __l,li T
1, 1444 [} 1 ] ‘1 ~n - 1,8 e .
0, 006 6] aa - . an b —
), 00h Wy 43 no oo - 1,4 . - o
0, U440 (] Y ] wn - L9 -
RSP (SRR W SN VU — - - e - -
0,000 B 84 | - R e ) e - e
0,000 o) 88 | - . 4 — T
. S PR I e e S O —— —
0,000 o] a8 | - - 1,2 o
0,00446 8] 1 [ an wn 1,4 .
I - N BSOS O N —
0,008 of a9 | - - - 1,8 -
¢ e e e ol e - - fessmas
0,008 of 88 | - - e 1,8 -
S A = -
0.005 8 28 aw Y ae l.a o
0,008 o m | - - - 1,2 -
0,008 o 8 ] - .- - 1,8 -
£y
0, 00448 ol 1 8 . - 1,4 -
0,008 8] 88 | - - . 1,8 -
0.00303 8] 31 | a4 - - 1,2 -
0.008 s 33 | - . . 1,8 -
0.008 s 23 | e - - 1,8 -
0. 008 8] a3 - ~n -n 1,8 -
e an| aa e e e -~ Primer, Normal (Ready o Use)
Color = Green
N Locking Torqus (Inch-Pounds)
- =l =1 = - i 40/100 Vlwudg Centipaise)
100+280 Color Blus .
0,008 8] 88 .- - - 1,2 - ‘ 1
- - 0 0.005 sl 98 | e - 1,8 -
- - 0 0,008 o] 82 | - - = 1,8 - ‘
AN
Tuble 4-2 4=9




Table 4~3, DL14-23-1926, Fuze, Mechanieal Time, XM
i oo - g FEMPERATURE ] TRIBOELECTRIC
f SURFACE VOLUME ecetrie | PELECTRICD  waten L gpi RO e M
LINE et fhn cstnrrvryry | PIELECTRIC ] “ginpaarn " ! "NU | BERERS NUMBED
SHC 0 CIFICATION MATERIAL RESIBUNVITY | RESISTIVITY | 7o NG i ABRORIHON |yp egis vt
NO, ] DERCRIPTION | SPECIFICA RATA oims-cMy | SONSTANT L cvaraszming] Trerces 1Y 125’?’1:»‘1':_mv T
; 1 Fuge Mounting | QQ-A-2507)) Aluminum. 6063 .- PN TN . 0 0,046 v |
s igte . X
2 Delay Fuze Cl4-24-1014 See ftem -3 on DL4-20-1005 .- .- - - . - .
Chart [
k] Mounting QQ-8-698 Steel, 1008120 -- -- - - -- DELIE] Lo 7
Flate Chip
- 4 Fure, Firing Pin| QQ-5-744 Rtaijnless Bteel, 303 or J0d) - - - .. ] 0,005 ) 3
§ Wire, Safety, Crg-24-1te Airerall Wire, Solder, - i . o o - -
Interrupter ANGORE
' 6 Inlerrupter WQ-A=IO0.71i-320/87 Alaminum 608), T - SIS . " 0 00446 [ Y
; Avaembly
1 flide Assembly, | €14 03-1mp2 -- - ‘ : -
Detanatar
——— . - - aaa] — - e m——— e . e e m . e = m o . . - e P e (RN U S
- Hlide Detopntor | QQ-A-204 Alnminum 6061, 16 YT . 0 IR ELY # |l
M55 Hinh AL EH] - B - -
Detonmor
f— e e e e N - e —— = . U e b~ S . +
" Mate, ki, A0 Awminwim 6061, T * e’ - e 0 0. 0446 nol
Furo o — R e
Gankot Pinte, | MIL--a060 Wahbor Sheet, Geade WS- 116 [ 1ot? s [rioe . < 14
bl
tipring, fide W WA 1 ﬂl‘m" Wive, H;'IK‘]., Musnie A . - e 0 0. 00 # 2
© {inintor, Meeh, | ewpment 1 - ' L o e e
)] XMao?
- = T A, R —— BRI S gn MR X - e e ants ot R o
Housing, Fure WY -AR00 Aluminum, 14,000 B 2. 0gtnio’ ! s 0 0, 00440 (]
Upommet, 24-Ra700 S$illcons Rubbey, CLIA Gt aum”‘ a He8.6(008Hp) - e s 19
Vuzo, Doluy o ) N 1 ) R N 1
Olue, Hotainoy, | %2-R.100 Hilieone Hubbor, CLIA an10? 9.9,6003349) 875700 - TR
Hafoly Wire 50 Bhore and 70 )
Ding, Retainer, | 22-1-760 Hilicone Rubber, CLIA%0, aum“‘ o 3au.0(10:“m LYb-100 o we 1] -
Hutety Wire . Shore - #
Peller, Igniter, CA-23-1048 Cl43-9-10 we - . . - s va | =a o
Fure
~e MIL-8-440 Bilicon,JR, 11,Clasy € “e - 18@ 9,37 x e - o I PN o
109 He
. TPeHu181 Red Leud Type | Orade 8 e . - - - . e fee ]
“e MIL-T-13408 Titanium - - e e e I en | we ve
.- MIL-N.244 Nitroceltuiose tirade D - - e “e o e e | we .
- OcAebl Acetone . . - - - e v s e
ue MIL G165 Graghite, Gr, 1orll .. 00(261300 X .- .. Sol, H,0 v e | oa we
106~ -
- - Aleohol ~Anhydrous, Denatured - - . . - . co | ww e
Berew, Cap M8 1698719 Alloy Steel Cadmium Plated e e - o 0 0,005 B |83 e
Bpring, Helical, | M824885-1045 Steel (8pring) Cadmium Plated .- - e - 0 0,006 8 |22 .o
Compresslon
O-Ring MB820513.13 Preformed Hydrocarbon .- - .- “s e “n T e 17
Fuel Resistant "O" Ring
Borew MB835208-214 Carbon Steel Cadmium Plated .- - v .- 0 0,006 8 je2 we
Sorew, MB36266-16 Cavbon Steel Cadmium -- .- - - 0 0,005 8 | -
Pillister Head Plated
Washer, Lock MB35338-41 Carbon Bteel Cadmium Plated .- o - - 0 0,005 4 [ae .o
O-Ring Rubbor, | MIL-3-6856 Rubber, Bynthetie 10" - 23003 Puon - . '
Syntholie CL1, GRdo
Hosin, Epoxy Unfun Carbide - Megohm at Megohm CM at] ot 7% and  [30 for 1,a" . . I R
3114 ERL2774, ERL B0 K and A HH and 80 He Bpecimens
2793 730§ y Tavp M 4.38
8.6x10 2, 0x10
Hardner, Epoxy | (Code tdent. “a - . - .. .- - FORRY e
2988 #80bH24)
Lubricant MIL -1 4348 Lubrivating Orease - - - .o . - - DO I -
Pacumatic Bystem
hhm




T T e

v &

FOLDOUT FRAME /

4=d3~1926, Fuze, Mechanical Time, XM721 R-052
FLECTRICA)
R ‘AT R A a1 ¢ ECIRIC
RN . . TEMPE URE] ¢ LEC ¢ %
pELECTRIC L waren | ILEEATURE | BOELECHRIC | G lpngy pon Anc —
STRENGTIE T ABRORITION |y wessnvitel 1GNITIONS RESIBTANCE F;lCi'I REMARKS
(VOLTR/MILY | (PERCENT) PER Y¢ T T (JOULER) {S8ECONDS) i
- u 0, 00446 sl “ - - 1,2 -
. e - PR “n - .- - This itom contained in DI, 14-33-1005
"Canister Clustor, ” Chemical Agent XM16
- .- 0,005 v | a - - -- 1,2 -
I i 0,005 BERED - - . 1,2 -
. 0 P “e e - - - - fin 604 Pa 409 (folder)
d—
- n 0, 00446 Wl [l = - 1,2 -
- 0 0., 00§46 N " e - 1,2 i
JRURURRIDS ISR NS —_ . i
- 0 0, 00446 (IR # .- .o { - o
600 e .- 14 - 17 we - 1,2 -
. ) 0.005 8 |2z |- - - 1,2 o
e - I ae | - . - - 1,2 .
- 0 0.3044¢ 8 {1 8 - .- - Clock=Timer
-- - -- 19 |- |-- -- .- 1,2 -
$76-700 .- - 19 |- Jae - - 1,2 -
675-700 -- - 18 [ e |- - - 1,2 -
- - - e | ~- . . . 1,2 Non Metallic Element, 8i, Fuel, Reacts with the
Halogens
.. - - SR R - - . PBgud, Oxidant
— e + Fuel T ignd
. e - e | wn e .- - Y80°C *
B Faslly accumulutes static charges, when dry, extremel
- - - N T - - - B ive o shouk and Yriction explosive. N1bo1¢ (10,8
t012,2". Prep's-12,5-13.5' used for explosive.
.- . - R - 0,0008 .- 33 CH,COCH,, Flush Point, (open ouph15 t, Solvent,
-- 8ol HyO . POR [P e - ~— - Fuel, difficult to ignite, when ignited burps with
intense heat
Solvent, Thinner, GILOI, Flash Doint 37°0, Plimez A-1
.- - -~ we | we - - - - is &rudo aame for = denatured aleohol, ¥lash Point -
= 849F, Proof 191, 20{600),
- 0 0.005 8 |22 - - - L2 -~
-- 0 0,005 8 |22 - - - 1,2 .-
- - - 14 e 17 .- - 1,2 .
- [ 0.005 3 (22 - - - 1,2 —
.- [ 0.005 LI - - - 1,3 -
- 0 0,003 8 {22 - PoN .- 1.2 .
4 Poon - - " |- 17 -- - 1,2 Resistant to fuel and petroieum oil
Hao tor 1,9 - - we fee fee .- 90 23 Dissipation Factor At 78° And 60 Cycle = 9,0072
Bpecimens
.- - . FORRN [N .- e . — Used as a Rubber lo Metal Lubricant, Silicone-ii «
Eater ofl blends are suitable for use as a liquid
component of this greasc.
Wo ]
©o stm"
Table 4~3 4-19
. TR s Lo




FOLDOUT FRAME

Table 4-4, DI,14-23~1869, Canlster Assembly, Errvatic Disp

]
. o o . TEMPERATURE } TRIBOELECIH
3 : DIELECTRIC WATER MR R RIS NT
LINE ’ SURFACE VOLUME DIELECTRIC Sl i y b COEFFICIENT BERIER NUMIS
PEACRIPTION SPRECIFICATION MATERIAL RESIBTIVITY | REBIBTIVITY 4 Brl'h_MﬂH ARSORETION Jr e
N (O | (OHMs-Cwy | CONBTANT | vorra/min | prrcest) |OF HERSLIVTY r
1 Fuee, Orifice D14-~33-11868 e o on - o~ — . P e
Aaply
1~3 Fuze, Time, MIL- F~1B315 o P - -~ . . - . -
Plastic Coated
Type 3 Clasn 2
1-2 Rubber Orifice MI-8-8800 Rubber, Synthetic Clans 2, -~ - - oo 0,1 - 14 .
GR, 80 N a
Rlank Aaa'y Mylar, Commercial Grade it e 23T10° Tz T aR0 .7 s m 15
Adheslve, No, 3 e e = = = = e
14 | Ring Btitlenor | QQ-A-360/4 Auminum Alloy 2024 - 2,82ax107" - - a 0,00446 s u
Temper T3
16 Tube, Igniter R14-33-1674 Polypropylena K660, mm PR 1,54 \n"' HZ | 760 0.0% - - an
Fuge Extruded Tubing
17 Retsiner, Fure QY~A~RG0/) Aluminum Allay 1100, " 2.aaauﬂ"° - o 0 0, 00448 B 1
e o} Tempero i . .
il Acetone O-A-h} oo e an - - - - . e
140 | Blak Powdar, | MIL-e22s .. - - LT . - P
Clunts
1030 | Nitrocellutoss | MiT.-Noied - - - - P ” P M
R, A, Type ! | e
1-13 | Ignition C148-6-0 . on . = - - o - e
Composition
- .- - trcontum, Grade ¢ 4ox0™® - - o - - N
o - we Mug;)deuum Trioxide, - . . - - - — - ..
Powder:
Reagent Grade ‘M°°a’
- - - Chronie Oxtde Seaqui, - e -n - - =S - -
Powdered, lleagent '
Grade (cnzoa)
- - - Fthyl Alcohol, Denatured - - - o = - - - oo
Anhydrous
3 Canister C14-23-1873 - . . - e .o an - - -
Loaded
2-1 Canister C14~23-1872 Aluminum 1100F or - 9.!23:104 e - [ 0, 00446 8 11 8
Alumisum 1100 Temp. 0
2-3 C8-Pyr0 C143-14+10 C8-Pyro Mixture - . - - - - P R
Mixture
- - MIL-M-11861 D GR. B - - - ne P as e - ~
- - Azent o == - o sn == = o2 .
- - JJ=8-T781 Sugar, s 1 oo - - ey ey = an ey s
- - L~P~160 FPotassium Chlorate — [, - - - - - - —
Class 7, Grade B
- - Binder Solution - - - - - - IO R B
- -~ MIL-N-244 Nitrocellulose Orade D - - - - - e e | a | -
- -~ 0-~A-81 Aoetone - - -~ e - - - -~ -
3 Markem Ink or 7188/M - - - e e - - - - —
Ind Marking GR1001
ink
4 Ink Keducer GR10531M - - - — - e . e -~ -




FOLDOUT FRAMF 7/

33-1869, Canister Asscembly, Erratic Dispersion, XM 16 R~052
. FEMPERATURE ] TRIBOELECTRIC | BLECTIICAL
. A oieLeeTme | waien COEFFICLENT o | ENERGY FOR ARC
IR | e | assonpiion Joawary] S R awmions | peaerance [ RERER- REMARKS
i (VoL /ML | (PERCENT) PR o T T (ovkes | (secoNns '

0,1 . Ml | 1 . - 1,2 -

T - LA O = == W] -

0 0. 00440 L} n ] - e ' 1,2 -

0,01 - e - -~ - -~ - -

0 0.00446 L] 3 4 - i 1,2 -

.__':___ b - L e L ne e _.J Aﬁol\mnt (Cll‘,’tfmﬂul o

e - on - ~o - e .e Made from potasaium or sodium nitrate, chareoal,
aulfur,

wn oo e - . e e o Ennily sccumulatns static charge whon dry,
Faplosive,

e - o - - .- - e Fuel (2) (Exploslve Powder /Primer)

"o - - - - - e - ‘ Md‘n‘ (Mo ()3)

o pa - — o v ron - Oxitle (CR,0) Whon heated suddenly dicomposos [

at 330°C .

- - - e - - - - 8olvent (Czﬂsol{)

0 0. 00448 8 1 8 .- Lo 1,2 -

P 2a an aa = AATVE TR COT

:: :: : :: :: : o == n‘

L b o o= -~ L .- - Oxidant (KC Loa) Sensitive to shock or heat,
N, 10 to 14% (10, 18% to 12,2% Prep's) (12.8% to 13.5%)

- - R R - - - ufed for explosi Easily uistes static
ehngu when dry. Extremely sensitive to shock
and friction, Explosive.

ol A bl . == | 60,0008 - 33 Solvent (cnaco C"B)' Flash Poiat (Open Cup) 18°F

Table 4-4 4-11



FOLDOUT FRAME I Table 4~5. DL14-23~1963, Packing Instruction for XM165 Canister 1

) p . FEMPERATURE D TRIBOE)LECTRIC u_‘
BURFACE VOLUMF. - DIELRCTRICY  WATER = CORpRcienT | seies omser | F
LINE . . * ety | PIELECTRIC | "oy i o ¥ i6 NUMBE
4 BP CATION R LHIB T LBIRTIVITY 9 . - ’ ABBORPTION |y PR -y |
No. | PERCRIPTION ReIpicAT MATEIAL Mo | tERCay [ CONSTANT | (v ramitia | thsncrnr | oo [ T AT
! Nafl, Coment FF=Nel06 Steel o 1ax1078 o - 0 0,008 n a2 -
Couted, Type 11
Style 4 ' - L
3-1 Panel Assembly, e .- e - -- - Ao == - - had
Bide
2-1-1 | Plywood 1/4 thk | NN-P«530 - - - - n - - - o n
CB 36, GR A,
Type 1, GR, 3 or
4, Group B, P8
Standard Int, with
Fxt. Glue N _ »
3~1-8 | Lumber MIL 8TD 741, tumber, Wood ~— - ~- .- o= - - ~e it
Gult, o,om N S e - A S R ) |
2-1+3 | Nall, 4 D, FF-N-105, Typs 11, | fiteel - 11070 - - 0 0. 006 o a2 | -
Cement Couted | Htyle 4
- — R UGN OR ENRORO R ST ST DU
4-1=4 | Presorvative TT-W-573 ‘omp, - e o —. - - - ~e -
(Wond) A ~ Venta Chloro Phenol
e Copynr Napthenate
€~ Coppar Hapthenate (Iligh
Cone, )
0« Coppnr-A-Quinolinolste
SN S JUNU R R SR 1 R
3-8 Panel Asaambly, - - - - - e - - e | e | -
Bottom -
2~3~1 | Lumber MIL 8TD 731 Wood e .- - -~ - - Ll .- u
Groupt, 11, 1]
3-2-2 |Nall, Coment | FF-N-106, Type 11, | Steel - 1251078 - - 0 0.605 8 22 | --
Coated, 10D Style 4
3-2+3 [ Preservative TT-W-57% Preservative g - - - e .- - - .-
2-3 Panel Assembly - - . . - - - [, oer - -
End
8-3-1 | Plywood 1/4 thk, NN-P-530 Plywood - - . - - .- e - 11
C8 86, Group A,
Type 1, Grade 8
nr 4, Group B,
Py=1, Std, Int,
with Ext. Glue
3-3-2 |Lumber MIL STD 731 Wood - - . - - - e -~ .
Type 1, 0, 1
3-3-3 [Nall, ‘D"ly Cemont| FF~N02=§ Steel - IZMO"6 - e 4 0.008" 8 22 .-
Coated, Type 11
Style 4’ !
234 | Preservative TT~Wa572 Preservative - ~ - -~ - - e - -
3-4 Panel Assembly, - -~ -~ - - - - - e - -~
Top
24-1 |Plywood 3/8 thk | NN-p-530 Plywood - - . . - - - | - [ 11
Group A, C8 88,
Type §, Grade 3
or 4, Group B,
P 1 8td, Int,
with Ext, Glue
2-4-2 {Lumber MIL STD 731 Wood - - - - . - Lo | -« {11
24-3 INatl, 4D, Cement| FFen-108 Steel - 121078 - - 3 0,005 8 | 22 | -
Coated Type 11, Style ¢
3-4-4 | Preservative TT-W-512 Preservative - - - - -~ - b - -
3 thru 6] Pad, Cushioning | MIL-C-7769 Cushioning Material, Hair, - . - - -~ - - - -
Type 1V Fiber or Syn. Fiber and Binder
Elastomeric Materiul, No
Protein or Starch
7 Steave PPP-F-320 Fiberboard, Corrugated, Type . - - . . - ho - -
Ch, C1, Weather Resistant,
Variety 8W, Grade V3C
8 Cap Assembly, - . . . e a - - L . .
End
Bel Fiberboard PPP=1-320 Corrugated, Type CF*, Class - - - — - - 10 | .
\Weathe. Realstant, Variety SW
GR vac
3-8 Metal Fastener, - - - . - e - - . - -~
Commerefat
Type




; . Packing Instruction for XM 165 Canister Cluster Assembly

FOLDOUT FRAMF 7/

R-052

T
R, . tEMpERATIRE | PRIBOELECTRIC | BLECTUCAL
DIELECTRIC L WATER | copericient | senies numiek | BVERGY FOR ARC ANFER~
Bll('l"MlTH ABSORPTION [0 pesis T IviTy 1GNITIONS RESIBRTANCE, ENCE REMARKS
(VOLTR/MIL) | (PERCENT) PER Y s BT m (JOULES) (RECONDS) o
- 0 0, 004 ] 22 e - - 1,2 M. P, 1300 - 140 e
_— - . - - 11 an - 1T —: Glue n,?')_;:;n;(,mty;);; lmru;xwrit;r -Il-.‘!l') proof (Gr. A)
.- e - -~ e il - e 1,8 Goneral clasaification, range - molaure content 12-19%
] I I SR G L e
- 0 0,000 [ 42 - .- oo 1L M, P, 1800 - 1476%
on no ne . ~n " "o e Comp. A TT-W-H70
Comp, D& C&D AWPABID, P8
Water repellont, wood preservative - pentaehlorophenol
- - .o e - 11 - - 1,2 Geneval classification, range « moiature content 12+ 104
- 0 0,008 8 | 22 | - - - 1,2 M. P, 1300 - 1476°¢
. . - e - - - - - Comp, A TT-W-670. Comp, B-C-D AWPA 8§td, P8
Water repellent, wood preservative - pentachlorophonol
- - - - - 11 -~ .o 1,2 Glue sz proof, type 1 - exterior 320 proof (Gr. A)
-e - - - o~ - - - 1,2 General classification, range-moisure content 12-19%
- 0 0,005 8 ] 22 | - - .. 1,2 M. P, 1300 - 1475°C
_ _ _ NS . . . Comp, A TT-W-570. Comp. B-C-D AWPA 8td. P8
- - s - - 1 - - 1,2 Glue 1{20 proof, type ! - exterior nzo proof (Gr. A)
L -~ -~ - .- 11 - .- 1,2 General classification, range-moisture content 12-19%
- 0 0.008 8 22 | - - - 1,2 M.P. 1300 - 1478°C
. . _ T N _ ._ . Comp, A TT-W-670. Comp. B-C-D AWPA Std. P8
e .. - - - - - - - Hair mﬁlmg not less than 0. 50 nor mars than 0. 704
DDT. (Dichloro-Dipheny!l- Trichlioroethane)
. - - ho - - . - 1,2 Single wall, thickness - corrugating medium 0, 010"
thickness -~ outer fuecing 0,023
R Y h
R -- - - 10 | - - - - 1,2 Single wall, thickness - corrugnting medium 0, 010"
4 thickness - outer facing 0,023"
< ° 06
© O s | - - - - an -e - =3 -n -
g
2 ..; - .
oo Table 4-5
- c‘y o - = “v v"" ”'7 i yr




FOLDOUT FRAME T

Table 4-5, DL14-23-1963, Packing Instruction for XM165 Canister

R . TEMPERVICRE ] FREBOELRC FI
WNE | cRempTION | BPRCIFICATION MATERIAL oty | essiny | PELEC VIO RS | ansndid o | COEEPIOENT | SERIES MM
NO, : ' R PATROARRIE It A AL TR EN I FECTIN TP Rt R P AR B T |

' ) 1]
o Dag, Parrier MIL-~B-117 Type 1, Class E, Style 1, 10'0 - o0 0 | v Thick | o oots - al w| -
Opaque, Polyethylene 400 - 470 (24 flr.
o R I WU B Immersion)
10 Hox Assembly, PPP-n-636 fityle FTC, Type CF, Cluss ~- -- - ~- . L 1 e -
Interior Domestic, Variely 8W, (irade
275, Flherboard, Fabh, .
n Support Top e - - - -] - - .- -
it~1, | Plastic Foam MIL~P-60212 Foam Denaity 2 PCF, e lﬂw 2040 = 260 | thiek 0.0 = 0,08 e 4 10 -
2.3,4 Claan | Polystyrene, Hoam 60 e H00 - T00 (24 lir,
, tmmersiom | 1 J..
-6 Adhostve MMM -A-200 Claan 2, Water Repisatant - LE e ~- o= i - -~ "
126 | Flller PPI-F~330 Fiberboard, Type CF, Clasn o .- - - .- - 10
Domentic, Varlety 8W, Grade
275 Material
14 Buppost, FUN oo - e - o - e - e - - -
FEod
14-1, | Plastie Foam MIL«P-(0313 Fosm Density 3 DOV on 1hh 2.4 - 2,00 F/ thick 0, 0300, 00 8 W
4,8 Clann 1 Polysty rene o e Hon - 700 (24 Wy,
Immersion)
144 ink, Stenell TTel~H58 Color Black e . e - - ‘e e o e
14-0 | Adheavie MMM-2-200 - - on . - - o an | e v
Clasa 2
16 fupport, FWD . ~e - - . ~e - . . - -
Bide
10-1, | Plastic Foam | Mi1-P-00813 Foam Density 2 PUF, - 101 2.45 < 2,06 | 173" thick | 0,030,006 - 21| 19| en
4 Class | Polystyrene 60 lz 609 = 200 (24 lir, Immeg-
slon)
18-3 Adhesive MMM-A-260 - - = -e N - - - - 9
. Class 2
18 Support, Aft - e - - - - -n - - .o we
Side
16-1, | Plastic Foam | MiL-P-60312 Foam Denaity, 2 PCF - 101® 2,45 2,66 | 1/8" thick | 0,03 - 0.05 - 2l 19| -
2 Class 1 Polystyrene 60 Hz 800 - 700 (24 Hr,
N Immersion)
16-3 | Adhesvie MMM-~A-260 . - - - - - . R 9
Class 2
17 Support, Aft - - - - - - - - | | -
End
171, | Plastic Foam MIL-P-60312 Foam Density 2 PCF - 10 2,46 - 8.65 | 1./8" thick 0,03 = 0,06 - 21 19| .-
3,3, Class 1 Polysiyrene 60 Hz 690 = 708 {24 Hr,
Immersion)
174 | Adhesvie MMM-A~260 - - - - . - - o - 9
Class 2
18 Backing, End, PPP-F-3230 Fiberboard, Type 8F, Grade - -~ - .- - - 10 - -
Support and Claas Optlonal
N KT Backing, Cush- | PPP-F-320 Fiberboard, Type SF, Grade - - - - - - w0l —1 -
foning Pad and Class Optional
28 Nafl, 8D FFeN-105 Steel, Cement Coated - 12x10”° - - 0 0,006 | 2| -
Type 11, Style 4
24 Dessiccant, MIL-D-3464 Unit Sige 16 - - - - .. - - - -
28 Tape MIL-T-21596 Pressure Sensitive - - - - - - - . -~
Type Ut Adhesive, Paper
26 Strapping, Fiat | QQ-8-781, Typel, | Steel, Zinc Coated - 12x1078 - - 0 0,005 8 @2 -
CLB, GR Opt Galvanized
27 Ink, Stencll TT-1-688 Color, Black - -~ - . - e - . —
28-29 | Bag, Plastic L=P=378, Typel Plastic, Normal Polyethylene mlﬁ - 2.860 itz 1/8" thick 0,015 - 21 10 -
460 - 470 (24 Hr,
immersion)
20 Tape ppp-1-1¢ Pressure Sensitive - — .- - - a — . -
Adhesive, Poper




po— - -
11963, Packing Instruction for XM165 Canister (luster Assembly (cont’ FOLDOUT FRAME / R=-062
eseriat nel e ELECTRICAL
e | e e [ ey e F LR W e e | ERrey vor Al o
DEELECTRICE S0 i | sl 1o SEIVIRA ] nRlE LR TRV Bisrasce | BEFER- LEMARKS
COREEAN L | v ot ] s U1 HERIS HIVELY ’ REBISTANCE § ooy REMAR
(VOLAS MU (PERUCEN ) PERCY y m m LJOULLE) (RECONDE)
db o600 Mz 148" Thiek [N 1) -~ a1 10 ~e no Melta Lo Mat'l. MIL-B-131
e 460 - 470 24 I,
: oy Jmmorsiom | S
2" - - - - i - - - e 1,2 Bingle we'll, bursting strength 2756 1bs /in” (dry)
S 1 -
T - o s -
Yol 2,40 - dih | 14w thick o3 - 0,06 - 4 10 - e 4 [ ) Type 1 colored, closs | anti-statie coated, type 2
i 4hs Sl - 00 (24 Hr, natural & unpigmented
S ) Immerston) | _
o7 - P .- .. - - ] - -- 1,2 Ho0 emuision adhesive, paper back .
. - . 1 __..T - 0 “ ~ - 1,2 Bingle wall, bursting sirength 276 |bs /ll‘lR tdry}
) - a - ’
" R AU e
@ Sod o R6h 1" thiek G 00,05 v ol 1 an e -~ 1,6 Typo Leolored  clasn | anti- glatie conted,
"] o e H00 » 700 (44 Hr, type 2 natuenl and unpigmentod
lmynnrnl_up[ ) S — o
e e e e . - on e ae For poroan surinees, toluldine toner
—_— - SRS S RO I B S R - S LD NTATCR, Tne Joner — ]
e . o - ne o= [ e a4 1, )l:,l yemulmon adhealve, puper back
= 1 A - N I S
I - '™ . - - “ ~e . . -
T 2.4 - 2,006 | 1/8" thick 0,040,098 L) 4 19 - -- == Lo Type 1 colured - class | anti-statie vosted,
P T 400 « 100 (84 1lr, Immeg- type 2 natural and unpigmented
w sion)
e “u -- b had .- e L ] il - 1,2 Hy0 emulsion adhesive, paper back
2,45 ~ 2,66 § 1/8" thick 0,08 ~ 0,06 - 21 18 L a= .- 1,8 Type 1 colored - class ) anti-statie coated,
1 60 Ha 500 « 700 (%4 Hr, type 2 nafural and unpigmented
Immersion)
- - - - - au 9 - e 1,2 M20 cemulpion adhenive, paper back
- - Lid e Ll - - Raded - - -
;’.‘.45 ~ 2,656 | 1/8" thick 0,03 - 0,06 - 21 19 - - - 1,6 Type 1 colored - class 1 anti-atatic coated,
oo He 600 = 700 (24 Hr, type 2 natural and unpigmented
Immersion)
-— - - . - . ') -~ - 1,2 H,0 emulsion adhesive, paper back
e e - e 10 . . - L 1,2 Type and thickness optional
- - - ~e 10 - - - - 1,2 Type and thickness optional
‘ - - - 0 0,006 8| 22| - - - 1,2 | M.P, 1300 - 1478°C
R -- -~ bt - i -~ .- -~ had - Static dehumidification, non-dusting, non-deliquescent
<% .- . - -~ - - - Lo - - Masking tape on lacquer finish, flat type
e CE - - 0 0,006 8| e2] - - - 1,2 -
o
e
s . - - - - - - - .. - ug(r'ts" ahoad conmn ng l‘aﬁ'nmtn m&ﬂm oil, chloﬂnutq
w 860 e | 1A thiek 0,016 - 2 1w ] .- . Meits 1,6 Low and medium density
- 460 ~ 470 (24 Hr,
Immersion)
S
’ . " N . N - .. H,Q proof, 100. suifute craft paper, tange - 85 lo
- - Sl Bl - 160°F, coated oh 1 side with water resistant homogen-
. cous
1
s o "
o W
&
. Table 4~5 (cont'd) 4-13
v o
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I Table 4-6. DL14-23-1886, Canister Cluster Assembly Chemi
ﬁ A
o eeTie VEMPERATURE | Tiinort.
RURFACE VOLUME cppe | PIELECTRICE  wat ki COBFFICIE 1 | sEing
LINE ) ittt y | DIELECTINC | Tepielany e OF 2 BEHIES M
0 SPECIFICATION MATERIAL RESIBTIVITY | REFIBTIVITY : T ABRORITION oty -
No, | DEACRIPTION [ SPRCIPL conms | qaims-cuy | CONETANT | yornmin | (Percean [0F REBET TY B T :
1 Clip, Rafoty MIL-A~10988 Phasphor Bronze - 4.6x107% - - 0 0 00148 sl &t
3 X - e o - - . - . - e
Can r Cluster
Assembly,
XM43
] Lanyard, XM)6 - - - - o - ~ e el
Clwtar
¢ Canister o - " - [ - - - - no
Cluster,
Chemicsl Agent
¥M15
1 Balt oslve "o nn s o "o .o e e ne e
oy Expd
¢ Arackst, Re~ | QQ-A~8#8/8 or Aluminum 6001, T4 - 2,688%10"° n - 0 0, 00448 8l 1
taining Cluatar | QQ=A~800/8
7«8 | Wiring Harnoas - - - | e - ra e n O
okt
Hellooptar
T8 Tharmofit Tube o -~ ca ~~ ~ e e an o “e
1= | No, RNFe100~
i 3/8 Ty |
" Tefin Coaxial Cable o e e - - e .o - e -
84 Plug, Series
. BNC
Tegul &up.‘ Connect. - o - . - - e . - -
ug
Aseembly '
7-8-8 | Seeve, Shiold - - - . .. - . ~ . -
! 7-8-7 | Marking Foil - - - - . . - - . -
7-8-8 | Awg #20 Gage | MIL-W-16878 Copper Wire, Soft Annealed - 1.7241x10™° - - [} 0.00398 8| mn
19 Btrand Wire (QQ-W~473)
7-8-9 | Healing Com- | MiL-1-16023 Insulating Compound, - 1018 1,0, 2°C | 218 1.0 Max - N
pound Type C Electrical Imbedding 60 CPS
7-8-10| Bolder, SN 60 | QQ-8-571 Solder, SN 60 WRAP . - - . - - -] .
WRAP
1 9 Label, Identt« | MIL~P-19834 Metal Foll, Adheatve Backed - 2.828%10°% - - [} 0,00448 -]
! Roation, XM168 Type 1T, Aluminum
ta Cluster Ass'y
10 Clamp Ass'y - - o ~e .- - - - - .o
Y 10-1 | stee Strip QQ-5-698 Steel Strip, 1/2 H, No, 2 - 12x107% - . 0 0,008 8| --
g Temper, 1008 - 1020
' 10-3 | Rivet MS30427-406 Carbon Steel, Cadmium Plated - 12x10°° - - ) 0.008 , 8] .-
, 10-3 | Receptacle, MIL-F-§591 Fastener, Ring Head - 12x10"8 - - ) 0.008 8| .
Dimpled Rivet Style 1, Size 8, Corr, Res. Steel
! Hole Class B, Type 111
: 104 | Weld pin - - - 12x1078 - - 0 0.006 8| -
11 Clamp, safety - - .- - . - - - o
' i
' 11-1 | steal Strip QQ-5-698 Steel Strip, 1/2 H, No. 8 - 18x10~8 - - v 0,005 s -
_Tewmper, 1008 - 1030
11-3 | weld P - - - 12x1078 - - 0 0,006 8|
11-8 nk, Stencil TT-1-868 Color, Black - . - - - e e -~
13 Wiring Harnese - -~ - e - - - »e -~ -
0-1 Alreraft
13-1-8] Insulation Tubing - - - - - - - - N
and Rlesving
l 12-34| Plug, Sertes - - — - - .- - - S
' BNC Coaxial
Cable
; 12-6-8| 8TA-KON - - - - - - - - N
' Terminal
- 14-7.8| Receptacle, - - - - - - . - -l o
Cahle Connect-
ing Plug, Quick
Disconnect
129 | Grommet MIL-G~18491 Metallic No. 0, Type 1, Class - 2.020x10"8 - - :
. 8, Alumtnum ! 0 0.00448 L IRt

e



, . _ - -~ FOLDOUT FRAME / .
r23~188G, Cuanister Cluster Assembly, Cucmical Agent XM165H R~-052
i - Jpeaae | ELECTIRICAL
. VEMPERATURE ] TluporLEevie | BLEC
. - g merecrioe | waten vanimiaavil B L | ENERGY FOR ARC _
v PIELECTRIC | BTRENGTI | ApsuiiTiON n‘v»'):c::gll;';rvﬂv REWER NUMRER | Saniions | nemisrance: A REmARKS
Wy | consTa (VOLIB/MH | (PRRCENT) VER PC T n (JOULES) (BECONDS) e
W.P. 1048 0
. e 0 0,00145 8 an " - .- 1,2 Composition D, 0,036" Thick, RQ~B-~760 Temper
e e e - R n e . fise DL-14-33-1887
o - e - N I - - - fiee C-14-33-1904 of PL-14-23-1900
. -~ ~e ~ - - e wn ~ e Bes DI~14-23-1908
on an e o oo n - ~n ~o - fon DT.~14-83-1845
' T e - 0 000440 81 1 ] o e 1,8 M.P, 800 %C
- - L2 o - - - e o= » -a -
- - 0 0,00393 8| a1t | 1 - - 1,2 -
Type C - Thormal and Shock Resistnt, to 130°C for
1.0, 38% 218 1.0 Max - S T - - - sbort o peration,Hg0 vapor pormanidlity (GenyHis/
60 CP8 L) 20210" " diasipation teatar 239C A0 cos 0.3 mar, |
- - - - | | e - . - 8N 60%, PB 40%
- s 0 0.00448 -~ - - - - 1,2 -
- - 0 0.008 8| -] 1 - - 1,2 .
bt = 0 0,006 . 8 - 1 - e 1,8 -
- . 0 0,008 8 - 11 -~ - 1,2 -
. o 0 0.0056 8 - 1 - ~ 1,2 o
- “ v 0,005 8 - 11 - - L2 bt
- - ¢ 0,005 8] - | 1 - - 1,2 -
n " - Used on ioneporous surface, weather resistant
- -~ - . - -n - - £, i ’ ’
- - 0 0.00448 s ul = - - 1,8 -
Tablc 4=6 4m14




FOLDOUT FRAME I.

Table 4-G,

DLI.4~23-18M;; Canister Cluster Assembly, Chemienl

| R , ! TEMPERATURE | THIBOKI,
AURFACE VOLUME ; MELECTRICE  WATER COEFFICIE
LN nisLECTAIC | ' gTRENGTH FICIENT | SERIEA N
0 KCIFICATION MATERIAL TIVITY | RERSTIVITY ARBORPTION
NO, | DEACRIPTION | 6P ' F R’ | Nenmcwy | conatant I voytamng | thenvent |oF e L :
18~10 | Marking Fol - — o - - - . . .
W8-11] AWG 930 Gage | MIL-W-16878 Capper Wirs, Soft, Annesied - 1 7Mm107 - - 0 0.00393 8
19 Btrand Wire (QQ-W—13)
(i 24| alder QQ-8-571 BN 60, WRAP, Solder - . n e ) - -
18 Wiring Harness - — - - ~e - - ~e -
UH~1E, Hell~
coptay
19~1 | Conncotor, MBA106A148-8P - - - - - - - .
Plvg, Electrio,
traight
198~ | Plug, Raries - - - el - L e - -
» BNC Cosxisl -
Cahia i
184 Asern, Binld ~ on re o e - e o
-8 | Posting Fnd - - . - - - - .
i
158 | tawulstion - —_ - - - - .
Tuhing
1t | Norking ¥ | 00 - - - o - an - e -
(Tw ,ﬁwu 20 q';;- MIL-W-16878 mw;r“v?:.. foft, Amesied on 114130070 - 0 0,00888 o m
™
189 | soider QQ-8-071 8N 60, WRAP - - oo - 0 . R
13-10 | Mesling Com~ | MIL~1-10933, e - - on - T - ] oo
pound Type © - E
14 l‘y, Betting PBOSTSS - - am . e .o ca oo .
18 Washer AN 900-pD~4101, | Aluminum - 3.820x10"% - - 0 0,00440 s8] 1
16 | Lug, Suspeaton| M83334 Stoel, 4340, Cadmtum Mate - 1x10-s - - 0 0,006 o a
17 | Weahar M818708-813 Sataless Btoal - 110" - - 0 0,000 5| 8
A 1 Wire, Jock MB20995-C47 Safaty Wire, Corr. Hes. - 12x10™ - - 0 0,008 | .
19 Glreamer Asa'y | NAS 1001-30H m Cord with Cotton Duck - - N=3,5 @ - 24 Hr. H,0 e we | Nu=g
) Waraiag Sreanmr 23°¢, Immeratdh C=13
! 108 He . N*0.6-3, 0
©1 @ T00F,
: 5% RH
» Sorew NAD 1190-08P0 Carbon Steel, Cadmiun Piated - 110”4 - - 0 0,008 6| s
‘ [T} Sorew NAS 1190-4P10L | Carbon Steel, Cadmium Plsted - 12x20"° - - 0 0,000 s| 1
' 2 Fastener, Wing | MIL-F-8501 Class B, Type Iif, Fastaner, - 12x10™° - - 0 0,008 8| aa
Head Byl 1 Wing Head, Corr. Res. Steel
. 9 u,m Wear 05-48-101-41 lon - - 3.8 0 33°¢ - 34 Hr, W0 - - [
0 absr v . B30
: 70F, 65% RH
M Nut, Self Lovk- | s9NUOSs - - - - - .- - ] e
. ing
3t Technical DTM3-1325-881~ - - - - - . - | -
] Manual 18
26 gma. Bnd QQ-A<i8-/11 Alumirum Alloy 8081 Tompse - 2.838x10"8 - - 0 0.00446 s u
1 Sorew, Machine | M535208-341 Steel, Carbon, Cadmium Plated - 1ax10™® - - o 0,008 s8] a2
L ] Primer, Grade | MIL-8-22473 Surface Primer - - . e - . a -
N, Fort 2
0 Sealing, Com- | MIL-§-32478 Sealing Co - - - - - - R
‘ ¢ 00 rade mpound
i &v
ERE
: o
voe i
4
i
— — o ) e e .:m.. o e mmn e e T T o




FOLDOUT FRAME 7/

Canister Cluster Assembly, Chemical Agent XM 165 (cont'd IRV
N Y B R~0hHy
‘ i P R
' N _— .| BLECTIICAL
) VEMPERATURE ] TRIBOELRCTRIC
- DIELECTRIC}  WATER ENERGY FOR ARC
RLECTMIC) "gTRENGTH | ApsoRPTION COEFFICIENT | AERIER NIMARR IONITIONS REFER~ .
o RESIATANCE REMARKS
ONBTANT | (voita/mity] errcenT) [OF ekt Ty T tlounes | (srconm | *NCF
0 0,00809 a N 14 - e i -~
) - -] | - on - ~ #N 6o, PB 4%
.o - - e -~ - . — AN Typn
- - I . - - — .
I FER e _ —]
SRR SN AU e ]
o L oy Y - - S I ]
0 0, 00898 af W | 1 o . I -
0 s = T on - s nu | 60'h, PD 0%
. SRR WUV SURRY et i e
0 0.00446 6] uj s - - 3,4 M. P, 8809C
0 0,000 8| w| - - - 1,9 M.P, 1900 - 1476
0 0,000 s| w3} - - e 1,9 M.P, 1000 - 1476°C
0 0,008 ne - - - - - . )
2 Hr - N | - - - 1,8 N 18 Thermopiastio
(mm;al&\ (V] ) s
NeQ, 53,0
C» @ 100F,
95% RH
[ 0,008 8| | e - - 1,2 M, P, 1300 - 1478%C
0 0,008 8 FH] - e . 1,2 M. P, 1300 - 2470°C
0 0,008 o| 2| - - .- 1,8 M, P, 1300 - 1478°C
-~ 84 He, H0 - - ) - L) - 1,8 Thermojlastic
' 0.5 2,0
T00F, 68% RH|
- 0 0,00440 s 1 8 - - 1,8 M.P, 680°C
- 0 0,008 8 a8 | - - - 1,3 M.P. 1300 - 1478°C
- - - - - s - e - pm' Normal mw to use)
Color - Green :
- - - =l -l - . o . Locking torque (nsh-pounds) 40/100
Visoosity (contipoise) 100-850, Color code blue
Table 4=6 (cont'd) 4-15




FOLDOUT FRAME I

'{‘;Hill\ (R Pl bebe A e il«!“:‘ i f};hr.‘i;xf"“; K
A e
. o | rEmeEraTone | vomorec )
BURFACE | VOLUME wecre | PECECTIIC T waren | ENEERALEME | Lo
HNE 1 opscmpmion | seRCIFICATION MATERIAL EBISTIVITY | RemsTiviTy | EEECTNE | steseTin | apsopirion NI | BERIES i

OF {EBIBT
ConMs | TOHME-CM) (vol s | pERCENT) |7 ERERYITY

axtn™f
] Detonator und Q644 ftee) C1010-C1020 e 13x10 - “- 0 0,006 8| 22

Holder Assembly,

Halt MIL-5-500 Hitoe 4340 - 1ax107" - - W 006 ol |4

A<

3 Fering Pin QQ-§-764 Hainless tee) 903 or 03 BF tastg™ - - ] 0.00H 8| o0 «

4 Lead Cup MI1.-C-31768 Capper, 210, Annealed - }oreime® -- - ] 0.00363 4| 28 \

] I’h:s. Fxplosive | QQ-8-604 titee| 23011030 .- l'lul(l’“ -~ -- " n.a0h !l az -
folt

f Detonatar, fitab | M&6 Assembly .- .. .- -~ .- - - L

' 7 Wire, boek MA0N0 €33 Carrosion Remiatant Bleel - I'Mlo'“ .- 1] 0,004 [V .

—_—— B R T T el SRS

(] Apring, MR24BNA 1A Carbap ftesl, Cadmivm Plated - nmo"‘ [ 0,000 #| 4
i'tlm[il’”ﬂ"l"ll

0 Adheatve e Adhesive “n -

0 Adhesivo - Adhesive rr o ' o o we

1| naber, o Afltoone Tuhbwp 1axio™ T
/ Milteone -NTVAO LU LS N1
0,046" Thiek

(00

NI R L [ —— - s e - -

= e . S

" Catalyst 16 “aralymt e - - ae | on |«

19 ] Boslant 9743 Biyeast 8740 | Epoxide Castng Rosin T IA I :lmm " o 000000 | e NIOENE
0 He

s < e = B N s ==

S = -

1 Primer B84 16 RTV Bilicone .n ve ae as . wn | os “
Rubber Peimer

h—m—r— e e S PP e e cames: s coflm i se PSR T = FOUT SIS - -




Golt, Taplonass, AMI

FOLDOUT FRAME 7/

(R
AN ¥ [l TIPS
N " VEMPERATHRE | TimognLecyme | BLECTICAL
DIELECTINCE  WATER | CORFFICIENT | AERIES Mimngi | ENERGY FOR | ane REFER-
LEN ABBORPTION [y g emig PIVITY 1GNITIONS REBIBTANCE ENCE, REMARKS

(VOLTB/MILY| (PERCENT) PER e T " (ICULER) (BECONDS) ’

- 0 0.005 afa |- - - 1,2 M. P, 1300 - 1478°C

- 0 0,006 0l |- - - 1.2 M. P, 1390 - 1475°C

- 0 0,00 sl |- - - 1,2 M.P. 1300 - 1475°C

- 0 0.00363 sl | - - L3 M. P, 108a%

- 0 v.006 4| 2@ |- - - 1,2 M. P, 1800 - 1476°C

- a 0,006 n|ea |- - = 1,2 M.P. 1300 - 1476°C

- 0 0,008 a|ea |- - - 1,2 M. P, 1300 - 1476%C

oy - - | . - - ab Cure achedule 2 hra, at 160" F

o - . I S - e - % Cure vehodule 2 brs. at 168" F

~ _Pond_atrenxth 2000 PEI

0.040" Thick | 0.10 - 19| - |- - - 1,3 Brittle paint - 96°F, tomporature rango - 1°F to
800 600°F, Disaipation factor {(olec.) 60 CP'8 - 0,020
0.073" Thick
500

. = - e | o= - .- .- 34 This catalyst used with stylcast 2741
420 0.10 - 0,50 - 18| = |- - o 7Y

-

v

rooﬁ 'mapi. R?xpid cure “g h¥'e. :i 88, ‘Fi.ﬁé’mg &
\iod by smownt ofcatalvat. &

Used as 3 primer for 60 ~ 800 series RTV.

1)

curing m

Table 4-7 4-16




FOLDOUT FRAME I

Tablc 4~8, FE146-1-149, Launcher and Cartridge Chemical Agent, TAC CS, Por

. TEMPERATINE | TRIBOKLECT
LINE : SURFACE | VOLUME | pipperric | Toeneoomy | aoWATER | copspicient | senies mimn
DESCRIPTION | SPECIFICATION MATERIAL RESIBTIVITY | RESISTIVITY rany | BTRENGTH | ABBORPTION JoF g - "
no. (oMMB | (Onme-chy | SONBTANT | vorva/mina| ‘pencenn) |7 RESIBEIVITY T
Hammasa Bee C1468~1-25 - - - e - - e - e
Assembly Sheet
Housing Cover Cl46-1-73 an an . - . - ~e I
Ansombly
Houning Caver - Rayalite, No, 40-1811-RL, - 2,0x10%% 5.9 ann 0.4 - 0,5 - 1| o
Salid HC/M Color Olive 60 Hz
Dnb.‘ {Non Glare Burface)
,082 ¢, 008 thk
Firing Tables MIL-P-~10034 Matal Foail, Adhosive L 2.820:105 P e 1] 0,00446 L I §
Instr Plate Backed, Type 1
Fastonor, MIL~F-31840 Nylon, Type Il - w0 a9 2% e 0,8 - 2,00 - 1| o
Plle Tape 106 Hy (34 Hr,)
Methyl-Ethyl~ | TT-M~861 Calorless Liquid o - - - e - =
Katone
Coment - Rordens Cament No, n 10880t ) fihort Timo 0,16 « 0,75 . T
8Y=330 00 Ha 300~1000
Rtop-ty-Rtep
2756900
Modulo DN146-1-160 - o . oo — - e oo | oo
Assembly
Modulo £146-1~103 [ - - on . - - | o
Loading
8-1-1 |Cartridgo, - oo D146-1-49, 50, 01, . - - - - - ] -
thru [38SMM Riot and 52 Sheets
Control, 08
3-1-8 |Filler Cap MIL-P~40819 Plastic Matorial, Cellulsr . 1018 2,46 -3,86 | 1/6" Thick 10,03 = 0,08 - 30| -
Polystyrcne Typo ), 60 He ! 800 - 700 24 Hr,
Class 3, O
3-1-8 |Lamchor Tube, - See 146-1-154 Sheet - - - - - - O
Fuze & Csse
Assembly
8-1-7 |Disc Separator - Maails Board, Finish No, - - - - - - —1 -
Disc 4, Coated Stook
Disc Cover Manila Board, Alwminum
Foll Lined
8-1-8 |Flanged cap L-P-390 Plastio Matorial - 1018 2,3 1/8" Thick  |0,018 - 21| 19
Separator Polyethylene, Type | 60 Hz 460 - 700 24 Hr,
Class L
3-1-9 |Contoured Same as $-1-8
Cup Separator
3-1-10{ Tape - Pressure Sensitive, - - :.4 Bl. 1 glm-t Time }0,80~2,5 - -t 1
Transparest Polyester 0 Me 50~400
Scotch Brand No, 850 ~Step
170
3-1-1Cover, . DN2626 DLM-~P4 - - - - - . | -
Lawmoh Tube
Rim - Same as 3-1
:?m MIL-A-148 Aluminum Fotl, Type - 3,828x10™° - - o 8| 1
||
Po MIL-P-26514 - - - 1,08 ~— 4% by W - | n
Foam, Type 80 Hs by wet
o, Class 1
|advostre, - RTV-i02 - sx10® 2.8 0,103 Thick - - 19] -
Siltcone 80 Hs 4238
Rubber
Cement - Borden's Cement No, 8Y-330 - - . - - - - | e
Fume - Bond #77 - oy — e -— e P
Madule Cover - Same as 3-1
Nameplate Mil,-D-RB34 Decal, .i‘;ldutomerw - e - - - - an | ==
Pﬁm. Type 1l




i(‘{nd Cartridge Chemical Agent, TAC CS8, Dortahle, FE8 Assembly

* FOLPOUT FRAME 7/ 052

| —— e —— A— —
il TEMPERATIRE | TrinoElLECTRIC | BLECTIMCAL
N\ | aTnpCaMe ] WATER | CORRFICIENT | sERIES NUMBER | ENERGY FOR Anc ¥
| N TELECTmC | sTRENGTH | ARBORPTION |y iEmanviry ] P 10MTIoNs | pemaTance | REEER- REMARKS
3 _7..\\ CONBTANT 1 (voi,y8/Mily | (PERCENT) " "BER Ve T m (JOULES) (RECONDS) ENCE
bt
) - - . oo e | e e . -
R - we
89 0,4 ~ 0,5 - 14| -» e .. -
' 1 flow Burning, ABS, Acrylonitrile-Butadiene-ityrene
- 0 0, 00446 al 1 ) - -
1,2 Aluminum fail, Pressure Seasitive
o 0,5 - 3,0 . 1] s o~ on o
(34 Hr,) 1,3 Tharmoplastic
e CHg €O Ca”b' Balvent
Bhart Time {0,165 ~ 0,76 - e | A o» o “ )
3001000 1,2 PV, Co-FPolymer Non~Conduetive
gmpnby-ﬁwp 24 tloneral Purpose Adhesive
16800
R, - -
- ""5 #+3,08 | 1/8" Thick |0,03 - 0.08 - W - | - - 80 - 80 7
; »' Hz . | s00-700 |24 Hr, 1,2 8low Burning Belf-Extinguishing, High Density
1/8" Taick  [0,018 . 21| 10 - - -
460-700 |24 Hr, 1,2 Low and Medium Density
.
Short Time [0.50 - 3,5 - -l 17 - - 136
250-400
1,2 -
.
- [} s| 1 8 - -
- Aluminum Rolls, Uncoated
- 4% by Wgt - upw - - .- 1,2 Dissipstion Factor (Elec) 0.3-1.9 x 0™
Temp, Range to 250°F
Foam in Place, Rigid
0,103 Thick - - 18] - - - -
20 12 428 1,4 Thixotropic, General Purpose
- - — — | - - e - 1,2,8 (Urethane Foam; Primer/Adhesive)
24 Neoprene Rubber and Phenoil
—
- e e = | Use on Exterior Burface, Adhensive - Backed,
Presasure Sensitive
o Table 4-8 4-17
- -.\.\._, R \. - - ; .
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I Table 4~8, E146~1~154, Launcher Tube, Fuze and Cage Assem
: S LEMPERATVRE | THOMOELEC
BURFACE VOLUME e | PELECTICT  warER | oor R i)
LINK ignbiadpond w | DIELECTIIC | “gyipinciTn i ; ENT | BERIES NIN
PTION | SPECIFICATION MATERIAL nessrvivy | wemsmiviry | DELECTRIC AnsoRPTION | S RERICIENT
No, | DRACRIETY _ (O ods-cuy | CONSTANT | vor i/ | pencen [PF WERISIVITY B
1 Base Assembly | D146~1-85 - - - - - o - oe] e
1-1 | Module Rase Bl46-1n331 Red Thraad Molding sxio 1ot 4.0 1/8" Thick | 0,10 - 0,60 - 5]
(E146+1-86) pound or Epoxy #3533 OliMS 680 i1z 50
-8 | cup QQ-A-350/11 Atumizum Mt% oot 0001 - 2.p38x10"" - - o 0,00446 8] u
ar emper (), , om
-8B RQ-A~380/8 !
AMuminum Mloy Bheet, DOG3,
=33, ,033 Nom,Stk.Thk,
140 | Ring M851936-3 DEE-Medium, Steel, Black . 1ax10™ - - 0 0,006 o] -
(8teel Only) Fuumel Finish, 3/4 Size
14 | Base Pin QR-A~336/G Mumioum Alloy wire 7 - 2,88 %1070 - - 0 0,00446 8] 1
t brawn or
Finishod, 8034, T4, No. 18 GA
156 | Rivat, Blind . Aumtzum Alloy ,166 Noro - 4, 848x10”" - - 0 0, 0448 8l 1t
Diam (343 1g. -
] Case, Assombly | F146- !-1.'!0 . - on - - - e ol e
41 Drilled Case Fl‘a..l—‘a -e e - e - "~ - - -
Assombly
2-1=1 [Caso Dody - Royalitn, No, 40-1211-R1,, - 2,0x104 5.8 380 0,4-0,6 - 14| -
&;l‘l: HC/M, 1?1::- Oitve Drab, 80 H
2-1-3 | Houstng - Samo as 8-1-1
23-1-3 | Reinforcoment - Samo an 3-1-1
8trip
Be1e4 Hoalito MIL-D-6998 Dichloromothane, Tochnioal - - - - - . S
Solution Bl46-1-#4 Grado Aor B CH, CL,
3-1-5 |Coment - Borden's Cement No, 8Y-330 - 10'ta0® |59 Short Time 0,16 - 0,76 - -] 18
60 Mz 300-1000
Step-by-Ste
] znm
lz—a Inc ometer C148-1-20 - — - - - - - Y
y
3-3-1 |Housing MIL-P-81108 Plastio, Shest, Actylic, Heat - 10%® 3.5-4.5 Sbort Time 0.3 - 0,4 - ol 15
1 Roststant, Utility Grade 0 He 450-550
i +312 Nom Stk Thk Step-by-Step
. 380400
fo-s-2 [nousing Same as 2-2-1
- 3-23-3 |Dial - Brilltsot Opague 60 Lb, - - - - - - - -
Stock, Vellum Finish
IR-H End Plate Same a8 3-~3-1
f-2-5 |Epoxy Misture - Resin, Epoxy Part No, [sxtott ax1oM 4.0 1/8" Thick  {0.10 - 0,80 - 16] -
4
',' Hardener, Epaxy Part No,
K HR-3561
3-2-6 |Ball, Bearing | MB19060-8 m. Cres, .31878 - 12x10°8 - - o 0.006 8| -
1 §e-2-7 [Cemenmt Same a8 2-1-8 Borden's Cement No, 8Y-330 - wr s = = = —
2.3 Guide, Lanyard |Bame as 2-3-1
Ia-i [Bosl Assembly  fc14s-18 . - - - - - - N
' 2=4=1 |Rosl - Same as 3e1-1
. f242 [Lanyara MIL-C-8040 Cord, Type 1, Color - 102008 |3 s 925% - AL 24 Hr. - -] 8
1 Clive Dras Mo, Xouse 18 cps 1,0 Immer-
sion 0,6 = 2,00
343 |Pul Pm QU-Wed23 Wiso, Btaa, Cres, Form1 - 122100 - - | 0.008 8 -
1/18 Nom Btk bia !
Patch Hook MIL-F-21840 Nylon, Type I 1 In, - 108001 fa,5923% ~  larzawy, - 2| s
108 Mx H O tmmer-
slon 0.5 - 4,0
la.m Coment - Same a9 3-3-7
3-8 Hoe CIU6-1-97 - - - - - - - .
E vator
l mbly ]
, QQ-A-360/11 Same As 1-2A




" huncher Tube, Fuze and Case Assembly

coupout FRAME 7/

R-0/2

LEC LRICA )
LECTRIC . VEMBERA CRE ] Tkt EeTie | ELECTRICAL
e 1 11! ! ’
o
1/8" Thick 0,10 « 0,60 ~n 18] -~ - s f0 L] o
450
L 0 0, 00446 8 1 L] o o 2 ne
- 0 n,006 8] o~ - e . 1.4 .
o 0 0,00446 al n 8 - o 1,8 -
- 0 0, 00440 Bl 1 ] - e 2 o
a7 ye || 869 0.4-0,8 - 4] - .- S . 1 Slow Burning, ARG, Aerylonitrilo - Dutadlene -
- Styrene
- . -
W8 P
1 o3
. - . | - - - - 1,2 Mothylene Chlorine, CHy Clg, Solvent
0,18 » 0,78 - - 18 - . - 1, 3, PVC - Co~Polymer, Non-Conductive, General
24 Purpose Adhesive
0,3+-0.4 - | 18 - - No Track 1, 2 Slow Burning Rate
s o
< -
»| 1/8" Thick }0.10 - 0,80 - 1) - -~ - 90 1, 8 -
1]
- 0 0,006 8| o - - - 1,2 -
- -~ -~ - L "o —-— ey - 4— e
e
- At 24 Hr, - . [ - - .
M, Immer- - L3
ston 0,6 = 2,0 '
- o 0,008 g| - - - - L3 -
*
e At 24 Hr, - 12 5 - -~
H,0 tmmer- o 1,8 oy
R slon 0,5 - 2,0
. —
v
-
#ﬁ IR

Table 4-9




FOLDOUT FRAME T

e v sust——

Dichloromet.ane, CH, CL,
Tochnlieal Grade A or B
E—

————

Table 4-9., F146-1-154, Launcher Tuhe, Fuze and Case Ass
T e . " e TEMPERATURE | TR
LnE RURFACE | VOLUME | oy peppe | DIFLECTRICT WATER | CORpmciEnT | e
DESCRIPTION | SPECIFICATION MATERIAL RESIBTIVITY | RESISTIVITY | *oins ATHENGTH 1 AHBORPTION casrvrry ] o
No, (OHME (oHMs-cM) | CONBTANT 4 cvnprsmig | (eercest | ".,’,,6,'?3("" 1y
i I [
2-7 | Nut, Blotted QQ-5-037 fitor] War, Carbon, Cold -- 18 - .- 0 0,005 w| -
Finished, CD, 12114, ,500
Nom Btk Hex,
3-8 | Primer Puse F146n10140 o - - - - - - - -
Anapmbly
8-8-1 | Frame QQ-A-260/8 Bame as 1+3B
4-6-8 | Tape o Prassure Sepaitive Tape, - - - - - - L
thru. | Dowble No, 410 Doubje Coated
4 Contod Tianue, 1/3 wide 3 M,
3-8-5 | Tapo, MIL-1-16136 Inmulstion Tape, . ITILTAL I PR - a1 - wl 4
thru Eleatrical Eloatrical, Type Aft
8
3-8-8 | Fuso Birlp - fion C14001-160 - e - - - .- | -
thw
12
2-#-13 | fipongo MIL-P-20514 Polyurothane Foam, on - 1,06 - 41 by wet . |
& 14 Flastic, Typo 1,
Clnan 8 . .
4-Ro10 | Tapn, Fleotrical - No, 11 Prodaure Sensitive, - oot J4es . 2o . 18] 1
008 inc. 8cotch Brand, M
3-8-16 | gmitor cord - Thorralite lgnitor - - .. e - - . [
Cord, Type BB, Burn
Rato 16-20 S0o/Ft
29 Royalito Ramo as 2-1-4 Samo a8 3-1-4
Solution
3-10 Tape, Samo as 2-8-5 Samo ap 8-8-5
Electrioal
211 | washer, Flat | M816785-708 Aluminum Alloy - 2.828x10"8 - - 0 0,00448 8] 1
Rownd
2-12 | Washer, Lock- | MBa8338~41 84,Cad, Plated - 12x1078 - - ¢ 0.005 8| --
Spring
213 |Nut, Plain, Hex | MS3se4s-262 No, 6-32NC-3B - - - - - - P
2-14 | Packing "O" AN6227-8 High Flexibllity 107 onm . 2,3 -, 600 - - u| -
Ring MIL-P-5516 Syn, Rubber (108 Hz)y
17
2-16 | Packing "O" AN8327-17 High Flexibliity 10" onm - 2.3 600 - - u| -
Ring MIL-P-5516 Sya. Rubber (10% Mz
2-18 | Bcrew ME24621-18 Steel, Cadmium - 1922078 - - ) 0,008 8| -
Plated
2-17 | Fastever Tape | MIL-F-21840 Nylon, Type It - 1018308 | 3,5 23% - 24 Hour - 12| s
Hook we H Immersion
0.8 - 2,09
2-18 | Hookup Wire MIL-W-176 Wire, Cu - 1.7%41x10"8 - - 0 0.00393 8f 21
MW-Ce18-(18)~
30
3-19 | wire Type 8, - Wire, Cu - 1.7241x107% - - ) 0.00398 8| a1
Solid No.,
18 AWG
2-30 | Same a8 317
2-31 | Post Binding, | MIL-P-BS148/8 Rubber Cap, Body Brass ~ -~ ~— - - - - we| o
Waterproof Nickel Plated, 'O" Ring Stlicons
Type PBOSNAOL Rubber, Nylon
3-822 Cement -n Same a8 3-1-8
2-23 | Boar Weather - Part No. 4513818 - - - - - - S
Adbesive
324 Tape, - Same as 2-8-18
Eleotrical
2-28 | Solder QQ-8-511 Lead-Tin Alloy, - - - - .- - B
8NE0 WRAP 2
2-26 | Toluene, Grade | JAN-T-1T1 CHy Cg Hy - - - - - . N .
B Colorjess Liguid
2-27 | Seatant - Lezan No, 131 Clear, - 2, 1x1018 3,17 Short Time | 0,15 - I
(B146-1-129) Granular Polyoarbunate 80 .4 400 (24 Hour)
Resin, Chemical 2300 Step-by-Step | 18°F
80% B.H, 384
/8" Thigk,
- MIL-D-6998




FOLPOUT FRAME 7/

Launcher Tube, Fuze and Case Assembly (cont'd) R-052
™ ECHRICAT
g - FEMPERRIBRE D Trpoegctiie | BRES : .
) DIELECTRIC WALER ¢ y A ' | FNERGY FOR RC
BCTRIC | RTHENGTH | assoriion | COFEEENT | SERIES MIMBER A REFER~
NSTANT | vorT Cepree [OF RESEETINTY 1GNITIONS REBIBTANCE | "buop REMARKS
IVOLTR/MN | (PERCENT Fa T vovees | seconps | FNCE
- - 0 0,006 n| - - e - e 3 -
*».
~— - . B - - - A1 Papec Tape, Non~Conductive , Crude Rubber
, Adhesive
e -7 e ) 11 == o 180 - 300 :, b Thermusetting, Celluloae Acetste, Rubber Adhesive
2
- 47 by Wgt - ul 17 . - - o flisstpation Factos (Flec) 0,3-1,3 % 107
Temp, Range to 2609F
an a7 o JE RN ] - - 140 « 200 ’:. 4, Black Avetate, Thermoaetting, Hubber Adhesive
4} J
am - - Y e . - - " Ignition Comjuund is Hed Lead Stiicats, Cord
18 very Hght Steel /Stranded Wire,
.
SN, - 0 0,00448 8l 11 8 - . L] -
— 0 0,008 8| ~- e - - 1,2 -
o :
800 - - 4] - 17 - - i, 2 Dash Number, Ref, Size -20,L 8/82", 1.D, 5/33"
600 - -~ 14] - 17 - - 1,2 Dash Number, Ref, Size -7 0,D, 1/2", 1.D, 3/8"
o 0 0,006 8| = - - - 1,8 -
. h8% .- 24 Hour - 12] 6 - - . 1,2 -
S Immersion
L 0.6 ~ 2,09
DY |
Lot e - ) 0,00393 8| 2 1 - - 1,2 -
- 0 0,00393 8] 2 14 b - 1, 2 -
. -
—
—
- - - | - - - e .- 8N 8u";, P'B 40",
- — - an| o= - - - . Solvent, tnsoluble In Water, Pure Comm, Girade
Short Time [ 0,15 - L re - 10 ~ 120 ) Polycarbonate
400 {24 Hour)
Step-by-Step | 789F
264
"
! Methylene Chioride
Cll2 Cly, Solvent
-
Table 49 (cont'd) 4~19
: . - .':" - . - .
S vy SR RS-t -




"-'.i

it = Y

FOLDOUT FRAME 1’

Table 4~9, E146~1~154, Launcher Tube, Fuze and Case Assembl
JI— N ﬁW
P o VEMPERATIIRE | TRIBOES
pecRIPTION | spECIFICATION MATERIA) nemTvITY | nemaTiviry | PIELECTINC il atonion [ SOEFFICIEN BHIES
8C X P . ' A s \ b g . SRR IR
no. | P ronisis | conmg-can | CONSTANT | voranming | pencenn [OF SERISEIVITY T
Ta Tubo and Fuze | F146-1-1566 . o - - - - - -
Assorably
a1 | Launcher - Tube -~ 32 Point . - “e e - e -
Tube Remj-Bleached Rotoform
Baard No, 87440, florg
Tube wrapped with tape,
et reinforoed, permacel,
Type No, 163, 1 in, ~ o ha - b e -
3-8 | Distribution F14601-147 . e - - e - o o
Fuzo Train
9-f~1 | Tape, fame as A
thiw 8 | Fleotrioal
feled | Fue ftrip e Bamo an §-fed
thru 7
3-8-8 fponge fiamae an Brfinld
dei=0 | itittonar — Niokel, Grada A 1/4 Hard - 7.0m07" e N 0 0,000 -
38410 | Aquib thiold QQ-A=800/8 Aluminum Alley Fhoet, n 2,028x10°" - e 0 0, 00440 8
0062 Tempnr H-33 - -
J=3=11 | Sponge o Hamo as 2-A-13 e - - )
3-2-18 | Tape, - Fihorglase 310 - -n . . - nn o
Floetricw -
3«3-13 [ Ignitor Cord Samo as 8-8-16 -
_ e e . -
33 8quib Assombly | C140-1.163 - o e . - . - el ae o
3«31 |Bquih, Eleotrie, | MIL-8-48438 . . - - s - s | e -
M8, Assembly
3-3-3 | insulation Tubing | MiL.-1-83063 Hoat Shrinkable Class { - 10*1.10%° 69 Short Time | 0,16 ~ 0,76 - -] 18
doCps 300-1000
Stop~by-Stop
275 - 900
34 Tapo, Eloctrical - Same as 2-6-18
thru
7611
3-8 | Fuse Strip - Samo a8 3-89
3-8 |Spongo Birlp - Samo as 2-8-13
8-10 Baffle Sameo as 3-2-10
4, 8, | Tape, Eleotrieal - Same as 3-8-18
)
] Epoxy Mixture Same a8 2-2-8




FOLDOUT FRAME /

|
auncher Tube, Fuze and Case Assembly (cont'd) R~062
T . FEMPRRATORE | TrisogLECTRIC *’.“"'"”"".“'f
| TIELECTIC L WATER | cORPRICIENT | KR st | ENEROY FOR Ae REFER-
VL vorinmiig ] Ahrneengr [#F RESISTIVITY WNITIONS | geasTance | BN REMARKS
AW RN T ok (BECONDS)
a2 Palyester Hacking, (ilasa Strands (Lepgthwise),
Aeta Adhesive
S
-
» -
e 0 0,008 L ) - - L L o I
na 0 0,00440 [} IR Y] # e I b d "
; i N AN R RSN SRR -
an . an wal e on on s 92 tilaas Cloth, Nulibey Bare Adhesive
M R . i i
2 T - = - - . Fleotleal Initiation Device
Short Time | 0,16 = 0,70 - | 18 e - - 1, 8 Tolyvinyl Chloride *
300-1000
Stop-by-Step
25 - 500
e
-
o W
-
-
—
4
L
Table 4-9 (cont'd) 4-20
T P 7.1“11‘)_‘_. . R Lo ST AN - - [y p— L : -
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Tahle 4-10, DL146-1~-49, Cartridge 35mm Riot Control, C8 E23 "A'" (

-~ -
-~ VEMPERATIINE | i
BURFACE VOLUME crnre | PIELECTRIC T wal Bl COFFRICIENT | 85
LINE 0 papiis RIELECTRIC L STRENGTH | ABSORPTION [ios 1 setine -
NO. | DESCRIPTION | 8PECIFICATION MATERIAL HERATIVITY ':5?:?1?1-';1 Y| constant | i iarmig | Aneae for ",,",';',':'3{""" u
) Propeliant 146153 - - - . - - - —
Cup, 18 Gram
1.1 | Cupead Delny | C1e6-1-87 - - - - - - - -
Fuse
. 16 0 . " G
rling t O - fexan 1 - PR LT] 39°C, S50 1/8" Thick |0.16 8 70°F -n -
Irdei | Fropelisnt Cup g ' RH, 317 400 Fhart | 24 Howr
80 Wz Time
Step-hy-fitep
264
1et-b nau{ Fuze Cl146r1-58 o - - - - o - -
and int Fire
1-1-b | Clamp Ring MU.-T-8608 Tubisng, Mol Crpa, 304 . 1251070 - - o 0,006 "
rl Annesled, Type |, feamioss
-1op | Quick Mateh MU.q-378 uickmateh, Type 1 - -~ - =0T = = :
o] lann A
1e3eh | Datay Fuan - 1ight Carw douhin taps on " - - .- T -
i Y 4% graine par faot, !
800 1,010 dis, 9D aeo/yard
R {nid atmn) i
130 I Fivst Five e Firet Fire Towsr e an ro o - ne ro
) Rurry Tid0=1= 348 finn 1odnhin)
ap Water
}———— gt e B (e AT aa trr = = —cp— — —_— PR S
1-1<6 | Firet Fire M11,-D-83) Mack Mowder, Class - o= .. . o]
=h Powdey — e — S - S - — 4
- ton 0
| 98 arece, Ty " - -
- Aonots (Fine Powdor) - -
toled | Quick Match L=
1-1+7 |ignition Coating - lgnition Yower Bi48-1.108 . .
(Spark-Hensi~- e - -
tive) - Silicen - - - on - .. wo
- Hed Lesd - - - . - o .
- Tiantun - . - - - .. .-
- Acacls - an - .n - - -1
- Tap Water - - - e o - -
<18 |Sealant BI4G-1.109 Lexas No,' 181
Same as 1-1-1
MIL-D-4998 Dichloro - - . - . - -
Grade Aor B
13 | Diaghregm - Chemical Fiber 1003 . . - - - - -
1-3 Laoguer B146-1-130 Same a9 1-1-8
Exoept § of Mixture .
14 Black Powder MI1-p-i23 Class 4, 13 ¢ 1/3 Gruuns - - -- e - - .
] Loaded D148~1-89 oy oy oy - - - - -
Canister
81 |contster and MIL-A-~12848 Alwmtoum Alloy Impact - 2.028x10°% - - 0 0,004
- [#m 1100-F ‘ 4o e
B13-14-1 Mtature, C8 - - - - - - _
343-8-791 Sugar Type () (3) - - -~ - - —— p—
I MIL-P-180 Fotasaium Chlorate - - - - - - _
GR, B, CL 7
MIL-C-$1-39 Chamical Agent C8 - - - - - . "
MiL-M~11881 Magoestum Carbonate - - e - . - ..
Or. B
4-
MIL-N-344 Nitro Cellulose Gr. D - - .- - . . —
O=A-31 Acetone - - e - - - -
%8 |Retainer QQ-A-200/3 Aluminum Alloy Rod - 2,088x10°° - - o
2084, Temper T4 ) 000445 8
s Extnsible - Polyavrylate Rubber 10'? oum - 2.3 10% wuy | eo0 - -
Diaphragm Type 1402 1"
(B¢ 1252131~
85%) Part No, L-241¢ - - -- - - - —
—or
Pam No, 2061074 . - - - . - "




FoLDOUT FRAMF 7/
flge 35mm Riot Control, CS E23 "A" (algo serves as DL146-1-50, 51 ¢ R-0562

= — " pe—
L , iemeenaTine | rminoprecime | BLECHNCAT
B oRLECTI MELECTRIC WATER COEFFICIENT | BERIES NIMBEHR ENERGY FOR ARC AEFER-
B CNErany | STRENGTH | ABRORPYION Joy upawriviTy IGMTIONS | wemIsTANCE | "pucy REMARKS
| ¢ (VOLTR/MILL ] (PERCENT) PENMC n " m LIOULEB) (SECONDS)
1/8" Thick |0.16 @G 1%°F i hod B o o 10 -~ 130 Lo Palycarhonate
400 Short 24 Hour
Time
fep-hy-blep
Hi )
B ¥ o0 | 8| - o - ar Y -
ISR S
-~ - - - L i o Fas) burmng fuse made (rom » cord impregnated with
hisck powder.
- .. e ol e ro ~ .- a9 Rinck powder, double paper wrapped, jute fihere
than rayom covd
i R 1T 11121 " W Tram potaaslivn o acdlum ollvate, oharcoal,”  F
I " A N IS OO S ¥ 17| " 2 U I ESR—
- P an on o 0, fus)
= e R ¥ SOV S s Lz e S R ST A e T —= e
as cn Wl - .o = an ‘Thickaning agont and nollodial stabilizer
,,,,, e D S i e - T T
- N U PN e . e .- . o, fuel
- - PR R S - - . - PB,O,, axidant
- - - =T .- - - .. - T4, tusl
on .- - ) - . - . ‘Thicksning agent and colladial stabilizer
L ]
e wa - we] - o .. - - Colorless liquid; CN,C.Hv solvent
.
- 0 0,00446 sf 1 8 - - 1,3 .
- - - I o . - - cnuuo“. (™} I
e - -— -] o= ae o . .. xqw,. oxidant
- . . -] o . AN o - O « chlorobenzalmalononitrile
- - - [ [ [ - - - |Mge0y binder or rerardamt '
- - - -1 - - - | Exploatve . 1
.. - - oo | o - - - [ cn,cocu,. sulveat
. Q) 0.00448 s] 11 . e .- 1,2 .=
800 - . 14 o 17 - .. 1,2 Reaistant to fus! and petroleum oll
— ey sl

Table 4~10 4-21
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Table 4~10, DL146-1-49, Cartridge 35 mm Riot Control, CS 123 "A' (also s
o ] . . " TEMPERATURE | TIMBOELL,
: ' : LN SURFACE VOLUME D ALECTRI MELECTRIC WATEI COEFFICIENT | SEWIES 1
L : PESCRIPTION | APECIFICATION MATERIAL RESISTIVITY | RESIRTIVITY AT STRENGTH | ABRORPTION [Gp 11 ERIS1 '
) o . (ONME (OHMs-cvy | CONBTANT L cvorvamin| wercenT) | “p"::lllf A ;
4 Fuee Btrip - Bame an 3-8-8 on ———m
F146-1-154
6 Disc Naval Ord Paper, 2-3, Clags i - - - - n e N
ORKB3B Type 1-X11
] Pad R146-1-14 - . . - - . - . N
Lhe
) , -1 | Papor . tiame ag b
. o 6-8 | Firwt Five - Laoquer Thinner - o ol - -~ - -~
o Paint
® Collodion Merck ne - o . . — [
Firatl Fire Power 1 -
fame as I-1-6rh
7 fealant Hamo an 1~1-H fiame ae 1-1-H
o Twine MIL-T-8hi0 1.tnwn ] - . - - - - Y
(] l:llal'l lermmd
] Tape tinotch Rrand Land Poil Tape Htilaone/Papar o - e o — I
FY-R360 Linar Crude Jubbey Adbanive
0 | Adastve - ATV-103 - T %6 60 16 | 0,108 Thick ] . ™
K
WU L) B ‘SNSRI SRS —
h
A
)
»
4‘ .




mm

Riot Control, CS E23 L (also scrves as DL146-1-50, 51 and 52)(¢ FOLDOUT FRAME _L- 052

. - e | ELEeTRICAL
- . , TEMPERATURE | THIBOELECTRIC :
crme | WELECTIIC ) WATER | copvricient | semes mmngr | ENERGY FOR | apc REFER-
= frane | BTRENGTH | ABRORPTION fo y pgigiviTy 0 UTIONA | pemsTANCE | “piot REMARKS
. (VOLTR/MILY| (PERCENT) PER “C : m m {JOULER) (BROOND&
—
Wvb
- — - | - — o e - Balvent
.o - e e - e 23 e - Buspending agent
-
—-
- - - I N . o - 21 -
0. 103 Thick - - w [ - - - 1,4 | Thisotropio, genersl purpose. This produot no loager

manufactured by IM Company.

Table 4-10

(cont'd) 4-22
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Table 4~11, DL146-1-97, Manual Activator Asscmbly

LiNR BUNEAC \ULUME DIFLECTRIC I:'lllt :»4 ;'-;lll:‘ WAIENR “ :'rl:'l'ﬂ:"‘l:».".ull“ :rl':l“t": L:lm‘n
IRCHIPTION | SPECIFICATION TERIAL HLRISTIVIY SISV AR I o~ SO IO gL}
NO. | DESCHITI E MA c:?u{m ¥ ':::?:.'\'1”-‘(!3\: CORBTANT | von 1mmtiio] Tiricng ™ [ u'!.".‘.\‘l‘h‘l,ll\ll‘n
: | "
! steikor Houstng | ¢'146-1-98 we - - - .- - o R .
Asnembly
el | primer cup Mit ~H-tnd Weanw, Naval, . 60107 - - 0 01, YK .
Composition B
: _— | Tompnon ¥ - .. 4 S SN SR S
-3 ftriker Houning | QQ-5-760 titna}, Bhoet, Corrosion - 1ax1™® - - 0 u, UG [13 I
Resisting, Class 303,
Annenled, No, 2B Finish
1-3 | Borew MBH197-29 Machin:, Cres #6-831INC . T - . ) 0, 006 # -
14 | salder QQ-H-661 #ilvar, Class 4 - - . — 7 Ty - B
3 Atrikar QQ-A-766 famo an 1-3 — . SE—
Ansombly : 3 - .
QQ-fi~763 Bteol Bar, Carrosion o 13x10 on e ] 0,006 8 e
Resisting, Clans 302
Condition A
9 Latch fiame an 1-3 Aama an I=R .
¢ ftrikor Apring | QQ-W~433 Bteol Wire, Corroaton - 1251077 o - 0 0,008 B -
Res! , Form
Composition 108 Condition A
- . ] R
'} Lateh Hioge Pin | Same an 1-3 or 4 - - 181078 - - 0 0,003 8 o
s Strikor linge Pin| Same as ¢ - - 12x30"% - - 0 0,008 8 -
7 Igniter Powder Samo 49 l=1-7 DL146-1-i9
8 Ring QQ-W=470 Wiro, Stesl, Carbon, - 13x1078 - -- 0 0,006 8| o~
1] Prier B88497 36 Potassium Chlorato L .. - ‘e - - [ -
:‘uo oo Lead Sulfocyssate Ty,
p - - on - - - -n -
Mixture No, 530G, .33
to ,38 Grain
10 Cofter Pln MS24665-163 Type 8, Oom.::n Resisting - 12x10°8 - o ] 0.008 8] -~
m. ‘“‘*'
1 Ssaling & MIL-8-23473 Single Component Sealing and — o~ - - - - we| o
Locking Come Locking Compound
pound Grade A
12 Tape Sootch Lea Fofl Tups filicons/Faper - e - - - - el o
#Y-9183 Liner Crude Rubbor Adbesive
Primer, Coat- MIL-P-18743 - s - - - - e | e




~
|, DL146-1-97, Mannal Activator Assembly R-062
Vir . I ELEC TIICAL
LLAPPERAIV Y i ELE 1 RI¢
A e N RLIERE 1gie wAlENR e ¢ Y wE " ; . EHERGY FOR ARC e
PIFLECTIC | squn st | s o o SENES MOMBEICE Sanrrions | pemstance ‘}*;{Cﬁ!" REMARKS
vo SEEvon s M| (RERCENT pht Ut T - {JOULES) (BECONDS) o
-~ o= N EX el RO i o 1,2 T rrec machimng o T
,..; 1 “-;“ ] o ;)' A;I,U(Iﬁ [} - - - L l,a -
T R B 0, 606 B ) - - - 12 -
- B e - ) R — - e - A 49-61, Cu 14.6-16.54, Zn 14.6-18,6%,
o R - U T L ©d 37,0-14,0%
. y -
3 - - 0 0,008 R} -~ o L ftd 1,2 .-
:
£ o - 0 006 &l - - - - 1.2 s
: - - o 6,008 A S - - 1,2 -
Y. - ... 0 6.001‘: B o~ e - - 1,2 —
-
e - 0 0,006 8l -= - o - 1,2 -
. - e . [ - . . - KCLO,, Oxidant
oot
e - - - -l e - - - =S ra \SCN)r ingredient of priming mixture.
- - 0 0,008 8| - - - - 12 we
- - - -~ el - - - - - Looking torque (3/8 bolt) 100/260 in/ibs.
Viscosity - centpoise 10-28 color red, explosive
compatable
— — - - -1 - - - - 21 This product no longer belng manufactured by '
3M Company.
- - - — e we -~ - - - Primer costing, phenolic, water immersible .
- - - . ol o= - - e -~ Treatment of ferrous surfaces for organic coating.
- .. - - [ (. - e - - Outside paint, for steel and wood surfaces.
0
i
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Table 4-12. DL146-1-117, Launching Platform Assembl;

O EeTRIC FEMPERATIRE D TRIBOEL b
SURFACE VOLUME o g | MELECTRIC WATER CORFFICIEN] S0 f
LINE . , N X ) MELECTRIC STREMGTH M 4 1ENY £ERIES HUM
FRECRIPTION BPECIFICATION MATERIAL RESISTIVITY | REBIBTIVITY - oA A N ' ANSVRPTION  RESIS -
wo. | P MBTIVITY | REBIBTIVILY | CONRTANT | (yoris/mita | trercenn | aioc T
1 Tother Ni46-1-16 e - - e - . o JION S
Asnambly _ R | o I L
1 Btrap Assombly | MIL-W-006646 Nylon Textile Webhing - 1ol.y0t® G50 a0 - at 4 Hr. - 12 0
G H,0 Immer~
1w iy 4
slon 0,523,017
1-2 | Atake MIL~P=17649 Plastic Laminate, - 1044 5.8 -7.40 | Short Time | 0.08 - 0,25 . e
Fibrous Glass Reinforeed 60 Hez 3406-420
Marine Btru,, Gradoe | Rtep-hy-Stop
, - 275300
1-3 Rraaoket QQ-~-A-260/11 Aluminum Allay G081, e 3.836%10 e cu P 0, 00446 B 1
Tomper 0
4 Ton Rar & F146-1-76 - - e o - - - ool -
Aack Rest
Aaombly
A~ Teo Aar R146-1-71 Laminatnd Plantic - e - il ~o ot Lt
Aamombly " T S e
MIL-R-THTH Rosin, Polyeater, lowe o 10 6,3 ~ 7,30 Short Time | 0,00 - 0,28 - el M
Preamiro §aminating 6o He 346 ~ 420
fitap-hy-Htop
i ) 3706 ~ 300
ARTM Random Chopped - Glass -~ - L - o o L
D=1889-68T Fiber Msts for
Typo 11 Iwinforved Flestice
-2 | Dackrest D146-1-48 - - - - - - - )
Asssmhly
2-3-1 | Backrest, MIL-C-7210 Nylon Puck Cloth, - 10481010 | s.@38%C - |Atsnr, - sl o
Covor Fnd Type I mo e nso {mmer~
sion 0,8 ~ 2,07
2-3-2 | Backrest, Same as 3~3-1 Same #o 3-8~
Cover
2-2-3 | Backrest MIL-p-26611 Polyurethane Fuaiu, L - 1,08, 60 -~ 4% by wgt - we] -
Filler Type 1, Class 3 He
2-2-4 | Btiftener MIL~P-15035 Plastio Sheet, Laminated - 1010 | 6,5-7.8 Short Time | 0,3 - 0.4 - N J—
Type FBE 60 Hs 380 ~ 400 24 Hr, Immer4
Step-by=-Step | slon
250 ~ 300
4-3-8 | Pad - Neoprene Coated Nylon, - 10131038 | s.5@23% - At 2 Hr, - | s
Style A-330, Goodyear 10‘ He HaO Immer-
sion 0.3-23,0%
33 Lateh Samo as 3-1 Same as 3-1
2-4 | Toe Bar QQ-W-470 Wire, Steel, Carbon - 12210 ° - - [ 0.008 8] o
Spring Spring, Music
3-8 Latoh Bracket Same as 2~1 Same as 2-1
-s Pia -~ Conform to Asronsutical - - ol - - - an]l o=
Matorial Spec 5843C
3 Base and Side E146-1-88 — . - -e - - - wn] o
Pagel, Asem,
81 Base Same as 2-1 Same as 2-1
-3 Side Panel Same as 2-1 Same 28 2~1
3-8 | Guide Block Bi48-1-96 Polyester Premix - 10 3-4,38 Short Time | 0.15 - 0,60 . -
X Fibercore #4010 680 Hz 380 - 500
Molding Compound Step-by=-Step
280 - 420
:-: Bracket Same as 3-1 Same as 2-1
37 Bhim Same as 2-1 Bame an 2-1
3-8 Spacer Same as 3-1 Same as 2-1
448 | Trall Leg Same a8 2-% Same as 3«1
Assembhly
IS S '.‘.::._sg.»_:\« e -
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w1117, Laumching Platform Assembly Re052
e | wan e FEMEERATORE ] rriokLEeTie | BLEECRICAL
e | e e s | CORFEICIEND | senins Mimpgn | ENESGY FOR ARce REFER-
ST L cvor trminy | ARsoRETION [or wEsistvITY WHITIONS | WRRISTANCE | “pnc REMARKS
: : tva. A1 (PERCENT) PRI T T o (BECONDS)
- at 24 Hr, - 13 o .- - - 5,2 Thermepleabic
“;!” Immeor-
sion 0,5~4,07
diort Time [ 0,08 - 0,83 e o - - 120 ~ 340 1,2 Fiberglanse Reinforced Polyestor
346420
Step-hy-titop
| _425-300 .
- bl 0, 00446 o1 L] - . 1,2 o
v -
S SRR SN S S o T B . .
Shart Time | 0,06 ~ 0,20 - e ~ - 120 ~ 240 1,3 Fiborglass Reinforced Polyostor
a46 - 420
Stop-hy -Stop
276 - 400
- e - ent oo re e ve oo Fihorglans Filler for Roinforcing Plastio Matorial
o At 34 Hr, - 12 [ - -~ - o ‘Thermoplastic
0 Immer=
sios 0,8 - 2,09
- 4% by wgt - JR - - - 8 Dissipation Factor (Eloc) 0,3-1,3x10™
‘Temp. Rango to 250F
Short Time | 0,83 -~ 0.4 - | e - . - 1,2 Thermosetting
350 - 400 24 Hr, Imnmer4
Step-by-Step | sion
250 - 300
- At 24 Hr, -~ 13| s .- - .- 1,2 Thermaplastic
Hy0 Immer-
sion 0,.5-3,0%
- 0 0,408 8] e - - - 1,2 -
Short Time }0.16 - 0,60 .- | 17 -~ - 146 1,2 -
360 - 800
Step-by-Step
280 - 420
Table 4-12 4-24
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Table 4-13, DL146~1-26, Harness Assembly

—
. [, . TEMPERATUI ] ploimogd o
BUEREACE VOLIME - A} DEELLCTIIC WALLR CORFFICIEN .
l'mb‘ DESCRIP ION BIPECIFICATION MATERIAL RESISTIVITY | RESISTIVIEY l:'.:';k::“. ‘{,'“Fl‘ STRISGTH | Ansoft? iios {, :":;l"“”\?;:) SERIES M.
RIIALEY LOHMS-0M) de (VOLAIS/MILY] (PERCENT) PRI
’ | 1
“< i
1 Harmess MIL-W-6820 Nylon, Textlle Webhing - TR B0 o 2t — Ao e, - wl s

Asaombly l"li W 0.~ 0
{Only nvion {a [ RS
considered
ainco it 18 the
prime matorial}
D1,146~1-20 MIL-W~H038 Nylon, Textile Tape -~ ~~ -

MIL-W~4088 Nylon, Woven, Textile - - -

Wabbing
MIL- 7210 Nylon, Cloth, Imok, - - -
Parachute Pack
4
'y ok - . S e : it
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e 4-18. DL146G~1-20, Harness Assembly pouTr FRAME / R~062
1169
- FLEC LRICAT
» oy e TEMFERA L0 ] ppeonor pecarie | BLECTRIUAT :
. A omEnreTe WALLR COEEFICIEN e ENERGY FOR ARC
NELEs e | PTEREET \ ! INT ] SEHIES NEMBER ! SFFR-
TCONGIANT | STRESGTE | AWSORE TOS o sy vy winTonh s iancs | IR REMARK>
(VOLANMILI] (PERCEN | PRI ' m m CIOULER) (BECONDS) o
RNy -- AL 24T, - wlos -~ - -- (] Thermonlastic
wh 0,4 - 2,0
:
o
PR |
e 7
o
2
ve
Tahle tagn 1=25
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SECTION 5
POTENTIAL ELECTROSTATIC HAZARDS
5.1 GENERAL

The identification of locations and operations where electrostatic potentials may he generated
and the evaluation of the process equipment nnd procedures are presented in this section,

Fach manufacturing faeility (K8 and XM15/XM165) wan visited as scheduled,

An XM16/XM166 manufacturing plant was visited n week after it had o malfunetion of an XM1§
cluster during the manufacturing process, The results of thin investigation and plant viait were
submitted as Report No, GE=-MTSD~R-047, "Inadvertent Funetioning of an XM15 Cluster During
Manufacturing, " dated October 29, 1970, However, the information contained in paragraphs
h.2.2 10 06,2,7 of this report refleet the investigation Aindings hv reviewing the manufaetaring
procedures and related technical manuals of un additional XM15/XM165 cluster manufacturing
facility,

A report on the results of the K8 plant visit is ineluded in paragraph 5.3.3. The manufacturing
procedure for the E8 was not availuble for this report, because the manufacturer considered the
procedures to be company proprietary information.

5,2 XM15/XM165 CLUSTER

5.2.1 GENERAL

The XM15/XM165 tactical CS canister clusier appears to he vulnerable to premature activation
by electrostatic churge. This assumption is bused on the general design features of the unit
(i.e., use of nonconductive plastics and other nonconductive muaterials) and on two premature
activations of the XM165 during unloading operations. However, as the result of Edgewood's
ignition tests and the initial Phase II XM15 fuse train tests, changes have been incorporated

to make the fusing system relatively safe from premature activation by electrostatic charge.
The following documents were used as references for this study:
® Assembly Procedure for Canister Cluster Assembly, Chemical Agent, XM165

® DTM 3-1326-231~-12; Draft Technical Manual; Operation and Organization Maintenance
Munual; Canister Cluster Assembly, Chemical Agent, XM165; and Canister Cluster,
Chemical Agent, XM15; May 19¢9

® DTM 3-1325-234-12; Draft Technical Munual; Operator's and Orgunization Maintenance
Manual; Canister Cluster, Riot Control Agent, CS, XM15; May 1970

® XM15/XM165 Drawings
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The following paragraphs describe the operations involved in handling the woapon at the maunu-
facturing factlity and transporting it to combat aireraft as well as potentinl hazards for premature
activation from elcectrostatic sources, Table H~1 summarizes loeations and operations where
eleotrostutia potentials could exist,

5,2,2 MANUFACTURING

The "Assembly Procedure for Canister Cluster Assembly, Chemical Agent, XM165" was used

us a reference in evaluating the process of manufacturing the elusters. It was determined during
review of this procedure thut moat of the hazardous manutneturing conditions have been negated
hy implementation of techniques of electroatatie suppression and personnel safety,  The following
procedure changed, however, should decrenne the likelihood of activation from eleotrostutic
dischurge:

®  lixpulsion Churge Assembly = During the heat sealing of the black powder expulsion

charges, cotton gloves are worn while handling the polyethylene bags, These (wo
materiald are separated by a number of other materials on the triboelectrio series

of material, It is recommended that an anti-statie acrosol be used during this opera-
tion to eliminate the possiblity of anceldental generation and discharge of static
electricity, or that the cotton gloves not be used, A further improvement would he
the use of a conductive materjul for the powder bags. However, if the hlack powder
bags are made of a conductive materiul, provisions must be made to eleetrically
connect the bags to the conductive part of the fuse train. If clectrical contact is not
made, then an electrostatic hazard would exist,

® Assembly XM721 Time Fuze - During the assembly of the time fuze, the igniter

pellets, and fuses, there is a possibility of electrostatic dischurge from personnel to
the pyrotechnic material. It is recommended that grounding bracelets be worn during
this operation.

5.2.3 PACKAGING AND UNPACKING

The XM165 is packed in a fiberboard box containing desiccants und supported by filler pads.
This box is seuled in a moisture proof bag which is enclosed by several layers of fiberboard.
The entire assembly is then placed inside a cleated plywood container cushion-lined with
filler pads. Through contact and friction during packaging, these materiuls generate static
clectricity which may uccumulate to sufficient size to spark. To prevent these discharges, it
is recommended that antistatic aerosols be used liberally, Also, where possible, the
nonconductive packaging material should. be replaced by a conductive type and a grounding
system should be employed,
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The same problems associated with puckaging will be envountered during unpacking. Therefore,
the same golutions can be applied; i,e,, use of conductive pack iging materials and maintaining
a ground and/or antistatic aerosols,

The desiccant will maintain a low humidity within the fiberboard hox which will tend to increase
the possibility of generating static clectricity. However, it is not recommended that the
desiceant be ramoved,

The second premature activation at Dugway occurred during the wnpacking operation. The fact
that the personnel were grounded inerensed the igrition possibility since the unit was not
grounded and a bleed~off path was not available for any charge that had accumulated; however,
the application of an antistatic nerosol could have dispersed the charge.

5.2.4  SHIPPING

During loading, transportation, and unloading operations, container motion will generate static

clectric charges as a result of contact and friction between the various nonconducting materials
previously deseribed. As mentioned previously. use of conductive packaging materials, ground

and/or antistatic aerosols are recommended to reduce or eliminate some of the electrostatic

hazards. It may also be desirable to provide electrostatic bleed-off of the transport vehicles

through a drag ground strap, although this technique has been questioned by authorities in recent years,

5.2.5 DELIVERY TO AIRCRAFT

The XM165/XM15 is normally transported to the aircraft uncrated and with all outer packaging
materials removed. At the time of the first premature activation at Dugway, the unit had been
transported from a storage building to the aircraft on a layer of polyurethane insulation.
Apparently this insulation material was in part responsible fer Lthe accident.

It is recommended that, in the future, conductive padding and insulating materials be used for
this operation. A drag ground strap should be provided for all vehicles transporting these units,
and positive contact should be maintained between the unit and the vehicle body.

5.2.6 LOADING ABCARD AIRCRAFT

Grounding of the aircraft should be maintained ut all times while loading the XM15/XM165 to
prevent static potential differences between the weapon aud the aircraft from causing an activa-
tion discharge. This precaution assumes that steps mentjoned previously have becen taken to
agsure minimum static charge accumulations.

5.2.7 ATMOSPHERIC ELECTRICAL. DISCHARGES

Lightning strikes in close proximity to the weapon could possible induce static electric charges
sufficient to activate the weapon. Although the likelihood of this particular type of accident
occuring is extremely remote, it is recommended that precautions be taken to prevent it.
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As mentioned, use of conductive packaging materials and upntistatic “erosnols would be of con-
siderable value in this regard,

5.3 EB8 CLUSTER
6.3,1 GENERAL

The EB tactical C8 backpack appears to be vulierable to premature activation by electrostatic
charge. This asswmption Is bused on the general design features of the unit (l.e., use of non-
conductive plastics and other nonconductive materials) and a premature activation and ensuing
fire at a production facility,

The following documents were used as referonces for this study:

® TB3-1310-255-10, Launcher and 35-MM Cartridges; Tactical C8, 16-Tube, E8;
August 1966 '

® E8 Draowing System

The following paragraphs describe the operations involved in handling the weapon at the manu-
facturing facility and transporting it to the GI engaged in combat as well as the potential hazards

for premature activation from electrostatic sources.
5.3.2 MANUFACTURING

‘The manufacturing operations of the E8 cluster assembly have been terminated. Because the
company would not release their manufacturing procedures which were classified as "company 1
confidential, " the discussion of the manufacturing procedures that are involved is limited to the
possible hazardous operations involved in the assembly of the E8 cluster.

The operations involved in handling the CS8 cartridges with the propellant charges attached can
be hazardous if personnel involved are not properly grounded. FEleetrostatic buildup on clothing
could easily be discharged to the explosive and pyrotechnic materials within the canisters. A
similar situation exists in the attachment of the fuse train and the squib,

The foaming operations could very well be the most hazardous since the fire at a maaufacturing
facility started as a result of this operation. Although not conclusively proved, it is possible
that the expansion of the non.onductive urethane generated u static charge sufficient to ignite
the fusing system. (A foaming test will be conducted during Phase II at the manufacturing fa-
cility to determine the static charges generated during this operation.

5.3.3 RESULTS OF VISIT TO E8-MANUFACTURING FACILITY

The party touring the Brunswick k8 manufacturing facility at Sugar Grove, Virginia,was given
a general briefing of the plant's facilitics and safety precautions prior to visiting the assembly
lines. Each member of the party was given safety glasses and conducting leg straps to wear
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through the manufacturing facilities, The party toured the E8 launcher assembly building and
then the mix plant building where the tactical CS is prepared and loaded into the canisters,

533‘3'1

Launcher Assembly Building

The operations observed at the Brunawick launcher asaembly huilding included:

Fuses ~ The fuses are cut to the dimensions prescribod on the drawings, cach end
is drilled out, and quick match is ingialled, A stitching machine npplies a atitch to
each end of the fuse that goes into the caniater. The stitching machine and all of the
tables nssociated with this procedure ar. groundoed, the conductive concrete floor is
grounded, and all grounds arc tied back to a single point, After the fuses leave the
siltching machine the propellant cup is inatalled and quick mateh is applied; then the
propellant cups are loaded with a clags 8 or clags 4 black powder cnarge, depending
upon the color ceding of the particular cartridge, Four different cartridge loads are
installed in the launcher, depending upon the dispersion requirements.  ‘The hlack
powder charge is installed and wafers ure installed on the bottom of the propellant
cups, the propellant cups are mated with the CS canister, and then the fusing ma-
terial is ingtalled around the canister and the metal foil tape ig installed.

Launch Tubes - The base plate and the foil-like case of the launcher are mated and
the launch tubes are inserted in the launch tube and fuse assembly subsystem. The
launch tube and fuse assembly are then moved to a different area and the cariridges
are installed.

Main Fuse Train - The main fuse train is made up according to the drawings (manu-
facturing) and inserted in the top of the launcher assembly. The fuse cloth that the
fuse train is made of is purchased in sheets and shipped und cut in the wet condition.
(There is a critical point between the wet and dry condition for handling the fuse cloth
material because if the fuse cloth becomes too dry (dries out) it will ignite spontane-
ously.) The fuse train is then installed in the launcher assembly, all the work
benches are grounded, and, when the fuse train and the cases are handled, a ground

strap is wrapped around the case and "Statikil" spray is used to dissipate any charpge
buildup on the plastic material. The Statikil spray is uscd to diasipate charge build-
up at several points during the assembly operation, Charge buildup i8 monitored

by the use of a static meter manufactured by Custom Material, Inc., Just before the
launcher assembly is taken into the foaming booth, the main fuse train is bent over
to make contact with the top canisters and the polystyrene discs are installed in the
tops of the launching tube, ~

Foaming (two-step operation) - The foaming operation takes place in a specially con-
structed area where the floor and walls are covered with grounded aluminum sheet-
ing. It has been ascertained by the manufacturer that, when required, it is more
cconomical io periodically replace this aluminum sheeting than to clean it.

5-8
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After the first foaming operation is completed, a vapor barrier, which is made of
aluminum foil, is installed in the top of the launcher assembly, and the second foam-
ing operation takes place. The manufacturer has detected by use of a static charge
gun that quite a large electroatatic charge does build up during this operation, (Elec-
trogtatic measurements of this operation will be made during Phage I1.) After the
completed launch agsembly is removed from the foaming room, it is sprayed again
with "Staiikil"" spray and the ease is grounded by the operator handling the unit for

the final packaging.

Final Asscmbly - The final assemblies are placed on a grounded roller assembly
where the launch assembly is then mated with the platform for final packaging. The

platform and launch assembly is then inserted in a foil-backed bag, horsehair is in-
serted around the bag, and a vacuum is drawn on the bag containing the entire nssem-
bly,

Mixing Plant

The mixing plunt where the CS is prepared is located several hundred yards away from the

launcher agsembly building, The mixer building, of monolithic congiruction, is divided into

various individual storage, weigh-in, and mixing areas that are designed specifically for han-
dling the various types of chemicals used in the preparation of the tactical CS.

5.3.3.3

Conclusions

The following conclusionz were reached concerning the Brunswick manufacturing operations:

One of the main differences between this operation (Brunswick) and the operations of
the other manufacturer is the foaming process. Individual foaming kits

were utilized by the previous manufacturer and a pretformed piece of foam was in-
serted during the second foaming step.

The manufacturing facilities did not utilize very efficient control or control proce-

dures for their humidity, forced air, and environmental gystems.

The only charge dissipating system was the grounding of all the work tables and the
floor, the use of static spray, and the wiping of the outer case with a wet cloth.

All the people involved in the munufacturing processes wear conductie shoes and
cotton type clothing, and the whole operation is a hand operation requiring a lot of
manual manipulations with a limited uge of various machines.

It did appear that sutficient electrostatic preventive measures were used in all phases
of the manufacturing operation,
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5.3.4 PACKAGING AND UNPACKING

The E8 is packaged with a one-inch layer of cushioning material, sealed in a foil-backed bag, en-
closed in a fiberboard box, and crated in a plywood shipping container wrapped with steel bands.
According to classical electrostatic theory, contact or friction between these materials is ade-
quate to generate potentials of several thousand volts, which may he sufficient to set off the
squib, the fuse, or black powder charges, (Ignition energy levels will be determined during
Phase II.) It would seem desirable to make the unit less capable of generating static electricity
by the use of conductive packaging materials, maintaining a ground and/or antistatic nerosols.

5.3.6 TRANSPORTATION

The major contributor to static electric charges during transportation is again the contact and
friction between the various materials. Use of conducting packaging materials and/or antistatic
aerosols and positive grounding of vehicles would eliminate this hazard.

5.3.6 FIELD TRANSPORTATION

Assuming use of the E8 exclusively in Southeast Asia, generation and storage of electrostatic
surface charge associated with field transportation would be reduced by the conditions of high
humidity and perspiration from GIs handling the unit. These conditions increase the air and
bedy contact conductivity, hence they would tend to bleed off any static electricity generated by
friction between the unit and personnel clothing. In dry climates, however, this would become
a problem which should be eliminated by use of an antistatic aerosol. Eliminaion of surface
charge may not increase the systems safety level. On the contrary, internal uabled charge
could conceivably induce a larger electric field after removal of the surface charge. This
phenomena deserves further study.

The E8 can be fired electrically; a shorting wire is provided across the terminals of the

squib to prevent premature firing from stray voltages. During the process of connecting the
electrical firing unit to the squib, personnel may make electrical contact with terrninals.

Any accumulation of electrostatic charge on their bodies will then be discharged through this
termirial, vossibly prematurely initiating the unit, (Refer to Section 6 for further information.)
However, as previously mentioned, if deployment is made in Southeast Asia it is highly
unlikely that such accumulations could occur because of the high humidity.

Lightning striking in close proximity to the weapon could induce static electric charges by

ion collection of capacitive or inductive effects sufficient to activate the weapon if the electrical
activation mode is being employed. This can be prevented by completely shielding the con-
necting wires,
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SECTION 6
EQUIVALENT ELECTR'CAL CIRCUITS

6.1 GENERAL

The purpose of an equivalent electrical eiyeuit is to provide a simplified and fuealized pre-
sentation of & complex mechanieal system such that the system ean be evaluated by elaasical
electrical techniques, In presenting a system as an equivalont oleetrical efreuit it is not

nlways feasible to conaldor every aspect of the systom, In many ocnses the number of com~
ponents and the equivalent oloctrieal eircuit for those components. would produce a eireuit

that would not he usoful for understanding the behavior of tho system, Thoreforoe, it is
necessary to defino the rationale for tho circuit, the assumptions nnd conditiong, und tho
analysis technique, Another point to consider is the lovel of offort required to obtain the objoctive,
This type of analysis or endeavor can vary from a simple cireuit considering only the basic DC
components to very complex neiworks showing every possible combination,

The seope of the total project only permitted the simple approach in the formulation of the
equivalent clectrical circuits. However, these circuits will he refined and analyzed from
the standpoint of assigning values to the circuit components during Phase I1 as defined in
Section 7 of this report.

6.2 EQUIVALENT ELECTROSTATIC CIRCUITS FOR XM165 1

6.2,1 GENERAL

The CS gas disseminating equipment XM165 has been found to be subject to accidental firing
as a result of the presence of electrostatic potentials or charges. Voltages and currents
(motion of charges) are commonly described in terms of electric circuits. It is the purpose
of this report to present the XM165 as a circuit which will represent the electrical properties
of the equipment so as to facilitate studying the behavior of the equipment in the prescnce of
various configurations of electrostatic fields or applied eleclrostatic charges.

Though the complete XM165 assembly contains two XM15 clusters, only one of the XM15
clusters is shown in the diagrams, it being understood that the other is identicul.

6.2.2 CONDUCTORS AND INSULATORS

In general, the various materials in the equipment may be classed as either conductors or
insulators. Metallic parts are conductors; most others ore insulators. However, the flow |
of charge across and through materials ordinarily considered as insulators plays a very

important part in electrostatics; therefore, insulators must be considered as resistors
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having values in the range of 108 to 10 12

ohms., By comparison, the resistance of metallie
parts, on the order of hundredths or tenths of an ohm, may be neglected and metal parts

considered as perfect conductors,
6.,2,3 CONDUCTING PARTS

A simplified diagram of the significant conducting perts of the cquipment 1s shown in
Figurae 6-1, The adapter assembly XM43, or stronghack, containg a hole which passes the
time fugze XM721, through which passes a section of lead-jacketed delay fuse., The various
fuse sections and the line igniter terminate in uluminum junction blocks,

Twelve copper sealing wires are embedded in the plastic parts, The three of these which
are of particular significance are shown on Figure 6~1, as are two CS canisters, repre-
sentative of the 264 canisters contained in each XM15 cluster,

6.2.4 CONTACT BETWEEN CONDUCTING PARTS

Where metal parts are welded together or bolted or clamped together in such a way as to
create substantial pressure at the contact area, they may be considered to be a continuous
conducting piece. In a number of places, however, contact between pieces is light and the
degrec of electrical connection is uncertain. Clean metal parts touching lightly may have

a low resistance connection between them, but if a particle of dust or a thin film of surface
oxide or contamination interferes with comact, an ohmmeter (using a low test voltage) may
show a very high resistance connection. Since the insulating gap is short, a modest voltage
would break down the gap, thus forming a lower resistance path. Such points are important
to consider when they occur near inflammable materials because the arc across such a gap
generates heat. Junctions of this nature in the XM165 equipment are shown in Figure 6-2,

The swrongback assembly XM43 contains light-contact peints between the adapter and tie rod
assembly, adapter and clamps, arming wire and arming wire tube, and other places. These
are usually extended regions of contact with many points of contact connected in parallel.
Similarly, there are a number of connection points between the strongback and the time fuze
XM721. The strongback touches screw heads on the timer, and other connections exist via
the arming wire and the safety wire. None of these light-contact points is exposed to any
pyrotechnic material, The entire adapter assembly along with the time fuze are therefore
considered to be a single conducting body, and this body is one of the points at which connec-
ticn may be made to an external circuit.

'The center section of delay fuse passes through a hole in the time fuze and also through a hole
in an ignition pellet within the housing. This light-contact point is shown as resistor Ry in
Figure 6-2,

6-2

o T ES ' . . e e .. . .
Pl L, . S e em emmme o - el et o esasen e na LRI | = G
o - A N 2 =

<
P




R-0562

!‘ N

STIRX I33Sn) I9jsWe) Juady [eorway) ur sured Sunonpuos  *1-9 aumSrgy

9T
SHALSINYD 792

] STMIM ONI'TVAS

ol

(LHOIR)
SASNJ HALINDI—g,) _

SMJ0Td NOLLONNP

{(LHDIF)
SaSNd YALINDI

o

S$3100149 NOLLONAfP

* \\ / \ HAJINOI ANIT . THOOOUKL, 4 N

asadAviaa @ |~ - - T = asad Xv1aa
SUOH FLL *‘SANVIO ! : EVNX
SIOVEONOYLS “ I XTINISSY HALAVAV

SINX IZNd \

ANLL TYIINVHSINW

6-3




e . v T e —"r —— V77T W VS RS 7 TS

R~-0562

SHALSINVD

SiIed Sunjonpuo uddmjed 3oejuo) I[qISSod JO Sjutod °g-9 oandrg

STVNINHAL TVNYILXT

I0019 NOLLONANCL - €f

Li 94 cs asnd xv'13d -- 4d

\ STULW ONI'IVAS

-9 (8 30 1) Fsn4d
HALINDI

(8 Jo 1) 3SNd HALINDI

TYNIOCHIL TYNEIELXI _

TZINX IZNd IWLL TVOINVHOIN
ANV 3 IX ATdINIASSY HALAVAV

(e e L, ~mrom e —— ez

P sememine. s Cmmrme trsmes PRI [castal renT, $oorE g

6-4

T




R-0062

Each point where a section of fuse or Pyrocore igniter enters n Junction block 18 a possible
arcing point and is adjacent to an igniter pellet, "2 ia an example of such a point,

If the 12 sealing wires are numbered 1 through 12 fram Jleft to right (viowed ns in Figure G-2),
‘ wire number § is betwcen the overlapping shells of the third and fourth clusters, and wires
numbers 6 and 7 are on each side of the central plate between the fourth and fifth clusters,
: The time fuze, XM721, 1s attached to the clustors by hooking n elip avor the edge of the fourth
cluster shell and ingerting a single mounting serow through the bage of the time fuze and into
the edge of the contral plate, Tho tolerances on the longth of the elip and the loeation of wire
numbor 6 are such that the clip may or may not contact tho aouling wire when the time fugze ia
. in position, If tho mounting serew ia oxnetly contorod it 5 aeparatod from seallng wires
t sumbors 6 and 7 hy , 024 inches onch; however ¢ Recaudo the senling wire molts itself into the
plastie pluta, it could ensily touch the serow. Theso three pausihle connecidonn hotween the
time fuze and the sealing wires are shown an l(,,. ”1’ ang I( In Wigure 6-2,  Beeause the

ends of she wires come out of the bottom of the cluator, mov are possible connection terminalg
to external circuits.

i Sections of delay fuse leading to expulsion charge {gniters in clusters 3 and 4 may touch the
time fuze mounting plate where ihcy puss through notches in the plate, It has been shown

that o sufficiently strong arc is capable of Igniting the delay fuse through the lead jacket; there-
fore, these points are included in Figure 6-2 as RG' Similarly, certain igniter fuses may
touch delay fuse sections between junction blocks (R in Figure 6-2) or the small junction

i
i blocke themselves (R in Figure 6-2); and the igniter fuse to module 6 may touch the center
delay fuse (R iia lT‘ig‘ure 6-2),

Finally, there may be contact between some of the individual canigters, while others will be
- scpoarated, The canister diameter is 1.250 inches and the center-to-center spacing is 1.275
inches so that they would all be separated if all were perfectly pluced. However, the dia-
meter of the locating fingers is such as to permit contact between them. Three canisters in
. contact form a three-sided opening which will contain a 0. 194-inch cylinder; the locating

'F fingers have a nominul 0.188-inch diameter. Many light-contact points may therefore exist,
“ one of which is shown as RlO on Figure 6-2,

i Several features of Figure 6-2 should be especially noted:

®  The resistors shown are not conventional ones, but represcnt points where the

R ; resistance is unpredictable and may be either essentially zero or moderately
T ‘ high, and in the latter case subject to breakdown when voltage is applied,

o ®  Not all potential arcing points are represented--only those where there could be
. metallic contact,

5




®  This is not a complete equivalent circuit; leakagn paths ncrogs insulating
materials and capacitances have yet to be considered.

6,2,6 ANALYSIS TECHNIQUE

It is not suggested that the circuit of Figure 6-2 be analyzed in the form shown, as it contains
too many unknown resistances, This diagram is intended only to show the various points of
uncertain aontact and the conducting paths between them and to the outside world, Itis
auggested that the circuit be used in the following mannor, Assume that the posaibility of
ignition due to areing at one of the points indiented in Figure 6-2 is to ho invostigated, Tho
resiator at that point ia replaced by the lenkage resistance and aapacitance that would exiat
across the assumed gap, Mont of the other resistors would boe replaced by short eirenita, a
few by open cireuits. The condueting parts (exluding the caniaters) would therchy be separated
into two seotions with only eapacitance, loakage conduetanco patha, and an are gap betwoon tho
two sections,  There may he several wiys of dividing the conductors into two seations, depend-
ing on which uncertain contact points are assumod open and which are assumod shorted, It
would probably be necessury to determine the worst case by Investigating several confipura-
tions. The equivalent circuit finally analyzed, then, would contain none of the rosistors of
Figure 6-2, but would contain high leakage resistances and capacitors provided by the insu-
lating materials in the structure,

6.2,6 LEAKAGE RESISTANCE AND CAPACITANCE

There is a possibility of a small current flow hetween cach pair of conducting parts in the
canister nssembly if the two parts are at different potential. This current path is represented
by a high~value resistor. In addition, an clectric field is present in the intervening region due
to the potential difference, and charges of opposite signs are stored on the two parts. The
circuit element which has these properties is the capacitor. Each such pair of conducting
parts, therfore, is joined by a parallel RC combination.

Figure 6-2 indicates a total of 30 conducting parts, including all 16 of the igniter fuses (but
excluding the cunisters). Therefore, a complete representation of all of the circuit elements
associated with these parts would contain 435 parallel RC combinations, Through it might be
possible to show all of these in a single diagram, the diagram in this form would not be uscful
for understanding the behavior of the equipment, If all 264 canisters were included as well as
the remaining 9 isolated sealing wires and a number of small parts not herctofore considered
such as the spring pads and fuse retainer tabs, it would no longer be possible to represcnt the
complete circuit of nearly 10 components. Fortunately, this sort of representation is not
necessary with the analysis technique suggested in paragraph 6.2.7,
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6,2,7 FORMATION OF THE EQUWALENT CIRCUIT

It has been suggested in the preceeding paragraphs that the gups botween conducting parts
should not all be considered to exist simultaneoualy but should be considered one at a time
with most of the other parts ennnocted so as to form two acctions separatod by the gap under
congideration, In addition to the two sections connected to the are gap, there will gonerally
be other motal parts which are floating, These would include the C8 canisters and the
igolatod sealing wires plus othor amal! parts, The grouping of the parts into connceted
noctions greatly reduces the number of eireuit componenta that must he included and makes
it poasthle to draw a cireuit which can be analyzed, A generalizod cireuit is shown in
Figure -3, The partieular parts of the doviee that are reprosentod by ench componont of
the generalized oquivedent cireudt will dopond on whore the potontinl areing point {8 apgumoed
to he,

External terminala are nnnocintod with the atronghack aml the soaling wires and shoroefore may
exist on one or hoth sides of the gap, depending on the pavticular configuration, ‘They will oxint
on some of tho floating parts,

Flonting parts which havo external terminals, or to which areing may ocewr, should he in-
cluded in the elreuit.  All other Hoating parts, it is assumed, muay be omittod e the effeet
of their presence is included in the other eircuit components,

6.2,8 A SPECIFIC EXAMPLE

The example included in this paragraph will Letter illustrate the construction of an equivalent
circuit, Assume that it is desired to investigate the possibility of an are oceurring between
the central deluy fuse section and the left small junction block., This is the contact point
labeled Rz in Figure 6-2. 'This point {8 open-circuited, and all of the others in Figure -2
are shorted. In this case, there is no possibility of an arc since the two sides of the gap are
still connected together, and no voltage can exist scross the gup. It is necessary also for at
least one other point to be open in order to have an arc at point R,. There are several ways
to make an arc at R2 possible, and for this example it is assume& that the line igniter also
fails to make contact with the same junction block.

The conducting parts have now been divided into two groups, as follows:

Group 1 Group 2
Left large junction block Right large and small junction blocks
Left small junction block Center and two right deluy fuse sectinns !
Left two sections of delay fuse - Line igniter
Left eight igniter fuses Right eight igniter fuses

Strongbuck and Himer
Sculing wires numbers 5, 6, and 7
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Figure 6-4. Example of Equivalent Circuit




Figure 6-4 ghows the equivalent cireuit that results when these two conducting groups and
the ground plane are joined by the assumed admittance paths,

It is essential to understand that the boxes in Figure 6-4 cach represent a number of physical
parts, but in the equivalent circuit they are morely junction points - ~suchua bigdota. They do
not contain any components of the equivalent circuit,

Parts group 2, hecause it containg hoth the strongback and the sealing wires, has external
terminals. It is only necessary to indicate one terminal, but contact with this point in the
circuit may be made either through the strongback or the stubs of the realing wires, (By
shorting Ra, R 4 and Rﬁ, we have assumed that the sealing wires are in contact with the
timer,)

Capacitor C 1 Fepresents thoe stray capacitance between all the parts of group 1 and all the
parts of group 2, Physically, most of this capacitance would probably be between the junction
block and the two fuse scctions which do not quite make contact with it,

R 11 is the resistance between the same groups of parts. The grease on the fuse parts entering
the junction block (or whatever is preventing solid contact) would contribute to R 1 there may
also be longer leakage paths that are significant, such as through the silicone rubber material

in which the fuse parts arc potted.

02 represents the capacitance between the parts of group 1 and the surrounding walls, floor
and other surfaces at ground potential, R 12 is the leakage resistance from these parts to
ground, (;3 and R 15 are corresponding values for pavts group 2, If the whole XM15 assembly
is well insulated (for example, resting on a mat of good insulating material), R 12 and B 13
could be omitted.

Canisters and isolated sealing wires are not included because, in the present example, any
arcing involving these parts and any charge entering or leaving the circuit via the sealing
wire ends are not considered. These parts do, of course, influence the values of certain
circuit components, especially the capacitors C 1 Cz’ and C3.

6.2.9 ANALYSIS OF EQUIVALENT CIRCUIT

Using the example of an equivalent circuit, its use is illustrated in this paragraph, Suppose
someone wishes to investigate what happens when a man carrying an electrostatic charge

touches the strongback. The equipment is assumed to be initially neutral and well insulated
from ground. The charged man can be represented by a capacitor C, in series with a resistance
Ro. C0 is the ratio of the charge on the man to the voltage between his body and ground. These
quantities may all vary as the man moves about; the values used would be those existing at the
instant he touches the equipment, Ro represents the resistance to the flow of current beiween
the man and the equipment,
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The circuit may now be drawn as shown in Figure 6-5, Closure of the switch represents con-~
tact between the charged man and the strongback, It is desired to determine the voltage
variation across the gap, as the charge initially on Co redistributes itself to the other capaci~
tors in the cirocuit,

If R, is much amaller than Ry which is likely to be the case, R 11 MAay be neglected during
the charging of C All three capacitors, C through Ca, receive scme of the charge from C o'
The time constant of this chavging phase is Ran ot? where Cnet is the net napacitance of the
circuit as seen from the texminals of R o'

Cc |C (C+C)+CCI
Il ES 1 2 172

net (C +Ca)(C +C)+C

The voltage on C 1 rises initially at a rate determined by this time constant, A curve of A2
(the voltage across C 1 and the gap) versus time is shown in Figure 6-6. The peak value
reached by V1 (if no breakdown occurs) can be found to be:

c ¢
v = v o _2
1(max) o (C,+Cy(C,+C)+C,C

2
where V o is the voltage to which the man, Co’ was initially charged.

Eventually, C1 will discharge through Rll‘ but this phase of the charge redist-~ibution is not
of great interest for purposes of this study.

The voltage V 1(m ax)may be compared with the expected breakdown voltage of the gap. Since
the gap is small, breakdown is quite likely to occur before Vim (m is reached. At the time

of breakdown, the open circuit gap is replaced by a low resistanoe and charging of C, continues
(now at a new time constant) with the churging current crossing the gap. C also discharges
through the gap. The energy dissipated in the arc may then be calculated as a function of the
circuit component values and the initial and breakdown voltages.

The energy initially stored on C o is not all dissipated in the arc; some of it is dissipated in Ro'
The relative amounts depend on the resistance of the arc after breakdown. As a practical
matter some of the energy will also be dissipated in another arc which forms at the switch
during its closing; i.e., between the hand of the man and the strongback as he approaches.

In this example the gap has been assumed to be a good open circuit: Rll is large compared to
R o' If this assumption were not made, the maximum voltage across the gap would not be as
great. (The circuir equations would also be more complex.) Therefore, it can be seen that if
good contact cannot be guaranteed between fuse sections and the blocks, some sort of partial
conducting path will aid in reducing hazards due to arcing at this point.
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Figure 6-5. Cirouit for Analysis of Redistribution of Charge
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Figure 6-6. Voltage Across Gap
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6.3 EQUIVALENT ELECTROSTATIC CIRCUITS FOR THE ES LAUNCHER

6.3.1 GENERAL

From the electrical conception standpoint the E8 launcher ig congtruocted differently than the
XM165. The E8 launcher is completely encased in insulation material, Within this housing are
sixteen tubes and within each tube are four metal cartridges (E23) containing the propulsion
material for launching and the gas to be disseminated, Each of the metal cartridges is linked
to the remaining cartridges by a fuse strip, In addition, the E8 launcher contains support

material, igniter chord, and a system provided for ignition hy manual or electrical means
from outside the housing.

The housing itself represents a multiple layer dielectric insulator surrounding all oritical
parts of the system., The existence of such an insulator around the critical "eircuits' would
appear to be a good safety measure; however, there are conditions that can ocour whereby
this insulator is a detriment and possibly an energy source for providing undesired ignition
of the system. This condition is described further in succeeding paragraphs of this report.

The prime area of investigation described in this report 1s the circuit that is present allowing
an electrostatic charge or transient electrical energy to enter the critical 'circuit" area from
outside housing. This circuit is initiated at the firing well. A secondary circuit not described

at this time is the direct capacitive effect existing between the housing and the E23 cartridge
and fusing system.,

6.3.2 MANUAL ACTIVATOR - PRIMER FUSE ASSEMBLY

6.3.2.1 Equivalent Circuit

The manual activator-primer fuse agsembly is constructed in a manner that may allow electro-
static and possibly certain types of electromagnetic energy to be transferred to areas within
the E8 launcher. The path begins at the firing well which becomes visibly or physically
accessible when the cover is removed for purposes of manual or electrical preparation for

firing. Removal of the cover is not necessarily required for exposing the system to electro-
magnetic fields.

Figure 6-7 shows the fundamental circuit present beginning with the manual activator system.
This fundamental circuit contains all major equivalent circuit components which may be reduced
to a simplified circuit. The resistors indicated as R1 through R 4 (Figure 6-7) are not con~
sidered as insulator or semi-insulator type resistances as defind earlier in this report but

are resistances ocourring between conducting surfaces. Their values may range from a few
tenths of an ohm to several hundred ohms depending upon the condition of the conducting or
metal surfaces (see paragraph 6, 2, 4), One of the "inputs' to the circuit is the metal

ring used for direct activation of the system. This ring, which is attached to a cotter pin of
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the manual activator, allows manual removal (personal contact) of the cotter pin to activate
the striker assembly which in turn strikes the percussion primer and initiates activation of
the system. In Figure 6-7, L1 represents the inductance of the ring and Rl represents the
contact resistance between the ring and the cotter pin and also the resistance between the
cotter pin and the striker housing assembly,

A second input to the eircuit is the manual remote activation system. This input in itgelf
requires further investigation to identify the extent of transfor or generation of an electrical
charge to the striker housing, The prime area of concorn is the metal eyelet through which
the nylon lanyard is pulled. This eirecuit {s ropresented by C 1 (Figure 6-7),

Again referencing Figure 6-7, the striker housing is eloctrically coupled to an aluminum
mounting plate by an equivalent capacitance, Cz, which contains a multiple layered diclectric.
In addition, it is directly coupled by a machine serew with contact resistance, Rz. and the
primer cup, Ra. The primer cup is made of 90 porcent copper and 10 percent zine and is
brased to the striker housing. Its contact resistance is expeceted to be quite low in value so
that the major contribution to the resistance essentially is formed by a nut attached to it and
touching the mounting plate by pressure. This same nut is slotted and attaches to the aluminum
frame of the primer fuse assembly. The contact resistance ig represented by R 4 (The
equivalent circuit of Figure 6~7 has been simplified to some extent when considering this part

of the circuit.) 03 in parallel with R 4 represents the capacitance of the mounting plate to the
primer fuse assembly frame,

As mentioned earlier the resistances just described are not normally considered representative
of dielectric or semi-dielectric material but are metalto-metal contact resistance. Their
values should r .nge, in this case, between a few tenths of an ohm to (at most) several hundred
ohms. In contrast to this condition, the primer fuse assembly can have equivalent resistivity
circuits of semi-dielectric material.

The primer fuse assembly consists of sandwiched layers of dielectric material (electrical tape
and sponges), fuse strips and igniter cord (possibly semi~dielevtric material) and an a’uminum
frame. A simplified cross-section of this assembly is shown in Figure 6-8, The aluminum
frame of the assembly is connected through the resistor, R 4 (Figure 6-7), to the conductive
eircuits deseribed. According to the system drawings, the igniter cord is taped to this end

of the aluminum frame. It appears to be touching the frame for a reasonable length for contact
considerations and R of Figure 6-7 represents the condition. There is some indication that the
end of the fuse cloth (or fuse strip) also touches the frame. However » the fuse strip and igniter
cord are pressed together for a considerable distance, thus providing the tap in RB as well as
R7, 04. R12 and C,,+ The resistors Re. R9, R14’ and RS, Ry, and R13 represent the
resistivity of the fuse strip and igniter cord material, respectively. In addition, Rio and Cy
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represent the coupling resistivity and capacity of the vertical and horizontal fuse strips as

they are overlapped within the assembly (Figure 6-8), The primer fuse assembly is app:oxi-
mately shaped like the letter "L", Two overlapping fuse strips are used in thig configuration,
The {use strip is pressed against the aluminum frame throughout the full length of the aasembly
separated by a gheet of electrieal tape, The resulting capacity coupling 18 indicated hy C

C;p and C g+ The igniter chord alao apparently touches the aluminum frame at the other end
of the assembly and, because it also 1s pressed against the fuge atrip, the configuration is
representod hy Rm in Pigure 6-7,

The nature of the consatruetion of the primer fuse agsambly (that is, the sandwich conatruction
of tho framo, fuse strip, ignitor chord and tho tape and sponge dielectric) results in the equiva-
lont electrieal characterisatics to be distributed throughout the assembly. Thus, the primor
fuso assombly cquivalont eircutt shown in Figure 6-7 is notually a type of distributed trana-
mission lino. The values of rosistances and capnottances are a function of the fuse strip and
igniter chord dimensions and offective aroa in respect to the frame. The resistivity and
permittivity are distributed continuously; oxceptions to this condition are RE' Cg, Rlo and I\

It is expected that this circuit will have a characteristic pulse response as well ag an eloctro—
mugnetic transmission response. In addition, there is, to some extent, capacitive coupling to
the launcher housing. This capanitance is represcnted by C C,7 and CB

The far end of the primer fuse assembly (Figure 6-7) attaches to some degree (electrically)

to the main fuse assembly and igniter chord., The details of these parts of the system are
beyond the scope of this report, It is noted, however, that direct conductive coupling from the
manual activator {s terminated at thig point us is indicated in respect to the frame in Figures
6-7 and 6-8,

6.3.2,2 Simplified Equivalent Circuit

A simplified version of the equivalent circuit is shown in Figure 6-9. The components C and
R represent the internal impedance and energy storage capability of the energy source. In
this case, consider a man who may generate or transfer an energy charge from a source. R0
and C, may be replaced by other types of sources as would appear when considering the eleatro-
magnetic case. The componhents R A and C A represent the equivalent circuit values of the
"metal to metal' contact resistances R, through R 4 and the corresponding capacitance of the
previously described configuration. The simplified distributed circuit "transmission line' is
represented by RB. RC' R D’ CB‘ and C The components C D’ CE and C are simplified
circuit capacitances of the aluminum. frame, fuse strip, and igniter chord to the case. 'The
component representation of this part of the equivalent circuit is incomplete due to the scope

of the report; the prime concern here is that of the manual activator and primer fuse assembly,
However, it 18 necessary to estimate to some extent the remainder of the circuit because of

6-16
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its functional influences upon the manual activator and primer fuge assembly circuits,

6.3.2.3 Analysis of Simplified Equivalent Circuit

Congidering the electroatatic case in respect to Figure 6-9 the final steady state condition
Involves C o © D CE and Cpe The final steady state voltage, Ep 18
E, Co~ By (CytCR* Cp)

) &= Q E F.—.
Ep C

rI\
(Fquation 6-1)
whero CT = CO’fCD + CE + CF

Eo = initial voltage aororim,cO

K, initial voltage across Cpp Cp and Cy,

The value of I o may be of the urder of 5,000 to 10,000 volts if a man is tho means of energy
transfer or vource and the humidity is not excessive.

The transient condition of Figure 6~9 is somewhat complex as a function of time and depends
upon the rolative velues of RA, RG’ RB’ RD and RC. RA is expected to be of relatively small
resistance. The time constant of the initial instant of the charging phase may be expected

to approximate R o C net where:

(Equation 6-2)

This will be a relatively fast charging rate and the larger portion of the distribution of the
charge will appear across CD’ considering the expected value of R A’ With this occurrence
the "transmission line" will possess most of the charge of CD across its terminals, If the
contact resistance of the fuse strip and igniter chord is considerably higher than its distributed
resistance, this is where such breakdown points will ocour (point Y or Z) if the voltage is
high enough; if they are not, the charge will be redistributed as time increases with the longer
time constant provided by the distributed transmission line and C K and CF‘ It is difficult

to ascertain the characteristics of the potential breakdown regions until relative values of the
equivalent circuit are determined. In fact, the valucs of Ro, C A? R A and CD could be high
cnough in respect to the distributed transmission line and CE and CF to reduce the breakdown
region to a non-hazardous condition.

6-17
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It is also noted that because of the configuration construction the system analyzed may be
quite immune to pulse type energy or high frequency electromagnetic sources. The aluminum
frame together with C A and CD may provide a low bypass type impedance essentially isolating
the critical areas from such problems. This would depend, among other things, upon the con-
ductivity and dielectric factors of the case itself,

6.3.3 POTENTIAL SOURCE OF ELECTROSTATIC CHARGE

The E8 launcher housing or case, as it is sometines called, is constructed of Royalite,
identified as type number 40-1211-RL. This material is part of the plastics family.
It is approximately .062 inches thick, and with the polyfoam existing directly beneath
it, the material completely surrounds all of the critical components of the system. This con~
struction represents a multiple layer dielectric insulator. Normal use of the E8 launcher is
expected to include considerable arhounts of movement and rubbing of the Royalite against other
material. A larger percentage of this action might occur against material worn by a man and
some would occur against his skin as he prepares the launcher for use. It would also be ex-
pected that the same man could be involved in preparing the launcher for firing, which includes
removing the firing well cover and touching parts of the manual activator assembly or squib
. input leads.

The agitation occurring between the man and the E8 launcher can provide an electrostatic
charge. The potential that would result betwzen the man and launcher would be expected to be
caused by a negative charge or electron excess on the Royalite and a depletion of electrons

or a positive charge on the man. The extent of the charge depends upon the material on the man
(and also the Royalite), the extent of agitation, the length of time after the agitation that the
charge is "utilized, " and the existing humidity. When the man removes the firing well cover
and touches any part of the manual activator assembly, he will transfer his charge depletion

to the igniter chord and fuse strip critical area. If no breakdown occurs (see Figure 6-9 and
discussion related to it), the charge originally generated between the man and the case will

be distributed to CD, CE’ and CF as indicated by Equation 6-1.

The length of time the charge remains across the capacitors is a function of the conductivity

of the imperfect dielectric. It may be possible to accumulate the charge or under certain
circumstances have it oppositely charged from that described. When two charge accumulations
occur which are of opposite polarity the transient breakdown conditions c-in increase con-
siderably,

The precise susceptibility of the E8 launcher to electrostatic charges can only be determined

by measuring some of the equivalent circuit values. It is evident from the preceding discussions
that some of the construction design is beneficial to the reduction of possible electrostatic
ignition; however, there are other considerations that should be taken into account such as the
case and conductive cement used with the fuse strip and igniter chord, Changes required to
improve immunity to electrostatic charge problems appear quite minimal.

6-19
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SECTION 7
PHASE 11 TEST PLAN

7.1 GENERAL

This plan represents the scope ot work to be performed during the second phase of the two-phase
investigation of the electrostatic vulnerahility of the E8 and XM156/XM165 clusters, The objec~
tives of this phase are to:

®  Conduct electrostalic spark ignition and triboelectrificition tests on subgystems and
components of the E8 and XM15/XM185 clusters,

® Evaluate prior incidents of the E8 and XM15/XM165 clusters from an electrostatic
viewpoint. '

® Refine ".e equivalent electrical circuits generated in Phase I.
® Recommend measures to eliminate or neutralize hazard areas,
®  Propose a future system test program,

To accomplish these objectives, Phase II will be divided into five tasks, one for each objective,
The tasks will be implemented as shown in the Phase II logic diagrams, Figures 7-1 through
7-5.

7.2 PHASE II TESTING
7.2.1 GENERAL

There is sufficient evidence to suggest that the E8 and XM15 tactical C8 dispersion weapons are
vulnerable to premature activation by electrostatic accumulation and discharge. Results of an
investigation into an accident involving an XM165/XM15 at Dugway gives credence to suspicions
that an electrostatic discharge Prematurely activated the weapon. Similarly, a fire at a facility
manufacturing the E8 appears to have resulted from the same type of malfunction.

The series of tests comprising Phase II should prove or disprove suspicions that the E8 and
XM15 are indeed sensitive to electrostatic energy. These tests will be conducted under labora-
tory conditions to assure control of the test environment, and the test configurations will be
simplified as much as possible.

7.2.2 TEST OBJECTIVE
The objectives of these tests will be to determine the electrostatic sensitivity of the E8 and

XM15, to isolate sourceg of electrostatic generution either internally or externally, and to
determine ways of decreasing or eliminating the possibility of premature ignition,
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7.2.3 TEST SCOPE

During Phase II, testing will he confined to two general areas;
®  Busceptibility of E8 and XM15 pyrotechnic materials to electrostatic ignition
®  Susceptibility of X8 and XM15 struetural maierials to trihoelectrification

The ignition teats will be limitod to components and aubsystem configurations of the K8 und
XM15 fuse systems, The trihocleotrification tests will fnclude only those structural materinls
of the '8 and XM15 which are good insulators and conaequently possihle siatic electric aceumu-
lation points,

7.2,4  TEST APPROACH

7.2.4,1  Electrostatic Spark Ignition Susceptibility

An obvious conclusion concerning the electrostatic problems associnted with pyroteehnic mate-
rials {8 that spurking and the resultant heat are responsible for {gnition o. the material, These
tests should answer the question that arises from this conciusion of whether o not an onergy

threshold exists which governs the susceptibility of a material to ignition by clectrostatic sparking ,

A sample or an assembly will be placed in a test fixture and subjected to sparks of various energy
levels until ignition is obtained or until it becomes obvious tnat the moterial {s insensitive.
Cuareful observations will be made to determine the exact cause of ignition and to identity the
"weak points" in the fusing system,

Based on these test results, recommendations can be made for design changes to reduce or
eliminate the premature ignition huzard.

7.2.4,2 Triboelectrification Susceptibility

In conjunction with the electrostatic ignition tests, triboelectrification susceptibility tests will
be performed on the nonconducting structural components of the E8 and XM15.

It is known that when two different insulating materials are brought into contact with each other
and then separated a positive charge will be found on one and a negative charge found on the
other. This phenomenon is known as triboelectrification or electrification by touch. Frictional
contact between these materials produces the same results.

Samples of the various materials will be subjected to contact and friction with materials which
would normally be adjacent to them during either manufacturing, shipping, or handling. The
frequency and duration of the contact or friction will be selected so as to simulate as closely
as possible the actual triboelectric conditions encountered by the E8 and XM15,

By this method, a determinution can be made of which materials, under what conditions, are
likely to produce charges of magnitudes sufficient to prematurely activate these weapons.
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7.2,6 TESTS TO BE CONDUCTED

The tests that will be conducted during Phase Il ave identified in Tables 7-1 through 7-4, Those
tubles are divided into the two major groups, Eleotrostatic Spark Ignition Susceptibility, and
Triboelectrification Susceptibility, Due to the urgency of the XM16/XM 166 production schedule,
some of the XM 16 electrostatic spark ignition tests have been completed and reports subhmitted,
However, thoso reports will be presonted more concigely in the Phase II roport,

7.2, ELECTROSTATIC S8PARK IGNITION SUSCEPTIBILITY TEST PROCEDURE
7.2.6,1 Purpose

Tho purpnse of tho oleetrostatic apark ignition susceptibility tests ia to detormine tho oclectro-
statie sonaitlvity of various components of the XM 16 and the E8 pyrotoechnie fuse trains,

7.2.6.2  Deseription
Various materinls and assemblics of matorials will be subjected to clectrostatic dischargos of
various enoergy levels to determino their sonsitivity to clectrostatic eneryy, Capacitance values

and voltage levels will be varied to attain these various energy lovels; capacitive discharge will
be the mechanism by which the samples will be tested.

7.2,6.3 Scopo

This procedure will be used for the investigation of the following items (in a subsystem configu-
ration):

¢  Delay fuse line (XM15)
® Lead azide line (XM15)
®  Small junction blocks (aluminum and lexan) (XM15)
® Large junction blocks (aluminum and lexan) (XM15)
®  Ignition pellets (small and large) (XM15)
®  Main fuse train (E8)
®  Electrical squib (E8)
® Auxiliary fuse train (E8)
® E23 fuse train (E8)
7.2.6.4 References
The following sources were utilized in preﬁaring this procedure:
® U.S. Army Draft Technical Manual 3-13256-234-12

® U,S. Army Draft Technical Manual 3-1325-231-12
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® '"Pyrotechnic Materials: Their Resistivity, Charge Generation, and Sensitivity to
Spark Discharge' by Arthur D, Little, Jr,

®  Assembly Procedure for Canister Cluster Assembly, Chemical Agent, XM165
® Assembly Drawings E8 and XM15

i ® U.S. Army Technical Bulletin 3-1310-256-10

7.2.6,5 Definitions and Abbreviations

j None

7.2,6,6 Responsibilities
7.2.6.6.1 Test Conductor

The test conductor will be responsible for the performance of the test per procedure.

7.2.6.6.2 Safety

The safety representative will monitor the operation, render safety advice, and assure that the
test is conducted in a safe manner,

=L

7.2,6.7 Support uirements
i 7.2.6.7,1 Special Tools/Test Equipment

The following tools/test equipment will be utilized for testing for electrostatic ignition suscept-
ibility:

®  Technician's tool box
i ®  Fluke, Model 410B, high voltage P/S
® HV probe

Lrei ity ¥
1

®  Spark gap test fixture

® Rule, calipers, or other instrument for measuring gaps

I

7.2.6.7.2 Equipment/Materials

The equipment/materials required for this testing activity are:

[P |

¢  Assorted capacitors,0.002-1.0 mfd, with voltage ratings to 10kv

o A

¢  Aluminum buss with 8-32 mounting holes i
® Assorted test leads ‘

Freon cleaning agent

Jocrdin. 3
[ )

l 7-13
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N 7.2,6.8 Prerequisites

A CO, fire extinguisher must be available during testing, and all personnel engaged in the testing
activity must wear safety glasses or face shields,

7.2,6,9 Test Procedure

§ 7.2,6.9,1 Preparation
Preparations for testing will be as follows:
i a. Assemble the test equipment into the configuration shown in Figure 7-6,

b. Secure the specimen or components to be tested.

¢. Endcure that all personnel within ten feet of the pyrotechnic test specimens are wearing
safety glasses.

j 7.2.6,9.2 Test
» Actual testing will proceed as follows:

a. Verify that the high voltage power supply is off.

s o

b. Place the vest specimen in the test fixture (see Figure 7-6),

¢. Ground the specimen as directed by the test conductor. Record the test configuration
on the data sheet (Figure 7-7).

d. Turn on the high voltage power supply.

CAUTION

HIGH VOLTAGE. During the remaining steps high
voltages will be present. Use extreme caution to
prevent accidental contact with points of high voltage.

e. With all output voltage switches to zero, turn the high voltage power switch on,

f. In the approximatcly five scconds botween steps, advance the output voltage switches
to the test voltage specified by the test conductor. Record the final voltage on the
data sheet,

8. Using the control knob, lower the spark gap test aid probe to the sample until a
spark occurs.

h. Return the spark gap test aid probe to its original position.
i, Return the power supply high voltage output switches to zero.

j»  Record observations and comments concerning the results of the test on the data
sheet.
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k. Clean the teat surface and place the next specimen on the test fixture.
l.  Repeat step 7,2.6.9.3,¢,
m. Repeat ateps 7,2,6.9,2.e and k.
n.  Upon completion of the test series, turn off the high voltage power supply.
0, Make the necessary calculations and complete the data sheet.
7.2.7 TRIBOELECTRIFICATION SUSCEPTIBILITY TEST PROCEDURE

7.2,7.1 Purpose

The purpose of the triboelectrification susceptibility test to determine the susceptibility of
various components of the E8 and XM165/XM 16 weapons to triboelectrification.

7.2.7.2 Description

Various materials will be placed in contact with each other and then separated, and the tribo-

electric potential will be measured. Frictional contact will also be made, and the resulting
potentials will be measured.

7.2.7.3 Scope

This procedure will be used only for the investigation of the triboelectric effects of the E8 and
XM15 pyrotechnic fuse train.

7.2.7.4 References
The following sources were utilized in preparing this procedure:
® U.S8. Army Draft Technical Manuul 3-1325-234-12
® U.S. Army Draft Technical Manual 3-1325-231-12
® Assembly Drawings E8 and XM15
7.2.7.5 Definitions and Abbreviations
None
7.2.7.6 Responsibilities
7.2,7.6.1 Test Conductor
The test conductor will be responsible for the performance of the test per procedure.

7.2,7.6.2 Safety

The safety will monitor the operation, render safety advice, and assure that the test is conducted
in a safe manner,

7-17
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7.2.7.7 Support Requirements

7.2,7.7.1 Special Tools/Test Equipment

! The following tools/test equipment will be utilized for testing for trihoeloctrification suscept-
ibility:

i ®  Technician's tool hox
®  Keithley Model 8108 or 610C electrometer and Model 2501 head
®  dHtatitrol Corporation Model M~1001 atatic meter
®  Customer Materials, Inc,, Model CM 1-7777 static meter
®  Temperuturc/humidity rocovder

7.2.7.7.2 Equipment/Materials

i Equipment/materials required for this testing activity are:

®  Glass sheet, 18 inches x 18 inches x . 125 inch (6 pleces)

®  Rubber gloves (2 sets)

® Freon cleaning agent

% 7.2,7.8 Prerequisites

Prior to initiation of the test activity, the test conductor will select the material pairs to be
1 tested,

7.2.7.9 Test Procedure
7.2.7,9.1 Preparation

Preparations for testing will be as follows:

a. Clean the rubber gloves thoroughly with Freon after they have been placed on hands
(do not rub Freon).

b. Clean the sheets of Plexiglas thoroughly with poured Freon,

- c. Place the pieces of Plexiglas into two stacks of three each, using clean gloves or
5? paper towels to praevent contamination,
d. Clean the samples with Freon when possible, being careful not to touch them with
‘1 the hands, ‘ |
] NOTE

Some samples may react with Freon.
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7¢2,7.9,2 Test

7.2.7.9,2,1 Contact Electrification. Contact electrification testing will be conducted ns
follows;

n. Wearing cleaned rubber gloves, grasp the two samples, bring them into gentle
contact, then separate them, Record the snmples on the data sheot (Figuro 7-8),

b, Place each sample on a Plexiglas sheet,

¢, Using the Keithloy Medel G10C elactrometor, measure tho cloctrostatic potentinl of
ocach material, Record on the data shoet,

7.2,7.9.2,2  Friction Electrification. Friction olectrification tosting will be conductod ns
follows;

a.  Wearing cleaned rubbor gloves, grasp the two samples and rub the surfacos toguther
(back and forth) for 10 strokes,

b. Place ench sample on a Plexiglas sheet,

¢. Using the Keithley Model 610B or 610C electrometer, meusure the clectrostatic
potential of each material, Record on the data sheot,

d. Repeat steps of 7,2.7.9.2.1 and 2 for each pair of materials,
7.3 OTHER TESTS
7.3.1 GENERAL

In addition to the electrostatic ignition and the triboelectrification tests as defined in paragraph
7.2.3, special tests relatir_ to the electrostatic vulnerability of the E8 and XM15/XM 165 will
be conducted., The results of the planned tests may yield data or information which will dictate
additional or special tests or tests in lieu of the planned tests. Also, due to system design
changes or unknown events, Edgewood may require other tests in lieu of some of the planned
tests, Presently two tests fall in this category: the XM15 fuse train subsystem test and the
the E8 foaming test,

7.3.2 XM15 FUSE TRAIN SUBSYSTEM TEST

This test is very similar to the electrostatic ignition test defined in paragraph 7.2.3 and the
same test procedure will be used. However, instead of applying a spark, energy will be applied
directly to the fuse train as shown in Figure 7-9, This will simulate an eiectroststic voltage
being applied to the fuse train, The spark gap test fixture as defined in paragraph 7.2.3 will be
used to discharge the fuse train potential. Various voltages and capacitors will be uscd to

yield energles up to 50 joules, This test method will simulate, in a subsystem mode, realistic
situations to which the fuse train is exposed. A total of six fuse trains will be tested, three

7-19
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from each of the two XM\6 manufacturers, This will ensure that true samples are tested and
will elim .nate the possibility of inducing manufacturing errors from an independent source,

7.3.3 E8 FOAMING TEST
7.3.3.1 General

The source of two fires in the E8 production facilities has been traced to the polyurethane
plastic foaming operations, Static electric ignition is the prime suspect since polyurethane
fonming ir a low exothermic chemical proceas and consequently produces insignificant heat,

It 1s theorizod that the foamed plastic genorates static electricity as it expands against the other
nonconductive materials inside the E8, The aluminum foil vapor barrier placed across the top
of the foamed area could provide an excellent charge collection point for this static elactricity,
The fuse trafn could be in contact with this foil barrier and easily pick up tho charge, If the

fuse {8 senaitive cnough and the charge 18 of sufficient magnitude, ignition is possible, Ignition
tests will be conducted during Phase II,

To investigate this potential hazard, a visit to the production facility will be made. During this
visit the manufacturer will conduct foaming operations of an ES to simulate as closely as possible
the conditions encountered during this portion of the production process. (Refer to Figures 7-10
through 7-13 for the locations of the measuring points, )

7.3.3.2  Test Approach
The E8 foaming tests will encompass the following:

® Prefoaming Tests - Prior to initiation of foaming operations the E8 shell and other
compaonents will be measured for electrostatic accumulations. The locations and
magnitudes of any charges will be noted.

® Foaming Tests - During the foaming operations the ES will be constantly measured to
determine if any changes have occurred in the location and the magnitude of any
electrostatic accumulations. Any changes will be noted.

® Post Foaming Tests - Immediately upon completion of the foaming operations measure-
ments will be made to determine the location and the magnitude of any electrostatic

accumulations. Notes will be made and compared to information obtained from pre-
foaming and foaming tests,

®  Visual Inspections - After all electrostatic measurements have been made a viguai
inspection of the E8 will be made to determine the:

®  Physical location of the vapor barrier with respect to the launch tubes, the foam
and the top cover,

7-22
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: 8 Physical location of the fuse train with respect to the vapor barrier, foam and
: any metal components in close proximity.

7.3.3.3 Data Evaluation

Data acquired during the foaming operation will be thoroughly reviewed and evaluated, Labora-
tory tests will be conducted as required to substantiate or refute conclusions reached from the
; field data, Upon completion of this evaluation, a report will be prepared containing the results
| of the tests, conclusions reached, and recommendations for remedial action.

7.4 EVALUATE PRIOR INCIDENTS

: This task will consist of evaluating prior mishaps, accidents and malfunctions involving the E8
o launchers and the XM15/XM1865 cluster. Success of the effort will depend on the availability of

the incident repcrts and the details contained therein., The reports will be evaluated only from
$ ; an electrostatic standpoint,

7.5 REFINE EQUIVALENT ELECTRICAL CIRCUITS

§ The cquivalent electrical circuits will be refined and analyzed from the standpoint of assigning
? values to the circuit components. It is not feasible to analyze or assign values to all possible
circuit components, A typical case will be considered, component values will be assigned, and
the typical case will be analyzed,

romes Ay

Two unique techniques will be employed by the General Electric Electronics Laboratory as a
; part of the analysis--electrostatic field plotting and analysis of transmission lines with arbitrary 1
boundaries.

i 7.5.1 ELECTROSTATIC FIELD PLOTTING
ki

7.5.1.1 Introduction

B Electrostatic field plotting is a technique for plotting equipotential contours of a two-dimen=

' sional electrostatic field, This display technique provides a visual display of electric fields

and field gradients as a function of position. Thus an easily interpreted pictorial represen-

:; tation of the parameter (electric field) which induces discharge is obtained, The electrostatic

field is generated by painting conductive lines or surfaces on a sheet of resistance paper and

i applying voltage potentials to the conductive lines. The resistance paper is placed on an X-Y
plotter whose pen is used as a voltage probe, The voltage is fed to an analog computer where

- it is compared with the voltage of the desired equipotential line to generate an error signal,

{ The error signal is amplified, filtered, and resolved into sine and cosine components which
are used to drive the X-Y plotter pen in Y and X directions, respectively. This completes

} a servo feedback loop which effectively guides the X-Y plotter pen along a fixed voltage contour

: generated by the electrostatic field, A second X-Y plotter, which is driven by the same X

l and Y control signals us the first, traces the voltage contours in ink on a sheet of graph paper,

i o - ity
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7.6,1.2 Bervo Loop Description (See Figure 7-14)

The voltage potential at a glven set of X-Y coordinates is detected by using the X-Y plotter pen
to make contact with the resistance paper, The pen is connected to the input of an FET type
operational amplifier used as a voltage follower. This op amp has a very high input impedance
(about louohms) and as a result measures the voltage on the resistance paper very well,

The op amp output is trunked to the analog computers where it is subtracted from a reference
voltage, The reference voltage is adjusted to the value of the equipotential contour which is to
be plotted, The resulting error signal is fed through a gain and compensation circuit and then
through a low-pass filter to reduce 60Hz and higher noise components, The filter output ig
applied to the input of a simulated rate resolver.

The rate resolver is initialized to an angle of zero degrees, This makes the initial sine output
zero and the initial cosine output +100 volts. Both the cosine and sine are outputs multiplied by
a constant velocity magnitude (V) to generate the velocity component in the X and Y directions.

Each velocity component is fed to an integrator which generates X and Y drive voltages f{or the

plotters. Initial pen position is determined by setting initial conditions on these integrators,

7.5.1.3 Operation

The initial values of X and Y are adjusted manually such that the error signal is zero at the
start of each contour line plot. The pen is located somewhere within the parallel plate part of
the field (see Figure 7-18),

When the analog computer is placed in the COMPUTE mode, the integrators become active and the
plotters move in the positive X direction. If the error signal bacomes positive, this means the
potential at that point of the field is too small and the plotter pen must be directed in the positive
Y direction to reduce the error. This means that angle must increase from zero to some positive
value, This will point the velocity vector along the equipotential contour while keeping the mag-
nitude of the velocity vector a constant.

The equipotential line is traced to within 0. 5 inches of the edge of the graph paper grid., The
computer is then placed in the HOLD mode which keeps the X~Y plotter pens from moving, The
pens are lifted from the resistance papey and graph paper, respectively, and the computer is

placed in the INITIAL CONDITION mode which drives the plotter pens back to their starting
positions.

Two switches are thrown on the analog computer which changes the rate resolver initial angle
from 0° to 180° and inverts the sign of rate resolver input. When placed in the COMPUTE mode,
the plotter pens now move in the negative X direction and correct as before to reduce the error
voltage. Due to the inversion of the sign of the rate resolver input, a positive error will now
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decrense the rate resolver angle from 180° but will still cause o positive velocity component
in the Y direction sinco the sine of the rate resolver angle is increasing, The groatest deviation

from the equipotential contour occurs when passing close to the end of a conatant voltage con-
; ductor,

7.5,1,4 Field Modal

; The model of the field pattern has been conatructed by scaling down the physical dimensions of
'" the real world situation to fit on a picce of 11" x 17" graph paper while preserving relative
sizes, Provisions must bo made to keop the areas of interost toward the conter of the paper
where the boundary offects are not impartant, Tho edges of the resistanco paper will causo the
‘ equipotentinl lines to be perpendicular to the adgo at the point of intorsection,

The model on the resistance paper is constructoed by applying conductive epoxy strips whorever
conductors are supposed to he, Wires can be attached to the conductive atrips by comonting
} them in place with the samo condu~tive opoxy., Masking tape is usoed to assure reasonahly

straight lines with smooth edges. It is poasible to got dimensional accuracles to less than 0, L
; inches using this approach,

b 7.6.2 APPLICATION OF THE ATLAB COMPUTER PROGRAM

i The Analysis of Transmission Lines with Arbitrary Boundaries (ATLAB) program is capable of
analyzing virtually any mechanical configuration in terms of its electrostatic properties. The

X versatility of this computer program accrues from the fact that no apriori assumptions about

the geometry to be analyzed are built into the program. It can thus evaluate numsarically con-

figurations that are not amenable to conventional analysis--a structure that heretofore required

i tedious special-purpose computer programs,

ATLAB is capable of analyzing any configuration that can be represented by X~Y segments in a
plane. The structure may have multiple conductors, several different dielectrics, inner shields,
etc. No matter how complicated the structure (within reason), ATLAB can determine the
equivalent capacilance between conductors and the potential that any floating conductor will rise
to when other conductors are excited. By use of the impedance-resistance analogy, the equiva-
lent resistance between any two conductors can also be determined, even if the space between
those conductors contains several materials of different bulk resistivities.

[Pyt

The following examples will illustrate the use of ATLAB in electrostatic problems similar to
the present fusing problem.

the two boxes contains a plastic material on the bottom and a different plastic foam on the sides,
The odd shape of the inner box would make conventional analysis difficult, if not iinpossible,

l Figure 7-16 represents a metallic box located within an outer shielding box. The space between
ATLAB, by using numerical techniques, can determine the effective capacitance between the

7-31




R~052

hoxes directly,

leg AIR OR GAS
] \———. OUTER SHIELDING BOX

}g_\ INMER BOX

< FOAM FILLING
& \\

/Bf—— PLASTIC

Figure 7-16, Motallie Box Within Outer Bhiolding Box

Pigure 7-17 illustratos an eloctronie dovico narmally installed inside a shielding cover., ATLAR
ean he usod to enleulato the resistunco and enpacitanco (the equivalent eiye

uit) prosont if tho
cover inadvertently mado a poor contact with tho hase,

The amount of current that would flow
due to tho application of a voltago to the outside shield and the time-constant of tho objoet, its
susceptibility to extornal pluses, could thon bo dotorminod,
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Figure 7-17. Electronic Device Normally Installed Inside Shielding Cover

Figure 7-18 illustrates another electronic problem, that of two isolated devices located within

! a metallic enclosure. If a potential were applied between points A and B, ATLAB could calcy-

late the capacitively-induced potential which the other nonconnected box attains. This calcu-

lation would be nccessary to check for the possibility of sparking between the box and the case,
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7.6 RECOMMEND MEASURES

This task will consist of reviewing all efforts expended in Phase I and Phase II of this program
and complling all recommendations resulting from the tasks, Recommendations will be based
on the results, findings, and assumptions generated during Phase I and Phase 11,

7.7 FUTURE TEST PLAN

Because this program has considered only the £8 and XM16/XM1866 cluaters in subsystem con-
figurations it is necessary to conduet fyatem teats to verify the findings/assumptions resulting
from Phase I and Phase 11, The tosts should be conducted with completoly assembled inext

and/or agent-londed XM 16/XM166 nnd/or E8 canisters which incorporate thoso changes deemed

necesanry. The same toats should also he conducted with uni: . which have not incorporated
changes, This will provide for a "baforo'und after' type taat,

The future tost plan will identify recommended tosts, time required to conduct those tests, and

cost vetimates,




