32.

Use la tabla 3.2.
Para encontrar fécilmente la fre-
cuencia de un , se pueden
organizar los datos como se ha
hecho en Iz izbla 3.2. Vea los enca-
bezedos de las columnas: en la pni-
mera se indican los eventos y en la
sequnda se anotan los elementos
que ocurrieron de cada evento.
Qbserve la tabla 3.1. ¢Qué califica-
ctones hacen que ocurra el evento
A.51-60?

59,

evento,

ThalA
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32

Liemip

(2~tervalo oe
calif.caciores

Llpmrnrae co—vrrnore, eitps

A SvED 5,57

Bl E~VT £, 65,65, 57,67

L1 =B .73, TR, 78,78

S1 680 ec,bé, 35,65, 82,566, 89,87,
6°,8z.8° 3

Er Sa X 9R,6°,9,95,94.9 j

Observe que los numeros de la respuesta

correcia al cuadro anterior se han anota-
do en el reng!on del evento A de la table

32

Observe la tzbla 3.1. ¢Qué calificaciones

corresponcen al evenio E: €1-100?
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La tabla 3 2 s puede elabarar faciimente si previa

.5-? .

2 ) v oro- -
meoente se orgarizan los datos en la forma presen- | Grlfient.do o0 SPraFrgiuer-, ||
cotiia t Hrbfesdy il
tada en la tabla 3 3 en ia cual aparecen los datos e il
ordenados en torrna creciente {obsérvela). ¢Qué N
calificaciones de la tabla 3.3 hacen que ocurra el S
evento A. 51.60?
i
57, 59.
——3
65

El primer paso en el proceso de agrupamiento
de datos consiste en calcular el rango, ei segun-
do consiste en decidir cudntos intervalos de cla-
se se usaran. Es usual, dependiendo del nomero
de observaciones, que el numero de intervalos
vanie entre 5y 20. Tome la tabia 34 y diga
cuantos ntervaios se usaron para construiria,

TADLA 3.8 arertma

Evem o {dntnevelo as |

coli’icarionon)

brv e mmctin

!
A1 SAGD i

ry

By 6=
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[ R 3]

b wDT

Lt 94-100
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L a1
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Observe 1a tabla 4 3 {Cud! es el ancho de los interva-

)

TARLA & 3 myepurs

los de clase, de! segundo a! octavo? Lotervalo ge f rrovensin
clasn, :-Truum
61-55 2
. om0 -
3 61-5F !
E6-70 3
21-75 14
. e-00 1
. 85485 11
85>-00
9y 100 8
5.0.
e S - =
Dbserve la tabla 3.6. La frecuencia TABA 3.8
acumulada de clase del sequndo intervalo
. ;. Lunntg ([1nterve — —cin
es . {Cudl es el iimite real supe- * (;;er_l:-:-n wasmie __1_5,&_7':
rior de este intervalo, cuando las observa- S0 2 z
ciones se aproximan al entero més cerca- o 5 ?
no? Lof Bl B +] & 0
01 050 T 24
Er 9% D -] x
TUTALY 0 1

70.5

Otra manera de calcular
las frecuencias relauivas a-
cumuladas, consiste en su-
marle a la frecuencia relati-
va de cada intervalo las co-
rrespondientes 38 todos ios
intervalos anteriores.
Observe la tabla 3.8 {Cua!
es la frecuencia relativa
acumulada del segundo in-
tervalo?

TABLA 3.5 REPETIDE

T
Intmrsn, e T rrogoncin fresumacia Fracnncie Fn wtncia ro.ad
de clow iz iva sarulads live nar'aby -
S0 ¢ 2 0 o) B 0.057 i
? d d
63-™ : 5 0wy s ! [t i
T 5 | e 12 1 aen |
- ——
[ o} 1 ) oo, 22 1 o "0 1
H "
91000 [ | oA | 0 ; w20 |
! i T 1
i | !
TTALL 30 l 1000 |

i

= s’

0.233.

198 Use fa hoja de trabajo 3.2 v 13 tablo 38 Complete la tabla de distribuciones de
frecuencias que se presenta en la hoja de trabajo, aprovecnando los datos crdena-
dos de la tabla. Venfique que la suma de todas fas frecuencias sea 30 {nimero
total de datos), y que la suma de todas las frecuencias relativas sea 1.0

Jeteovalo Llrm.nlosg Freusnoas Fre- pwgm E ‘mrvoeacsffFrecurncas N
Un are miatae ncar ade relative
st at ran ogr rejerse tovmulngs
roetar s, 60 2 0.087 {2 ™ 2 0.067
Tod, 03, 303, far, 164
AISS RN 55,157, 168, A, ) 10 0.323 {32 ) i 0 a0u
T UG, T, 99, 970 |
12120 17, 178 ? | 0.3 (222 19 0.813
175-180 | 175,975, V75, 470, 170 5 0167 (5.} 21 .70
104-*8F 181, 109, 183, 184 4 T (aam] el 0. 933
W7-192 w7, 194 2 0.067 {6.74) 30 4.000
TOTAL Y Ry 1.000 { 1)
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Observe la tabla 3.9 que presenta los datos or-
denados del problema del cuadro anterior.

a) ({Cual es el dato de Qalor minimo?

b) ICual es el dato de valor maximo?
c) ¢Cudl es el rango?

191,

TAOLA 3.C

E=tatura,

en om 1'gmoro gel

~—n'raor

150

ea

41

Lzt

L)

ST

>
N

147

L7

pis]

10e

4058

k21
[8)

6t

169

170

171

171

B8] o KW~

173

128

-

472

175

175

T lolo |

178

179

14

16814

s

G

07

w1

31:(191- 160 = 31).

Lo

41

42

s o >

Use la hoja de trabajo 4.3. {Cuénto valen los |imites reales superior e inferior,
correspondientes a los tres primeros intervalos de clase? Recuerde que los tiem-
pos se aproximaron al minuto mas cercano. Después dé verificar su féspuesta
anotela correctamente en la misma hoja de trabajo.

Y
[ crerior ooporaor
ai).5H _r\_"- )
55,5 * .5
N 6., |
T+ o

Use la hoja de trabajo 4.4, para dibujar el histograma de los datos presentados en
la hoja de trabajo 4.3 (recuerde que en el eje vertical tiecne gque anotar las
frecuencias normalizadas). Indique en la figura fos l{mites reales,
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Vea la hoja de trabsjo 45, en la que se muestra el histograma del cuadro
anterior, con todas las marcas de clase sefialadas en la parte superior de los
rectanguios.

Observe que se han marcado dos puntos sobre el eje horizontal, en 27 y 62, los
cuales corresponden a las marcas de clase de dos intervalos con frecuencia nula,
cada uno de éstos con igua/ amplitud que el intervalo de clase adyacente. Obser-
ve, también, que los primeros tres puntos, correspondientes a las marcas de clase
27, 32,y 37, se umieron mediante ineas rectas,

Una los demas puntos directamente sobre el histograma.

T - v e - coe -

i

.
~
[ 3 XE

eatvemdin

Un poligono, como el dibujado en el cuadro anterior, que une todas las marcas
de clase sefialadas en la parte superior de los rectangulos, se conoce como poligo-
no de frecuencias. Para dibujar los extremos del poligono de frecuencias, es
necesario indicar dos marcas de clase adicionales, adyacentes una a la

‘el primer intervalo y laotra a le

A4

del Gltimo.  {9°7®

chalizquier.

68

69

&0~

Frecuearia varmanirado
w
°
T

10

1 ro

En el histograma de! cuadro anterior, todos los intervalos de clase tienen el
musmo ancho.

Demostraremos a continuacién que, cuando esto sucede, la suma de las dreas de
todos los rectangulos, es 1gisal al drea comprendida entre el poligono de frecuen-
cias y el eje horizontal. Para esto debemos recordar que las dreas de dos tridngu-

los semejantes proporcionales.
{son/no son)

En la figura 4.1 se reproduce el histo-
grama y el poligono de frecuencias del
cuadro 67.

Observe que los tridngulos a y b tienen
igual area por ser tridngulos semejantes
y porque sus lados son iguales; por lo
mismo, los tridngulos ¢ y d tienen igual
drea.

Piaguoanie sermanrade

10

40 b a0 0 -« 'Ol > o -
. erreneis on tomeisdss
1. El tridngulo tiene igual area que e! f.
{cusl)
2. Eltridngulo h tiene igual érea que el .
3. El tridnguio tiene igual ares que e} /,

v
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68, 47, 38, 25, 14, 8, O

109 Tome la hoja de trabajo TATLA 4.3 ArFETIDA
410 y complete la curva
. niervale de Lixttey tantna S peamncy treruenc) il nl
de frecuencias acumuladas | Ser e G- e | e
i Infertor | Bypeedor
complementarias corres- — e o] 3 =
pondiente /a los datos pre- "oty s | s 8 ™
sentados en la tabla 4.5, il uns g 83 s il
Observe que se anotd una el mrpm e n bl
71-79 n 8 ALY an hig]
frecuencia acumulada com- " iy o o,
plementoria de 72 paraun | 8wm | s s M "
licmpo de 405' puesto ___pnem LRI [ [}
-y W ™9 7? o

que todos los datos fucron
mayores que 40.5 {punto A). E! punto B corresponde al limite real superior de

55.5 el cual ticne una frecuencia acumulada complementaria de 69. Al siguiente
Ifmite real superior (60.5), corresponde una frecuencia acumulada complemen-
taria de 64 (punto C).
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Observe que la sigulente curva de dis- 4 ‘
tribucién de frecuencias acumulades | e, T
presenta las Ifneas horizontales men- § . /
cionadas en los dos cuadros anteriores, | [t :
{Cudl es Ia frecuencie de los valores: to
, menores que 106 ' L i -
menores que 43 . ®
manores quo 767 ; .
: ' ] i .
g Ty ok e
,“ . [ ; o [ l -3 d o d
. b e ; '.- s 2 = Cealincaeinn
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Observe la figura 4.4, el ' o
{Cuénto vale e} 499 percentil? el S o D 2l
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4.8 (aproximadamente), N )



b A la clase de mayor frecuencia en ung . o .
distribucion se le conoce con el nom-.
bre de medo,moda o valor modal. x fno ¢ "
" Observe la figura 6.1, EI modo corfes: - N & A :
ponde 4 la clase " ' !
, “ {sarampidn/tos fe. .o . .
tine) ; . . . . ) <
' ‘ ' " ae
- fo ’
A}
" 0 i n 2 [1s | -
. . _: ) 5 3 : talormoqer
N L
riq 81 REPETIDA
sarampién S }

103  Si los datos estan agrupados, se puede utilizar una tabla como la siguiente para
calcular la variancia mediante la férmula simplificada. Complete y calcule la
variancia (haga todo el trabajo en esta hoja). Recuerde que N = Zf;.

L4 7 —
/ X=
L/ X f xr x° $r
- 3
3 2 6 9 10 ‘)Z =
a ] 4 16 16
G 3 10| 36 —
0 5 a0 64 X3 =
10 4 40 | w00 '
10TAL Y
si -
t—————————— .
280 "

<
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ELEMENTARY SAMPLING THEORY [CHAP. 8

Table 8.1
Standard Errors for Some Sampling Distributions

Sampling Distribution

Standard Error

Special Remarks

This is true for large or small samples. The
sampling distribution of mecans is very neatrly

- v
Menns oy = VN" normal for N = 80 oven when the population is
non-normal.
ng = p, the population mean in all cases.
; 1 PRY - The remarks made for means apply here as
Proportions op = JL_p) = 1 well.
N YN

itp=p in all cases.

Standard Deviations

g

VZN

@) o= M
y 4N,

(1) o,

For N =100, the sampling distribution of s is
very nearly normal.

o, is given by (1) only if the population is nor-
mal (or approximately normal). If the population
is non-normal, (2) can be used.

Note that (2) reduces to (I) when p,=¢* and
g = 30", which is true for normal populations.

For N =100, »4, =0 very ncarly.

m _ 1.2533¢

For N iz 30, the sampling distribution of the
median is very nearly normal. The given result

Medians Cpea, = @ — -~ | holds only if the population is normal (or approxi-
‘ 2N \/N mately normal).
Pmed. = e
The remarks made for mcdians apply here as
) ) well,
F‘lr(st am:.;I'hu‘d 0y, = o4 !.'_3626‘7 #a, and g, arc very nearly equal to the first
Juartiles ! 3 VN and third quartiles of the population.
Note that Tay = Trmea
1.70%4¢
%, = %y ~ VN
_ _ 1.4288¢ The remarks made for medians apply here as
Tp, = g T VN well.
Deciles Hp,r Hpy -+ - @TE very nearly equal to the first,
=g = 1'318_0“ second, ... deciles of the population.
%o, e \/N Note that Tpg = Tmea.
1.2680¢
Iy = Iy \/N
The remarks made for medians apply here as
Semi-interquartile g. = _0;78_6_21 well.
Ranges Q \/N itg is very nearly equal to the populatipn semi-
interquartile range.
o 9 The 1emarks made for standard deviation ap-
(1) Ug — U W ply here as well. Note that (2) yields (1) in case
Variances ‘ P the population is normal.
(@) o, = / oy ™ 1y e = o' (N —1)/N, which is very nearly o* for
: N large N.
. Here v=o0/p 13 the population coeflicient of
i s v G : "
CO\‘":':i:'{;(t)ZOf o, = W V1 + 202 variation. The given result holds for noimal (or
¢ nearly normal) populations and N & 100,
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(a) The graph of g vs. p, shown in Fig.10-7(a), is called the operating characteristic curve or OC curve
/ of the decision rule or test of hypothesis.

The distance from the maximum point of the OC curve to the line g8 =1 is equal to a = .0358,
the level of significance of the test.

In general, the sharper the peak of the OC curve the better is the decision ruie for rejecting
hypotheses which are not valid.

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

The quantity (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 g is also called
the operating characteristic function of a test.

13. A company manufactures rope whose breaking strengths have a mean of 300ib and
standard deviation 241b. It is believed that by a newly developed process the mean
breaking strength can be increased.

(a) Design a decision rule for rejecting the 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
to 3101b? Assume the standard deviation is still 24 1b.

Solution:

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

Ho: p = 300 1b, and the new process is the same as the old one.
Hi: x > 3001b, and the new process is better than the old one.

For a one-tailed test at a .01 level of significance, we
have the following decision rule [refer to Fig. 10-8(a)]:
(1) Reject Ho if the z score of the sample mean breaking
strength is greater than 2.33.
(2) Accept H, otherwise.
Since z = ~H = -‘3'-3(5’, X = 300+ 3z. Then if 300 1h
o VN 2464
2>233, X > 300 +3(2.33) = 307.0 Ib. Fig.10-8(a)
Thus the above decision rule becomes:

(1) Reject 1o if the mean breaking strength ofl64 ropes exceeds 307.0 1b,
(2) Accept H, otherwise.

(b) Consider the two hypotheses Fo: p=3001b and
Fy p=3101b. The distributions of mean break-
ing strengths corresponding to these two hypothe-
ses are represented respectively by the left and
right normal distributions of Fig., 10-8(b).

The probability of accepting the old process

e AT
when the new mean breaking strength is actually 300 w7 310
310 Ib 1s represented by the region of area g8 in .
Vig. 10-8(b). To find this, note that 307.0 Ib in’ Fig. 10-8(b)
standaird units = (307.0 — 310)/3 = —1.00; hence
B = (arca under right-hand normal curve to left of z=-—1.00) = .1587

This 1s the probability of accepting He: x =3001b when actually Hi: p=3101b is true, i.e. it is
the probability of making a Type [l error.

14. Construct (a) an OC curve and (b) a power curve for Problem 13, assuming that the

standard deviation of breaking strengths remains at 24 1b.
Solutan:

By reasoning similar to that used in Problem 13(b), we can find 8 for the cases where the new
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making.z‘i T')pe 1 error If three sigma limits are used on the X chart, this
?g é - C/é' 6 probability is approximately 0 0027, an unlikely event.
. .9 ; ) y .Of at least equal concern to the decision maker is the probability of
making or not making a Type Il error. When changes in the pattern of varia-
tion do occur, the decision maker is concerned with the model's ability to
detect these changes. The probability of making a Type 1l error can be
demons_lrated with an operating charactenstic or QC curve. An OC curve
for an X chart of_l_llec sigma limits is illustrated in Figure 10.7. The ordinate
1s the probability of not detecting a shift in the mean of a pattern of variation,
assuming (hat only the mean and not the dispersion has shifted. The mag:
nnudf: of the shift in the mean is defined in terms of k as u + ko4 This
permits one such OC curve to describe all X charts with three sigma limits.
Superimposed upon the OC curve of Figure 10.7 are a series of distributions

LCL UcCL
H o~ 3”(‘ p + 30(

1 | ak

11.1 THE 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 inspected, a sample of items may be taken
from the lot and inspected, or no inspection may be used. In the third case
it is assumed that the quality of the lot certainly exceeds some minimum
acceptable standard. In the former cases, the lot may be accepted or rejected,
depending upon the outcome of the inspection proccss.

The level of verification chosen should consider the cost of inspection
measured against the cost of accepting and perhaps using defective items.
In general, acceptance sampling will be more economical than 100 per cent
inspection when the occurrence of a defective 1n an accepted lot is not pro-
hibitively expensive or when an inspection process requires the destruction of
the 1tem. Acceptance sampling will be morc cconomical than no inspection , ’ 0

Probability of not detecting shift

T k) T Y T A

when some expense is incurred 10 accepting defectives and the number of b o= u v = u 1 20 =t 4 ) P

- . ¢ = t W o= ]
defectives differ from one lot to the next. The concept of acceptance sampling '
is presented in this section.

Muagnitude of shift

/ 283 Figure 10.7, An operating ch >racteristic curve for an X chart.
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Acceptance sampling plans. The most elementary acceptance sampling
plan calls for the random selection of a sample of size n, from a lot containing
N items. The entire lot is then accepted if the number of defectives found in
the sample is equal to or less than ¢, the acceptance number. For example,
a sampling inspection plan might be defined as N = 1,000, n = 50, and
¢ = 1. 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 defuctive is found, the lot is rejected. A rejected
lot can either be returned to the producer or it can be retained and subjected
to a 100 per cent screening process. The former action is called a nonrectifying
inspection program, the latter, a rectifying inspection program.

The type of inspection sampling described by N, n, and c uses inspection
by attributes and a single sample of sizc n. Other attribute inspection plans
might use two samples before requiring the acceptance or rejection of a lot.
A third procedure might wse multiple samples or a sequential sampling
process in evaluating a lot. Each of these methods—single, double, and
multiple sampling—rests upon a system of inspection by attributes of items
logically 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.pection 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 acceptable versus defective units. Acceptance sam-
pling by variables represents a whole class of acceptance sampling models,
each member of which still retains the element of a sample selected from a

discrete lot, but with quality verified through the measuring of a continuous
dimension. ) »

The operating characteristics curve. Acceptance sampling plans attempt
to_discriminate_between lots of acceptable and lots _g_f_unacccp‘l@!c\il_cms.
The relative ability of a sampling plan to meet this objective can be demon-

for different levels of proportion defective.
"7 An operating characteristic curve for the sampling plan N = 1,000,
n =50, ¢ =1 is illustrated in Figure 11.1. The abscissa refers to the pro-
portion 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 contains
no defectives and if p = 0, then the lot is certain 10 be accepted. If the lot
contains 10 defectives and if p = 0,01, then the probability of accepting the

=
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b
Figure 1l1.1. An operating characterictic curve for the

sampling plan n = 50,¢c = 1.

ions is
Jot is 0.91. The probability distribution appropriate 10 these calculations

”l(: Ily Cr e()lllc'll(:. ] or €a c 0 Ca‘Cll]allon. h()\\'CVCI’, the POISSOI‘I dlS(llbU-
p g ’_’_S.,——-_r.

i -4 in Fi Thus, the
tion is used as an approximation, as was iMustrated in Figure 3.8. hus,
lon - JES—— - A— - -—_——

ey lop an OC curve quickly.
Thorndike chart of Figure 3.2 may be used to develop ) = 1.50 and the

] — 0.03 in Figure 11.1, np = (50)(0.03
o ;nbei;(i?mglfc;h? ﬁccu:)rence of §nc or fewer defects woul.d bc 0.56‘i1N81ce:
?t::l ?)ecagse'the Poisson distribution is used as an approximation, the
CUTVCAIS l::c;: T::;E;; fpﬁ::: ISEHSI}Z]:W a high probability of acccplin.g th]c;s‘z
lots wh%ch contain few defectives an.d a low probablllny”o;?:tcccsp}t]l:\% Joe
having an cxcessive number of defectives. The OC cur\dcll) \:j Bl B g
a given sampling plan discriminates bel.wccn g00fl an l :dcc“v.e o be
bad are rclative terms, _:md a !ot conla::;gvclryp;ro;inin e ider
CO“SldCTCdqu}:fchBic"l‘:‘:t::t:s"; x::Sr:ancicof OC curves with only the acccptan_ce
iy c\lh',ﬂ'lc'n in cach casc. The relative shapes of these curves are quite
n.U“_\bCl',‘ iy hI tcr:hf are ncarly paralicl through therr middie sccuons'. In
e e la:in ll?e acccptance number slides the OC curve to the n'gh(.
(':l‘??;s‘?:cll’?calivi of a definition of good lots which cgnlam mor;dlcfczlclz:;;
Aslan example, the sampling plan ¢ =3, n= 50 might be use ?
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Figure 11.2. OC curves for different acceptance numbers with ;
a constant sample size, n = 50,

lots where material up to 5 per cent defective is considered to represent a
good lot. If no more than ? per cent defective is considered acceptable, then
the sampling plan ¢ = 1, n = 50 might be employed. This is true only in
approximate terms because the shape of the OC curve is not solely dependent
upon the sample size. Actually, both sample size and acceptance number are
parameters upon which the form of the OC curve depends.

Once an acceptable proportion defective is defined, the relative ability
of a sampling model to discriminate between lots containing more or fewer
defectives will, in large measure, be dependent upon the sample size. As an
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 stceper. In general, this is desirable
in a sampling plan, although the expense involved in this greater discriminat-
ing ability is the cost of a larger sample size. The ideal discrimination of a
vertical line is indicated in Figure 11.3 with a dashed linc. This, however, can
be achieved only with 100 per cent inspection.

Consumer and producer risks. Two parties are involved in an inspection
sampling procedure, the party submitting the lot and the puarty to whom the
lot is consigned if accepied. ‘I hese two parties arc referred 1o as the producer
«nd the consumer, respectively. The partics may represent a seller and a

¢
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} 100 per cent
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Figure 11.3. OC curves for three sampling plans, each with
the same ratio of acceptance number to sample size.

buyer of a product, or they may represent (wo departments within the same
organization. As an example, castings from a foundry department may be
delivered for acceptance to the machining departiment In another situation,
the producer may be an accounting department and the consumer may be

represented by an auditor who either accepts or rejects a number of account-

ing records against some criterion of accounting quality. In cach case, the pro-
ducer usually desires that matesial relatively free from defectives have a high
probability of being accepted. The consumer desires that it will-be unlikely
‘1 the Jot to be accepted if it contains a high proportion of defectives.

The concept of producer and consumer risks can be defined in terms of
two points on an operating characteristic curve. The producer risk point
occurs at a fraction defective, p,, the consumer risk point occurs at p,.
Four values-are used to specify these two points which, in turn, may be used
to construct the OC curve for a specific acceptance sampling plan.

(1) Acceptable quabhity level, AQL. This indicates a good level of quality and
low proportion of fraction defcctive, referred toas py, for which 1t1s desired
to have a high probability of acceptance.

(2) Producer’s risk, &: The probability that lots of the quality level given as
the AQL wiil not bé accepted where @ = 1 — P, In cffect, this i1s the prob-
ability of making a Type 1 error, that is, of rejecting a lot when it should

|

be accepted. |
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(3) Lot tolerance per cent defective, LTPD: This level of quality, given as p,,
1s deemed to be quite poor and st is desired 1o reject lots of this quality or
at least have a low probability of acceptance.

(4) Consumer’s risk, f: The probability, P,, that lots of a quality level at the
LTPD will be accepted. A value of P, = 0.10 at p, is often used in accept-
ance sampling. This probability represents the likelihood of making a
Type 11 or f§ error, that s, of accepting a 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
- AQL =p,atP, =1 —a

1

|

|

|

I

|

[

1

|

|

|

!

|

|

| Consumer risk point

ﬂw———l ————————— LTPD = p,at P, =
|
] 3

h P P

Figure 11,4. An OC curve passing through a Consumer Risk Point
and a Producer Risk Point and possessing a unique value of nand ¢,

11.2 ACCEPTANCE SAMPLING BY ATTRIBUTES

Most acceptance sampling plans involve inspection by attributes. Often
a unit can be assessed only in the two-valued classification of acceptable or
defective. In other situatiuns, it may be advantageous to take a continuous
dimension and reduce it 10 a dichotomous assessment of within specifications
and acceptable, or defective and outside specification limits. In cither case,
the function of the acceptance sampling model is to uccr* those lots con-

&
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taining few defectives and reject those lots containing many defectives. This
objective is often defined in terms of a producer and a consumer risk.

Devcloping a single 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 the solution to two equations for two unknowns.
An iterative, trial-and-error solution, using the Poisson distribution as an
approximation, can be easily eflfected with the Thorndike chart of Figure
3.2, or the cumulative Poisson tables in Appendix A, Table A.1.

As an example, assume that a single sampling plan is desired which wiil
yield an OC curve passing through a producer risk of @ = 0.05 at an AQL of
0.01, and a consumer risk of § =.0.10 at an LTPD of 0.04. The solution is
facilitated if a table is conmstructed as illustrated in Table 11.1. This table
permits the solution for n and ¢ in the following equations:

_ _ € e-0.0Il 0.01’1‘
a 0.05)_;__§—lc! A
0.10= cEe-o.ou(O.mn!c cel
3 cl :

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

Table 11.3. A TABLE USED TO DETERMINE A SINGLE
SAMPLING PLAN APPROXIMATING & =
0.05 AT AQL = 0.01 AND B =0.10 AT

290 | Methods of Acceptance Sampling .

repeated for P, = 0.10 to find the values given in the third column. The
fourth column in Table 11.1 is completed by recording the ratio of p,/p,.
In this example, the ratio of fraction defective of consumer to producer risk
points was given as 0.04/0.01 = 4.0. Therefore, this process is continued until
the desired ratio of p,/p, = 4.0 1s bracketed. -

The desircd sampling plan calls for an acceptance number somewhere
between ¢ = 4 and ¢ = 5. Because both the acceptance number and the
sample size must be integers, it is not possible to achieve the precise require-
ment that was given. One of the four plans listed in Table 11.2 must be selected
with the associated degree of protection. The data from Table 11.2 are
developed directly from Table 11.1 as follows: With ¢ = 4 and P, = 0.95,

Table 11.2. FOUR SAMPLING PLANS WHICH
BRACKET & = 0.05 AT AQL =0.01
AND f§ =0.10 AT LTPD = 0.04

LTPD = 0.04
pin pan P2

¢ | (P.=095 | (P, = 0.10) 1

0 0.05 2.31 46.2

1 0.35 3.89 1.1

2 0.82 5.33 6.50

3 1.36 6.68 491

4 1.97 8.00 4.06 LTPD
5 2.61 9.30 1.56 AQL

In Table 11.1, if an acceptance number of ¢ = 0 is required and if P, =
0.95, then p,n must be 0.05. This value was obtained by interpolation in the
cumulative Poisson tables. Less precise values may be obtained more quickly
from the Thorndike chart, although this specific value lies outside the limits
of the chart. The second value, for ¢ = 1 at P, = 0.95, yields p,n = 0.35.
If ¢=2 and P, = 0.95, then p,n = 0.82, and so forth. This process is

Plan aatp, patp; )
c=4,n=197 0.050 0.107
c=4,n=200 0.053 0.100
¢c=35n=261 0.050 0.052
c=5n=233 0.032 0.100

p,n was taken to be 1.97, and if p = 0.0] at the producer risk point, then
n = 197. This sampling plan of ¢ = 4, n = 197 will yield an a = 0.05 as
required but will yield a g = 0.107 which is slightly higher than desired. If
¢ = 4 and it is desired that the OC curve go through the consumer risk point,
then n = p,n/p, = 8.00/0.04 = 200. With ¢ = 4 and n = 200, B is estab-
hshed at 0.10 and & willbe I — P, or 1 — 0.947 = 0.053. Similarly,  and f§
can be found for ¢ = 5.

The four plans of Table 11.2 were obtained by alternating in holding « as
required and solving for § and then maintaining f while solving for a. These
four plans are sketched in Figure 11.5 with the risk point bracketing effect
magmified so that it will be more evident. Once these four plans have been
defined, it is likely that a plan will be selected and used which results in a
compromise in regard to a and f. In this example ¢ = 4 yiclds two plans
fairly close to the consumer and producer risk points. Onc or the other might
be sclected. The plan ¢ = 4, n -+ 200 would have the advantage of a con-
venient sample size which would facilitate subsequent computations. In other
cases, the average sample size for one or the other acceptance number could
be used.

Average outgoing quality. When rejected lots are returned to the supplier,
» the acceptance sampling plan does not significantly improve the quahty level
of lots submitted to the plan A few defectives may be detected and discarded

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

from samples of accepted Jots, but no profound improvements can be realized .-

here without resulting in the rejection of the lot. The sampling 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 will result in some
improvement if there is a large variation in the level of quality from one lot
to another. oo '

When a rectifying inspection program is employed and rejected lots are
subjected to a 100 per cent inspection, significant and predictable quality
improvements can be realized. Under a rectifying inspection program, an
average outgoing level, AOQ, and an average inspection load, J, can be pre-
dicted for varying levels of incoming fraction defective. In addition, an
average oulgoing quality limit, AOQL, the worst possible average outgoing
quality level, can be forecast and related to a specific incoming level of
fraction defective. This latter value gives assurance regarding the poorest
average quahty level that might leave the inspection station.

1f 1t 15 assumed that all lots arriving at an inspection station contain the
same proportion of defectives, p, and if rejected lots are subjected to 100 per
cent inspection, '

PPN
AQ=g—m—a—rypn—m D

» ¢ numeratcr in Equatien (11.1) represents the average number of defe. s

//
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in each lot beyond the point of inspection. Defectives will be found only in
the proportion of lots which have been accepted, P,, 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 1o defectives found
and discarded in the samplc, and (1 — P,)p(N — n) is the reduction inlot size
due to defectives found and discarded during the 100 per cent screening
process. By similar reasoning, the average inspection can be shown to be

I=n4(1-—P)N—n). (1.2)

As an example, if a lot size of N = 10,000 is assumed and each lot con-
tains 200 defectives, then for the sampling plan previously developed of n =
200 and ¢ =35, P, can be found to be 0.785, and from Equation (11.1),

AOQ = (0.785)(0.02)(9,800)
10,000 — (0.02)(200) — (0.215)(0.02)(9,800)
153.86 = 0.01546.

~ 10,000 — 4 — 42.14
The average inspection can be found from Equation (11.2) to be
= 200 + (0.215)(9,800) = 2,307.00.

It should be recoguized that these values of AOQ and of I 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 contain 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, either 200 items
will be inspected if the lot is accepted or the total of 10,000 units will be
verified if it is rejected. In the long run, however, the foregoing results for
AOQ and I will represent the average for all lots submitted at a value of p =
0.02.

Under some conditions, it might be desired to retain a constant lot size
whether a lot is accepted or rejected and regardless of the number of defectives
discarded during the sampling and/or screening process. A constant lot size
can be maintained if 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 these conditions of replacement,

A0Q = 2N — 1) (11.3)

The average inspection increases slightly to
i

j_n4 (= P)N=n)
I—»p ‘
17

(11.4)
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'!‘he average outgoing quality and the average inspection will vary as a
function of the level of incoming proportion defective. With the sampling
plan n = 200, ¢ = 5, under the condition of nonreplacement of defectives
AOQ and 7 are given in Table 11.3 and sketched in Figure 11.6 and Figure,
].l .7.. N.ote that the average outgoing quality increases as the proportion defec-
!lve in incoming lots increases until it reaches a maximum value. This value
is referred to as the average outgoing quality limit, AOQL. From this point
on, a prqnouncv_:d number of lots are being rejected and screened under 100
per cent inspection. This latter effect is resulting in a continuing reduction in
the average outgoing quality, as can be seen in Figure 11.7. The concept of
an average outgoing quality limit is often employed in specifying a sampling

Table 11.3. AVERAGE OUTGOING QUALITY AND AVERAGE INSPECTION FOR
THE SINGLE SAMPLING I'LAN OF N = 10,000, n = 200, ¢ = 5
UNDER RECTIFYING INSPECTION WITHOUT REPLACEMENT

Proportion Defective Probability of | Avera, i
r ' ge Oulgoi A
in Submitted Lots Acceplance Qualirfv hd ln:::tfoen
D P, AOQ 1
0 1.000 0
4 . 200.0
0.005 0.999 0.00490 209.8
g.glo 0.983 . 0.00964 366.6
0.0;5 0.916 0.01349 1,023.2
0.0 22 0.785 0.01546 2,307.0
0.03 0.616 0.01524 3,924.0
0.030 - 0446 0.01334 5,629.2
0.04(5) 0.301 0.01059 7,050.2
0.045 0.191 0.00774 8,128.2
0.0 0.116. 0.00533 8,863.2
.050 0.067 0.00344 9,343.4
e
o
<
E Average outgoing quality limit
§- _AOQL = 0.01546
5
‘S
2 0.010 4
2
[«]
LY
&
2
<
0 0.010 0020 . 0030 0040 0.050

I
Proportion defective in submitted lots, p
| .

o 1 |
Figure 11.6. Average outgoing quality for the data of Table 11.3.
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10,000 -J
8,000 -

6,000

Average inspection, 1

0 0.010 0.020 0.030 0.040 0.050

Proportion defective in submitted 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 level
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 oulguing quality and a level of average
inspection rests upon the assumption of the detection and removal of all
defectives from screened lots. Further, the values obtained for AOQ and /
are expected values that will occur in the long run. Over a short time period
some variation from these values can be expected. The concept of an average
outgoing quality level and average inspection has found wide application in
the field of product acceptance. In recent years 1t has also been found appli-
cable in auditing accounting records and verifying clerical activities.

Double sampling plans. A single sampling plan requires a decision to
accept or reject a lot on the basis of the evidence offered from a single sample.
A double sampling plan permits the acceptance or rejection of a lot after a
single sample, but also permits the alternative of taking a second sample
before making the decision. A double sampling plan is defined with a lot size
and two sample sizes and two acceptance numbers, designated respectively
as N, n,, n,, ¢,, and ¢c;, with ¢, always larger than ¢,.

Under a double sampling program, a sample n, is taken from the lot N.
If ¢, or fewer dcfectives are detected, the lot is accepted. If more than ¢,
defectives are found, the lot is rejected. If ¢, or less, but morc than ¢, defec-
tives are found, then a second sample n, is taken. The lot is finally accepted
if ¢, or fewer defectives are found in the combined sample of n, -+ n,. The
lot is rejected if more than ¢, defectives are found in n, + n,.

The operation of a double sampling plan and the OC curve which dcfines
this plan can be illustrated with an example. Assume that N == 10,000, n, =
50,n, = 80,c, = 0,and ¢, = 3. This plan states that if no defectives, ¢, = 0,

|4
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are found in the first sample of n, = 50, the lot is immediately accepted.
If more than ¢, = 3 defectives are found, the lot is immedately rejected. If
1, 2, or 3 defectives are found, then a second sample, n, = 80, is taken. If
¢, = 3 or fewer total defectives are found in the combined sample of n, +
n, = 130, the lot is accepted. If more than ¢, = 3 are found, it is rejected.

The probabilities associated with each of these alternatives can be calcu-
lated for any value of proportion defective. In the preceding example, assume

Table 11.4. A COMPUTATIONAL SCHEME FOR FINDING P,; AT p =
0.02 1F N = 10,000, n, = 50, n, = 80, ¢; = 0, AND

Cy = 3
Defects Defects in na
in ny Probability to Accept Probability
1 0.368 2 or less 0.783
- 0.184 1 or less 0.525
3 0.061 0 0.202 -

that the lot of 10,000 units contains 200 defectives, p = 0.02. The probability
of accepting this lot on the first sample, P,,, 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 ¢ = 0 at np = 1.00, gives P,, = 0.368. The probabil-
ity of rejecting on the first sample is the probability of finding more than three
defectives in the sample. This is 1 — P(3 or fewer) and P,, = 0.019.

The probability of accepting the lot after inspecting the second sample

requires the use of conditional probabilities as demonstrated in Table 11.4.
This probability is

P,, = (0.368)(0.783) + (0.184)(0.525) -+ (0.061)(0.202) = 0.397.
The probability of rejection on the second sample must therclore be

Pr2=l—Pnl _Prl—PaZ.
=1—0.368 — 0.019 — 0.397 = 0.216.

The total probability of acceptance is

P, + P, = 0.368 4 0.397 = 0.765.
And the total probability of rejection is

P, + P, =0019 -+ 0216 = 0.235.

, the probability of making & decision to accept or reject the lot afte ¢

5
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first sample is
P,, + P,, = 0.368 + 0.019 = 0.387.

And the probability of requiring a second sample is
P, + P,, = 0397 + 0216 = 0.613.

Similar probabilitics can be calculated for varying levels of f ra.ctior.l defective.
These may be used to develop the OC curves illustrated in Figure 11.8.

) k.

+ 0
1.0 Reject after

first sample

Reject after
second sample

0.5 - Accepted after - 0.5
second sample
Accepted after
4 - first sample
0 v T v v v 1.0
0 0.01 0.02 0.03 0.04 0.05

Figure 11.8. OC curves for the double sampling plan n, = 50,
ny =80,C‘ =0,Cz = 3.

The average number of units inspected as a sample of each lot.. ASN,
will vary with the proportion defective, and thus, with the probability of
making a decision on the first sample. This probability is

ASN = n, + m,(1 — P,, — P,)). (11.5)

Under a rectifying inspection program, the average inspection and average
outgoing quality can be developed both for the case of nonrcpluccn.wnl n_nd
for the case of replacement of defectives, The average number of items in-

/6



Acceptance Sampling by Attributes | 297

v

specicd with the nonreplacement of defectives will be
1=n|+"z(l —Pul)+(N—"l _"z)(l —Pnl - az)' (“-6)

As with single sampling, the AOQ is the ratio of the number of accepted defec-
tives to the lot size. Defectives will be retained when they are not detected
after a lot is accepted on the first or the second sample. If defectives which
arc found are not replaced to maintain a constant lot size, this lot size will
be reduced by the elimination of defectives during the sampling and screen-
ing process. Thus, this proportion can be expressed as

A0Q = Ta BN =) L FaliN — a = o) (L7

The equations for average inspection and average outgoing quality can be
developed in a similar manner for the case of rcplacement of defectives.

Double sampling plans have the advantage of permitting 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 marginal lot a second chance,
by permitting the taking of a second sample. The obvious disadvantage is
the fluctuation in inspection woil:»ad that occurs as the quality level of
incoming material varies.

Multiple and sequential 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 of this is possible under multiple and sequential sampling.
A multiple sampling plan is a simple extension of double sampling and may
call for three or more samples before a decision is made. Scquential sampling
is different only in that it does not call for spccific sample sizes of n,, n,, n,,
etc., but calls for a continuous sequential sampling of units until the deci-
sion is made to accept or reject the lot. Sequential sampling is the limiting case
of mulitiple sampling wheren, = n, =n, = ... =n,=1.

The number of items inspected in sequential sampling is determined by
the cumulative results of the inspection process. The sampling plan is defined
by h;, h,, and s. This results in two parallel limit lines

¢ =h, 4+ sn. ‘ (11.8)

c= —h, 4+ sn. (11.9)
These limit lines are illustrated in Figure 11 9. They divide the area into

regions of rejection, continucd sampling, and acceptance. As soon as one of
these two himit lines is reachcd or crossed, the lot 1s accepted or rejected.

7 |
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hy + sn

Y
I

Reject ¢=—h +sn

4

Continue
samphing

Accept

A Nl L
/Numbcr of stems inspected, n

Figure 11.9, A graphical representation of a sequential sampling
plan. B}

A

Number of defectives, ¢

-

A sequential sampling plan can be de‘veloped that will meet specified pro-
ducer and consumer risk points. With a, §, p,, and p, as illustrated in Figure
11.4, it can be shown! that

log [(1 — &)/B)

— 11.10
"= S T = PP = P2 (11.10)
_ log [(1 — B)/a) 0
he = e T — Pl = P (1)

log [() — Px)/(] — p,)] (11.12)

5= Tog lp (0 = pVIP (D — PN

For example, consider a seq.wntial sampling plan defined as A, = 1.00,
h, = 1.50, and s = 0.12. Assumc a lot containing no defectives is submitted
1o this plan. How large a sample will be necessary to accept the lot? Accept-
ance will be possible when the line of ¢ = —1.00 4 0.120n is rcached or
crossed at ¢ = 0 into the region of acceptance. With a sample of n = 9, this
will be possible. As a second example, assumc a lot is rcjected after the
twentieth unijt was found to be a defecuve. How many total defectives would
have 1o be found 1n the sample of 207 If rejection occurred on the twentieth
unit, then at n = 20 the total number of defectives found must have just
reached or exceeded 1.500 -- 0.120(20) or ¢ = 4.

Multiple and sequential sampling plans may be expressed as OC curves,
or they may be devcloped from consumer and producer risk points on an OC
curve The advantages in their use are extensions of the advantages of double

' A. Wald, Sequential Analysis (New York. John Wiley & Sons, Inc., 1947).
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:
sampling plans over single sampling plans of comparable protection. Very
good lots and rather poor lots can be accepted or rejected with even smaller
sample sizes, but the inspection workload problem becomes still more pro-
nounced and dependent upon the quality level of the incoming material.

Sampling plans for continuous production. Under some conditions, the
formation of inspection lots may be artificial. Where production is contin-
uous or flows on a conveyor line, the use of inspection lots may be impractical
and expensive. To meet the need for a sampling plan to verify the quality of
a continuous production process, Dodge developed his CSP-1 plan? which
can be described as follows: Inspect every unit, until “/” consecutive units
have been found without detecting a defective. At this point, continue inspec-
tion by only verifying the fraction *f™ of the units in such a fashion as to
ensure an unbiased sample. As soon as a defective is found, return to 100 per
cent inspection. A continuous sampling plan under this type of a rectifying
inspection program is defined by / and /. The relationship between i and f
and AOQL 1s illustrated in Figure 11.10. Note that with s = 50 and /' = 0.20,
an AOQL of approximately 0.015 can be expected.

The functioning of a sampling plan for continuous production will de-
pend upon the level of fraction defective encountered 1 the production 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= T (11.13)

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

v =-f‘_. (11.14)

Thus, the average cycle will consist of u - v total units. The average pro-
portion of the produced units which must be inspected will than be

_u+fo
F=23L , (11.15)

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

p,=1—F:'___"u' 1”1{) (11.16)

2 H. F. Dodge, “A Samplint Plan for Contintous Producuion,” Annals of Mathemati-
cal Statisnes, X1V, 1943, pp. 179. 9
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The last equation is the cquivalent of the probability of acceptance under
lot-by-lot 1nspection and can be used 10 construct an UL curve for a given
sampling plan.

As an example, with p = 005 and a samphing plan of f = 0.20, i = 50,
the average number of pieces inspected follow g thc finding of a defective is

11— (095  1—0077 -
U= {005)(0.95)7°° ~ (0.05(0.077) 240

The average number of pieces passed under the sampling procedure is

1

= 020005 = '

v

The average proportion of total units inspected is

_ 240420
F=2822 — 0.765.

And the probability of acceptance at p = 0.05 is
P,=1—0.765=0.235.

Because this is a rectifying inspection program, it is possible to develop
the AOQ at varying levels of fraction defective Thc AOQ expresses the pro-
portion of defectives which are accepted. If it 15 assumed that detected defec-
tives are replaced to maintain a constant rate of production flow, then the

- _v(l = f)p)
AOQ = P(p) = —_u_ﬁi (11.17)

This equation can be used 1o develop an average outgoing quality function
similar to the one in Figure 11.6. 1t will then venfy the AOQL expressed in
Figure 11.10.

11.3 ACCEPTANCE SAMPLING BY VARIABLES

1f a quality characteristic can be measu. it is possible to devise an
acceptance sampling plan that will verify the ¢anty of a lot under inspection
by variables. In some cases, however, the guality characteristic is obscrvable
only as an attribute. In other cases, the cost of altribute assessment under a
£0, no-go arrangement is much more economical than variable inspection.
And finally, in still other situations. acceptance criteria may have to beapplied
to many quality charactenistics. Aithough this 1s feasibic with one plan under

,2’
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attribute verification, the use of variables inspection will require as many
inspection plans as there are sir..n.ant quality characteristics.

' If these limitations_are not scrious, some advantages can be gained by
employing an acceptance sampling plan using variables inspection. Superior
protection in the form of .. steeper OC turve can be achieved under variables
inspection with the samc sample size. As a corollary of this advantage, com-
parable protection can be obtained with a smaller sample size. This might be

_a very desirable advantage when a unit must be destroyed to be tested. The

second major advantage of variables inspection lies within the records of the

data which are collected. Vagiables 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.

. Two classes of acceptance sampling by variables are considered in this
section. The first assumes that the population variance is known and con-
stant. 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 sigma plans. A variables sampling plan can be
defined with a sample size of n, and an acceptance average of the sample
referred to as X,. As an illustration, a variables sampling plan used to test
the breaking strength of conerete might be defined as n = 10, X, = 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. If it can
be assumed that the population is normally distributed with a variance that
is known and constant, a variables sampling plan can be developed that will
yield an OC curve meeting specified producer and consumer risk points.

Asanexample, assume that steel castings are produced in a batch process
and records indicate that the distiibution of yield points can be assumed to
be normal with g = 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 not considered good, and castings from this
batch should be rejected 90 per cent of the time. The consumer and producer
risk points are thus specified as & = 0.05 at 62,000 psi, and 8 = 0.10 at
59,000 psi.

If lots at the producer risk point are to be accepted as indicated, the .

following relationship is applicable

i
i X, — 62,000
li 3.@/ —_ —1.645
| "
whe  —1.645 refers to the standard normal deviate which defines the are’

22
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and thus the probabibty of acceptance of 0.95. Simulasiy, at the consumer
nsk point, the relationship is

X, — 59,000

3.000/./ n = +1.282

where -+1.282 defines the probability of 0.10. These two equations arc solved
for the two unkhnowns, X, and n. This solution yiclds the variables sampling
plan, n =9, X, = 60,318. The samphing plan docs not yield an OC curve
that passes precisely through the two desired points, since # must be an integer.
The indicated value of X, is a compromise between the two values which
would yicld OC curves passing exactly through the one or the other point

One can construct a compiete OC curve for the preceding variables sam-
pling plan by calculating the probability of acccptance at varying levels of
batch yield strength. For example, with the yield strength assumed to be
60,000 psi, this represents a standard normal deviate of

60,318 — 60,000

W—— = +0.318-

This deviation coresponds to P, = 0.375. The complete OC curve for the
example problem is shown in Figure 1i.11.
P,
1.0 4

-

e

60,000 61,000 62,000

Yicld strength (psi)

59,000

Figure 11.11, OC curve for thc varables sampling
plan n = 9, X = 60,318 pst with o =- 3,000 psi.
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The examp'c s:.'ut’on considered only one tolerance: a lower limit of
59,000 psi at which it was desired 10 accept no more than 1 lot in 10. If an
upper tolerance himit also exists, then an upper and a lower acceptance limit,
designated .V, and .V, respectively, must be specified along with the sample
size. Under these conditions, the acceptance criteria can be developed as if
two separate single lnuit plans were to be used. Two equations would be
_ developed for each himit and a solution obtained for X,,, X, and n. A
modified value of OC would have to be considered in order to provide for the
possibility of making a Type I error by rejecting a Jot at either acceptance
. limit. If the quality leve! corresponding to o lies midway between the toler-
. ance limits, then /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 lies outside the specification limit. Values of & and f will correspond
to proportion defectives and an acceptance limit can be obtained from the

_ same parameters used to obtain attribute plans. - .

H P—

Unknown and variable sigma plans, When the variance of the popula-
tion being sampled is unknown or is assumed to vary from one lot to the
next, it must be estimated from the sample. The student’s *1” distribution
(a distribution not described or tabulated herein) should be used as the test
statistic. In effect, a sample of size  is drawn from the lot, and the population
mean and standard deviation are estimated from this sample, where

T Y —T

X - X,
' ; sla/n
where X, is the AQL. If the decision statistic is numerically equal to or less
than the “¢” deviate at a probahility ¢, the lot would be accepted.
The difficulty in working with unknown sigma plans is that the OC curve

is dependent upon the population variance. If this variance changes from one
lot to another, no meamngful OC curve can be developed.

LR S,

The decision statistic is -

POV

11.4 SYSTEMS OF ACCEPTANCE SAMPLING PLANS

Recently, a number of systems of acceptance sampling plans have been
developed which have facifitated the widespread use of acceptance sam-
pling in industry. These systems generally serve 1o bridge the gap between

‘ 2
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academic interest 1n developing such plans and the industrial need for accept-
ance sampling. Althouph many systems of sampling plans are available,
only three of the morc widely used will be introduced in this section. The
first two werc developed for the U.S. Department of Defense and consist of
sets of acceptance sampling plans. The first is for inspection by attributes
(MIL-STD-105D),* and the second is for inspection by variables (MIL-STD-
414).* Both are applicable under nonrectifying inspection. The third system
is referred to as the Dodge-Romig tables® and consists of four sets of tables
for inspection by attributes under a rectifying inspection procedure.

U.S. Department of Defense sampling plans. MIL-STD-105D has evolved
from its inception in 1942 through four revisions to its present form. The
latest revision was an international undertaking by a commitice made up of
personncl from military agencies of Great Britain, Canada, and the United
States. It is not only the military use in accepting products under government
procurement contracts which has made the system so widely known. Indus-
try has also been quick to adopt this standard to meet its own acceptance
sampling needs.

This system rests upon and first introduced the concept of an Acceptable
Quality Level, AQL, which was defined and illustrated 1n Figure 11.4. The
acceptance criteria are selected to protect the producer against the rejec-
tion and the rcturn of submitted lots of this quality icvcl or better. In 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
jrotect the consumer if it is necessary and justified in light of the previous
quality history of the producer. A plan under tightened inspection will yield
a stceper OC curve and one under reduced nspection will yicld a flatter OC
curve. Onc or the other may be called upon in licu of “normal inspection”
if certain criteria are met,

Another interesting aspect of MIL-STD-i0SD s the provision for classi-
fying defects on the basis of their severity Dchiniions are given for varying
levels of the seriousness of defects, and the acceptable quantity of each level
1s built into the acceptance sampling plan. Thus, more minor defects would
be permitted, and only one or a few critical defects may be grounds for the

“rejection of a lot. This standard includes sets of single, double, and multiple

sampling plans and specifies a sample size that 1s dcpendent upon and in-
creases with lot size in an absolute sense but decreases in a relative sense.

¥ Muduary Standard 105D, Sampling Procedures and Tables for Inspection by Attributes
{(Washington, D.C.: Government Printing Office, 1963 )

8 Muuary Standard 414, Sampling Picoccdures awd Tables for Inspection by Variables
for Percent Defective (Washington, D C.- Guvernment Prinimg Offwe, 1957.)

$ H. F. Dodge and H G. Romig Samprag Inspection Tubles—Single and Double
Sampling, 2nd ed. (New York. John Wilcy & Sons, Inc, 1959 )
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MIL-STD-414 is quite similar to MIL-STD-105D 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 attnbutes inspection. It can be used with either
single or double specification limits and provides two sets of tables: one for
the case of “variability known™ and the other for *“variability unknown.”
With the latter set, the variability of the lot may be estimated through a

“standard deviation method™ as previously described or a “range method.”

In 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 level II, with a lot size of 1,500, at normal inspection and an AQL =
0.015 (1.50 per cent). If it were further assumed that the process had a vari-
ability of ¢ = 0.010 inches and only a lower specification lumt of 1.000
inches, then the acceptance criteria would be met if

X — 1.000

o010 = 1.68

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

The Dodge-Romig sampling 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-sampling lot tolesrance tables.
(3) Single-sampling AOQL tables. )

(4) Double-sampling AOQL tables.

The first two sets of tables contain sampling plans assuming 8 = 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 LTPD = 0.05 or 5 per cent.
In efect, all the plans on this one table have OC curves which pass through
the consumer risk point of LTPD = 0.05 at § = 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 lot size will
minimize total mspection under a rectifying inspection program while pro-
viding the desired consumer protection. Although these tables are designed
to minimize total inspection under a rectifying inspection program and
yield the indicated value of AOQL, they can be used under nonrectifying
ins;  ‘on and still yield the indicated consumer risk point protection
- #e second two scts of tables contain sampling plans with AOQL valu

26 i
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EXAMPLE OF DODGE-ROMIG SINGLE-SAMPL ING LOT TOLERANCE TABLES

(Lot tolcrance per cent defective

Table 11.5.
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of 0.10 'per cent, 025 per cent, 0 50 per cent, 0.75 per cent, 1.0 per cent,
1.5 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, and 10.0 per cemt. Table 11.6 is a double-sampling AOQL table
with the AOQL = 0.02 or 2 per cent. All the plans listed 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 100 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 the quality of a product group with some prede-
termined probability of error. This assessment is an operation that should be
performed with economy. Economy requires that one develop an effectiveness
function that relates the variables under direct control of the decision maker
with those not under his direct control. In acceptance sampling, the decision
maker can specify the samplimg plan to be used. The quality characteristics
of the product group, the costs of assessment, and the costs of accepting
defectives are not directly umder his control. Therefore, in selecting a sam-
pling plan that will result in a minimum total system cost, he must consider
these parameters.

In practice, it is difficult 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 estimate, 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 am acceptance sampling plan.

Total system cost under rectifying inspection. If it is assumed that de-
fectives are replaced to maimtain a constant lot size, the expected total cost
per lot will be

TC = (AOQXN)XC,) + ().

The cost of accepting a defective is designated C, and the cost of inspecting
one item 1s C,. Substituting Equation (11.3) for AOQ and Equation (1 1.4) for
1 reduces Equation (11.18) to

TC = (P) pXN — n)C, + [" +d

(11.18)

(11.19,

_ Pn)(N — ")
EY)) ]C"

If the expected level of defectives varies from one lot 10 another, it will be
necessary to apply Equatiom (11.19) to each group. The total system cost
will then be a weighted average based on the fraction of lots having each
level of defectives. .

° Z £

Table 11.6. EXAMPLE OF DODGE-ROMIG DUUBLE-SAMPLING AOQL TABLES

(Average outgoing quality limit = 2.0 per cent)
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"As an example of the applicai:on of the foregoing model, consider the
data of Table 11.3. The sampling plan was N = 10,000, n = 200, and ¢ = 5.
Suppose that the cost of accepting a defective is $5.00 and the cost of inspect-
ing one item is $0.10. It is estimated that half of the lots submitted will
contain no defectives, one-fourth of the lots will contain 2 per cent defective,
and the remaining one-fourth of the lots will contain 4 per cent defective.
Under these condition., the total cost for each level of defectives will be

C, ., = (1)0X9,800(85.00) + [ 2204 (L= DAZH00 = PV 150.10
= $20.00
TC, 4.02 = (0.785)9,800)(0.02)($5.00)

200 + (1 — 0.785)(10,000 — 200)
+ [ A ]so.lo

= $1,003.70
TC, .06 = (0.191)(9,800)(0.04)($5.00)

200 + (1 — 0.191)(10,000 — 200)
n [ o ]SO.IO

= $1,201.52.
The weighted total cost will be

TC = }TC,., + ATC, .02 + 3TCpi 04
= }($20.00) + }(51,003.70) + }($1,201.52) = $561.31.

The total system cost under thic sampling plan may now be compared
with no inspection and with 100 per cent inspection. With no inspection, the
only cost would be that of accepting defectives. This is computed as

TC = [}(0) + 3(0.02)(10,000) + (0.04)(10,000)]$5.00 = $750.00.

Under 100 per cent screening, the cost is that of inspection. This is computed
as

7C = (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 item. This does not mean,
however, that this is the most economical sampling plan available. The mini-
mum cost sampling plan would have to be found by trial-and-error methods.

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

¢ 0

1he Economy of Acceptance Sampling | ».

be adjusted to reflect the inspection costs of lots which are returned. The
solution to the problem of the previous example under nonrectifying inspec-
tion can be obtained from

TC = (ALQ)N)(C,) + 9%(9) (11.20)
. AL

The proportion defective in accepted lots is designated ALQ, and the propor-
tion of accepted lois 1s p,,. Table 11.7 gives the computations necessary for
the application of Equation (11.20). Thc total cost is

TC = (0.00784)(10,000)(55.00) + Z00UT010) _ 5415 g5,

Table 11.7. A COMPUTATIONAL SCHEME FOR FINDING THE PROPORTION
OF ACCEPTED LOTS AND THE PROPORTION DEFECTIVE IN ACCEPTED
LOTS UNDER NONRECTIFYING INSPECTION

Proportion Proportion
Proportion Proportion Probability of f Accepted Defective in
Defective of Lots Acceptance e Lot f Accepted Lots
(A) ®) © 2 ABC
= ALQ =
PaL 2 BC Q z BC
0 0.50 1.000 0.5000 0
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, although it is only an approximation
in that a few defectives can be expected to be found and discarded in the
sample of accepted lots. A correction for tius omission should not, however,
appreciably alter the preceding answer.

The economy of acceptance sampling reduces to sclecting a sampling
plan which minimizes the costs of inspection and the costs of uccepting defec-
tives. The decision maker is often faced with making this decision on the basis
of incomplete and sometimes crroncous data He must imake his decision with
the available data and rely upon intuition and some subjective judgment tc
carry the evaluation through to a final sampling procedure. In a practica’
case, a sampling plan would probably be sclected fiom an established systen
or table of acceptance sampling plans. These plans might specify crror cn
teria, and an intuitive reconuihiation would have to be made beiween thes
criteria and some estimate of sampling and oticr costs. Attempts would b

=/
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made to facilitate the identification of defectives by removing as much of the
' subjective human element as possible. Nevertheless, it might well be noted
" that the identification of defectives might be superior under a sampling plan
" than under 100 per cent inspection.

11.1.

11.2,

11.3.
11.4.

11.5.

11.6.
11.7.

11.8.

11.9.

11.10.

11.11L.
11.12.
11.13.
11.14,

11.1.

11.2,

11.3.

QUESTIONS

How does the objective of m inspection sampling plan differ from that of a
control model?

What is the difference between a rectifying and a nonrectifying inspection
program?

What does an opefating characteristic curve illustrate?

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

Define and illustrate the comsumer and the producer risk points on an OC
curve.

Why is it usually necessary to bracket the two desired points on an OC curve?
Discuss the relationship between the average outgoing quality limit and the
average outgoing quality.

List the relative advantages and disadvantages of single, double, and mul-
tiple or sequential sampling

Under what conditions is it desirable to use a sampling plan for continuous
production rather than a kot-by-lot plan?

What are the limitations im the use of acceptance sampling by variables?
What are the advantages?

What are the unique featnres of MIL-STD-105D and MIL-STD-414?
What sets of tables are indwded in the Dodge-Romig system?

What costs are associated with the operation of an acceptance sampling plan?

Discuss acceptance samplimg in terms of variables directly under control of
a decision maker and variables not directly under his control.

PROBLEMS

Sketch the OC curves for the sampling plans ¢ =0, n =100; c =1, n =
100; ¢ =2, n = 100.
Sketch the OC curves for the sampling plans c =1, n =100; ¢c =2, n =
200; ¢ = 5, n = 500.
Develop the four single sampling plans which bracket the producer and
consumer risk pomnts of & = 0.05 at AQL = 0.02 and f = 0.10 at LTPD

= 0.05. =

11.4.

“11.5.

11.6.

11.7.

11.8.

11.9.

11.10.

1115

11.12.

11.13.

Problems | 313

Develop the plans which bracket & = 0.05 at AQL = 0.02 and f'= 0.10 at
LTPD = 0.10.

Sketch I and AOQ, and specify AOQL for the plan ¢ = 1, n = 100, and
N = 1,000 under rectifying inspection with nonreplacement of defectives.
Do the same for ¢ = 0, n = 50, and N = 1,000.

Sketch the OC curves for the double sampling plan N = 1,000, n, = 50,
n, = 80, ¢, =0, and ¢; = 3. Do the same for the double sampling plan
N =1,000,n, =85 n, =120,¢c, =1,and ¢c; = 6.

What is the probability of making a decision on the first sample for each
of the plans in the previous problem, at p = 0.02, p = 0.03, and p = 0.057

Calculate ASN, J, and AOQ under rectifying inspection with replacement
of defectives for the double sampling plans given below:

(@) N=12,000,n; =60,n, =80,¢c; =0,andc, = 4.

(b) N =2,000, n; =80, n;, =110,¢c; = 2,and ¢; = 5.

Define the sequential sampling plan that meets the producer and consumer
nisk points of & = 0.05 at AQL = 0.010 and 8 = 0.10 at LTPD = 0.050.

With the plan of Problem 11.9, what are the minimum number of units which
would have to be inspected to accept a lot?

With the continuous sampling plan i = 200 and f = 0.10, develop an OC
curve, calculate AOQL, and compare this iatter value with that obtained
from Figure 11.10.

Specify the variables sampling plan with a known and constant ¢ = 2.00
inches and a consumer an soducer risk point of & = 0.05 at 2.00 and
= 0.10 at 3.50 inches.

In 1215, the Chinese city of Yen-King, the modern Peking, was besieged by
the Mongols under Genghis Khan. When all the metal inside the city had
been used up for cannon balis, the defenders began melting down silver and
eventually gold, and their ancient muzzicloaders finally poured golden shot
into the Mongols' camp. In the end, however, the ¢ty was taken and de-
stroyed, later to be rebuilt by Kublai Khan. The resistance (o the siege was
reported to have been influecnced by the quality control procedures used 1n
conjunction with the casting of the cannen bajls.

Two hundred and fifty iots of 50 silver cannon balls cach were cast with-
in the city and delivered to the guns on the walis. There they were subjected
to the nonrectifying inspection program by attributes of N = 50, n = 10,
and ¢ = 0. Rejected lots were returned where they were melted down into
coins to be used as bribe money. After the silver balls in accepted lots were
exhausted, gold balls were cast, verified under a Dodge CSP-1 plan, obtaified
from the stll undiscovered Western Henuspncie, and fired. The specific
plan called for 7 = 50, f = 0.10.

Archacologists have since discorvered tha half of the lots of silver balls
contained no defectives. whereas ine other half were probably 10 per cent
defective. The gold bails were probabiy ail 5 per cent defective. They also
discovered that when a cannon had fircd 1) defective talls it became inopera-

>
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tive, and that the city began its resistance with 150 cannon and 1t fell when
all the cannon became inoperative How many gold cannon balls were fired ?

11.14. It costs $2 to accept # dcfective 1tem and $0.08 to inspect each item. Deter-
mine the cost of a sumphng plan with N = 1,500, n = 200, and ¢ = 2.
The distribution given below shows the defectives:

Proportion Defective ! Proportion of Lots
0.00 0.10
0.01 0.10
0.02 0.29
0.03 0.30
004 0.20
0.05 0.10

Compare the cost to that of 100 per cent inspect:. .. and no inspection.
11.15. Solve Problem 11.14 under a nonrectifying inspection program.

24—
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DIRECTORIO DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE

ENERO AL 16 DE MARZO DE 1973 )

NOMBRE Y DIRECCION

ING. MIGUEL ARVIZU DIAZ
Prolongacidén Uxmal No.
México 13, D. F.

Tel: 5-75-08-85

975-10-8

ING. GERARDO CABADA LAGUNES
Dr. Barragadn No. 745-203
Col. Narvarte

México 12, D. F.

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

ING. ALFONSO CORREA COSS
Reforma Nte. No. 704-1902
México 3, D. F.
Tel: 5-29-38-07

ING. JOSE EDUARDO CRUZ RUIZ

[NG. APOLONIO DAMAS ACOSTA
Edif. 18-A-302

Unidad Vallejo lLindavista
México 14, D. F.

SR. VICTOR DE ALBA PcRE
Cerro San Antonio No. &
México 21, D. F.

Tel: 5- Lil 51-07

ING. CARLOS DELGADO BARRERA
Calle Francisco Villa No. 67
Col. Revolucidn

México 9, D F

:e]: b_’_7—k9 38

ING. CtSAR ANTONIO DZI13 UCAN
Calle Seis No. 173-4
Col. VYar-:iz Nafvarte

IR - ~
X ILO ., b. P

EMPRESA Y DIRECCION

CHRYSLER DE MEXICO
Lago Alberto No. 320

México, D.
Tel: 5-45- 60 40 Ext. 1277158

SECRETARIA DE OBRAS PUBLICAS
Ave. Fernando No. 268
México 12, D. F.

Tel: 5-30-08-92

COMISITON NACIONAL DE FRUTI!ICULTURA

Paseo de la Reforma No. 445 P.H.
México 5, D. F

Tel: 5-14 11-27

CETENAL
San Antonio Abad No.
Ccl. Transito
México 8, D. F.
Tel: 5- 78 62- 00 Exrt. 118

SECRETARIA DE OBRAS PUBLICAS

ALMACENES NACIONALES DE DEPQOSITO,S.A.
7-3er.P.

Plaza de la Constitucidn No.
México 10, D. F.
Tel: 5-21-18-71

PRE-CONCRETO, S.A.
Calle 2 No. &4

San Pedro de los Pinos
Mexico ]d D. F.

Tel: 5-16-45-00

INSTITUTO MEXICANOC DEL PETROLEQ
Av. de los 100 Metros No. 152
México, D. F.

Tel: 5- 67 66-00

SECRETARIA DE OBRAS PUBLICAS
Ave. Fernando No. 268
HvAICO ]2, D. F.

Tel: 19-92-93

( SECRETARIA DE LA PRESIDENCIA
124 Edif."C' 30.
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DIRECTORIQ DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE
ENERO AL 18 DE MARZO DE 2973 )

NOMBRE Y DIRECCION EMPRESA Y DIRECC!ION
ING. PEDRO GOMEZ COLIO - SECRETAR{A DE OBRAS PUBLICAS
Unidad Cuitlahuac Edif. 75 Ave. Fernando No. 268
Entrada D-201 México 12, D. F.
México, D. F Tel: 5-19-22-46

Tel: 5-56-38-82

ING. FRANCISCO VICTOR GUILLEN S. ESCUELA NACI{ONAL DE AGRICULTURA
Comunidad Chapingo Depto. 111 Chapingo, México

Chapingo, México Tel: 5-85-45-55 Ext. 166

SR. ERNESTO HERBERT CERECEDO SECRETARIA DE OBRAS PUBLICAS
Miguel E. Schuhz No. 27-403 Matamoros 65

Col. San Rafael Tlalnepantla, Edo. de México
México 4, D. F. Tel: 5-65-79-72

SR. ROBERTO HERRERA SALDANA COM S'0ON NACIONAL DE FRUTICULTURA
Cerro de San Antcrniio No. 10-3 Reforma No. Li5-50. Piso

Col. Campestre Churubusco México 5, D. F.

México 21, D. F. Tel: 5-14-11-27 y 5-14-16-72
ING. JOSE DE JESUS JUIMENEZ GOMEZ PETROLEOS MEXICANOS

Sur 71-8B No. 135 Marina Nacional No. 329

México, D. F. México, D. F.

Tel: 5-31-73-85

QUIMICO IRMA MALDONADGC GARCIA GENERAL FOODS DE MEXICO, S.A.
Tuxpango No. 98 Poniente 116 No. 553
México 14, D. F. México 15, D. F.

Tel: 5-67-11-00

ING. JOSE FELIX MEDINA ALMEIDA COMISION NACIONAL DE FRUTICULTURA
Rio Tiber No. 25-302 Paseo de la Reforma No. L4L5-P.H.
Col. Cuauhtémoc México 5, D. F.

México 5, D. F. Tel. 5-14-11-27

ING. ARTURC Mz J!la RAMIREZ MICHELMEX, S. A. DE C. V.

Calz. Nonoalco No. 153-A-102 Calie 3 No. 30

Cd. Tlatelolico Naucalpén de Juédrez

México 3, D F. Fdo. de México

Tel: 5-£3-22-06 Tel: 5-76-18-11 Ext. 35



DIRECTCR!O DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE
ENERD AL 6 OFE MARZO DE 1973
MOMBRE Y DIRECCION EMPRESA Y DIRECC!ON
18. FISICO JOSE LUIS ORTIZ AGUILAR SECRETAR!IA DE RECURSOS HIDRAULICGS
Cerro de Guadalupe No. 110 Sierra Gorda No. 23
Los Pirules Lomas de Chapultépec
Tlalnepantla, Edo. de México México 10, D. F.
Tel: 5-20-27-58
19. Q.F.1. JUAN MANUEL PADILLA A. LABORATOR'IO CARLO ERBA DE MEX'!CO, S.A.
Tonatzin 2 Depto. 5 Miguel Angel de Quevedo No. 555
Unidad Independencia México 21, D. F.
México 20, D. F. Tel: 5-54-12-11
Tel: 5-95-11-13
20. Q.F. LUZ MA. GUADALUPE PALACIOS G. INSTITUTO MEXICANO DEL PETROLEOD
Cerrada Lago Gaseasdnica No. Av. de los 100 Metros No. 500
México 17, D. F. México 14, D. F. ’
Tel: 5-27-43-36 Tel: 5-67-66-00 Ext. 193
21. ING. FCO. ARMANDO RANGEL ORDONEZ SZCRETARIA DE OBRAS PUBL!CAS
Calle E No. 1 M-12 Ave. Fernando No. 268
Col. Educacidn México 12, D. F.
México 21, D. F. Tel:5-19-22-L5
T\._]: 5""‘41-L‘7
22. ING. JESUS REYNALDO HOLGUIN COMISITON NACIONAL DE FRUTICULTURA
Rio Pdnuco No. 1L40-A Paseo de la Reforma No. LL5
México, D. F. México, D. F.
Tel: 5-25-93-L4kL
25. ING. DA 'iD RIVAS JUAREZ CETENAL (SECRETARIA DE LA PRESIDENCIA)
Av. La Garita Andador 9 No.7-2 San Antonio Abad No. 12L
Villa Coapa Editicio 6-Lo. Piso
México 23, D. F. México 8, D. F.
Tei: 5-78-62-00 Ext. 12¢&
2L . SR. GERARDO DE JESUS ROMEROQ CETENAL (SECRETARIA DE LA PRESIDENCIA)
Popocatepet! No. 127-6 San Antonio Abad No. 1z4-3er. Piso
México 13, D. F. México 18, D. F.
25. ING. CARLOS SALAS DUVEL SZCRETARIA DE OBRAS PUBLICAS
Dr. Balmis 16-6 Y.z, Fernando No. 268
MExico 7, D. F. nix'co 12, D. F.
cl: 5- 7b 71-76 Te.: 5-19-56-40



26.

27.

28.

29.

30.

DIRECTOR!IO DE ASISTENTES AL CURSO DE CONTROL DE CALIDAD ( DEL 29 DE

ENERO AL 16 DE MARZO DE 1973 )

NOMBRE Y DIRECCION

ANTONIO SANTIAGO DEL CASTILLO
93k

ING.
Av. Cienfuegos No.

Col. Linmdavista

México 14, D. F.

Tel:; 5-77-60-61

ING. FERNANDO TEJADA JUAREZ

5 de Febrero No. 462

México, D. F.

Tel: -19 70-52

ING. JOSE LUIS TERAN PEREZ
Unidad 'Habitacional Morelos
Edif. C-26-102

México 7, D. F.

Tel: 5-88-06-32

ING. RICARDO A. TORRES OCEQUEVA

Extremadura No. 124 Int. 13

México, D. F.

SR. ALFREDO TRONCOSO ALTAMIRANO
Edificio 26-401

Villa Olimpica

México 22, D. F.

Tel: 5-73-56-91

SR. CARLOS VELEZ SANCHEZ
Norte 60 No. 3545 - 4
Col. Rio Blanco

México 14, D. F.

Tel: 5-37-31-67

EMPRESA Y D.IRECCION

CONCRETQS PREMEZCLADQS
Nicanos Arvide No. 428
México, D. F.

Tel: 5 98-19-11

CAMARA NACIONAL DE LA IND. DE TRANSF.
Av. San Antonio y Patriotismo

México, D. F.
Tel: 5-63-34-00

SECRETARIA DE RECURSOS® HlDRAULICOS
Sierra Gorda No. 23

Lomas de Tecamachalco

México 10, D. F.

Tel: 5-40-09-43

PRE-CONCRETO, S. A.
Calle &4 No. 2

México, D. F.
Tel: 5-16 L5-00

CHRYSLER DE MEXICO? S.A.
Lago Alberto No. 320
México, D. F.

Tel: 5-45-60-40

SECRETARIA DE OBRAS PUBLICAS
Av. Fernando No. 268

México, D. F.
Tel: 5-38-09-69



centro de educoaon continua

facultad ingenieria, unom

DIRECTORI10 DE PROFESORES DEL CURSO CONTROL DE CALIDAD

DR. OCTAVIO RASCON CHAVEZ

Jefe de la Secc. de Matemdticas

de la Divisibn de Estudios Superiores
Facultad de Ingenieria

U. N. A, M,

ING. CARLOS JAVIER MENDOZA ESCOBEDO
Jefe del Laboratorio de Materiales,
Investigador y Profesor de la
Facultad de lIngenierfa

U. No A. M,

ING., AUGUSTO VILLARREAL ARANDA
Investigador del instituto de Ingenieria
U. N. A, M,

ING, ROBERTO MELI PIRALLA
Investigador

Instituto de Ingenieria
U, N, A, M,

Tacuba 5, primer piso. México 1, D.F.
Teléfonos: 521-30-95 y 513-27-95






