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~~~demonstrated by means of scenarios constructed to include these

elements.

Those scenarios constructed so as to provide readiness from the
outset of the contingency and full implementation throughout, have two
extremes of initial sources. These are (1) in—contingency production
(without any inventory of complete restraint systems) and ; (2) a large
inventory of complete restraint systems (without in—contingency
production capability). In addition , several scenarios are presented
which are dependent upon both an initial inventory of restraint systems
plus in—contingency production.

The results of the study indicate that a plan (herein described
as Scenario V) which encompasses maintaining an inventory of complete
restraint systems as well as production of new restraint systems dur ing
the contingency would be most suitable.
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READINESS AND IMPLEMENTATION STUDY

FOR A REUSABLE

AMMUNITION RESTRAINT SYSTEM¶ IN COMMERCIAL INTERMODAL CONTAINERS

ABSTRACT H

This report describes a study conducted of implementation and
readiness options applicable to a reusable mechanical system for re-
strain t of ammunition durin g transport in 8’ x 8~ x 20’ commercial inter-
modal containers as developed by Naval Weapons Handling Center
(NWHC), WPNSTA Earle . As part of the study , elements such as lead
time stockpiling, inventory , reusability , production durin g the
contingency , and others are discussed. The interaction and relation-
ship between these elements is demonstrated by means of scenarios
constructed to include these elements .

Those scenarios constructed so as to provide readiness from the
outset of the contingency and full implementation throughout , have two
extremes of initial sources . These are (I) in-contingency production
(without any inventory of complete restraint systems) and; (2) a large
inventory of complete restraint systems (without in-contingency produc-
tion capability). In addition , several scenarios are presented which
are dependent upon both an initial inventory of restraint systems plus
in-contingency production .

The results of the study indicate that a plan (herein described as
Scenario V) which encompasses maintaining an inventory of complete
restraint systems as well as production of new restraint systems dur-
ing the contingency would be most suitable .
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I Il A r K t .~H O1 1NI) ANt) INT RO D I~CT1ON

It has been heretofore ’ establ i shed tha t  in the’ event of a mil i tar y
conttnge ’n cv . th e th r oughput  of ammunit ion in 8’ x 8’ x 20’ intermodal
containers will be in the order of 1. 000 con ta i ner loads per day . Since
the present numb er of serv iceable’ I1S Arm y M l I .V AN s  (est imated at
4 .000 u n i t s ’) would suffice ’ only for several day s  at tha t  rate , the  large
inventory of commercial containers mus t  be employed . However,  in
orde r to ut i 1i~ e these commercial containers , an approved method of
ammunit ion res t ra int  ( se lf—contained in M li ,V A N s  1 needed to be devised .
Several metho ds have been developed including the reusable I N T E R N A L
RESTH Al NT SYSTEM Nil’ ( I RSK IT ’) as described herein developed and
tes ted 1w the  Nava l  Weapons Hand ling Center (NW IIC ’) . WPN STA Earle ,
Colts Neck . New ,Jc ’r se ’v

NW IIC originally intended to develop 1RSKI ’I ’ consisting entirely H
of “off— the—shelf” hardware . Se~’eral p rotot yp e ’s using this approach
We r e’ t es ted  sat i s f ac tor i l y  . h owever , as technical  progress was being Lmade . indicati ons were th at  departures from “off— the—she l f” should be
made for several reasons. First , “of f—the—she l f ’ hardware imposed
const ra in ts  on other design goals such as max imum use of cube’ , simple
ins t a l l a t ion  . and min imum interferen ce wi th  s tu f f ing  and uns tu f f ing
operat ions . Secondly . during in it i a l  phases of the  development
th roughput  re quirements  had not been fu l ly  defined . t ~.S the  program
p rogr essed , these ’ re qUirem ents for a coflt ingeflc~’ were ’ determined and
inform ati on was gathered as to avai l abi l i ty  of supposedly “off— the—shel f”
hardware in la rge qu ant  it it ’s I t  app eared doubtfu l  whether  adequate
amou nts  of components cou Id be obtained to support large shipme’n t S

Therefore . it was deemed appropri ate ’ to cont inue ’ the development
u t i lii in g basic mater i a ls  which are readily procured or have ’ short pro —
curement lead t imes . and which could be subsequent lv modified for
I RSKI ’i’ . The purpose ’ of t h i s  s t u d y  then . is to eXamine the aspects
of cont i ngency imp leme ’n t at i o n and preparedness wi th  regard to qua n—

it y , mater ia l  acq uis ition , and modifi cation requirements . Proposed
scenarios have ’ been const ructe ’d to represent extreme or moderate
level of prepa redness and implement at ion

I.

l’hese scenarios are the ’ bas is for ca lculations which y ield co-
eff ici ents  useful  in a compara tive ’ ranking sys tem for t he  proposed
scenai’ios

it VHF RE S T R A IN T  SYSTEM i~IRS1UT ’) 1ThSCI1I PTION

‘I’he lading is rest raLne d wi th in  the’ container by a system consist —

Ing of the  following components . f igures  1 and 2 ’)

a Four ~‘ 8—in c h  diameter steel wire  rope’ as se’mbly

b Foui~ ste ’e ’i an cho r block s

c Four I — i n c h  diameter x 48 inches long rod with 1—8 I I N C — 2 A
threaded ends
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d . Four back u p p lates

e’ Two a luminum s t r u ct u r a l  angles 8 1. 12 x 85 inches

C ‘l’ wo spher ical wa sher  pa irs

Miscellaneous har dware ’ .

Each str u ct u ral angle has a series of predrilled holes for t he ’ pui~—
pose’ of at t achme’nt to t he’ rest r aint  cable’ assembly (wire ’ rope . shackles
a nd ste ’e ’l t ie ’ rod assembly ~ . Each upp er t ie  rod assembl is ins ta l led
hrough t h a t  hole ’ w h i c h  lies immediatel y abov e ’ the ’ level of the ’ o rd—

nance lading Selection of the ’ appr opr iat e ’  hole results in th e’ restrain —
ing ~~~~~~ being applied at the ’ location of maximum e ’ffect iveness ~~ a
w i d e ’ r a nge of cargo lading h e ights

l’h~’ spht ’ru’aI washer  arrangement provides the  nu t  at the end of
each upper  t h r e ’aded rod w i t h  a f la t  bearing surt  ace ’ regardless of t h e ’
angle ’ wh ich  t h e ’ cab le ’ asse ’mblv and s t r u c t u r a l  angle’ may assume ’ due
to ladtn ~ ht ’igh t

Since ’ spherica l  wa shers  are ’ capable ’ of compensat ing for h tm i t e ’d
a m o u n t s  of misa l ignment  , it is necessary to spotface ’ t he ’ s t r uct u r a l
an g les  to an add i t i ona l  sm all  angle ’ .

F.ich lowei r e s t r a i n t  cable assembly is instal led t h rough  a single
hole ’ local e’d at t h e  lower end of each st ruct  ur al  angle’ . There is no
a l t e r n a t e ’ hale ’ i n st a l l . i t ion for the ’ lower cable ’ assemblies.  Since th e se’lowe ’r cab le ’ .iss 9fl blies wi l l  a l w ay s  bt ’ hor izont a l  and perpe’ndicular to
the s t r uct u r a l  ang le ’ , t h e r e ’ is no need for al ignment device ’s as used
wi th  t h e ’ upp e’r cabl e ’ asse mblies

A t t a c h m c ’n t s  to the ’ conta iner  corne’t’ posts  are accomphishe ’d b y
mea n s of the ’ anchor blocks . b ackup p la t e ’s and coun ter sunk  screws

The only  con t aine ’r mod i f icat ion  required prior to ins t  a l la t  ion of
t h e ’ I H S N I l ’  co nsi s t s  of d r i l l i ng  ‘igh t 7 S inch diamet t’r hole ’s i n t h e ’
corner post s i i  he’ f ront  ( close’d ‘~ end l’he ’ hole ’s accommodate th e ’
t e r m i n a l  connect ions an chor  blocks , backup pla te ’s . an (t  St ’t ’ e ’W ~ of t he
r e s t rain t  s v st e ’m

I l l  SCF. N AR1I .’~ ItASE 1.1N 1

.\ l’e’rminologv l ’h e ’ fol lowing t e rms are u sed ex t e ’ns i~~’lv
th rough  th i s  s t u d

. ‘Fooling — Equipment  ~. i . e’ jig s , f i x t u r e s  , dies and molds *

and p roce ’sse ’s ~. i e’ heat t re’at ing . p l a t i n g  and welding
re’q u i red to con ve ’rt ‘M a t  erial ” i n t o  complet e ’ ‘‘ K i t s
l’oohng mus t  be ’ fu l ly  eie ’ve ’loped and capab le ’ of ach icr in g
th e de ’ sired product ion rat  e ’5 
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b . Mat e ’r ’ial s — Stock p ile or st .ibilii.ed soUrce’s of major c~ ‘in —

ponen t S • as produced by mills . and or t ‘ek ed by w are ’ —
houses . For I RSKI ’I ’  these ’ would  be a l u m i n u m  ang l e s
spools . of w ire ’ I.Ope’ . bi l lets  of st e ’e’l for ~‘. ist  In~~s . foi’g ’ —
in gs , and ma chin ed par t s

c Nit s — All components ready for implementa t ion  as a
mechanical r e s t ra in t  sys tem

13 . Estun at es  and Assumpt ions .  ‘I’he e s t ima tes  and a s s u m p t i o n s
Listed below were re’quire’d in order to cons t ruc t  the  scenar ios  Others
will he’ introduc ed as necessary for specific purposes

a Tooling lead time ’ — 60 Jays  .e st ima t ed )

b . M a t e r i a l  acquisi t ion lt ’ad t ime — 60 daVs  ( e s t i m a t e d )

c . CON U S depot to EX (‘ON i: s to s~’ON U S depot — 3~ day
cy cle t im e’ ( e ’stunate ’d)

d . ~~~ r et u r n  r a t e ’ of ’ conh i l lete ’ ki t  ( e s t im a t e d )

e’ . I)ur atton of con t ing ency  — 90 day s  ( a s s u m e d)

C - Sole sourct ’ con t r ac t s  to  pr e’viou sly qua l i f i ed  vendoi ’s U’

can be imme’diate lv placed — No procurement lead tim e ’
required -

C. Mat r ix  of Scenarios. p rom the  definit ions of par agraph i l l  A
above ’ it is evident tha t  the tooling and mater ia l s  are considered as
separate  ent it it’s , and the  “ k i t s ” are ’ t he  end i tems . However , all th re e
are’ capable of pr es tock ing prior to a cont ingency . A s w ill be shown .
presto cking is a requisi te ’ of early implementat ion due to the  le ’a d t ime ’
requ irements . The’ scenarios will  be discussed in det a i l ,  b u t  are sum—
mar i ie~I in Table I .

Table 1.

S( ’ENAHIOS
AT D—l )AY

I U Hi IV V Vl 1 Vii i VIII 1

Tooling Available2 NO YES NO YES YES YES N O NO

M aterial Available NO NO YES YES YE S NO YES N I,)

Kit s Available NO NO N e ) NO ~‘ES YES YES YES
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‘l’~ib le ’ I (, ‘Oti I i nh t e ’d

Not  C ’s

Seen arios VI  , V I I  and V I l l  p r i m a r i l y  i l i t i  s t r a f e ’ tmp le ’me ’n 1.1 t ion
t i ’ e ’flI iI i ~ ’e ’ nt o l ’V  on l y  w i t h o u t  i ’r o&l u c t  ion , ,11’ , e t ) i l i t v  ~. u n t i l  l ) $ t ~1h

for  S, e i i , i r i os  Vi  and V I l  ‘~ Sce ’ i i , i i i o ~ V i i  an d \ ‘l l l  in d i c a t e
av a i l a b i l i t y  of k i t s  ~ i t h o u t  t h e ’ av a i l a b i l i t y  of t oo l ing  hIc ~s —

e’ver . t h e ’ e xi s t  e’nce ’ o f k i t s  in inv t ’nto i ’v pi ’e’stI ppost ’s .e means
of conver t ing  raw m at  e’rials int o comple t ‘.‘ k i t s  • i e toot ing
This  wi l l  be ’ re’fer i’e’d to as ‘‘ soft ’’ tool ing Soft t ~‘cling ’ in . i  v
~‘e ’ Cur t  her  de ’s~’r ibe~l as r equ i r ing ’ no sig n if i~’.iii t iii~ ’ e ’ st i h i en t
H u ~1 iihl e’fl t .i t ’v eq ii tpm en t is U se ’d in c o i ij  i in c l ion w i t h  Iabo i. in —

t e l h s i \ ’ e ’ m e t h o d s , t h u s  m a k i n g  s o f t  tcol ii i~ suit able ’ on ly  for
;i c c u mu l at  ing an inve ’nt ol’\’ OVe ’i’ long ’ per iods of ’ t t in e ’ I l a rd
ooling ci i  t h e ’ ot he ’r hand  . would he’ h igh lv flie ’e’han  i:e ’d , in t e ’—

g ra t ed  and c apab le ’ of p rodu ct ion  r a t e s  rt ’la t e ’dt to t hroug h p u t

2 l’he amoun t  ot’ tool ing re qu i red  is r e l a t ed  to t h e  pr opost ’d o r
r equired production i’.it e’ I b i s  product  ion r a t e ’ in t u r n  . ma V
va ry  for  e’ach scenario a n I  ~.pe~’ i t i ~’ t Hu e ’ I i~ i ihie ’S d u r i n g  t h e
~‘on t in gen cv

~‘ l S( ’FN :\H I I , ) l ) F S C H I P l ’ l O N S  ,\Nl ) l M h ’ :\l, ’ 1’

;\ S, ’e ’t i . i i ’ i~’s I .  I I . and I l l

I l ’)e ’scrip t  ion ‘l ’he ’re ’ a i ’e no k i t s  ava i l ab l e  ut ’oni inven  —

tor~ S~’e n , i i ’ i o s  I I  and I l l  i nc lude  t h e ’ .e~’a i l a b ih i t  v of e i t he r  tooling or
m at ei’ial but  ne ’ithe ’r include both . However , the mat  erial a~’q u is i t  ion
le’ad t ime ’ is iden t i c a l  t o t h a t  for tool ing ,  ther e ’fort ’ t he ’ t im e’ t l ow ~‘hart  s
are ’ ide ’n t ical t’oi’ t’ae ’h ot ’ t he ’se t h i T’ e ’ t ’ 5 coil  a t ’ios  ~, f i g’ti i~ ’ .~

I N V I N 1 i l I i ~

HE T U R NS

PH 01)1 IC I IO N

I) D’ iO 1)~ bt)

CON 1 IN e ; 1 NC~ L)A ’I’S ~~~

~ 
l i i i  I 1~ A I I  \

Li i.1 NI) 
- I ~ t O~~I IHI  MI Ni

l” ii~’ii r e ’ ,~ l ’ ini e h”Ioi~ ( ‘hart . S~’e ’ i i , i i i c ~. 1 , 11 , and I l l

S
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II.

2 Imp act  K i t s  not av a i l a b l e ’ u n t i l  1)+t0 Pr ior  to D+6()
co nt , i t i i e ’r i z a t i o n  m u s t  r ’e ’lv on o t h e r  r est  r a in t  me thods  .~~~~~~~~\ Iso , since ’ t h e ’
~‘o n t a i ne ’i’ recycle ’ time ’ is e s t i m a t e d  at  30 ~I a v s  , t he ’ r e u s a n i l i ty  of
I R S  K I I ’ w i l l  not be ’ a b e ’ne f i c i a l  fac t  or in i 90 ~la~’ con t inge ’ncv . ‘l ’he ’
d at1~ product ion r a t e ’  is e’quai to the ’  da i ly  usage ’ rate

t~ S., ’ e ’na rio I V

I l) e ’scr ipt  ion ‘Fool ing and m a t e ’rials Ire ’ ava i lab le ’ to begin
prod u ct  ion at I ) — d ay  No j f l ve ’n t o r y  of k i t s  is m ain ta ined  ( f i g u r e  3)

I N V E N T O R Y  .. . . ______

R E T U R N S  — ___________

CP R O D UC T I O N

0 D.30 0+60 0+90

C O N T I N G E N C Y  DAYS (0)

ULL DA IL ’ e t U % DA IL ’ ~
LEGEND: 1. - I ~ t O U I H I ~M F NT I....- _11 R L O U I R E M E N T

Figure  ‘ 1. ‘l’ tme Flow Char t  . Sce ’iiat ’ io IV .

2 Imp act  . h ’u lI  imp leme’n t a t  ion is p ossible’ from I ) — ~L iv
The,’ daily pr oduct ion ra t e  must  be equal to th e’ dail~’ usage ’ ra t e ’ until
1) + 30 At I)+30 t he  re cy cled containers  w i t h  rest rain t sy s t ems  begin
to supp lement the ’ k i t s  from product ion th e’rehv r educing the  dai ly p ro-
duct  ion rat e ’ r e ’quirement s . Therefore , the  min imum mate r ia l  s tockpi led
at 1) — d a y  must  sat  isf ~ ’ W0’~, of the US :ige  requirements from f l—da y

ii i ’~’t igh I) +30 and ~0’~ of t he  usage ’ requirements  from I)+ 30 through
1)+6t ) . ( ‘onse ’que ’nt lv , half  of the tool ing  wh ich  was ke’pt in re ’adiness
prior  to I ) — da and required u n t i l  l )+30 becomes surplus  . Mat e ’ria ls
mus t  be ordered at 1)—da y to en sure ,’ avai labi l i ty  for production during
I) + t 0  t h rough  I) + 90

C . Scena i. io V

I .  1)e ’scr ipt i on , Tooling and m a t e ’r ials are r e ady  to  resume
produ ct ion at 1)—da y . Hard tooling has been used prior to 1)— d ay to
pr oduce ’ k i t s  whi ch . i t t ’ inve” n tor it ’d and reads’ for inu p~ement at  ion at
1) —da y  ( f i g u r e ’ ~ )

b
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I N V E N T O R Y  ~~~~~ , : . : : : : :  . ‘.~
. 
-~~~~~~~~~

RETURNS

PRODUCT ION

D 0+30 0÷60 0+90

CONTINGENCY DAYS (D)

~
““

~~ 
FULLDA IL Y  

_____  
50% DAILY

LEGEND: I - ~I REQUIREMENT i.., ,.__ 1 REQUIREMENT

Figure 5. Tim e Flow Chart , Scenario V.

2. I~~oaç~ . All usage requirements are available from ir . ,~entory
and production on D’-day . The production rate remain s unchanged
throughout the contingency period . The material stockp ile must be
sufficient to support a dail y production rate equal to 50% of the daily
usage rate until D+60 in order to accommodate the estimaed 60-day
acquisition lead time . However , materials must be ordered at 0-day to
ensure availability for production during D’t’60 through 0+90 .

0. Scenario_V I .

1. Description . At 0-day , a sufficient inventory of kits is
ava ilable in additio n to the hard toolin g required to begin production .
However , the material stockpile for the production of new kits has not
been maintained ( figure 6 ) .

INVENTORY ‘~~~~~~~
.‘.‘..‘ . . . ‘. , ‘.‘,‘:::~~:;:~~~ :• . . . ‘ . - . . . . . : : , : : ; ~~~~~

. ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . 
_____________

RETURNS

PRODUCTION

D 0+30 0+60 0+90

CONTINGENCY DAYS ID)

~

“,‘

~~~~
——

~ 
FULLDA ILY 

_____  
50% DAILY

LEGEND : I.~ . I REOUIREMENT ~~~~~~ R E Q U I R E M E N T

Fi~ ure 6. Time Flow Chart , Scenarios VI and V I I .
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2.  lm,pact . (Discussed in scenario V I I .  See’ paragraph
I V . E . 2 )  - .

F .  Scenario V I I .

1. Descr~p,~ion . An inventory of k i ts , sufficient to support
100% of the daily usage requirements from 1)-day throug h 0+30 and 50%
of the daily usage requirements from 0+30 through 0+60 , has been
established throug h a reduced production rat e using limited soft tool-
ing. Hard tooli ng, which is required to increase the product ion rate
to 50% of the requirements , has an estimated acquisition lead time of 60
days .  Therefore , full production begins at 0+60 ,

Example : Assume that  an inventory of 45 , 000 kits has been accumulated
over’ a period of 450 days prior to 1)-day at a rate of 100 ki ts
per  day .  Th i s could be accomplished with soft tooling, which
would not be suitable to make any significant contribution to
the  production of new kits  during the contingency . Fot ’ clar-
i ty  , cont inued production with soft tooling a f t e r  1)—day is
omit ted

2. !mpact ( Scenarios VI and V I I ) ,  Full implementatio n re-
quirements  from D-~~ay to I)+30 are provi ~1ed ft ’om inventory . I nventory
must  also be suff ic ient  to meet 50% of D+30 through 0+60 usage rate .
Production rate on 0+60 will be 50% of the daily usage ra te .  Procure-
ment of materials (scenario V 1) or hard tooling ( scenario V II ~ for I)+60
through fl+9() production mus t  he in i t ia te d  at f l -day ,

F.  Scenario V I I I .

I .  Descr~ption . P t ’oduct ion during contingency is not p lan-
ned . The’ 90-day contin gency requirement was produced over a long
period of time using soft tooling (see scenario V I I )  and main ta in e d  in
inventory un t i l  f l — d a y  ( f igure 7 ) .

I N V E N T O R Y  , , , . :•.“.‘ .~~ . ,.. ‘, . . ‘.. , .
~~~~~~ . : : . .

~~~~. . . . .  ,. : : . . .... 

R E T U R N S  ‘-.
.. . . ‘ . ,“.“... “.“. ..‘- - -

~~~
.‘ .‘ . .5 

PRODUCTION

0 D+30 0+60 D+90

CONTINGENCY DAYS (0)

~~~
“--.-.-.‘

~ 
I - ULLDAIL Y 

______ 
50% DA ILY

L E G E N D :  L-.,_,,~~~i R F OU I R E M E N 1  I . - - - . . .  —1 REO UIRI .M ENT

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F igui 7 Irm How ( h-it t “n t n i n o V I I I



2. Imp act . Ful l  implement  at ion is possible ’ at 1)— c lay ‘I ’t it ’
invt ’n tory  mus t  be’ suffic ie ’n t to su s t a in  dai ly u sage reel i i  tre ’men Is h u
the ’ dui ’at ion of cont ingency

V .  A N A L Y S I S

A . Ba sic ’ Equ ation . ‘I ’he ’ preceding sce’narios ill u st rate how the ’
daily I’cqukeme!nts for a r est i’aint system may he met from inven t oi ’y of
k i t s  k i t s  produced dur ing the contingency for immediat ( ’  use’,
when appl icable , re turned rest raint systems from previous sh ipmen t s
This may be e’xpresse ’d by the ’  e ’ehUa t iOI~

N~~~~l . P . R

Where ’ :

N ‘I ’he’ t o t a l  daily usage re.~quirement  ot. supp ly

I I )a i ly inventory  depletion ra te

P l) ai ly product ion ra te

B Re tu rned  r e s t ra in t  sys tems

The’ following symbols will be used to denote’ spe’cific periods dur-
ing the ’ con t in  ge’ncy

SYMBOL, SR~N I h:lES TIlE PERIOD FROM :

A l)ay 1 t h rough  30

U I) ay 31 t hr o u g h  60

C l) ay 61 t hr ou gh 90

14 , ( ‘ak’u Ia t ions of ‘‘A” Period - ‘l’h rou gh put  requ ir eme ’n I s of I , 000
conta iners  per day wil l  be used (see’ table ’  2 ) .

hi — I 
* 

i~ + 4A A A A
‘I’he ’ U term in the ’ t ) asic e’qUat  ion is 0 during I he ‘‘ A ’’ pe ’riod

since ret u rns  do not begin u n t i l  the ’ “B ’’ 1)e’I’iOci , ‘l ’he’refore’ , fo r  t ii is
period I he ’ e’q u iit  ion re ’diice ’s to :

N A ~~ * ‘ A

—.-— —5— .- — - - —‘
.
~~
-
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1. Scenarios I , I I , and I I I .

N A 1 A 
+ 

~~~ 
but

‘A 0 since no inventory was maintained and

0 due to lead tim e re quirements ; therefore

N A 0; i . e . ,  no JRSK I TS can be provided for t hese
situati ons .

2.  ~,. t:~oJy .

can be determined since tooling and materials are
available .

‘A U since no inventory has been maintained ;
therefore

N A = 1000 = i . e . ,  daily usage requirements are
met through production .

3. Scenario _V .  An inventory has been maintained and pro-
duction is possible . Assume that both contribute equal ly to the daily
requirement.

N = 1  + p orA A A

1000 500 + there fore

= 500 ; i . e . ,  dai ly requirement is met b y both
inventory and prod uction .

4. Scenario VI , V II , and V I I I .  Production is blocked
0), but an inventory of kits is available .

N A 1000 1 A~~~
0

‘A = 1000; i.e., daily requirement is met totall y
from inventory .

C. Calculations of “ B” Period . (See table 2 . )

N B ‘B + 
~B + R B

1. Scenarios 1 , 11 , and I I I .  The results for these scenarios
are exactly the same as f6r the “A” period . Pro duction is still blocked
by the lead times for materials and/or tooling. No inventory was main-
tained at 0-day , and returns (R B 50% N A ) are nonexistent (N

A 
= 0 ) .

Therefore , due to the conditions imposed there will again be a shortfall
of I RSK I TS (N B = 0).

10
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2. Scenario IV.

N B 1B + P B + R B NB 1000

‘B 0

R B 5O~O N A 500

1000 = 0 + P
B

+ SOO

500

3. Scenario V.

N B 1B + P B + R B N B = 1000

‘B = 0

RB 
50% NA

_ SOO

N B = 0 + P B + SOO

P = 500B 
p

4. Scenario VI and V f l .

NB 1B + 
~B ~ R B N8 = 1000

= 0

R B ~
o
~

1
~A 50O 

L

NB B~~~°~~~
50°

‘B = 500

5. Scenario Viii .

NB 1B + 
~B + R B N B = 1000

P8 = 0

R B = SO% N A = 500

= 500

11



0. Calculations_of ”C” Period . ( See table 2 . )

Nc c c ~~~c
1. Scenario s I, II ,  and II I .  Production is possible during

this segment , but Rc = 0 since there was a shortfall in the precedin g
segment (N B = 0).

The equation becomes :

N c ~~c +~~c + R c Nc = 1000

= 0

Rc 0

N c 1000 Pc

2. Scenario IV.

N c I c + P c + R c 

~: 
:~~~

00

Rc 5O% N B SOO

1000 = O + P
~~

+ 5OO

500

3. Scenario V.

N c lc + P c + R c N c = 1000

I C = 0

Rc 50% N 8 500

1000 = 0 + 
~c + 500

500

12
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.1. Scenar ios VI and V I I

N C = I
~ 

+ P t,. • R~ . N c 1000

l
~ 

0

R ( . = 50% N
1~ = 500

1000 0 + P~, + 500

= 500

5. Scenario VIII.

N (. I
~ 

+ Pc + R e N ( . 1000

P
~ 

0

R e 50% N B = 500
1000 = l (~ + 0 + 500

= 500

V I .  R A N K I N G  OF SCENARIOS

A .  Effective ness R a tio . From the data in table 2 , it is nowpossible to establish a basis of compari son betwe en the individualscenarios - An effec ’ti~’eness ratio (F: ) will be formed to measure a
Sc’t’fla rio ’s act ua I performance’ ver sus the required performance

— ACT U A L ,  THR OU G H PUT ( N ’ )1’. — 

REQUIRED THROUGHPUT

Since the maximum possibl e for any scenario is to sa t is fy  thethrough put  requirements fot’ 1000 conta int ’r s pet ’ day for 90 day s . we’now have :

- ACTUAl .F. - 90 ,~~~

The act ua l performance of a scenario would be the number  of
container loads which ma be shi pped under the conditions of tha t
scenario . ‘l ’h is may be determined fro m the flow charts or directlyfrom tab le’ 2 . “Throughput  — Total (N ‘ )“ -

-5— .— ‘ -5— .- - - -5 -5— -~~ - -- -~~~ —- 5 ~
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For Sce narios I , Ii  , and I l l

F 30 . 00()
- 90 000 - -

For Scenarios IV t h rough  ~‘1ll -

F 000 1 0

l’his was ant ic i pated . since’ scenarios I V t h rough  ~‘ I l l  were ’
devclope’d to achieve ful l  imp It ’menat ion l)y one met hod or anot  he ’ t~Whe’reas Scenarios I , I I  . - and I I I  we’re’ e’onst ra in e ’d to pi’o~’ ide ’ cie ’lave ’d
implementat ion - Therefore ’ . ( F )  can also be’ conside’red a me ’asur e ’me ’nt
of readiness , with a value of uni ty  ~.l .0) indicating rt ’adine ’ss at  f l — d a y
and va lue ’s less tha n u n i t y  ind ica t ing  eit her clt ’la e’d imp le ’me ’n t at ion or
a shortfall at some point in the ’ contingenc -

13 . Examp les of Heu sabi l it  v -

At t h i s  point two m in i— scenarios will  be’ m t  roduc ’e’d sole ’iv for
tl lust rat ive ’ purposes . These’ scenai’ios have been cre ’at ed to t ’mph a si ;e ’
how re’u sab ilj tv  of the ’ re str~i in t  sy s tem improve’s the ’ e’ffe ’ct iven e ’ss of t
se’en3t’io . Since ’ sce’fla rios IV through V i l l  already have ’ an cffe ’ c’t ive’ —
ness of I 0 and max in i i~e the ’ re’use capabil i ty  of IR SK1 t’ . the  remain%n R
scc’narios ( I  - 11 , and I l l )  are used as th e’ basis of comparison l’hese
fle ’W scenarios will  h ’  equated to cost th e  same as ~~~~~~~~~ I . I I  . and
I I I  . i . e’ . . 30 , 000 k its but will  be implement ed earlier in the ’ cont ingency

Essent ia l ly , the ’ same’ 30, 000 k i t s  (and only t h a t  amount ’)
which we’re’ not available u n t i l  late in the  cont inge’ncv . Period C)  ii i
scenarios 1 , II  . ant I  I I I  will be’ made available in t’ar lj t ’r periods ot’ the
cont ingency -

~I’he’ t ime flow char t s  are shown as figures 8 and ~ an ci t ahu —

lated results are list ed in table 2 , bu t  the ’ calculations art ’ omi t t e d

I - Scenario X -

a . I)escript ion . Modified scenarios I . I I  . aIici I l l  w i t h
Ie:i d ti mes red uced from 60 days to 30 day s  - Stockpile ’ con ta in s  mate-
rials for 30 days of ful l  product ion (figure’ tO .

h - Imp act . Full impleme’n t a t  ion only dur ing  “ 14” pe’riod
and 50% implement at ion durin g “C” period

14
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INVENTORY — _____________

RETURNS — — _____________

PRODUCTION — 
: - - - - - - - - 

_____________

0 0+30 0+60 D+90

CONTINGENCY DAYS ID) 

~ 
FULLDA I LV  

_____  
50% DA ILY

LEGEND: I ‘
~~~_~~~] REQUIREMENT ~~~~~~~ REQUIREMENT

Figure 8. Time Flow Chart , Scenario X.

2. Scenario Y .

a. Description . Modified scenario VI I I  ( figure 9)
30,000 kits in inventory . Contingency starts before full inventory
(60 , 000 ki ts )  has been obtained; no har d tooling or materials acquisi-
tion initiate d .

INVENTORY _:~~ ----- —-5— —-5—

R E T U R N S  ____________ 
: . - : - ~ ., . . - . - : - .- ,.- -  . . .. -.-.-..,-....~ 

PRODUCTION ______________ _____________

0 0+30 D+60 )+90

CONTINGENCY DAYS (0)

~~~
- -—-

~

--

~~ 
FUIL DAI LY 

_____  
50% DA ILY 25% DAILY

LEGEND: I - —I REQUIREMENT ~~~~~~~ REQU IREMENT - - REQUIREMENT

Figure 9. Time Flow Chart , Scenario Y .

b .  Impact. Full imp lementat ion only during “A”
period ; 50% during “B” period and 25% during “C” period .

15
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The results of these two mini-scenarios are included
in table 2 for ready reference and comparison with the other scenarios .
I t  has been earlier stated that as E approaches or equals unity (F =

1. 0 ) ,  readiness from 1)-day is increased , i . e . ,  Scenario X ;  F = 0.50 and
Scenario V :  F = 0.58 3 . However , it should be again noted that the cost
(Q’) was the same as for Scenarios I , 11 , and I l l  which had F 0 . 333 .
Thi s is solely the result of reu se . In effect , the earlier implementat ion
of X and \~ permits 30 , 000 kits to do the work of 45 , 000 or 52 . 500 ( N ’ )
units respectively .

C .  Relative Cost of Scenarios . When comparin g the scenarios ,
the relative cost ~or cost di(~~~ence , if any ) must be determined . ‘l’he
pr imary cost variables among all scenarios discussed herein lie ’s in :
( 1)  the an~ounts  of materials consumed (in the form of kits or a stock-
pile of ki t-set  equivalents )  and ( 2 )  the tooling required .

1. Materials R~~ uired . There appeal’ s to be no difference
in the material requirement for any of the full implementat ion scenarios .
This is true for materials where stockpil ed as “k i t  eq uival ent  sets ” or
actual kits  in inventory before D-day . ‘l’his also applies to materials
p rocured for in-contingency production to he fabr ica te ~cl anti installed
into containers directly . Table 2 (Q = I ’  + P’ ) shows tha t  60 , 000 kits
(or equivalent materials ) will p rovide fu ll a n -~ immediate implementa t ion .

The following chart  ( figu re’ 10) has been derived from
table 2 a nd is a graphic representation of the full imp lementat ion
scenar ios ( IV through V I I I ) .  Al] have 1h ’  same material cost (Q = 1’ +

P ) since the ’ same total  q u a n t i t y  of kits (60 .000 ) is involved.

60 — SCENARIO V II I  _______

1

45 ~— SCENARIO VI, VII —H

30 _ _  _ _  —- - - 5  _ _  —5—- —-— _ _

15 -—--- - - - - — — SCENARIO V

0 - — SCENARIO IV —0 15 30 45
KITS PRODUCED DURING CONTINGENCY (P’)

Figure 10. Full Implementation

17
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It can be shown that any other scenario which fails on
a line connecting the points ( i . e . ,  combinations of I’ and P ’ which total
60 , 000) will also provide full imp lementation . However , construction of
the actual scenario and its flow chart may be somewhat more complex
than heretofore shown .

2. Toolin g. At this poin t , the subject of tooling and the
manner by which it relates to the scenarios will be examined . Table 3
lists the tool type required and periods of usage . Toolin g require-
ments are related to production requirements and will for estimatin g
purposes be taken to be directly proportionate to the production rate .

Referring to the preceding material (figures 3 through
7 , table 2 and section V) two in-contingency production rates appear .
These are 500 and 1000 kits per day (equivalent to 50% and 100% of full
daily requirement or 15, 000 kits and 30 , 000 kits per contingency
period). Assigning a value of one tool set to that quantity of equip-
ment needed to produce 500 kits per day , than two tool sets would be
required in order to produce 1000 kits per day .

A ratio may be formed from which the utilization of hard r~.
tooling by a scenario may be measured and compared to the other
scenarios . This ratio (T u ) wifi be formed using the quantity of tool
sets ~~Tr ) and the quantity of kits produced by that quantity of tool-
ing. This ratio takes the form of either:

T~ ~~ -~~ or

T~ 
= depending on the scenario constraints .

For scenarios I , II and III
T

P - i
~u ~~P’

Tu = 3Q~OQ = 0.67 x l0 ’
~ tool sets per kit

For scenario IV

T~ = 60000 . 033 x tool sets per kit

even though one of the tool sets will be surplus during periods B and C.

18
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For S~’e~iL r’ to V , 1’ = I which was w’.t ’~I in the  pre—
con I ingen cv t o lab I • l~~~u l  e the ’  i nven t  orv ~. I ) of ’ 15 . 000 k i t s  -

- I 1501)0I — 

1’’ 45000

I — 10 I i  x 10t~0t. )0~.)

St’e’Ilari o \ ‘l yields t he  same resul t  as scenario V due to
a longer pre — cof l t i nge ’ncv production and there fore ’ , a larger in v e nt o r ~from hard tooling wh ich  is sUI ) seque ’nt lv use’d f or  a smaller  in c o n t i n —
~z c n ~ y production -

Scenario \‘lI u t i l i~ cs both soft  as well as hard  tooling
l) isrt ’gar ding th e  soft  too l ing ,  the  tool u t i l i z a t i o n  factor’  

~~~ 
) for t he

hard  tool ing may be ca lcu la ted  as :
1’

=

15000 0 - t~~ x 10

Scenario \‘ I l l  docs not require hard tool ing,  and ther e ’—
fo i ’~’ , a ut  i l i , ’at ion factor  is not app licable -

I t  is apparent  t h a t  th e  lowe st  values of T
~1 indicate  the

scenarios which u t i l i ze ’ hard tooling to the greatest  ex t en t  -

Table 3.

TOOtING TYPE CONTI N GENCY PEHIOI)S
SC EN .-\RIO TOOUNG 1, TI IJ ZA— H

SOFT HAR l) .‘\ B C HEQ ’D (T1.)

I — X — — — X 2 0.67
II — X — — — X 2 0. 67

III — x — — — X 2 0.67
- X - — -

P 0. :~~- - - - X X 1

V - X X X X X 1 0. 17

— N X — — X I 0. 17

N - x - - - 0
VII 

— — —

VIII X - X - - - 0 
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‘l’he t irn e’ f l ow  ch a r t  s figu re ’s ~3 t h r o u g h  7 ~ -r - -
v i ous lv  Used to g raph ica l l y  &Ie . r 0 e  t he source s fo i  1n— ~’on t i ng encv
usage and to  determine requi r en ien t s Similar  c h a r t s  i1s~ a ~

‘ - a s t - l u  I
for  show l u g  p r e — con t i ng encv  product  ion based on ev a i l ah i l i t  V ~t t di ng
Figur e ’s  11 t h rough  14 show s c t n ; i u ’ uos V t h r o u g h  \ ‘ l l l  . S~~~- n ; i r i os I ,  11
I I I  and IV are Oni it ted sim’e ’ no p!’t ’ — i ’ofl t  inge’nt ’v p r o d U c I~ on Is  in~’o ve ’d
It  should be’ noted t h a t  p!’t’— c o n t r n g e n c v  p roduc t ion  is shown is com-
men cing on 1)— day  m inus  the ’ nu mb e ’r  1 day s  t h a t  th e ’  le ve l of di n g
a llows to a c c u m u l a t e  the ’ inv en tory  of comp le ’t e’ k i t s  1 r each scena i i
A c t u a l l y , t h i s  p r e — c o n t in g - en~’v p roduc t ion  could occur ’ in ; in v  o t h e r -
period of equal length prio r to 1)—da y , i . e  . , fo~ sce nar i o  \‘ f i g u r ’ 11)
the  product ion could tak e  place from I ) — 7 7  to  1 ) — I ’  - or ’ from 1)—hi t o
D— 3 l , e t c .

:3 . Res idua l  V a lue  . If  ea~’h sce nar io  could be repr’e sen te d
by an account ing  ledger sheet . all expendit u i’ i ’s for  m a t e r i a l s  and I ‘cl-
ing would be classified as deb i t s  - The cred i t  side ’ of t h e  ledger would  F
carry the  sa lvage  value in the event t h a t  a cont ingenev n ever  a ros e
or if highe r’ technology made I R S  K I 1’ o b s o l e t e  bet o r e ’ it  was ever i~u t  I I I —

The I R S K I T  sy st em cons i s t s  of s t an d a r d  h a r d w ar e  and
modif ied  basic mater ia l s  - The s t a n d a r d  h a r d w a r e  ( n u t s  . bo l t s  . washe r ’ s
shack les )  c o n s t i t u t e s  about  15~ of t he cost of a comp lete  sy s t e m  - ‘l ’h is
por t  ton would t’ t t  am i ts  marketabi l i ty  sinc e ’ it remains  is pu rchas ed  and
it could prol )ab ly be’ disposed of at a lat e r  da te  at close to t he  or ig ina l
pu r ’cha st ’ price . ‘l ’his a lso applies to t h e  s tockpi le ’  of basic m at e r i a l  for
i n — c o n t i n g e n cy  product io n  - I n v en t or i e s  of complete kits containu ’t g
machined and f inished components would probably have l i t t l e  va lue
other ’ t h a n  as scrap me ta l  and th e  15’L st a n d a r d  h a r d w a r e  por t ion , A u i v
special tooling or fixturin g is not expected to re t a in  more t h a n  scrap

H value , but  s tandard  mach iner ~’ such as dr ’il) presses , g r ind ing  ma-
ch ine s ,  e tc .  would re ta in  close to t h e i r  ful l  value in th  same m a n n e r
as discussed above for s t a n d ar d  ha rdware  and b a sic  m a t e r i a l .  h ow—
ever ’ , no es t ima ted  per centage s  can t)e given at  th i s  time

Table 4 s um m ar w .t’s t h e  above as ivell as l’ t ’v it ’ws t he
expend i tu res  required by each scenar io .

‘1
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V I I ,  SUMMARY AN I )  SCENARIO RE CO M MEN I )A TIO N S

Herein presented is a procedure for’ analyzing and evaluat ing
read in ess and implementat ion options per ’taining l e t a rest rain t system
for transporting ammunition in commer cial interinodal containers . This
procedure might also apply to other types of equipme nt cant ai ning simi-
lar elements. Some of the elements considei’ed were r eus ahiht y . in-
contingency production , lead time , material stockpile and kits inve ntor y .

Simplified scena rios containing these elements have been construc-
ted in an effort to minim ize ’ complexit y while maintaining c l a r i ty .  The
approach taken is judged to be straightforward and sui tab le  for refine-
ment or expansion if desired .

Before a recommendation is made regarding scenario selection , it
is acknowledged that  budgetary and program completion goals have not
been included . These and other factor’s would have ’ a considerable
bearing on the f inal  selection of a scenario . For ins tance , if readiness
requirements were less than 1 year’ away , scenario V I I I  would not be’
a viable one due to its long period of i nven to ry  act’umnlal ion . Bud—
getary constraints could restrict the  inventory  of large q u a n t i t i e s  of
kits for a contingency which may never’ occur.  If th i s  were’ so , then
scenario V I I I  would be subject to el imination , Scenarios VI  and V I I
eou id also be el iminate d since they  also present Ia rgv in yen tor ’~’ re-
quirements and gain l i t t le  from in—cont ingenc y production - Accordingly
each of the ’ full implementation scenario s ( IV  through V I l l )  may gain or
lose appeal in areas beyond the  Scope ’ of th is  s t udy

Evidentl y . the “broad brush” I r ’eatment take ’n is not wide e’nough
to cover the  foregoing. Yet it is too broad to reve’al the ’ f iner  d is—

m e t  ions he’tw een th e ’ scenarios - The discussion of the scenarios has
centered on mater ial  and tooling Since’ these are’ reflected in the
th roughpu t  capab il i t ies  - Other  r’e ’quirement s have been omit It ’d but
they do exist  and should be mentioned . Several of these ’ would be
ranspor ’t at ion , warehous ing , personnel resources and t r a in ing  - I t  is

assumed t h a t  in a contingency adequate ’ amounts  of e ’vervt h ing could be
obtained ‘l’he point is t h a t  quant  it ie’s and t iming  of these ’ ancill ary re—
quireme’n t s should undergo a similar’ e’ x aminat  ion in a scenario fram e—
work as did mat e’rials and tooling -

R e t u r n i n g  to the  ana lys i s  of t he  ful l  implementat ion  scenarios it is
r(’commended t h a t  a mode’ra t i n  g approach which use ’s a combination of
m i t  i:rI sources (invent or ’y and in—cont ingenc y  production ) as described
in SCefl~1r’ie) V be ath)pte d

This requires an inventory f i r s t  of all - Of all t he  sce’nai ’ios re-
quiring init i a l  inventory  • scenario V requires the  lowest commitme ’nt
( table 2)  - That inventory  does not have ’ to be’ in the  form of crated
stored and previously unused ki ts  as herein depicted . Hath e ’r  . these ’
15000 kits could represent the “ cont ro lled” port ion of a somewhat larger ’
to ta l  q u a n t i t y ,  some of which are’ insta l led in containers and in use -

The “ cont rolled” portion represents the minimum number ’ which is
a lways r et a ined ( ‘ONUS , av a ilable for ammuni t ion  sh ipments  -
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Scenario V’s inventory would have been fabric ated in the pre-
contingency wit h the one set of hard tooling as require d for in-
contingency production . When this production run for inventory is
completed , the hard tooling could then be placed in storage along with
a materials stockpile . Both tooling and materials would be removed
from storage at D-day to commence in-contingency production . As in-
dicated b y the tool utilization factor (T a , table 3) scenario V makes
optimum use of its tooling. Scenario VI also achieves the same tool
utilization . However , scenario Vi incurs a large inventory of kits
which would be a disadva ntage in term s of residual value (table 4) .
Scenario V has the added advantage of a un iform continuous in-
contingency productio n run ,
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