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1.TIM SL'MIULJ..CE OF MPM!O! MI

W. Grant ireson

j 1. Backgrounmd

Part of' the r-sponsibi~it~y of all branches of the m:.lit'ry.

&ll types so that In any em-rg-ncy a sufficient quantity of materialsescsi o~nana dqat upyo sbemtraso

will be a" hand in the -dar reserve stocks to enable the Deopartment

of Defense to meet the needs of a military action of some minimum

length. In order to carry out this responsibility, all branches of

the service puarchase equipment, repair parts, replace parts arnd

suplies, and maintain *.:iem In etores rewndy for Issue at any time.

These suppllidican be classified in. many ways, anid the first gernerni

classification brea~ks them down into

1. Current suxpplies (n'upplies that are constantly being

unea and rvpla~ced through the procurement. of new supplies.)

War roesevo rtcckm (--uprlien and Pquipmr~nt mafiritnned in.¼.I o-Pa and vftrphounes eagalwt the needs for rimergency
Issue.)

All types of materials rAnd urquIpment deteriorato to some extent

* in storage; acme materialn detteriorate at a vich ino-, rapid rate th'rin

*others. Som materialsi changeo tn chatracteris'ties at time pftsjci,

* regardless of the environment In which they atro vitor-d a~nt the

* -protection affordved them. Certain chomical1 coupoun'F ( rubber, for

instance) behave in thir, faishion. On the other hand, the deteriorvition

rate of moot supply itumo ecan be r*'gular..d or partially controlled by
controlling the envtronr-;at In which time ak.torlnl is Rtor-4. The

senytronmnt Inclult.-. -iun frat*ur-. not tiuv,~erfture, humidity, 11"eC'.



sunlight, fwmes or gases th'a., cause corroion, and phy-nical, prot.-.xllrwl
against damage (crushing upler high stacks, blows from trutacs, Nr't" R
theft). it is necefsshry, then, for the xilitary to recognize the difference

in behavior of the itew under different enviroinmnts and to take whatever
precautions are necessary to maintain the Item inusable eonditiov. In 4

spite of all. attvmpts to mintrzAn the Itimem in usable condition,

Aeterioration does take plaeo a~nd at varying rates vtich cannot be totally

accouate4 for by relating the rates to environimetal conditions.* The

starveilinee pr.,ble., then,, is that of determining the -3odition of the

materials in storage and making a decision as to what disposition shall

storage in A.~rdeer =t~. the prpraction can be taken to insure an adequate

supply of usable tssacrigtthesiaemiirynd.Te

cond~ition of the imt.- as eoaadb the surveiLlance inspection

vill. dictate the poe cin

1. Rti sI

2. rnspect 100%, repair or recondition as necessary

3. Represerve and repackage after cleanir4 off corrosion or rustF
ii. Scrap and replace through noy pto'ures-ent.

Tuese decinions are similar to those that miust be made b-, acceptance

procedures regarding newly procured it~ems except that in surveillance the

decision to accept simply means tuat the quality of material in storage

in good enough to continue in storage vithout additicnal inspection or

repair. Thus the surveillance inspection is a mpeeial case of acceptance

procedures in wbich there ts no produeer-consumer relations except as

the auality affeetie the relations between the supply organization and

the using organization.

A second objective is to obtain sufficient information about the

variation in deterioration rates tindor Oliffii"., so that &a

econoctical. surveillance prcgram can be planned that vili a"..amplish the

first objective. If It~eu do not deteriorate rapidly, it is usually a
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mate of money to go into '-.:ciled inspections at frequent intervals.

When items deteriorate rapidly =r -t ur-,ovn rates it wy be r.eeessary to

Inspect more frequently or to base the frequene7 of inspection on th.,

deterioration rate as observed. Thus, this objective is to determine

4iat progrsa would be most effective and to formulate irspeetion procedures

and sampling plans that vill eiable decisions to be made currently whiel

will minimize the cost of maintaining the detlr-d stock of usable items.

A third objective of the surveillance program is to secure information

ab,,it stability and reliability of materia~ls and designs for the benefit

of military designers ara *pecification vrite.-e. This infurmtion vill

enable these people to altet ý. .Lure designs and specifications so *hat

the itwm• viii have a longer shelf life and in turn involve less surveillance.

This objective might be stated another way: to provide iiformation that

vill rtduce or eliminate the surveillance problem in the future. It, of

course, depends upon adequate comieations vith procuremet divisions

and a willingness on the part of procurement to take advintage of the

aeeumulated kwvledge.

It is quite obvious that the fctrulatio:, and oa.cra" "o, of a sstisfactory

:,urveillanee program is primarily a marageneet and organizatli .i pr~olem.

The effectiveness of our fighLlng forces is largly dependent upon havir'

an effietent and offective surveillance .rogran. Each branch of the servir-e

has literally thousands of itemi to be stored and observed. "These itunw

fall in hundreds of cla~ssifications and pwsoont 9anty, many llfferent kindF

of prýblemx. Each item to irvportant to the overall defens, progrna. Lo-':

of an Inexpensivo repair part can render a military unit Iaewbile or

inc•fl•.t' l In performing Its mirsion. 7is-refore the value of the item

is not a criterion for s •-ttisfaetory surveillance proama. There are o't4r

morr important criteria that must be used in set.inA up such a proprsai.

The uu.nitude of tho problem in such that the foraulation of ar Pfieient

P•roarnm is -nintial and ofres. the o-,portunity to save large mounts of

mopy vwthovt ia)airing the erroetiv-nep, of the defenie pTraa.

- ~ ~~- ~ ~- -
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2. Criteria for a Satisfactory Surveillance Prgjnx

A em.Amd f*ý Oft. ¶~!"~~ r " 1 rvt1

program might be limply that it will assvre the services an adequate

number ofausable -ltems on hand at any tUae to wbet the needs for military

action at a nIzama cost of amey, manprxer and national resources. While

such a statement provides general guidM.eines for planning, It gives

little dLrwt assistance in formilating or evaluating a proposed program.

Individual factors must be eonsidered more fully.

A usable Item mast be defined in some way. Frt procurement purposes

detailed standards and specifications are ommonly used in order to

assure that the item supplied by a vendor is what the mliLtary agency

vents or needs ad that it will fulfill the functional require2nts vith

the proper life, durability and accuracy. It should be quite obvious that

the specifleaticm and standards for usabuiity of an Item that is already

owned by a nlitary service will be somewhat different fr those used

in initial prowomnt. As one military reprmeentative vut itp "You

would not discard or scrap a truck becaase the paint is faded or because

it had dents in its fenders, yet you vor'. nsot b'.y a n'w truck from a

c%*pliet if it were in the same conditioa." The condition might not
even be oad enough to justtify a new paint job. Furthermore, even If. the

ctione. 1oporation was bet.ov the otandard for new trucks it Is no.e

economical to rerIr the truck than tc purchase a new one. In many

military opernttons it is bet sr to have a weapon or a device that works

at some In•erior rate than to have none at all. These ideas introduce

the concept that "usable" quality needs to be defined in reference to the

"Utms um "r awa4seratio aw4 that tho defiLition my change with ehanges

In the nMlitary situation relative to the available supply.

Another concept tQat mast be conlsdered in desiging a surveillance

program is that of the risk involved. Most stored Items vill have some

defectives or defoctivenevs Dremnt. & nme of the purposes of thecarelac iiii" .Wk L asQ!" 4&CL'Q'ý .V.&s ic
sasling viii usuaLlv be usedi as a basis for judging the defectiveness

and deciding upon the Aliporittn of stored Items there Ir a certain

, -o . • .w • •I
• * 0 •



rics tuat tne defectiveness vi.i be underestimted and that lots of

! ý wiAl. D retained when they ,hould be 100% inspected and defectives

• •, ,&w 1vG. ine probability of retaiting too Many defectives

in stock is the risk involved i- sampling.

At the saw timp, the informttion obtained in saling can be used

to estimate the rate of deterioration. By knoving the defeetiveness of

the lot at any one time anA. the rate of deterioration, the defectiveness

at any future time can be estimated. This aspect Is important to the

military because it permits the frequency of Inspeetion to be governed

by the sensitivity of the material.

Another aspect of risk is encountered in the chance that a

defective item will be issued to a using uniL. Whnen a large number of

similar Items are issued to one unit, the presence of a small pert.entage

of defective or unusable items may be of almost no consequence. Eovever,

where an individual-item is issued to a unit, as for instance a machine

Irin to an Infantry squad, and vhere the unit's effectiveness depends upon

the Item's being good, we vould not be villing to take as great a risk

that some given percentage of the items were defective. .herefore, it

to necessary to state the risk In any surveillanee procedure by specifying

the quality level, an AQL (Acceptable Quality Leve-') or AOQL (Average

Outgoing tality Limit), that it utU provide. "Ihe AQL or Ar(Y4 should

bp specified for each type or classification of item so that the

appropriate surveillance plan can be used.

The selection of eopweifications for usa.*le quality and the AQL
to be used must be made vith ref once to zost and probable corequrnee=
incurred. The cont must be mesu-ed in terms of man-hourm of labor

that 4ll be involved in the reinspeet.en of the items. This is a

function of two variabler, the c.oopleteness of the inspection on each

indivilual item and the number of itews so inspected cut of a givenI
lot. The tighter the specifieations for usable quality are, the more

tiae rurt be devoted to the Innpection of each item. i1e less risk

n ter, willing to take, the smaller the AQL or AOQL must be and the

4' larger the sample size must bt' for a given lot rize. AIo, more anc.p*ahle

l . . .. I.m • m • m m ~ e • m m m m m m ••m -
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lots will be rejected by tight plans, and thorefore the frequency4
with which lots imut be 100t inspected increases.~ This' is in tamn

aceompenied by more ruiiair and rewark of uefective itoms. There Is so

question but that tight specifications and low risk plans result I& a
higher pereentaee of the. titme being In a usable condition# but It has

be ,a-eomlished at a most of increased wn-boxrs and use of faeilittw6.
&&M cost at lncwesea proteut~on, as described in the preuleu

Pazagapb shoilbo cons ered in c lction with the initial coat of
the ites and the tim required for proewemut of replaommnt titme.

Certain branches of the military service have set up aztitrary limits
an the uiat of monsy that my be spen~t an .- Yo.t or overhazzl of

rpale ition. One branch, ftr example, bas epseified that If the
estimated cast of repair exceeds hO% of 6%e 6.4oa~t the Item will
be reviewe by a special boeard that will make the decision as to
Whether the itiE should be Pepaired or scrapped. Bow military

rap.esentatives bae. e3pressed the opinion that surveillance costs
i@ aii, th e s o o item s(I certai clsilat s an tha

without interim Inspection. The objective sbould be to select the
largest AOJ. that the military cAv% afford to accept for each classifies.-
tion of meterial. wa then to determine the surve.Ilanee procedure that
will provide that mnunt of protection at the Iowest total cost. This

total cost should ineluds, the pur'hasc price,, the cost of special
handling for sm.veillance purposes,, the cost of the samping Inspection
and final action., If the sun of the special harsling cntst, the
Inspection coats and the costs of the fi~nil action equal the east of
replacemrnt, (the purchase price), then surveillance should be abandone.¶
mad the Items scrapped periodlically.

This paper does not attempt to ir'tvoduce or .molve the so-celled
Inventory problaim of how miuch to order and the procurement problem. It
Is limited to the survellane- probleme of itemm already on hand at any
time. The Su1Yi~llanf problem and the inventory problem are by necessity
Interrelated,, but the inventory problem is subject to straightforward



solution provide-1 the surveillance program has supplied the information

on shelf life and deterioration so that the prospective usable quantity

can be predicted.

3 �Who Shmud Set Standards for Sinv-illanee

f The problem of setting standards and specifications against vhteh

stored itemw ill be compared• "-,t fall on the military. Representatives

of the fighting forees must decide boy b&A wn Item may be before

it becomes unusable. Only the using organizations are in a position to

evaluate the effects of defective item upon the accmplishment of the

assigned missions. The decision must be made ,0r all the kinds of items.

For examle, powder and propellants change somewhat in burning rate and

ýxplosive poweroitth age. Nov much change can bo tolerated b4.fore the

propellants constitute a hazard rather than a weapon? There is some

point at vhieh the firing tables used by artillery wen would bscoma

totally untleas,, ad, in time of var, there mLight no'. be time to compute

* r-i *'bl%. based tpon the new characteristics of the propellants. In

that eas.: -m change could be tolerated. However, in the ease of an

elecLrortc guidance system for a missile, very little change in the

eleetrcnie characteristics probably would render the system coletely

useless.

For most allitary supplies e-d equitment a classification of defee%.

has been establishod for proeureaemt purpost. This classification of

defects becomes a basic consideration in surveU2...oce program. F'sr:-!'!ble

personnel should review the classiroteation in order to determire which

def'cts should be Inspected in the surveillance operation and whether or

not tho classification can be dovmmgraded. Some. defects that were "criticel"

for procurement purposes may be conqtdired as "sajors", and some that we"r

mijors say be only "minors" in surveillance work. As in procurement, an

ASL can be assigned by clas.ifications for surveilLrce purposes. If

a reclarsirication of defects is wot feasible, then new and troader

tolerances may be sp..ctfied for the different characteristics that amy

be zbject to deterioration. A combination of thene two methods may be

. " L. , , I n l



Semployed In order to establish definite standards for the guidance of

surretIImee persoanel.

To su ize, as lon as item that vill not pr-.s Ue upecifieatios

for new Item are coeaidered uisble (vithout repair or zework), it is

necessary to have two sets of eebeificat.ions and standards. Oe set

must be vvr emplete and suLtable In every respect for proeumut

purposes. This set will normally rejuire hiser quality standards

than are necessary for usability because aLLovancs =m=t be made for

deterioration in atoraLm. Th other set unst deal vith all those character-

Istles that a-e subject to deterioratioo, and must set the lower limits

tfr usability. Vlthout definite standards the surveillance pro

n be expected to ftmction effectively nor to assure that item in

stnage are usable.

4. What Items Should Do Tntiudd in tho Puelllanco Prgrm

It has bees stated provioumly that a&l Item of mlitary tc-res

play am part ia t#%P whole defense scheme but it Is obvious that, with

the m1llo•s of item In eceap4ep all item canot -nd need not reeeive

the same oaideration in the srvveill•ane program. It becms necessary

to expend the avaLlable mey and remourees on those thing that are tho

ant Important to the defenze progr and which are also subject to

deterioration at a rapid or an unknown rote. This has already been

accounted tbr in many of the surveillUane proVr2 In that shelf life

has been established and oncz the shelf life has been exceeded t* -, item

mist either be inspected and up.dated if ti11 In a satisfactory condition

or be scrapped.

Practically all of the manufaturers of allltar supplies and

equl, -t are aware of the charator-.stics r"f their products and are

able to provide sam guidance to the military regarding the probable

shelf life. Manufactu~rer or preser"Fttvee mid packaging materials know
a great deal about hobw their products retard the deterioration of various

kinds of materials. Flrthermore, the military nass a great deal of

information from past exportence with all kinds of asterials stor.4



under widely varying conditions. From all of this information the military

should be able to determine with a great deal of certainty which items

would be most subject to deterioration when afforded various kinds of

protection and preservation. Obviously, those Items that have a lori6

nhelf life or which are not subject to deterioratior when properly

stored should be exelud.od from the r.zrveillanee program. The available

money and facillies should bp devcted to those IV ma that either

deterioratte rapidly or detcriorate at an unknown i te. Ftecords should

te kept to accumulate information on the latter group so that unnecessary

surveillanep amn be -- oided in the future.

Another factor in determinIrg• the Item to be incladed is the time

for replacement or repair of 4efective item. This factor also affects

the risk that one is villing to take on an item being defective.

The replacement time should be considered in reference to the site of

the war reserve stock pile. The stock pile of usable item should be

large enough at any time to conduct a military action of some specified

duration. The duration should be long enough to permlt the rrv;ý,Iesent

of the -tema as they ar. used so that the military a'.tion can be

-- continuet vithout interruption. ConsequAntly, there vill. be wide

variations in the relative atze of the war reserve stocks. Items c n n

to both civilian and milltary activities need not be held in such large

quantittes as the itrms that are of purely military nature tecavae they

can be r-placed mo.e quickly. The re;ii.red etoek pile amy be estawliphed

in most instances relative to the estimate of the military situation.

In other words, in times when war seems more iinkient stock pUles have

been Increased and as the l••ger of var decreases the stock piiea have

been aliowed to dwindle. Furthermore, oo.joiescenee "tends to afrrect the

amount of material that should be retained in stock. For example, when

a new aircraft is procured in quantity and added to the fleet, the spare

parts, wings, tanks, engines, londing gears, and other components are

procured for replacement during the estimated life of the plane. As

thin plane is phaard out (or a, plan-s are lost due to au.cidents or

ailitary nation) and replaced by nevwr types, the quantity of par"

parts Iti 0oren is roluced areorAingly.
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5.t, Plans that Xeet th"eo uirpwnts and the I

of the Sur7eielaee PTI=

The pritry • pw-pose of this paper is to analye the surveilanceI

problem so that appropriate inspection plans can be selected. It is

necessary to establish the criteria for such inspwetioe Fp.un so that Stheyr can be adapted to the vaurying conditilons and 7;%r .1roent, of the

several branches of the amlitary service. It h". been assumd that a

surveilloee progrm calls for ssapling inspection plans. Tt is not

ltkoly that a sinlge plan will satisfy alil of the needs. Therefore,

this paper propoes that certain characteristics of sapling plans be

eonside.ed in reference to the indvidual problcs that are eweoumttred

and that eertain rsocmendations be md. regLrding the natture wa use

of the plans.

There ace tbr classifications for aceeptAnee sampling plans

vhieh wy be considered for the surveillacee problem. One type is the

lot-by-lot type and the other is the continuous sapling type. The

r.Lltary has a large numbcr of samling acceptanee plans of both these

types. Since the problem of surveillance is concerned only vith

material already on hand (avd not with product being submitted item-by-

item as produee,), the continuous plans appear not to be %pplieable,

'ut later in this paper a three decision continuous plan is presented

that appear to have sow merit In the surveillance program.

LOt-by-:*"t acceptance plana take many form. Attribute plans,

typified by KIL MTD 103A, are best known to ins,zeetors and quality

control personnel. tnh-•lot plans based on variables (standard

deviation or range) are emilng into more vide-spread use. The governmnt
is issuing a variables standard, NIL fTD tlis, similar to NIL STD 105A
for use in procurement. A third type of aceept&nee plan bao4d upon

lot-by-lot oonsiderations, is the multiple or sequential type of plan.

Th,.re are ninrous individual sets of aultiple plans in NIL STD 105A.

An has been stated earlier ir, this paper, it is necessary to

i&.ilieh the level of protection desired from any sampling plan. The

..... .... ....
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operating characteristic curvos of existing lot-by-lot plar. havc been

established for use in procurement inspection. As in procurement

inspection, the 1W are identified and are made up of product that vex

produced under essentially the •ame_ conditionzu and can be asse~d to

represent a bom~,vnou•s collection of i*ins. If the *ai plans are to

be used for surveillance prograe, it =swt be reasonably possible to make

the swo assumptions about the items to -w inspected. This, of course,

ined4.ately poses a major problem in many stored items, in that the

idi'ntlty of the lots is not necessirily retained after the Item has

been re'eived and put into stores. In many cases it is still true

that the lots are retaas-d separately from other lots, so that the

manufacturer,, date of production and other info.ia•tion is available for

use. On the other hand, many times the items have been moved from one

warehouse to another or have been issued to using eomnds and returned,

either used or unused. Practical problems of materials handling in the

warehouses or depots preclude the possibility o*A reestablishing the

original lotsp and even If the lots were reassembled, the differences

in the environments to which the several xublots have been exposed

would mean that the whole lot could not be auasfd to be homogeneous.

Mhin mears that the varehounes and depots throughout the world ha~re

collections of items of similar nature, model, stock number, etc., yet

proruc-ed by differert manufacturers at. different ttwoes and -under

different conditions, and are not homogeneous. The question then arixes

ar to whether or not sampling plans based upon the assumption of

homogeneoux lots can be relied upon to give tne desired protection when

the question is "Is a sufficiently large percentage of these items usabie

to warrant their retention without further inspection and overhaul?"

It is safe to say that if all of t.he item in the collection, even

though from different manufacturers. were made to the saw original

rpecifiestions with the same kind of materials and received ercentially

the r-• treatment, the. error refulting from the aR [tIt.ttin of' lot-by-

lot neceptanee plans would not necessarily preclude the use of such

planq for surveillance purpor.. Ir, however, there are substantial

I
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di?•erences ln the design or materials it may be necessary to subdivide

the groups according to se model number or serial number in order to

apply the sampling .'ans with confide_*ce. This can be sonewbht verified

Sby ý:ons 4 dering the msxing oa two or more chip distributions. If the
different distributions have approximately the suam mea and only slightly

dirrfe.ret standard deviations, aam:.,, drawn fruc-, the thoroaply aixed

chips will still tend to indicate the a average and a dispersion

slightly larger •.haan- that of any one or the alsstributions. Thus, If a

collection of item is made up of items ?Lat were originally very s:imlar,

and if they have had about the same treatment, a sample drawn from this

collection should still indicate th- averaje ccoition with sm

indieation of the variation in quallt.' that might be expected. Of course,

under such eowditlons, it is very imporvanwt to actually randomize the sample,

and not to Sueumb to the temptation tn take the item that are on top,

or are convenient, as a .- le. If mw iteus have been rubjeet to

different env•i•r tl conditions, it would be desirable to make sublots

from the lae collection, basing the sublot.s upon the treatment received

and not upon original manufacturer.

After an AQL bas been so.lected for any item, it is necessary to

consider thispnte s of the operating ehararteristic curve in

.eleetIng the sampling pLan tW be used. The 0... curves of many

different saling plans povide the sam AQL, but, according to the

steepness of the curves, provide more or less protection against accepting

the lot at quality worse than desired. In surveillance work, this means

that the steepness of the cu,:e %vLll determine the probability that an

error wauld be made in deciding that the lot of material is usable when

actually it to worse than the desired protection level. It ir advisable,
t herefore, to -.:=ne two pointo through which tho O.C. curve must go, rne.

representing the AQL and the other the quality (pl) which you are willing
to accept only with a very suall probability, say 100. This second point
ecrresponds roughly with the Lot ?olerance Pereent Doefetive (LT'D)

concept. of the Dodge-Pomig acceptanee plans. These two points will

oementially determine the stoopnons of the O.C. curve and ensbjv ono to

I I
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pick a satisfactory plan.

Consideration of the fraction defectives that vill be accepted at

the AQL and the LTPD it-edlately paonts out the problem of cost. As

either or toth the AQJL and ILIMM are reduced the sampile size mot Increase,

and the Inspection cost must go up. The benefits that may be derived

or the petalties that my be incurred at different AQL*s sust be

weighed against the costs involved.

Where the isportant charaeteristics of the material under surveillance

are measurable, It is probable that acceptance plans based upon

vara&Lles will provide the debired amonmt of r.et.inm vjt~l loJ5a..n

inspection. The variables plans requlr-- a smaller sample size for a

given AQL than do tbe attribute plana; but the cot of each i'spection

Is usually greater. In many canes U.e charaeteristies under observation

must be seasured anyway, and it Is foolish to throw away the extra

Info.•ation in order to use attribute plans. Such tests as functional

te@6" v til and air comressors, fuel eonsumption, hardness, tenitle

strength, rate of zlimb, recovery rates, ete., represent the best

oppor• unities for qse of variables plans.

Tho sequential type -ampling plans appear to offer special advantages

for surveillance purposes. Sequential type sasa4lr4 plans my be either

itea-by-item or multiple sequential. That is, the decisions may be n'•"

afiter each item Is inspected or ifter each group of n items Is inspee•td.

The decision meut be one of threeo accept, cm.-ttinue inspection, or

reject. If lots are either very good or very bad the decision to ne~rvt

or to reject can usually be tmade vwth a small amount of inspection. It

is only when the actual quality Is borderline that the Pequential plan':

require a large umunt of innpectit.. For these reasons it appears

that srquential plans are srtieularly advanttgeous in surveillance

york where the main problem i: t.o guird against retalning lots of

wnterlal as urable when the if fectlv"ness is greater than some given

pp rfentfge.

MIL STD iOMA provides a set of multiple sequential sampling plans

.ALU "ight Dosaihlr vteps in -%eh The sample sizoi are t-ubtnntitlly

a W•
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smiller than the single sat~le sizes for corresponding proLeetion. These

plane are vwel known and ar- wo)t lal.-•.-.,err the lot size Is relttively

* large. Thus, /in surveillance work, these plans v•ld4 be most useful for

checking the quality of compon•nt parts that are stored in fairly large

quantities. In addition, if the item were all good at one time (whie

'4 purchased) and if they deteriorate at about the same rate, a small swaule

can usually tell -hether or not the .rartittn Ae.iective is greater thai

some arbitrary amount.

SIn those cases where the total quantity in atorag. is small or vnere

t the individual lott, are small, a modified item-hy-ites sequential coeptance

plan viii usually be more economic Al. This is particularly applicable where

the item are large, ecaplex units and where the cost of an individual
inspection toI-I• The disadvantage of the iema-by-1 tan plan lies It

the necessity W compute a probability ratio after each ites is Inspacted,

irotection deislre. fhrdoavntmeo the pa.r itemt-by- teneuntil plans, onesiSor else to have previously I repared tables or charts for the particular
prtectionO desired from the plan. Ir item-by-item sequential plains, one,

item is inspected and a decision is miae to accept or reject the lot or

to Inspect another item. It my, d"epndlng upon the protection desired,

be necessary to examine several Item before It is possible to either

accept or reject the lot. (In other words, some minimum number must
be inspecetd in most case* before a dect.-tion can be made to •e. or to

reject.) The total number of Items to be inspected before a final.

decision to accept or to reoet depends upon the quality of the lot and

the chance varSjainz- of sampling. In practice these plans are uuiily

modified to the extent that the pro-.edure Is truncated after a finite n

Items have been inspected.

I. Richard Savage, In his reports Cyrling and A Three Lecision

Continuous Samlqn Plan For Attributes .has proposed tvo models that

"i¢mge I. Richard, "A Three Decision Continuous Sampling Plan For
Attributes", Applied Mathemtics and Statistics lAboratory, Stanford
University, Contract N6onr-251246, ,Nechnical Report No. ? O, January 22, 19T5.

Savagep I. Richard, "Cycling", Applied Mathemntief and Statistics
Laboratory, Stanford University, Contract .6onr-25126, Technical Report

No. 27, Mareh 9, 1956.

I
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%pJear to have same applications in iurve!_lmance work. iti three decision

model in d,-sitcne4 for acceptance inspeetioe uf prodtuct from a continuous

process. but vith a littl.e Imagination It is easy to visualite its applie&o
,of L product tt -As teen assembled from previous produetliA.

Th" procedure of the plan quoted directly from Technical i•eport No. 2o is

iat follovs:

"The prop•oe"d procedure depends on four positive parsaetersp p, h2 ,

a, and K" in the folloving manner.

"A: When the pr.Mucton protezz beginp, start vith 100 per cent

Inspection and let dn be ttr nvun-r i)f IcP I ves out of tho first n

Items produeed. An long as

-h•t en < d < h • r. (0 < i < 1)
In 2

continue 100 per cent inspeetior.

"B: If dn < -hi + sn before dn h2 + on , stop 100 per cent

inspection and accept a lcit of pste K (the next K items produced).

"I' d > h 4 mn berore d - .< - +n , stop the production
n- 2  n-I

and attempt to Improve the levl or production.

"C: rpentually either B or B' wiil occur. When the

appropriate action has been talen, start the Inspection procedure over

ngain by going back to A as If the production process h9d juzt begun."

On, unusual assumption I,. mde: the defective items found while

innpecting at 10)O will not be re;laced by good Items, but vwil be set

aside and kept separate tror "f0e .tezs passed. Othervise, this plan

Is a rather special case of sequentic! acceptance procedures, vitl q

f•pecific lilit) X , on the £lumker or itesf. to •i* -*apt-'d. :-.•,ftg

worked out an example in the Popor- using hf1 hf2 a 2, .l,

K a 25, '50,75 and provided graph|i to show the operation or the plan.

If a lot under surveillance is known to have been produc'-d under a

.inte of control and the lot has been nubjcot to the ssmi. trefatte'nt ro

that It. nould .itill be homogeneoui, this plan could be vred with rmasonable

.nfrid.enc@.. nine& the lot ha' pru6.ahly been vwll nixed during the proces.
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of shipping and storiag, the lOA inspection could be started at any

convenient point in the warehouse and adjacent item lnsppetfd until the

decision has been reached. If condLitlon B is reached first, 1004

inspection would be stopped m---•A t'_t- ne K Items of thp lot accepted
as being usalle. Then 100% insp•ection is instituted again until

condition B or S' Is rea..hed. It condition B' is reached first,

the lot is assuimed to have more than some fraction of unusable Item an&
should tpe szutitted to 1004 Inspection and repair as necessary.

On page 21 of .-•prt No. 27,, Cyclin,, Savage presents "A Preparedness

Problem% that results in an econooe model for the determination of the

frequency of inspection and repair of reserve equiplePt. He admits

thot the Xreateit difficulty my be the determination of the cost and

loss information necessary for Lhe solution, however., such a model sthould
be helpfu, in determining policy on frequency of Inspection and repair

of major eq2ipment. The foflovwng Is a direct quote from the 'Report.
-*A-eetain- piece of equipment is kept in storage to be us.d only

" in the ease of es.-tgeneles. Vhile in storage it costs A units of

money to inaspect the equloment and P(r) units of money to repair
, (like new) the equlpatt 4f it has been x units of time sines the last

inspection and repair. The costs A and F(x) apply only If the

inspection is made on a routine basis and not under emergency cond• tions.

Under emergency eondit!ens the eorrespnding costs vill be denoted B and

(x). We will assume that A and B are positive constants and that
F(a) sand O(W) are continuous, non-decreasing and non-negative. Alcs

F(0) -a (O) a 0 . It Is also reasonable to assume that G(x' > F(x)

and in many applications G(I) will be considerably larger than F(x)
particularly for large z . Finlnly the mwdel is eomletely specified

Sby saying that the probability tkat an cuergene, occurs in the next I

unite if tim is I - w"T , vhere & > 0 and is known. A program now

consists of a sequence of numbers I R , x2...). Aoutine Insoections

n
are made at the times x1' i11 + x2---x where the emergpeny occurs

.. * - _ _ _ _ _ _ _ _ _ _ _ _
S S



n n+l
between timaes 5-x! and x, xini -iergney ins-pection is Maxie at

time Tp the time of the ePergPncy.

The total costs of lnvpeetlon and repairs frra the beginning of the

program until the emergency is ewt is

n
~7(A + F(x) B + Gn *)

where x* a - x .Thir is a rundcm variable rince 7 is~ a random

variable (which ali forces n to b, a random variable)."

lavage proceeds to show solutions under various assumtions and

indicateA that certain of the equantio= can be nolved for alninual

expected costs by numerical methods.

It is belietved that in surveillanee w3rk, the cost of routine

inspeetion and repair ean be approximated rather closely and that

some probability of an "emergency", as uned by Savage, ca. be set.

The cost G(x) is ens"Mt'ally t.he ost of tt.e fi'nl inepect.ion and

repair of an item before iRsuing it to a using unit. For laige, complex

equipment (aircraft in "wothballs", tanks, trucks. etc.) there is som-

prior knowledge of "demothballing" conts. Now if these cObts can be

related to time by some reasonable equation it should be possible to

establish an optiaum program of inspection and re,%air.

There are other factors Involved in the qe2-eetirn; of a oai mllisg

plan for survetllan'!e purposes besides the cost factor%. 1here i.

alwayn the necessity to accomplish the military mlision. No plan,

regartless of how economical It say be of 3anpower and money, can bc

tolerated unless it will asrure that the critical it4e'm will he irn

state4 at the beginning of this paper Is the crucial test of liny propored

plan.
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6. Disposltion

Throughout this paper It has been assumed that atter the inspection

of stored item has been aecomplished a decision vill be mad* regarding

the disposition of the items. The decisions, eas enumerated previously,

any be to:

1. Petain the item in 4tores without further rework or repair.

2. 100% Inspect the items and repair those below acceptable

quality standards.

3. Disassemble and repair or re•rk all the it-me.

Declare the items unusable and nonrclxprable at. .i. LL

them to the disposal officer for balvageq saLep or scrap.

It should be realized that the decisions, other than the first
Sjr to retain -che Items In stores without .revork, may not automatically provide

for the imediate Inspection and repe Ir ot reparable item or the disposal

of items beyond repair. There are many rules and regulations in all of

the service branches that msnt boeamplied with and procedures that must

be folloved in order to accomplish the rework or disposal. Usuasly C.

separate agency, other than the warehousing agency, vill be responsible

for repair and oethAul. These agencies have their own budget

limLtatlons and priority lists of work to be accojiplished which they must

follow in attempting to maintain the fighting strength at the desired

level. Thts, the relative q%%antity of usable Items on hand compared

to the proepeetive needs my determine the action to be taken. If the
i item is in short supply and the stock has been declared unusable but

S~~reparable , t1- rr!.•rl.ty =_--- ,.,. *7 =--hle the -. !'nt=.-•=r:

activity to put this Item into rwtir ehope Immediat-1Y. On tho. ot.her
i ),s~huid, If the supply of unable items availablewxc s "AC""" thr war rossorve.

minimum stock level, the declaration of som quantity ".& unusable but

reparable may not result in any maintenance work on thote items. *The

Sr-parabla-wteas -PAy re'min in the sam condition for periods of a few

* months to several years before the u -le stock be.comes small enough toi

warrant repair of unusable items. Peparable items may be removel from

4o
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the murveillanee prograsm and as a result deteriorate at a =re rapid rate

so that repair at a later dato my be wre em-,-e.e than if it had been

done earliae-, but It may never have to be 4on.e at all. The availability

of funds, mmpoverp and physical facilities are limitations within vhich

repair and maintenance work must be carriod out. Work schedules must

be established months in advance and outnige eo tractors may not be

available.

t.ese difficulties are part of the management problem that must be

cons ideren in the overall surveillance program. Lach service should

o.xaAine its practices and procedures very carefully to determine how it*

rules and procedures are contributing to the inefficienoles of the system.

Some of the ruerlfe- necessary as safeguards against several types of

errors that might be made by people at lover echelons and must be

retained. some of the difficulties arise from the frequent changes in

veapons, equipmentp arnd item of supply and from the rrptdly changing

military situations vhich regulate the needs for reserie st=ok. S"Or

.xsamplep a given model of airplane my be phased out over a period of

years and for various reasons not use all of the spare parts that

were originally purchased for that model. Care must be exerted to keep

from expending money unnecessarily on the surveillance of spare parts

that will not be needed for the few remaining planes of that type.

7. Clabullcatlwx of YALerial

A single surveillar•e plan probably cannot be designe4 that vill

noet the requirement, of all the different situations that vill he

be available, but there should also be available sowe sort of guide

lines ty vhich the best surveillance pl]n for any given situation can

bp Pplo]te4. The selection must te bazecd upon a number of raetors.

It in recommended then that a number of clas•ifications of material

bau'd oa theee factors be vorked out ro that appropriatp iiapection

planm ean be chosen for each categcsy as a matter of policy.

One classlteatiuu m.;huld deal with the sensitivity of the itpm

mlmnml = nm -_
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to age. This elassifieatlon need only contain a small number of levels

of sensitivity to indicate the relative frequency of Inspection. Abcu.

four levels should provide sufficient distinction:

Highly sensitive

Sensi live

Relatively inert

Inert

F A shelf life could be associated with each level of sensitivity to

give a better munem of classifying the materlals. The shelf life should

be based on sem standard eondition, as for instance a covered vwrehouse
Swithout 

humidity control or special preservation. Then with ipecial
0 ymrervation or envirormental control the item could be downgraded on the

A scale accordingly. For examle, the highly sensitive level aight be

assigned a shelf life of 3 to 9 months, but. an item so classified might

have a sheM. life of two or three tines that length of tins if It were

afforded sam special preservation. 7hen the properly preserved Item

might be classed ar a sensitive it--, vwth a ,w.f life of 10 to 30f months.
The Item should also be classified according to how critical it

Is in the hands of the using organtistion and how msay are issued to a

unit. The following elaasificaLesan. U'ustrates the concept:
Crittealt every unit must be in goo working contion at time of

issue. No chance for using-urit to repair or replace the item.

Nlitar7--ission depeafs impon that ite.m being serviceaole.

fne issued at a tias.
Sub-critical: every Item s=t 'e in a•ood vorkinx condition Lt

tim. of issue or reparablo with simple field tools eommnly

carrie4 hy the unit and with the skills ucuslly evaUiable

In the unit. W~e Issued at a time.

SMultiple, non-reparable Issue: issued in quantities (hundreds,
S~grossp enses) etc.#) very PwtLU def'ectiveness can be

tolerated, but defectiveness not reparable in field. T.o

high a defectiveness I•mzprs military strength.

t-,
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Mutiple, reparable issue. issued in quantity, iefecti-eness !s

reparable in field vith conlonly available toolt. Defeet. lene==

delays build-up of ml~itary strength of unit.

Large quantity issue - expendable, non-repartbie: items issued In

larK-qwmntity La Ve", ,*Att. V1•h defectiveness Li a uML&aUCe

but only critical in time of shor*Ae. of supply.

Along with the preceeding classification, It may be desirable to

classify the Item as to nature, such as expendable var materials

(ammanition, rabs, rocket&, vire, etc.),, caita.l It~ (guns, airplanes,

compressors, generators, etc.) or subsistenac (fo•ds, clothing, bedding,

etc.). This elussification should be extec.led in order to care for the

material needs of all the sprvices.

Another classification ba-&d upon the nature of the item aight be

used along with the prpvious classifications. nlis classification would

be based upon the complexity of the Item. Thus, items could be classified

as:
Indlrduai item (coaponents, material, food, gazoline, oil,

powder, socks, shirts, single replacement parts, ee.)

all one material.

SimpLe assemblies (baLl bearings, electron tubes, vslki..taalkies,

riflei. pistols, et-.) involving tuwr f~r norp ofe~~ twO Cr
acre materials.

Large, noea-mplex assemblies (trucks, cranes, diesel eng'nes,

motor generator sets, sma.l1l boats), lairge Item involving

a arge number of parts and materiah , representing a

variety of pro-ervottion mblim, but not psrticularly

sensitive to aging if afforded normal care.

Lare complex assemblies: kradar sets, airplanes, landing craft,

P.T. Boats, Ground Tontrol navigation and Landing equipment),

large Item requIring specialized service persootnil, complex

test equipment, and speclal lrerervation and protection vhile

tR tored.

It. will be o;otcd that. thlot elasalfciticwt+1 In rpem• based ur.n the

dirficulty of maintenanee In storepl state. The more eoMpl-x the -qui}•ent,

II



Lhp larger thte number of separate 9p~el1Cett oes that mast be ehecked

and ev•mlied with. The presence of such Item as rubber hoses or gaskets

in a larger Item Pay alone increase the frequency of inspeetion tvo or

three fold bewause of the sensitivity of the rubber to age. Precision

bearings or vorkinx surfaep. that w ri•st or corrode my have simlUar

effects. Thus the mire complex the item, the more survetlUane,' ,ffo•t

must be exlended.

A further e.lausi•ication of the Item may be based an the kind of

inspection requ~red during the sur-eillaet piriod. The inspection

required Is really a funetion of the eaplexil*4 of the item and the f
rensItivity of Its coonects to age. The tnhpectioas aight be

Classified :

Visuml (do•e aot Involve the reImval of pr*servatiOn material.

As long a the preservation materiala are intaet, the item

S. can be as.imed to be serviceable.)

Detailed (Preservatives are removed and tte Item cmonents ere

minutely examined for deterioration. If satisftry, the

item is repreoerved.)
Dtsussembl* ari inspect (I.ml. Iv Lea •rd~m of the item and

minute examination of the individual parts for deterioration.) I
The" claLsificatio• s are t01estive of the factors that must be

conriderod zn -ist.,lPlLtnp the surveillance program for any item of var

reserve mterial, but .-.ly a.Lttary personnel who are completely familiar

uith the mterial, its uses and requiremets vii be empetUat to prepere

the Ulnal clac•slecattons to be used. If all the item of rese.te stocks

are then classified accordingly, there vdii be a basis for seleetinx
" ......... 4• j.i'. a ,"t vwill muxlmize tue probability of accomplishlng the

desired proteetion. The "arious sampling plans aust also be elaaotlf lo4

aceording to the sam classifications, so that the selection of tho' plan

vill bc a simple matter of mtching the requLremants of the mteria•l

against the abilities of the varlous plans.

8. Sumary d Recommations

The suceessful surveill^nee of stored item* In essentially as

.. .........
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managemeint problem that depends upon having adequate and accurate

nforomtion about the items involvod, "Ie conts incurred both in the

eurvyillsnce program and procdrement of tL* .tt:ms, proper standards

of quality for the items, and s.itisiactory sam.ling procedures to

determine the condition of the stock. The developnt of a satisfactory

program :t r•quire considerable time oeause a gr"at amount of the

necessary Lurormstion-Is not available, or is of doubtful accuracy.

Consoquontly, paft of the program should be directed tovard the aceumuia-

tion sn| analysis of the information so that eonstant ilpvovemmt l.n o-

surveillance program &an be aecowplishod.

In order to accomplish the objectives of the surveilllace program

as outlined in this piper, the folloviag steps are recommended:

1. A system of classifying all nail itury items should be developed

that vill take into account. the sensitivity of the item to agep

number normily issued, the critical nature of the item, its eoa-

pbl, and the nature of the inspection required whie in storage1

2. ALl items Ln the Federal Cataloguing System should be classified

according to the elassification system established in 1l

•o 5peclet~tonS of satisftctory or usable quality should be

-steolished for each class of item and an ACL and LPD which

repreients the risk that can be tolerated should be estnblished

by classes.

4. A arrivi of sampling plans, representing lot-by-lot, continout,

Mnd sequentil types, s011 be celected and classified according

3. Proceie.wes should be formulated by .tiieh information regarding

costs of surveillance, costs of proeureent and repair, and deterior-

"•ý!:n rates undtr different otorago and protection conditions can be

accumulated.

6. -ine results of the surveillanee program (infor•titon of

defeetiv,:neun, deterioration, cost of Inspe•siOn, et'..) rhould be

analyzed periodtcally and the result. used to adjust the vurveillanee-

* 'I-



-- ;i3graa as me"-%sotry. Classifiestions may be ehaiV-ed, AQLt"
and LTPD's my be increased or decreitsed, stoek levels may be
adjusted, or other ehanges mny be rjade to provide the desired,

proteetion cf stored itmw at lover net uve&-&U1 :ost to the

governimnt.
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Peaultr of QuietiorZnuitr'

We sent a qUe.ic4.-i_--, to a number of individuals In different

branches of the arld services in order to obtain some basic information

about the current thinkinr on sur-.illance of stored Ltum&. ,Mere

questionnaires gave a fair cross section of the practices and press.4ures

of the different brsAnches and, at the s9se time, pointed up some of the

problem that must bo aolved in es*a .:hir. a sati-factor7 surveillance

program. Three of the sets of answers are roproducef here. 'Mese are

fairly typical of those received.

/9
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SWX-LI F- IU1 "I I
Samling from mixe lots Is ordinriy eo~ilfred a, da~ros praetlee

Jsasi r bomettyp normalit md so forth ,,

cannot. be =M* Ia of •som prior wle f te eaue syett by veh
Ut. . lot % to elimliates one of tr, bases ca whieh oeAlusios

"mLageJf the distribution ean be drawn from samples. O Vt other hand

the surv*IL.ane* of stored item freuently tnvolves a mixture of lots
of similar product that cannot be separiated beeause the identity of the
tots has been lost or beesuse the eoat of reassely .ng the lote vould

be prohibitive. The question then arises " to bh great ar the hazarda

of sapling from the miture.
In c.-der to arrive at sme experimental conclusions about the hazards

of sempling from a mixture of lota, tvo different mixtures of lots were

prepared and submIttU4 to samplLng bWth by variables and attribute lot-

by-lot aeeptaneee pims-. . -e mixture was composed of three lots, each

approxtitely normaly distribute4, but with different mns and standard

deviations. There vre r 0o chips in each lot, onking a total of 1,5W
=M4... in the mixture. This mtxtu"w Its rpfprrwd to aA Mlvtnisr A. rlimmir

"I shows the distribution of the three lots end the distribution of the

total mixture.
Mixture D consisted of three lots of non-normally distributed values.

,. The lote contained 74, 135, and 71 chips, uak1in a total of 200 chips

S.! lmixture.

'. The tolerance limits on each of these mixtur-a eon be set in order
to give any fraction defeetive dcsared for an experimental ssqnling test.

Two different sets of tolerance limits vere used fcr each alxture. Noe

sme of limuits gave a relativoly low friction defective sad the other gave 4.

a higher fnretion defertive.
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Attri,-ute BmWliji - Mtxt.,_,b A.

The tcler'&as limits for the ixture A vere ftizt set so that

p'm 1.53$ defeetive d then so that pI a 7.544 defeetive. A

NIL SM 10 s Uawell plan, level I, A4L a 2.5, Code tatter J vas ehosen.

This plan ealls for a sample ease aof 75o , vith an aesaptaaoe a=tber

e of Tn . ? at7 d . es©f 75 were drawa randsly frm the qat

-At h e 1.53% 4efective llits sand the wmber of defeetives reoorded.

n call twelts eame th*"eupl 6 ft pla raepted te lot. btts resortSvas expected beemme the D.C. euv for the plan show* that 2% denfective •

would be aew pth k with a pili ofabity ort 0.95 • w

Tweyty soflt w ot " esip. waa tha dr.m f the Mixtur with
the 7.94 d~ebwtv lsidta. In this cow the sampling plain aceepted

otnlte lots wad rejeet .4 16 . Thi result w ismelbat better toan

expjeted# beaas the O.C. e--' s that lots 7-% defectve wold bet
aepeted with a psobabilityr of about 0.30 . where" this test acceted I

?Tmo solem of 1 or- Mitr 3hi.7(215 eh X, were tixte seit thoe

stive PIw 1u 3f tben t.72 . Te Lve 1,* £W.0W AQtBO I.mU Sz Cd

Letter 7 ;IoA wa sel~eors from KML 9T0 105A . This plaa ealls for a

One of" JtU tvty lots was rej,•eted by the smiplo resu~lt.8

. -ejoetod by. the sasmakim$ plan. Th results In both of these tests

by the O.X. cuswe for the plain used.

These results indieate that sampling from mixtures of lots, where

there is reasos to believe that they originally ves similar Is not

pariculal zrdous. Te prom etion dertved fr such attribute plans

j In this ease is euetly like that derives from use of the plan& for

I _ _
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procurezent acceptance. The pmtection in deri~y-d :'r- applyin~g the

lftmltrig pl~n to a largs, nupher cf lct-, 50 tht t,' Lvr~. Alty

accepttd is assured, but "good" lrdliidwk lot any be reje-tor

occaaionally, and "bad" IrditvildurU~ lolv, . y te ;.cited teems craw.1y.

T~his points up the de'sirwbility of unins plants -I a stoop OX~. curve

to oRvuiti the ocessIOnaI otceptatn". of lots thnt ^.rp auch vcrse th-,ri the-

establiihed AQL.

Vt.rimblea Saiolixi - v~ixturs- A

Neaty aUW1.es of tventy c~hips e'?sh v-"- -sz-domXr drswTs f rwthe

Mixture A , a~nd the vo.ups w-r- r-eeordei . 7 and P. vert cepited for

e'ich srmPe, and a' via& esti~Ats~4 by the formula a' . for each
2

iieuqPle. + 3a' vans comPar-d vith the actual, limito of the Mixture A
distribution. In V3 sarples (7¶)legs than It of tbo orlgiuial wiritur

'&duutsede of the limits estiszat-ed f.o the surples. Cl ttc rw'"Aining

5sa~mples the estjmated lizit!- coutainpd 98.1% or mo~re of the original
rl±.ture. Table III chova the ftwerage 5. and the 3a7' limits for Uo-

-0 Sax ye-q, alon~g with t~he nua.ts-r of items falling outtside of there

estimate'd linits.

Variables Sampling -MtiyturN. P.

TNenty samples, of ten chips each ver-em'~'vn rqndomly From the'

Mixture B. X Aid F "- rcordpd for ea~ch nutls. and al' v.'ti kotimateri

usinx a' -Ag-mis the estiaatv-i l!.pitx v- w'e ,rspfrod N.th the acturil

limitR of the Mixture. In 16 c&As: thr -t!An~tpd liaits werp wider thRm

C-4tnido t!'e estimated liaitR w'r-i 1, 13, 24', and 62. Tt ts obviouzr

that an error of 62 '-,--t of R mixture of -.%C yftlu-,r in too largo. to beý

tolerated froquently, but thiA -e ft Tery u-llkoly event trnat vnuld

not tnappen ve", frequently in such -ainpllng.



Twenty sax=les is I-0o Au-s21 rif'1o.~r c. ~ v 
4

rrcli&'Ie ce-reltisiozs r-rr~i'n' the r-1littity of a set?tod. On t le

ot~ier-bead-, -&z1nation of 'Ac diiutri'.A.Io' of 'he mtxtu.res roveal.

that the shape* are "~'t rvdieailly de-tferret frow norwkii euwrvcx. '.t

has beeu pr~we4 that. tho iPkna of samples dravn from Any distribution

te~nd to be normalUly A~trib-*.eA. llhx, w- c...aI1 Pipe the meaniq tif

sampl~es dravn tr'i a wixtwIr to c~ivnter am-ind swan of the! mixture.

Furthermore, th~e meaos'ure of dln ersion, ¶aie4t~her a or P , of the

- snple gives reasonable relia~ble estimates of the &tispersioa of the

mix~tux*. It is uf course lxproper to attempt to place oiineri....!

probabilities ca Mfe nuvuber of l.tsnt tl-.t vi-ii. !.U. vithin nsoe MItitple

of a' . Rovever, Tchebytheff'o Inn.u¶ia.ty rae tw to% in.este the

bounds of tbe wixt.aep If it is -!cessarr to iv-ose strict probobility

limits.



TIPLZ I - Distribut'lrn of Mirtu-. A

Cip Lot Lot Lot Milx 17'h ip Lot Lot Lot Mix
No. #1 02 *3 A --r i $2 $3 A

i 1 21 29 73 29 157
5~5 1 2 2 J 7 1,52

6 1 1 33 39 73 1k5
7 1 129 22 U~ q

a 2 2 25 24 11 73 108
9 4 26 19 3 15 82

10 6 6 27 15 2 39

11 8 28 11 1 22 31i

12 11 1 12 29 Ok Li 19
13 15 2 17 -30 6 5 11

14 19 5 2, 31 2 6

15- 2. 11 35 32 23
16 29 22 1 62 33 1 1
17 33 39 2 7T 31 1
IR 36 58 5 99 35 1 1

19 39 73 11 123 Tot&l 15
PO Ia 78 22 1io

--- - e . - l . - -
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TAPTZ TI - nistributio o! Mixturf .

Chip Lot Lot Tn't Mix Chip Lt Lot Lot mix

NWo. ~4 t a g ~

5 1 17 1. 99

6 A £ ~ 10

7 5 1910 .10 2

S9 10
8T 9 1 9 9C)

9 12-29 7 16

-9 312 23 8

5 1T 21t 2 10

17 1
-• 13 8 6 17 8 6

...7 1 1 •26 6 6

16 3 9 7 19 28

Tv t&1
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Hrnleo cervices Technic,,al Informationfi~ 3
"MILNGTON HALL STATION

A--RUNGTON 12 VIRGINIA

Nor=wn: W GE v OVMama OR orUE DRAWWWOS SPZECIDATIWU an 3TUKR Be.4
AXUU FORt ANT PURPOC OWNr THAN IN COMNNCTION W~TN A DEFDUTELY RV, AI 4a-.
cOcVorb"IM"M Pau-nrUMRW OP3MATMC, TRE V. & GOVRNUMEN TMXRZXY MLACV,NO XCIOMENIr WIRAh ANT ~ AMD TXZ FACT TRAT TW9,

OORQWMAT kAV'Z IOMUATED 7UI3KD OR WI A WAY SUPPLIS TiRt
1UMTC OR OiUZR DAT NOT TO WEARE By

AM, ANRUEIV U ROWEIR OR ANY CI,:% ll
P-o"M OR CORPMATIOK OR CON IVOYD AMNOTS OR PrxxMO TO MANUFAL vint. 1 ýw lfr
VE OR SELL AMT PATENTED DEINV M TRAT MAY IN AM WAY SE RLATED TNEZ',IiL..lI


