
3"2· 

33 
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Use la tabla 3.2. 
Para enco:-ltrar fácilmente la fre

cuencia de un ---· se pueden 
organizar los datos como se ha 

hecho en la tabla 3.2. Vea los enca

bezcdos de las colum1as: en la pn

mera se indtcan los eventos y en la 

segunda se anotan los elementos 

que ocurrieron de cada evento. 
Obsr>rve la tabla 3.1. ¿Qué cal;ftca

C!ones hacen que ocurra el evento 

A. 51-60? 

evento, 59, 57. 

Observe que los números de la respuesta 

correcta al cuadro antenor se han anota

do en el renglón del evento A de la tabla 

3.2. 
Observe la tabla 3.1. c:Qué c;;l¡f;caciones 

corresponden al evento E: 91-1 OO? 

~ {l,":..E..-.. C..:o oe ~ C=-""!~.:r~ 
c.a.:..:'-~0""11!>} .!~~ 

,,, 

1 ""' ,_' 1 ""' 
'"'" l """ 
~"' ... 
,~, ..,, 
"• - .... 

"' 
..., 

'"' . = 
z: .... 
,. ..... ..,., 

""' 
,, 

-~ --: 

1 

~--~ 

'-~-

36 

90 

2. 

Ln t<Jbl¡:¡ 3 :1 •.r· nuedr rlilbc.rar fácilmente si prev1a 

m!'ntP S!' organ1::an lm datos en In ~~.Jrrnn pre~en

tada en la tabla 3 3 en la cual aparecen los datos 

ordenados en forrna creciente (obsérvela). ¿Qué 

califtc<Jciones de la tabla 3.3 hacen que ocurra el 
evento A. 51-60? 

57, 59. 

El pr1mer paso en el proceso de agrupam1ento 

de datos cons1ste en calcular el rango, ci segun· 
do cons1ste en dec1d1r cuántos mtervalos de cla· 

se se usarán. Es usual. depcnd1endo del número 
de obSPrvac1ones, que el númc~o de tn1Crva1os 
va11c rntre 5 y 20. Tome la tabla 3 4 y d1ga 
cuántos mtervalos se usaron para constru1rla. 

5 

,. '6í'f .. 1:1 
!37-~;:,.·, 22 
6":.'C~-'•·. 29 
59 ___:_?_ 
7é 5 
73 16 
73 18 
77 J 
7'' ?1 
7(J !'B 
81 2ó 
81 J<J 
113 
eJ 15 
83 27 
¡¡a 9 

___ ~} _____ __ z:.:.::.~ ---l 
oa ,¡ 

U9 12 
89 

-~-
'-----91 5 

91 2'-J ~ 93 ,, 
;'~ ·e ,., 

ID l 
!19 2 l 

65 

ll 9'\- ,:JJ '· 



Observe la tabla 4 3 lCuál es el ancho de los interva· 
los de clase, del segundo al octavo? 

1All.....A 4 ;1 ~t r>[ ,ll"'l 

l.,t .. rvolo !!!_ 

~.~ ... !t"'Jltlb 

5.0, 

Observe la tabla 3.6. La frecuencia 
acumulada de clase del segundo intervalo 

es . lCuál es el límite real svpe· 
rior de este intervalo, ruando las obserJa· 

c1ones _se aproximan al entero más cerca· 
no? 

7, 70.5 

6,-'"l! 
r----~-~-------~---~----1 
t---=--"------+- _•:.____ 

., ,_?So ---+--__c_"c-----1 
?E-00 ~, 

1-------1------
B'-85 11 

To\a..A J..8 

lv""tg (I,.IPT'YD)O Dv j !..r::.~ 
c.ol1r1C.A~I~fl¡ 

!ll '·1-70 

e • -· ,J'{) 

Ot O ,...go 

1 (1 9'-tOO _j l-- ,-,.._, 

5 

a 

1 

J• .. .¡. 

t>,t-•·met~ EOZtt"5'TT~~ 

Otra manera de calcular 
las frecuenc1as relativas a

cumuladas. consiste en su· 
marle a la frecuenc1a relati· 
va de cac.Ja rntervalo las C'O· 

rrespond1cntc$ a todos los 
Intervalos antenores. 
Ob~crve la tabla 3.8 lCuá! 
es la frecuencia relat•va 
acumulada del segundo In· 

tervalo? 

~ 
!!!~ 

s~...ril! ----
61-""'1 

'1-A:' 

o....,.-, 

91-tCJ1 

l"'TilL.I 

'p:wortUa 

" 
6 

"' 

l.t&,A .J•" AlP(TIOb 

o "~ 
O.Zll 

-! 
[',"!(}"' 

1 o ?..\.1 

•·= 

~ 
1 

r"""' ,uf.-.-: lo r- . ....1 
~ 

1 
tlvo ·~~'""• J 

1 
Q,{';;"J 

~ 1 r.~:, 1 
IJ ;~¡ 

---~ ., o 'U) 1 
:1J ~ 

l 

0.233. 

198 Use la ho¡a de trabajo 3.2 y la tabi:J 3 !:\ Complete la tabla de distnbuciones de 

frccucoctas que se presenta en la ho¡a de traba¡o, aorovecnando los datos ordena· 
dos de la tabla. Venf1que que la suma de todas la:. frecuenc1as sea 30 (número 
total de datos), y que la suma de 1odas las frecuenc1as relat1vas sea 1.0 

)r't"-v""'1o [Jr~-'~loo 1 ~-~ 1 ;,:~0~;,·~~ 1 ~~;~~;~,:·¡•~e~ 1 

~~ ~-~--·------L ¡r~~E_o _ 

•GL, •r;• +-:----1 o.r-:;-¡ (·: -o¡.J 1 :: 1 0.067 1 
~.1t.,,iG,.""j,1:._,,,,::.~, 1 ' _j 
:"~~!·'lil, ·~:.!.Y' 10 O.Jj) (JJ J") 1-_2_:.._ __ ,'~·· 1 
1r··•. •w. no, n1,nl 1 j --
1":J,1?4 7 \_5l·;:.l3 {Zl.~-~ 19 Cl.!i'\J 

t-1-7_~_1s_o_-t_-'7_"_·_'_75_,_,_?_~_. _'7!1_._._,.,._,_-+

1 

__ s __ l o •G? ( '!'>. ~ 21 1 o.'Jm 

t-'-o_•_-_·~---41 __ •o_•_._•o_•_._•_e_J,_,_~----+----4----·~~--o_._'J_> __ (_:~_··-~--j-!l----?s ____ j ___ o_._T.J_} ___ 

l!fl-192 187,1!11 2 i 0.06? (6. 7,',} 1 :JO l 1.000 

TOiALI 1 1.000 ( IU::o) 1 1 



194 Observe la tabl¡¡ 3_9 que presenta los datos or
denados del problema del cuadro anterior. 

a) lCuál es el dato de valor mínimo? 
b) lCuál es el dato de valor máx1mo? 
e) lCuál es el rango? 

160,. 191, 31;(191 ·160= 31). 

"\'¡"'\ 
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41 Use la hoja de trabajo 4.3. lCuánto valen los 1 imites reales superior e mferior, 
correspondientes a los tres primeros intervalos de clase? Recuerdr que los tiem
pos se ¡¡prox•maron al minuto más cercano. Después dé verif•car su respuesta 
anótcla correctamente en la misma hoja de trabajo. 

42 Use la hoja de trabajo 4.4. para d1bu¡ar el histograma de los datos presentados en 
la hoja de traba¡o 4.3 (recuerde que en el eje vert1cal tiene que anotar las 
frecuencias normalizadas). Indique en la figura los Hmites reales. 
,... -

. . 
. ; 

; 

'' ------------·r-.--,.--,r--~ 

o • 

••1..----1 

•o' _. ro ..., ., "' ., 

... ~ ~ F r s : ~ 
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Vea la hoja de trabajo 4 5, en la que 'Se muestra el h1stograma del cuadro 
antenor, con todas las marcas de clase señaladas en la parte superior de los 
rectángulos. 
Observe que se han marcado dos puntos sobre el e1e honzontal, en 27 y 62, los 
cuulcs corresponden a las marcas de clase de dos mtervalos con frecuencia nula, 68 
cada uno de éstos con i'gual amplitud que el mtervalo de clase adyacente. Obser· 
ve, tamb1én, que los primeros tres puntos, correspondientes a las marcas de clase 
27. 32, y 37. se u m e ron med1ante 1 íneas rectas. 

Una los demás puntos directamente sobre el histograma. 

. ¡ 
! . 

'-

n •' , ,, •• u 1' ..... ......... 

Un polfgon~. cbmo el dibujado en el cuadro anterior, que une todas las marcas 
de clase !>E!ñalad'ás en la parte superior de los rectángulos, se conoce como pollgo· 
no de frecuencias. Para dibujar los extremos del polígono de frecuencias, es 
necesario indicar dos marcas de clase adicionales, adyacentes una a la_ 

'el primer intervalo y la otra a la del último. ldere· 
che/lzqu len 

69 

En el histograma del cuadro anterior, todos los mtervalos de clase tienen el 
mtsmo ancho. 
Demostraremos a continuación que, cuando esto sucede, la suma de las áreas de 
todos los rectángulos. es tgual al área comprendida entre el poi ígono de frecuen· 
c1as y el eje hor1zontal. Para esto debemos recordar que las áreas de dos triángu· 
los semejantes proporcionales. 

(son/no son) 

son 

En la figu.ra 4.1 se reproduce el histo
grama y el poi ígono de frecuencias del 
cuadro 67. 
Observe que los triángulos a y b tienen 
igual área por ser tnángulos semejantes 
y porque sus lados son iguales; por lo 
mismo, los triángulos e y d tienen igual 
área. 

1, El triángulo tiene igual área que el f. 
i7u6ii 

2. El triángulo h tiene igual área que el _. 
3. El triángulo __ tiene igual área que el/. 

V 

............... ·-····· 
'•• .. 
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f~'._'!.'Y."-.!1! ~ !:r.~u_r-r_!!:_l_l!'l lr.~t'..:.':''"lfl l'lj~ry.Jl"!....1 0 
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r.r-xl ;"1 

71-.,'í y, '------ --------------
- -~~--- _._,_- ----------
__ !''~1~- ~---~-- --------------

rr-'JO M 

68, 47, 30, 25, 14, 8, O 

Torne la hoj11 de trnb ajo 
11.10 y cornrlcte la curvil 
de frecuencias acumuladas 
complementarias corres· 
pondicnte ra los datos pre
sentados en la t¡tbla 4.5. 
Ob~crve que se ¡motó una 
frecuencia acumulada com
plementaria de 72 para un 
tiempo de 40.5, puesto 
que todos los datos fueron 

l!!!!'!:"!'~ ~ lJ:!!~.! ~~"~'"" '-~~ f-f"'"rt!~!!. ~ 
~~· •n ,.tr..JfO'I ___::-.~ - -----~ CO"''Ol,....nnll'llrl4 

1--.-,--o-,-~'"~~r~~~~~~t~-,--T----,~.,~---~ 
-- -;r--;_;,-, -- ---;-~.-~- - tÓ.5 --0-- ----,;¡:----¡ 
----- --- ------ ---- ----- -------------¡ 

--------- -------- ------ ------------' 
'1-?''J 11} !:) "7"; "\ Jlj J(f ------ ---------- _:c.:.__r-----·-------1 
7(.JY] f'S,'J ""·" 1'17 2f\ 

----.;,~.;-- --;;¡~~.- - ~~ -~--t----,.:------1 
---------- ------ --- ------- ------·-----1 
-~:'~-· -- --~~~- - ~.:~-t--''-"-"'--¡------------1 
L---'-"_-•_•n--~~~~~-·-~·-''-'~'-L---''--~--------------J 

mayores que 40.5 (punto A l. El punto B corresponde al límite real superior de 
55.5 el cual tiene una frecuencia acumulada complementaria de 69. Al siguiente 
Hmite real superior (60.5), corresponde una frecuencia acumulada complemen
t!lria de 64 (punto C). 
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Observe que la siguiente curva de dls· 

lO 
tribuci6n de frecuencias acumuladas 
presenta las Hneas horizontales men· JI 
cionadas en los dos cuadros anteriores. •• 

~~~:r:: ~:0fr1e~~encla de los yalores: J ·.: ·····-·----··-- _ 
menores que 43 
mc~nores qua 781 

10 •••••••••••••.•• -

·. 

0"~-"~~--~~--~~~~~---~. 
1 = : ~ d 

Observe la figura 4.~. 
lCuénto vale ei49Q percentll7 '••too ---

' 1 

-; '· 111------ ---- ·--- -~-

¡ -- -·- -----.......,11---1 
¡ '\. lo ---- --- - - -
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A la clase do mayor frecuencia on una 
d•~tribución se le conoce con el no111-, 
brc de modo¡moda o valor modal. 
Observe la figuro 6.1. El modo cortes· 
pondo a la tlase 

-· ~l;:s-:-ar~a-m-p-:1~6-n~/ t=-o-,-:-,,-. 
rlnal 

sarampión 
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•• 
_n 

i 
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'• 
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n 
: ......... 4ft 

! . . . 
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Si los datos están agrupados, se puede utilizar una tabla como la siguiente para 
calcular la variancla mediante la fórmula simplificada. Complete y calcule la 
variancia (haga todo el trabajo en esta hoja). Recuerde que N= l:f¡• · 

x=_. __ _ 
K r ~tr i ~t2r _, 

X=------J 2 6 'J 10 
4 1 4 1G 16 
(j 3 10 Jú 
o 5 40 G4 

10 " 40 100 
x:a = ------

HJIAL 1 

s:a=------
·V 

'' .. 
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Table 8.1 

Standard Errot·s for Sorne Sainpling DistriiJutions 

Sam¡11ing Vistribution Standard Error Spccial Uemarks 

This is true for large or small samples. The 

C1 sampling d1sll"ibution ol mea na is vcry ncarly 
Menne ffs¿ = yÑ normal for N ~ :.10 oven whon the populutlon ls 

non-normal. 

''·" = ,,, the population mean in all cases. 

J P(l; P) = PJ- The remarks made for means apply he re as 
Proportions 17p = well. 

I'P = p in all cases. 

For N~ 100, the sampling distribution of s is 

17 
very ncarly normal. 

(1) u,= V2N a, is g-ivcn by (1) only if the population is nor-

Standard Deviations 
mal (or approx1mately normal). If the population 

p.4 - ~t~ 
is non-normal, (2) can be uscd. 

(2) 17 = Note that (2) reduces to (1) when ¡<2 = a 2 and 
• 4Np.2 

¡<4 = 3a', which is true for normal populations . 

For N~ 100, p.,= a very nearly. 

Fot· N~; ao, the sampling dif'tnbnlwn of the 

17~ 1.2533u 
median is very ncarly normal. Thc givcn result 

l\Iedians - holds only if the population is normal (or approxi-
()"Micd. - - viv-- matcly normal). 

P.m•d. = P.• 

The rcmarks madc for mcdians apply hcre as 

First and Third 1.3626u wcll. 

17qt 
-

17,1,1 
- -VN p.111 and p.<l;¡ are very nearly equal to the first 

Quartiles - -
ami thircl quat·tiles of the population. 

Note that aq
2 
= um•d 

1.7004u 
u o, = u Do 

-- VN 
1.4288u The remarks made for medians apply here as - -

un2 - (1' llq - 7& well. 

Deciles ''"•' p."2' ••• 
are very ncarly cr¡ual to thc first, 

1.3180u second, ... decilcs of the population. 
~= (1' 117 

- y& -
3 Note that Uo5 = rlmed. 

1.2680u 
un4 

-
uno 

-- - vN 
Thc rcmarks madc for medi.ws apply hcrc as 

0.78G7u Scmi-mterquartile well. 
(1' = 

Hanges 
1} VN I'Q is very ncarly cqual to the population semi-

lntcrr¡uartJle ran¡:;c. 

(1) - 112 f-~ 
Thc 1 cmarks mad«? for standard tlcviation ap-

11 ,s - ply hcre as wcll. Note that (.::?) yiclds ( l) in case 

Va nances ' thc population is normal. 

(2) 11.2 - f·~p.~ ¡t,t = a'(N- 1)/N, which is vcry ncarly u 2 for -
large N. 

CoP!licicnts oC V He re V= u/ p. IS the populalion cocnicicnt oí 

V urialion 11y = v2N yl + 2v2 vanalion. Thc g1vcn rcsult holds for not mal (or 
ncal'ly normal) populatwnH an«l N C"; lOO. 
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178 STA TISTICAL DECISION THEORY (CHAP. 10 

(a) The J!'raph of {1 vs. p, shown in Fi~.10-7(a), is called the opcrating characteristic curve or OC curve 
of thc decision rule or trst of hypothesis. 1 

The distance from the maximum poinf of the OC curve to the Iine fJ = 1 is equnl to a= .0358, 
the leve! of significance of the test. 

1 n general, the shnrpcr the peak of the OC curve the better is the decision rule for rejecting 
hypothcscs which are not vnlid. 

(b) The graph of (1 - fJ) vs. p, shown in Fig. 10-7(b), ls called the power crtrve ol the deelsion rule or 
test of hypothesis. This curve is obtained simply by inverting the OC curve, so that actually 
both graphs are equivalent. 

Thc quantity (1- {1) is often called a power function since it indicates the ability or power 
of a test to reject hypotheses which are false, i.e. should be rejected. The quantity fJ is also called 
the opn·atmg chamctenstic fnnctton of a test. 

13. A company manufactures rope whose breaking strengths ha ve a mean of 300 lb and 
standard deviation 24lb. It is believed that by a newly developed process the mean 
breaking strength can be increased. 
(a) Dcsign a decision rule for rejecting thc old process at a .01 level of significance if 

it is agreed to test 64 ropes. 
(b) Under the decision rule adopted in (a), what is the probability of accepting the old 

process when in fact the new process has increased the mean breaking strength 
lo 310 lb? Assume the standard deviation is still 24lb. 

Solution: 
(a) If p is the mean breaking strength, we wish to decide between the hypotheses: 

Ilo: p = 300 lb, nnd the new process is the same ns the old one. 
1/,: p > 300 lb, anrl the new p1·ocess is better than the old one. 

For a one-tailed test nt a .01 leve) of significance, we 
havc lhc following dPcision rule (rcfer to Fig. 10-8(a)]: 

(1) ReJect Ho if lh~ z score of the sample mean brenking 
strength is greatcr thnn 2.33. 

(.2) Accept Ho othcrwise. 

Since z = ~~ = -'!4~}3 • .Y 300 + 3z. Then if 

z > 2.33, X. > 300 + 3(2.33) = 307.0 lb. 

Thus the abovc decision rule bccomes: , 
(t) Hejcct llo if thc mean breaking stren~th of 64 ropcs exceeds 307.0 lb. 
(:!) Acccpt flo othcrwise. 

(b) Con¡;idcr the two hypothescs Ho: p = 300 lb and 
l/, 1' = JIO lb. Thc cllstnbutions of mean break
in~ strengths co1 respondin!!' to thesc two hypothe
ses are rep•·rscntcd rcspeclively by the left nnd 
right normal d1slnbutions of F1¡:;. 10·8(b). 

300 lh 

Fig. 10-S(a) 

Thc probabilily of ncccpting thc old process 
when the new mean brcnking strength is actually 
:.!1 O lb 1s rcpresentcd by the region o{ area fJ in 
F1g-. I0-8(b). To fmd this, note that :J07.0 lb in· 
standa1d units = (307.0- 310)/3 = -1.00; hence 

300 307 310 

Fig. 10-S(b) 

{1 = (arca under right-hand normal curve to left of z = -1.00) = .1587 

This 1s the probab•hty of acceptin!!' /lo: 1, = 300 lb when actually H,: p = 310 lb is true, i.e. it is 
thc probab1hty of mnking n Type 11 error. 

14. Con:--truct (a) an OC curve and (IJ) a power curve for Problem 13, assuming that the 
stand.m.l dcviation of breaking strcngths remains at 24lb. 
!o.ulullun: 

Jly reac,onin¡.:- s1milar lo thnt used in Problem 13(b), we can find fJ for the cases where the new 
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11.1 TH E CONCEPT OF 
ACCEPTANCE SAMPLING 

The quality of a group of items may be verified in one of three ways. 
Every item in the lot may be inspectcd, a sample of items may be taken 
from the Jot and inspected, or no inspection may be uscd. In the third case 
it is assumed that the quality of the Jot certainly exceeds sorne minimum . 
acceptable standard. In the formcr cases, the Jot may be accepted or rejected, 
depending upon the outcome of thc inspection proccss. 

The Jevel of verific.tt1on choscn should considcr thc cost of inspcction 
measured against the cost of acccpting and pcrhaps using defective items. 
In general, acceptancc sampling will be more cconomical than 100 per cent 
inspection when the occurrence of a defective m an acéepted Jot is not pro
hibitively expensive or when an inspection process requires the destruction of 
the 1tem. Acceptance sampling will be more cconomical than no inspection 
when sorne expense is incurred m acccptrP¡: dcfcctives and the number of 
defec!lves d1fTcr from one Jot to thc next. Thc cnncrpt ofacceptancc sampling 
is presented in this 'scction. 
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making_ ~ T~ pe l error Jf three sigma limits are u sed on the X chart, this 
probab1hty JS approxm1.Jtcly O 0027, an unlikely event. 

_or at least eq~al concern to the dccision maker is the probability of 
makmg or not m a kmg a Type JI error. When changes in the pattern of varia
! lOO do occur, the decision maker is concerned with the model's ability to 
detect these changes. The probability of making a Type JI error can be 
demons~rated with an operating charactenstic or OC curve. An OC curve 
for an X cha~t_oflhree Slj.~ma limlt~is illustrated in Figure 10.7. The ordinate 
1s the probabtluy of not detectin a shift in the mean ofa pattern ofvariat 10n, 
assummg a on y the mean and not the d1s ers10n as s 1 ted. The mag
nnu ~ o the sh1 t m the mean is de med 10 terms of k as J.l + k u X· This 
perm1~s one such OC curve to describe all X charts with three sigma Jim1ts. 
Supenmposed upon the OC curve of Figure 10.7 are a series of distributions 
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Figure 10.7. An opcratrng eh )ractcristrc curve for an X charl. 
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Acceptance sampling pl1ms. The most elementary acceptance sampling 
plan ca lis for the random sdection of a sample of size n, from a Jot containing 
N items. The en tire lot is tben 'accepted if the number of defectives found in 
the sample is equal to or less than e, the acceptance number. For example, 
a sampling inspcction plan might be defined as N= 1,000, n = 50, and 
e = l. This designation means that a sample of 50 items is to be taken from 
the lot of 1 ,000. If zero or one defective is found in the sample, the whole lot 
is accepted. If more than one defcctive is found, the lot is rejected. A rejected 
lot can either be returned to the producer or it can be retained and subjected 
toa 100 per cent screening process. The former action is called a nonreetifying 
inspeetion program, the latter, a reetifying inspection program. 

The type of inspectiom sampling desL:ribed by N, n, and e uses inspection 
by attributes and a· single sample of siLc n. Other attribute inspection plans 
might use two samples before requiring the acceptance or rejection of a Jot. 
A third procedure might use multiple samples or a sequential sampling 
proéess in evaluating a loL Each of these methods-single, double, and 
m u !tiple sampling-rests upon a system of inspection by attributes of items 
logícally grouped into lots. When it is not feasible to divide a continuous 
production process into discrete lots, a special class of attribute sampling 
methods must be used. These continuous sampling models verify the quality 
of the process output through in:.pcction of a proportion of the items pro
duced. 

Inspection may also be by variables. Here a measurement is obtained ~ 
and recorded as a continuous· dimension, subject only to the limitations of 
the measuring instrument or the convenience of measurement rather than as 
a simple classification of aa:eptable versus defective units. Acceptance sam
pling by variables represeniS a whole class of acceptance sampling models, 
each member of which stin retains the element of a sample selected from a 
discrete lot, but with qualily verified through the measuring of a continuous 
dimension. · · 

The operating characteristics curve. ~cceptance sampling plans _atteme! 
tQ_discriminate __ ~een lots of acceptable and lots ..QLunaccepjable items. 
The relative ability of a sampling plan to meet this objective can ~Qñ-:
strated with an operatiilg characteristic curve. An OC curve defines the 
~rob_<!Q.ili!Y-º-laJQ_t_p_ci~,g~~ted (or finding e or-rewer derectives in a sanirt"~T
ror different levels of p~ortion_defective." ----· 
· An operating characteristic curve for the sampling plan N= 1,000, 
n = 50, e = 1 is illustrated in Figure 1 1.1. The abscissa refers to the pro
portian defective in the lot. The ordinate refers to the probability of accept
ing a lot at a specified level of proportion defective. Note that if N contuins 
no defectives and if p =O, then thc lot is certain to be acceptedo lf the lot 
contains JO defectives and if p = 0.01, then the probability of accepting the 
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o 

ol0--4-~--~-o~ .. ~--~~o~.oo~~-o~.o~s~~o~.I~O 
, ,,¡ 

¡, -~ 1 
Proport1on defective, P 

o ( curve for the Figure 11.1. An operating charactcn~ IC 

samplin$ plan n =SO, e= l. 

o o o rntc to these calculations is 
lot is 0091. The p~obability dlsl;l~:~~~l:t~~~-r~l~"':c~_the Poiss~istribu
the hypergeometnc. r~------:--------;-:. 1 o F'gure 3.8. Thus, the 

. atlon as was lllustl.ll•' m 1 
tion_ !s_ u_ sed a~~!l-~pp_roxl~ --- --' ·· be u sed 10 dc'"clop an OC curve quickly. 
Th~rnd1ke chart of F1gure 3.~ ma_y ll.l n = (S0)(0.03) = 1.50 and the 
As an example, at p = 0.03 m Figure ' 1' dcfccts would be 0.56. Note 

probability o.f the o~curredn~e ~: ~-~~ ~; ~~;~ras an approximation, the OC 
that because the POJsson IStn ~ 1 

curve is independent of thc Jot lslhze. h. h probability of accepting those \ 
d mpling plan w1l ave a 1g o 1 A goo sa o d a low probahility of acccptmg ots 

lots which conta_in few defec~t~e~ a~ es The OC curve lllustratcs how well 
having an cxccssiVC number o e ec IV . d d bad lots Good and 

o r 1 discriminates betwcen goo an . . 
a glvcn samp mg pan , 1 t o ng 1 pcr ~.-cnt dcfcctive rnlght be 
oad are relative terms, oand a o ot con atnld ry poor in another. Consider 

d -1 ood 10 one mstance an ve 
considere qut _e g_ numbcr of OC curve<. w•th only the acccptance 
F lgure 1 1 .2 ":'hlc~ lil~stra~~s C:se The rclatlve \h:• pes of thc<.c curves are quite 
numbcr, e, dlffcnng m ca 1 • 11 1 through thclr m¡ddlc sections. In 
similar in tha_t thcy are ncar y p:~~~er slidcs the OC curve lo the ri_ght. 
cffcct, tncr~as,_ng the acccp_t~ncc f 0od lots which contam more dcfcctlves. 
This IS mdtcauve of a dcft~•t•on o g - 3 - 50 might be used to accept 
As an example, the samphng plan e - ' n -4- . 
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c-3 

0.02 0.04 0.06 0.08 0.10 

Figure J 1.2. OC curves for different acceptance numbers with 
a constant sample size, 11 = 50. 

lots where material up to 5 per cent defective is considered to represent a 
good lot. Jf no more than , pcr l:cnt defective is considered acceptable, then 
the sampling plan e= 1, 11 = 50 m1gh1 be employed. This is true only in 
approximate terms beca use the shape of the OC curve is not solely dependen! 
upon the sample size. Actually, both sample size and acceptan~.:c number are 
parameters upon which thc form of the OC curve depends. 

Once an acceptable proportion defective is defined, the relative ability 
of a sampling model to discnminatc between lots containing more or fewer 
defectives will, in large measure, be dependen! upon the sample size. Asan 
example, consider the OC. curves of Figure 11.3, each of which contains the 
same ratio of acceptance number to sample size. Note that as the sample 
size increases, the OC curve becomes steeper. In general, this is des1r.sble 
in a sampling plan, although thc expense involved in this greatcr discrimmat
mg ab1llty is the cost of a larger sampfe size. The ideal discriminat10n of a 
vertical llne is indicated in F1gure 1 f .3 with a dashcd fine. This, howcvcr, can 
he achieved only with 100 per cent inspcction. 

Consumcr anJ prod111 a risks. Two parties are involvcd in an inspection 
·.ampfing proccdurc, thc party submitti"S thc fot nnd the pnrty to whom the 
Jot is consigncd if acccptcd. 'J hc~c two parties are rcferrcd toas thc producer 
.tnd the consumt'f, r~;'J·~·uivcly. Thc p.trtics may rcpiC!>cnt a !>cllcr and a 
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P. 
1.0 ---, 

1 100 per cent V insrection 

1 

0.5 1 

e= 2, n = 100 

e- 4, n- 200 

o 0.02 0.04 0.06 0.10 0.08 p 

Figure 11.3. OC curves for three sampling plans, each with 
the same ratio of aca:ptance number to samp1e size. 

buyer of a product, or they may represen! two dcpartments within the same 
organizat1on. As an example, castings from a foundry department may be 
delivercd for acceptance to the machining departmcnt In another situation, 
thé producer may be an accounting department and the consumer may be 
represented by an auditor who either accepts or reJeCt~ a number of account-
ing records against sorne criterion ofaccounting quallty. l11 \':;¡eh case, the pro
ducer usually desires that malcnal relat1vely free from dcfcctlvcs have a high 
probability of being accepted. The consumer desires that it wlll· be unlikely 
'"'r the lot to be accepted if it contains a h1gh proportion of defectives. 

The concept of producer and consumer risks can be dcfined in terms of 
two points on an operating characteristic curve. The producer risk point 
occurs at a fract10n defective, p 1 , the consumer risk point occurs at Pl· 
Four values-are used to specify these two points which, in turn, may be used 
lo construct the OC curve for a specific acccptance samplmg plan. 

(1) Acceptable quahty level, AQL. Th1s indicates a good levcl of quality and 
low proport10n of fraction dcfcct 1\c: rcfcrrcd toas p 1, for whtch 11 ts demcd 
to have a htgh probability of acccptance. 

(2) Producer's nsk, o:: J"he probability that lots of the quality lcvcl given as 
1 

the AQL wtll not b~ acceptcd whcre o: = 1 -- f'. In cfTcct, th1s ts the prob-
abillly of makmg a Type 1 error, that is, of rCJcctmg a lot ""'hcn it should 
be accepted. 
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(3) Lot tolerance per cent dt:fl!ctive, LTPD: This Jevel of quality, given asp1 , 

JS deemed to be quttc poor and ti is dcsireJ ro reject Jots of this quality or 
at Jeast have a low probability of acceptance. 

(4) Consumer's risk, P: The probabllity, P0 , that lots of a quality leve! at the 
LTPD will be accepted. A value of Po = 0.10 at Pl is oftcn used in accept
ance sampling. Th1s probability represents the likelihood of making a 
Type JI or p error, that 1s, of acccpting ~ lot when it should be rejected. 

Each of these values is illustrated on the OC curve of Figure 11.4. The devel
opment of a sampling plan from the producer risk point and the consumer 

risk point is presented in the next section. 

P. 

1.0 

Producer risk point 
1 -cz A QL = P• at P. ~ 1 - ,. 

Consumer risk point 
LTP D = P• at P. ~ fl fl --1---------

1 1 

P• P• p 

Figure 11.4. An OC curve passing through a Consumer Risk Point 
anda Producer Risk Point and possessing a unique value of n and c. 

11.2 ACCEPTANCE SAMPLING BY ATTRIBUTES 

Most acceptance sampling plans involve inspcction !Jy .Ittributcs. Often 
a unit can be assesscd only in the two-valued classilication of acceptable or 
defcctive. In othc~ situatlu•J~, it may be advantagcous to takc a continuous 
dimension and reduce it toa dichotomous assessmcnt ofwithin spccificatJOns 
and acceptable, or dcf..:ctive and outside spccification Jimits. In cithcr case, 
the function of the acceptance sampling model is to accr -- • thosc lots con-

8 
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taining few dcfectives and reject those Jots containing many defectives. This 
objecuve is oflen defined in terms of a producer and a consumer risk. 

DcJ•cloping a si~glc sampling plan. When two required points, such as a 
consumer and a producer risk point, are given as the basis for a sampling 
plan, the effect is to require thc solution to two equations for two unknowns. 
An iterative, trial-and-error solution, using the Poisson distribution as an 
approximation, can be easily effected with the Thorndike chart of Figure 
3.2, or the cumulative Poisson tables- in Appendix A, Table A. l. 

As an example, assume that a single sampling plan is desired which will 
yield an OC curve passing through a producer risk of « = 0.05 at an AQL of 
0.01, anda consumer risk of p =-0.10 atan LTPD of 0.04. The solution is 
facilitated if a table is coostructed as illustrated in Table 11.1. This ta'ble 
permits the solution for n and e in the following equations: 

(1 - 0.05) = t e-D.D1•(0.01n)< 
" el 
e e-0.04•(0.04n)< 

0.10 =:E 1 -. 
" e 

These equations _represent the producer and consumer risk points, re
spectively. 

Table 11.1. ATABLE USED TO DETERMINE A SINOLE 

SAMPLJliiO PLAN APPROXIMATINO (t = 
0.05 AT AQL = 0.01 AND P = 0.10 AT 

LTPD = 0.04 

p,n p1n P1 
e (P.= 0.95) (P, = 0.10) PI 

o 0.05 2.31 46.2 
1 0.35 3.89 11.1 
2 0.82 5.33 6.50 
3 1.36 6.68 4.91 
4 1.97 8.00 4.06 

5 2.61 9.30 3.56 

LTPD 
AQL 

In Table 1 1.1, if an aa:eptance numbcr of e = O is requircd and if P, = 
0.95, thcn p 1n must be O.ó5. This valuc was obtained by intcrpolation in the 
cumulatJve Poisson tables. Less precise valucs may be obtained more quickly 
from the Thorndike char~ although this spccific value lies outside the limits 
of thc chart. The second value, for e = 1 at P, = 0.95, yields p 1n = 0.35. 
lf e= 2 and P, = 0.95, thcn p 1n = 0.82, and so forth. This process is 

1 
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repeated for P, = 0.10 to find th~ vJlues given in the third column. The 
fourth column in Table 11.1 is completed by recording the ratio of p2/p 1• 

Jn this example, thc ratio of fraction defective of consumer to producer risk 
points was gJ\t:n as 0.04/0.01 = 4.0. Therefore, th1s process is continued until 
the desired T.llhl uf p2 /p 1 -=- -1.0 1s hr:~cketed. 

The des1n:J sampllng plan calb for an acceptance number somewhere 
between e = 4 and e = 5. Because both the acceptance number and the 
sample size must be integers, it is not po:.s1ble to achieve the precise require
ment that was given. One ofthe four plans listed in Table 11.2 must be selected 
with the associated degree of protection. The data from Table 1I.2 are 
deveioped directiy from Tabie 11.1 as follows: With e= 4 and P, = 0.95, 

Table 11.2. FOUR SAMPLING PLANS WHICH 

BRACKET (t = 0.05 AT AQL = 0.01 
AND P = 0.10 AT LTPD = 0.04 

Plan Gt Q( p 1 Potp¡ 

e= 4, n = 197 0.050 0.107 
e= 4, n = 200 0.053 O .lOO 
e= 5, n = 261 0.050 0.052 
e= 5,n = 233 0.032 0.100 

p
1
n was taken to be 1.97, and if p = O.OI at the producer risk point, then 

n = 197. This sampling plan of e= 4, n = 197 will yield an ex= 0.05 as 
required but will yield a p = 0.107 which is slightly higher than desired. Jf 
e = 4 and it is desired that the OC curve go through the consumer risk point, 
then n = p

2
nfp

1 
= 8.00/0.04 = 200. With e = 4 and n = 200, P is estab

hshed at 0.10 and « will be 1 - P, or 1 - 0.947 = 0.053. S•milarly, ex and P 
can be found for e = 5. 

The four plans ofTable 11.2 were obtained by alternating in hold•ng «as 
required and solving for p and then maintaining p while solvmg for ex. These 
four plans are sketched m Figure 11.5 with the risk point bradeting effect 
magn1fied so tha.t it will be more evident. Once thc!>e four plans havc been 
defined, it is likely that a plan will be selected and used which results in a 
compromise in regard to ex and p. In th1s example e= 4 yields two plans 
fairly close to the con!>umer and producer risk pomts. Onc or thc other might 
be !>elcctcd. Thc plan e= 4, n .e- 200 would have thc advant.1gc of a con
venient sample !>ize which would r.,, dttJle subsequent computations. In other 
ca!>es, the average sample SIZC for onc or thc other acccptancc numbcr could 
be used. 

Average outgoing quality. Whcn rcjected lots are rcturncd to the supplier, 
> the acccptance sampling plan does not signtficantly improvc thc quahty Icvcl 

of Iots submitted to the plan ,A fcw dcfct.:tivcs may be dctcctcd and di!>carded ,o 
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P. P. 

0.95 

~cn=~4197 
~ "'e;~ 200 

~ 0.10 

0.01 0-04 ·p' . p 

P. P •• 

p p 

Figure 11.5. The four sampling plans of Table 11.2 (not 
to scale). 

from samples ofaccepted Jots, but no profound improvements can be realized -
here without resulting in the reject10n of the lot. The sariipling plan can and 
should function as a screening process and permit the acceptance of good lots 
and the reJection and return of poor quality lots. This wJII result in some 
unprovement if there is a large variation in the leve] of quaiJty from one lot 
to another. - -

When a rectifying insptttion program is employed and rejected lots are 
subJected to a 100 per cent inspect10n, significant and predictable quahty 
improvements can be realized. Under a rectifying inspection program, an 
average outgomg leve), AOQ, and an average inspection load, /, can be pre
dlcted for varying levels of incoming fraction defective. In addition, an 
average outgoing quality limit, AOQL, the worst poss1ble average outgoing 
qual1ty leve), can be forecast and related to a spec¡fic incoming level of 
fract10n defective. This lauer value gives assurance regardmg the poorest 
average quality leve) that might leave the inspection station. 

lf 1t 1s assumed that all lots arriving atan inspection stat10n contain the 
same proport10n of defectives, p, and if rcjected lots are subjected to 100 per 
cent inspection, 

AOQ _ P.(p)(N - n) 
- N - pn - ( 1 - P.)p(N - n)' 

(11.1) 

... e numeratc:r in Equation (1 1.1) rcpresents the average number ofdefe, ;s 

- JI 

1 
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in each lot beyond the point of impection. Defectivc:~ will be found only in 
the proportion of Jots which have been accepted, PQ, and will constitute 
p(N - n) in number. The denominator represents the average lot size, where 
N is the original lot size, pn is the reduction in size due to defectives found 
and discarded in the sampk, and (1 - P.)p(N - n) is the reduction in lot size 
due to defectives found and discarded dÚring the 100 per cent screening 
process. By similar reasoning, the average inspection can be shown to be 

1 = n + (1 - P J(N - n). (11.2) 

Asan example, if a lot size of N= 10,000 is assumed and each lot con
tains 200 defectivcs, 1hcn f0r the sampling plan previously developed of n = 
200 and e = 5, PQ can be found to be 0.785, and from Equation (11.1), 

AOQ = 10,000- (O.~i~~i66~·~)(~ .. ~~?(0.02)(9,800) 
153.86 

- 10,000- 4- 42.14 = 0·01546· 

The average inspection can be found from Equation (11.2) to be 

1 = 200 + (0.215)(9,800) = 2,307.00. 

It should be recog11i7ed that these values of AOQ and or J are expected or 
average values that will be approached in the long run over many lots. In 
regard to the proportion defective, one specific lot will either contam some
where between 195 to 200 defectives if the lot is accepted and it is assumed to 
contain no defectives if the lot is rejected. By the same token, eithcr 200 items 
will be inspected if the lot is accepted or the total of 10,000 units will be 
verified if it is rejcucd. In the long run, however, the forcgoing results for 
AOQ and 1 will represent the average for alllots submitted ata value of p = 
0.02. 

Under sorne colldllions, it might be desired to retain a constant lot size 
whether a lot is accepted or rejectcd and regardless of the number of defectives 
discarded during the sampling andjor screening process. A constant lot size 
can be maintained 1f defectives are replaced by units which are assumed to be 
selected, inspected, and inserted in the place of the defectives if they are 
acceptable. Under thcse conditions of replacement, 

The average inspection increases slightly to 
! 

'¡ = n + (l - P.)CN - n) 
1-p . 

17 

(11.3) 

( 11.4) 
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~he average outgoing quality and the average inspection will vary as a 
funct10n of the level of incoming pr~¡~0rtion defective. With the sampling 
plan n = 200, e = 5, under the condJII()Il o( nonreplacement of defectives 
AOQ and 1 are givcn in Table 11.3 and sketched in Figure 1 1.6 and Figur~ 
1_1.7._ N~te th~.t the av:rageoutgoing quality increases as the proportion defec
~Jve m mcommg lots mcreases until it reaches a maximum value. This value 
JS referred to as the a1•erage outgoing qualiry limit, AOQL. From this point 
on, a pr~nounc~d number of lots are being rejected and screened under 100 
per cent mspect10n. This latter etfect is resulting in a continuing reduction in 
the average outg~ing quality, as can be seen in Figure 11.7. The concept of 
an average outgomg quality limit is often :mployed in.specifying a sampling 

Tab)e 11.3. AVERAGE OU'TGOING QUALITY ANO AVERAGE JNSPECTJON FOR 

THE SINGLE SAMPLINO I'LI\N OF N= 10,000, n = 200, e= S 
UNDER RECTJFYDIIG INSPECTJON WITHOUT REPLACEMENT 

Proportion De/ective 
in Submilfeá Lots 

p 

o 
0.005 
O. OJO 
0.015 
0,020 
0.025 
0.030 
0.035 
0.040 
0.045 
0.050 

01 
e 
"~: 

~ 0.020 
-¡;¡ 

"' r:T 
tlD 
e ·s 
; 0.010 
o 
~ 
¡: .. 
> 
< 

o 

Probability of Average Outgoing Average 
Acuptance Qua/ity Jnspection 

P,. 

1.000 
0.999 
0.983 
0.916 
0.785 
0.616 

. 0.446 
0.301 
0.191 
0.116' 
0.067 

0.010 0.020 

AOQ 

o 
0.00490 
0.00964 
0.01349 
0.01546 
0.01524 
0.01334 
0.01059 
0.00774 
0.00533 
0.00344 

Average outgomg quality limit 
AOQL = 0.01546 

' 00~0 0040 
' 

Proportion dcfectJve m 5uhm1tte<l lot5, p 
1 -

1 

200.0 
209.8 
366.6 

1,023.2 
2,307.0 
3,924.0 
5,629.2 
7,050.2 
8,128.2 
8,863.2 
9,343.4 

0.050 

Figure 1~.6. Average outgoing qu<lhtyjfor thc data of Tablc 1 1.3. 
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10,000 -----------------------------
¿ 8,000 .2 
-g 

6,000 o. 
V> 

= 
~ 4,000 .. .. .. 
> 2,000 < 

0.020 0.030 o.o.w 0.050 
o 0.010 

Proporuon defective in submllled lots, p 

Figure 11.7. Average inspection for the data of Table 11.3. 

plan. Sampling plans have been devised for varying values of AOQL and 
presented in tabular form. With this limit as the worst average quality leve! 
that can be expected to occur, a plan with a known AOQL can be selected 

along with other desired criteria. 
The concept of a level of average oulgl)ing quality anda leve! of average 

inspection rests upon the assumption of the detection and removal of all 
defectives from screened lots. Further, 1he values obtained for AOQ and 1 
are expected values that will occur in the long run. Over a short time period 
sorne variation from these values can be expccted. The concept of an average 
outgoing quality leve! and average mspect10n has found wide application in 
the field of product acceptance. 1 n rccent years 11 has al so been found appli· 
cable in audtting accounting records and venfying clerical activities. 

Double sampling plans. A single samphng plan requires a decision to 
accept or reject a Jot on the basis ofthe evidenc~: ofTered from a single sample. 
A double sampling plan permits the acceptance or rejection of a Jot after a 
single sample, but also permits the alternative of taking a sccond sample 
before making the decision. A double sampling plan is defined with a Iot size 
and two sample sizes and two acceplancc numbers, designatcd rcspectively 

as N, n., n
2

, c., and c
2

, \\llh c2 always larger than e,. 
Under a double sampling program, a sample n 1 is takcn from thc lot N. 

Jf e, or fewer dcfectives are dctcctcd, the lot is acceptcd. lf more than C1 

defectives are found, the Jot is rcJCCted. lf c2 or less, but more than e, dcfec
tives are found, thcn a second sample n2 is taken. The Jot is finally acceptcd 
if c

2 
or fewer defectives are found in the combined sample of n, + n2 • The 

Iot is rejected if more than c2 dcfcctives are found in n, + n1 • 

The opcration of a doublc samplmg plan and the OC curve which defines 
this plan can be illustratcd with an cxamplc. A~~umc that N'= 10,000, n, ·= 

50, n
1 

= 80, c
1 

=O, and c
2 

= 3. This p!Jn stat~:~ that if no defectives, e, =- O, 

¡4-
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are found in the first sample of n1 =50, the lot is immediate1y accepted. 
lf more than c2 = 3 defectives are found, the lot is immed¡atcly rejected. Jf 
1, 2, or 3 dcfcctivcs are found, thcn a second sample, n1 = 80, is taken. If 
c1 = 3 or fewcr total defectives are found in the combincd samp1e of n 1 + 
n1 = 130, the lot is accepted. Jf more than c2 = 3 are found, it is rejected. 

Thc probabilities associatcd with each of these alternatives can be calcu
lated for any value ofproportion defective. In the preceding example, assume 

Table 11.4. A COMPUTATIONAL SCHEME FOR FINDINO P0 z AT p = 
0.02IF N= 10,000, n 1 =50, n1 = 80, c1 =O, AND 

Cz = 3 

Defects Defects in n,_ 
in n 1 Probability to Accept Probability 

1 0.368 2 or less 0.783 
2 0.184 1 or less 0.525 
3 0.061 o 0.202 

that the lot of 10,000 units contains 200 defectives, p = 0.02. The probability 
of accepting this lot on tbe first sample, P010 is the probability of finding no 
defectives in a sample of 50 taken from a lot with p = 0.02. Using the Pois
son approximation, for e =O at np = 1.00, gives P01 = 0.368. The probabil
ity of reJecting on the first sample is the proba bility of finding more than three ·
defectives in the sample. This is 1 - P(3 or fewer) and P, 1 = 0.019. 

The probability of accepting the lot after mspecting the second sample 
requires the use of conditional probabihties as demonstrated in Table 1 1.4. 
This probability is 

Pol = (0.368)(0.783) + (0.184)(0.525) + (0.06))(0.202) = 0.397. 

The probability of rejection on the second sample must thcrcfore be 

P,z = 1 - Poi - P,¡ - pal 

= 1- 0.368- 0.019- 0.397 = 0.216. 

The total probability of aa:eptance is 

Poi + Pal = 0.368 + 0.397 = 0.765. 

And the total probability of rejection is 

P, 1 + P,;¿ = 0.019 + 0.216 = 0.235. 

'• the probability of making á deci5ion to acccpt or reject the lot afte 
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first sample is 

p + p 1 = 0.368 + 0.019 = 0.387. 
ol r 

And the probab1!11Y t>f requiring a second s11.mple is 

Pal + P,1 =- 0.397 + 0.216 = 0.613. 

Similar probabilitic:. ~an be calculated for varying levels offraction defective. 
These may be used to develop the OC curves illustrated in Figure 11.8. 

P. 

0.5 

Accepted after 
first sample 

Reject aftcr 
first sample 

Reject after 
second sample 

P, 

o 

0.5 

o +----..-----T-----r---r---..,.-~ 1.0 
o.os p o 0.01 0.02 0.03 0.04 

Flgure 11.8. OC curves for the double samplmg plan n1 = 50, 

n1 = 80, c 1 = O, c1 = 3. 

The average number of units inspected as a sample of each lot~ ASN, 
will vary with the proportion defective, and thus, WJth the probab1hty of 
making a decision on the firsl sample. This probabihty is 

(11.5) 

Under a rectifying inspection program, the average mspcction and average 
outgoing quality can he devclopcd both for thc cnsc of nonrcplncc~1cnt n_nd 
for the case of replacement of defccti'>'C5. The average numbcr of 1tcms m-. 

!6 
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spectcd with the nonrcplacernent of defectives will be 

1 = n 1 + n~(l - P.1) +(N- n 1 - n2)(1 -P., - Pa2). (11.6) 

As with single sampling, the AOQ is the ratio of the num ber of accepted defec
tivcs to the lot size. Dcfectives will be retaincd whcn they are not detected 
after a lot is acceptcd on the first or the second sample. lf defectives which 
are found are not replaced to maintain a constant lot size, this lot size will 
be rcduced by the elimination of defectivcs during the sampling and screen
ing process. Thus, this proportion can be expressed as 

(11.7) 

The equations for average inspection and average outgoing quality can be 
dcvelopcd in a similar manner for th~ case of rcplacement of defectives. 

Double sampling plans have the advantage of pcnnitting the acceptance 
of good lots and the rejection of very poor lots with less inspection than a 
single sampling plan with a comparable OC curve. The double sampling plan 
also has the psychological advantage of giving a marginallot a second chance, 
by permitting the taking of a second sample. The obvious disadvantage is 
the fluctuation in inspection wo11 : 1:1J that occurs as the quality leve! of 
incoming material varíes. 

M u/tiple and sequenfÜl/ sampling plans. A double sampling plan may ~. 
defer a decision to accept or reject a lot until a second sample has been taken. 
A further extension ofthis is possible under multiple and sequential s~mpling. 
A multiple sampling plan is a simple extension of double sampling and may 
call for three or more samples before a decision is madc. Scquential sampling 
is different only in that it does not call for spccific sample sizes of n1, n2 , n3, 

etc., but calls for a continuous sequcntial samplmg of units until the deci
sion is made to accept or reject the lo t. Sequential samphng is the limiting case 
of multiple sampling where n 1 .,._ n1 = n3 = · · · = n. = l. 

The number of items inspected in sequential sampling is dctcrmined by 
the cumulative rcsults ofthe inspection process. The samplmg plan is defined 
by lz., "~· and s. This resuhs in two parallellimit hnes 

e= h2 + sn. 

e= -h1 + sn. 

(11.8) 

(11.9) 

Thesc limit lines are illustrated in F1gure JI 9. They divide the arca into 
regions of rejcction, continucd samphnr-. nnd acccptancc. As c;oon as one of 
these two hmit lines is reachcd or crm~cd, thc lot 1s acLcptcd or rejccted. 

1-r-
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e = h, + sn 

e= -h, + sn 

Figure 11.9. A graphical representat10n of a sequential sampling 
plan. 

A sequential sampling plan can be developed that will meet specified pro
ducer and consumer risk points. With IX, p, p 1, and p2 as illustrated in Figure 

11.4, it can be shown 1 that 

h _ Jog [(1 - IX)/PJ 
1 

- log {[p1(l - p,)]/[p,(J - Pz)]} 
(11.10) 

h _ log [(1 - fl)/IX] 
l - 1og {[p2( 1 ---PI )]/[pi(J - p~)]} 

(11.11) 

_ log 1(1 - P1 )/(l - Pz)l 
s- log ÜP-2(1 - P1)]/[p,(1 - P~)]}' 

(11.12) 

For example, considera scq ..... nual sampling plan defined as h, = 1.00, 
/¡

2 
= 1.50, and s = 0.12. Assumc a lot containing no dcfectivcs is submitted 

to this plan. How large a samplc will be necessary to accept the lot? Accept
ance wJil be possible when the line of e = - 1.00 + 0.120n is rcached or 
crossed at e = O into the rcg10n of acceptance. Wllh a samplc of n = 9, this 
will be possible. As a second cxample, assumc a lot is rcjectcd after the 
twentieth unit was found to be a dcfcctJve. How many total dcfcctlves would 
have to be found m the sample of 20? lf rejcction occurrcd on thc twent1eth 
umt, thcn at n = 20 thc" total numbcr of dcfectivcs found must havc JUSt 
reached or cxcccded 1.500 + O. 1 20(20) or e = 4. 

Mult1ple and scqucntial sampling pl.1ns may be cxprcsseJ as OC curves, 
or they may be dcvcloped from con~umer and produccr risk points on an OC 
curve The udvantages m thcir use are extensions of the advantagcs of double 

1 A. Wald, Sequen/tal Anu/y}IS (Ncw York. John Wlley & Sons, lm:., 1947). 

JI 8 
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sampling plans over single sampling plans of comparable protection. Very 
good lots and rather poor lots can be acccpted or rejcctcd with even smaller 
snmple sizes, but the inspcction worklond problcm becomcs still more pro· 
nounced and dependent upon the quality leve) of the incoming material. 

Sampling plans for continuo11s production. Under sorne conditions, the 
format10n of inspcction lots may be artificial. Wherc production is contin
uous or f\ows on a conveyor Jine, the use of inspection lots may be impractical 
and expensive. To meet the need for a samphng plan to verify the quality of 
a continuous production process, Dodge devcloped his CSP-1 plan1 which 
can be described as follows: I nspect every umt, until "i" consecutive units 
have been found without detecting a defective. At this point, continue inspec
tion by only verifying the fraction "!" of the units in such a fashion as to 
ensure an unbiased sample. As soon as a dcfective is found, return to 100 per 
cent inspect1on. A continuous sampling plan under this type of a rectifying 
inspection program is de~ned by i and f The relationship between i and f 
and AOQL JS illustrated in Figure 11.10. Note that with i = 50 andf = 0.20, 
an AOQL of approximately 0.015 can be expected. 

The functioning of a sampling plan for continuous pr0duction will de
pend u pon the leve) of fraction defcctive encountercd 111 t he proJuction flow. 
The average number of pieces that will be inspected under the 100 per cent 
inspection portion of the cycle will be 

- 1- (1- p)' 
u - (p)(1 - p)' . (11.13) 

And the average number of units passed under the sampling portion will be 

1 V=-. 
fp 

(11.14) 

Thus, the average cycle will cons1~t of u + v total units. The average pro
portian of the produced units whach must be mspected will than be 

F= u +fv. 
u+v 

(11.15) 

And thc average proportion of produced units which will be accepted without 
inspection will be 

P = 1 - F = 1!( 1 - n. 
" u ¡-V 

(11.16) 

~ H. F. Dodge, "A Samphnl! Plan for Contmuous Produc11on," Anna/{ o/ Mathemati-
ca/ Stattsttcs, XIV, 1943, pp. · !79. 
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Thc l.1~t cqua11on 1s thc cquJ\'a]ent of thc prohabihty <'r ;~cccptance under 
Iot-by-lot 111spect10n and can be uscd to construct ;~n U\ . ." curve for a grven 

samphng plan. 
Asan exarnple, with p = O 05 and a Sdmplmg plan off= 0.20. i = 50, 

the average number of pieces inspected follm\ "'f tilc findmg of a defectJve is 

1 - (0.95) 50 1 - 0.017 --
u = (0.05)(0.95)' 0 = (0.05)(0.077) = 240

· 

The average number of pieces passed under the sampling procedure is 

1 . 
V= (0.20)(0.05) = lOO. 

The average proportion of total units inspected is 

F = 240 + 20 = o 765 340 . . 

And the probability of acceptance at p = 0.05 is 

Pa = J - 0.765 = 0.235. 

Because th1s is a rectifymg inspection program. it is poss1hle lo develop 
the AOQ at varying Ievels of fraction defective ThL ,\QQ expresscs the pro
portlOn of defeclives which are accepted. 1f it 1s ,¡\~umed lhat detecled defec
uves are replaced lo maintain a constant ratc of production llow, then the 

AOQ = P (p) =·v(l - f)(p). 
" U+ V 

(11.17) 

Th1s equalion can be used 10 develop an average outgoing quahty function 
similar lo the one m F1gure 11.6. lt w¡llthen .,cnfy thc AOQL expressed in 
Figure 11.10. 

11.3 ACCEPTANCE SAMPLING BY V/1RIABLES 

lf a quality characteristic can be mca~u. 11 is poss1ble lo devise an 
acceptancc sampling plan lhal will vcriry thc 't"d'IIY of a lot under inspeclion 
by vanables. In sorne cases, however, the quJlil) ch.nallcnsuc is observable 
only asan attribule. In other cases, thc cost of attrd,ute assessmenl undcr a 
go, no-go arrangcment is much more cconomlcal th;trl \.Jriable inspection. 
And finally, in still othcr s¡tuat1nm. <~cceptancc crilcr1a m.¡y have to beapplied 
lo many qual1ty charactenstJCS. Aiti1ough th1s 1s fcas1ble w1th one plan under 
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attribute verificatwn, the use of variables inspection will require as many 
' inspection plans as there are si!-.•llt~ant quality characteristics. 
· lf these limitations_are noE ~~.:! ious, sorne advantages can be gained by 

employing an acctptdnce ~amp!ing plan using variables inspection. Superior 
protection in the form of •• ~teeper OC curve can be achieved under variables 
inspection with the san h. ~.tmple size. As a corollary of this advantage, com
parable protection can b~: obtained with a smaller sample size. This might be 

, a very desirable advantage when a un1t must be destroyed to be tested. The 
second n1djor advantage of VZiiables mspection lies within the records of the 
data which are collected. Variables data will be more useful when marginal 
product performance must be assessed and will provide a better basis for a 
quality improvement program. In addition, errors of measurement will be 
more noticeable under variables inspection. 

. 
l 
¡ 

Two classes of acceptamce sampling by variables are considered in this 
section. The first assumes tbat the population variance is known and con
stan!. An example problem will be presented for this assumption. The second 
case will deal with the situation where the variance is unknown or assumed to 
vary from lot to lot. 

Known and constant sigBUl plans. A variables sampling plan can be 
defined with a sample size of n, and an acceptance average of the sample 
referred to as Xa. As an illustration, a variables sampling plan used to test 
the breaking strength of concrete might be defined as n = 1 O, X a = 4,900 psi. 
This plan calls for testing 10 specimens and accepting the lot if the mean 
breaking strength of the 10 specimens equals or exceeds 4,900 psi. lf it can 
be assumed that the population is normally distributed with a variance that 
is known and constan!, a variables sampling plan can be developed that will 
yield an OC curve meeting specified producer and consumer risk points. 

Asan example, assume that steel castings are produced in a batch process 
and records indica te that the di~t1 ihution of yield points can be assumed to 
be normal with a = 3,000 psi. Castings with a yield strength of 62,000 psi 
are considered good and should be accepted 95 per cent of the time. A yield 
strength of only 59,000 psi is ~ot considered good, and castings from this 
batch should be rcjected 90 per cent of thc time. The consumer and producer 
risk points are thus specifu:d as a. = 0.05 at 62,000 psi, and p = 0.10 at 
59,000 psi. 

lf lots at the producer risk poinl are to be accepted as indicated, the 
following relationship is applicable 

· wh~ -1.645 refers to tlu: standard normal deviate which defines the arer 
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and thus thc probabillty of acceptance of 0.95. Siml1;11 iy, al the consumer 
nsk point, the relationship is 

XG- 59,000 = + 1.282 
3,000/Tn 

whcre + 1.282 defines the probability of 0.1 O. Thcse 1 wo equations are !óolved 
for thc two unl..nowns, X o and n. This solut•n•1 :.n:IJs the variables sampling 
plan, 11 = 9, io = 60,318. The sampltng plan docs not yield anO<? curve 
that passes prec1sely through the two desircd points, since n must be an mteg_er. 
Thc indtcated value of Xo is a compromise between the two values wh1ch 
would yicld OC curves passing cxactly through ihe one or the other point 

One can construct :1 complete OC curve for the preceding variables sam
pling plan by calculatmg thc probability of acccptancc at varying Jevels of 
batch yield strength. For example, with the yield strength assumed to be 
60,000 psi, this represents a standard normal dcviate of 

60,318- 60,000 = +O 318 3,000,v'9 . . 

This deviation coresponds to Pa = 0.375. The complete OC curve for the 
example problem is shown in Figure 1 i. 1 1. 

P. 
l. O 

0.5 

o 
59.000 60,000 6l,UOU 62,000 

Y1cld strength (psi) 

Figure 11.11. OC curve for thc van.1hlcs sampling 
plan n = 9, X = 60,31 8 pSI w¡th u '- 3,000 psi. 
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The examp!c ~~·'u··,,n considered only one tolerance: a lower limit of 
59,000 psi at wlmh Jt w.1s desin:d 10 accept no more than 1 lot in JO. If an 
upper toh:r.,¡¡,:-c hmtt also exists. then an upper anda lower acceptance limJt, 

, designated .\' u;o anJ _v '-•' respectively, must be specified along with the sample 

1 
size. Under thcs..: tonJnJOns, the acceptance cnteria can_be developed as 1f 
two separate single l1nlll plans were to be used. Two equations would be 
developed for eaí.. h hmit and a solution obtained for X u a• X La• and n. A 
modified va!ue o:' OC would have to be considered in order to provide for the 
possibil;ty of makmg a Type 1 error by rejecting a Jot at either acceptanc:: 
limit. If the qua!Jty leve! _-orresponding to rJ. lies midway between the toler
ance limits, then rJ./2 can be used in obtaining the standard normal deviates 

When a specification rather than a tolerance is provided, another ap
proach might be used in developing variables sampling plans. In this case the 
proportion defective can be calculated as the area within the distribution 
which líes outside the specification limit. Values of rJ. and p will correspond 
to proportion defectives and an acceptance limit can be obtained from the 

_ same parameters used to obtaio attribute pláns.··-_ .. 

l 

Unknown and variable sigma plans. When the variance of the popula
tion being sampled is unknown or is assumed to vary from one Jot to the 
next, it must be estimated from the sample. The student's "r" distribution 
(a distribution not described or tabulated herein) should be used as the test 
statistic. In effect, a sample ofsize n is drawn from the lot, and the population 
mean and standard deviation are estimated from this sample, where 

1 rn-
J .s = uv~· 

The decision statistic is . 

x-x Q 

sffi' 

where X a is the AQL. lf the-decision statistic is numerically equal to or less 
than the "r" deviate ata probahility rJ., the lot would be accepted. 

The difficulty in workm¡; with unknown sigma plans is that the OC curve 
is dependen! u pon the population variance. lf thts variance changes from one 
lot to another, no meantngful OC curve can be developed. 

11.4 SYSTEMS OF ACCEPTANCE SAMPLING PLANS 

Recently, a number of systems of acceptance sampling plans ha ve been 
developcd which have f.1cititated the widcspread use of acceptancc sam

:)lling in industry. These systems generally serve to bridge the gap between 

?-4-
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academic intcrest m devcloping such plans and the mdustrial nccd for acccpt
,,ncc samphng. Although many systcms of ~amphng plans are available, 
only thrce of thc more widcly used wdl be introduccd tn this scction. The 
first two wcrc dcvclopcd for thc U.S. Dcpartmcnt of Dcfcnsc nnd consist of 
scts of acceptance sampling plans. The first is for inspection by attributes 
(MIL-STD-1050)_3 and the second is for inspcction by variables (MIL-STD-
414).' Both are applicable undcr nonrcctifying inspection. The third systcm 
is referred toas the Dodge-Romig rabies' and consists of four sets -of tables 
for inspection by attributes under a recttfying mspection procedure. 

U.S. Department of Defense sampling plans. M 1 L-STD-1 05 D has evolved 
from its 1nception m 1942 through four revisions to Jts prc,cnt form. The 
latest revtsion was an internat10nal undcrtaking by a committce made up of 
personnel from military agencies of Great Britain, Canada, and the United 
States. It is not'only the mihtary use in accepting products under government 
procurement contracts which has made the system so widely known. lndus
try has also been quick to adopt this standard to meet its own acceptance 
sampling needs. 

This system rests upon and first introduccd the concept of an Acceptable 
Quahty Level, AQL, which was defined and illustrated tn Figure 11.4. The 
acceptance entena are selected to protect the producer against the rejec
tJOn and the rcturn of submitted lots of this quality lc\cl or better. ln conjunc
tion with the concept of an AQL, the system includes the use of "tightened 
inspection" and "reduced inspection" as alternatives which are available to 
¡;. •1tcct the consumer if it is necessary and justificd in light of the previous 
quahty history of the producer. A plan undcr tightcncd mspcction will yield 
a stceper OC curve and one under rcduccd mspcctJOn wtll yteld a flatter OC 
curve. Onc or the other may be callcd upon in hcu of "normal inspection" 
tf ccrtain criteria are met. 

Another intcrcsting aspcct of M 1 L-STD- i (l'>f) ts thc provision for classi
fying defects on the basis of their sevcrity DdtnttJOns are gr\ en for varying 
leve!~ o~ thc seriousncss of dcfects, and thc acceptable quantity of each Ievel 
1s butlt tnlo thc acccptance samplmg plan. Thus, more minor defccts would 
be pcrmittcd, and only onc or a fcw cntical dcfccts may be grounds for the 

· rCJCCtion of a lot. Thts standard includcs -scts of single. doublc, and multiple 
sampltng _plans a~1d ~pecifies a sample stzc that ts dcpcrídcnt upon and in
creases wtth Iot stze m an absolute scnse but dccreases in a rclative sense. 

. 3 flf¡{¡fary Standard 105 D, Samp/mg Proccdwc~ nnr/ Toh/cs for Jnspcrt1on by AllnbuteJ 
,wa-;hmgton, D.C.: Govcrnmcnt Prrnting Offu:c. 1963) 

4 hf¡{¡tary Sta11dard 4/4, Samp/m¡: Pn•.cJ¡¡,~s auJ Tablcs _r,., ln~pect1on by Vanab/es 
{or Pcrcl'nt Dcfcctn•l' (Wa5hrngton, D C.· (juvernmcilt l'r1nt 111¡: Ofl~<'. 1957) ' ' . H. F. Dodge and H G. Romrg So.''"i''''l ln~urw" Tal>ln-St~~¡:ll' and Double 
Samplmg, 2nd ed. (Ncw York. John Wrlcy & ~ons, lnc, 19~9) 

·-z5 



306 J Methods of Acceptance Sam¡Jling 

MJL-STD-414 is quite similar to MIL-STD-1050 in that it is based on 
the concept of an AQL; uses lot-by-lot acceptance; provides for normal, 
tightened, or reduced inspection depending on the previous quality history 
of the supplier; and relates sample size to the size of the lot. MIL-STD-144 
uses variables rather than attnl>utes inspection. lt can be used with either 
single or doublc specification limits and provides two sets of tables: one for 
the case of "variability knownos and the other for "variability unknown." 
With the Jatter set, the variabitity of the lot may be estimated through a 
"standard deviation method .. as previously described or a "range method." 

I~ the simple case of a single specification limit with known lot variabil
ity, a sampling plan of n = 8 and k = 1.68 would be obtained under inspec
tion leve! 11, with a lot size oC 1,500, at normal inspection and an AQL = 
0.015 (1.50 per cent). lf it were further assumed that the process hada vari
ability of q = 0.010 inches and only a lower specification limit of 1.000 
inches, then the acceptance criteria would be met if 

x- 1 ooo 
0.010 :;;::: 1.68 

where X is the mean of the sample of eight units. 

Tlle Dodge-Romig sampliag plans. The Dodge-Romig volume is based 
on a rectifying inspection program and contains the following four sets of 
tables: 

(1) Single-sampling lot tolerance tables. 
(2) Double-samphng lot toler.mce tables. 
(3) Single-sampling AOQL lables. 
( 4) Double-sampling AOQL tables. 

The first two sets oftables contain sampling plans assuming p = 0.10 for lot 
tolerance per cent defectives, LTPD, of 0.5 per cent, 1.0 per cent, 2.0 per cent, 
3.0 per cent, 4.0 per cent, 5.0 per cent, 7.0 per cent, and 10.0 per cent. Table 
11.5 is a single-sampling lot tolerance table with L TPD = 0.05 or 5 per cent. 
In effect, all the plans on this one table have OC curves which pass through 
the consumer risk point of LTPD = 0.05 at p = 0.10. The six columns in 
this table are for different values of process average per cent defective. The 
plan selected at a given column of process average and row of Jot size will 
mmimize total mspection under a rectifying inspcction program while pro
vidmg the dcsired consumer protection. Although thcse tables are designed 
to minimize total inspcction under a rcctifying inspection program and 
yield the indicatcd value of AOQL, thcy can be uscd under nonrectifying 
insr ;on and still yield the indicatcd consumer risk point protection 

- .• e sccond two scts of tablcs contain sampling plans with AOQL val u 
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of 0.10 'per cent, O 2'; p.:r ,·cnt, O 50 per cent, 0.75 per cent, 1.0 per cent, 
l. S per cent, 2 it per cent, 2.5 per cent, 3.0 per cent, 4.0 per cent, 5.0 per cent, 
7.0 per cent, ;¡q.,! 10.0 per cent. T.tble 11.6 is a double-sampling AOQL table 
with the AOQL = 0.02 or 2 per cent. ..-\!1 the plans Jisted on this table will 
yield this value of AOQL. The selection criterion is again one of minimizing 
total inspection if rejected lots are subject to lOO per cent screening. 

11.5 THE ECONOMY OF ACCEPTANCE SAMPLING 

An acceptance sampling plan may be described as a formalized pro
cedure designed to assess tM: quality of a product group with sorne prede
termined probability of erro:r. This assessment is an operation that should be 
performed with economy. Eoonomy requires that one develop an effectiveness 
function that relates the variables under direct control of the decision maker 
with those not under his dir«t control. In acceptance sampling, the decision 
maker can spec~fy the sampDing plan to be used. The quality characteristics 
of the product group, the oosts of assessment, and the costs of accepting 
defectives are not directly lmder his control. Therefore, in selecting a sam
pling plan that will result in a mínimum total system cost, he must consider 
these parameters. 

In practice, it is difficu!t to ascertain the precise costs of inspection and 
costs of accepting defectives. Often, these costs are assumed to be linear with 
little empirical justification. The quality characteristics of a product group 
may also be difficult to estímate, although the quality history of a producer 
could serve as a guide. In spite of these difficulties, an economic evaluation 
is useful in the selection of an acceptance sampling plan. 

Total system colt under rectifying inspection. Jf it is assumed that de
fcctives are replaced to maintain a constant lot size, the expected total cost 
per lot will be 

TC = (AOQ)(N)(Cd) + (/)(C,). (I 1.18) 

The cost of accepting a defective is designated Cd and the cost of inspecting 
one iterr. 1s C,. Substituting Equation (11.3) for AOQ and Equation (11.4) for 
1 reduces Equation (11.18) to · 

TC = (P.)(p)(N- n)Cd + [n + (l (}"~·~e;- n)]c,. (11.19, 

If the expected leve! of defectives varíes from one 1ot to another, it will be 
necessary to apply Equation (11.19) to each group. The total system cost 
will then be a weighted average based on the fraction of lots having each 
leve! of defectives. 
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·Asan example of the appk.,l:'''l of the foregoing model, consider the 
data ofTable 11.3. The sampling plan was N= 10,000, n = 200, ande= 5. 
Suppose that the cost of accepting a ·defective is $5.00 and the costo: inspec_t
ing one item is $0.10. It is estimated that h~lf of t~e lots subm1tted ~ill 
contain no defect1ves, one-fourth of the lots will contam 2 per cent defect~ve, 
and the remaining on~-!"tlUrth of the lots will contain 4 per cent defecuve. 
Under these conditiou~. ~he total cost for each level of defectives will be 

Tcp-o = (1)(0)(9,800)($5.C)O) + [200 + (1 (11~1~)ooo- 200>Jso.1o 

= $20.00 

TCp-o.o1 = (0.785)(9,800)(0.02X$5.00) 

[
2oo + (I- o.7S5)(1o,ooo- 200>lso.to 

+ (1- 0.02) J 
= $1,003.70 

TCp.o.o• = (0.191)(9,800)(0.04)($5.00) 

[
2oo +o - o.t91)(10.ooo- 200>lso.to 

+ (1- 0.04) J 
= $1,201.52. 

The weighted total cost will be 

TC = !TCp•o + !TCp•O.D1 + -1-TCp•o.o• 
= !($20.00) + i($1,003.70) + i($1,201.52) = $561.31. 

The total system cost under this sampling plan may now be compared 
wtth no inspection and with lOO per cent inspection. With no inspection, the 
only cost would be that of aa:epting defectives. This is computed as 

TC = [!(0) + i(0.02)(10,000) + -!(0.04)(10,000)]$5.00 = $750.00. 

Under 100 per cent screening. the cost is that ofinspection. This is computed 
as 

TC = (10,000)$0.10 = $1,000.00. 

In this example, the sampling plan is more economical than either no inspec
tion or the complete 100 per cent screening of every ítem. This does not mean, 
however, that this is the most economical sampling plan available. The mini
m u m cost samplmg plan would ha veto be found by trial-and-error methods. 

Total system cost under nonrectifying inspection. Under a nonrectifying 
inspP ... tion program, only accepted lots are rctained, and the total cost must 

( 3D 

1 he Economy o/ Acccptance Sampling 1 .-. 

be adjusted to refiect the inspcction costs of lots which are returned. The 
solutJOn to the problem of the previous example under n~nrectifying inspec
tion can be obtáined from 

TC = (ALQ)(N)(Cd) + (n)(C,)_ 
PAL 

(11.20) 

The proportion defective in accepted lots is designated ALQ, and the propor
tJon of accepted lots JS PAL· Table 11.7 gives the computations necessary for 
the application of Equation (11.20). l!1e total cost is 

TC = (0.00784)(10,000)($5.00) + (2og)J:IO) = $418.88. 

Table J 1.7. A COMPUTATIONAL SCHEME FOR FINDING THE PROPORTION 

OF ACCEPTED LOTS ANO THE PROPORTION DEFECTIVE IN ACCEPTED 

LOTS UNDER NONRECJ"IFYING INSPECTION 

Proporlion 
Proportion 

Proportion Proportion 1 Probabi/ity o/ o/ Accepted 
Defective in 

Detective ofLots Acuptance 
Lots 

Acupted Lots 
(A) (8) (C) 

PAL = ~ BC ALQ = ~ABC 
:I;BC 

1 
1 o 0.50 1.000 0.5000 o 1 

0.02 0.25 0.785 0.1962 0.00393 ! 

0.04 0.25 0.191 0.0478 0.00191 

0.7440 0.00584-
0":7440-
0.00784 

The foregoing solution is fairly simple, allhough it is only an approximation 
in that a few defectives can be expected to be found and dtscarded in the 
sample of accepted lots. A correctwn for ti11s omission should not, however, 
appreciably alter the preceding answer. 

The economy of acccptance sampling reduces to selectmg a sampling 
plan which minimizes the costs of inspection and the CO!tt$ of accepting defec· 
:1ves. The decision maker is often faced with makmg tl11s d.:c1sion on the bash 
Jf incomplete and sometí mes erroneous data He mu~1 m.1ke his decision witt: 
the available data and rely upon mtuition and sorne subjcctive judgmcnt tr 
carry the evaluation through to a final sampling procedure. ln a practica· 
:ase, a sampling plan would probably be sd.:!,tcd f, om an established systen· 
Jr tablc of acceptance samrlmg plans. Thc~c pldns might spccify error en 
leria, and an intuitive recoJli .. IIJdtJon would have to be made between thes 
:ritena and sorne estímate of sampling and oti1cr costs. Attempts would b 
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made to facilita te the identification of defectives by removing as rnuch of the 
subjective human element as possible. Nevertheless, it might well be noted 
that the identification of defectiws rnight be superior ':lnder a sampling plan 

than under 100 per cent inspec&tn. 

QUESTIONS 

11.1. How does the objective ohm inspection sampling plan differ from that of a 
control model 7 

11.2. What is the difference bemeen a rectifying and a nonrectifying inspection 
prograrn7 

11.3. What does an operating chmacteristic curve iiiustrate? 

11.4. Discuss the general relatiomhip between the sample size and the form of an 
OC curve. 

11.5. Define and ilJustrate the cunsumer and the producer risk points on an OC 
curve. 

11.6. Why is it usually necessaryto bracket the two desired points on an OC curve? 

11.7. D1scuss the relationship bertween the average outgoing quality limit and the 
average outgoing quality. 

11.8. List the relative advantag¡:s and disadvantages of single, double, and mulo 
t1ple or sequential sarnpliq. 

11.9. Under what cond1tions is it desirable to use a sampling plan for continuous 
production rather than a llo1-by-lot plan 7 

11.10. What are the Jimitations m the use of acceptance sampling by variables 7 
What are the advantages! · 

11.11. What are the unique femures of MIL-STD-105D and MIL-STD-4147 

11.12. What sets of tables are indluded in the Dodge-Romig system7 

11.13. What costs are associated Wich the operation of an acceptance sampling plan 7 

11.14. D1scuss acceptance samplilmg in terms of variables directly under control of 
a decision maker and variables not directly under his control. 

PROBLEMS 

11.1. Sketch the OC curves for the sampling plans e =O, n = 100; e = 1, n = 
100; e = 2, n = 100. 

11.2. Sketch the OC curves for the samphng plans e = l, n = lOO; e = 2, n = 
200; e = 5, n = 500. 

11.3. Develop the four single sampling plans v.hich bracket the producer and 
consumer nsk pomts of ar. = 0.05 at AQL = 0.02 and P = 0.10 at LTPD 
= 0.05. 
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11.4. Devclop the plans wh1ch bracket o: = 0.05 at AQL = 0.02 and·p ·;,;, 0.10 at 
LTPD = 0.10. 

·u.s. Sketch 1 and AOQ, and spccify AOQL for the plan e= 1, n = 100, anc 
N= 1,000 under rccufymg mspcctaon with nonrcplaccment of defectives. 
Do the same for e= O, n =50, and N= 1,000. 

11.6. Sketch thc OC curves for the double samplmg plan N= 1,000, n1 =SO, 
n2 = 80, e 1 =O, and e1 = 3. Do the same for the double sampling plan 
N= 1,000, n 1 = 85, n2 = 120, e 1 = 1, and e2 = 6. 

11. 7. What is the probability of making a dec1sion on the first sample for each 
of the plans in the previous problem, at p = 0.02, p = 0.03, and p = 0.05 7 

11.8. Calculate ASN, 1, and AOQ under rectifying inspcction with replacement 
of dcfectives for the double sampling plans gtven below: 
(a) N= 2,000, n 1 = 60, n2 = 80, e 1 =O, ande~= 4. 
(b) N= 2,000, n1 = 80, n1 = l 10, e 1 = 2, and c1 =S. 

11.9. Define the sequential sampling plan that meets tho produccr and consumer 
nsk points of ex= 0.05 at AQL = 0.010 and p = 0.10 at LTPD = 0.050. 

11.10. W1th the plan ofProblem 11.9, what are the mínimum number ofunits which 
would ha ve to be inspected to accept a lot? 

11.11. W1th the continuous samphng plan i = 200 and f = 0.10, develop an OC 
curve, calculate AOQL, and compare thts hlttcr value with that obtained 
from Figure l 1.10. 

11.12. Spectfy the variables samphng plan with a known and constan! (J = 2.00 
inches anda consumer an" .'ooducer risk point of ex= 0.05 at 2.00 and p 
= 0.10 at 3.50 inches. 

11.13. In 1_215, the Chincse city of Ycn-Kmg, thc modero Pcking, was bcsieged by 
the Mongols undcr Genghis Khan. Whcn all the metal ms1de the city had 
becn used up for cannon balos, the dcfcndcrs bcgan mclting down silver and 
eventually gold, and thcir ancient muzzlcloadcrs linally rourcd golden shot 
mto thc Mongols' camp. In the end, howcver, thc CP) wa~ !aken and de
stroyed, la ter to be rebuilt by Kubla1 K han. The rc..-.o~lanc e 10 the siege was 
reportcd to have been innucnccd by 1hc quah1y control procedures used m 
conjunctton wJth 1he c~tang of ti1c C4Rn0n bails. 

Two hundrcd and lif1y lo1s ot' 50 sdvca l.onnon balls cach wcre cast with
in the city and dehvered to lhc guns on the walls. Thcre thcy wcrc subjected 
to the nonrecufying inspcct1on program by altributcs of N = 50, n = JO, 
and e = O. Rcjccted lots were rcturncd whcrc they wcrc mcltcd down into 
coms to be used as bribc money. Aftcr the sllvcr balls m acccptcd lots were 
exhaustcd, gold balls wcrc c.ost. vcrilicd undcr a bodge CSP-1 plan, óbtatñed 
from thc stall undtscovered Wcstern Hcmospncrc, and fired. The spccific 
plan callcd for i =50,/= 0.10. 

Arch.ocolo¡;asts ha ve sincc dasco•ncd 1o.1. h.l.if of thc lots of stlver balls 
con1amcd no dcfcc1rve.s. whcrca~ lile n1h.:o ho.~lf wcrc prob<~hly JO pcr cent 
dcfcctlve. The gold b.1lls ".:re proh;obay ,,¡¡ 5 pcr ccn1 dcfcctave. They also 
dascovcrcd that whcn a canno"l had firC'd ,o dcfccti•c ¡,_¡¡¡~ 11 bccame mopcra-
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tive, and that the clly bc~..tn tr> rtsbt.tllcc wit'l-t 150 cannon and 1t fell when 
all the cannon bcc.m1c JnopCl<~IJvc How m.u.y gold cannon balls were fired '! 

11.14. lt costs $2 to accept a ~o.:ic~:llve 11cm and $0.08 to inspect each ítem. Deter
mme the cost of a ~.~mrlln!; plan with N= 1,500, n = 200, and e= 2. 
The d1stribution g1ven bclow shows the defectives: 

Proportwn Dt/ective 1 Proportion of Lots 

0.00 0.10 
0.01 0.10 
0.02 o.:o 
0.03 0.30 
004 0.20 
0.05 0.10 

Compare the cost to that of 100 per cent inspec!·," and no inspection. 

11.15. Solve Problem l 1.14 under a nonrectifying inspect1on program. 

34-
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DIRECIORIO DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE 
ENERO AL 16 DE MARZO DE 1973 

~OMBRE Y DIRECCION 

l. ING. MiGUEL ARVIZU DIAZ 
Prolongación Uxmal No. 975-10-B 
México 13, D. F. 
Tel: 5-75-08-85 

2. 1 NG. GERARDO CASADA LAGUNES 
Dr. Barragán No. 745-203 
Col. Narvarte 
México 12, D. F. 

3. ING. ALICIA CORTES G. 
Mar de la China No. 8-5 
México 17, D. F. 

4. 1 NG. ALFONSO CORREA COSS 
Reforma Nte. No. 704-1902 
J'1éx i co 3 , D . F . 
Tel: 5-29-38-07 

5. 1 NG. JOSE EDUARDO CRUZ RU 1 Z 

6. ING. APOLONIO DA1"1AS ACOSTA 
Edif. 18-A-302 
Unidad Vallejo Lindavista 
1"1éx i co 1 4, O. F. 

7. SR. V 1 CTOR DE ALBA Pt:REZ 
Cerro San Anronio No. 45 
t·1éx i co 2 1 , D. F. 
Te 1: 5-44-51-07 

8. ING. CAKLOS DELGADO BARRERA 
Calle Francisco Villa No. 67 
Col. Revolución 
l·iéx i co 9, D F . 
Tel: 5-42-59-38 

..;. II~G. Ct:SAR ANTONIO DZIB UCAN 
Calle Se!s No. 173-4 
C o 1 . 1/2 .- ~ i z r~ a r va r te 
~~.; 2 x i e o ~ , G . F . 

EMPRESA Y DIRECCION 

CHRYSLER DE MEXICO 
Lago Alberto No. 320 
México, D. F. 
Tel: 5-45-60-40' Ext. ¡.::;~/158 

SECRETARIA DE OBRAS PUBLICAS 
Ave. Fernando No. 268 
México 12, D. F. 
Tel: 5-30-08-92 

COMiSION NACIONAL DE FRUTICULTURA 
Paseo de la Reforma No. 445 P.H. 
México 5, D. F. 
Tel: 5-14-11-27 

CETENAL ( SECRETARIA DE LA PRESIDENCiA 
San Antonio Abad No. 124 Edif. 11 C' 1 3c.P 
Col. Transito 
fvléx i co 8, O. F . 
Te 1" : 5 - 7 8 - 6 2 - O O Ex r . 1 1 8 

SECRETARIA DE OBRAS PUBLICAS 

ALMACENES NACIONALES DE DEPOSITO,S.A. 
Plaza de la Constitución No. 7-3er.P. 
México 10, D. F. 
Tel: 5-21-18-71 

PRE-CONCRETO, S.A. 
Ca 1 1 e 2 No. 4 
San Pedro de los Pinos 
México 18, D. F. 
Tel: 5-16-45-00 

INSTITUTO MEXICANO DEL PETROLEO 
Av. de los 100 Metros No. 152 
t·iéx i co, O. F. 
Tel: 5-67-66-00 

SECRETARIA DE OBRAS PUBLICAS 
Ave. Fernando No. 268 
México 12, D. F. 
Tel: 5-19-92-93 



DIRECTORIO DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE 
ENERO AL 16 DE HA,={ZO DE :973 

NOMBRE Y DIRECCION 

10. ING. PEDRO GOMEZ COLIO 
Unidad Cuitlahuac Edif. 75 
Entrada D-201 
México, D. F. 
Tel: 5-56-38-82 

11. ING. FRANCISCO VICTOR GUILLEN S. 
Comunidad Chapingo Depto. 111 
Chapingo, México 

12. SR. ERNESTO HERBERT CERECEDO 
Miguel E. Schuhz No. 27-403 
Col. San Rafael 
México 4, D. F. 

13. SR. ROBERTO HERRERA SALDAÑA 
Cerro de San Anccn'o No. 10-3 
Col. Campescre Churubusco 
1'1éx i co 2 1 , O . F . 

14. ING. JOSE DE JESUS JIHENEZ G01'1EZ 
Sur 71-8 No. 135 
1"\éx i co, O. F. 

1 5. QU l1"\ 1 CO 1 Rt·1A i"'tALDONADO GARC 1 A 
Tuxpango No. 9S 
1'iéx i co 1 4, D. F. 

16. 1 NG. JOSE FEL 1 X t·\ED 1 NA AL1"lE 1 DA 
Río Tiber No. 25-302 
Col. Cuauhtémoc 
1'·1éx 1 co 5, O. F. 

17. 1 NG. ARTURO t'<:::J! D., R~r1! REZ 
Calz. Nonoalco No. 153-A-102 
Cd. Tlaceloico 
1'\éx i co 3, O F . 
Tel: 5-53-22-06 

EMPRESA Y DIRECCION 

SECRETARIA DE OBRAS PUBLICAS 
Ave. Fernando No. 268 
México 12, D. F. 
Te 1: 5-19-22-46 

ESCUELA NACIONAL DE AGRICULTURA 
Chapingo, México 
Te i: 5-85-45-55 Ext. 166 

SECRETARIA DE OBRAS PUBLICAS 
Matamoros 65 
Tlalnepantla, Edo. de México 
Tel: 5-65-79-72 

COM·S 1 0N NACIONAL DE FRUTICULTURA 
Reforma No. 445-5o. Piso 
México 5, D. F. 
Tel: 5-14-11-27 y 5-14-16-72 

PETROLEOS MEXICANOS 
Marina Nacional No. 329 
f'lé X i e o ' o . F . 
Te i : 5 - 3 i - 7 3 - 8 5· 

GENERAL FOODS DE MEXICO, S.A. 
Poniente 116 No. 553 
1'1éx i co 1 5 , O . F . 
Tel: 5-67-11-00 

COMISION NACIONAL DE FRUTICULTURA 
Paseo de la Reforma No. 445-P.H. 
México 5, D. F. 
Tel. 5-14-11-27 

t'1 ! C ~E L i '1 E X , S . A . O E C . V . 
Ca 1 i e 3 No. 30 
Naucalpán de ~uárez 
E do. de 1'1éx i co 
Tel: 5-76-18-11 Ext. 35 

--~ 

.. . ' -·-



·~ -· 

DiR~CTGR!O DE ASISTENTES A~ CURSO DE CONTROL DE CALIDAD ( DEL 29 DE 
EN~RO AL lo DE MARZO DE 1973 ) 

NOMBRE Y DiRECCION 

18. FiSICO JOSE LUIS ORTIZ AGUILAR 
Cerro de Guadalupe No. 110 
Los Pirules 
Tlalnepantla, Edo. de México 

19. Q.F.I. JUAN HANUEL PADILLA A. 

20. 

Tonatzin 2 Depto. 5 
unidad Independencia 
Héxico 20, D. F. 
Tel: 5-95-11-13 

Q.F. LUZ MA. GUADALUPE PALACIOS 
Cerrada Lago Gaseasónica No. 11 
México 17, D. F. 
Tel: 5-27-43-36 

21. ING. FCO. ARMANDO RANGEL ORDOÑEZ 
Calle E No. 1 M-12 
Co 1 . Educación 
1\\éx i co 2 1 , O. ~. 

Te 1 : 5-44-41 -4 7 

22. 1 ~JG. JESUS REYNALDO HOLGU 1 N 
Rio Pánuco No. 140-A 
¡\léxico, D. F. 

23. !NG. DA"iD RIVAS JUAREZ 
Av. La Garita Andador 9 No.7-2 
Vi 1 la Coapa 
riéx i co 2 3, D. F . 

24. 58.. GERARDO DE JESUS RQ,\\ERO 
Popocatepetl No. 127-6 
1'·1éx i co 1 3, O. F . 

25. ! NG. CARLOS SALAS DUVEL 
Dr. Balmis 16-6 
t12x i co 7, O. F. 
:-¿]: 5-78-71-76 

EMPRESA Y DIRECC!ON 

SECRETARIA DE RECURSOS HIDRAULICOS 
Sierra Gorda No. 23 
Lomas de Chapultépec 
México 10, D. F. 
Tel: 5-20-27-58 

LABORATORIO CARLO ERBA DE MEX!CO, S.A. 
Miguel Angel de Quevedo No. 555 
Méx i co 2 1 , O . F . 
Tel: ;;-S4-12-11 

G. INSTITUTO MEXICANO DEL PETROLEO 
Av. de los 100 Metros No. 500 
México 14, D. F. 
Tel: 5-67-66-00 Ext. 193 

S~C~ETARIA DE OBRAS PUBLICAS 
Ave. Fernando No. 268 
México 12, D. F. 
Te 1:5-19-22-1.,.6 

COMISION NACIONAL DE FRUTICULTURA 
Paseo de la Reforma No. 445 
México, D. F. 
Tel: 5-25-93-44 

CETENAL (SECRETARIA DE LA PRESIDENCIA) 
San Antonio Abad No. 124 
Edificio 6-4o. Piso 
1'·1éx i co 8, O. F. 
TE:i: 5-78-62-00 Ext. -,¿é 

CETENAL (SECRETARIA DE LA PRESIDENCIA) 
San Antonio Abad No. i2l-!.-3e,-. Piso 
México 18, D. F. 

S~~~~TARIA DE OBRAS PUBLiCAS 
·~'·-". Fernando No. 268 
, <>,·ce ; 2 , D . F . 
Ts.: S- 1 9-56-40 



DIRECTORIO DE ASiSTENTES fi.L· CURSO DE CONTROL DE CALIDAD (DEL 29 DE 
ENERO AL 16 DE 1'1AR-ZODE 1973 

NOMBRE Y DIRECCION 

26. 1 NG. ANTON 1 O SANT 1 AGO DEL CAST 1 LLO 
Av. Cienfuegos No. 934 
Co 1 . L i ndav i s ta 
Méx i co 1 4 , O . F . 
Te1: 5-77-60-61 

27. 1 NG. FERNANDO TEJADA JUAREZ 
5 de Febrero No. 462 
México, D. F. 
Tel: 5-19-70-52 

28. ING. JOSE LUIS TERAN PEREZ 
Unidad 'Hab i tac i ona 1 More 1 os 
Edif. C-26-102 
México 7, D. F. 
Te1: 5-88-06-32 

29. 1 NG. R 1 CARDO A. TORRES OCEQUEVA 
Extremadura No. 124 1 nt. 13 
México, D. F. 

30. SR. ALFREDO TRONCOSO ALTAMIRANO 
Edificio 26-401 
Vi 1 1 a O 1 í mp i ca 
México 22, D. F. 
Tel: 5-73-56-91 

31. SR. CARLOS VELEZ SANCHEZ 
Norte 60 No. 3545 - 4 
Col. Rio Blanco 
'"1éx i co 1 4, O. F . 
Te 1: 5-37-31-67 

EMPRESA Y D.! RECC 1 ON 

CONCRETOS PREMEZCLADOS 
Nicanos Arvide No. 428 
México, D. F. 
Te l : 5- 98- 1 9- 1 1 

CAMARA NACIONAL DE LA IND. DE TRANSF. 
Av. San Antonio y Patriotismo 
Méx i co, D . F . 
Tel: 5-63-34-00 

SECRETARIA DE RECURSOS'HIDRAULICOS 
Sierra Gorda No. 23 
Lomas de Tecamachalco 
México 10, D. F. 
Te J: 5-40-09-43 

PRE-CONCRETO, S. A. 
Ca 1 1 e 4 No. 2 
México, D. F. 
Tel: 5-16-45-00 

CHRYSLER DE MEXICO? S.A. 
Lago Alberto No. 320 
México, D. F. 
Te l: 5-45-60-40 

SECRETARIA DE OBRAS PUBLICAS 
Av. Fernando No. 268 
México, D. F. 
Tel: 5-38-09-69 



centro de educación contínua 
facultad de ingeniería, unam 

DIRECTORIO DE PROFESORES DEL CURSO CONTROL DE CALIDAD 

DR. OCTAVIO RASCON CHAVEZ 
Jefe de la Secc. de Matemáticas 
de la División de Estudios Superiores 
Facultad de Ingeniería 
U. N. A. M. 

2. 1 NG. CARLOS JAV 1 ER ME NDOZA ES COBEDO 
Jefe del Laboratorio de Materiales, 
Investigador y Profesor de la 
Facultad de Ingeniería 
U. N. Ao M. 

3. ING. AUGUSTO VILLARREAL ARANDA 
1 n ve s t i g a do r de l 1 n s t i tu t o de 1 n g e ril i e r í a 
U. N. A. M. 

4. ING. ROBERTO MELI PIRALLA 
Investigador 
Instituto de Ingeniería 
U. N. A. M. 

Tacuba 5, pnmer p1so. Méx1co 1, D.F. 
Teléfonos: 521-30·95 y 513-27·95 
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