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ABSTRACT

Research Performed by Philip R. Jose
Under the Supervision of Dr. R, B. Misra

This report is an examination of Bullding 65 at lake
City Army Ammunition Plant for use as a production facllity
for SCAMP B, The SCAMP system is described in detail and

950tz e e e s e

the objectives and benefits of SCAMP are outlined. Design
considerations that are of prime importance are discussed

and the concepts of quantity distance are explained.
Allowable quantities of explosives are determined for select-

ed cartridges and space requirements are examined with

recommendations made concerning additional construction.
Conclusions are drawn and recommendations are made as to

areas of further research.
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CHAPTER I

TRPTN

INTRODUCTION

s

The Vietnam conflict brought to light the need for new

methods of producing ammunition. The heavy use of rapld

SRR RO U L o

firing air to ground weaponry bore an unending demand on
our production for 20mm and 30mm small caliber ammunition.

These new sophisticated weapons were capable of firing as

many as 6,000 rounds per minute, and the outdated machinery
being used to produce ammunition was not able to meet such
rigorous demands. 1In fact, if 1t were not for our large
stockpiles of ammunition that were avallable during the
) Vietnam War, a serious shortage would have occurred.

With the realization that a serious gap could occur
if the neéﬁ for prolonged supply would again arise, several
studies were initiated to determine methods and means of
improving and modernizing cartridge production. The initial

search for technology to modernize small caliber ammunition

production was initiated at Frankford Arsenal in mid 1968.
The program was labled SCAMP -~ an ecronym for "Small
Caliber Ammunition Modernization Program.

SCAMP 4s divided by cartridre size into two areas.,

The first is module A, designed to produce 5.56 mm and

7.62 mm ammunition and second module B, designed to produce

¢50 caliber, 20 mm and 30 mm ammunition.

TR T s e - ooy i m i et b
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é With the prototypes of Module D now being brought into
operation, the Army is in the process of evaluating the

‘ redesign of existing structures now being used for ammunition

production. One of the first locatlions being considered for
SCAMP B installation is building 65 at lake City Army

Ammunition Plant in Independence, Missouri. The basis for

this report 1s to explore the possibilities of this redesign,
to evaluate possible configurations for Module B within the
existing structure, and to determine whether or not addit-
ional construction is needed in order to accomplish the
desired output rates while meeting applicable safety stand-
ards.

The SCAMP B concept is explained in chapter 2 of this

report. It outlines the objectives which SCAMP willl try to
achlieve as well as the benefits to be derived from the system.
This chapter will also give the reader an understanding of
SCAVP B through an explanation of the basic functions of the
submodules which make up the system.

Important design considerations for explosives facllities

as related to SCAMP B are covered in chapter 3. Among the

considerations discussed are the class system for hazardous
explosives and the concepts and reguirements for guantity
distanze. The latter is a primary consideration in this
report.

In chapter 4 allowable guantities of explosives are
discussed along with the adaptability of two proiuction

lines within Bullding 65. Space requirements are examined




with respect to submodule placement and suggestions are made

i

concerning additions to the building.

Rt o i on s B0

In chapter 5 recommendations are made and conclusions

are drawn on the authort's investigation of the system and the

"
z
%
=

analysis contained within this report. Limitations of the

§ analysis are covered and recommendations are made as to

areas needing further work.
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'CHAPTER II

THE SCAMP B CONCEPT

OBJECTIVES

; In order to establish & means of evaluating various

concepts for SCAMP, a serles of objectives to be achieved

A R b S R L

and benefits to be derived were established. They are as

*
follows : (14)

1. To achlieve a substantial reduction in inventory
on-hand and requirements for storage space through
decreased production lead time and increased rates.,

2. To reduce cost of manufacturing by reducing man-
hours required. BReducing maintenance cost, improv-

ing tool 1life and increasing machine efficiency.

3. To improve quality of product and reduce serap

through better controls, better processes and

continuous inspections.

Lk, To reduce firing test costs, time, quantities

fired, and inventory held pending completion

é of tests by use of autorated on-~line testing

- . and improved quality of product.

Ju‘m
TE e e ey

# Numbers in brackets refer to numbered references in the

T3 b g 3

;. ) bibliography.
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6.

To improve ability to meet changing mobilization
and peacetime requirements through versatility,
1.e., conversion from one to another caliber;
ability to handle a variety of metals; conversion
within defined limits to manufacturing new
generation cartridges; and most important of all,
replacement of an obsolete base.

To improve environmental conditions at the work-
site and in the community through better pollution
control, application of human engineering, and

reduction in working hazards.

In order to achleve these objectives the followling operation-

al criteria were established:

1. Minimum design operating speed of 600 rounds

per minute.

2. Transportation of components through all manufactur-

ing and packing operations in continuous motion in a

captive work oxriented position.

3. Automation of in-process inspection and identificat-

ion of defects ag early as possible with rejection

of defective materials,

L. Incorporation in design features neczssary for a

successful preventative maintenance program.

5+ Operation must be economical when running at less

than design speed.
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6. Provision for acquisition of quality control and
production management data through logic devices

and computers.

7. Incorporation of the modular concept for failure-
prone components and perishable tooling, allowing

for quick replacement of these components by minimum

skllled operating personnel.

After a long careful study of the available methods of

conversion, &a new system utilizing rotary turrets similar
to that found in the pharmaceutical industry was used as
the basis for modernization. A somewhat simplified example
of this concept is shown in figure 2.1 .

Although the deslign production rate is 600 pieces per

Stk i Lextalinah

minute (ppm), 2 more realistic rate during daily operation :
will be approximately 300 ppm. However, even this slower
rate will exceed by more than 4 times the current production

rate of 40 to 70 ppm. Production 1s now based on a batch

method of material handling, which is slow and inefficient.
The SCAMP system utilizing a continuous production.flow
technique willl arford greater efficlency at higher product-
ion rates and at lower costs primarily due to a drastic

reduction in labor requirements. (15)
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COMPANIES INVOLVED 1IN DEVELOPMENT

Through my reading and discussion with personnel
related with SCAMP, I have found that it is generally
accepted that the operational responsibility for SCAMP
Module B will be assigned to Remington Arms Company, Inc.
at ILake City. Their responsibilities should include
planning, preparation of engineering proposals, and execution
of engineering proposals approved by the Government for plant
expansion projects, short range improvement projects, and
plant upgrading projectse.

The first phase development on the automatic cartridge
assembly prototype will be handled by the Gulf and Western
Corporation. This includes the deslgn and fabrication of
the basic machinery necessary to.perform assembly operations
at the desgign rate of 600 ppm. H. P. White laboratories has
the first phase of a prototype development contract for HEI,
High Explosive Incendiary, charging which includes the
design and fabrication of the basic machinery. The Link Pack
contract was awarded to the Design and Development Company
for a prototype M14 type linked cartridge and M548 container
system., Ameron Corporation is working with the steel case
development. An extensive preliminary Faclility Systems
Analysis for liodule B has been performed by Paul R. Zirkel
of Honeywell Incorporated. An ammunition production base
restructure study for SCAMP was performed in 1973 at

Frankford Arsenal.
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SUBMODULE CONCEPT

In order to achleve the objectives listed, a concept
utilizing submodules for each of the main phases of product-
ion was established. The submodule concept has proven to
be an effective method of production for Module A and will
be applied to Module B.

A submodule is defined as the equipment necessary in
the production of major components, such as the cartridge
case., Module B is an integrated series of submodules with
a common production rate and capacity, coupled together by
a transfer and quality control system. 1In all there are
thirteen submodules which make up the entire system for
Module B. The following description of each of the submodules
indicates what submodules are involved. A process flow
diagram, Figure 2.2, is used to illustrate the material and

information flow between each submodule. (15)

CASE MANUFACTURE - This submodule will manufacture

' the M103A1 steel cartridge as illustrated in Figure
2.3 + The case will be made through a number of
draw out processes starting with flat discs that
will be cut from sheet stock steel. A modified
rotary system usine e "Swash-Togele" concept will
be considered to develop the larger foreces required
for forming the steel case. A design requirement

of 600 ppm will be used for this submodule.
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fRIMER MANUFACTURE - This submodule is designed for
manufacturing percussion and electric primers at
varying rates up to 1200 ppm. The submodules are
compact, self contained and fully automated menhine
systems incorporating a 100 percent fallsafe
inspection system for all critical parameters. The
equipment developed for primer manufacture will be
universal in nature such that converslion from one
primer requirement to another will be-accomplished
through the use of interchangeable tooling and

feed systems.

PRIMER INSERT - This submodule will be designed to
accommodate electric or percussion primers as
required, along with various cartridge sizes. The
Process willl be accomplished at a design rate of

600 ppm and will incorporate a 100 percent fail-
safe inspection system to insure that all critical
parameters comply with appropriate specifications.
The primed cases will then be discharged to a trans-
fer system for delivery to the load and assemble

submodule.

LOAD and ASSEMBLE - This is a self-contained,

universal and fully automated submodule capable of
loading and assembling cartridges at variable rates

up to 600 ppm. Remote controls are included to

inarrie
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provide maximum personnel safety and minimize the
number of operating personnel. The machine receilves

, primed cases and projectiles in a captive and

Pcmteare

oriented manner, receives and dispenses propellant

and performs other operations leading to discharge

i o s

of assembled and loaded cartridges to a transfer
system for delivery to the packing submodule. The
load and assemble submodule also includes a 100

percent fall-safe inspection system.

. .

TRACER CHARGING ~ This submodule receives and
charges at a rate of 600 ppm. The machine has
devices for accepting and monitoring the applicable ;

trace mixes and provides for interchangeable

tooling and feed systems for conversion to different

L EERPSP SN

projectile sizes. Remote control facilitlies are

ihcluded to insure maximum personnel safety. The

trace: charged projectiles discharge to a transfer

system for delivery to the HE/HEI, High Explosive/

High Zxplosive Icendiary, charge submodule.,

HE/HEI CHARGING ~ Producing at the rate of 600 ppm i

this self contained, fully automated submodule will

be remotely controlled to reduce operating personnel

and lnsure safety., A 100 percent {all-safle

inspection system will monitor all critical para-

SRR

meters to insure compllance with quality standerdse.
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" The HE/HEI charged projectiles are discharged to

8 transfer system for delivery to the fuze-to-

projectile assembly submodule. .

DETONATOR CHARGE and ASSEMBLY - The explosive

material used in charging at this submodule 1is

lead azide, and RDX (Cyclonite) and is extremely
hazardous. Therefore remote control and other

devices will be used to insure full and complete
protection of all operating personnel. Fail-safe

inspection will also be incorporated into this

submodule.
(_ BOOSTER CHARGE ASSEMBLY - This submodule will

charge and assemble fuze boosters at a rate of

600 ppm. It will incorporate remote control for

.the protection of operating personnel and fail-
;f safe inspection will take place to verify all
1 critical parameters. Charged and assembled fuze

4 booster holders will then be delivered to the

1 fuze assembly submodule.,

FUZE ASSEMBLY~ This submodule assembles charged

rotors and booster holders with fuze assembly of

e e o s B B &

600 ppm, and is fully auvtomated and self contained.
From here the fuze assemblies are transfered to

the fuze~to-projectile assembly submodule.
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' FUZE-TO~PROJECTILE ASSEMBLY ~ This machine accepts

and orients charged fuzes and applies the proper
thread sealants. It 1s a self contained and fully

automated submodule capable of assembling charged

point detonating fuzes to HE/HEI charged projectile

bodies at rates up to 600 ppm. The equipment uses
100 percent fall-safe inspection and remote control
facilities are provided to insure personnel safety. |
The assembled fuze and charged projectile bodies

are discharged to a transfer system for delivery

to the load and assemble submodule.,

PACKAGING -~ Thls submodule accepts assembled cart-

ridges and processes the components in a captive
oriented manner from linking through palletizing-
and banding operaticns. It links at variable rates
‘up to 600 ppm and assembles cartridges into pre-
scribed belt lengths with predetermined ratios of
HE/HEI and tracer cartridges and packages the
belted cartridges in M548 containers.

BALLISTIC ACCEPTANCE THESTING -~ The ballistic accept-

ance will perform all those tests now done by the

presert range but in an automatic fashion employing
a computer. Tneé sutomatic equipment will reduce

the time. between actual testing and the reporting

of the test results. The time reduction will avoid

problems of storage of ammunition to await test
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-results and will also permit a faster process
correction to adjust the propellant charge in the
load and assemble module should the ammunition

fall the prescribed tests.

PROCESS QUALITY CONTROL SYSTEM (PQCS) - This master

quality assurance computer will monitor the entire

production process continuously analyzing the ;

g ,“f,:g"f,j REERENR Tt el :?- TSR Pk A W R N TR SRR E T o IR e 4 TV »
ks

insgpection data. It will predict potential trouble
by determining if any adverse trends are developing
and give indications of preventive maintenance.
This system will greatly decrease the amount of

down time and improve overall production efficiency.

The use of the computers storage bank will enadble
management to make accurate declsions when schedul-
ing production, maintaining inventory control and

‘ordering raw materials.

To better understand the workings.of the submodule

concept, a representative example of how one of the sub-

y modules might be laid out is shown in figure 2.4 . The

N b

submodule represented is the Fuz: -to-Projectile Assembly,

As 1llustrated in figure 2.4, the main components of

. the submodule are located within a barricaded area with no

r Ll
W @ a g

4 ‘ personnel present within the barricade. The direction of

1, material is indicated by arrows. The projectiles are brought

in from the HE/HEI charging area and accumulated in an

automatic feeder. The first step in this submodule is the

A e e T ki A B %
+ ,




17

BIWBO AL
KXTEWESSY FTITLOTLOUI~0I-HZAL

#1*¢ JUNoO1d

aTosuo9 uoiysvIsado ugsl

PVOT 03 x03waado suo
Y3TH JO3UDTIO 29z2ny

I9pesJ aTtT399foag

a1T3%9foad o3
eznJg JO uo}48RIUSTIO
¢339A00 8203 9S00T

v\ $QuUBTBOS SATSS90XD
mﬂ\ Vm J0J uotgyoedsur
\\ Q\\\\\\\\\Vh M m!w

i
H
i
‘

AAVOINY vV M..s...,

‘01t
*6

‘8
*L

‘9

/fr\\\\\\\\\\\\\\\\ \4&
NB AVo_

L7 7 Y 77 |

_mmassy | |V @Q O) @ .ﬂ \\
® dvo1 od 9 L7

V A\ g

W\\ 77777777 777777777/

N T O

. I . ~
Mo, S Th A S~ o g e 4T B

SuoT3e3s I9Jsusal °§
Suot3sls 309fay *4
qoayo ded % 3ylteyg °€

LTqmsss
a1t3o8foxd=-03~82ng *2

JHO8UD juUBIBOS
‘Io38oTTddw quBIBRS °*°1

ONZOHT

g

T
¢ ;
H
|

-~

oz

L

ONIDHVHD

S T Bt

R

3, o



i o

s R
T o 54 v b

B S i

- B b s ng b
T Y T Ty e e AL 101 S g

VPETIaR Y

b e .
Tigreome N x

M - . P € aa
sy cipmpi v ot b g Suves s O A T
e : PSS

A
NUEARSS

e b1 e

A A N ST TR T e el

DRTREY

“§
F

i

:

i

Pt g

a

1

=2
'f
3

:

3

R I L Lt SR el i S A b

18

application of a sealant to the threads and a sealant check.
Once this is accomplished the oriented fuzes are fed in and
agsembled to the projectiles. Height and-gap openings
betveen the fuze and the projectile are then checked. A
continuous inspection is under way during all phases of
assembly and reject stations gather the out of spec cartridg-
es. A final inspection is made outside the barricaded area
for excessive sealant, loose fuze covers, and orientation

of the fuze to the projectile. Closed circult television
also monitors the operations and viewing screens are provid-
ed for each of the operators. The barricaded control room
contains the main operation console with monitoring and

process controls.

MANPOWER REQUIREMENTS

The original manpower requirements were developed on
the basis of two modules operating on a 2-5-8 shift basis,
that is two shifts operating eight hours per day five days
per week. However recent reports suggest the strong
possibility of a six day work week instead of five.

The total number of personnel needed to run the
complete two module system is projected to be 382. Personnel
required for the direct labor of operating the machines will
number 154, an additional 58 supporting personnel will be
necessary with 170 indirectly related personnel rounding out
the 382 figure. The automatic component transfer and

material handling systems will not need constant supervision.
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Any attention to be given these systems will be minor,

other than perlodic maintenance, which can easily be handled
by the personnel operating the submodules. It should be noted
that the balllistic testing and Process Quality Control

System personnel will handle both production lines therefore
reducing manpower requirements. Table 2.1 shows & breakdown

of the labor force as related to the submodules.
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TABIE 2.1

GRS it )

MANPOWER REQUIREMENTS

-

SUBMODULE MEN PER SUBMODULE
Case Manufacture 7
Primer Insert 8
Load and Assemble 3
HE/HEI Charging 5
Fuze to Projectile Assembly 3
Packaging i3
Detonator Charge and Assembly 7
Tracer Charging 2
Fuze Assembly 1
Primer Manufacture 21
Booster.Charge and Assembly ' 5
Component Transfer/Material Handling
Ballistiecs Testing 3
PQSC 1
Total 79

Manufacturing Technology Directorate Report, November
1973, p. 4.2
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CHAPTER III

DESIGN CONSIDZIRATIONS FOR EXPLOSIVES
FACILITIES AS RELATED TO SCAMP B

SPECTAL CONSIDERATIONS FOR INITIATING EXPLOSIVES

The initiating explosives lead azide and RDX (cyclonite)
will be present in bulk quantities in the detonator charge
and assembly submodule. 3pecial precautions are necessary
due to the sensitivity of these explosives. They are sensit-
ive to friction, heat and impact, and will detonate without
burning when involved in a fire.

Whenever these materlals are worked with or stored,
the quantitles should be limited to the smallest practical
amount. For long periods of storage, they should be kept
wet with water or a water-alcohol mixture. A wet type dust
collection system shovld be used in areas where initiating

explosives are worked with. The sensitivity of these mater-

ials 1s increased by many forelgn materials and it is therefore

mandatory that a high degree of cleanliness be maintained.
All rooms in which these explosives are to be harndled must
be designed to be compleiely frec fron static electricity

or floorine mist be made of conductive material. It would

be desirable for both of these conditionsg to be wet in order

21
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to achievé the highest degree of safety. The walls of the

rooms should be constructed of a waterproof material with a
hard gloss finish and should be washed often with a neutrale
izing solution to prevent explosive dust buildup on the
surface.,

THE CIASS SYSTEM FOR HAZARDOUS EXPLOSIVES

The Army has divided hazardous explosive material into
seven classes, severity of hazard increasing as numbers
increase., Class 1 1s considered to be ammunltion that
presents a fire hazard but no dlast or fragmentation hazard
beyond the fire hazard clearance specified for high-risk
materials. Class 2 explosives are defined to be propellants
and single~base, single-perforated rifle propellant. Clasgs
3 materials are fuzes and artillery primers, and should be
handled in such a2 manner as not to strike against each other.
In the event of an explosion involving Class 3 material the
fragments generated are considered to be light and would not
endanger areas beyond 300 feet. Classes 4 and 5 are consid-
ered to be ammunition that presents little threat of fire ‘
unless deterloration has occurred. If a single item in a
stack of Class 6 ammunition detonttes, or if the stack is
exposed to fire, the entire stack of explosives will detonate
as a mags. For this reason Class 6 material should not be . .
stored in large quantities without taking precavtions to'
prevent propagation to nearby stacks of explosives. Class 7

items are hazardous explosives of the highest order and if
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involved in a fire will mass detonate.

QUANTITY DISTANCE REQUIREMENTS

Quantity distance gpecifications refer to the limiting
minlmum distances allowable between any two areas, such as
bulildings, based on the quantity of explosives these areas
contain.(10) The maximum amount of explosives that may be
located in any one area is regulated by the distance between
the hazard and other areas that could be damaged a3 a rasult
of an explosion of the hazardous material. Two other factors
that could either shorten or lengthen this distance are the
type of structure, construction, occupancy, etc. and whether
or not barricading, either natural or man-made, exists.

Tables in Chapter 17 of AMCR 385-100 are available for
determining the minimum allowable distances between explosive
hazards and specified buillding and area types. It should be
enphasized that the distances gilven in the tables are the
ninimum required for safe operation. The distances should
never be shorter than those listed and if at all possible
greater vhen space permits.

Quantity distance requlrements can be expected to
provide protection to bulldings so that propagation of

explosions due to blast effects are minimized but it does

‘not provide protection against explosive propagation due to

hazardous fragments. A hazardous fragment being defined as

one having an impact enerpgy of 58 foot-pounds or nore.
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Inhaﬁited building distance as defined in AMCR 385-100

1s the minimum permissible distance between an inhabited

T e TR R, T 5

. bullding and an ammunition or explosives location. An

inhabited bullding being defined as; "A bullding or structure

other than operating buildings, magazines and auxiliary -

il ™y e
R P AR

buildings occupled in whole or in part as a habitation for

human beings, or where people are accustomed to assemble,
both within and outside of Government establishments. Iand
outside of the boundaries of AMC establishments shall be
considered as possible sites for inhabited buildings.®

Because of the possible harm to human life in the event of

an explosion, nearby inhabited bulildings are of primary .
concern when designing an explosives facility. Inhabited

bullding distances are also used between adjacent operating

lines, explosives locatlons and other exposures within an

establishment,

Public railway quantity distances for class 7 explosives

are calculated as 60 percent of the inhabited building

[OPER

distance and can be found in table 7-11 of AMNCR 385-100 along

with inhablted duilding quantity distances. The reasons for
the allowable decrease in distance 1s the greater resistance
of rallroad cars to blast effects as compared with bulldings,
and that the percentage of time the cars are exposed to the

hazard 1s conslderably less than bulldings which are stallon~

ks Shane S wkb

ary and subject to constant risk. or materials other than

class 7, the required quantity distances for public railways

Sl s O i LR

are cqual to the inhabited bullding distances.
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Public highway quantity distances are identical to public
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railway distances.

R

' Intraline distance 1s the minimum permitted distance

between any two buildings within one operating line.(17)

This distance 1s also used for certain areas and bulldings

S T o A N e oA Y 8

even though actual line operations are not involved. The
only exceptions are service faclilities which serve a
particular operating explosives facllity. 1In this instance

the intraline distance requirement does not have to be met

but may never be less than 100 feet from the building which

it serves. However it must comply with intraline distance

requirements for all other explosives facllities in the area.
. The maximum quantity of explosives permissible in each

existing bullding is defined by DOD 4145.26M: "Separation

distances for determining the maximum allowable quantity of
explocives shall be measured from the outside of the nearest
wall, side or back of a structure, controlling room or
controlling cubicle to the outside of the nearest wall, side

or back of another structure, room or cubicle."

RN S Y

; BARRICADING

| Properly constructed artificial or natural barricades
1R ’ are an effective method of protecting nearby structures
1 : from damage due to explosion. They also are an effective ;

4y means of reducing the allowable quantlty distance require-

ments for bulldings housing erplosives. However, such

) barricades are gencrally considered to he ineffective for
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reducing distances required for fire hazard materials such
as class 2 propellant and missile producing ammunition such
as in classes 3, 4, 5 and 6. Barricading-is considered most
effective for items having mass detonating characteristics.
A barricade is considered effective when properly
constructed and when a line drawn from the top of any side~
wall of the bullding containing the explosives to all the
parts of the location to be protected will pass through the
intervening barricade. (5) The barricade must be separated
from each of the bulldings and may be located ad jacent to
either, although it 1s preferable to locate it near the
building that is belng protecteds The toe of the barricade
must be no further than 40 feet from the structure and is
recommended to be as near as possible to the minimum

distance of 4 feet.
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CHAPTER IV .

PROPOSALS OF PRODUCTION RATES
AND
BUILDING LAYOUT CONSIDERATIONS

INTRODUCTION

Building 65 at Lake City is being corsidered for housing
two production lines consisting of the following submodules;

Tracer Charging, HE/HEI Charging, Fuze-To-Projectile Assemble,

and Link Packing. The System Integration Report for Prepara-
tion/layout Planning for Module B states that "It is the

objective of the contractor to direct all reasonable effort
to adapt the submodules to the existing building configura-
tion." Therefore the possibility of operating the required
subnodules within the existing structure will be explored.
In thls chapter allowable quantities of explosives for
four cartridge-types will be examined and recommendations
will be made as to whether or not the proposed production
methods will or will not violate existing quantity dlstance

requirements. Space requirements will also be looked at in

order to determine the most efficlient means of arranging the

submodules. In additlon, some ldeas concerning new con-
struction and placenent of expanded facilities within
building 65 will be discussed.

27
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: ALLOWABLE QUANTITIES OF EXPLOSIVES IN EACH SUBMODULE

Four types of cartridges were considered as representi-

tive of the majority of the ammunition to be produced in
Building 65. They were examined for the purposge of determin-
ing whether or not they could be produced at.the design
production rates and meet the requirements for quantity
distance. The designations of the cartridges considered are ¢
listed in Table 4.1 along with the grains of explosives in
each projectile, the number of projectiles that can be -
charged with one pound of explosives, and the total pounds of
explosives that are in 1000 projectiles of that particular
piece of ammunition.

Table 4.2 lists the types of primer components and fuzes
that are used in the four cartridges considered. Listings

are given in the same manner as in Table 4.1, grains each,
pieces per pound, and pounds per 1000 pleces.

The information from Tables 4.1 and 4.2 is used in
making up a comprehensive Table, 4.3, that gives in addition
to the explosives that are present in the form of projectile

charges, primers, and fuzes, the pounds of explosives present

in 1000 completed rounds of the designated cartridge. The
additional explosive material that makes up the total amount
in the completed round is in the shell casing in the form of
propellant, This is also listed in the table. For the

purpose of meximizing the safety factor the electric primer

Lt By B ol s e, Lol s e
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TABLE 4.1

EXPLOSIVE QUANITIIES IN PROJECTILES

GRAINS PIECES POUNDS
COMPONENTS & OPERATIONS EACH PER POUND PER 1000
M56A3 HEI
M53 API
1st Charge (IM 136) 25.00 280.0000 3.571
2nd Charge (IM 68) 30.00 23343333 4,286
Total 76 .00 846.6666 10.857
M246 HEIT-SD
Charge Tracer Cavity:
1st Charge (Trace NMix 1C-5B)16.00 437.5000 2,286
2nd Charge (Trace Mix IC-5B)11.00 636.3636 1.571
3rd Charge (Ign. Mix IC-#2) 5.00 1400.0000 714
Lth Charge, (Ign. Mix 1-136) 5.00 1400.0000 S
Charge HEI Cavity:
WC=-870 12.00 583.3333 1.714
LCA#1 50,00 140,0000 7,143
LCA#1 34,00 205.8824 4,857
ICA#1 34,00 205.8824 L,857
Total 167.00 5008.9617 23.856
M242 HEIT
Charge Tracer Cavity:
1st Charge (Trace Mix R-403)12.00 583.3333 1.714
2nd Charge (Trace Mix R-403)15.00 L66.6667 2.143
3rd Charge (Sub I Mix 1-280) 4.00 1750.0000 o571
Lth Charge (Ign. MHix 1-136) 5.00 1400.0000 714
Charge HEI Cavitv:
1st Charge LAC #i 75400 9343333 10.714
2nd Charge IAC #1 37.50 186.6667 54375
Jrd Charge 1AC A1 34,00 205.88204 L JRE7
Total 182.5 4685.8824 26.070
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TABLE 4.2
EXPLOSIVE QUANTITIES
IN
PRIMER COMPONENTS AND FUZES
PRIMER COMPONENTS
GRAINS PIECES POUNDS

COMPONENTS & OPERATIONS EACH PER_POUND ___PER 1000

Electric (M52A3B1) 2.58 2456,1404 .0L7

Pellet

Percussion (36A1E1) 2.20 3181.8182 1k

Pellet

FUZE
GRAINS PIECES POUNDS

COMPONENTS & OPERATIONS EACH PER _POUND __ PER 1000

Booster
i ist Charge 7.78 899.7429 1.111
: 2nd Charge 6,80 1029.4118 «971
s 3rd Charge 7.02 997.1510 1,003
% Co Total 21.60 2926.3057 3,085
it Detoustor M3781 (Al. Cup)
i 1st Charge 386 18134.7150 .005
g 2nd & 3rd Charge 1.997 17259.1753 .285
5 Total 2.383. 35393.8903 290
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wag oconsidered to be used in all cases,as the explosive

quantity present was slightly higher than that of the
percussion primer. ]

In determining the amount of explosives allowable in
each submodule,l.e.;the maximum pleces of ammunition in any
one area, the actual numbers shall be dependent upon the
distances that exist between Building 65 and surrounding
structures, It is aésumed that each submodule will be
desiéned so that an explosion in any one area will not
propagate to nearby submodules. This will be accomplished
by effective barrier design, proper placement and spacing
of the submodules within the bullding and by keeping the
quantities of explosives in a single submodule within
acceptable recommended limits.

When determining the allowable production rates and

accumulatfbn of explosives within a submodule the governing

safety manual AMCR 385-100 states in paragraph 17-8a on

page 17-4 that "When the total quantity is so subdivided

that an incident involving any one of the subdivisions will
not produce simultaneous initiation of others, the net weight
of the mass-detonating explosives in the largest subdivision
sh21l apply." Therefore the existing quantity distances will
determine the msximum amount of explosives allowable in one

submodule and not the total guantity for the entire building.
In so much as the majority of the explosives that will

be used in Bullding 65 will be Class 7, Mr. John Jacobi,
Chief ingineer at Lake City has suggested that for the

i
\
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purpose of this report, all explosives to be used may be
considered Class 7. This will provide yet another safety
factor in that the quantity distances calculated will be of
the highest order and the allowable quantities of explosives

determined will be considered conservative due to the fact

that some of the explosives wlll actually be of a lower class.

This suggestion will be followed and is considered by the
author to be a reasonable approach, as similar suggestions
are made in applicable Army documents.

According to Iake City Engineers the production methods
that will initially be used will not include the propossd
conveyer type transfer system for movement of cartridges
between submodules. Instead they will use a buggy system
similar to that presently in operation in Module A. The
buggles to be used will hold approximately 1,200 rounds of
20mm or 30mm ammunition. The present plan is to make 20
minute productlon runs, allowing the products of each sub-
module to be collected in the buggy and remain in the sub-
module until the end of the run., At that time the loaded
buggies will be brought through the center corridor to the
submodule which is next in the production line.

Regulations state that a supply of material capable
of maintaining production for 1 hour or 3 twenty-minute runs
mist be available 2t 2all times. Therefore the bays contain-
ing hazardous supply raterials wlll have these nocessary
amounts in them, and will be the arecas of the highest

concentration »f explosives.
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Duriﬁg production the loaded buggles will be moved
directly to the next submodule in the production line for
continued processing. However, at some stage a backup may
occur and the empty bays within the loading wing will most
likely be used for storing the excess marerial. This will
be considered acceptable as long as the quantities stored
do not exceed the recommended maximums for one baye.

Table 4.4 shows the maximum amount of explosives that
willl be present in any submodule for the four cartridge types
being considered. PFigure 4.1 shows the distances to nearby
roads, raillroads, and buildings which are to be considered
when determining allcwable quantities of explosives in
Bullding 65. As can be seen the shortest inhabited building
distance is 670 feet. This is building 143, a testing
laboratory. The two public highway/railway distances to be
considered are 4,700 feet and 5,450 feet.

The maximum amount of explosives from Table 4.4, 3272.4
pounds, is considered when determining the minimum allowable

quantity distance. Checking Table 17-11 in AMCR 385100,

the Class 7 distances for inhabited buildings, it is found
that for explosive quantities between 3,000 and 4,000 pounds
the minimum distance is 635 fect. For the same quantities
of explosives Table 17-11 also shovws a minimum distance of
380 feet for publiec highways and railways. A comparison of
these values with the ones presented in rigure 4.1 shows no

violation will occur for the quantities of explosives

calculated.
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a |
E It should be noted that only the Load and Assembls and
g Packing submodules wlll have completed rounds in them.
g , Therefore the other submodules within the bullding will not
%‘ have the maximum amounts of explosives present as listed in
| Table 4.4 . This provides for yet another margin of safety.
When ammunition is packed and ready for shipment it is |

considered Class 2 and therefore larger amounts af ammunition

could be allowed to accumulate at the end of the packaging
submodule. In fact, for the quantity distances present
around Bullding 65 up to 500,000 pounds of Class 2 explosives
may be present according to Table 17-5 in AMCR 385-100 .

While it is permlssible for large quantities of Class 2

. explosives to accumulate it is recommended that actual
quantities be held to as low a level as possible by use of
an effective trucking schedule which would remove completed

rounds and, transfer them to the appropriate storage facilit~

ies.,
ANALYSIS OF SPACE REQUIREMENTS

Building 65 is presently being used for production of
small caliber ammunition. The building therefore already
has a number of bays in the present loading wing. These
will be used for containment of the submodule equipment for
.. all but the packaging operations.

The overall dimensions of Building 65 are given on a

plan view drawing, i"Agure 4.2 . The gross envelop dimensions

and the required square footage for each submodule is glven
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¢ TABLE 4.5
SPACE REQUIREMENTS FOR SUBMODULES (MACHINES ONLY) %
GROSS ENVELOP
SUBMODULE DIMENSIONS FLOOR SPACE (ft2)
WXLXH ;
§
HE/HEI CHARGING 8X28X10°* 224
LOAD & ASSEMBLE 99X251X8* (Assemble

)
315
91X10'X6"* (Inspect)':::::='

e

TRACER CHARGING 149X30X10° 420
|
FUZE-TO-PROJ. ASSY. 7'X16'X8* (Assemble)> 8 ;
182 |
7'X10'X8' (Inspect) ;

*
LINK PACKING 30*X70'X10" 2100

#*
Does not include palletizing and manual rework arca
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in Table 4.5 . This is the area necessary for the machinery
only and was obtalned from data found in the System Integra-

. tion Report for Preparation/Iayout Planning for Module B,
dated July 15, 1975.

In addition to the square footage needed in each sub-
module for the machinery, areas must be available for storage
of inert and hazardous materials and components. There must
also be space provided for storage of spare parts for quick
repalr, for example quick change tool sets. This space
should be large enough to accomodate quantitles of material
that would be received by traller trucks in normel truckloads.
Sufficient ailsle space should also te provided for efficient
material handling. It is recommended that 20 £t2 or 10 per

cent of the submodule area, whichever larger, be allowed for
submodule supplies and 40 £t or 25 per cent of the submodule

area, whichever larger, be allowed for spare tooling and

presetting fixtures. Table 4.6 shows the adjusted areas
necessary to meet the requirements.

Operator stations will be designed'in such a manner as
; to maximlize safety for all personnel aﬁg'to remain compatible

with the system. The stations will provide noise attenumation,

vibration isolation and complete environmental control,

o temperature, humidity, etc. Dovhle panelled glass walls

have been suggested as a possible means perator gsuper-

safety it is recommended that the operator stations be

vision for respective gvomodules. Howeve for improved 2
eoulipped with closed circuit television monitoring which l
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would enable them to be completely barricaded form all explo-
sive hazards during operation, & method similar to that
described in Chapter 2 of this report. .

The existing configuration of Bullding 65 lends itself
ideally to the incorporation of two production lines. It 1s
recommended that the entire loading wing be used to spread
out the charge and assembly operations. This can be accomp=
lished by utilizing the existing 30 bays within the wing.
Each bay has identical dimensions, 19 feet by 34 feet, or
646 square feet of useable floor space. Refering to Table
4,6, Submodule Space Requirements, it can be seen that each
of the four submodules to be located in the wing will easily
fit within the existing bays. This is due to the fact that
a2ll required areas are below the 646 square feet available.
It is also recommended that the submodules be separated by
empty bays,when possible.

Two production lines will be operated parallel to each
other seperated by a 13 foot wide corridor. The bays in
each production line containirg hazardous materials and
operations should be opposite empty bays or bays containing
inert storage. This will minimize the chances of explosive
propagation in the event of an accldent,

ir. Paul R. Zirkel in hig Fecility Systems Analysls

of loiule B has sugpested a layout which incorporates all

of the above mentioned design criteria. TFigure 4.3 indicates
the proposed usage of existing trays. The labeled arecas on

the plan view drawings are meant to show suggested locations

e 'ﬁsfw - ijf;?‘fh‘ﬁsg:?}:-‘,’?i} wg‘?\; vl
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£ TABLE 4.6
1 SUBMODULE SPACE REQUIREMENTS
. ADJUSTED FOR SUPPLIES AND MATERIAL HANDLING
L MACHINE TOTAL
L SUBMODULE REQUIREMENT (£t2) REQUIREMENT (f£t2)
i HE/HEI CHARGING 22 302 .44
i LOAD & ASSEMBLE 315 425.25
| TRACER CHARGING 120 576
i} FUZE-TO-PROJ . A3SY. 182 245.7
i .
T LINK PACKING 2100 2835
Bl
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¥*
Does not include palletizing and manual rework area
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of gibmodules and associated areas only, and are not intended
to represent the actual final dimensions. FPigure 4.4

. indicstes the material flow between submodules. Thig diagran
is intended to show sequence of flow and not necessarily

the exact path the material will take.

ADDITIONAL CONSIDERATIONS CONCERNING REDESIGN %ﬁi
i

One major proposal in the redesign of Bullding 65 is an C

SRS

addition to be constructed as shown in Figures 4.5 and 4.6 .
It is recommended that the reasons for construction of this
new addition be carefully considered. Analysis has shown
that there is sufficient space within the exlsting structure ;i
to completely incorporate the submodules neéessary for the
operation of the two proposed production lines.

If the shipping dock were located at the end of the
packaging line, along the west wall of the bullding, the
amminition would finish production at the site of shipment.
This would eliminate the need for moving the ammunition back
past the packing equipment to the proposed new addition for

shipment.
The proposed equipment room in the lower level could be

located on the roof of the build.ng. All mejor aircondition-

M ing and heating companies have a wide selection of roof-top

package units or custom equipment could be designed to [ill

DS PERRREFTY
* “

% ) specific needs.

It is a fundamental rule of safety that when possible,

personnel should be removed from the area of the hazard.

Y
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Therefore it is felt that by building locker facilities f

§ for employees within the explosives facility, it would

. cause them to remain in the area for longer periods of
g time than necessary. As the new SCAMP system will need

fewer employees to run the faclility due to automation, 1t

is recommended that the current locker facilities away
from the bullding continue to be used.

Among the proposals mede in Mr. Zirkel's report is the
placement of the quality control computer equipment in
Building 65. It is felt that since all monitoring infor-
mation relayed to the computer is by electrical impulse,
there is no reason for placing this extremely expensive
equipment in an explosives facility and exposing it to
that hazard. With the use of simple direct line telephone
communication the computer opergtor can relay any infor-

mation necessary to the proper personnel on location.,




CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The baslis for this report was to determine whether or
not Building 65 would be suitable for use as a production
facility for SCAMP B. It is felt that the analysis contain-
ed herein has shown that the bullding would serve as an
excellent site. It is also felt that the two proposed
production lines could be located within the exlsting
structure and that any additional construction would be
supplemental to the basic needs for production. The exist-
ing loading wing, with its 30 bays, 1s especially convenlent
in that the submodules to be houged will fit within the bayse,
making extensive renovation unnecessary. The rarallel
production llnes suggested wlll enable material to flow
uncongested throughout the facility.

The quantity distances surrounding Bullding 65 are
sufficiently large, causing no problem with the explosive
quantities that will be present for the initial method of
production. However, it is recommended that additional
analysis be conducted to determine the allowable quantities
of explogsives for the econvever tyne transfer system which
will inevitadbly be used.

then the automated transfer syvstem is in overatlion the
quantitles of explosives present will most, likely increase

greatly. The quantity distances unfortunsately are fixed

L9
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and limit the amount of explosives-allowed within the build;
ing unless massive barricades are constructed. Here would
be an ldeal opportunity to apply the use of the new concept
of suppressive shielding. The objective being decreased
barriceding costs and a greater margin of safety allowing
for the use of the required amounts of explosives. The
author therefoie recommends this as an area of possible
research.

The renovation of this countryfs methods of producing
ammunition was definitely long overdue, and this author
feels that the SCAMP system will be an effective method of
resolving the present problem. The system 1s sound in
principle and once operating as designed will far surpass

the antiquated production methods now belng used.

-
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