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ARSTRACT

Naval Air Rework Facilities (NARPs) are the major irdustrial
component of the Naval Alr Systems Command. In the accomplishmernt
of their industrial mission, the NARFs require ar extensive range
of material to support thair wvariocus production programs. Low
cost, high wusage material 1is managed by a concept knowr as
Pre-Fxperded Bin (PER). The PER material tyvnically receives
l1ittle maragement atterntion ard has beern the source of criticism
frorm perindic material management audits. Auditors have estirated
the value of PEE inventories to be about oce millior dollars gper
NARF. This thecsis proposes a syster to irprocve PFE menagement by
formalizing the decision rules aprd providing a method of
gathering required derand 4data. The thesis is concluded with a

discussicn of some cf the implementation consid=aratiorns of the

proposed system.
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I. INTRODUGTION

A 1list of reasons for holding inventeries is fourd in almost

f
:
]
i
i

every textbook containing irnformation on the sudbject of invertory
ranagerent. One of the most important reasons citei 1is the
decoupling nature of inventories. When material 1is held irn
inventory, it allows a certain amount of independence betweer
various steps of a production process that would not otherwise te
possibdle, As a simple analceRy, imagine how difficult it would bde
to prepare meals at home if no stocks of food wer2 maintained
there, and all food had to be purchased before each meal.

This paper will address the productior support inventory
maintained at Naval Air Pework Facilities (NARFs) krowr as
Pre-~Expended Bin (PFB) material. This material is reccgnized to
be only a very small portiorn of the overall NARF operetior arnd is
very low on the opriority 1list of 1{items demanding management
attention. Eowever, 1t 1s ©believed that this increases rather
than decreases the value of this discussion because this 1is an
area that typically receives very little managemert attention.

Backgrourd informatior concerning the NARFs, the sureoly
system that supports them, arnd the value of inventories will Dbe
given, A survey of NARF inventory maneagement practices will
follow the dackerocund information. And firally. a proposed systiem
for rmanagzerent of PEB material as well as comments c¢n the
practical 1implementation 1issues of the proposed syster will bYe

presented.




I1. BACKGROUND

A, NAVAL AIPR RFWCORK FACILITIES

The major industrial component of the Naval Air Systems
Command consists of the six Naval Air Rework Facilities (NARFs)
located at: North Islard, California’ Alameda, Californias
Norfolk, Virginia; Pensacola, Florida; Jacksonville, Floridas and
Cherry Point, North Carolina. These six NARFs erploy
aroroximately 25,289 persons and provide an extensive range of
organic rework and repair capadbility. (Ref: 1)

The major production programs at the NARFs are typicelly
aircraft, missile, engine, component, and other support programs.
The alrcraft and missile programs i{nclude overhaul/repair on
weapons systems {(such as the A-6 aircraft or Sparrow missile) and
major programs such as the F-4 Service Life Extension Program
(SLEP). The englne programs include repair and regularly
scheduled mairntenance on ergines that have been remcved fror
aircraft. The component programs such as B¢g8, CLAMP, aad
HI-BURNER are for repalr of components that have been removed at
an operating site and returned to the NARF for revair. Upon
corpletion of repair, these 1tems will be returred to the
inventory of ready-for-issue (RFI) assets availabdle to fulfill

future needs.

B. NARF SUPPLY SUPPORT SYSTEM
NARF material supply support is provided by the Navy Supply

System. A clear picture of this system is somewhat difficult to
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present due to descriptive terms such as wholesale, intermediate,

and consumer level stocks which are not clearly defined, The
supply system is organized around logistical support requirerents
and, as a coasequence, some activitlies manage more than cne
classification of material and in some cases the same material
seems to have more tharn one classification.

In eeneral termg, the wholesale category applies to haterial
that s contrelled by a centralized Inventory Manager (IVM)
through  Trarnsactior Item  Reporting (TIR) procedures. The
inventory manager is normally 1located at one of tne major
Inventory Cortrol Points (ICP) or Hardware Systems Commands
(ASC), while the material is panysically stocked at a major stock
point. A major stock point 1Is arn activity such as a Naval Supply
Center or Naval Air Station. FHowever, part of the definition
difficulty for wholesale stock results from the positiornire
policy. Since some items are stocked at Naval Alir Stations and
Naval Shipyards where the material 1is also used, the term
"wholesale" seers somewhat imprecise.

The intermediate level is defined by default as “ary level of
stock positioned between wholesale and consumer levels....
(Ref:2) This 1includes the Retail” system which is material
centrally managed at the wholesale level by the Defense Logistics
Azency (TLA), Gereral Services Administration (CSA), cor other
services, dut is funded by the Navy Stock Fund and pre-positioned
at a Navy stock point. At the retall level this material is
controlled by Navy inventory policy. The intermediate level also

ircludes the material <carried ornboard the Modbile Loeistics




Support Forces (MLSF) in support of operating units.

Additionally, material «carried inm Shop Stores, Ready Supply
Stores, and Servmarts 1is considered as intermediate level
material.

The corsumer level of inventory includes the shiphoard stock
carried in non-MLSF ships and ashore 1inventories for oreanic
support of operatine activities not resporsible for supply
support of other activities.

NARFs appear to be directly supported by all three levels.
Much of the material used by NARFs is carried by the Navy supply
system as wholesale stocks and is positioned at supply certers
and alr stations. This is true for intermediate level ‘retail”
stock as well.

At the consumer level, tne NARFY has material carried under
several different stockirg policies. Lirect Material Inventory
(DMI) is material ordered for specific jobs andi held in temporary
storage awalting the start of that job. Customer Furnished
Material (CPM) is similar to DMI in its identification for use on
a specifi ob} the difference is that the CFM is procured by th2
customer and provided to the NARF.

NARFs also carry material termed as Material and Supplies
Inventory. At the time of procurement this material {s nrot
identified to a specific Jod bdut rather 1is stocked for
anticipated future reqguirements or is stocked as i{rcsurance to
protect against production 1line shutdowns. This material is
further classified as either Navy Industrial Fund (NIF) Stores or

Pre-Zxpended Bin (PEB) Material depending on the mrethod of

19




storage, issue, ard accourtinez procedures.

From the preceding discussion it can be seen that the supply
system that supports the NARFs is indeed complex. One reascn fer
this 1s the scove of the work verformed by the NARF. Although
they may be external to the NARF enviroﬁment, there are a numbd=ar
of other factors that contribute to the complexity of the supply

system and impact on its support of the NARFs.

C. THE VALUZT OF INVENTORIES

Amorg the many things requiring the atterntion of inventory
ranagers are the inevitable periodic audits and inspectiors
designed to evaluate how well material is 1Yeing managed. Since
excess inventories are so often cited as a commron ard recurringz
prodlem, it 1s opessible to conclude that 1nveateries are
sometaineg that should bve minimized. This 1{is =rot a valid
conclusion. Inventories serve an irportant furctior.
Creanizations that carry mirpimal 4inventory 1levels can irncur
extrerely high oroduction and distributior costs. (Eef: 3) CThis
is, in fact, the basic prirciple underlyizg “modern” or
“"scientific” inventory management, which has the goal of devisinaz
a method for determining optimal irventory policies for the givern
situation.

It should be noted that quite cften an accurate dazscripticn
of the situation is the most difficult step ir this process ard
is the source of much controversy. The 2xact nature of the ccecsts
resulticrg from positlionine, havine, or =rot havirez ar item in

inventory can be very difficult to obtaia and Justify. Wewever,
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from a conceptual viewpoint, the prodlem seems reasorably clear.
The costs assoclated with an inventory system can be grouped into
three categories:

1. Procuremrent Costs

2. Holdine (or carryine) Costs

3. Stockout Costs
Further, ir the <classification of <costs, it 1is a gernerally
accepted principle that onrnly variable costs are considered ir the
analysis of the deptn of lnventories. The f1xed costs have ro
impact on the final decision ard can be ignored to simplify the
process.

Procurement costs are tae costs incurred as a result of the
ordering process. These include such items as determining that arn
order 1s necessary, placing the order, processineg the receipt,
storing the raterial, and documenting the above actlons.
Frocurement costs can he reduced by making relatively laree,
infreguent orders.

Costs associated with the existence of inventories aeare
corronly referred to as holding costs. In general, these costs
include elements such as as storaee and hardlire, taxes,
insurance, spollage, obsolescence, vilferage, and opvortunity
costs. These <costs can 4indeed be very difficult te accurately
quantify and are usually simplified by assuming they exhibdit e
linear relationship to inventory investment levels. (Ref: 4) They
can then be expressed in terms of cost per year per dollar of
average inventory ipvestment. Folding costs can ©be reduced 1ty

keeping order quantities small and, hence, work {inr direct
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opposition to vrocurement costs.

Stockout costs are incurred when material is needed Ddut 1is
rot 1immediately availadble, These costs, 1like the procurerent
costs, require relatively large infrequent orders fer
minimizatior. The quantification of these costs has lone beer a
d1fficult question that is sometimes impossible to answer. As a
result, two separate approaches have been developed to address
the {ssue of stockout costs in inventory models. One method is to
explicitly cost out the shortages and then minimize the total
relevart costs. If it 1s too difficult to assign a value to
stockout costs, another approach is to specify a cesired service
level. (Ref: 35) This desired service level has imbedded irn it
some implied shortage cost ard is used as a constraint i tre
model.

Superimposed over the cost structure i{s a sot of ccnstraints
that place real 1limits on what can be attained. Typical
coenstraints include such thines as the ever-present bdbudget limit,
workload capacity, space limitations, mirimum order requirerents,
or required service 1level. The prodlem to be solved is then te
determine when and how much to order to maintain a DYdalarnce
between ordering, holding, and shortage costs while not violating

any of the coastraints.

D. SHOFTAGES AT THE NARF

From the viewpoint of the NARF, material supply is a key

element ir the production process. If material iIs not availabdle

at required times, plans and schedules become worthlsss and the
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cost of operations increases rapidly. Material shortages affect
the NARF production by <creating production inefficlercies arnd
delays, thereby reducing the output ircto the distribution
channel. The end result of this is an overall ircrease in the
cost of operations. Unforturately, a recent attempt to evaluate
the effect of shortages at NARF Alarmeda <corcluded thet
informatiorn required to assigr a monetary value to shortage costs

was not avallabdble in the current data base. (Ref: €)

E. NAVY INVENTORY MANAGEMENT

The determination of the correct amount” to order or the
depth of stock of an item is not a trivial prodlem., This has bdeen
and will surely continuve to be one of the most challenging
problems faced by the Navy Supply System. There are different
systems and methods employed at the differert levels that try to
resolve tnis questicn.

The majority of the centrally marnased wholesale material 1is
rana2ed by the Uniform Inventory Control Program {UICP) at the
Ships Parts Control Center (SPCC) ard the Aviation Supply Cffice
(AS0), which are the two major Inventory Control Points (ICP).
There is a smaller portior of this type of material that 1is
menaged by the Fardware Systems Cormands (HSC) which, in genreral,
use marual procedures with more personal attention to each iter.
The 1intermediate 1level material {s managed by the Uniforr
Automated Tata Processing System-Stock Poirt (UALPS-SP) cr the
Shipboard Uniform Autorated Data Processing System (SUALPS',

deperding on where the material is stocked.
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The UICP, UADPS-SP, and SUADPS models are relatively cecmplex

inventory models desigred for general inventory management of a
large numbder of line items in supoort of the Naval 2stablishment
ard are desizned to implement the policy of the Naval Supply
Systems Command (NAVSUP). They are all sublect to the centrol of
the Fleet Material Support Cffice (FMSO) which s the central

design agency.

¥. D¥YMAND FORECASTING

An 1irportant pvart of inventory control is sore form of
forecasting technique to predict future requirements. This is due
to the fact that decislions need to b2 mrade in the opreseant to
provide support for future operations. The Navy systems mernticred
above are all based on the projection of historical demani to
forecast future reauirements. The assumption is made that each
item 1is 1indeperndent of all the other items arnd will cortirzue to
exhlbit vast dermand patterns in the future. Thls may not always
be an appropriate assumptior.

In & manufacturing environment. basically the only iter with
independent demand is the final product. Cnce the firal vproduct
quantity 1s deterrmined (by whatever method) the requirerents for
all the individuval subcomponents that mak2 up the final product
car be determined by their relationship to the fiaished product.
While this concept sounds quite simple, the actual implementaticn
of it is usually complex. This is due to the amount of detailead
information necessary to accurately translate the final product

demand down to the subcomponent level, to keep this information
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current based or engireerirs chacges, and to continually evaluate
the effects of production schedule changes over time to keer the
inventory support system functionineg correctly. This corncept,
kncwn as Material Requirements Planning (MRP), hras grown irn
popularity irn recent years. If sufficient irformation processire
capability s avaliladle, it has sienificant advantages for
manufacturing ercvironmerts. (Ref: 7)

Although NARFs are production facilities, the nature of NARF
overhaul/repair programs presents a material support problem that
is somewhat different from a manufacturing activity. 1In an
overhaul /repair envirormenrt such as at the NARF, application of
MRP decomes rore complex because the subcomponents needed are not
strictly determined by the final or end products. The extent c¢f
each repair 1s different and the resulting material needs can
beceme a stochastic event instead of being exactly determined dy
the production schedule. Obviously, however, the subcomponert
demands are not totally 4independent of the end item repair
schedule, Therefore a system that iancerporates schadule data irto
its forecasting function has definite appeal over strictly random
derand forecasting systems.

Currently at NARF Alameda a system is b2ing desiened and
tested that wuses a modified form of Material Reguirerents
Planning as a bvasis for requirements determination for the
Cperational Support Ipventory established at the Naval Supply
Center Oakland. The implementatiocn vlan is organized 1into two

phases: (Ref: 8)




"I. Implementation of a terporary
system that will run on exlisting

equipment and will be used to gair
experience with the syster and bduild
up the necessary data files. This
phase will include the desigzn of the
tarzet syster,

I1. Implementation of the final

system or the pew computerized i
material nandling equlorent -

namely, NISTARS/ASKARS (Naval {
Intesrated Storage apd Retrieval
System/ Autorated Storaze, £Kittinz
and Retrieval System).

As noted before, the practical implementatiorn of this type of

corcept {s quite difficult due to the level of detail required.
As a consequence, the complete implerentation of this vplan will
l11kely take several years. If it is successful, the incorpecration
of accurate planned production information inte the forecasting
of inventory requirements will surely have to be classified as a
ma jor progressive step. After it decomes overational, it should
be expanded to other areas, possibly including the determination
cf PTB material. BHowever, for the remainder of this paper, the

assumption will be that the MRP system is still ia the test phase

and is not avalladle for use in maragirng PF3 material.




I11. CURRENT NARF INVFNT ANAGEMENT

A. POLICY GUIDANCE

The material 1inventory policies considered for the rest of
this paper will dYe 1limited to the Material and Supplies
Inventories (ie, NIF Stores and PE® Material). The NAVCOMPT
Manual (Ref: 9) paragraph @28185 specifies the policy for
raterlial inventory control for industrial funded {inventories. The
policy 1is specified to Dbe the same as for shop stores as
prescribed in the NAVSUP Manual (Ref: 132) paragraphs 25€32 thru
25616. The NAVSUP Manual states:

"The stock of each 1item in shop
stores will not exceed a quantity
estimated to be needed for a three
month period, based on the average of
the preceding four quarters of usace
data, subject to the reqguirements
that stock be replenished in full
packaze quantities, Sowvever, for
insurance items ard for new 1lters
which usage data nas not Dbeen
accumulated, such stock levels do not
aprly. The stock levels of 1insurance
items will be limited to the quantity
it i{s anticipated will be required to
satisfy the erergency or circumstance
for which the item 1s held....
Insurance items will De reviewed
annually... to reduce to a rinimum
the stock of such items....

In addition to the above procedures for shop stores,

additional policy 1is specified for Pre-Expended Bin (PER)

material:




"...pre-expended items will not
duplicate items stocked io a retail
outlet supporting the sare shop... in
no 1instances will stock in the
pre—-expended bin exceed arn estimated
30-day supply.

It can be observed at this point that this policy =zuldarpce
orovided makes no attempt to determine levels based on economic
considerations or any type of optimization process. The policy is
simply stated in terms of rumber of days supply. This seems to be
in conflict with the spirit of LOD Instruction 4142.29 (Ref:11)
which specifies the use of economic considerations for inventory
decision rules. Additionally @ system dased on an optimization
process has irtuitive appneal over a policy based or rumbder of

days supply.

B, NI® STORES
1. Geperal
In attempting to 4implement the 1inventory managzement
policy, NARF Alameda and NARF Jacksoaville manage their NIF store
inventories with 1local vorocedures. The Alareda procedures aave
been totally manual, while the Jacksonville procedures 1include
some automated support. The remaining four NARFs use a NAVAIR
sponsored system known as the Naval Air Industrial Material
Management System (NIMMS). NARF Alameda  was plannirg
implementation of tpe NIMMS system in 198¢, and NARF Jacksonville
was planning irplementation after completion of ©progr:m changes

to be accomplished by the Naval Aviation Logistics Center (NALC).
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2. NIMMS

The current version of NIMMS as of this writirg was

initially implerented at NARF Cherry Point in 19€7. It is a batch
process system designed for operatiorn on a Burroughs 3E¢@
computer, Although the 3B-3520 {s a third generation real time
cavable system, the current NIMMS programs were adapnted frem an
earlier card oriented batch system and the real time capabilities
of the hardware are net used by NIMMS as it pra2sently is written.

A description of the system as written in the user’s ranual is:

(Ref: 12)

“The NAVAIPR Industrial Material
Management System (NIMMS) ts an
Inventory acd Fiscal Management
System to enable positioning,
controlling, costing and
accountability of materials and
supplies within the NAVAIREWORKFAC by
responsible management and operating
personrel.

"The system encompasses the
requisitioning, recelpt, storage,
issuance, inventory, recoznciliation
and inventory accounting necessary to
fulfill requiremenats of depct
management and hisher authority.

"The NIMMS 1is designed to enabdle
NAVAIREWORKFAC Material Managers to
monitor and regulate the flow of
material to vproduction shops,
ensurine that optimum goals of
minimum inventory investmrent and
maximum  material support are
achieved,

The Material Planner 1s a keoy 1individual for successful
operation of the NIMMS 1inventory system. The Planrer |{is

responsibdble for the following functions:

20




1. Nomination of items to be <carried
as NIF inventory items.

2. Estadblishment, review, and
resetting of stock 1levels for NIF
inventory iters.

3. Approval of material substitutions
and designation of 1interchangeable

items.

4. Deletion of Navy Industrial Funad
Inventory Records (NIFIR) and
disposition of stock affected by the
deletion.

&, Establishment of a Store Urit of
Issue for items issued from a store
in increments which 4differ from ;
stardard units of issue.

6. Assignment of replenishment codes
to each NIFIR. ]

7. Mairtenance of the NIF invertory
file and optional Master Issue Data
File.
a. Replenishment Codes
After a Navy Industrial Fund Inventory Record (NIFIR)
1
' - is estadlished, NIMMS will manage it in accordance with certain
system parameters and data contained within the NIFIR, Zach NITIR

contains a replenishment code. The possivle codes are:

@ -~ automatic replenishment wusing
nporral reorder formula

1 - replenishment by NIMMS 1is
inhidited

2,3,4 - these values affect the
computation of the reorder point to
compensate for lead time differences
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». Stock Level

Stock Level {s defined as the quantity required to bde
raintained to support production requirements. When a NIFIR {is
initially estadlished, this quantity is assigred dy the Material
Planner. During the quarterly processing, the stock level of each
NIFIR with replenishment codes other than 1 or 4 {s recomputed

based orn the following formula:

4 X D1) + (3 X D2) + (2 X I3) + (D4
0 VE 0

Where: D1 = most recent quarterly demand
D2 = second most recent quarterly derand
D3 = third most recent quarterly demand
D4 = fourth most recent quarterly demand

and the Stock Level Divisor 1is determined d»y a
syster parameter known as the Number of TLays 1in

Stock Level according to the following
relationship:
Number of Days Stock Level
in Stock Level Civisor
FEHT RO KSR AWAC KR N p A XK X0 30 RO HE XE AT AR XK
59 18
€9 15
75 12
83 12

The affect of the weightirg factors in the rpumerator 1is to
vroduce values equal to ten quarters of demand. The Stock Level
Divisor ther reduces this to ar equivalent number of days demand
based on the selected Number of Days in Stock Level. (The listed
values of 50, 60, 7%, ard 9¢ are the only choices availabdle for

this parameter.) If the replenishment code is 1 or 4, the
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recomputation of stock level by NIMMS is inhibited as discussed
below.
¢. Replenishment Factor
Fach replecishmert code has an associated
replenishment factor that is maintained as a system nparareter.
The value of the replerishment factors are selected by NARF
management and 1input tc NIMMS via parameter cards. The
replerishment factors can range from € to S.9.
d. Reorder Point
Turing daily processineg, each transaction that causes
@ reduction in the on hand balance of a NIFIR causes that record
to be tested to determire if replenishment is recuired. Records
witk replenishrment codes of 1 are not sudject to corrputer
gererated replenishment., If the replerishmernt code is not 1, the

related replenishment factor divided by the replenishmert facter

plus ocne is multiplied by the Stock Level. If this result {is
greater than or equal to the on hand plus due quantity, then
replenishment action is initiated. Therefore the reorder pcint

can be exvressed by the formula:

i Replerishment Factor X Stock Level

1 + Replenishment Factor

As an example, if the following values are established as system

parameters, then the reorder point can be expressed as the

indicated percentagzes of Stock Level:




Revlenishment Replenishment Reorder

Code Factor Point
%3 % 20 ¢ 3% 2 % e N A AXNe N F0HE HE 500 XOHR KE X KO B E 33 21 3
e 2.0 67%
2 1.9 5P%
3 3.2 ?3%
4 4.9 82%

NIMMS will also a2 just the reorder point for requisiticn l=ad
time by adjustineg the replenishment code each time a recelpt is
processed, If the replenishrment code is rot 1 or ¢ (these {items
are excluded from automatic adjustment), the requisition date is
subtracted fror the current date and the replenisament codes are

assigned as follows:

Numrber of Days Revlenishment Code
Difference Assignment
3% %0 R0 ATAL AR RNT ATHT 2 5L Ne b33 3 335332 223 2 23 3
2 - 32 2
21 - 69 2
61 - UP 3

e. Replenishment Review Code
Each NIFIR also contains a replenishment review code
that determines whether NIMMS will oproduce requisitions for
submission +to the supply system or recommendations for review by
the material planner when replenishment action 1s required.
f. Stratification
Fach quarter the NIF store stratification process
updates each NIFIR by assigring a stratification category code.
The Value of Arrual Demand (VAD) is corputed for each NIFIR by
summing the ©past four quarters of demand and multiplying this

value by the unit price. There are five different stratification

codes (numbered 1 thru 5). Fach stratificatior category must have




a low money value assizned to it by input parameter cards; this
cetermines the VAD rarge for each category. A code {s assizned to
each WNITIR by determining 1ts VAD and placing it in the
appropriate category. The high VAL items are assigrned cateesory 1
and the low VAD items are assigned category 5. The purpose of
this stratification process as writter in the user’s manual is:
{Ref: 12) .
“The object belng to obtain the best
requisition effectiveness within
authorized 1investment  levels  and
worklcad constraints....
2. COrder Quantity
The NARF manpagement must also s2l2ct the Numbder of
DPays in Stock lLevel parameter from the avallable choices of E¢,
€2, 75, or 9@9. Thls value is input via parameter cards and is
used in the calculation of the order quantity (Q) as shown in the

followingz formula:
¢ = STOCX L=VEL X MULTIPLIER

Tn2 multiplier is selected from the followlng matrix based on the

stratification code and the specified Numbher of Days 1in Stock

Level:
Stratification Number of Tays in Stock Lavel
Code
3208 2 B8 3 AT ERT AT LR K¢ %3 3T XS A AE XS HEAR %< A KT XE 38 HEKE KL AE ¢ R 1T AT RTRT NE 3% K XK WX e
50 €e 75 ae
3 38 XK XENE 33600 X038 36 e 33 AX 3K X2} 3% e N X AL A AN NCHERL A
1 . 6@ .50 Y] .33
2 .90 .75 .6¢ .50
3 1 L ] 2@ 1 L] Eg . 80 L ] e?
4 1.52 1.25 1.29 .E3
5 1.80 1.t¢ 1.20 1.¢0

The combined e?fects of tnls matrix and the Stock Level




calculation result in the computation of the following actual
number of days of stock ir the reorder quantity (C) for each
stratification code (assuming the stock level value accurately

reflects actual demand requirements):

Stratification Number of Lays
Code of Stock
REHTHT XS O RNOA2 e 0 5% AL RE 3 XERE 5% A XS R AR A WA IR X
1 30
2 45
3 €2
4 72
5 o2

h. Summary

In summary, the NIMMS ircventory moael proved to dYe
more complex than was expected for a model desizgred to raintain a
specified rumber of days stock level ir inventory. It is a system
with numerous overide and exclusion capabilities that carry a
certain danzer of effectively "manualizire the automated syster .
It appears that the seolection of the stratification range values
is a key decislior to successful operation of the model due to its
stronz impact on inventory levels.

At the time of this writing, the NALC was in the process of a
major revision to the NIMMS, The <changes to be accerplished
include the revision of the operating concept of the system to
real time flle update ard irquiry tc make the system respensive
to material planner and management needs. The revision plan
included adoptior of a rew inventory model also. Eowesver, as of

the time of this writing, & model was not developed and anpproved.




C. PRE-EXPENDED BINS (PFB)

A vore-expended bdin contains high usagze, 1low unit cost
material which has already been expended from the stock recorcs
ard related firaacial accounts. The purpose ¢f the pre-expended
bin is to facilitate the issue and accounting procedure for
recurring 1issues of these 1items. The use of the pre-exvended
system elimirates the time required to fill out a request
docurment, walting time at the retail ocutlet ccunter, and posting
of individual issues to stock records. The pre-expended bir 1is
located in the production area and 1is readily accessabdle to
production personrel. The cost of PEB material is charged to an
overhead account. It has been argued that due to the low urnit
cost anda large. number of transactioms for this type of material,
the PEB concept 1s the most cost effective method of managirg
this material. The comments made earlier concerning the value c¢f
inventories apply also to this material, the only difference is
the methed of storage and issue. The goal of the PER system is a
more efficient wuse of availahle 1labor through less stringent
control or tnis type of material.

Ar indication of the magnititude of inventories invested |in

PEB material is obtained from recent audit reports:

NARP Line Items Value
e 336 342 2 28 e e 32 3K e e Ke e K¢ 2 e e e 3¢ %2 36 X 2 % Xe e KR A % %36 32 R0 XK 246 30 2% 3% 2 3 32 e R XE A HC 300 Ak A N
Alameda(Ref: 13) 24,000 $750,00¢ - 41,080,000
Norfolk(Ref: 14) 18,209 $1,00e,e0@
North Island(Ref: 1%8) 28,020 $900,000 - $1,950,002

Common discrepencies noted in audit reports include:
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1. Stock 1levels in excess of 3¢ day
usage

2. Duplicate material in PE®R and NIF
retail stores

3. Material not properly identified
4, Commingling of material
5. Shelf 1ife material not iderntified

§. High and low limits not posted on
birs

7. Inconsistencies in operating
procedures at various locations

PTB operations vary siegnificantly from NARF to NARF. This is
the result of a number of different factors such as ohysical
layout, proximity to major supply polints, and past as well as
current management philosophy. The followirg information |is
presented as a bdrief description of the PEB operations at each
NARF. The information was obtalned through a 1limited number of
telephone corversatiorns with various NARF opersorrel. The
informatior is brief and quite likely presents a somewhat biased
viewpoint dependine on the oviniorns of the irdividuals corntacted.
The purpose of this information 1is not a highly detailed,
accurate descriptior of each operation, dut rather to provide a
general “"flavor” of the different nature of the various
operations.

1. Alameda

PER management at NARF Alameda is the responsidility of
the material department. Personnel are assigned to specific PEB
operations and are responsidle for maintairing records and

physical material receipt and stowage as well as reorderine wher
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necessary. Some keypunching service 1is provided to the PF2

operator to facilitate reorderirnz, but the operatior |is
essentially manual. The Alameda system will be covered in rmore
detail irn a later section.
2. Cherry Point

PEB management at NARF Cherry Point is the resporsibility
of the material management division. In the aircraft assembly
area the material is readily available to production lire workers
at desigrated vpoints on the voroduction floor where the bins are
maintained by PEE warehousemen. In the engine ovarhaul area the
PF3 material has been consolldated into a controlled access area.
Issues are made cver the counter based on verdal requests. The
records are marually maintained., The determiratior of what is to
be carried as PFE and the high 1limits are made by materieal
plarners. Current placs are to remove the PEB material from the
production floor and place it in a controlled access area also.
This <charge 1s ©based on the bvelief that material avallibdility
will be batter using the controlled access method.

S. Jacksonville

PEB management at NARF Jacksonville is the responsibhility
of the production control department. There are ¢two differernt
concepts YbYeing used., On the alrcraft assembly lines, the PFB
material on the shop floor 1s serviced or a daily bdasis bdy a
central group from a PER storeroom using a mobile cart. In the
enclosed repalr shops, the PEE material 1is stored on the
production floor as individual entities maintained by production

control personnel, All records are manually maintained.

29




4. Norfolk

PEB management at NARF Norfolk is the responsidility of

the material department. The operation 1{is esserntially run by
replenishment of shop floor material from a PER storeroom by
material personrel. Frequent replerishment allows minimal
material to be raintained on the shop floors. The material in the
storeroom is carried in the NIF stores firancial accourt ard 1is
managed using the NIMMS system. At the time of transfer frem the
storeroom to the productiern floor, it 1is expended fromr the
records and charged to the overhead accournt.

S. North Island

PE3 managemrent at NARF North Island is the resvonsiblilty

of the production control departmert. It 1s a hiehly
decentralized operation with each production control center being
responsible for the management of PEE material for the individual
shop areas. The records are maintained on manual cards at each
location and there s no visidility between production areas
€ivine information on which items are common.

€. Pensacola

PE3 maragement at NART Persacola is the respvonsibdility of

the material maragement division. It is centrally onerated as a

NIF® store usineg the NIMMS system. The material manazemernt
personnel do not service the shop floor. Production control
personcel from the fndiviaual areas request material from the PF3
storeroom just as a normal NIF request. Fach shop then maintains

{ts own small bins.
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A request for establishment of a PFB {tem (12ND NARFA

4423/1) can be initiated by a production shop foreman. This form
is sudmitted via a Status ard Control Center, where it is audited
for correctness, to the cognizant material planner. The request
is reviewed by the planner to ensure that the material meets the
criteria for management as PEB., If the request is approved, the
"32 day stock 1level” 1is assigned by the planner based on his
estimate of demand. The request is then forwarded to a datae entry
section where it is established on the mechanized P¥B list. It is
then forwarded to the appropriate PEE warehouseman who will:

1. Establish a sterazge location with

proper 1labels (part cumber, unit of

issue, high limit).

2. Initiate a requisition for initial
stocks.

2. Establish a stock record card feor
the material.

After material s receipt-processed, it 15 stored in the
designated din on the production floor ard charged to an overhead
accourt. The warehouseman 1s respoansible for reviewing the areas
under his cognizance to determine when replenishment action is
necessary. A replenishment requislition 1s to ©be submitted
whenever the material in the bdbir has been reduced to one half of
the stocking level.

The stockirg level can be changed orly bdy approval of a
material planner, but it is the responsibdllity of the

varehousemen to recommend changes ¢to the stockineg levels or
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deletion of {i{tems based on experienced derand. As an aid to the

warehousemen, thare is a color code system being used to help
{dentify 1tems that are not roving. As requisitions for resupply
are inttiated, a color coded card is returred to the warehousemarn
ard {s maintained in the part number reference file. ZXach year
this <color code 1is changed and provides one method to identify
iters that have not been reguisitioned within the current year.
NARF Alameda has an estimated 24,20 different PER 1items at
€3 different locations througnout the NARF, There are 13
different warehousemen assigned for the managemert of the PEB
opreration. This mreans each warehouseman has an average of about
12890 items he is responsible for, It seems reasomable to conclude
that the recurring audit discrepancies are to a large extent a
direct result of this single factor. The management of this
rmaterial 1Is essentially a completely manual process and the mrajor
emphaslis tends to be on ensuring sufficient material is availadle
ir the PEB stowage bdins. Availadle warehousemar time ternds to Yde
fully occupied reviewing the material in th2 bdins, initiating
procurement, ard restockicg dins. Marual review of stock records
is a tedious and time consuming prccess that is quite easily
relegated to the list of things to do later in the face c¢f each
day’s problems of supporting the vnroduction shops. The result is
that when an item is initially established as a PER item with a
certaln stock level, it tends to rerain unchanged regardless of

demand and ultimately Yecomes the source of recurrirg audit

discrepancies,




e T R P P T PR e T N s N e » s N

IV. TPF PROPOSFD SYSTEM

A, Practical Considerations

Ir the development of a proposed system for PEF material, it
is important to keep in mind the nature of the prodler and how
this material relates to overall NARF operations. As previously

noted, PEB mratertal consists of relatively 1low-cost, hign-usacse

items for which 1t has ©beenr scknowledged that less stringent
maragemert control 1s desiradle. Justification for this approach

1 follows the 1lcgic that 1t 1s not “worth $25 worth cf contrcl
system to prevent $3 worth of stock gettire 1lost.” (Ref: 16}
While this argument is certalinly valid, there is a basic centrel
need to insure that the material 1is demanded with sufficlert
frequeéncy that PFB concepts are justified. This is emphasized ™y
the fact thet much audit criticism has been leveled at excessive
depths of materlal and the retention of raterial that is no
longer demandeod.

With this in mind, it seems tnat the important consiaeratiors
in an improved PER managerent syster are: first, 1t shculd
cortain a method for determircing that the correct material is
beinrg managed under PEB concepts; second, It should contain a
method for determiring the correct levels of PER material’i ardc,
£inally, it must be implemrentadle at low cost.

1. Determination of On Zand Cuantity

The PEB concept specifies less stringent contrel with no

documentation required for 1adividual 1issues. This presents a ]

problem in determining the on hand quantity at any glven time,




since stock records with currert values of on hand quantity are

not maintalned. As a result, the determinatiocn o0f the on hand
quartity 1is typically accomplished <through a zsursory visual
review process since it is not pvréectical to ohysically ccunt the
several hurdred washers, Yolts, o-rirnes, ard similar hardware
iters contained in each bir. The review consists of estirating
the or hand quarntity based oz & visual aporoximatior (ie, “that
looks like about 122 wasaers ). This estirate is the» corvared to
the reorder poirt to determire whether a replernishmert arctiorn s
necessary.

A Since tre real use of the reviaw is for reordier purnoses, the
process could be facilitated by the use of a two-birn concept
for many items. As an example, consider an item such as a small
bolt for which the order quantity ard reorder poirt have bdeern
determined. The amount of space occupied in the bir by the
guantity equal tc the reorder pcint could be physically marked on
the bin in sore manner so the reorder pcint can be determined at
a glance. Since a two-dbin systam physically sevarates the
material by the use of two individual containers or dy sealirs
some material in an inner contalner, the propcsed PER system will
not be a true two-bin syster, However, this concept could reduce
the amouat of time required for the review process and allow mcre

frequent reviews of all birs.

2. Ihe e ) pucu eview Mede
The visual review of PEB material s technically a
periodic review process. Eowever, {f the time between reviews \is

sufficiently short, the differences bdetween periodic ard
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continuous reviaw systems become negligidle. Since tke continuous

review model {s in general easier to deal with and leads to lower
irventory investment levels, 1t is preferadle to the vericdic

review model. (Ref: 5)

B. The Model

A simple order poirt--order quantity (s,Q0) policy 1is
recorrended, ¥For depth determinations, the two control variadles
are the reorder point ard orcer quantity. The reorcer point
reoresents an inventory level which should Ye large enough 1to
satisfy the articipated average demand durinz the replenishmert
lead time plus some safety factor. The order quantity represents

a form of the classic sconomic order quantity.

1. Determination of O

The order quactity (Q0) 1is expressed in the followire

forrula:

8AD

IC

where: A = the ordering cost, in dollars per order.
7 = the demand rate, in units per guarter.
I = the icvertory carryine charge, in

dollars per dollar of inventory per
urit time,

C = the unit cost of the item, in dollars
per unit.




2. Determipation of s

The order point (s) is exoressed in the folleowirg

formula:

s = u + S5

vhere: u expected demand during procurement

lead time.

SS = safety stock to protect against
uncertainty in the expected demara
during procurerent leed time.

There are two basic approaches to calcul%tinz the mean ard
variance of lead time demand recuired for calculation <¢f the
reorder point (Ref: 17). Cne methroa uses direct measuremernt cf
actual demand durinrg actual lead tires. The second rmethod uses
separate estimations ¢f the distridutions of demand and lead
time. These two sevarate distributions are then comhized to
predict demand during 1lead time, The first method 1is nct
appropriate for the proposed system hHecause of the acditiorel
iata zathering requirements.

Fetter and Dalleckz [(Ref: 18) give several examrples for the
calculation of demard during lead time usinz doth nurerical eari
Monte Carle simulation technigues. If bhothr demard and 1lead time
are random variadles, the numerical rmethod involves expardirg &nd
summing the terms of a multinomial expression rspreseating the
combined oprobadilities of the possible comdbiratiorns of lead tire
and derand. In the Monte Carlo method, the variabdle derand ard

varianle lead time are comhined by simulatinz demand as it ocrurs

during successive lead time periods through the wuse 0of the




probadbility distridutions associated with each -evernt. ZPoth of

these methods require rumerous calculations and are beyond the
capabllity of the recommended system as preserted above. Fowever,
if the assumption is made that the demand during 1lead tire {is
rormally distribduted, then the values for the mean and variance
of lead time derand are easlily computed from the values of the
mear and varlance of <derarnd and the mear ard variance of lead

time. This is expressed by the followine formulas: (Ref: 18)

where: u = the mean demand during lead time.
D = the mearn demand per quarter.
L = the mean lead time in quarters.
and
2 2 2 2
0 =Lo +T o
u a 1
2
where: 0 = the variance of demand

u during lead time.

L = the rean lead time in quarters,
2
0 = the variazce of quarterly
demand.
d
2
o} = the varlance of lead tire.
1
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The safety stock may now be determined by the following formula:

vhere: o the standard deviation of
u lead time demand (the square
root of the variarnce)

=
1]

a4 value representing the
desired service lavel of the
system

Since the demard during lead time has been assumed to ta
ncrmally distributed, the value for ¥ car be determirec frcm the
standard normal curulative distrioution function Ddased or the
desired 1level of service. In this context, the desired service
level is determined by the willingness to accept a given risk of
a stockout. For the rormal distridutiorn, a safety stock level of
2 1rvlies a stockout risk of 52 percert during each order cycle
(and the service level is 120 - 5¢ or 5@ vercent). If the service
lavel 1is to be increased by reducing the stockout risk, then the
safety stock must be increased.

For low values of effectiveness, the increase in safety stock
is roughly proportional tc¢ the increase in desired service level.
That is, the amournt of safety stock required to dincrease the
service level frem 8¢ to 85 percent is only slightly greater than
the amount reculred to irncrease the service level from 7% to 2@
percent. As the service 1level aporoaches 134 vpercsnt, this
relationship charges siezrificantly. The same amournt of safety
stock 1s required to increase the service level from 985 to 99

percent as 1s reguired to 1increase it from €4 to 8% percert
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(Pef:17). Therefore, service levels of arournd S@ percent seem to
offer a reasorable balance betw=en acceptadle risx and margiral
cost of safety stock.

3. Letermipation of the Range of Items

Ideally the decision rules for range determination should

be based on economic considerations. The <coeost of menaging tha
item as PEB would be compared to the cost of not ranazing the
item as PEE and the alternative with the lowest anpual ccst would
he selected. Unfortunately, the determination of thae abcve costs
is beyond the scope cf the proposed system. Tn=srefor=s, arother
method is needed to determire the range of iters.

The present PEE management system requires that a material
planner review each request for establishment of a new iter., The
ttem is approved for stocking 1f it meets ths reguired PER
criteria ard the anticipated derand is greater than a threshold
value of 19 per month. Thls threshold value seems to thave
embedded in it some implicit consideratiorn of the —cost
differential between stockineg or net stocking the item as PER. It
is recommended that the provoased syster also use tais corcert of
a threshold value o¢f sore minimum demand as the criteria fer
range determination. The selectior of the actual value tc use \is
a management policy decisiom that should ©bve mrade at an
appropriate maragemant level and then stardaraized for all items.
The present value of 12 per month (32 per quarter) seems %t¢c be a
reasonable threshold value.

After an 1item has been stocked as PER, it is pessible that

the actual demand level mayv eventually become substantially lower
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thar the demard anticipated wher {t was established as a PF3
item. It is therefere important that some method be nrovided for
reviewing the items to determine whether they should %e deleted
from the PER system or net. It is recommended that a secend
threshold value be used to delete items and that it be lower than
the value used to add {ters. Its value should prevent iters fror
beirg establishad one quarter ard ther deleted the followice
guarter. Additionally, it seems avrTropriate that i1tems should be
required to be below the delete threshold for two consecutive
quarters before they are deleted. This also will help to
eliminate excessive adds and delat2s. If a minimum demand o° 32
per querter is required to estadlish ar 1tem as ©P¥3, then a
demand of 15 ver quarter s=ems to be a reasonadle value for the

delete threshold.




V. IMPLEMFNTATION TISSYES

A. The Data 3Rase

The first issue discussed will be the required data base to
support operation of the improved PY¥B managerent system. A
computer-based system offers sigrnificant advantages irn terms of
flexibility and corputatior sveed. Yowever, even thouzh the
recessary nardware is probably readily available to the NARFs, it
is not likely that the required software development effort would
be expended on a PEE management system due to the limited nurber
of systems developrent perscnnel and higher priority demands for
their time. Therefore, the use of a manual system is recommended.

1. Orderirz and Holdingz Costs

fstimates for ordering costs ard inventory holairng costs

rus?t bYe avallable. These parareters could be assured to be the
same for all 1items and computed as avarage values. The
recorrended approach for estimating ordering costs is to
determine an average time r=cuired to perform the crdering erd
receivine actions (includire documertation). This time could thern
be multiplied by & standard cost rete. This estirate should e
kept current by annual reviews,

DODINST 4142.38 (Kef: 11) specifies the follewinz values for

the variavle cost-to-hold rate:
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Element Value

36 NG %8 340 AR NEXS S HE 3K RORC B0 KRR RS 36 %6 HE T 2T T RO 342 3 HOHT W RO 4T HCAORT WA K
Investment Cost 12% per dollar per year
Storage Cost % per dollar per year
Obsolescence Cost Variable
Other Losses Variable

If ro other data is availadle, it 1s recommended that the
obsolescence <cost be assigned as 5 per cent, and other losses be
assigned as 4 per cent. This will result in a total holding cost
rate of 22 vper cent waicnh is sirilar to the holdinz cost rates
used bty SPCC and ASQ in the UICP Models. However, 1f the NARF
records 1ndicate that scme otaer values for these costs are
arpropriate then tney srould be used insteed.
2. Item Urnjque Values

Additiorally, the data base must provide the unit ~ost

and estimates of the followirg demanrd parareters for each ijter

belng managed:

1. Derand rate
2. Lead time

2. Variability of demanc durirnz lead time

The form shown in Appendix A provides a format for ccllecting
the required irnformatior. It is recommended that this form Me
printed on the outside of a large (8 1/2 X 11) envelcpe. These
envelopes cculd ther be used as stock records for F¥3 items ard
would keep tne requlired informaticn ir a cceaverient format to
facilitate updatirnz of the records. The envelope provides a
storage vplace for pr=2punched comouter cards to b2 used for

ordering and follow-up ¢f outstanairne requisitiorns. This would
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provide the same mechanized suvbport as the presernt Alaereda
system. As oraers are submitted ard received, the order reccrd
portion of the stock record would be uvdated by enterirg the

cuantity, order date, and receipt date for each order.

8., Computations

After tne end of a quarter and befors & new revplenishmant
requisition is submitted, the quarterly summary portior of the
stock record must b2 updated. New stock lesvels are taer computesd
from the updated values.

The reorder point (s) 1s based in part or the standard
deviation of demand during lead time. In the previous chapter it
was shown how tais —could be calculated using the reans and
variances of demand and lead time. ¥What is ncw needed is a rethod
of determinine the varlances of demarnd and lead time.

The most easily computed m=2asures of dispersion is the rearn
absolute deviatior (MD) (Ref: 17). The MAD is the average of the
absolut2 value of the differences betwa2en obdservad valuss and tha
rear value. It has been showr that for a normal distridution, the
variance {s equal to 1.57 times the MAT. Thersfore, a 2cod
estimate for the required varlarces carn bde obtaired from tae
easily computed MAD values.

To obdtair wupdated estimates for mean demand, MAT of demerd,
rean lead time, and MAD of lead <time an exponential sroothing

orocess is used. This is expressed by the following formula:

New Value = {1-a)(0ld Value) + (a)(New Observaticrn)




The value (a) is a weighting factor with a recommendec value of
2.1 (Ref: 19). The exvonential process does not require rereated
calculations of a long historical demard r=cord and smocth=2s tne
fluctuations in the demand history to provide a stable estimate
for the required parameters.

The stock record 1is wupdated quarterly as follows. The
observed demand for the quarter is the sum of the 1irdividual
orders processed durirg the guarter. The smoothea mear demand 1is
then calculated using the observed demand ard the oprevious
quarter’s smoothed mean demand as inputs to the exporerntial
smoothing <€ormrula. Next, a new observed MAD of derand 1is
determined by taxing the ahsolute value of the difference hetween
the current observed demard and the vprevious guarter’s sroothed
mean demand. This new observed MAI of demand and the ovrevious
quarter’s MAT of demand are used to calculate the new sroothed
MAT of demand.

The lead time for each order processed during the quarter 1is
determined by sudbtracting the date of the order frem tae date o
the receipt. A new smoothed mean lead time is then calculated
using the new orier lead time and the previous quarter’s sroothed
mean lead time. A new observed MAD of lead time is determined by
taking the adsolute value of the difference between the new lead
time and the previous quarter’s smoothed mean lead time. This rsw
observed MAD of lead time and the previous quarter’s MAD of leel
time are used to calculate the new MAL of lead time., If there was

more than one order processed durirz the quarter, the 1lead tire

calculation is rereated for each order, however, only the last
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values for smoothed mean lead time ani MAD of 1lead tire are

entered on the stock record.

The smoothed mean demand is then used in tane formula or pacge
35 to update the order guantity (G) on the stock record. The
smoothed mearn demand, MAD of demard, mear lead time, and MAD of
lead time are used in the formulas on vages 36 through 38 to
calculate the rew reorder poirt (s). The required corputatiors
can b2 easily programmeqa on one of the widely-availadle and ;
relatively-irexpensive programmadle nalculators such as the Texas
Instrurents TI-56. This will make tae updating c¢f the records
much easler ard faster than would otherwise be possidle. A TI-EO J
prograr designed to accert the observed information fror the %
stock racord and calculate revised smoothed wvalues and the
reorder polrt arnd order quantity is provided in Apverndix 3., The ;
orogram is designed to be wus=d with a orinter (PC-1C0A) and é
provides promptinzg messages to keep operator trainirg
requirements low and to reduce errors. The precegram s also
designed to oprovide ar exception messaze when the calculated
smoothed demand is telcw the delete thresheld value. This is an
aid to the PF3 warehouseman irn identifyirne carndidates fer
deletion. An example of the sequence involved in updating a stock
record 15 shown in Apverndix C.

It must ba emphasized that ths prorosed syster da2r2nds on th2
P¥B warenouseman to regularly wupdate the stocx records. The
action required t¢ 1imrprove the management of the PFT iters

deperds on the data recorded on tke stock record. If this data is

not current then the management of PFR ftems will net te
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improved.

C. A "30 Day" Constrained Model

The proposed system determires the order quantity (Q' bassd
or economic cornsiderations instead of a "32 day supply as
specifiesd in the NAVCOMPT Manual (Ref: 9). If the proposed system
{s adopted as presenrted, a request for departure from the
NAVCOMPT Manual policy should ©be submitted via the chain of
cormand. If the approval of this request becomes @ probler, a
constraint could be added to the model that would limit the order
guartity to an equivalent of 3@ days usage based ¢n the sroothed
demand rate. This should satisfy the policy requirerart and still
provide an 1improved maragement system. A TI-59 proerar listirg

tkat incorporates tnls change is also provided in Azrendix E.

L. The Role of the Plarrer

Material planner review for all additions, deletions, ard
gquantity chranges has bdeen required in the past, and it is hisghly
recomrended thet thls volicy be continued. The oplancer may be
aware of situations which mexe the decisions of the prcpesed
syste~ 1inaporopriat=2. The vplanmner review ©vorocess should be
designed to inform the plazner of deleticns and quantity changes
that will be made unless he overrides the decision. This will
prevent a planner frcm being able tc mak2 the entire system
lceffective by inaction while providinge him with informatior and
the authority to override the system decislons. Range adds saould

be accomplished as in the past except instead of a "3@-cay stock

lavel” the planner should provide an estirate of quarterly deménd




that would be used as an iritial entry on the stock record for
use in computing levels.

The numder of planner overrides should be a relatively small
number of exceptions in terms of tne overall system. The reason
for each exceptiorn saould be clearly specified in a memorandum
that Is kept inside the stock record envelopne. The cutside of the
envelope should be arnnotated with the date the eoxcedntion s
established, ard all exceptiors should dHe reviewec at least

annually.

F. An Implementation Plan

The proposed system 1s a éhange from the oprevious way 12
which the PEE material has teen managed. An organlzed plarn is
therefore required to implerent the charge in an orderly manrer.
Although the actual implementation of this provosed systam is rot
a complicated process, it will prodadbly take over a year %0
accomplish properly. Thls i1s partly due to the time2 required to
gatner data to be used ir the proposed system. Additicnally it
will have to be 1implementad 1in ar 1incremental and crgenized
manner, as {t will represert a sigrificant worx effort cn the
part of the PEER warehousemren.

The Information re2quired for the operation of the proposed
system will probably not be avallable ard will recuire sore tire
to accumulate., It is recommended that tne order quaentities ara
reorder points not be calculated with this system until at leest

two quarters of demand information have beern accumulates.
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Another problem that might be ercountered durireg

implementation 1s that a large number of items may apnear toc »ave
ro demand after the first two quarters of operatlorn urder the rew
system. The correct reaction to this condition would seem to be
to remove all of these {tems frcem the P¥B system, Some cautiorn is
required here, nowever, to insure that items are not removed thet
should be retaired. If the established high 1imit has bdeer such
that the quantities in the bins have been lareer thazn twe
guarters of demand, then the stocz record would rzet reflect ary
demand, even though the 1tem is being used cn the shop floor.
Therefore, wher items are first ccnsidered for deleticrn frem the
system, an additional step saculd bde taken to ensure the iter ir
fact has no demand. This could Y2 accomplished by cohysically
sealing all bdut a small guantity of the material in the din inr
some sort of package and leaving it in the bin. An ar~urate
determination of whether the material is beinz used or not cculd
then be made relatively quickly. Another alternative wculd te t¢
patnt a “depth =gZauge on the side of the bin., This could de
simply a series of marks to indicate the gquantity ef steex
corresponding to that level ir the bin. The reorder peirnt could
also be rarked on this gauge usirg & sticker that could be easily
changed when necessary.

Arother type of depth zauge would he a small ruler with the
guantity level rarks on it which could he fastenei to the side of
the bdin. This would elimicate the prodlems associated with trvire

to vpeint marks orn the bin. A pair of sliding rointers could elso

be attached to this gauge. The lower pointer could %e wusea to




rark the reorder voirt. The upper pelinter could be set to the
level of stock in the birn after receipt of a new order or at the
curreat level each tire a review is made. This upver pointer
would ther provide ar indicatiorn of usage for the slower rovire
iters when they are bdelng reviewed for possidle deletior f£ror the

PIE system.




V1. QConclusions 3n3 Recommardatiorec

This thesis has reviewed sore of the NART prccecures fcr
ranazerent of PE2 rmaterial. It was noted that the values o?
inventory Iinvested in Pr® material is about ore millior dollars
per NARF. It is recormended that an 1inventory of this size
receive more management attention than has been the case in the
past. A provosal for a ranagerent syster based or a continuous
review (2,s) inventory mcdel was mada, It is bzlieved taat tha
proposea system offers improvements through the standardizaetio=n
of decisior rules and oy vprovidirg an ecasily raintained derard
history recerd to bde used as a basis for the deciciors. The
calculation requirements to supveort the proposed syster ere
simplified by the use of a nroegrammabdle calculator.

The deletion of material that 1s not beine used 1is ovprecbabdly
the most imoortant improvement that caa b2 made in th2 managemernt
0?2 PZB raterlal. Thls action reduces tne number of items veirz
managed by each warehouseman allcwinz more attantion teo ths iters
that are important to the oroduction prccess. This alsc reduces
the amount of PFR material with very low usage which has ba2en the
rost significant source of audit aiscreparncies.

The proposal will have a better chance of success 1€ thare is
a sinzle "project manager” in charge of its implemertatiorn. This
ranager must have sufficient authority and bde capable of
prroviding guidance and motivation to the individual P¥3
warehousemen. Additionally, the system should bs ovperated urder

centralized manasement to provide uriformity throughout the NARF,

5¢




It s reccmmenied that furtner study b2 conaucted ceonecernirg
the tnreshold values for rarege acds arnd celetes tn daiscover {f a
simple arnalytical mwettod for deter~ining the decision ruiles carn
be develcped. It is furtaer recommended tzat tne pecssibdbility ef

rarazineg PFB material using the MRP system be investizated after

tha MIP systam has become fully operational.
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APPENDIX: 3

The following TI-SQ program 1s designed to accent input icforrmation
from the stock record and calculate new values for:

Smoothed mean demand
Smoothed MAT of demarnc
Smoothed rean lead time
Smoothed MAD of lead time
Order gquantity (Q)
Reorder point (s)

[0, WL N R4S N

e o & o o

The prograrm reguires that the calculator partition he s=2t at 786,15
and that a PC-1224 bde used.

The followirng registers are used by the proaram:

6 - New smoothea lead time (calculated)
New MAD of l2ad tire (calculated)
& - Tate of receint (input)

9 - Date of order {iaput)

12 - Unit cost (input)

11 - Observed demand (input)

12 - QObserved lead time (calculated}
13 - 0141 smoothed demand {input)

14 - 01d MAD of d=mand (inpout)

15 - 0ld smoothea lead time (iaput)

16 - 014 MAD of lead tire {invut)

17 - Naew smrothed demand (calculated)
18 - New MAD of derand (calculated)

~3
I

The program uses the following labhels:

ee1 11 A
255 SS PRT
32¢ 12 B
486 8t =
5329 32 LST
585 13 ¢
€22 37 P/R
€9€ S DSz

The program assumes that all demand data is in units per quarter.
As a matter of operator converience, th2 lead time is assumea tc¢
[ be in days. The programr converts the days to quarters for use
’ in calculation ¢f the reorder point.
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The parameters for ordering cost, holding cost, and service level
are built into the program as cornstants. Assumed values were used
for deronstration purposes. These values can Ye changed by charzing
the program code at the followlrng locations:

Ordering cost £94-538
Foldinz cost €42-€23
Service level 658-6€3

To begin update of a record, press A. Promrpting messazes are
printed during program executlor to request irput data and dafine
output values. Wwhen the program requests ar input value, the
number should be entered followed by the P/S key.

[£5]
|l

zee 76 L ]
201 11 A !
222 25 CLR ]
¢e3 €9 oP ;
204 20 20 i
225 21 1 i
2g6 a7 7 :
e 2 3 !
228 21 1
229 z 3
21¢ e7 7
211 o1 1 i
g12 a7 7
012 2z 2
214 25 5
. 215 g0 0P
{ 216 21 g1
{ 217 21 1
g1e g 8
219 gz 3
223 22 2
g21 2 3
222 26 €
023 23 3
g24 ev 7
225 65 oP
226 22 22
g27 69 OP
228 2s 28
229 25 CLR
232 o1 R/S
£31 oS PRT
232 o8 ADV
023 42 STO
234 10 12
235 23 3
236 g2 2
237 1 1
238 24 4
930 23 2
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242
241
g4z
42
J44
0v4s
246
247
g4g
249
25@¢
gsl
€82
353
€54
@28t
25€
257
ge8
259
pewe
261
262
263
ec4
265
oee
oEe"?
J€8
269
eve
271
e7e
273
74
g7se
g7ve
277
p78
evs
921"
g81
282
283
gg4
285
28€
2244
g88
288
€90
291
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oiiaLe s gk

[0 )N SRR NN ol NN e ¥e))
[aV g v)

WO™O &GO
N o Gy
wn o

PRT
ADV

N wn
3
o

N o

OSD—'QG(DHG(S';OH(A(AHQHNCAQOO)H\)NN
g

e - e p—— s ¢ o e

g

o




294
2995
29€
297
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299
109
1¢1
122
1e3
194
125
1¢€
107
12&
199
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113
11¢
118
11€
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122
121
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123
124
128
12€
127
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13&
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170 2
171 14
172 €8
173 oz
174 29
179 B4
176 42
177 18
178 g0
179 es
182 99
191 g8
182 21
183 a7
184 23
185 21
186 23
187 27
188 e1
189 27
190 22
191 25
192 €9
193 eL
194 23
195 22
198 e2
197 e7
1908 21
199 08
28¢e 20

201 29
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202
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204
225
20€
207
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210
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Zie
311
312
c13
314
315
c1€
317
318
319

330
331
332
233
234
335
228
337
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377
78
279
389
81
282
383
384
385
386
287
388
389
300
391
392
393
394
395
30€
297
398
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4¢2
421
402
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404
405
406
427
408
409
412
411
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413
414
415
41€
417
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418
419
429
421
422
423
424
425
426
427
428
429
439
431
432
4322
434
425
436
427
438
429
44¢
441
442
442
444
44%
446
447
442
449
459
451
452
453
454
455
45€
457
488
459
4€0
461
4€2
462
464
4€5
466
467
468
459
47¢
471

QU VNOIEN
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INT
INY
SUM

XOT
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CP
INV
GE
LSz
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PRT
o8
PRT
29
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472
472
474
478
476
477
478
479
480
481
482
483

484
48%
48€
487
488
489
490
491
492
492
494
495
49¢€
497
498
489
gee
501
5e2
€e3
504
8gs
£o€
537
5@8
£09
512
511
512
513
514
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517
818
519
52¢
521
522
522
524
525
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526
827
528
529
520
231
532
533
£34
535
536
837
538
539
540
541
542
842
544
545
54¢€
547
548
849
559
881
882
552
554
588
55€
587
S&8
559
5€¢
gé1
562
€63
5€4
565
5€6
5€7
568
569
57¢
571
gn2
873
574
875
576
577
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g79
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580 42 STO
581 16 1€
Q2 61 GTO
882 99 PRT
584 76 LBL
&as z c
886 ez 3
s87 24 4
808 €9 0P
E89 04 24
592 53 (
591 52 (
£g2 28 8
593 65 X
594 25 g
555 oc )
S9€ €5 X
897 43 RCL
£989 17 17
599 S84 )

! €20 55 —-:-
621 €3 (
€2 93 .
£93 92 2
604 gs X
€25 43 RCL
E2E 10 1¢
€27 84 )
€28 54 )
£09 e SQRT
612 58 FIX
€11 22 29
212 £9 0P
613 76 g€
€14 22 INY
615 5¢& FIX
61€ 98 ATV
617 23 3
£18 26 e
619 69 0P
629 24 24
€21 53 (
€22 83 (

1 £23 53 (
624 43 RCL
625 15 5
626 55 --
€27 29 9
€28 21 1
€29 €5 X
€30 21 1

1 631 93 .
632 25 5
€33 Q7 ?
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€24
€38
€36
837
628
€39
€40
€41
€42
643
644
645
€4€
€47
€4E
€49
€80
€651
€52
€cZ
€54
€€5
€56
€57
£58
€S9
EED
661
€62
€ES
€€4
€68
€EE
g6€7
€€8
€69
€70
671
€72
673
674
675
€7€
677
£78&
€79
68¢
€g1l
€e2
€82
€e4
€esd
€86
&7

€5 X
43 RCL
18 18
84 )
8% +
53 (
42 RCL
17 17
33 X¥x2
€5 X
21 1
93 L]
25 5
kd 7
€5 X
4z RCL
16 1€
53 -t-
2e 9
71 1
54 )
84 )
34 SCRT
A3 X
21 1
ez .
22 2
ge 8
1 1
25 5
£5 +
4z RCL
17 17
€8 X
43 RCL
15 15
:5 -
29 9
21 1
54 )
58 FIX
22 22
€9 0P
26 g6
gg ADV
22 INV
2 FIX
92 TN
78 LEL
g7 DS2
€9 0P
e Zo
21 1
24 4
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£EE
€EQ
690
€51
£92
£33
€94
695
€636
Ea7
€SS
€99
782
7¢1
7¢2
723
704
788
73€
737
728
729
710
711

To modify the above program t¢ constrain the ordsr quantity
to be ro more than 22 days of average demand,
instructions would be inserted between instructiors €€% end €1¢.
The rest of the program remains unchanged.
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APPENDIX:

"

4 Sargple Update Calculation

Assume the followinzg informatiorn:

Smoothed mean derand 322 Crd=aring Cost 2z
Smoothed MAT c¢f 32mard 22 Selding Cost .2
: S~oothed mean lead time 21 Service level 52
g Smoothed MAT of lead time 7
} Ovservea derand 209 Tait cost s 2
t csulian date ordiereqd Z1f2
; Julian date receivad g1ve
Tc update the stock record usinz the TI-F2 prozram from Arpend
orass key A, ~rrempting messag=2s will be orinted to regusst da
| After the data is exntered, rress the R/S k2y tc resume srozranm
% exscution.
E Al N~ ~ > I yaT -
“ PROMPTING MTSSACE TATA TNTRY
FNTER COST 2
INTTR CZS THL 220
' INTIRE CLT MZAN LMD 222
f FNTER OLL MAD NI 22
The program #ill tren calculate and print:
NIW MEAN IMD 2¢2
1 NE¥W MALD IMT 2¢
Thern tne following prormpting messazes will be priated:
PROMPTINGC MTSSACE ATA ENTRY
INTER NLT MTAN LTIMT 21
‘ INTE2 CLT MAT LTIVE i
! PRESS B TQ CAL LTINME
‘ PRESS C 70 CAL ¢ + S

Since arn order was processed durine the current quaertar, press
The following messazes will b= printed:

PREOMPTING “WSSACT ATA INTHY
ENTER DATT ORD 31€9
TNTER TATE R=C gi7s




The program will then compute and orint:

NEY MEAN LTIME
NT¥ MAD LTIME

n
R o]

PRFSS B 70 CAL LTINE
PRESS C TO CAL C + ¢

If rmore than ore order had been proca2ssed duringz the ouarter, xey 2
would be pressed and the lead time calculaticns would te reneated.
After all orders have been entered, the last values calrulated for
lead tire are used to update the stock record. Trnen press xey C and
the program wlll calculate and print:

CUANTITY

ORDER
EEORDEP POINT

—
© R
[ER%)

€8
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