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BACKGROUND 

I n  t h e  e a r l y  1960s, t h e  AASHTO Road Test produced a w e a l t h  of 

s t a t i s t i c a l  da ta  t h a t  could be used t o  r e l a t e  pavement q u a l i t y  t o  

performance. Highway engineers  began t o  recognize t h a t  v a r i o u s  d e s i r a b l e  

q u a l i t y  c h a r a c t e r i s t i c s  could be descr ibed s t a t i s t i c a l l y  a n d ,  toward t h e  

end of t h a t  decade, s e v e r a l  highway agencies had begun t o  deve lop  

acceptance procedures based on s t a t i s t i c a l  concepts. Today, many highway 

agencies  r o u t i n e l y  use s t a t i s t i c a l  acceptance procedures i n  one form o r  

another .  

The f i r s t  s t a t i s t i c a l  acceptance procedures were o f t e n  far from 

opt imal .  Highway engineers  were r e l a t i v e l y  u n f a m i l i a r  with s t a t i s t i c a l  

terms and procedures ,  e s p e c i a l l y  i n  r e g a r d - t o  t h e  c o n s t r u c t i o n  of o p e r a t i n g  

c h a r a c t e r i s t i c  curves  and t h e  a n a l y s i s  of r i s k s .  Consequently,  t h e  e a r l y  

development o f  s t a t i s t i c a l  s p e c i f i c a t i o n s  c o n s i s t e d  l a r g e l y  of a 

t r i a l - a n d - e r r o r  process  and s e v e r a l  r e v i s i o n s  were o f t e n  r e q u i r e d  t o  o b t a i n  

a workable s p e c i f i c a t i o n .  

More r e c e n t l y ,  t h e r e  has been a s i g n i f i c a n t  improvement i n  t h e  manner 

i n  which these  s p e c i f i c a t i o n s  a r e  developed. Highway e n g i n e e r s  have 

acquired a b e t t e r  understanding of s t a t i s t i c a l  methods ( 1  - - - 3 )  and t h e  

computer has emerged a s  a valuable  a i d  ( 4 ,  5 )  i n  performing much of  t h e  

development and a n a l y s i s  work. The s t a t e - o f - t h e - a r t  has  now progressed  t o  

t h e  e x t e n t  t h a t  s t a t i s t i c a l  s p e c i f i c a t i o n  w r i t i n g  must be regarded a s  a 

thoroughly s c i e n t i f i c  a c t i v i t y .  

AASHTO Standard R9 - 8 4 ,  Acceptance Sampling P lans  f o r  Highway 

Construct ion ( 6 ) ,  - was adopted i n  1984 t o  document and s t a n d a r d i z e  p r a c t i c e s  

t h a t  had evolved Over t h e  previous two decades. I t  covers b o t h  a t t r i b u t e s  
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szmpling f o r  d e f e c t s  t h a t  are counted and v a r i a b l e s  sampling f o r  

c h a r a c t e r i s t i c s  t h a t  a r e  measured on a continuous scale. Primary s o u r c e  

documents f o r  t h e s e  two approaches a r e  M i l i t a r y  Standard 105 for a t t r i b u t e s  

sampling ( 7 )  - and M i l i t a r y  Standard 414 f o r  v a r i a b l e s  sampling ( 8 ) ,  - b o t h  

publ i shed  by t h e  Department of Defense. The t h e o r y  u n d e r l y i n g  a t t r i b u t e s  

sampling i s  r e l a t i v e l y  simple and i s  covered i n  connect ion w i t h  t h e  

hypergeometric d i s t r i b u t i o n  i n  many t e x t s  on s ta t is t ics  and q u a l i t y  

assurance  ( 9 - - 11). The t h e o r e t i c a l  b a s i s  f o r  v a r i a b l e s  sampling is 

cons iderably  more complex, involving both t h e  beta and n o n c e n t r a l  t 

d i s t r i b u t i o n s ,  and i s  n o t  as  w e l l  known (11 - 13). 
Unfortunately,  t h e  c u r r e n t  vers ion  of Standard R9 is s e r i o u s l y  f lawed,  

b o t h  by what it includes a s  w e l l  a s  by what it omits.  It is based on an 

e a r l y  method containing both t e c h n i c a l  and conceptual  errors and it f a i l s  

t o  cover t h e  a n a l y s i s  of opera t ing  c h a r a c t e r i s t i c  curves, one of the  most 

impor tan t  s t e p s  i n  t h e  development of any acceptance procedure.  A h i g h e r  

level  of t e c h n i c a l  competence must be demanded of a work t ha t  i s  t o  s e r v e  

as a procedural  guide f o r  t h e  highway q u a l i t y  assurance p r o f e s s i o n .  

BASIC PROBLEMS AhTD CORRECTIVE MEXSLWS 

The o r i g i n a l  developers of  the  methodology used i n  AUHTO Standard  R9 

undoubtedly had nothing but  t h e  b e s t  of i n t e n t i o n s .  A t  a t i m e  when 

s t a t i s t i c a l  procedures were new and unfami l ia r ,  and c o n s i d e r a b l e  r e s i s t a n c e  

t o  t h e  new methods was o f t e n  e n c o u t e r e d ,  i t  was understandably tempt ing  t o  

mzke v a r i o u s  seemingly harmless modif icat ions t o  make t h e s e  procedures  more 

p z l a t a b l e .  Obviously, t h e  a r b i r r z r y  modi f ica t ion  of any h i g h l y  t e c h n i c a l  

prrJcedure by p r a c t i t i o c e r s  unfami l ia r  with t h e  under ly ing  t h e o r y  i s  a 
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dangerous business  and, n o t  s u r p r i s i n g l y ,  t h e  v a l i d i t y  of some of t h e s e  

methods was s e r i o u s l y  compromised. This i s  e s s e n t i a l l y  what  happened i n  

t h e  development of t h e  procedures used i n  Standard R9. S p e c i f i c  

shortcomings and t h e  necessary c o r r e c t i v e  measures a r e  as  follows: 

1. Both t h e  a t t r i b u t e s  and v a r i a b l e s  p lans  d e s c r i b e d  i n  Standard  R9 

a r e  designed t o  c o n t r o l  p e r c e n t  d e f e c t i v e ,  t h e  gercerrtage of t h e  lot 

f a l l i n g  o u t s i d e  a lower o r  upper s p e c i f i c a t i o n  l i m i t ,  o r  o u t s i d e  both lower 

and upper s p e c i f i c a t i o n  l i m i t s ,  as i l l u s t r a t e d  i n  F igure  1. As p r e s e n t l y  

w r i t t e n ,  however, Standard R9 i s  o r i e n t e d  p a r t l y  toward p e r c e n t  defective 

and p a r t l y  toward popula t ion  means which l e a d s  t o  c o n s i d e r a b l e  confus ion ,  

For  example, it i s  s t a t e d  i n  t h e  c u r r e n t  s tandard t h a t ,  f o r  a v a r i a b l e s  

p l a n  wi th  t h e  s tandard devia t ion  unknown, only one r i s k  (buyer's o r  

s e l l e r ' s )  can b e  c o n t r o l l e d .  In f a c t ,  tihen q u a l i t y  is measured i n  terms of 

p e r c e n t  d e f e c t i v e ,  both t h e  buyer 's  r i s k  and t h e  sel ler ' s  risk can be 

c o n t r o l l e d  by e i t h e r  v a r i a b l e s  o r  a t t r i b u t e s  plans.  This b a s i c  

c o n t r a d i c t i o n  has been c o r r e c t e d  by basing t h e  r e v i s e d  s tandard  e n t i r e l y  on 

t h e  p e r c e n t  d e f e c t i v e  parameter .  

2 .  A major omission i n  t h e  c u r r e n t  s tandard  is  a convenient method to 

c o n s t r u c t  t h e  opera t ing  c h a r a c t e r i s t i c  (OC) curves f o r  the acceptance  p l a n s  

t h a t  a r e  developed. OC curves give t h e  p r o b z j i l i t y  of acceptance  

a s s o c i a t e d  with var ious  l e v e l s  of s u b c i t t e d  q u a l i t y  z i d  provide  a g r a p h i c a l  

r e p r e s e n t a t i o n  of an acceptance plzD's a b i l i t y  t c  d i s c r i m i n a t e  between 

acceptab le  and unacceptable work. A t:Tical example is shown i n  F i g u r e  2. 
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F i g u r e  1. I l l u s t r a t i o n  o f  t h e  concept  o f  p e r c e n t  d e f e c t i v e .  
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Figure 2 .  Tyypical operating c h a r a c t e r i s t i c  curve f o r  a v a r i a b l e s  
acceptance p l a n .  
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The i q o r t a n c e  of examining OC curves cannot be overemphasized. In t h i s  

manner, t h e  r i s k s  t o  both t h e  spec i fy ing  agency and t h e  c o n t r a c t o r  can b e  

detenrined i n  advance and modi f ica t ions  of t h e  acceptance p l a n  can be made, 

i f  necessary,  before  embarrassing and troublesome s i t u a t i o n s  a r i s e  in t h e  

f i e l d .  This shortcoming of t h e  c u r r e n t  s tandard  has been c o r r e c t e d  by t h e  

develosment of s e v e r a l  new opera t ing  c h a r a c t e r i s t i c  t a b l e s  f o r  b o t h  

a t t r i b n t e s  and v a r i a b l e s  p lans .  

3 .  When cons t ruc t ing  an OC curve f o r  a v a r i a b l e s  p l a n ,  t h e  problem 

c i t e d  in Item 1 becomes much more apparent .  Because the  v a r i a b l e s  approach 

was der ived  t o  c o n t r o l  percent  d e f e c t i v e ,  t h e r e  i s  a lrnique p r o b a b i l i t y  of 

a c c e p t a c e  a s s o c i a t e d  with any p a r t i c u l a r  l e v e l  of  l o t  p e r c e n t  d e f e c t i v e ,  

as  caG be seen i n  Figure 2 .  (This i s  p r e c i s e l y  c o r r e c t  f o r  s i n g l e - l i m i t  

p lans  and i s  approximately c o r r e c t  f o r  double- l imit  plans. ) However, i f  

t h e  acceptance procedure were o r i e n t e d  around populat ion means, as it i s  i n  

t h e  c u r r e n t  version of Standard R9, t h e r e  would no longer  be a unique OC 

curve s i n c e  each level of popula t ion  mean could correspond t o  a wide range 

of percent  d e f e c t i v e ,  depending upon the  va lue  of the  p o p u l a t i o n  s t a n d a r d  

d e v i s t i o n .  Rewriting t h e  s tandard e n t i r e l y  around t h e  p e r c e n t  d e f e c t i v e  

paraoezer  has cor rec ted  t h i s  problerc. 

4 .  The t a b l e  f o r  the  e s t i m a t i c n  of percent  d e f e c t i v e  i n  t h e  c u r r e n t  

v e r s i c r  c f  t h e  s tandard i s  n o t  ic :he most l o g i c a l  G Z  u s e f u l  form and it 

omits se:-eral p o t e n t i a l l y  usefu l  s a , q l e  s i z e s .  The new t a b l e  i n c l u d e s  

s e v e r a l  a d d i t i o n a l  sample s i z e s ,  L= Is a c c u r e t e  t o  a g r e a t e r  number of 

decir;;al p laces!  and t w o  revised fcrrr i ts  a r e  pro-?ided. 
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5. The c u r r e n t  t a b l e  f o r  a t t r i b u t e s  sampling was taken  from M i l i t a r y  

Standard 105 ( 7 ) .  I t  g ives  t h e  recommended sample s ize  and a c c e p t a n c e  

number (maximum al lowable number of d e f e c t i v e  items i n  a sample) based  on  

l o t  s i z e  and t h e  u s e r ' s  d e f i n i t i o n  of acceptab le  q u a l i t y  level (AQL). In 

i t s  p r e s e n t  form, it does n o t  allow t h e  u s e r  t o  know o r  c o n t r o l  the r i s k s  

t h a t  a r e  involved and, l i k e  t h e  percent  d e f e c t i v e  e s t i m a t i o n  t a b l e ,  s e v e r a l  

u s e f u l  sample sizes have been omitted.  This t a b l e  has been comple te ly  

rev ised  t o  be more s u i t a b l e  f o r  highway cons t ruc t ion  a p p l i c a t i o n s .  

6 .  The c u r r e n t  v e r s i o n  of the  s tandard emphasizes the range  method 

f o r  v a r i a b l e s  acceptance p lans .  The s tandard  d e v i a t i o n  method is  inc luded ,  

b u t  t h e  u s e r  is requi red  t o  es t imate  t h e  s tandard  d e v i a t i o n  from the range ,  

thereby  f a i l i n g  t o  c a p i t a l i z e  on t h e  s tandard d e v i a t i o n ' s  s u p e r i o r  

mathematical e f f i c i e n c y .  In  order  t o  r e a l i z e  t h e  c o s t  sav ings  a s s o c i a t e d  

with t h e  smal le r  sample sizes required with t h e  s t a n d a r d  d e v i a t i o n  method, 

t h i s  i s  made t h e  primary procedure in t h e  rev ised  v e r s i o n  o f  t h e  s t a n d a r d .  

The range method has been r e t a i n e d ,  and some new t a b l e s  have been provided ,  

b u t  t h i s  procedure has now been re lega ted  t o  an appendix. 

7 .  I f  an acceptance s p e c i f i c a t i o n  developed by the method o u t l i n e d  i n  

t h e  c u r r e n t  vers ion  of Standard R9 were t o  be chal lenged i n  c o u r t ,  it is 

p o s s i b l e  t h a t  t h e  weaknesses i n  t h e  s tandard could b e  used t o  a t t a c k  t h e  

v a l i d i t y  of t h e  s p e c i f i c a t i o n .  While it i s  t r u e  t h a t  t h e  acceptance  p l a n  

could be p e r f e c t l y  s a t i s f a c t o r y  even though t h e  methodology used t o  develop 

it was flawed, t h e  highway ageacy might s t i l l  be c a s t  i n  an unfavorable  

l i g h t .  This p o t e n t i a l  v u l n e r a b i l i t y  can be avoided by us ing  v a l i d  
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s t a t i s t i c a l  procedures in a r igorous fashion.  I t  i s  b e l i e v e d  t h a t  the  

rev ised  v e r s i o n  o f  Standard R9 w i l l  encourage t h e  proper  use o f  t h e s e  

methods. 

8 .  F i n a l l y ,  a major drawback of t h e  p r e s e n t  v e r s i o n  of Standard  R9 is 

i t s  t e c h n i c a l  complexity. A t  b e s t ,  it w i l l  f a i l  t o  promote a wider  use  and  

acceptance of s t a t i s t i c a l  q u a l i t y  assurance and, a t  worst ,  it c o u l d  even be 

a d e t e r r e n t .  A primary g o a l  i n  r e w r i t i n g  t h e  s tandard  was to m a k e  it 

considerably e a s i e r  t o  understand and use. 

DEVELOPMENT OF N E W  TABLES 

I n  o r d e r  t o  c o r r e c t  t h e  d e f i c i e n c i e s  of  the  c u r r e n t  s t a n d a r d ,  it was 

f i r s t  necessary  t o  develop s e v e r a l  new t a b l e s .  These form the  core around 

which t h e  res t  of t h e  s tandard  has been cons t ruc ted  and are  d i s c u s s e d  i n  

t h e  order  i n  which t h e y  appear  i n  the appendices o f  t h e  r e v i s e d  s t a n d a r d .  

I n  Appendix A of  t h e  new standard,  t h e  previous t a b l e  f o r  a t t r i b u t e s  

sampling has  been replaced w i t h  operat ing c h a r a c t e r i s t i c  t a b l e s  tha t  give 

p r o b a b i l i t y  of acceptance f o r  s e l e c t e d  levels of  p o p u l a t i o n  ( l o t )  percent 

d e f e c t i v e  f o r  many d i f f e r e n t  combinations of  sample s i z e  and a c c e p t a n c e  

number. Those p lans  having r e l a t i v e l y  undes i rab le  OC curves have b e e n  

omitted and n o t  a l l  p lans  i n  t h e s e  t a b l e s  w i l l  be s u i t a b l e  f o r  a l l  

s i t u a t i o n s .  The primary b e n e f i t  of t h e  new t a b l e s  i s  t h a t  i t  i s  p o s s i b l e  

t o  t e l l  a t  a glance how d i f f e r e n t  p lans  w i l l  perform over a wide range of 

submitted q u a l i t y .  

The new a t t r i b u t e s  t a b l e s  appear i n  f o u r  s e c t i o n s ,  one each f o r  lot 

s i z e s  G €  2 0 ,  100,  500, and i n f i n i t y .  Two of these  t a b l e s ,  f o r  l o t  s i z e s  o f  
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100 and i n f i n i t y ,  a r e  presented a s  Tables 1 and 2. The tables are 

constructed so t h a t  it w i l l  never be necessary to i n t e r p o l a t e  between 

acceptance numbers o r  between sample s izes  up t o  a sample s i z e  o f  n = 10. 

Some in te rpola t ion  may be necessary f o r  la rger  sample sizes o r  for 

s p e c i f i c  l o t  s i z e s ,  although the  OC curves a re  r e l a t i v e l y  i n s e n s i t i v e  to 

l o t  s i z e .  For plans with var iab le  l o t  s i z e s ,  i t  w i l l  be necessary t o  plot 

bounding OC curves. 

Appendix B of  t h e  new standard contains the corresponding ope ra t ing  

c h a r a c t e r i s t i c  tab les  f o r  var iab les  acceptance p l ans  (standard d e v i a t i o n  

method), one of which is presented as Table 3 .  The acceptance plans i n  

these  t ab le s  a r e  specif ied by sample s i ze  and e i t h e r  the maximum al lowable 

estimated percent defect ive (M) o r  t h e  minimum allowable value (k) o f  the 
_ .  

q u a l i t y  index (Q). The qua l i t y  index i s  computed by Equation 1 o r  2,  as 

appropriate .  
- 

i n  which 

Q = qual i ty  index 
- 
X = sample mean 

S = sample standard deviat ion 

L ,  U = lower and upper spec i f ica t ion  limits outside of which t h e  
mater ia l  o r  work i s  defined t o  be defect ive 
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T a b l e  1 .  O p e r a t i n g  charzcteristics o f  a t t r i b u t e s  acceptance plans w i t h  a 
l o t  s i z e  of  N = 100. 
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T a b l e  2 .  Operating c h a r a c t e r i s t i c s  of a t t r i b u t e s  acceptance p l a n s  w i t h  
3n infinite lot size. 
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:'able 3 .  O p e r a t i n g  c h a r a c t e r i s t l c s  c f  T-zr izb les  a c c e p t a n c e  p l a n s  
( s t a n d z r d  d e r i a t l  on me:hod) . 
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Because v a r i a b l e s  p l a n s  d e a l  with continuous d a t a ,  there a r e  an  

i n f i n i t e  number of plans t h a t  might be used and it w i l l  o c c a s i o n a l l y  b e  

necessary  t o  i n t e r p o l a t e  between t h e  acceptance parameters  l i s ted i n  

Table  3 .  The opera t ing  c h a r a c t e r i s t i c  t a b l e s  f o r  v a r i a b l e s  p l a n s  

inc lude  a wide range of acceptance plans and, l i k e  t h e  a t t r i b u t e s  tables,  

n o t  a l l  p lans  w i l l  b e  s u i t a b l e  f o r  a l l  s i t u a t i o n s .  

Appendix C of t h e  new standard provides  a more complete t a b l e  for t h e  

e s t i m a t i o n  o f  l o t  p e r c e n t  d e f e c t i v e  (s tandard d e v i a t i o n  method). T h i s  

t a b l e  i s  t h e  equiva len t  of Table B5 i n  M i l i t a r y  Standard 414 on v a r i a b l e s  

sampling ( 8 )  - except t h a t  it includes s e v e r a l  u s e f u l  sample sizes t h a t  w e r e  

omit ted i n  both M i l i t a r y  Standard 414 and AASHTO Standard R9. The new 

t a b l e  c o n s i s t s  of f i v e  s e c t i o n s ,  one of which i s  presented  as Table  4. 

The percent  d e f e c t i v e  e s t i m a t i o n  t a b l e s  i n  Appendix C of the new 

s tandard  cover a wide range of sample s i z e s ,  cons iderably  more than  would 

ever be used i n  a s i n g l e  acceptance procedure.  For  acceptance procedures  

t h a t  make use of  on ly  one o r  two sample s i zes ,  it i s  p o s s i b l e  t o  c o n s t r u c t  

much more compact t a b l e s  such a s  Table 5 .  With t h i s  format ,  t h e r e  i s  a 

s e p a r a t e  s h o r t  t a b l e  f o r  each sample s i z e .  

Appendix D of t h e  new standard contains  two t a b l e s  t h a t  have b e e n  

developed f o r  use with v a r i a b l e s  procedures based on t h e  range as t h e  

measure of v a r i a b i l i t y .  The f i r s t ,  presented a s  Table 6 ,  gives  t h e  

o p e r a t i n g  c h a r a c t e r i s t i c s  f o r  a wide  s e l e c t i o n  o f  range p l a n s .  The l a r g e s t  

sample s i z e  included i n  t h i s  t a b l e  i s  n = 15 because,  above t h a t  sample 

s i z e ,  range plans a r e  considerably l e s s  e f f i c i e n t  than  s tandard  d e v i a t i o n  

p l a n s .  The second, presented a s  Table 7 ,  gives  t h e  estimate o f  l o t  

p e r c e n t  defec t ive  a s s o c i a t e d  with t h e  2 u a l i t y  index (Q)  computed by t h e  



WEED - 14 - 

0.0 
0.01 
0.0-  
0.03 
0.04 
0.0: 
0.00 
0.07 
O.OE 
0.09 

0.11 
0.::  
0 * : 2  
0.13 
0-14 
0.15 
0-16 
0.17 
0.18 
C.19 

0.20 
0.21 
0 . Z  
0.23 
0.24 
0 . 3  
0.26 
0.27 
0.28 
0.29 

0.30 
1.31 
0.32 
0.33 
0.3. 
0.n 
0.36 
0.- 
0.38 
0.39 

0.40 
0.41 
0.42 
0.43 
0.44 
5.45 
0.46 
0.47 
0.48 
0.49 

0.50 
0.51 
0.52 
0.53 
0.54 
0.m 
3-50 
0.57 
0.51 
0.55 

i.60 
0.61 
0.& 
0.63 
0.04 
0.65 
C.66 
G.o7 
0.0; 
6.G 

G . 7 0  
0.71 

i . 7 3  
0.74 
0.75 
4.70 

. -- *.._ 

- -- 
Y .  . . -r .. . 
z.75 

3 - 
50.00 
49.72 
49.45 
49.17 
48.90 
48.62 
46.35 
46.07 
47.79 
47.52 

47.24 
46.96 
46.69 
46.41 
46-13 
45.85 
45.58 
45.30 
ea.02 
44.74 

44.46 
44-16 
43.90 
43.62 
43.34 
43.05 
42.77 
42.49 
42.20 
41.92 

41.63 
41.X 
41.06 
40.77 
40.49 
40.20 
39-91 
39-62 
39.33 
39.03 

38.74 
38.45 
38.15 

37.50 
37-26 
36.96 
36.66 
36.35 
36-05 

35.75 
3s.44 
25.13 
34.82 
34.51 
34.20 

33-57 
3 - 2 5  
22.93 

32-61 
3:. 28 
Xl.96 
31 -63 
3i .30 
36.97 
30.63 
30.30 
29.96 
2F-61 

35.27 

26.57 

2-.66 
37.50 
:?.I3 
36.76 
2s.3e 
24.02 

37.e: 

=.me 

2e.92 

_le -_I 

4 - 
5J.00 
43.67 
49.33 
.*.00 
45.67 
49.33 

42.67 
47.33 
a7.00 

46.67 
46.33 
a6.00 
45.67 
c.33 
c . 0 0  
.4.e7 
44.33 
.4.00 
43.67 

43.33 
43.0c 
42-67 
42.33 
42.00 
41.67 
4i.33 
4i-00 
43.67 
49.33 

40.00 
35.67 
39.33 
39.00 
38.67 

38.00 
35.67 
3 - 3 3  
37.00 

35.67 
30.33 
26.00 
?C . 67 
35.33 
35.00 
34.67 
34.33 
34.00 
33.67 

33.33 
33.CO 
3z.67 
32.33 
3T.00 
31.67 
31.33 
3 : . 0 @  
33.67 
35.33 

35 .00  
2=.67 
29.33 
2=.00 
::,67 
25.33 
38.50 
2:-67 
: z . n  
2T.00 

:-.67 
25.33 
::.DO 
-2.67 
ZL.33 
Z Z . 0 0  

2 4 . 3 :  
12.;c 
::.a7 

4e.00 

3e.u 

-. - _-.:, 

5 - 
50.00 
49.6. 
49.2- 
46.93 
4E.51 
48.22 
47.6- 
47.C1 
47.15 
46-80 

46.a' 
46.W 
45.73 
4L.3.F 
45.02 
44.67 
44.31 
43.96 
43.60 
43.25 

42.90 
42.:4 
42.19 
41.84 

41.13 
40.78 
40.43 
40.08 
39.72 

39.37 
39.02 
38.67 
36-12 
37.97 
n.62 
37.26 
36.93 
36.m 
36.23 

35.86 
T+.54 
35.19 

34.50 
34.16 
0 . 8 1  
33.47 
33.12 
32.78 

=.a4 
32.10 
31.76 
31.42 
31.08 
30.7d 
30.40 
30.06 
29.73 
29.39 

29. c5 
26 ~ 72 

18.05 
27.72 
27.39 
27.06 
26.73 
26.40 
26-07 

25.'. --.. 1 
--d.o= 
24.76 :,... 
:<.:I 
23.F 
: 3 . c  
23.:z 
:2.53 

4i.4e 

w.e: 

39.39 

- 

6 

59.00 
49.63 
r1.27 
43.90 
.I.13 
43-16 
47.80 
.:.43 
17.06 
46.70 

.4.33 
45.96 
C.60 
45.25 
44-86 
a4.SO 
a4.13 
43.77 
43.40 
45.04 

42.68 
42.31 
.I.- 
4139 1. -.) 

40.- 
4>.% 

39.78 
3e.42 

39.06 
39.70 
32.34 

37.62 
3:.27 
3e.91 
3c.z 
b.20 
3s.- 

35.49 
3L.14 
2..?9 
31.43 
34.08 

22.39 
35.u4 
a-.b9 
x.34 

3r.00 
3:.65 
31.31 
32.96 
35-62 
2'..28 
3C.9. 
2=.60 
23.26 
2E.93 

2f.59 
-=.2s 
::.92 
r.59 
ZY.26 
L.92 
2s.60 
2e.27 
ZZ.94 
zZ.61 

. .-- 
a.14 

37.9e 

z1 .n  

-- 

-- 

.- .,e 
Z4.96 
__._ 
3'.6. 
:..32 . . .W 

--.a= 

TT.iL 
21.:. 
x..: 

_ -  _ _  _- _ _  

7 -- 
*. --.>a 
.< .;3 
.'.25 
ri. 88 
'9.55 
45.13 
.2.75 
4-.39 
4-.:: 
.:.a 
4r.26 
42 .69  
'2.51 
42.14 ... 77 .... 0 

42.65 
C . 2 8  
.: .91 

4z.54 
4:.:7 
41-80 
41.44 
.:.a7 
4:. 70 
4 c .  33 
3s. 97 
35.60 
35.23 

3E.  87 
3E.50 
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29 .16  
28.82 
26.4E 

IE.15 
27.81 
27.46 
27.15 
26.82 
26.49 
26.16 

25.51 
35.19 

: 4 . 5 -  
2.. 54 
24.:: 
3 . 9 1  
21.5= 

25.83 

- ?  -= 
__.,I  

--.-- -- -- 
Z2.6t 

Z:.G. 
-. 7-  

50.00 
49.62 
49.2. 
48.65 
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41.27 
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32.51 
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.e. >8 
47.70 
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43.49 
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4C.47 
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34.57 
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32.15 
32..9 
33.:3 
33.78 
3:. 12 
3:. c7 
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31 -37 
31 . C 2  
30.67 
30.32 :-. -8 
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2E.95 
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46-OII 
45.66 
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U.68 
U.48 
44.39 
43.70 
43-31 
42.92 
42.53 

42.u 
41 - 76 
41.37 
40.98 
40.60 
-0-22 
39-93 
39.45 
3P.07 
38-67 

28.31 
37-93 
37-5s 
37-16 
36-80 
36-43 
36-05 
Z . 6 9  
35-11 
34-94 

Y.21 
s3.5 
33.49 
31-12 
c.71 
32.40 
32.04 
31.h9 
31.33 

30.99 
30.63 
30.21 --. 93 
29.59 
29.24 
28.?0 
28.56 
28-22 
27.89 

27.x 
27.2 

26.56 
26.3 
-1.90 
T5.88 
25-26 
24.94 
24.62 

2b.31 
23.99 
Z3.sE 
23.;: 
22-c: 
S 2 . 7 4  
22.r5 --.:* 
21.5: 
2:.27 

x.e9 

-- 

50 100 

s . 0 0  
4.60 
4 ? . X  

.ir..l 
46.02 
47-62 
47.22 
46-83 
46.43 

46.- 
4 5 - 6 4  
.I. --d 
a4 -m6 
44-46 
aa.07 
a 3 . e  
4 3 2 9  
4Z.89 
42 -56 

42.11 
41.73 
41-54 
40.7- 
4U. 56 
40.19 
SV.79 
S9..41 
39.03 
36.6s 

39.26 
3a.89 
V.51 
77.13 
W-75 
jC.SB 
3b.01 
?--& 
J1-26 
7A.89 

+".I2 
94.16 
23.79 
D - 4 3  
;;.07 
72.71 
2-.35 
z1.99 
3 L . 6 3  
ZZ.28 

30.93 
33. s7 
zn.33 
2".€i8 
3.53 
29.10 
35.- 
-:.zx 
28.17 
27.83 

27.x 
-7.16 
2 ~ .  E 3  
26.50 
7 6 -  18 
25.85 
x.53 
2 5 . a  
24.8- 
24.57 

24-26 
23.9s 
Z3.68 
: z . 3 3  
X.02 
2.72 
::.42 
--.x 
:l.S2 
r:.53 

4e.m 

-- 
- 

-- 

-- 

50.00 
49.dO 
49.20 
48-81 
46.41  
.8.01 
47.61 
47.22 
46.82 
46.42 

46. a3 
45.63 
45.24 
44.84 
44.45 
44.05 
43.66 
43.27 
42.88 
42.46 

42.09 
41.70 
41.31 
40.93 
40.54 
40.15 
39.77 
39.38 
39.00 
38.62 

38.24 
37.86 
37.48 
37.10 
3*. 72 
36.35 
35.97 
35.60 
35.23 
34.86 

34.49 
34.12 
33.76 
33.39 
S3.03 
32.67 
32.31 
31.95 
31-00 
31.24 

30.89 
30. -A 
30.19 
29.84 
29.49 
29.15 
28.81 
28.47 
38.13 
27.79 

27.46 
27.13 
26.80 
26.47 
26.14 
25.82 
x.49 
25.17 
24.86 
24.54 

2a.23 
23.91 
23.60 
23.30 
:3.99 
22 -69 
22.35 
22.09 
ZI .79 
11.50 

Table  4 .  First of five t a ' r l e c  for estimazion of percent d e f e c t i v e  
( s t a n d a r d  deviaticr. qechod). 



WEED - 15 - 

I 

0.0 ! 50.00 
0.1 46.44 
012 I 42.90 
0.3 ; 39.37 
0.4 ; 35.88 

I 

0.5 ; 32.44 
0.6 I 29.05 
0.7 ; 25.74 
0.8 ; 22.51 
0.9 I 19.38 

I 

1.0 ; 16.36 
1.1 I 13.48 
1.2 I 10.76 
1.3 ; 8.21 
1.4 ; 5.88 

1.5 ; 3.80 
1.6 : 2.03 
1.7 I 0.66 

I 

49 t 64 
46.09 
42 54 
39 t 02 
35.54 

32.10 
28.72 
25.41 
22.19 
19.07 

16.07 
13.20 
10 50 
7.97 
5.66 

3.61 

0.55 
1.87 

49.29 48.93 
45.73 45.38 
42.19 41.84 
38.67 38.32 
35.19 34685 

31.76 31.42 
28.39 28.05 
25.09 24.76 
21.87 21.56 
18.77 18.46 

15.78 15.48 
12.93 12-65 
10.23 9.97 
7.73 7.49 
5.44 5.23 

3.42 3.23 
1.72 1.57 
0.45 0.36 

48.58 
45.02 
41.48 
37.97 
34 .so 

31 e 0 8  
27 72 
24 44 
21 *24 
18.16 

15.19 
12.37 
9.72 
7.25 
d.02 

3.05 
1.42 
0.27 

c 

48.22 
44.67 
41 6 13 
37.62 
34.16 

30 74 
27.39 
24.11 
20 + 93 
17.86 

14.91 
12.10 
9.46 
7.02 
4 . 8 1  

2.87 
1.28 
0.19 

47.86 
44.31 
40 4 78 
37.28 
33.82 

30.40 
27 + 06 
23 + 79 
20.62 
17.55 

14.62 
11.83 
9.21 
6.79 
4.60 

2.69 
1.15 
0.12 

47.51 47.15 
43.96 43.60 
40.43 40.08 
36.93 36.58 
33.47 33.12 

30.06 29.73 
26.73 26.40 
23.47 23.15 
20.31 20.00 
17.25 16.96 

14.33 14rOJ 
11.56 11.29 
8.96 8.71 
6.56 6.33 
4.39 4.19 

2.52 2.35 
1.02 0.89 
0.06 0.02 

46 + 80 
43.25 
39.72 
36 + 23 
32.78 

29.39 
26.07 
22.83 
19.69 
16.66 

13.76 
11.02 

6-10 
3.99 

2.19 
0.77 
0.00 

8.46 

-_-_________________----------------------------------------------------------------- 
NUMBERS I N  THE BODY OF THE TABLE ARE ESTIMATES O F  LOT PERCENT DEFECTIVE CORRESPONDING 

ZERO? THE ESTIHATE OF PERCENT DEFECTIVE I S  READ DIRECTLY FROM THE TABLE. FOR VALUES 
OF CI LESS THAN ZEROT THE TABLE VALUE MUST BE SUBTRACTED FROH 100. 

T O  S P E C I F I C  VALUES O F  0 ,  THE CIUALITY INDEX. FOR VALUES O F  Q GREATER THAN OR ERUAL TO 

Table  5 .  A l t e r n a t e  format  f o r  i n d i v i d u a l  t a b l e s  for estimation of 
p e r c e n t  d e f e c t i v e .  
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0 . G  

0.0. 
0.07 0.0.  

0.01 0.0, 

O . C  
0 . u  0.02 

0.03 0.01 

0.- 
0.06 

0.W 
0.01 
0.01 

0.01 0.0, 

0.02 
0.02 0.03 

0.00 

0.01 

0.00 0.01 

0.03 

0.01 0.m 
O . U  

0.- 

0.00 
0.00 

0.m 0.00 

0.*, 
0.81 

0.00 

0.00 0.m 
0.- 0.00 

0.0, 

0.w 
0.- 
0.00 

0.00 

0.00 0.0 

0.00 0.m 

0.00 
0.00 
0.- 

0.00 0.00 

0.00 
0.m 

0.00 

0.00 0.00 

0.- 
0.06 0.00 

0.00 0.m 

0.m 0.m 
0.00 

0.0c 

0.00 
0.00 

0.00 0.00 

0.M 
0.00 

0.00 

0.m 0.m 

O.OC 0.0' 

.-r . -  i 2 - e  5 .  Operating c h a r a c t e r i s t i c s  of  v a r i a b l e s  acceptance p l a n s  (range 
me=hod). 
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T z b l e  7 .  Tab le  f o r  e s t i m z t i o r ,  cf p e r c e n t  d e f e c t i v e  ( r ange  method) 
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range method i n  accordance with Equations 3 and 4 .  Because t h e  range  t e n d s  

t o  be l a r g e r  t h a n  t h e  s tandard devia t ion ,  t h e  Q v a l u e s  tend t o  be s m a l l e r ,  

and t h e  t a b l e  i s  more compact t h a n  i t s  c o u n t e r p a r t  f o r  t h e  s t a n d a r d  

d e v i a t i o n  method. Also, because it i s  be l ieved  t h a t  some p r e c i s i o n  i s  l o s t  

i n  adapt ing t h e  s tandard devia t ion  algori thms t o  c o n s t r u c t  t h e  range  t a b l e ,  

t h e  p e r c e n t  d e f e c t i v e  e s t i m a t e s  i n  t h e  hody of  t h e  t a b l e  have been p r i n t e d  

t o  only a s i n g l e  decimal p lace .  

- 
x - L  QL = 7 

u - x  Qu = 7 

(3) 

i n  which 

Q = q u a l i t y  index 

8 = sample mean 

R = sample range, d i f f e r e n c e  between l a r g e s t  and s m a l l e s t  v a l u e s  
i n  t h e  sample 

L ,  U = lower and upper s p e c i f i c a t i o n  l i m i t s  o u t s i d e  of which t h e  
n a t e r i a l  o r  work i s  def ined t o  be d e f e c t i v e  

S t i l l  ano:her u s e f u l  formet f o r  opera t ing  c h a r a c t e r i s t i c  t a b l - s  is 

presented  i n  Tzble 8 ,  although t h i s  p a r t i c u l a r  v e r s i o n  has  n o t  been  

included i n  t h e  new standard.  Khereas the  more customary format l i s t s  l o t  

percent  defecti-,-e i n  t h e  headiag o f  t h e  t a b l e  and p r o b a b i l i t y  of a c c e p t a n c e  

i n  the  body c i  the  t a b l e ,  t h i s  vers ion  does jus: =he o p p o s i t e .  The 

advantage of t k i s  fom,a t  i s  thzi it always provides 23 ample number of 
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SAHPLE 
S I Z E  
(n) 

3 
3 
3 
3 

4 
4 
4 
4 
4 

5 

5 
5 

6 
6 
6 
6 
6 

7 
7 
7 
7 
7 

8 

8 
8 

9 
9 
9 
9 

10 
10 
10 
10 

15 
15 
15 
15 

20 
20 
20  

30 
33 
30 

50 
50 
50 
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100 
100 

a 

nc)xxnufi 
OLLOUA~LE 
EST1 BATED 

PERCENT 
DEFECTIVE 

tn)  

30 
35 
40 
45 

25 
30 
35 
40 
45 

25 
30 
35 
40 
45  

20 
25 
30 
35 
40 

20 
25 
30 
35 
40 

20 
25 
30 
35 

20 
25 
30 
35 

20 
25 
30 
35 

15 
20 
25 
30 

15 
20 
25 

15 
20 
15 

10 
15 
20 

10 
15 
20 

m N x n u n  
ALLOUPlBLE 

OUALI T I  
INDEX 
((i) 

0.679 
0.524 
0.357 
o.iai 

0.750 
0.600 
0.450 
0.300 
0.150 

0.723 
0.572 
0.426 

0.141 

0.869 
0.709 

0.414 
0.274 

0.282 

0.  ssa 

0.862 
0.701 
0.550 
0.407 
0.269 

0.85a 
0.696 
0.545 
0.403 

0.855 
C.692 
0.542 
0.400 

0.853 
0.690 
0.539 
0.398 

1.037 

1.036 
0.846 
0.680 

1.036 
0.844 
0.678 

1.277 
1.036 
0.843 

1.279 
1.036 
0.842 

LOT PERCENT DEFECTiVE VALUES PRODUCING THE L I S T E D  ACCEPT(UICE P R O B A B I L I T I E S  
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6 
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15 
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6 

11 
I5 
19 

6 
9 
12 
16 

7 
10 
13 
17 

7 
10 
14 

a 

ia 

6 
9 
13 
16 

7 
10 
14 

8 
12 
16 

6 
9 
13 

7 
11 
15 

7 
10 
14 
ia 

a 
10 
14 
17 
22 

9 
12 
16 

’ 20 
24 

7 
10 
14 
17 
21 

a 

ia 

11 
15 

23 

9 
12 
15 
19 

9 
12 
16 
20 

10 
13 
17 
21 

8 
11 
15 
19 

8 
12 
16 

9 
13 
ia 

6 
10 
15 

7 
12 
16 

12 
16 
21 
26 

12 
15 
19 
24 
28 

13 
17 
21 
26 
30 

11 
14 
18 
23 
27 

11 
IS 
19  
23 
28 

12 
16 
20 
24  

12 
i 6  
2 0  
1 5  

13 
17 
21 
25 

10 
14 
18 
_)_I -- 
lo 
15 
I? 

11 
15 
20 

a 
1 2  
16 

e 
1: 
17 

28 
32 
38 
44 

25 
29 
34 
39 
44 

25 
30 
34 
40 
45 

21 
25 
30 
35 
40 

21 
25 
30 
35 
40 

20 
25 
30 
35 

20 
25 
30 
25 

20 
25 
30 
35 

15 
20 
25 
36 

15 
20 
25 

15 
20 
25 

10 
15 
20 

10 
15 
20 

4a 
51J 
58 
63 

42 
47 
51 
56 
61 

40 
45 
so 
55 
60 

34 
39 
44 
49 
54 

33 
38 
43 

53 

32 
37 
42 
47 

31 
36 
41 
46 

30 
3s 
41 
46 

23 
18 
i 3  
39 

22 
27 
32 

20 
26 
32 

1s 
19 
24 

12 
18 
23 

48 

59 
63 
67 
72 

32 
56 
60 
6s 
69 

49 
w 
58 
63 
67 

42 
47 
51 
56 
6 1  

40 
45 
50 
ss 
s9 

za 
44 
48  
s3 
37 
42 
47 
52 

36 
4 1  
46 
51 

27 
33 
38 
43 

2s 
51 
36 

13 
2 9  
34 

L5 
21 
27 

24 
19 
2% 

68 
71 
A 
79 

60 
6 9  
6 8  
7I 
76 

56 
6a 
65 
69 
73 

4P 
55 
58 
62 
66 

46 
5 1  
56 
60  
65 

44 
4 9  
-A 
50 

43 

53 
57 

41 
46 
51 
56 

31 
37 
42 
47 

29 
34 
40 

26 
31 
37 

17 
23 
2? 

1s 
20 
26 

4a 

81 

86 
88 

74 
76 
79 
81 
85 

69 
7 2  
76 
79 
81 

61 
65 
69 
73 
76 

a4 

sa 
62 
66 
70 
74 

55 
60 
64 
68 

53 

62 
66 

51 
56 
60 
65 

39 
45 
50 
55 

35 
41 
46 

31 
37 
42 

20 
27 
x! 
17 
1 3  
29 

5a 

~~ ~ ~~~~~ 

THE ACCEPTANCE PRCICE:LITIES I N  ThE HEADING O r  THIS TCBLP c = E  CCCURCTE FOR SINGLE-LIHIT  PLFNS AND ARE 6PPROXIHATELY CORRECT 
FOR DOUBLE-LiHIT F ’~At i5 .  FOR SINGLE L L R I T  C ” i ’ i I C i T I 0 N S .  EITkER THE nAX:iiUI: CLLOUABLE ESTiflATED PERCENT DEFECTIVE ( t i )  OR THE 
MINIHUH 4LLOUCBLE iUWL:TI INIlEX ( k i  nCY BE SPECIFIED.  FOR :~OUELE-LIHIT AFPLICATIONS. ONLY THE H A X I H M  ALLOUABLE E S T I W T E D  
FEF:CENT DEFECTIVE SHOULD SE USED. 

Table 8.  A l t e r n a t e  format f o r  ope ra t ing  c h a r a c t e r i s t i c  t a b l e  for 
v a r i z b l e s  p l a n s .  
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p l o t t i n g  poin ts  spaced conveniently throughout t h e  l eng th  of each OC curve, 

a refinement t h a t  i s  e spec ia l ly  useful  when a wide  range of sample s i zes  

i s  included i n  a s ing le  t ab le .  This approach i s  appropr ia te  p r i m a r i l y  f o r  

va r i ab le s  plans,  but  i s  a l so  s u i t a b l e  f o r  a t t r i b u t e s  p l ans  when t h e  l o t  

s i z e  i s  d i v i s i b l e  by 100. 

OPERATING CHARACTERISTICS OF DOUBLE-LIMIT PWITS 

Acceptance plans having both lower and upper l i m i t s  a r e  r e f e r r e d  t o  a s  

double-limit  plans.  The operat ing cha rac t e r i s t i c s  for a t t r i b u t e s  p lans  

provided by Tables 1 and 2 a r e  cor rec t  f o r  both s ing le - l imi t  and double- 

l i m i t  p lans .  For double-limit  var iables  p l ans ,  t h e r e  i s  no unique 

operat ing cha rac t e r i s t i c  curve because p robab i l i t y  of acceptance is 

influenced i n  p a r t  by the  manner i n  which the percent  d e f e c t i v e  is  d i s t r i -  

buted between the  two t a i l s  of the  population. There e x i s t s ,  i n s t e a d ,  a 

band of OC curves f o r  each double-limit  var iab les  plan.  I t  has  been found 

(11 - , p. 246), however, t h a t  t h i s  band i s  qui te  narrow and t h a t  the  s ing le -  

l i m i t  OC curves a r e  s u f f i c i e n t l y  accurate  f o r  most double- l imit  

appl ica t ions .  Table 9 ,  generated by computer s imula t ion ,  provides  a 

convincing demonstration of t h i s  for tunate  property.  

U N D E E Y I N G  TIIEORETICAL. PRINCIPLES 

The operating c h a r a c t e r i s t i c s  f o r  a t t r i b u t e s  acceptance p l ans  a r e  

computed by means of  the hypergeometric formula: 

x=c 
- x=o 1 ‘d,x‘N-d,n-x 

N,n L 
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SAMPLE 
S I Z E  ------ 

3 
3 

3 
3 

3 
3 

5 
5 

5 
c 

5 
5 

10 
10 

10 
10 

10 
10 

MAXIMUM 
ALLOWABLE 
ESTIMATED 

PERCENT 
DEFECTIVE - - - - - - - - - 

42 
42 

38 
38 

34 
34 

36 
36 

32 
32 

26 
26 

22 
22 

24 
24 

28 
28 

LOWER 
TAIL  ----- 

0 
5 

20 
10 

10 
25 

10 
5 

0 
15 

60 
30 

0 
5 

20 
10 

10 
20 

UFPER 
TAIL ----- 

lo 
c 

0 
10 

90 
35 

0 
5 

30 
15 

0 
30 

10 
5 

0 
10 

30 
20 

TOTAL ----- 
l o  
10 

20 
20 

60 
60 

10 
10 

30 
30 

60 
60 

10 
10 

20 
20 

4 0  
40 

SINGLE LIMIT 
( COMPUTED) _--------_-_ 

0.96 
0.96 

0.78 
0.78 

0.12 
0.12 

0.97 
0.97 

0.54 
0.54 

0.04 
0.04 

0.92 
0.92 

0.65 
0.65 

0.17 
0.17 

DOUBLE L I f l I T  
(SIf lULATED) ----------- 

0.96 
0.96 

0.78 
0.77 

0.11 
0.12 

0.97 
0.98 

0.54 
0.52 

0-04 
0.03 

0.93 
0.92 

0.65  
0.65 

0.15 
0.15 

___-_-_____________^------_-__-----------_-----------------------------_--- 

EACH SIMULATION RESULT WAS OBTAINED BY INDEPENDENTLY GENERATING 5000 RANDOM 
SAMPLES O F  THE APPROPRIATE S I Z E  FROM 14 CONTINUOUS NORMAL POPULATION. 

Table 9. Demonstration t h z t  single-limit operatkg characteristic 
curves are sufficiently accurate for most double-limit 
variables acceptance pl- ' n c .  
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ic  which 

P 

N 

n 

d 

C 

C 
m,n 

X 
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= p r o b a b i l i t y  of acceptance 

= popula t ion  ( l o t )  s ize  

= sample s i z e  

= number of d e f e c t s  i n  t h e  populat ion 

= acceptance number, maximum al lowable number of defective 
items i n  t h e  sample 

= number of p o s s i b l e  combinations of m i tems t a k e n  n a t  a 
time = m! / (n!  (m - n)!)  

= summation v a r i a b l e  

In terms o f  t h e  hypergeometric d i s t r i b u t i o n ,  t h e  l o t  p e r c e n t  d e f e c t i v e  

would be expressed a s  100d/N. This d i s t r i b u t i o n  was used t o  develop 

Table 1. 

As t h e  popula t ion  s ize  i n c r e a s e s ,  t h e  hypergeometric d i s t r i b u t i o n  

approaches t h e  binomial d i s t r i b u t i o n  as a l i m i t .  For very l a r g e  o r  

i z f i n i t e  l o t  s izes,  t h e  opera t ing  c h a r a c t e r i s t i c s  f o r  a t t r i b u t e s  acceptance  

p l a c s  a r e  computed a s  fol lows:  

x=c 

x=o 
P = 1 Cn,,pX(1 - 

ir. which 

P = p r o b a b i l i t y  of acceptance 

n = sample s i z e  

P 

C = acceptance number, maxinw: allowable n m b e r  o f  d e f e c t i v e  

= f r a c t i o n  d e f e c t i v e  o f  t h e  pcpula t ion  

items in t h e  s a q l r  
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C = number of p o s s i b l e  combinations of m items t a k e n  n a t  a 
m,n t i m e  = m!/(n!(m - n)!) 

X = summation v a r i a b l e  

In terms of t h e  binomial d i s t r i b u t i o n ,  the  l o t  p e r c e n t  d e f e c t i v e  would 

be expressed a s  loop. This d i s t r i b u t i o n  was used t o  develop Table 2 .  

The es t imates  of l o t  percent  d e f e c t i v e  f o r  t h e  s t a n d a r d  d e v i a t i o n  

method contained i n  Table 4 a r e  obtained by numerical ly  i n t e g r a t i n g  t h e  

b e t a  d i s t r i b u t i o n  func t ion  (13): 

x = Max(0, 1/2 - Q\/;;/(2(n - 1))) 

p = Jp(a,b,x) dx 

x = o  

(7) 

i n  which 

P = f r a c t i o n  d e f e c t i v e  of t h e  popula t ion  f o r  s i n g l e - l i m i t  
a p p l i c a t i o n s  ( f o r  double-limit  a p p l i c a t i o n s ,  two s e p a r a t e  
i n t e g r a t i o n  s t e p s  must b e  performed and t h e  results added 
t o  obta in  t h e  t o t a l  f r a c t i o n  d e f e c t i v e )  

P ( a , b , x )  = b e t a  d i s t r i b u t i o n  func t ion  

a , b  = parameters of t h e  b e t a  d i s t r i b u t i o n  = n/2 - 1 

n = sample size 

Q = q u a l i t y  index, (x - L)/S  o r  (U - X)/S f o r  s i n g l e - l i m i t  
a p p l i c a t i o n s ,  both required f o r  double-limit  a p p l i c a t i o n s  

- 

- 
X = sample mean 

S = sample s tandard devia t ion  

L,U = lower and upper s p e c i f i c a t i o n  l i m i t s  

X = i n t e g r a t i o n  v a r i a b l e  
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The area under t h e  beta  d i s t r i b u t i o n  obtained in this manner i s  t h e  

f r a c t i o n  d e f e c t i v e  which must be mul t ip l ied  by 100 t o  y i e l d  t h e  e s t i m a t e  o f  

p e r c e n t  d e f e c t i v e .  Although t h i s  i n t e g r a t i o n  can be done manually u s i n g  

t a b l e s  of the  b e t a  func t ion  ( 1 4 ) ,  - it i s  f a r  more p r a c t i c a l  t o  use computer 

a s s i s t a n c e  with subrout ines  developed s p e c i f i c a l l y  f o r  t h i s  purpose.  

The opera t ing  c h a r a c t e r i s t i c s  f o r  v a r i a b l e s  p l a n s  based on t h e  

s tandard  d e v i a t i o n  a r e  obtained by numerically i n t e g r a t i n g  the  n o n c e n t r a l  t 

d i s t r i b u t i o n  f u n c t i o n  (12):  - 

i n  which 

P = p r o b a b i l i t y  of acceptance 

t ( v , d , x )  = noncentral  t d i s t r i b u t i o n  func t ion  

V = degrees of freedom = n - 1 

n = sample s i z e  

b 

K = normal z-score assoc ia ted  wi th  each l e v e l  of p o p u l a t i o n  
percent  defec t ive  f o r  which t h e  computation i s  made 

= n o n c e n t r a l i t y  parameter = Kp 6 

P 

k = acceptance cons tzn t  

X = i n t e g r a t i o n  v a r i a b l e  

I f  the  acceptance procedure is s t a t e d  i n  term o f  t h e  maximum 

al1o;:able e s t i r a t e d  percent  defec t ive  (:I) r a t h e r  than t h e  minimm a l l o w a b l e  

7:alcc ( k )  of t h e  q u a l i t y  index ( Q ) ,  t h i s  must f i r s t  be conver ted  t o  a k 
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value using t ab le s  such as  Tables 4 ,  5 ,  o r  7 .  The i n t e g r a t i o n  s t e p  

ind ica ted  i n  Equation 8 may be performed manually using t a b l e s  of t h e  

noncentral  t d i s t r i b u t i o n  (12)  - although, l i k e  t h e  i n t e g r a t i o n  of the be ta  

d i s t r i b u t i o n  i n  Equation 7 ,  it is much more p r a c t i c a l  t o  use computer 

ass i s t ance .  Table 3 was generated in t h i s  manner. 

When these same operations a re  t o  be performed for acceptance p lans  

based on t h e  range (R) ,  minor modifications must be made t o  account f o r  t h e  

reduced degrees of freedom associated w i t h  range es t imates  of v a r i a b i l i t y .  

The following values a r e  obtained from Duncan (g): 

SAMPLE 
SIZE 

CONVERSION 
FACTOR (d;) 

DEGREES OF FREEDOM 
(RANGE METHOD) 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1.91 

2 .24  

2 . 4 8  

2.67 

2.83 

2.96 

3.08 

3.18 

3.27 

3.35 

3.42 

3.49 

3 - 5 5  

2.0 

2.9 

3.8 

4.7 

5.5 

6.3 

7.0 

7.7 

8 .4 

9 .o 

9 . 6  

10.2 

10.8  
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To o b t a i n  e s t i m a t e s  of l o t  percent  d e f e c t i v e  using the  range method, 

t h e  upper i n t e g r a t i o n  l i m i t  i n  Equation 7 must be changed (2) t o :  

x = Max(9, l/Z- d;Qj/(v+1)/2v) (9) 

i n  which 

X 

9 

V 

= i n t e g r a t i o n  v a r i a b l e  

= q u a l i t y  - index computed by t h e  range method, (Ti - L)/R or  
(U - X)/R f o r  s i n g l e - l i m i t  a p p l i c a t i o n s ,  b o t h  r e q u i r e d  f o r  
double- l imit  a p p l i c a t i o n s  

= f a c t o r  t h a t ,  when divided i n t o  t h e  range computed from the 
sample, converts  it i n t o  an e s t i m a t e  of t h e  s tandard  d e v i a t i o n  

= degrees of freedom ( the appropr ia te  n o n i n t e g e r  values 
a s s o c i a t e d  wi th  t h e  range method must be used) 

To develop opera t ing  c h a r a c t e r i s t i c  curves f o r  v a r i a b l e s  a c c e p t a n c e  

p lans  based on the range, Equation 8 may be used except  that it is 

necessary t o  account  f o r  t h e  appropr ia te  noninteger  degrees  o f  freedom 

assoc ia ted  with range es t imates  of v a r i a b i l i t y  (15). In  this case, it is 

necessary t o  compute two p r o b a b i l i t y  values  f o r  i n t e g r a l  degrees  o f  freedom 

i n  o r d e r  t o  o b t a i n  t h e  d e s i r e d  value by i n t e r p o l a t i o n .  

A POTENTIAL PROBLEM W I T H  VARIABLES PLAVS 

Although such occurrences a r e  r a r e ,  it i s  p o s s i b l e  when u s i n g  

v a r i a b l e s  acceptance p lans  t h a t  a l o t  may be judged r e j e c t a b l e  even though 

none of t h e  i n d i v i d u a l  t e s t  r e s u l t s  f a l l s  o u t s i d e  t h e  s p e c i f i c a t i o n  l i m i t s .  

Provided no fundamental assumptions (normal populat ion,  random sampling,  
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e t c . )  have been v io la ted ,  t h i s  i s  a t h e o r e t i c a l l y  c o r r e c t  r e s u l t .  The 

proper inference i s  t h a t ,  based on the mean and s tandard dev ia t ion  ( o r  

range) estimated from the  sample, the population percent  de fec t ive  is  

unacceptably la rge .  

This same r e s u l t  may a l so  be caused by one o r  more o u t l i e r s ,  t e s t  

r e s u l t s  that deviate  unusually f a r  from the  norm due t o  some as s ignab le  

cause such a s  equipment malfunction or  operator  e r ro r .  Because such a 

r e s u l t  may be challenged by a contractor  who i s  unfamil iar  with its 

t h e o r e t i c a l  b a s i s ,  and may i n  f ac t  be an ind ica t ion  of a breakdown i n  t h e  

sampling and t e s t i n g  process,  it is  advisable t o  i nves t iga t e  and reevaluate 

any l o t  re jec ted  i n  t h i s  manner. 

PAVEHEhT THICKNESS EXAMPLE 

A highway agency wishes t o  develop an acceptance procedure f o r  

pavement thickness  t h a t  i s  a s  uncomplicated as  poss ib le ,  involving no 

s t a t i s t i c a l  ca lcu la t ions  o r  spec ia l  t ab l e s .  The pavement w i l l  be  

considered s a t i s f a c t o r y  i f  a t  l e a s t  90 percent  of it has a th ickness  

g rea t e r  than the  design value.  Therefore, the  acceptable q u a l i t y  level 

(AQL) may be considered t o  be 10 percent defec t ive  and it i s  des i r ed  t ha t  

t h i s  l e v e l  of qua l i t y  have a r e l a t i v e l y  high p robab i l i t y  of acceptance. A t  

the o the r  extreme, i f  40 percent o r  more of the  pavement is less than t h e  

design thickness ,  it has been decided t h a t  t h i s  w i l l  be defined a s  t h e  

r e j ec t ab le  qua l i t y  l e v e l  (RQL) and a correspondingly low p r o b a b i l i t y  of 

acceptance i s  desired.  

Fcr  purposes of t h i s  example, su;pose t h a t  a s e l l e r ' s  r i s k  of a =  0.05 

a-d a buyer 's  r i s k  o f  6 = 0.10 are  desired.  The corresponding 
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p r o b a b i l i t F e s  of acceptance a r e  P = 0.95 a t  t h e  AQL and P = 0.10 a t  t h e  

RQL . 
The requirement f o r  s i m p l i c i t y  d i c t a t e s  an a t t r i b u t e s  p l a n .  When 

a t t r i b u t e s  acceptance procedures a r e  appl ied  t o  continuous d a t a  (thickness 

i n  t h i s  c a s e ) ,  t h e  l o t  s i z e  i s  considered t o  be i n f i n i t e .  By s c a n n i n g  the 

rows and coluions of Table 2, it i s  observed t h a t  a p l a n  with a sample size 

of n = 15 and a n  acceptance number of c = 3 produces very n e a r l y  t h e  

d e s i r e d  r i s k  levels .  (Because t h e  sample s ize  and acceptance number a r e  

d i s c r e t e  v a l u e s ,  it is not p o s s i b l e  t o  match t h e  r i s k s  e x a c t l y . )  The 

fol lowing r a l u e s  a r e  obtained:  

LGT PERCENT DEFECTIVE 

10 (AQL) 

20 

30 

40 (RQL) 

50 

PROBABILITY OF ACCEPTANCE 

0.94 

0.65 

0.30 

0.09 

0.02 

I t  caI; be seen from t h e s e  va lues  t h a t  t h e  b a s i c  o b j e c t i v e s  have been 

w e l l  s a t i s f i e d .  A good q u a l i t y  pavement having 1 0  p e r c e n t  d e f e c t i v e  o r  

l ess  w i l l  iaTe a p r o b a b i l i t y  of acceptance of a t  l e a s t  P = 0.94.  I f  t h e  

pavement i s  40 percent  d e f e c t i v e  o r  more, t h e  p r o b a b i l i t y  o f  a c c e p t a n c e  

w i l l  be P = 0.09 o r  less. 

The ccrnFleted acceptance procedure w i l l  r e q u i r e  t h a t  n = 15 c o r e s  be 

taken a t  rsnc3m l o c a t i o n s  wi th in  a s p e c i f i e d  l o t  size. Because a t t r i b u t e s  

acceptance z h t o r y  makes no assumptions about t h e  d i s t r i b u t i o n a l  form of  t h e  
, 
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popula t ion ,  t h e r e  i s  considerable  l a t i t u d e  t o  d e f i n e  t h e  l o t  size i n  a n y  

manner t h a t  t h e  highway agency feels i s  appropr ia te .  Provided t h a t  no more 

t h a n  c = 3 cores  a r e  less than t h e  design th ickness ,  the l o t  w i l l  be judged  

t o  be acceptab le .  

GRADATION EXAMPLE 

An acceptance procedure i s  t o  b e  prepared f o r  a crushed stone b a s e  

course.  The percentage by weight of  m a t e r i a l  pass ing  the #200 sieve is 

known t o  be a s i g n i f i c a n t  performance c h a r a c t e r i s t i c .  Experience has shown 

t h a t  bases  having 7.0 percent  o r  l e s s  o f  minus 8200 m a t e r i a l  have performed 

w e l l  b u t  bases  exceeding 10.0 percent  of minus #200 material have p o o r  

s t a b i l i t y  and drainage and tend t o  be  f r o s t  s u s c e p t i b l e .  For t h i s  example, 

it i s  assumed t h a t  an  a n a l y s i s  o f  h i s t o r i c a l  d a t a  has  shown the test  

r e s u l t s  on minus #ZOO m a t e r i a l  t o  b e  approximately normally d i s t r i b u t e d  

w i t h  a t y p i c a l  s tandard devia t ion  of about  U =  1 .0  p e r c e n t .  

The information provided i n  t h i s  example is  s u f f i c i e n t  t o  develop a 

workable acceptance p l a n  but  it i s  n o t  i n  t h e  most u s e f u l  form. For t h e  

types  of acceptance p lans  covered i n  Standard R9, d e f i n i t i o n s  o f  a c c e p t a b l e  

and unacceptable q u a l i t y  must be s t a t e d  i n  terms of  t h e  p e r c e n t a g e  o f  

m a t e r i a l  f a l l i n g  o u t s i d e  some s p e c i f i c a t i o n  l i m i t  ( o r  p a i r  of l i m i t s ) .  

I n s t e a d ,  t h e  information i s  presented i n  terms o f  two average levels o f  

minus #ZOO m a t e r i a l  t h a t  experience has shown have produced s a t i s f a c t o r y  

and u n s a t i s f a c t o r y  r e s u l t s ,  r e s p e c t i v e l y .  As a reasonable  approximation,  

t h e s e  average va lues  can be assoc ia ted  with t h e  t y p i c a l  s tandard  d e v i a t i o n  

of (J = 1 .0  percent  by means of  normal d i s t r i b u t i o n  t h e o r y  t o  p r o v i d e  

guidance in e s t a b l i s h i n g  both t h e  AQL and t k s  RQI, i n  terms o f  p e r c e n t  
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defect ive.  The acceptance plan w i l l  then perform as  des i red  as long a s  t h e  

standard deviat ion i s  reasonably close t o  the t y p i c a l  va lue  and, i f  

conservatively designed, it should provide ample p r o t e c t i o n  even when t h e  

standard deviat ion i s  l a r g e r  than usual .  

Since there  i s  no reason t o  impose a lower limit on minus #200 

mate r i a l ,  t h i s  w i l l  be a s ing le- l imi t  spec i f ica t ion .  A l o g i c a l  choice f o r  

t h i s  l i m i t  i s  7.0 percent,  t h e  l eve l  of minus #ZOO m a t e d 1  t h a t  i s  known 

t o  be c l e a r l y  sa t i s f ac to ry .  I t  is  believed t h a t  the base w i l l  perform w e l l  

as long a s  90 percent o r  more of the mater ia l  has a minus #ZOO value  o f  7.0 

percent  o r  less. Therefore, the AQL is  defined as 10 p e r c e n t  d e f e c t i v e  

above the  l i m i t  of 7.0 percent.  This i s  a r e l a t i w l y  conserva t ive  

d e f i n i t i o n  because, even i f  t he  standard deviat ion were cons iderably  larger 

than t h e  t y p i c a l  value, there  i s  l i t t l e  chance t h a t  any of the ma te r i a l  ic. 

the  normal d i s t r i b u t i o n  representing AQL qua l i t y  would reach t h e  known 

c r i t i c a l  value of 10.0 percent  minus #ZOO mater ial .  The AQJ; i s  i l l u s t r a t e d  

i n  the upper diagram i n  Figure 3 .  

To determine the l e v e l  of percent defect ive t o  be def ined  a s  t h e  RQL, 

it i s  noted t h a t  i f  t h i s  same d i s t r ibu t ion  had 50 percent  of i t s  m a t e r i a l  

above t h e  l i m i t  of  7 .0  percent ,  i t s  upper t a i l  would extend j u s t  t o  the 

c r i t i c a l  value of 10.0 percent minus 8200 mater ia l .  On those f e w  occas ions  

t h a t  t h e  standard deviat ion was subs t an t i a l ly  la rger  thzn the t y p i c a l  va lue  

of D = 1.0 percent,  a r e l a t ive ly  small por t ion  of t h e  d i s t r i b u t i o n  would 

extend above t he  c r i t i c a l  value of 10.0 percent.  As the  amount of m a t e r i a l  

exceeding 7 .0  percent minus #200 mater ial  increases  above 50 pe rcen t ,  

however, progressively more w i l l  exceed the c r i t i c a l  vzlue o f  10.0 pe rcen t  



WEED - 31 - 

DlSTR18UTIONS O F  M I N U S * 2 0 0  TEST RESULTS 

( BASED ON T Y P I C A L  O =  1.0 1 

/ \  10 PERCENT 

7.0 

KNOWN 
S A T  I SFACTORY 

VALUE 
( P E R C E N T )  

t 

5 0  P E R C E N T  

7.0 10.0 
t 

KNOWN 
CRITICAL 
V A L U E  

( P E R C E N T )  

Figure 3. Illustration of d e f i n i t i Q n s  o f  AQL and RQL f o r  gradation 
exarcole. 
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and performance problems might be expected t o  develop. T h i s  p r o v i d e s  a 

r a t i o n a l  b a s i s  f o r  d e f i n i n g  t h e  RQL as  50 percent  d e f e c t i v e  above t h e  l i m i t  

of 7 . 0  percent  minus #I200 m a t e r i a l ,  a s  i l l u s t r a t e d  i n  t h e  lower diagram i n  

F igure  3 .  

For t h i s  example, it w i l l  be  assumed t h a t  t h e  highway agency wishes t o  

c o n t r o l  both t h e  sel ler ' s  r i s k  and t h e  buyer ' s  r i s k  a t  a = 6 = 0.05. The 

requi red  acceptance p r o b a b i l i t i e s  a t  t h e  AQL and RQL a r e  P = 0.95 and 

P = 0.05,  respec t ive ly .  I t  i s  seen from Table 3 t h a t  a v a r i a b l e s  p l a n  

w i t h  a sample s i z e  of n = 8 and a maximum a l lowable  es t imated  p e r c e n t  

d e f e c t i v e  of M = 26 meets these  requirements.  

LOT PERCENT DEFECTIVE 

10 (AQL) 

20 

30 

40 

50 (RQL) 

60 

PROBABILITY OF ACCEPTANCE 

0.95 

0.70 

0.38 

0.16 

0.05 

0.01 

A s u i t a b l e  l o t  s i z e  must be chosen and t h e  method of tes t  s p e c i f i e d .  

Because v a r i a b l e s  acceptance theory assumes sampling from a normal 

popula t ion ,  care  must be taken not  t o  combine d i s t i n c t l y  d i f f e r e n t  

populat ions i n t o  a s i n g l e  l o t .  The acceptance procedure w i l l  r e q u i r e  t h a t  

t h e  mean ( X )  and s tandard devi2t ion (S )  be c a l c u l a t e d  from n = 8 random 

san2les 2nd u s e d  t o  compute t h e  Q s t a t L s t i c  i n  Equation 10. The c o r r e -  

spon6ing percent  d e f e c t i v e  estimace i s  obtzined f r o 3  t a b l e s  such a s  T a b l e  4 

- 
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o r  t h e  t y p e  presented  a s  Table 5 .  F o r  the lot t o  be judged a c c e p t a b l e ,  the 

es t imated  p e r c e n t  d e f e c t i v e  must be no l t r g e r  than M = 2 6 .  (Alternatively, 

i t  could be requi red  t h a t  t h e  Q s t a t i s t i c  be equal  t o  o r  g r e a t e r  than 

k = 0.665.)  

7.3 - x 
Q =  S 

PAY ADJUSTMENT CLAUSES 

Because it i s  seldom p o s s i b l e  t o  def ine  a s i n g l e  level of  q u a l i t y  that 

d i f f e r e n t i a t e s  between s a t i s f a c t o r y  and u n s a t i s f a c t o r y  work, it has become 

customary t o  d e f i n e  two d i s t i n c t l y  d i f f e r e n t  q u a l i t y  l e v e l s  -- t h e  AQL and 

t h e  RQL -- when developing s t a t i s t i c a l  acceptance procedures.  The AQL 

r e p r e s e n t s  a c l e a r l y  acceptab le  l e v e l  o f  q u a l i t y  t h a t  t h e  highway agency 

expects  t h e  c o n t r a c t o r  t o  d e l i v e r .  The RQL r e p r e s e n t s  a much lower  level 

of q u a l i t y  t h a t ,  when d e t e c t e d ,  requi res  some s o r t  of remedial  a c t i o n .  

I n  a c t u a l  p r a c t i c e ,  highway agencies a r e  o f t e n  faced w i t h  t h e  dilemma 

of having t o  d e a l  with marginal q u a l i t y ,  items of work t h a t  f a l l  between 

t h e  AQL and t h e  RQL. Many agencies hzve found t h e  use o f  a d j u s t e d  p a y  

schedules ,  which award payment i n  proport ion t o  the  q u a l i t y  r e c e i v e d ,  t o  be 

a p r a c t i c a l  and e f f e c t i v e  s o l u t i o n .  Ths p e r c e n t  d e f e c t i v e  parameter ,  upon 

k-hich t h e  rev ised  vers ion  of Standard 29 i s  based, i s  p a r t i c u l a r l y  w e l l  

s u i t e d  f o r  this purpose. For  the reader i n t e r e s t e d  i n  pursu ing  t h i s  
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ref inement ,  t h e  development of pay adjustment c l a u s e s  i s  e x t e n s i v e l y  

covered i n  t h e  r e c e n t  l i t e r a t u r e  (1 - 3,  16 - 22). 

SUMMARY AND CONCLUSIOKS 

A major r e v i s i o n  of AASHTO Standard R9, Acceptance Sampling Plans f o r  

Highway Cons t ruc t ion ,  was descr ibed.  The primary g o a l s  were t o  c o r r e c t  

s e v e r a l  t e c h n i c a l  f laws and t o  reduce t h e  level  o f  complexity o f  t h e  

s tandard .  The new v e r s i o n  i s  or ien ted  around the  concept  of p e r c e n t  

d e f e c t i v e  a s  t h e  q u a l i t y  measure and advocates t h e  s t a n d a r d  d e v i a t i o n  

method i n  favor  of t h e  less e f f i c i e n t  range method f o r  v a r i a b l e s  acceptance  

p l a n s .  Severa l  new t a b l e s  were developed, i n c l u d i n g  o p e r a t i n g  

c h a r a c t e r i s t i c  t a b l e s  €or a wide range of  both a t t r i b u t e s  and v a r i a b l e s  

acceptance p l a n s ,  and it was demonstrazed by computer s i m u l a t i o n  t h a t  

s i n g l e - l i m i t  v a r i a b l e s  opera t ing  c h a r a c t e r i s t i c  curves a r e  s u f f i c i e n t l y  

a c c u r a t e  f o r  most double- l imit  a p p l i c a t i o n s .  F i n a l l y ,  two examples were 

presented  t o  i l l u s t r a t e  t h e  use of t h e  rev ised  s tandard .  
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1 SCOPE 

This recommended pract ice  provides guidance in  t h e  prepara t ion  a n d  

application of acceptance  p!ans fo r  highway mater ia ls  and construct ion i tems .  

2 GENERAL PROVISIONS 

2.1 Requirements of Acceptance Plans 

2.1.1 The  primary objective is to communicate  in a dear  a n d  

unambiguous manner  exact ly  what is desired. A particular specif icat ion r equ i r e -  

ment  must  be explicit and subject to one, and only one, in te rpre ta t ion  by th, 

engineer, t h e  cont rac tor ,  t h e  mater ia ls  supplier, t h e  accountant ,  and t h e  lawyer .  

2.1.2 To avoid potential legal disputes, t h e  cont rac tor  should be 

given most  of t h e  responsibility fo r  controlling the  construction process  w h i l e  

the  highway agency should be  primarily responsible for  judging the  a c c e p t a b i l i t y  

of t h e  finished work through the  use of properly designed acceptance  plans. 

2.1.3 The  acceptance  plan should be real is t ic  in def in ing  

acceptab le  (AQL) and rejectable  (RQL) quality levels. The AQL should be set 

high enough to  sat isfy design requirements but not so high tha t  ex t r ao rd ina ry  

methods or  mater ia l s  will be required. The RQL should be set low enough so t h a t  

t he  decision to r e j ec t  is t ruly justified. 

2.1.4 All acceptance  plans based on fractional sampling and t e s t i n g  

a r e  subject  to t h e  risk of making incorrect  decisions. I t  is t h e  responsibility of 

the designer of an acceptance  plan t o  control t he  risks at suitably low levels. 

2.1.5 The choice of sample s ize  must s t r ike a balance b e t w e e n  

pract icai  limitations on t h e  nulnber  of samples tha t  can  be processed and  t h e  

need for larger  samples  to  obtain more precise information ( l a g e r  risks). 

2.1.6 Vathematical  and srat is t lsal  principles must be appl ied  

corr?ct!y but t h e  actual  mechanics of the acceptance  procedure should be s i m p i e  

and s t ra ightforward,  not reqdiring an understanding of t he  underlying theory.  
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2.1.7 T h e  plan must Sf: suitable for use by t h e  highway industry. I t  

mus t  be applicable to t h e  various types of mater ia ls  and construct ion procedures  

and must be adaptable  to varying rates of production. 

2.2 Meas- of Quality Used in this Guideline 

2.2.1 The  measure of quality used in this guideline is the LOT 

PERCEKT DEFECTIVE. This represents  t h e  percentage of t h e  population (Iot) 

t h a t  fa l ls  outside a single lower or upper specification l imit ,  or outs ide  bo th  

lower and upper limits, as i l lust ra ted in Figure 2.1. 

2.2.2 This  approach is appropriate  when t h e  percent  de fec t ive  is 

believed to be more  strongly associated with t h e  u l t imate  per formance  of t h e  

product  than  t h e  mean or some other  s ta t i s t ica l  parameter .  

3 TYPES OF ACCEPTANCE PLANS 

3.1 Acceptance Plans for Inspection by Attributes 

3.1.1 Acceptance plans for  inspection by a t t r ibu tes  are used when 

i t  is imprac t ica l  or  undesirable to measure t h e  specif ic  value of a qual i ty  

cha rac t e r i s t i c  and, instead, each  inspected i t e m  is classified as e i t h e r  satis- 

f ac to ry  or unsatisfactory. The  typical application involves t h e  COUNTING of 

some type  of defec t ,  such as t he  number of chipped bells in a lot of c o n c r e t e  

pipe. 

3.1.2 Attr ibutes  procedures may also be used with cont inuous d a t a  

whe? the fa i lure  to satisfy the  normality requirement  precludes t h e  use of 

varisbles plans. 

3.1.3 Like the variabies acceptance  procedure described in Sec t ion  

3.2, attribtites plans a r e  designed to  control t h e  percent  defec t ive  of t h e  

?o?;J:atio? (lot). However, there  are t h e  following distinct differences: 

3.1.3.1 The decision reached is ACCEPT or  XEJECT, no 

es:.-,s:e 2 :  lot percent  defect ive is made. 
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SINGLE - LIMIT SPECIFICATION 

PERCENT D!STRIBUTION OF 
CHARACTERISTIC D E F E CTIVE 

t 
L O W E R  
LIMIT 

D O U B L E  - LIMIT SPECIFICATION 

PERCENT DISTRIBUTION OF 
DEFECTIVE CHARACTERISTIC 

t 
L O W E R  
LIMIT 

t 
UPPER 
LIMIT 

FIGLIRE 2.1 I;i>;stratim of :ne Concep; of ?ercent  a e f e c t i v e  
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3.1.3.2 The  population being sampled need not be  normally 

dis t r ibuted as i t  mus t  be f o r  variables procedures. 

3.1.3.3 The a t t r ibu tes  procedure is less s ta t i s t ica l ly  

e f f ic ien t ,  requiring a larger  sample  s ize  fo r  a given discriminating power.  

3.1.3.4 An a t t r ibu tes  plan may be based on a s ingle  

sample,  if desired. The variables plans described in this s t anda rd  requi re  a 

sample size of at least  n = 3. 

3.2 Acceptance Plans for Inspection by Variables 

3.2.1 Acceptance  plans for inspection by var iables  usual ly  apply to 

quality charac te r i s t ics  t h a t  c a n  be MEASURED ra ther  t han  COUNTED and 

involve t h e  computat ion of s ta t i s t ica l  parameters .  

3.2.2 Like t h e  a t t r ibu tes  acceptance  procedure: descr ibed in 

Sect ion 3.1, variables plans a r e  designed to control t h e  pe rcen t  d!efective of t h e  

population (lot). Unlike t h e  a t t r ibu tes  procedure, a n  e s t i m a t e  of pe rcen t  

defec t ive  can  b e  made  which provides t h e  basis f o r  an ACCEF'T or  RESECT 

decision. 

3.2.3 As a general  rule, variables plans are more s ta t i s t ica l ly  

e f f ic ien t  than a t t r ibu tes  plans, providing grea te r  discriminating power f o r  a 

given sample  size. 

3.2.4 Fundamental  s ta t i s t ica l  parameters  required for  t h e  applica- 

t ion of t h e  variables procedure presented in this section a r e  the ?*4EAN and t h e  

STANDARD DEVIATION, computed as shown in Equations 3.1 and 3.2. 

i=n 



i=n 

= i = l  
1 (Xi - XI2 J n - 1  (3.2) 

in which 
- 
X sample  mean 

S = sample  standard deviation 

Xi = individual sample values 

n = sample  s ize  

3.2.5 Because t h e  variability of t h e  population is being e s t i m a t e d  

by t h e  standard deviation computed f rom t h e  sample,  a c c e p t a n c e  plans of this 

type  a r e  o f t en  re fer red  to as "variability-unknown" plans. 

3.2.6 In order  t o  e s t ima te  t h e  LOT PERCERT DEFECTIVE, i t  is 

f i r s t  necessary t o  compute  one or two QUALITY INDEX (Q) values,  us ing  e i t h e r  

or both of Equations 3.3 and 3.4 ,  as appropriate.  

x -  L 
QL = 7 (3.3) 

(3.4) 

in which 

Q = quality index 

s = szmple mean 

S = sample standard deviation 

L, L' = 

- 

lower  and v?psr sptcificaTion l imits  ou ts ide  of which 

The m a t e r i d  3: ~ . x k  is defined to  be de fec t ive  



3.2.7 The  e s t ima te  of LOT PERCENT DEFECTIVE associated wi th  

any specif ic  Q value and sample size is obtained from t h e  t a b l e  in  Appendix C. 

I t  will be observed when using this t a b l e  that  a sample size of at l eas t  n = 3 is 

required for this type  of variables acceprance procedure. 

3.2.5 For cases in which there a r e  BOTH LOWER AND UPPER 

SPECIFICATION LIMITS, both Equations 3.3 and 3.4 a r e  used a n d  t h e  

INDIVIDUAL ESTIMATES OF PERCENT DEFECTIVE ARE ADDED to obtain t h e  

LOT PERCENT DEFECTIVE. (Note thaz it is NOT correc t  to add t h e  individual 

Q values and then  determine t h e  percent defective.) 

3.2.9 Normality Tests for Variables Data 

3.2.9.1 A basic assumption of variables a c c e p t a n c e  t h e o r y  

is t h a t  t h e  population (lot) t ha t  is being sampled is normally distributed. Many 

construct ion character is t ics  have been found to closely approximate  this distri- 

bution. However, before  deciding t o  use 2 variables accep tance  procedure,  a n  

a t t e m p t  should be made  to  verify that  t h e  assamption of normali ty  is reasonably 

sat isf ied.  Once this determination has See? made,  i t  is assumed to apply t o  all 

fu ture  production and fur ther  normality t e s s  would not routinely be performed.  

3.2.9.2 I t  may be sufficient to visually check  his tograms of 

construct ion d a t a  to verify t h a t  the  population being sampled is approximate ly  

normally distributed, or  t o  rely on various piblished studies. 

3.2.9.3 If a quanti;at:ve procedure capable of producing a 

conclusion at a prescribed level of cozfidence is desired, t h e  chi-square 

goodness-of-fit tes t  is recommended. 1 ;le derails of this  test m a y  be found in 

many s tandard stjtisticll texts. 

-. 

3.2.9.4 If the  ass.:n:;tion of ;.,crmdIty is not m e t ,  t w o  

rerned:es are p3ssij le.  .i greater numbe: 31 acceFtazze t e s t s  c a n  be performed 
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so tha t  averages of two or more  tes t s  can be used in place of individual tests. 

This strongly increases  the  tendency toward normality. Alternat ively,  an  

a t t r ibu tes  p r x e d u r e  can be used which is uninfluenced by t h e  distributional f o r m  

of the  population. 

3.3 Other Types of Variables Plans 

3.3.1 Variables plans may also be of the  "variability-known" type ,  

in which t h e  standard deviation of the  product is assumed t c  be cons t an t  and 

knoxn in advance. However, since i t  is usually one of t h e  objec t ives  of a 

s ta t is t ical  specification to  encourage and reward a grea te r  degree of uniformity, 

this  approach may be  counterproductive. Since conditions warran t ing  the  use of 

t h e  "variability-known" procedure rarely exis t  in t h e  highway field, this  me thod  

has not been developed in this standard. 

3.3.2 VariaLles plans rnay also be based on t h e  r ange  (R) as t h e  

measure of vx izb i l i ty  and many sat isfactory plans of this t ype  are in exis tence.  

The  s teps  necessary to develop acceptance  plans based on t h e  range a r e  out l ined 

in Appendix D. However, i t  is expected t h a t  the standard deviation me thod  will 

be  the method of choice for most fu ture  applications for  t h e  following reasons: 

3.3.2.1 The standard deviation method is more  s ta t i s t ica l ly  

e f f ic ien t ,  r e q i r i n g  smaller  sample sizes t o  provide an equivalent  degree  of 

quality a s s x a n c e .  This t rans la tes  directly into cost savings. 

3.3.2.2 The standard deviation has be t t e r  ma themat i ca l  

prop2rties thzn :he range for  various subssqdent s ta t i s t ica l  anzlyses tha t  might  

be performed. 

3.3.2.3 Secaus? the xanda rd  dev ia t im  is computed  f rom 

311 i h e  data valc?s, ra ther  Than th-2 two ex t r eme  values, i t  is less sensi t ive than 

the  range to  p x j i 5 l e  ouf .3rs .  
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3.3.2.4 T h e  standard deviation method is admin i s t r a t ive ly  

s impler ,  avoiding t h e  need f o r  t h e  subgrouping rules advoca ted  w i t h  t h e  r ange  

method. 

3.3.2.5 Most scient i f ic  calculators  now enab le  t h e  s t anda rd  

deviation t o  be  computed  with a single keystroke, nega t ing  t h e  previous 

cornputational advantage  of t h e  range. 

4 GUIDELINES FOR DEFINING AND MEASURING Q U A L I N  

4.1 Genera l  Considerations 

4.1.1 In the  highway construction field, it is se ldom possible to 

define a single level  of quali ty t h a t  dist inctly d i f fe ren t ia tes  b e t w e e n  sa t i s f ac to ry  

and unsat isfactory work. Xowever, i t  usually is possible to de f ine  a desired leve l  

of qual i ty  tha t  is c lear ly  acceptable ,  and another lower l eve l  of qual i ty  t h a t  i s  

considered to be  so poor t h a t  it would b e  totally unacceptable.  This provides two  

convenient  re ference  points f rom which an accep tance  p rocedure  can b e  

developed. 

4.1.2 For purposes of this standard,  quali ty is de f ined  in terms of 

PERCENT DEFECTIVE, i.e., t h e  percentage of mater ia l  or work fal l ing ou t s ide  

s t a t ed  specif icat ion limits. 

4.1.3 When s ta t i s t ica l  l imits a r e  derived f rom his tor ica l  d a t a ,  c a r e  

must b e  exercised to assure  tha t  the  data re f lec t  t he  normal  var ia t ions of  t h e  

measured property. In some  cases ,  cur ren t  specif icat ion l imi t s  have  evolved  

f rom nonrandom sampling Techniqces (perhaps resampling) or they  m a y  r ep resen t  

d i f fe ren t  tes t  me7hods. For  excn? ie ,  when applying Marshall voids  c r i t e r i a ,  

iiinits based on t h e  bulk s?e:,fic graviry of aggregates  would not be appro?ria:e 

fx -.?parent specAfic  g rav i t j .  
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42 Characteristics Used for Acceptance  

4.2.1 A SIGNIFICANT CHARACTERISTIC is one  t h a t  d i r ec t ly  

affects the  p t r formance  or appearance of a mater ia l  or item o f  construct ion.  As 

such, i t  is a n  indicator of quality. 

4.2.2 A pract ical  acceptance  plan should define quality i n  t e r m s  of 

real is t ic  leve!s of percent  defect ive of significant character is t ics .  

4.2.3 If a well established performance-versus-quality re la t ionship  

does not exis:, or if t he  character is t ic  of in te res t  Is not  readily measurable  by a 

standard acceptance  test, i t  may be necessary t o  base the  accep;ance plan on  

t h e  percen; aef ec t ive  of some other  measurable property t h a t  is co r re l a t ed  w i t h  

t h e  charac te r i s t ic  of interest. 

43 Selection of Test Method 

4.3.1 If possible, a standard test method should 5e used. Both t h e  

procedure and any necessary equipment mus t  be described o r  c i t e d  in t h e  

acceptance  specification. 

%.3.2 The  t e s t  method must be pract ical  and economical .  T h i s  

involves consideration of equipment costs, level  o i  operator  skill required,  t h e  

length of t i n e  required to perform a test, and the  possibility of ob:aining t i m e l y  

r e s d t s  when r tmedia l  action is possible. 

3.3.3 The test method should b e  both A C C U R A T E  and P R E C I S E  to 

qualify as t h e  5asis f o r  acceptance  decisions. 

L.3.3.1 Individual tes t  resu!:s will always s t ray  f rom t h e  

trcle pop.1la5c-1 parameter  to some exten t .  If  a large number of t e s t s  could Se 

performed 07 iden:::z!ly th? same prDduct, the iest resulrs wou!d not be 

identica! bcz . - .3 .~!1  52 s?read oxt in so’ne f a r m  of s;atlstical dis t r ibJt ion.  

2.3.3.2 Tne te rm .iZCIJ’R,iCY rzfers  70 t?e degree  to 
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which t h e  mean of this distribution tends to coincide wi th  the  true population 

parameter .  

4.3.3.3 The term PRECISION r e f e r s  to  the  degree  of 

disF?rsion of this  distribution. The  concept  of good precision impl ies  a na r row 

distribution of repl icate  test results. 

4.3.3.4 A test method may be accu ra t e  without  being 

precise, and vice versa. 

4.3.3.5 A method with less inherent  precision may be  

preferable  to a more precise rnerhod if a la rge  number of test results c a n  be 

obtained quickly and inexpensively. The overall precision improves  as t h e  square  

root  of t h e  number of individual test results t h a t  are averaged together .  

4.3.3.6 For some types of tests, it is impossible or 

impract ical  t o  ever  know t h e  t rue  value of t h e  population pa rame te r .  In t h e s e  

cases, t h e  accuracy of an individual inspector or laboratory can b e  approximately 

judged by comparing the  individual results with t h e  grand mean obta ined  f r o m  

many par t ic ipants  performing t h e  test under careful ly  cont ro l led  conditions. 

This is t h e  basis for  some laboratory accredi ta t ion tests. 

4.3.3.7 A test method tha t  i s  not a c c u r a t e  is said to b e  

BIASED. Steps should be  taken to avoid t h e  potent ia l  for bias  t h a t  might resu l t  

f rom nonstandard equipment or procedures or f rom untrained operators .  

4.3.3.8 The percent  defect ive e s t ima ted  f rom a sample by 

t h e  method described in Section 3.2 is known to be a n  a c c u r a t e  (ma themat i ca l ly  

unbiased) e s t ima te  of t h e  percent defec t ive  of the pcyulation being sampled. 

4.4 Definition of Quality Levels 

4.4.1 The ACCEPTABLE QUALITY LEVEL (AQL) a i d  XE3ECY- 

ABLE QUALITY LEVEL (RQL) are s p e 5 f i c  populsti3n (iot) CharkctPristics. 
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4.4.2 The AQL is tha t  level of percent  defec t ive  at or  below which 

t h e  work is considered to be completely acceptable. 

4.4.3 The  RQL is tha t  level of percent  defec t ive  at or  aSove which 

t h e  work is considered to  be sufficie3t!y unacceptable t h a t  repair  o r  r e p l a c e m e n t  

is warranted. 

4.4.4 The  basis for  these  definitians may b e  the  silbjective assess- 

men t  of a panel of knowledgeable engineers, historical records  o f  qua l i ty  

received and subsequent performance, o r  theoret ical  considerations. 

5 ACCEPTANCE CRITERIA, RISKS, AND CRITICALITY 

5.1 General  Considerations 

5.1.1 The  primary reason for  including numerical  l imi t s  in a n  

acceptance  plan is to  assure  conformance with design requirements .  T h e  

expected benefi ts  of Inore stringen; specif icat ion requirements mus t  be  ca re fu l ly  

weighed against t he  probable increase in  costs. 

5.1.2 The exac t  quality fo r  which the  buyer is willing to  p a y  should 

be specified in te rms  of real is t ic  and enforceable  limits of significant c h a r a c t e r -  

istics. 

5.1.3 The acceptance  c r i te r ia  must be s t a t ed  in t e rms  of lower, 

upper, or both lower and upper limits of significant charac te r i s t ics  ou ts ide  of 

which no inore than a specified percentage of t h e  work (or a maximum number  of 

test results in the  case of a t t r ibu tes  acceptance  plans) shall be allowed to fall. 

5.2 Acceptance  Criteria 

5.2.1 For ATTKIB1JTES p:ms,  t he  lot size, sam?ie size. and rn2xi- 

mum al lou.Ale number of unsst isfactory tes t  resIJ!:; is specified. 

5.2.2 For V.iRIL\i3L5S 3 1 ~ ~ s ~  t h e  last size, sample  size, m d  
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maximum allowable es t imated  percent  defec t ive  (M) is specified.  (Because i t  i s  

necessary to  allow for  random variabil i ty of t h e  sampling process, ne i the r  t h e  

AQL nor t h e  RQL is likely to b e  sui table  as t h e  specified maximum al lowable 

e s t ima ted  percent  defec t ive  of the acceptance  requirement .  A sa t i s f ac to ry  

value will usually be  found to lie somewhere between t h e  AQL and  t h e  RQL. 

This is  i l lustrated in t h e  examples  in Sect ion 12.) 

5.2.3 Alternatively,  in  place of maximum al lowable e s t i m a t e d  

pe rcen t  defect ive,  a VARIABLES plan with a s ingle  lower or upper l imi t  may  

specify t h e  minimum acceptab le  value (k) of t he  qual i ty  index (Q) c o m p u t e d  f rom 

t h e  sample in accordance  with Equation 3.3 or 3.4. For double- l imit  plans, it i s  

mathemat ica l ly  preferable  and administratively simpler to use only t h e  maxi- 

mum allowable e s t ima ted  percent  defec t ive  (MI. 

53 Types of Risks 

5.3.1 BUYER'S RISK (PI is the  risk of erroneously accep t ing  

unsat isfactory (RQL) work. 

5.3.2 SELLER'S RISK (a) is the  risk of erroneously re jec t ing  

sa t i s fac tory  (AQL) work. 

5.4 Factors Affecting Criticality 

5.4.1 From the  engineering viewpoint, each a c c e p t a n c e  plan should 

be  based on t h e  CRITICALITY of :he measured property as i t  a f f e c t s  s a fe ty ,  

per formance ,  or  durabiliry. In addition, legal and cont rac tua l  requi rements  

should be considered. The  word "criticality" has been se lec ted  for use in  this 

guideline to ex?ress the  overall concept  of re la t ive impor tance  of various 

fac tors .  The i a c c x s  to  be considered in determining cr i t icai i ty  are: 

Sa fe ty  - dznger to human liie. 
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Serviceabili ty - inconvenience and other  consequences,  including mil i tary,  

of disruption of service or  use of the road or bridge. 

Cost -- fo r  construction, conxo l ,  and maintenance or replacement .  

Legal and Cont rac tua l  Requi rements  -- clar i ty  of direct ions and in t e rp re -  

t a t ions  of requirements ,  responsibilities a i d  obligations; recogni t ion  of 

customary pract ice;  f a i r  and equi tahle  bidding and accep tance  procedures .  

5.5 Criticality Ratings 

5.5.1 For  classification purposes, t h e  following r a t ings  of 

cr i t ical i ty  a r e  suggested: 

Critica! - when t h e  requirement  is essent ia l  to  preservat ion of l i fe .  

Major -- when tSe  requirement  is necessary for t h e  p revendon  of substan- 

t i a l  economic loss. 

Yinor - when t h e  requirement  does  not mater ia l ly  a f f ec t  per formance .  

Cont rac tua l  -- when t h e  requirement  is established only to provide uni form 

s tandards  for  bidding. 

5.6 Guidelines for Choosing Risks According to Criticality 

5.6.1 A l a rge  buyer's risk indicates  a high probabili ty of a c c e p t a n c e  

for  p o x  ( R Q i )  or marginal qual i ty  work. Although this may  encourage  l o w e r  b id  

pr ices? it great ly  increases  t h e  likelihood for premature  failcrres and higher  

maintenance Costs. 

5 . 6 2  A l a rge  seller 's  Yisk will resu!: in t h e  unnecessary re jec t ion  of 

sa? is fxTory  (AQL) work and may  eventl-lally dr ive both t h e  quai i iy  and the p r i ce  

io unnecessarily high levels. 

5.6 .3  I: is ?he  resnznsibility of :he highway agency  to desig? 

acce;ra:ce ?!EX t h a t  control  :h? ris::s a? s*Ji:zb:? levels  appropr ia te  f x  t h e  
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degree  of cr i t ical i ty  of e a c h  application. The following t ab le  gives  probabi l i ty  

values  t h a t  have been suggested for specif ic  degrees of c r i t i ca l i ty ,  although i t  is 

recognized t h a t  IT MAY NOT ALWAYS BE NECESSARY OR PRACTICAL TO 

MATCH THESE IDEALIZED VALUES. 

Probabili ty of 
Acceptance  at RQL Probabili ty of Sel ler ' s  Risk  

Classif icat ion (Buyer's i i isk) Acceptance a t  AQL at AQL 

Cr i t ica l  

Major 

,Minor 

Cont rac tua l  

0.005 

0.050 

0.100 

0.200 

0.950 

0.990 

0.99 5 

0.999 

0.050 

0.010 

0.005 

0.00 I 

5.6.4 Ana!yzing t h e  risks associated with a n y  par t icu lar  a c c e p t a n c e  

scheme  is usually accomplished by construct ing operat ing c h a r a c t e r i s t i c  (OC) 

curves.  Methods to develop O C  curves are discussed in Sect ion 7. 

5.6.5 Either  or both the  buyer's and seller's risks m a y  b e  specif ied 

in select ing a suitable accep tance  plan although, because t h e  s a m p l e  size is a 

d iscre te  variable, i t  may not always b e  possible to  obtain precisely t he  desired 

risk levels. 

6 SELECTION OF LOT SIZE AND SAMPLE SIZE 

6.1 The selection of lo t  size is  d ic ta ted  primarily by p rac t i ca l i t y  and 

convenience although! for  variables accep tance  procedures, i t  is impor t an t  t o  

avoid combining :wo distincTly differe3; papulations. T h e  var iables  procedures  

described in this s tandard assume tha t  :he l o t  being sampled is a homogeneous 

nor.-naI distribu:ion. At t r ibu tes  accepyance procedures make no discributional 

as:;-n?tions ahd reqeire less cLre in dei.7ing lot  siz-s. 
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6.2 h m e  prac t ica l  l imitations ;ha: have been used to def ine  rnzximum 

lo t  sizes Zre a day's produczion of concrete ,  a par t icular  c o n c r e t e  i t e m  o r  

s t ruc ture ,  a mile  of roadway, a specified a rea  or a day's worth of paving, a 

productior; run of a prefabricated or  manufactured i t em,  etc. 

6.3 In  t h e  development of a starist ical  accepzance procedure,  t h e  sample 

size is geY2rally a mare important  consideration than  the lot s ize  because  th i s  

s t rongly i r , fhences  the  risks involved a i d ,  consequent!y, t h e  overall  e f f ec t ive -  

ness of :he qJal i ty  assurance program. 

6.9 The minimum sample size tha t  may be used depends upon t h e  t y p e  of 

a c c e p t a c e  procedure. The  variables acceptance procedures  described in  th i s  

s tandard r 3 q i r e  a sample size of at least  n = 3. Att r ibu tes  procedures  can be 

based 03 5 sir;gle sample,  if desired. 

6.5 A more  im2ortant  consideration in the  select ion of sample s ize  IS t h e  

analysis of t k  risks associated with the  acceptance  plan. Only by cons t ruc t ing  

t h e  operazing charac te r i s t ic  curves,  as described in Sect ion 7, c a n  i t  b e  

d s t e t m i n e t  ii t h e  sam?ie site is sufficient t o  enable  the  procedilre to properly 

discrimha:= between acceptab le  and unacceptable work. 

7 CONSTRUCTION OF OPERATING CHARACTERLSTIC CURVES 

7.1 D o k i t i o n  and Uses 

- t  :.-.I An operat ing characrer is t ic  (OC) curve is a graphical repre-  

senratio-. 2 i 23 acce7tmce plan's akili ty TO discr iminate  between accepTz3ie a n d  

unaccepii'Z.2 r o r k  -?\ typical exaTp ie  is s h w n  i n  ?-;'~r? 7.1. 
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P R O B A B I L I T Y  
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A C C E PTA N C E 
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7.1.2 The importance of construct ing OC curves  canno t  b e  over- 

emphasized. In this manner, t h e  risks t o  both t h e  highway agency  and  t h e  

cont rac tor  can be determined in zdvance  id, if necessary, modifications of t h e  

acceptance  plan can be made before  troublesome si tuat ions a r i se  in the  field. 

Severai examples  a re  presented in Section 12. 

7.1.3 The Construction of OC curves for a t t r i b u t e s  accep tance  

plans is relatively straightforward and may be accomplished with t h e  t a b l e s  in 

Appendix ,4 or t h e  computational procedure in .Appendix E. 

7.1.4 The theory underlying the construct ion of 3C curves  fo r  

variables acceptance  plans is considerably more complex and is beyond t h e  

technical  scope of this standard. Consequently, only a tabular  method i s  

provided in Appendix B. An outline of t h e  procedures used  to cons t ruc t  t h e  

tables  i s  given in Appendix E. 

7.2 Operating Charac ter i s t ic  Tables 

The tab les  in Appendix '4 and .4ppendix B provide t h e  d a t a  

necessary t o  construct  OC curves f o r  a t t r ibu tes  and  var iables  plans, 

respectively. 

7.2.1 

7.2.2 The ta5les  span a wide range of potent ia l ly  useful a c c e p t a n c e  

plans. Plans having relatively undesirable OC curves have been  omi t t ed  and  not  

all plans in these tables  will be sdi;sble for all situations. 

7.2.3 Because a t t r ibu tes  plans deal wi th  discrete  data, there  a r e  a 

f ini te  nuz+er of practicz! plans, m m y  of xhich  a r e  listed in  A p e q d i x  .4. T h e  

Tables ars c o n s t r l c x d  sc) ?fiat it wili never be necessary to i n t e r p d a t e  be tween  

acceptance  nutn5ers  ( c )  or between sample sizes up ta a sample size of n = 10. 

Some i n t e r p d a t i m  may bs necessar!: fa r  l i rge r  sample s izes  or for s ? i c i f i c  l o t  

sizes. d t h o u g h  the  DC curves a r e  relstively Insensitive TO lo t  size. 
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7.2.4 Because variables plans dea l  with continuous data, t h e r e  a r e  

an inf in i te  number of possible plans tha t  might be  used. For e i t h e r  evaluat ing a n  

exis t ing plan or choosing a new plan, i t  may b e  appropr ia te  to in te rpola te  

be tween t h e  variables plans l isted in Appendix B. 

73 Procedure for Using Tables in Appendix A and Appendix B 

7.3.1 Selec t  e i ther  Appendix A for  a t t r i bu te s  plans or Appendix B 

f o r  var iables  plans. 

7.3.2 Selec t  t h e  risk considered more c r i t i ca l  (buyer's or seller's) 

and s c a n  t h e  appropr ia te  table  to de termine  those plans t h a t  approximate ly  

ma tch  th i s  risk. 

7.3.3 Determine  f rom t h e  table  which of t h e s e  p ians  c o m e s  t h e  

closest t o  matching t h e  less  c r i t i ca l  risk. 

7.3.4 

risks as closely as possible. 

If necessary,  interpolate  between plans to m a t c h  t h e  desired 

8 ATTRIBUTES PROCEDURES FOR SMALL LOTS 

Appendix A provides operat ing charac te r i s t ic  information for lo t  sizes 

down to N = 20. If necessary,  accep tance  procedures for smal le r  lot s i zes  may 

b e  developed in  one  of t h e  following ways: 

8.1 Specify an accep tance  plan and use the  hypergeometr ic  fo rmula  in 

Appendix E t o  develop t h e  OC curve.  Repea t  this  procedure until  a sa t i s fac tory  

OC c u r v e  is obtained. 

5.2 Specify 100 percent  i n s p x t i o n  and state t h e  number of de fec t ive  

i t ems  t h a t  will b e  Tolerated in t h e  lot .  

5.3 Specify 100 percent  inspection and require tha t  any de fec t ive  i t ems  

be  repaired or replacpd. 
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9 RAXD3M SAMPLING 

9.1 Importance of Random Sampling 

9.1 .I Of t h e  various t i e o r e t i c a l  conditions upon which s t a t i s t i c a l  

accep tance  procedures a r e  based, t h e  =sumption of random sampling is o n e  o f  

t h e  most important .  Only when all vest izes  of personal bias are removed can  t h e  

laws of s ta t i s t ica l  probabili ty b e  rel ied *+on to function properly. 

92 Types of Random Sampling 

9.2.1 Random sampling is o f t en  defined as a manner  of sampling 

which allows every member of t h e  p o p k i t i o n  (lot) to have a n  equal oppor tun i ty  

of appearing in t h e  sample. 

9.2.2 T1.e most basic form of random sampling, somet imes  ca l l ed  

s imple r a n d o n  sampling, allows every  possible subset of the  required sample  s i z e  

t o  have an equal chance  of being selrzted.  This is t h e  least  r e s t r i c t ive  def in i t ion  

but  it has  t h e  drawback That t h e  saqde locations occasionally terid to be 

clustered. For  this  reason, mas: kghway  agencies  use some method of 

s t ra t i f ica t ion  to assure t h a t  t he  sam?le locations will be spread more  uni formly  

throughou: the work. 

9.2.3 Strat i f ied random sampling sat isf ies  the  fundamenta l  require-  

m e n t  of Sect ion 9.2.1 while avoiding the clustering problem by dividing t h e  lot 

inTo as m g y  equal-sized sublots ( s t r a t d  as there  a r e  samples  to  b e  drawn. A 

single r.nc3rn sample is then o 5 t a i n d  fra-n e a c h  sublo:. 

9.3 Random Sampling Procedures  

3.3.1 5;ratified sa:npljr.s “yans for highway c o n s i r x t i o n  i t ems  a r e  

designe? 13 s?:ead :he ssmples  t h r o u g i o x  t h e  work an3 :tnd to  be qui te  s imi la r .  

F i ~ s ? ,  mcs? p!ans divide the  lot :7x equal-sized su j lo t s  on t h e  basis of 
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a rea ,  weight,  or o the r  appropriate  measure.  Then, within each sublot, provisions 

a r e  made to select a single random sample. ;4 typical example  of th i s  approach  

is i l lustrated in F igure  9.1. The  uniform random numbers be tween zero and o n e  

a r e  obtained from standard tables  or may be genera ted  by computer .  

9.3.2 In pract ice ,  s o m e  agencies  ca r ry  this method one  s t e p  

fur ther .  In sampling bituminous concre te ,  for example,  i t  may  be more 

convenient  to  sample  direct ly  f rom t h e  appropriate  t rucks r a t h e r  t han  to w a i t  

unt i l  a f t e r  t he  mater ia l  has  been placed. In this  case, the  random loca t ions  in  

Figure 9.1 a re  used to de te rmine  which t rucks  are t o  b e  sampled. This is 

normally done in advance based on known to t a l  quantit ies and t r u c k  capaci t ies .  

9.3.3 For t h e  sampling of d iscre te  i tems, such  as sec t ions  of  

pipe, i t  may be desirable to devise variations of s t ra t i f ied  random sampling. 

10 RETESTING AND CORRECTIVE ACTION 

10.1 Retes t ing  Provisions 

19.1.1 U'hen t h e  original tests indicate  t h a t  a l a rge  or cos t ly  i t e m  

of work may  warrant  rejection, i t  i s  common pract ice  t o  per form a se r i e s  of 

r e t e s t s  before making t h e  final decision. This cons t i tu tes  a sequent ia l  

accep tance  scheme and will be dea l t  with in more  detail  in  a for thcoming 

s tandard.  

10.1.2 T?.s use of a re tes t ing provision, and t h e  e x a c t  manner  in  

which t h e  re tes t  results a r e  processed, both aiiect the  risks assoc ia ted  wilh t h e  

acc e p t ance  p r 2c e d 1-1 r e  . 
15.1.3 If 3 re test ing provision is to be used, it should be  descr ibed  

explicit ly in ti;e C O - I ~ T ~ C S  documents.  
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10.2 Corrective Action 

10.2.1 When the  acceptance  procedure l eads  t o  the conclusion 

t h a t  a particular lo t  of mater ia l  or i tem of work is 20 be re jec ted ,  t he  

specif icat ion must spell o u t  whatever  cor rec t ive  ac t ions  are to be  taken.  T h e s e  

ac t ions  will usually t ake  t h e  fo rm of options a t  t h e  d iscre t ion  of the highway 

agency.  

10.2.2 The most  obvious cor rec t ive  ac t ion  is to require the 

con t r ac to r  t o  remove  and rep lace  t h e  defec t ive  ma te r i a l  or I t e m  at no  addi t iona l  

expense  to the highway agency. This will not always be  a prac t ica l  course  of 

ac t ion ,  however, and  o ther  options must  be provided. 

10.2.3 Many highway agencies have e lec ted  to include pay  ad jus t -  

m e n t  c lauses  in t h e  specification so t h a t ,  a t  their  option, de fec t ive  work  m a y  be 

accep ted  at a predetermined level of reduced payment. 

10.2.4 Another method of dealing with r e j ec t ab le  work i s  to  

requi re  t h e  cont rac tor  to submit  a wr i t ten  plan f o r  co r rec t ive  ac t ion  to be 

accomplished at  no additional expense to t h e  highway agency. 

10.2.5 As a last resor t ,  i t  rney b e  necessary  to nego t i a t e  a 

s e t t l e m e n t  when a n  i tem of work is determined :o b e  re jec tab le .  

11 A POTENTIAL PROBLEM WITH VARIABLES PLANS 

11.1 .Although such occurrences arz r x e ,  i t  is possible when using 

variables accep tance  procedures t h a t  a lot  m ~ y  % judged r e j ec t ah le  even  though 

XONE OF T H E  INDIVIDUAL TEST RESULTS FdILLS OUTSIDE THE SPECIFICA- 

TION LLLIITS. Provided no fundamental  assu~ls:ions (normal ?opula:ion, ranaom 

sarrpling, at;.) h a v o  been violared, this is 5 r:-.?oreticaIly c c r r x t  result .  The  
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proper inference is  t h a t ,  based on t h e  mean and s tandard deviat ion e s t i m a t e d  

f rom the  sample,  t h e  population PERCENT DEFECTIVE is unacceptahiy large.  

11.2 This s a m e  result  may &so be caused by one  or more  out l ie rs ,  test 

resul ts  t h a t  deviate  unusually f a r  f r o m  the norm due to  some assignable  c a u s e  

such as equipment  malfunction or  o?erator  e r ror .  

11.3 Because t h e  result  described in Sect ion 11.1 may be chal lenged by a 

cont rac tor  who is unfamiliar with i t s  theore t ica l  basis, and m a y  in fact be  a n  

indication of a breakdown in t h e  ssmpling and tes t ing process, it is advisable  to  

invest igate  and reeva lua te  a n y  lot r t j e c t e d  in t h i s  manner .  

12 EXAMPLES 

12.1 Analysis of Atcributes Acceptance  Plan f w Precast Concrete 
Center Barrier 

12.1.1 An existing acceptance  plan for  precast  c o n c r e t e  c e n t e r  

barr ier  requires  t h a t  n = 10 sections be se lec ted  at rand3m and t h a t  var ious  

dimensional checks be periormed. The plan fu r the r  s t ipulates  t h a t ,  if m o r e  t h a n  

c = 2 of t h e  n = 10 test s e c t i o x  iai! t o  m e e t  t h e  prescribed dimensional  

tolerances,  t h e  en t i re  l o t  must be t e s t ed  at the supplier's expense and t h a t  all 

defec t ive  sect ions shall  be replaced at no ex t ra  cost t o  t h e  highway agency .  T h e  

maximum lo t  s ize  is specified to  be a single pr3duction run or i\! = 133 sec t ions ,  

wiiichever is  smaller.  There is no Tinimum 13: s ize  bl~: i t  is known f r o m  pas t  

e x p x i e n c e  that i t  is ra re ly  s m d l e r  :?ia N = 29. 

12.1.2 To analyze ::?is accep;ance p:oc%du:e, i t  is des i red  to 

constri lct  t h e  operat ing character isr lc  (K) curves i x  t i e  j x m d i n g  lot  s izes  of 
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N = 20 and N = 100. Because it  is possible t h a t  t h e r e  m i g h t  o c c a s i o n a l l y  b e  lot  

sizes smal le r  than  N = 20, t h e  OC c u r v e  f o r  a l o t  size of N = 10 will  a l so  be 

p lo t ted .  

12.1.3 The following informat ion  is obta ined  from A p p e n d i x  A for 

a s a m p l e  size of n = 10 and an a c c e p t a n c e  number of c = 2: 

LOT 
PERCENT 

DEFECTIVE 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

PROBABILITY OF ACCEPTANCE 

LOT SIZE = 20 LOTSIZE = 100 

1.30 0.99 

1.00 

0.89 

0.94 

0.83 

0.71 0.68 

0.50 

0.3 1 

0.17 

0.52 

0.37 

0.25 

0.98 0.15 

0.93 0.09 

0.Q 1 

0.9 

0 .Q 

0.05 

0.02 

0.01 

12.1.4 Although l o t  percent  d e f e c t i v e  is n o t  tr7dy a cont inuous  

var iab le  when t h e  l o t  size is f in i te ,  i t  is still usefill to plot t h e  O C  carves as if 

t h e y  were  cont inuous as has  been  done in  F-gure  12.1. Given t h e  f a t :  t h a t  mos t  

lo t  sizes will fall b e t w e e n  N = 20 and N = 123, These two curves  provide  p r a c t i c a l  

Dounds for t h e  probabili ty of a c c e p t a n c e  f s r  m y  !eve1 of s u b m i t t e d  qual i ty .  (For 

lo t  sizes of N = 10 ar f e w e r ,  t h e  lot is 195 ? e r c e n t  inspec ted  and tne OC c u r v e  

?lots as a ver t ica l  line.) 
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- 27 - 

12.1.5 Although an acceptable  quality level (AqL) has  no t  been 

defined in this example, a value t h a t  has o f t en  been used in highway appl icat ions 

is 10 percent  defective. In this example, i t  is seen t h a t  the probabi l i ty  of 

acceptance  for  a lot t ha t  is truly 10 percent  defec t ive  lies be tween P = 1.00 and 

P = 0.94, depending upon whether t h e  lot  size is N = 20 or N = 100, respect ively.  

This would probably be regarded as sat isfactory,  although this decision would b e  

up to t h e  highway agency. The  purpose of the  OC curves  is to provide t h e  

information upon which this  decision can  logically be  made. 

12.1.6 Another fac tor  t ha t  must be  considered is t h e  amoun t  of 

unnecessary retest ing t h a t  can be expected to occur  when t h e  process i s  t ru ly  

under control. I t  can  be seen f rom Figure 12.1 tha t ,  if most of t h e  lot sizes tend  

to run close to  N = 20, then lots t h a t  are t ruly 10 percent  de fec t ive  will a lmos t  

always b e  accepted and the  requirement for  100 percent  inspection will a lmos t  

never be  triggered. If t h e  lot sizes tend  to run closer to N = 100, t h e n  11)O 

percent  inspection will be  required about 6.0 percent  of t h e  t i m e  when t h e  lot is 

10 percent  defective. 

12.1.7 Like the AQL, no RQL (rejectable quality level)  has  been  

explicitly defined for  this acceptance plan. If, fo r  example, t h e  highway agency  

considered the dimensions of the  center  barrier to be of modera te  b u t  not  

c r i t i ca l  importance, i t  is possible tha t  the  lot  would n o t  be regarded  as 

re jec tab le  unless 50 percent  or  more of i t  was defective. If this were  t h e  case, 

t h e  present  plan would probably be considered qui te  satisfac?ory since, at 50 

percent  defecTive, there  is at  most a P = 0.05 probability of acceptance .  O n  t h e  

other  hand, if 30 percent defect ive were regarded as seriotlsly def ic ient ,  then  t h e  

present  plan might not be  satisfactory since the  probability of a c c e p t a n c e  a; 

tha t  level of quaiity lies between P = 0.31 and P = 0.37. 
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12.1.S I n  o rder  to  a x ! y z e  how the  plan will per form with t h e  

occasional lot sizes t h a t  fall  between N = 10 and N = 20, the OC curve  fo r  a lot 

s ize  of N = 10 has been plot ted in Figure 12.1. This appears  as a step func t ion  

becailse i t  represents  100 percent  sa;npling. The  smaller  lots a r e  no t  l ikely t o  

pose a problem because those  having 19 percent  defec t ive  or less will a lways be 

accr-?:ed and those having more  than  20 percent  de fec t ive  will a lways be 

rejezted and subjected to 100 percent  inspection. 

12.2 Analysis of Variables Acceptance PIan for Pavement Thickness 

12.2.1 An exis t ing accep tance  plan for  pavement  th ickness  

requires t h a t  n = 5 cores  be t aken  at random locations f rom each 5001) l inear  feet 

of paving, similar 70 t h e  diagram in  Figure 9.1. The  following a c c e p t a n c e  

re  qaire  m en t  is  specified: 

- 
X 5 Design Thickness + kS (12.1) 

in which 

X = sampl, mean 

S = sample  s tendard deviation 

k = 0.6 ( the  accep tance  constant)  

12.2.2 To evalua te  t h e  suitability of th i s  accep tance  plan,  i t  is 

To do this,  it is observed t h a t  t h e  f i rs t  necessary to  ColGruct  :he OC c x v t .  

acceprznce  requirement  in  Ecilation 12.1 can be rewri t ten in t h e  following form: 

- 
S - Design Thickness 

s ( I  2.2) 
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In t e r m s  of t h e  quali ty index (Q), i t  is seen to be of t h e  f o r m  descr ibed  i n  

Sect ion 5.2.3: 

Q ’ k  (12.3) 

12.2.3 The  following information is obtained f r o m  Appendix B by 

interpolat ing f o r  k = 0.6 between table values of k = 0.572 and k = 0.632 fo r  a 

sample  s ize  of n = 5. For  variables acceptance  procedures,  probabili ty of 

accep tance  is a continuous variable and has been  plotted as such i n  F i g u r e  12.2. 

LOT PERCENT DEFECTIVE 

10 

20 

30 

40 

50 

60 

70 

PROBABILITY OF ACCEPTANCE 

0.930 

0.7 10 

0.470 

0.265 

0.130 

0.045 

0.0 10 

12.2.4 Like t h e  previous example,  nei ther  t h e  AQL nor t h e  RQL 

has been  specified. If i t  is assumed tha t  the  highway agency would be willing to 

to l e ra t e  s p  to 10 percent  of t h e  pavement  having a thickness less t han  t h e  design 

value, Tnis implies t h a t  t h e  AQL is  10 percent  defect ive,  and t h e  corresponding 

?robabi!iTy of acceptance  is P = 0.93. Consequently,  approximately 7.0 percent  

of t he  !ox of this  (presumably satisfzictory) quali ty will be r e j ec t ed  by this  

2ccep:ance procedure. However, if rejec;el lots  a r e  subjected to f u n h e r  tes t ing  

k f x e  :Y f inal  decision is made, and 2 7.0 percent  re tes i ing  r a t e  is not 
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considered objectionable, this  may be regarded as a sa t i s fac tory  a c c e p t a n c e  

plan. 

12.2.5 At  t h e  other  extreme,  if 50 percent  or m o r e  of t h e  

pavement had a thickness less than t h e  design value, this migh t  be  cons idered  

unacceptable  and would imply that t h e  RQL i s  50 percent  defect ive.  If so, i t  c a n  

be seen f rom Figure 12.2 tha t ,  if such a defect ive pavement  were  cons t ruc t ed ,  

t h e  highway agency's risk of accept ing i t  would b e  only P = 0.13. 

12.2.6 As in t h e  previous example, the  AQL and RQL values  of 10 

and 50 pecent  defect ive,  respectively, have been assumed only for  discussion 

purposes. I t  is t h e  responsibility of t h e  highway agency to  dec ide  what  levels  are 

appropriate  for e a c h  particular application. 

12.2.7 The acceptance  requirement, given i n  Equat ions 12.1 

through 12.3, is presented in t h e  fo rm of a minimum accep tab le  value (k) of the 

quality index (Q). I t  could also be  given as a maximum al lowable e s t i m a t e d  

percent  defect ive (54). To determine what t h e  appropriate va lue  would be, i t  is 

necessary to interpolate in Appendix B to determine t h a t  a minimum a c c e p t a b l e  

value of k = 0.6 corresponds t o  a maximilm allowable e s t i m a t e d  pe rcen t  

defec t ive  of X I  = 29.1. For pract ical  purposes, this would probably b e  rounded 

off t o  M = 29. The acceptance  procedure utiiizing this  approach would read  as 

follows: 

12.2.7.1 Take n = 5 randomly loca ted  c o r e s  a?d 

determine t h e  corresponding thickness vaiucs. Compute  t h e  mean (% md 

standard deviation (S) and, f rom these, t h e  Q value in acco rdance  with 

Equation 12.4. 

- 
X - Desizi  Thickness 

Q =  c (12.4) 
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Consult Appeni ix  C to determine the es t imated  lo t  percent  de fec t ive  (PD). F o r  

the  lo t  to be judged acceptable ,  i t  is required t h a t  Pi) f M, i.e., PD L 29. 

12.2.7.2 This plan is identical to t h e  plan requir ing t h a t  

Q k k, i.e., Q % 0.6. I t  is important  to  understand that ,  although t h e  AQL migh t  

be considered TO be 10 percent  defective, the  acceptance  procedure must  aIlow 

the  sample e s r ims te  of percent defect ive t o  be  as large as PD = M = 29. This  

allowance :&es into account  sampling variability. When the  lot is t r u l y  10 

percent  defecrive, t he re  is a small probability of P = 0.07 t h a t  t h e  e s t i m a t e d  

percent  defec t ive  will be equal t o  or grea te r  than PD = 29. Consequently, when 

t h e  acceptance  requirement is set a t  M = 29, t he re  is a probability of P = 0.93 

t h a t  t h e  lo t  will be accepted,  as illustrated by the  OC curve  in F igure  12.2. 

12.3 Analysis of Variables Acceptance Plan for Air Voids of Bituminous 
Concre t e  

12.3.1 An existing acceptance  pian for  bituminous c o n c r e t e  

requires  tha t ,  f a r  each  10,000 square yards  (or less) of paving, n = 10 cores a r e  to  

be taken at rar,dom locations. The  percentage of air voids for  e a c h  core  is to  be 

determined 5y 3 standard test. The mean  (m and standard deviation (S) of t h e  

test results are t o  be calculated and, from these,  t h e  qual i ty  indexes (Q) 

associated with lower and upper limits of L = 2.0 and U = 7.0 a re  to be c o m p u t e d  

with equations 12.5 and 12.6. 

- x - 2.0 
QL = S 

- 
7.3 - x 

Q, = S 

( I  2.5)  

(12.6) 

T h e  percent 3ei?cri\,e e sy iqa te s  associaTed with thes,? Two Q values a r e  ob ta ined  

iro-n ~ ! x  s?prG:ri:te Ia5ies in ,4?pendix C and added together  a obtain t h e  t o t z i  
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lo t  percent  defect ive.  For t h e  lot  to be judged acceptable ,  i t  is required t h a t  t h e  

total lo t  percent  defec t ive  (PD) est imated in this manner  be no larger  than 

M = 25. 

12.3.2 I t  is stated in The footnote  of the  tables in Appendix B t h a t  

t he  acceptance  probabilities a r e  approximately c o r r e c t  f o r  double-limit 

accep tance  procedures such as this. For a sample size of n = 10 and a maximum 

allowable es t imated  percent  defecTive of M = 25, t h e  following values  a r e  

interpolated f rom the table: 

LOT PERCENT DEFECTIVE PROBABILITY OF ACCEPTANCE 

10 0.960 

20 0.685 

30 0.340 

40 0.1 15 

50 0.025 

12.3.3 I t  can be seen by scanning these  values t h a t  this  

acceptance  plan will accept  most 10:s having a percent  de fec t ive  of 10 or less 

and will usually re ject  lots having xuch  more than 40 percent  defect ive.  This 

plan would probably b e  regarded as szrisf actory.  

12.4 Development of At t r ibu tes  Acceptance  Plan for Depth  of Cover Over 
Reinforcing Steel 

12.4.1 I t  is known :k: t he  spalling of port:snd c e m e n t  c o n c r e t e  

bridge decks is a t t r ihu tah ie  p-i.rhz::l:. t o  corrosion of t h e  to? mat  of reinforcing 

s tee l  and t ha i  a d e a r  d e p ~ h  oi c , x ? r  of 2.0 inches or m m e  is a n e  method of 

preve:i:ing or delaying this  form ~f c.;tress. Instruments urilizing magnet ic  f l u x  

ar t  available that  can accurar?l;: measure the  i e p t h  of covc: through the  



hardened concrete .  i t  is desired t o  de-.7e:3p an acceptance  plan t o  assure  t h a t  a t  

leas: 90 pe rcen t  of t h e  reinforcing sree: has  a depth of cover  of 2.0 inches,  or 

more.  

12.4.2 If only a single-siSed specif icat ion is wr i t t en  to as su re  

adequate  cover  over t h e  reinforcing s e e ; ,  th i s  will encourage c o n t r a c t o r s  to set 

t h e  s tee l  deeper  than  desired, reducixg the  moment  a r m  f rom the  neu t r a l  axis 

and threatening the s t ruc tura l  capac i ry  of t h e  bridge deck. Consequent ly ,  a n  

upper l imit  on t h e  depth of steel is als3 required. Since the  locat ion of t h e  steel 

can be control led qui te  accura te ly  wi t5  the proper  number and t y p e  of c h a i r s  a n d  

t ies ,  i t  is considered reasonable to  se: the lower and upper l imi t s  fa i r ly  close to 

e a c h  other.  I t  i s  decided to  develop a ?Ian t h a t  would assure tha t  at  least 90 

percent  of t h e  s tee l  l ies  between depths  of 2.0 and 3.0 inches Oi, conversely,  that  

no more than  10 percent  falls  outside These l imits.  Therefore,  by definit ion,  t h e  

acceptab le  quali ty level  ( A q L )  is I? percent  defect ive.  

12.4.3 I t  is impor tan t  t3 note t h a t  this would be an unreasonable  

and unfair requirement  if d a t a  exiszed s3owing tha t  con t r ac to r s  were incapab le  

of achieving suff ic ient  cont ro l  to kee? 93 percen: of t h e  lo t  within these two 

limirs.  Fo r  example,  if depth of cover  were normally dis t r ibuted with a typica l  

s tandard deviation of 0 = 0.25 inches,  and t h e  cont rac tor  were c a p a b l e  of 

controll ing t h e  mean depth exac t ly  at :he midrange value of 2.5 inches, t hen  t h e  

l imi t s  would fall  a t  ?lus and minus t u - o  srandard deviations and the  lot pe rcen t  

de fez t ive  would be 25out 5.0 percent ,  Tkis degree  of control  on  t h e  p a r t  of t h e  

con7ractor would 5e barely adequa-e,  RS; allowing much margin for e r ro r .  If 

ciepyt of cover  were not normslly d:s:r:Zgted, the degree  of control t h a t  c a n  

reas2nably 5e e x p x ; e d  would be  de;ermi:ied 51; ii di rec t  coiln: of t he  ava i lab le  

dara. 

. .  
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12.4.4 Whether or not t h e  highway agency chooses  to define a 

specif ic  level of percent  defect ive as re jec tab le  (RQL), i t  m u s t  recognize  t h a t  

larger  values of lot  percent  defec t ive  a re  very undesirable for two  reasons. 

F i r s t ,  as t h e  percentage of reinforcing s tee l  having less than 2.0 inches of c o v e r  

increases, so does t h e  likelihood of premature  deck failure and t h e  a t t e n d a n t  

cost ly  repairs. Second, if t he  reinforcing steel is placed too deep  i n  t h e  deck  

slab, t h e  deck may not be  able  to develop the  load-carrying capac i ty  for which i t  

was designed. Consequently, when developing this  acceptance  procedure,  an OC 

curve  tha t  drops off rapidly as percent  defec t ive  increases will b e  desired. 

12.4.5 Normally, because t h e  depth  measurements  are cont inuous 

and variables procedures make more e f f ic ien t  use of the  data, it would be 

desirable to use a variables acceptance  procedure. However, for purposes of t h i s  

illustration, i t  is assumed t h a t  t h e  highway agency has examined many sets of 

d a t a  and has  found t h e  distributions of depth of cover  over re inforcing steel to 

be  qui te  skewed. Since variables acceptance  theory assumes t h a t  t h e  population 

being sampled is normally distributed, while a t t r ibu tes  accep tance  procedures  

a r e  uninfluenced by distributional form,  a n  a t t r i bu te s  plan is considered appro- 

pr ia te  for t h i s  application. 

12.4.6 When an a t t r ibu tes  type of acceptance  procedure is applied 

to  continuous data, t h e  lo t  size is considered to be infinite. Accordingly, t h e  l a s t  

t ab le  in Appendix A has been constructed for a n  infinite lo t  size. 

12.4.7 Since measurements  of depth of cover a r e  nondestruct ive 

and fairly e x y  t o  obtain, i t  is decided to t ry  a sample size of n = 20. For a n  

acceptance  number of c = 4 ,  t he  following values are obtained for  an  inf ini te  lot  

s ize  in Appendix A: 
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LOT PERCEYT DEFECTIVE 

5 

10 (AQL) 

15 

20 

25 

30 

35 

40 

45 

53 

PROBABILITY OF ACCEPTANCE 

1.00 

0.96 

0.83 

0.63 

G.k 1 

0.24 

0.1 2 

0.05 

0.02 

0.0 1 

The AqL of 15 percent  defec t ive  will be accep ted  approximate ly  96 

percen t  of t:?e rime. For  lots  having grea te r  amounts  of pe rcen t  defec t ive ,  t h e  

0': curve drops qui te  rapidly, as desired. Decks having 40 pe rcen t  de fec t ive  will 

b e  accepzed only about  5.0 percent  of t h e  t ime while t h o s e  with 50 p c r c e n t  

defec t ive  or more will a lmost  always be rejected.  

12.5 Development of Att r ibu tes  Acceptance Plan for P a v e m e n t  Thickness 

!2.5.1 X highway agency wishes to develop an a c c e p t a n c e  

proceduye fo: p a v e m m t  thickness t h a t  is as uncomplicated as possible, involving 

n3 s t a t i s t i t d  calc,i larions or special  t5bles. The pavement  will b e  cons idered  

s s t i j f ac to ry  :f at leas: 90  percent of it has a thickness grea?er  t han  t h e  des ign  

\.due. Tker?:ore, ~ h ?  A Q L  may be  considered t3 be 10 pe rcen t  de fec t ive  and  i t  

is 5esi:cc t'-.a: this  level of qusliry have a relative!y high probabi l i ty  of 

ayceptance .  i t  t h e  cr3er exir?me, if k 5  perzen: or more J? t h e  pavement  is jess 

t :hsn The res-gn ti;:c;:2zss, it has bee;: decided x k t  this wi!l be reg3rd-ci as 

:?,ie::ab!e (24L) a-S 2 correspmdin$y 12,s  probzbiliiy of scce;3tmce is desired.  

. .  



- 37 - 

12.5.2 For purposes of this  example, suppose t h a t  a seller's r isk of 

a = 0.05 and a buyer's risk of p = 0.10 a r e  desired. The corresponding a c c e p t a n c e  

probabilities a r e  P = 0.95 at t h e  AQL and P = 0.10 at  the RQL. 

12.5.3 The requirement  for simplicity d i c t a t e s  a n  a t t r i bu te s  plan. 

When a t t r ibu tes  acceptance  procedures a r e  applied to cont inuous d a t a  ( thickness  

in this  case), t h e  lot size is considered to  be infinite. By scanning t h e  rows and  

columns of t h e  las t  t ab le  in Appendix A, i t  is observed t h a t  a plan wi th  a s a m p l e  

s i ze  of n = 15 and an acceptance  number of c = 3 produces very near ly  t h e  

desired risk levels. (Because t h e  sample size and accep tance  number  are 

d i sc re t e  values, i t  is not possible to  match t h e  risks exactly.) The following 

values a r e  obtained: 

LOT PERCENT DEFECTIVE PROBABILITY OF ACCEPTANCE 

10 (AQL) 0.94 

20 0.65 

30 0.30 

40 (RQL) 0.09 

50 0.02 

12.5.4 I t  can b e  seen f rom these values t h a t  t h e  basic objec t ives  

have  been well satisfied. A good quality pavement having 10 percent  de fec t ive  

or less will have a probability of acceptance  of at least P = 0.94. If t h e  

pavement  is 40 percent  defect ive or more, the  probability of a c c e p t a n c e  will b e  

F' = 0.99 or less. 

12.5.5 The completed acceptance  procedure will requi re  t h a t  

n = 15 cares  b e  taken at random 1oca:ions within a specified lo t  size. Provided 

That 13 xore than c = 3 cores  are less than t h e  design thickness, t h e  lot will be 

; * ~ 6 g 2 d  acceptable. 
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12.6 Developrnent of VariaSlcs Acceptance  Procedure for  Percent Pass ing  
C203 Sieve 

12.6.1 An acceptance procedure is t o  be prepared f o r  a crushed-  

stone base course. The  percentage by weight of mater ia l  passing t h e  B200 s ieve  

is known to be a s ign3icant  p e r f x m a n c e  characteristic. Experience has shown 

t h a t  bases having 7.0 percent  0: less of minus #200 mater ia l  have pe r fo rmed  well 

but bases exceeding I9.C Tercen: of minus #200 mater ia l  have poor s tab i l i ty  and 

drainage and t end  to be f ros t  susceptible. For th i s  example,  i t  is assumed t h a t  

an  analysis of historical da ta  has  shown t h e  test results on minus #200 m a t e r i a l  

t o  be approximately normally distributed with a typical s tandard deviat ion of 

about  U = 1.0 percent .  

12.6.2 The information provided in  this example  is suf f ic ien t  to 

develop a workzble acceptance  plan but i t  is not in the  most  useful form. F o r  

the types  of acceptance  plans covered i n  this  s tandard,  def ini t ions of accep tab le  

and u n a c c e p a b i e  cpatity must k e  S a t e d  in  t e rms  of t h e  pe rcen tage  of m a t e r i a l  

falling outsick some s2ecification l imit  (or pair of limits). Instead,  t h e  

information provided in Section 12.6.1 is presented in t e r m s  of two a v e r a g e  

levels of minus #2C)O m=te;ia! t ha t  experience has shown have  produced 

sa t i s fac tory  and unsatisfactory results, respectively. A s  a reasonable  

approximation, t hese  a v e r ~ g e  values can be associated w i t h  the typical s t a n d a r d  

deviation of '3 = 1.0 ptrcen: by m e m s  of normal distribution t h e o r y  to provide  

guidance in eEablis!ing both the acceptab le  quality level (AQL) and  t h e  

rejectable  qualiry level ( R q L )  in t t r rns  of percent  de1ec:ive. The a c c e p t a n c e  

plan will then ?eriarrn z j  dzsirsd as !ong as t h e  s tandard deslat ion is reasonably 

dose t o  the f y p 1 3 2  -,.&at aq3, if ca-:erva;ively designed, i t  sh2uld provide a m p l e  

protection ev in  -&:.?en  he s:mdard ceviatlan Is la rger  than  LEI. 

12.4.3 S::re ::?ere is no razson to impose 3 lo,uer l imit  on minus 

A logical choice f o r  this  #203 m a t e r i d ,  :.?is wli: _ _  \= - sing!e-l:nit specification. 



- 39- 

l imit  is 7.0 percent, t h e  level of minus /I200 mater ial  t ha t  i s  known t o  be  c lear ly  

sat isfactory.  I t  is believed t h a t  t h e  base will perform well as long as 90 percent  

or more  of t h e  mater ia l  has a minus 6200 value of 7.0 pe rcen t  or less. 

Therefore ,  the AQL is defined as 10 percent  defect ive above  t h e  l imi t  of 7.0 

percent .  This is a relatively conservative definition because,  even  if t h e  

s tandard  deviation were considerably larger  than t h e  typical value, t h e r e  i s  l i t t l e  

chance  tha t  any of t h e  mater ia l  in t h e  normal distribution represent ing  AQL 

qual i ty  would reach the  known cr i t ical  value of 10.0 pe rcen t  minus /I200 

mater ia l .  The AQL is i l lustrated in  the  upper diagram in F igure  12.3. 

12.6.4 To de termine  the level of percent  de fec t ive  to be defined 

as t h e  RQL, i t  is noted tha t  if this s a m e  distribution had  50 pe rcen t  of i t s  

mater ia l  above t h e  limit of 7.0 percent, its upper ta i l  would ex tend  jus t  t o  t h e  

c r i t i ca l  value of 10.0 percent  minus !I200 material. On those  f e w  occasions t h a t  

t h e  s tandard deviation was substantially larger than  the typics! value of ( T =  1.0 

percent ,  a relatively small portion of t h e  distribution would e-xtend zbove t h e  

cr i t ical  value of 10.0 percent. As the  amount of mater ia l  exceeding  7.0 percent  

minus /I200 mater ia l  increases above 50 percent, however, progressively more  

will exceed the  cr i t ical  value of 10.0 percent  and performance problems might  

be expec ted  to develop. This provides a rational basis for defining t h e  RQL as 50 

percent  defect ive above the  l imit  of 7.0 percent  minus /I250 mater ia l ,  as 

i l lustrated in t h e  lower diagram in  Figure 12.3. 

12.6.5 For t h s  exarnp!e, i t  will be Z S S U T I ~ ~  ?hat  t h e  highway 

agency wishes t o  control both t h ?  seller's risk and t h e  buyer's risk at 

a = p = 0.95. The reqclired acceptance  probabilities a: t h e  A q L  a?d XQL musr 

;hen be P = 0.95 and P = 13.05, respectively. I t  is seen f r o m  A??enc!lx B t h a t  a 

variables plan with a sample s ize  of n = S and a r n z ~ n n u m  d!Jwab!e es t imated  

2zrcen; defect ive of M = 2 6  meets ; h e x  req'i:erne>,:s euactl;;: 
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DISTRIBUTIONS OF M I N U S * Z O O  TEST RESULTS 

( BASED ON T Y P I C A L  D = t . O  ) 

10 PERCENT 

7.0 
t 

KNOWN 
S AT I S FAC TO RY 

VALUE 
( P E R C E N T )  

50 PERCENT 
EFECTIVE 

( R O L )  

7.0 10-0 
t 

KNOWN 
C R I T I C A L  
VALUE 

( P E R C E N T )  

FIGL’RE 12.3 1ll;ls:ratim of D C l 2 i r i o - s  of AqL and R q L  for .iccep;sTce 
Plan for ‘dinus #23C ‘\!aterial nesc r ib td  i n  Example 12.6 
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LOT PERCENT DEFECTIVE PROBABILITY OF A C C E P T A N C E  

10 (AQL) 0.95 

20 0.70 

30 0.38 

40 0.1 6 

50 (RQL) 0.95 

60 0.01 

12.6.6 A sui table  lot  size must b e  chosen and t h e  me thod  of test 

specified.  T h e  accep tance  procedure will require t h a t  t h e  mean (x) and s t anda rd  

deviation (S) be  calculated f rom n = 8 random samples  and used to c o m p u t e  t h e  Q 

s t a t i s t i c  i n  Equation 12.7. The  corresponding percent  de fec t ive  e s t i m a t e  is 

obtained f rom t h e  appropriate  tab le  in  Appendix C. For  t h e  lot to be judged 

acceptab le ,  t h e  percent  defec t ive  e s t ima te  must  be no larger  t han  M = 26, 

(Alternat ively,  i t  could be  required t h a t  t he  Q s t a t i s t i c  b e  equal to or g r e a t e r  

than  k = 0.665.) 

(12.7) 7.0 - Q =  5 

12.7 Development  of Variables Accep tance  Procedure for Asphalt Cement 
Conten t  of Bi tumimus  Concre t e  

12.7.1 Asphalt cernent (AC) con ten t  is known t o  b e  an e x t r e m e l y  

impor tan t  q u d i t y  charac te r i s t ic  of bituminous concre te .  If t h e  AC con ten t  is 

too low, t h e  pavement  will not be properly bound together  and m a y  dry ou t  and 

c rack  prematurely.  If t h e  AC content  is TOO high, t h e  pavement  may  be uns tab le  

and excess  AC may be flushed out  on ta  the surface,  producing a dangerously 

sl ippery condition. h two-sided specification is desired to cont ro l  t h e  A C  

con t ,? n t with i n ac c e p? a 51 e I i m i t s . 
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12.7.2 Experience has  shown tha t  a n  optimal A C  con ten t  w i t h  a 

particular pavement mix i s  about 6.6 percent ,  t ha t  values as low as 5.0 p e r c e n t  

and as high as 7.0 percent  a r e  about  a s  grea t  a depa i tu re  f rom t h e  op t imum 

value tha?  should be tolerated,  and tha t  AC content  t e n d s  to be normal ly  

distributed with a typical withn-lot  s tandard deviation of approximate ly  U = 0.25 

percent  . 
12.7.3 The highway agency is  considsring s e t t i n g  t h e  AQL at 10 

percent  defect ive outside the l imits  of L = 5.0 percent  and U = 7.0 pe rcen t .  

Figure 12.4 i l lustrates  t h a t ,  for a typical s tandard deviation of U = 0.25 p e r c e n t ,  

t h e  bituminous concre te  supplier would have t o  control  his AC con ten t  b e t w e e n  

mean values of 5.32 and 6.68 percent .  Since this appears  to be well  within t h e  

capabiii ty of most suppliers, a n  AQL of 10 percent  defeczive is regarded  as 

reasonable  and practical .  

12.'.4 I t  is  believed tha t ,  if t he  test r e su l s  ind ica t e  t h a t  50 

.percent 3' more of a lo t  has AC values falling outs ide t h e  l imits  of L = 5.0 

percent  and U 7.0 percent ,  t h e  performance of t h e  pavement  is l ikely to be 

seriously impaired. Accordingly, t h e  RQL is defined as 50 pe rcen t  defect ive.  

12.7.5 Since AC content  is a highly impor tan t  cha rac t e r i s t i c  t h a t  

cannot  readily be cor rec ted  once t h e  mater ia l  has b t e n  del ivered a n d  placed, i t  

i s  desired to  develop an accep tance  procedure that c a n  be re l ied  upon t o  m a k e  a 

high percentage of cor rec t  decisions. The risk of fa lsely re jec t ing  a bituminoils 

concre te  lot t ha t  is  t ruly at the  AQL of 10 percent  de fec t ive  must be very low. 

Conversely, t h e  probabiliry of accept ing a lo: t h a t  is 50 percent  or m o r e  

6efective shsuld also be T J ~ ~ P  s m d l .  

12.7.6 By consulting the  o?zra:lng characrer i s t ic  tab les  f o r  

va.riables acceptance  plans in Appendix a, i r  is seen tha t  a plan using a s a m p l e  

size of n = 15 and a m a x i m u x  allwaa51e esrl-na:e? percent  de fec t ive  of M = 30 is 

5 z.risf a , c t x y .  The iollowing vdues are obtained: 



- 43 - 

SAT1 SFACTO RY RANGE 
FOR PROCESS MEAN 

* * 

I T Y P I C A L  O =  0 .25  

10 PERCENT 
DEFECTIVE 

10 PERCENT 
DEFECTIVE 

5.0 5.32 6.0 6.68 7.0 
(1) (Ul 

AC CONTENT (‘10) 

FIG!diI?E 12.- Il!,lstration of Lat i tude Per;;iit;ecl in Setting of Process ‘.lean 
Described in  Example 12.7 
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LOT PERCENT DEFECTIVE PROBABILITY OF .4CC€PTANCE 

10 (AQL) 1.00 

2c1 0.87 

30 0.50 

40 0.16 

50 (RQL) 0.03 

12.7.7 T h e  acceptance  procedure will require  t h a t  15 random 

samples  be obtained f rom each lot and t h e  AC contents  de te rmined  by a s t a n d a r d  

test. The mean R) and s tandard deviation (S) a re  to be ca lcu la ted  and t h e  Q 

values computed with Equations 12.8 and 12.9 using limits of L = 5.0 and U = 7.0. 

- 
X - 5.0 

QL = s 

- 
7.0 - x 

Qu = s 

(12.8) 

(12.9) 

The percent  defec t ive  es t imates  associated with these t w o  Q v d u e s  are to be 

obtained from rhe appropriate  tab le  in Appendix C and added toge the r  to o b t a i n  

the  to t a l  lo t  p e x e n t  defect ive.  For t h e  lo t  ;o be judged acce?;able, the  to t& lot 

percen: defezt ive es t imated  in  this manner mus t  be no la rger  t nan  M = 30. 

12.8 U s e  of Pe rcen t  Defec t ive  Est imat ion Tables (Appendix C) 

12.6.1 If  i k  accep;mce  procedure is a sinzle-limit plan t h a t  

specifies a mir.in?dm v d g e  ( k )  t ha t  the  qlJd!ty index (Q) mus; equal 3r e x c e e d ,  

t h e n  1 :  is no1 a r T ~ z l 1 y  n x e s s a r y  t o  i l se  the percent defec t ive  es t imat ion  tables in 

A p n d i x  c. i i ; s ? v - -  _. 3oTh highwzy agenz!' and conTractor's ?xsonnel  m a y  find 
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i t  eas ie r  to relate  to the  concept  of percent defect ive than to the  m o r e  a b s t r a c t  

Q s ta t i s t ic .  For double-limit specifications, i t  i s  recommended t h a t  t h e  

accep tance  requirements be s ta ted  only in te rms  of t h e  maximum al lowable 

pe rcen t  defec t ive  (MI. 

12.8.2 The percent  defect ive est imat ion tables in Appendix C 

cover  a wide range of sample sizes, considerably more than would e v e r  be  used in 

a s ingle  acceptance  procedure. For acceptance  procedures t h a t  make  use of only  

one  or two sample sizes, it is possible to construct  much m o r e  c o m p a c t  t a b l e s  

such as that shown in Figure 12.5. With this format ,  t h e r e  is a s e p a r a t e  s h o r t  

t ab l e  fo r  e a c h  sample size. 

12.83 Example Based on Pavement  Thickness Specification 

12.8.3.1 Consider t h e  variables a c c e p t a n c e  procedure  

for pavement thickness presented in Example 12.2. The  sample  s i z e  is n = 5 a n d  

t h e  rnaximum allowable est imated percent  defec t ive  was de te rmined  in Sec t ion  

12.2.7 to  b e  .M = 29 percent. For a design thickness of 9.0 inches,  t h e  Q statistic 

to be computed is given by Equation 12.10. 

- x - 9.c) Q =  s (12.10) 

12.8.3.2 Suppose the n = 5 core  thicknesses obta ined  for 

a paving l o t  a r e  8.9, 9.1, 9.1, 9.2, and 9.3 inches. The  mean and s tandard  

deviz.tion aie X = 9.12 and S = 0.148 and t h e  Q s t a t i s t i c  is computed  to b e  

Q = (9.12 - 9.3)!0.145 = 0.81. The est imated percent de fec t ive  may be  obta ined  

f r o m  e i ther  Figure 12.5 or Appendix C and is found to  be PD = 22.19 percent .  

Since this is less than the  rnaximum allowabie est imated percent  de fec t ive  of 

‘\I = 23, ?he lo: is acceptable .  

- 
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' J A E I A i -  I L I T i  -UNKNOWN FROCEDURE S A f l F L E  STFIt1IIAF:D D E V I A T I O N  METHOLI 
SIZE 

040  : 50.00 
0,1 : 46.44 
0 . 2  I 42.90 
0.3 I 3Q.37 
0.4 : 35.88 

0.5 : 3z.44 
9.6 I 20.05 
0 . 7  I 75.74 
0.3 ; 22.51 
O . ?  I 10.38 

1 . 9  : 11.36 
.I.1 ; 33.48 
.l.? I 1C.76 
.l.3 : 8.21 
. I . 4  I 5.88 

1.5 : 3 * 80 
: t . c >  I z . 5 3  
1.7 : 0.66 

48.64 
46.09 
42 * 54 
39 + 02 
35.54 

32.10 
23. 72 
25.41 
12.19 
19.07 

16.07 
13.20 
10.50 

7.97 
5.66 

3.61 
1.87 
0.55 

40.79 
45.73 
42.19 
38.67 
35.19 

31.76 
28.39 
2 5 . 0 9  
2'1.67 
1R.77 

15.78 
12.93 
10.23 
7.73 
5.44 

3.42 
1.72 
0.45 

48.93 
45.38 
41 -84 
30.32 
34. a5 

31.42 
78.05 
24.76 
21.55 
18.46 

15.45 
1 2 .  c5 
9.97 
7.49 
5.23 

3.73 
1.57 
0 . 3 6  

43.58 
45.02 
41.48 
37.97 
34.50 

31.08 
27.72 
2". 44 
21 6-74 
1E. 16 

15.19 
1 2 . 3 7  

5 - 7 2  
7.75 
5 .02  

3.Q5 
1 . 4 2  
0.27 

49.22  47.66 
44.67 44.31 
41.13 40.78 
37.57 37.28 
~ t . 1 6  33.91 - .  

30.74 30.40 
27.39 27.06 
24.11 23.79 
^. -I*', .?3 20.62 
17.86 17.55 

14.91 14.52 
3 :!. 10 1 I. E.7 

? . A 6  9.21 
7 . ~ 2 2  6.79 
4.31 4. 5!! 

2 . 8 7  7.@9 
1.28 1.15 
0.19 0.12 

47.51 
43.96 
40.43 
36.83 
3 3 . 4 7  

30.06 
76.73 
23 * 47  
70.31 
17.25 

14.33 
11.55 
8.96 
6.56 
4.39 

2 . 5 2  
1 . 0 2  
0.36 

47.15 
43.60 
40.08 
32.. 5 8  
33.12 

70.73 
26.40 
23.15 
20.00 
16 + 96 

14.05 
11.29 
6.71 
6.33 
4.19 

2.35 
0.99 
0.02 

- ,  

45.80 
43.25 
39.72 
36.23 
32. 7s 

29.39 
26 * 07 
22.83 
19.69 
16.66 

13.75 
11.02 
8.45 
6.10 
3.99 

2 . 1 9  
0.77 
0.00 

t~![dkf€!EF:r Ii! THE FOLtY OF THE TANLE ARE ESTIPiClTES OF L O T  F'EF:CEi?T I tEcECTI'JE C0RF:ESFONIIING 
T O  SF'ECIF!r C'ALUES OF R ,  THE C4llCiLITf INI. iE%. FOE '.'&II-UES OF R GF:EATEF: T I M <  OF: EPLlAL T O  
:'EF:O: 1 HE E S T i t i A T E  OF PERCENT LiEfECTI'.'E I E  REAIl IITWEC,?L': FF:f l t i  THE TAHLE. F O K  '+.;.!-UES 
( IF-  R L E O S  THAN ZERU, THE TABLE L'ALUF MllS7 FE SLlt~7:.AC'TLII FROM 105. 

FIIGLRS 12.5 Format for I?di:,idG;al Tabl i s  for Estirnatioq of Percent  
3ef ecti.:e 
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A P P E N D I X  A 

OPERATING CHARACTERISTIC TABLES FOR ATTRIBUTES PLANS 
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TABLE A Operating Characterisics of Attributes Acceptance Plans 

(n) ---- 
1 

2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 

8 

9 

9 

10 
10 
10 

15 
15 
15 
15 

20 
20 
20 
20 
20 

e 

0 

( C )  -----_---_ 
0 

0 

0 
1 

0 
1 

1 
2 

1 
-2 c 

1 
7 - 
1 

3 

1 
2 
3 

1 
2 
3 

2 
3 
4 
5 

2 
3 
4 
5 
6 

-2 

5 -_-- 
0.95 

0.90 

o.es 
1.00 

0.80 
1.00 

1 .oo 
1.00 

1.00 
1.00 

1.00 
1.oc. 

1.00 
1.03 
1.00 

1.00 
1.00 
1.00 

1.CG 
1 .oo 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1-00 
1 .oo 
1.00 

10 

0.90 

0.31 

0.72 
0 . 0 8  

0.63 
0.F7 

0.95 
1.00 

0 . 7 2  
1.00 

O.E? 
1.00 

0.E5 
1 .oo 
1.00 

0.51 
1.09 
1.00 

0.76 
1.50 
1.CO 

1.03 
1.c-0 
1.03 
1.00 

1.00 
1.03 
1.00 
1.03 
1.00 

15 ---- 
0.85 

0.72 

0.60 
0.95 

0.49 
0.91 

0.86 
0.99 

0 .a0 
0.98 

0.73 
0.97 

0.66 
0.95 
1.00 

0.58 
0.93 
1 .oo 
0.50 
0.89 
1 .oo 
0.60 
1 .oo 
1.00 
1.00 

0.00 
1.00 
1.00 
1 .oo 
1.00 

20 ---- 
0.80  

0.63 

0.49 
0.91 

0.38 
0.84 

0.75 
0.97 

0.66 
0.94 

0.56 
0.90 

0.47 

0.99 

0.37 
0.78 
0.57 

0.79 
0.71 
O.?6 

0.25 
0.72 
1.00 
1.00 

0.00 
0.00 
1.30 
1.00 
1.00 

o.es 

25 ---- 
0.75 

0.55 

0.40 
0 . 6 L  

0 .28  
0.75 

0.63 
0.93 

0 . 5 1  
0.67 

0.41 
0.79 

0.31 
0.70 
0.94 

0.22 
6.60 
0.90 

0.15 
0.50 
0.85 

0.07 
0.37 
0.81 
1.00 

0.00 
0.00 
0.00 
1.00 
1.00 

30 ---- 
0.70 

0.48 

0.32 
0.80 

0.21 
0.66 

0.52 
0.87 

0.39 
0.77 

0.28 
0.66 

0.19 
0.54 
G.86 

0.12 
0.43 
0.78 

0.07 
0.31 
0.69 

0.01 
0.13 
0.48 
0.87 

0.00 
0.00 
0.00 
0.00 
1.00 

35 40 45 - --- ---- --- 
0.65 0.60 0.55 

0.41 0.35 0.29 

0.25 0.19 0.14 
0.73 0.66 0.58 

0.15 0.10 0.07 
0.56 0.47 0.37 

0.41 0.31 0.22 
0.79 0.70 0.60 

0 . x  0.19 0.12 
0.66 0.54 0.43 

0.18 0.11 0.06 
0.53 0.39 0.27 

0.11 0.05 0.02 
O..'L 0.26 0.16 
0.75 0.61 0.46 

0.06 0.02 0.01 
0.27 0.16 0.08 
0.63 0.46 0.31 

0.G3 0.01 0.00 
0.17 0.08 0.03 
0.50 0.32 0.18 

0.00 0.00 0.00 
0.03 0.00 0.00 
0.21 0.06 0.01 
0.59 0.30 0.10 

0 .00  0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

50 ---- 
0.50 

0.24 

0.11 
0.50 

0.04 
0.29 

0.15 
0.50 

0.07 
0.31 

0.03 
0.17 

0.01 
0.08 
0.32 

0.00 
0.03 
0.18 

0.00 
0.01 
0.09 

0.00 
0.00 
0.00 
0.02 

0.00 
0.00 
0.00 
0.00 
0.00 

55 --- 
0.45 

0.19 

0.07 
0.42 

0.03 
0.22 

0.10 
0.40 

0.04 
0.22 

0.01 
0.10 

0.00 

0.20 

0 . 0 0  
c.01 
0.09 

0.00 
0.00 
(5.03 

c.00 
0 .oo 
0-00 
c . 0 0  

0.00 
0.00 
0 . 0 0  
0.00 
0.00  

0.04 

60 ---- 
0.40 

0.15 

0.05 
0.34 

0.0 ' -  
0.15 

0.06 
0.30 

0.02 
0.14 

0.00 
0.05 

0.05 
0.02 
0.11 

0.00 
0.oc 
0 .04  

0.00 
0.00 
0.01 

0.00 
0.00 
3.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

65 ---- 
0.35 

0.11 

0.03 
0.27 

0.01 
0.10 

0.03 
0.21 

0.01 
0 . 0 8  

0.00 
0 . 0 2  

0.00 
0.00 
0.05 

0.00 
0.00 
0.01 

0.00 
0.00 
0.0i  

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

70 ---- 
0.30 

0.08 

c.02 
0.20 

0.00 
0.06 

0.01 
0.13 

0.00 
0.04 

0.00 
0.01 

0.00 
0 ..oo 
0 . 0 2  

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
c .oo 
0.00 
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TABLE A Operat ing Character is t ics  of At t r ibu tes  Acceptance  Plans (Continued)  

SAHPLE 
SIZE 
tn) ----- 
1 

2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 

8 

9 
9 
9 

10 
10 
10 

:5  
15 

2 5  

20 
20 
20 
2 3  
2 0  

3 0  
30 
30 
30 
30 
30 

5 0  
50 
EO 
1'0 
' 0  
'10 
'0 

:30 
?50 
100 
L O O  
t C 3  
:30 
:co 
150 
: ,: 0 
i C  j 

a 

.c - -  

. P -  - _ _  

ACCEPTANCE 
NUHBER 

( C )  

0 

0 

0 
1 

0 
1 

1 
2 

1 
2 

1 
2 

1 

3 

1 
2 
3 

1 
2 
3 

? 
L 

.7 L 

3 
4 
5 

2 
3 
4 
5 
6 

3 
4 
5 
6 
7 
8 

5 
6 
7 
8 
9 
10 
11  

8 
9 
10 
1 1  
111 
13  
14 
1s 
16 
17 
18 

5 ---- 
0.95 

0.90 

0.86 
0 .99  

0.81 
0 .99  

0.98 
1.00 

0.97 
1 .00  

0 . 9 6  
1 .oo 

0.95 
1.00 
1.00 

0 .94  
1 .00  
1 .00  

0 .92  
0 .99  
1 .00  

0 .98  
1 .oo 
1 . 0 0  
1.00 

0 .95  
0 .99  
1 .oo 
1.00 
1.00 

0 . 9 7  
: .oo 
1.00 
1.00 
1.00 
1 .oo 

1.00 
1.00 
1.00 
1.00 
1 .oo 
1 .oo 
1.00 

1.00 
1 .oo 
1 .oo 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

10 ---- 
0 .90  

0.81 

0 .73  
0.97 

0 .65  
0.95 

0.92 
0 .99  

0 .89  
0.99 

0 .86  
0 .98  

0 .82  
0.97 
1.00 

0.78 
0.96 
0.99 

0 . 7 4  
0.94  
0.99 

0 .83  
0.96 
0 .99  
1 .00  

0.68 
0 .89  
0.97 
1.00 
1 .oo 

0 .65  
0.86 
0.96 
0 .99  
I .oo 
1.00 

0.63 
0.84 
0.95 
0.99 
1.00 
1 .oo 
1.00 

0.00 
0.00 
1 .oo 
1.00 
1.00 
1.00 
1.00 
1 .oo 
1 .oo 
1.00 
1.00 

15 ---- 
0.m 

0.72 

0.61 
0.94 

0.52 
0 .89  

0.84 
0.98 

0.78 
0.96 

0 .72  
0.93 

0.66 
0.90 
0.98 

0.60 
0 .87  
0.97 

0 . 5 4  
0 .83  
0.96 

0.60 
0.84 
0.95 
0 .99  

0.38 
0.65 
0 .85  
0 . 9 5  
0 .99  

0.29 
0 .51  
0 .73  
0 .89  
0 . 9 6  
0 .99  

0.13 
0 .29  
0.50 
0.71 
0 .87  
0 . 9 5  
0 .99  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
1.00 
1 . 0 0  
1.00 
1 .oo 

20 ---- 
0.80 

0.64 

0.51 
0.90 

0.40 
0.82 

0.74 
0.95 

0.66 
0.91 

0.57 
0 .86  

0 . 5 0  
0.80 
0.95 

0.43 
0.74 
0 . 9 2  

0.36 
0 . 6 8  
0 .89  

0 .38  
0.65 
0 . 8 5  
0 .95  

0 . 1 8  
0 .39  
0.64 
0.83 
0 .94  

0 . 0 8  
0.21 
0.40 
0 .62  
0 .80  
0 .91  

0.01 
0.04 
0.11 
0.23 
0.40 
0.60 
0.77 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

25 - 
0.75 

0.56 

0.42 
0.85 

0.31 
0.74 

0.63 
0.90 

0.53 
0.84 

0.44 
0.76 

0.36 
0.68 
0.90 

0.29 
0 .60  
0.84 

0 . 2 3  
0 . 5 2  
0.79 

0.21 
0.45 
0.70 
0.87 

0.07 
0 .20  
0.40 
0.62  
0.81 

0.011 
0.06 
0.16 
0.31 
0.51 
0.70 

0.00 
0.00 
0 .0 :  
0.03 
0.08 
0.18 
0.32  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

30 ---- 
0 .70  

0 .49  

0.34 
0 .79  

0 .23  
0.62 

0.53 
0 . 8 4  

0 . 4 1  
0.75 

0.32 
0.65 

0.24 
0.55 
0 . 8 1  

0.18 
0.46 
0.74 

0.14 
0 .37  
0.65 

0.11 
0.28 
0.51 
0.73 

0 . 0 2  
0 .08  
0.111 
0.40 
0 .62  

0.00 
0.01 
0 . 0 4  
0.12 
0.24 
0 . 4 1  

0.00 
0.00 
0.00 
0.00 
0.01 
0.02 
0.06 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

35 ---- 
0.65 

0.42 

0.27 
0.72 

0.17 
0.56 

0.42 
0.77 

0.31 
0.65 

0.22 
0.53 

0.16 
0.42 
0.71 

0.11 
0.33 
0.61 

0.07 
0.25 
0.51 

0.05 
0.15 
0.34 
0 .57  

0 .01  
0 .03  
0.09 
0.22 
0.40 

0.00 
0.00 
0.01 
0.03 
0.08 
0.18 

0.00 
0.00 
0.00 
0 .00  
0 .00  
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

40 ---- 
0.60 

0.36 

0.21 
0.65 

0.12 
0.47 

0.33 
0.69 

0 .23  
0.54 

0.15 
0.42 

0.10 
0.31 
0.60 

0.06 
0.22 
0.48 

0.04 
0 .15  
0 -37 

0.02 
0.07 
0.20 
0.39 

0.00 
0.01 
0.03 
0.10 
0.22 

0.00 
0.00 
0 .00  
0.01 
0.02  
0.06 

0.00 
0 .00  
0 .00  
0.00 
0 . 0 0  
0.00 
0 .00  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

45 ---- 
0 .55  

0.30 

0.16 
0.58 

0.09 
0.39 

0.25 
0 .60  

0.16 
0.44 

0 . 0 9  
0.31 

0.06 
0.21 
0.48 

0.03 
0.14 
0.35 

0.02 
0.09 
0.25 

0.01 
0.03 
0.10 
0.24 

0.00 
0.00 
0.01 
0.04 
0.10 

0.00 
0.00 
0 . 0 0  
0 .00  
0 .00  
0.01 

0.00 
0 .00  
0 . 0 0  
0 .00  
0.00 
0 .00  
0 . 0 0  

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 

50 
-I- 

0.50 

0.25 

0.12 
0.50 

0.06 
0.31 

0.18 
0.50 

0.10 
0.34 

0.06 
0.22 

0.03 
0 .13  
0.36 

0.02 
0 . 0 8  
0 .24  

Q.01 
0.05 
0.16 

0.00 
0.01 
0.05 
0.13 

0.00 
0.00 
0 .00  
0.01 
0.04 

0 . 0 0  
0.00 
0 .00  
0.00 
0.00 
0.00 

0.00 
0.00 
0 . 0 0  
0 .00  
0 .00  
0.00 
0 .00  

0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 

55 -- 
0.45 

0 . 2 0  

0.09 
0.42 

0-04 
0.24 

0.13 
0.40 

0.06 
0 -2s 
a. 03 
0.X4 

0.01 
0.08 
0 .25  

O " O 1  
0 -. 04 
0.,15 

0.00  
0 - 0 2  
0..09 

0 . 0 0  
0 .. 00 
osn2  
0 . 0 6  

0 . 0 0  
0 . 0 0  
O.OQ 
0 . 0 0  
0.01 

0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00  

0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
9.00 
0.00 
0.30 
0.30 

60 ---- 
0.40  

0.16 

0.06 
0.35 

0.02 
0.17 

0.08 
0.31 

0.04 
0.17 

0.02 
0 .09  

0.01 
0.04 
0.16 

0 . 0 0  
0.02 
0.09 

0 .00  
0.01 
0.05 

0.00 
0 . 0 0  
0.01 
0 . 0 2  

0 .00  
0.00 
0.00 
0 .00  
0 . 0 0  

0.00 
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 .00  

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 

0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

65 ---- 
0.35 

0.12 

0.04 
0 . 2 8  

0.01 
0.12 

0 . 0 5  
0.23  

0.02 
0.11 

0.01 
0 . 0 5  

0 . 0 0  
0.02 
0.10 

0.00 
0.01 
0 .05  

0 .00  
0.00 
0.02 

0 . 0 0  
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  

0.00 
0.00 
c . 0 0  
0.00 
0.00 
0 . 0 0  

c.00 
0.00 
0.00 
0.00 
0.00 
9.00 
0.00 

0.00 
0.00 
0.00 
c.00 
3.00 
c.00 
0.00 
0.00 
0.00 
0.00 
0.00 

7 0  ---- 
0 .ZG, 

0.09 

0.03 
0.21 

0.C1 
0 . 0 8  

0.03 
0.16 

0.01 
O . O L  

0.00 
0.02 

0 .00  
0-01 
0 . 0 5  

0-00 

0.02 

0.00 
0 . 0 0  
0.01 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
0.03 

0 . 0 0  
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T.4BLE A Operat ing Charac te r i s t ics  of At t r ibu tes  Plccep~mce Plans (Cont inued)  

SAMPLE 
SIZE 

( r8 ) ------ 
1 

2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 
8 
8 

9 
9 
9 

10 
10 
10 

15 
15 
15 
1 5  

20 
20 
20 
20 
20 

30 
30 
30 
30 
30 
30 

50 
50 
50 
50 
50 
50 
50 

100 
100 
100 
100 
100 
100 
100 
100 
1 00 
100 
103 

ACCEPTANCE 
NUflBEK 

( C )  ---------- 
0 

0 

0 
1 

0 
1 

1 
2 

1 
2 

1 
2 

1 

3 

1 
2 
3 

1 
2 
3 

- - 

_) - 
3 
4 
5 

_) 
L 

3 
4 
5 
6 

3 
4 

6 
7 
8 

c - 

s 4 

6 
7 
8 
9 
10 
11 

8 
9 
10 
1 1  

13 
14 
15 

17 
18 

._) *-  

1 :  

PRDBABILITY 0: ACCEPTANCE FOF SSLECTED LEVELS OF LOT PERCENT O E F E C T I V E  

5 ---- 
0.95 

0.90 

0.86 
0.99 

0.81 
0.99 

0.98 
1.00 

0.97 
1 .oo 
0.96 
1.00 

0.94 
0.99 
1.00 

0.93 
0.99 
1.00 

0.92 
0.99 
1.00 

0.97 
1.00 
1.00 
1.00 

0.93 
0.99 
1.00 
1.00 
1.00 

0.95 
0.99 
1.00 
1.00 
1 .oo 
1.00 

0.97 
0.99 
1 .oo 
1.00 
1.00 
1 .oo 
1.00 

0.56 
O.9c 
1.00 
1.00 
1.00 
1.00 
1 .oo 
1.30 
1.00 
1.00 
1.30 

10 ---- 
0.90 

0.81 

0.73 
0.97 

0.66 
0.95 

0.92 
0.99 

o.es 
0.98 

0.85 
0.98 

0.81 
0.96 
1.00 

0.78 
0 . 9 5  
0.99 

0.74 
0.93 
0.99 

0.82 
0.95 
0.99 
1.00 

0.68 
0.87 
0.96 
0.99 
1 .oo 
0.65 
0.83 
0.93 
0.98 
0.99 
1.00 

0.62 
0.78 
0.89 
0.95 
0.98 
0.99 
1.00 

0.30 
0.44 
0.59 
0.72 
C.83 
0.90 
0.95 

0.99 
1.00 
1 .oo 

0.98 

IS --- 
0 . 8 5  

0.72 

0.61 
0.94 

0 . 5 2  
0.89 

0.84 
0.97 

0.78 
0.95 

0.72 
0.93 

0.66 
0.90 
0.98 

0.60 
0.86 
0.57 

0.54 
0.89 
0.95 

0.60 
0.83 
0.94 
0.98 

0.40 
0.65 
0.83 
0.94 
0.96 

0.31 
0.52 
0.71 
0.85 
0.94 
0.96 

0.21 
0.35 
0.52 
0.67 
0.90 
0.89 
0.95 

0.02 
0.04 
0.08 
0.14 
0 . 2 2  
0.23 
0.45 
0.57 
0.69 
C . 7 9  
0.a6 

20 ---- 
0.80 

0.64 

0.51 
0.90 

0.41 
0.82 

0.74 
0.94 

0.66 
0.90 

0.58 
0.85 

0.50 
0.80 
0.95 

0.43 
0.74 
0.92 

c.37 
0.68 
0.88 

0.39 
0.65 

0.94 

0.20 
0.41 
0.63 
0.81 
0 . 9 3  

0.12 
0 . 1 5  
0.41 
0.61 
0.77 
0.68 

0.04 
0.09 
0.18 
0.30 
0.04 
0.f9 
0.72 

0.00 
0.00 
0.00 
0.01 
0.c9 
0.03 
0.06 
0.10 
0.16 
0.25 
0.34 

0.84 

25 ---- 
0.75 

0.56 

0.42 
0.84 

0.32 
0.74 

0.63 
0.90 

0.53 
0.83 

0.44 
0.76 

0.37 
0.68 
0.89 

0.30 
0.60 
0.84 

0.24 
0 .51  
0.78 

0.23 
0.46 
0.69 
0.85 

0.09 
0.22 
0.41 
0.62 
0.79 

0.03 
0.09 
0.19 
0.34 
0.51 
0.68 

0.01 
0.02 
0.04 
0.08 
0.15 
0.25 
0.37 

0.00 
0.00 
0.00 
0.00 
c . 0 0  
0.DO 
c . 0 0  
0.01 
0 . O i  
0.02 
0.04 

30 --_- 
0.70 

0.49 

0.34 
0.78 

0.24 
0.65 

0.53 
0.84 

0.42 
0.75 

0.33 
0.65 

0.75 
0.55 
0.81 

0.19 
0.46 
0.73 

0.15 
0.38 
0.65 

0.12 
0.29 
0.51 
0.72 

0.03 
0.10 
0.23 
0.41 
0.61 

0.01 
0.03 
0.07 
0.15 
0.27 
0.43 

0.00 
0.00 
0.01 
0.01 
0.03 
0.07 
0.13 

0.00 
C . 0 0  
0.00 
0.00 
0.00 
0.00 
0.oc 
0.00 
0 .00  
0 .oc  
0.03 

35 ---- 
0.65 

0.42 

0.27 
0.72 

0.18 
C.56 

0.43 
0.77 

0.32 
0.65 

0.23 
0.53 

0.17 
0.43 
0.71 

0.12 
0.34 
0.61 

0.08 

0.51 

0.06 
0.17 
0.35 
0.56 

0.01 
C.04 
0.11 
0.24 
c.41 

0.00 
0.01 
c.02 
0.c5 
0.13 
0.22 

c.00 
0.00 
0.00 
0.00 
0.00 
C.CI 
0.03 

0.00 
0.00  
C .GO 
c . 0 0  
C.30 
c.00 
c .oo 
s . c 3  
C.03 
c . 0 0  
C.00 

0.fb 

4 c  __-- 
0.60 

0 . 3 t  

0 . 2 2  
G.65  

0.13 
0.47 

0.34 
0.68 

0.23 
0.54 

0.16 
0.42 

0.10 
0.31 
0.59 

0.07 
0.23 
0.48 

0.64 
0.14 
0.3E 

0.03 
0.C9 
0.21 
0.40 

0.00 
0.01 
0.05 
0 . : 2  
0.2: 

0.00 
0.00 
0.00 
0.01 
0.04 
0.05 

0.00 
c.00 
0.00 
0.00 
0 .oc  
c .00  
0 .06  

0.00 
c.00 
0.0; 
0 .oc  
c .OC 
0 . 0 :  
G . 0 C  
C.0 :  
: .Or  
i.:: 
C.:: 

45 
-- 

0 . 5 5  

0.30 

0.17 
0.57 

0.09 
0.39 

0.26 
0.59 

0-16 
0-44 

0.10 
0.3 

0.06 
0 - 2 2  
0-48 

0.04 
0.15 
0.36 

0 - 0 2  
0.xo 
0-26 

0.01 
0.04 
0.i2 
0.26 

0.00 
0.30 
0.02 
0.05 
0.13 

0.00 
0.00 
0.00 
0.00 
0.01 
0.03 

0 . 0 0  
0.00 
c.00 
0. 00 
0.80 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
0.09 
c.00 
0.00 
0.00 
0 .00  

50 --- 
0.50 

0.25 

0.12 
0.50 

0.06 
0.31 

0.19 
0.50 

0.11 
0.34 

0.06 
0.22 

0.03 
0.14 
0.3b 

0.02 
0.09 
0.25 

0.02 
0.c5 
0.17 

0.00 
0.02  
0.06 
0.15 

0.00 
0.00 
0.01 
0.02 
0.05 

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.01 

0.00 
c.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0 .oo 
0.00 
0.00 
0.00 
0.00 
O.CO 
0.00 
0.03 
0.00 

55 ---- 
0.45 

0.20 

0.09 
0.43 

0.04 
0.24 

0.13 
0.41 

0.07 
0.25 

0.03 
0.15 

0.02 
0.09 
0.26 

0.01 
0.05 
0.16 

0.00 
0.03 
0.10 

0.00 
0.01 
0.02 
0.07 

0.00 
0.00 
0.00 
0.01 
0.02 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

60 -_-- 
0 . 4 0  

0.16 

0.06 
0 . 2 5  

0.03 
0.18 

0.09 
0.32 

0.04 
0.18 

0.02 
0.09 

0.01 
0.05 
0.17 

0.00 
0.02 
0.10 

0.00 
c.01 
0.05 

0.00 
0.00 
0.01 
0.03 

0.00 
0.00 
c .00  
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 . 0 0  
0.00 
c.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
c.00 
0.00 
c.00 
0.00  
0.00 
0.00 

4 5  ---- 
0.35 

0.12 

0.04 
0.28 

0.01 
0.13 

0.05 
0.23 

0.02 
0.12 

0.01 
0.05 

0 . 0 0  
0.02 
0.10 

0.00 
0.01 
0.05 

0.00 
0.00 
0.CI 

0.00 
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00  

0.00 
c.00 
c.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
6.00 
c .00 
0.00 
0.00 
0.00 
c .00  
0.00 
0.0c 
0 . 0 0  
C . 0 0  

70 ---- 
0.30 

0.09 

0.03 
0.22 

0.01 
0.08 

o.oa 
0.16 

0.01 
0.07 

0.0‘ 
0.C 

0. 
0. 
0.1 

0.0. 
0.00 
0.02 

0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 

0 .00  
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
0 .  oc, 
0.00 
0.00 
0.00  



- 51 - 

T.4BLE A Opera t ing  Characteristics of At t r ibu tes  Acceptance Plans (Continued)  

SAMPLE 
S I Z E  
(n) --____ 
1 

2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 
8 
8 

9 
9 
9 

10 
10 
10 

15 
1s 
15 
15 

20 
20 
20  
20 
20 

30 
30 
30 
30 
30 
30 

50 
5 0  
5 0  
50 
50 
50 
50 

100 
100 
100 
100 
100 
100 
:00 
100 
100 
100 
1 0 G  

ACCEPT4NCE 
NUMSER 

( C )  --------- 
0 

0 

0 
1 

0 
1 

1 
7 L 

1 
2 

1 
2 

1 

3 

1 
2 
3 

1 

3 

1 - 

-7 

- 
3 
4 
5 

7 - 
3 
4 

5 
c 

3 
4 
c 

6 
7 
8 

5 
6 
7 
8 
9 

10 
11 

0- 
9 

10 
. 1  

t i  

1 7  

I. 

-* _ -  
1 4  
: 5  
L A  
17 
i a  

c 

-- 
0.95 

0.90 

0.86 
0.99 

0.81 
0.99 

0.98 
1.00 

0.97 
1.00 

0.96 
1.00 

0.94 
0.99 
1.00 

e.93 
0.99 
1 .oo 

0.91 
0.99 
1 .oo 

0.96 
0.99 
1 .oo 
1.00 

0.92 
0.78  
1.00 
1.00 
1.00 

0.94 
0.98  
1 .GO 
1 . 0 0  
1 .oo 
1.00 

0.96 
0.99 
1.CO 
1 .oo 
1 .oo 
1 .00 
i.00 

0 . 5 4  
0.97 
3 . 9 9  
:.Cj 
:.Go 
1 .00 
1 .00 
: . 0 3  
1 .oc) 
I.Ci 
1.00 

10 --- 
0.90 

0.81 

0.73 
0.97 

0.66 
0.95 

0.92 
0.99 

0.89 
0.98 

0.85 
0.97 

0.81 
0.96 
0.99 

0.77 
0.95 
0.99 

0.74 
0.93 
0.99 

0.82 
0.94 
0.99 
1.00 

0.68 
0.87 
0.96 
0.99 
1 .oo 

0.65 
0.82 
0.93 
0.97 
0.99 
1.00 

0.62 
0.77 
0.88 
0.94 
0.98 
0.99 
1.00 

0.32 
0.49 
0 . 5 8  
0.70 

0 .88  
0.73 
0.96 
0.98 
0.99 
1 .oo 

0.80 

15 -- 
0.85 

0 .72  

0.61 
0.94 

0.52 
0.69 

0.84 
0.97 

0.78 
0.95 

0.72 
0.93 

0.66 
0.39 
0.98 

0.60 
0.86 
0.97 

0.54 
0.82 
0.95 

0.60 
0.82 
0.94 
0.98 

0.40 
0.65 
0.83 
0.93 
0.98 

0.32 
0.52 
0.71 

0.93 
0.97 

0.22 
0.36 
0 . 5 1  
0.67 
0.79 

0.94 

0.03 
0.06 
0.10 
0.16 
0.25 
0.35 
0.46 
0.57 
0.67 
0.76 
0.84 

o.es 

0.88 

20 ---- 
0.80 

0.64 

0.51 
0.90 

0.41 
0.82 

0.74 
0.94 

0.66 
0.90 

0.58 
0.85 

0.50 
0.80 
0.94 

0.44 
0.74 
0.91 

0.38 
0.68 
0.88 

0.40 
0.65 
0 . 8 4  
0.94 

0.21 
0.41. 
0.63 
0.80 
0.91 

0.12 
0.26 
0.43 
0.61 
0.76 
0.87 

0.05 
0.10 
0.19 
0.31 
0.44 
0.58 
0.71 

0.00 
0.00 
0.01 
0.01 
0.03 
0.05 
0.08 
0.12 
0.19 
0.27 
0.36 

25 --- 
0.75 

0.56 

0.42 
0.84 

0.32 
0.74 

0.63 
0.90 

0.53 
0.83 

0.44 
0.76 

0.37 
0.68 
0.89 

0.30 
0.60 
0.83 

0.24 
0.53 
0.78 

0.24 
0.46 
0.69 
0.85 

0.09 
0.23 
0.41 
0.62 
0.79 

0.04 
0.10 
0.20 
0.35 
0.51 
0.67 

0.01 
0.02 
0.05 
0.09 
0.16 
0.26 
0.38 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 1  
0.01 
0.02 
0 . 0 4  
0.06 

30 --- 
0.70 

0.49 

0.34 
0.78 

0.24 
0.65 

0.53 
0.84 

0.42 
0.74 

0.33 
0.65 

0.26 
0.55 
0.81 

0.20 
0.46 
0.73 

0.15 
0.38 
0.65 

0.13 
0.30 
0.52 
0.71 

0.04 
0.11 
0.24 
0.42 
0.61 

0.01 
0.03 
0.08 
0.16 
0.28 
0.43 

0.00 
0.00  
0.01 
0.02 
0.04 
0.08 
0.14 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.90 
0.00 
0.00 
0.00 
0.00 

35 

0 . c s  

0.42 

0.27 
0.72 

0.18 
0.56 

0.43 
0.76 

0.32 
0.65 

0.23 
0.53 

0.17 
0.43 
0.71 

0.12 
0.34 
0.61 

0.09 
0.26 
0.51 

0.06 
0.17 
0.35 
0.56 

0 . 0 1  
0.04 
0.12 
0.25 
0.42 

0.00 
0.01 
0.02 
0.06 
0.12 
0.22 

0.00 
0.00 
0.00 
C . C C  
0.01 
0.02 
0.0: 

c.00 
0.00 
0.oc 
C.@C 
0.GG 
0.00 
0.oc 
0.00 
0 . 0 5  
0.oc  
0 . o i  

40 -- 
0.60 

0.36 

0.22 
0.65 

0.13 
0.48 

0.34 
0.68 

0.23 
0.54 

0.16 
0.42 

0.11 
0.32 
0.59 

0.07 
0.23 
0.48 

0.05 
0.17 
0.38 

0.03 
0.09 
0.22 
0.40 

0.00 
0.02 
0.05 
0.13 
0 .25  

0.00 
0.00 
0.01 
0.02 
0.04 
0.09 

0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

45 ---- 
0.55 

0.30 

0.17 
0.57 

0.09 
0.39  

0.26 
0.S9 

0.16 
0.44 

0.10 
0.32 

0.06 
0.22 
0.48 

0.04 
0. is 
0.36 

0.02 
0.10 
0.27 

0 .01  
0.04 
0.12 
0 . Z I  

0 .00 
0.00 
0 .02  
0 . 0 6  
0.13 

0.00 
0.00 
0.00 
0.00 
0.01 
0.03 

0.00  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
G.00 

3.00 
0.00 
0.00 
6.00 
0.00 
0.00 
0.00 
6.00 
0.00 
0.00 
0.00 

50 
I-- 

0.50 

0 .25  

0.13 
0.50 

0.06 
0.31 

0.19 
0.50 

0.11 
0.34 

0.06 
0.23 

0.04 
0.14 
0.36 

0.02  
0 . 0 9  
0.25 

0.01 
0.05 
0.17 

0.00 
0.02 
0.06 
0.15 

0.00 
0.00 
0.01 
0.02 
0.06 

0.00  
0.00 
0.00 
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

55 --- 
0.45 

0.20 

0.09 
0.43 

0.04 
0.24 

0.13 
0.41 

0.07 
0.16 

0.04 
0.15 

0.02 
0.09 
0.26 

0.01 
0 .05  
0.17 

0.00 
0.03 
0.10 

0.00 
0.01 
0.03 
0.08 

0.00 
0 .00  
0.00 
0.01 
0 .02  

0 . 0 0  
0.00 
0.00 
0 -00 
0.00 
0.00 

0.00 
0 .00  
0.00 
0 .00  
0.00 
0.00 
0 .00  

0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

60 --- 
0.40 

0.16 

0.06 
0.35 

0.03 
0.18 

0.09 
0.32 

0.04 
0.18 

0.02 
0.10 

0.01 
0.05 
0.17 

0.00 
0.03 
0.10 

0.00 
0.01 
0.05 

0.00 
0.00 
0.01 
0.03 

0.00 
0.00 
0.00 
0.00 
0.01 

0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  

0 .00  
0 .00  
0.00 
0.00 
0 . 0 0  
0.00 
0 .00  

0.00 
0 .00  
0.00 
0.00  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

6 S  -___ 
0.35 

0.12 

0.04 
0.28 

0.02 
0.13 

0.05 
0.24 

0.02 
0.12 

0.01 
0.06 

0 . 0 0  
0.03 
0 . 1 1  

0.00 
0.01 
0.05 

0.00 
0 .00  
0.03 

0.00 
0.00 
0.00 
0 . 0 1  

0.00 
0.00 
0.00 
0.00 
0 .00  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
3 . 0 0  
0.00 

70 --- 
0.30 

0.09 

0.03 
0.22 

0.01 
0.08 

0.03 
0.16 

0.01 
0 . 0 7  

0.00 
0.03 

0.00 
0.01 
0.06 

0.00 
0.00 
0.03 

0.00 
0 .oo 
0.01 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
G . 0 0  
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TABLE B 9pera;ing Characteristics of Variables Acceptance Plans 

3 
3 

3 
3 
3 
3 

4 
4 
4 
4 
1 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

8 
8 
8 
E 
8 
8 
8 
6 
e 
9 
9 
9 
9 
9 
9 

9 
9 

10 
10 
:0 
1C 
10 
1 0  
:C 
: G  

?f ix  1 w r  
aLLOurlLE 
ESTTMLTED 

PERfEUT 
O E F E C T l V E  

in1 

34 
36 
36 
40 
42 
44 
46 
4 8  

28 
30 
32 
3 4  
36 
38 
40 
42 
44 
46 

26 
2E 
30 
32 
34 
36 
38 
4C 
42 
44 

24 
26 
26 
30 
32 
34 
36 
38 
40 
42 

-7 -_ 
24 
26 
28 
30 
3: 
3. 
3.5 
38 
40 

t ! : * I ~ U *  
A L L O Y ~ B L E  

omLITy  
INDEX 

l b  I 

0.556 
0.4- 
0.425 
0.357 
0.287 
0.216 
0.145 
0.373 

0.660 
0.600 
0.540 
0.480 
0.420 
0.360 
0.300 
0.240 
0.180 
0.120 

0.692 
0.632 
0.572 
0.513 
0.455 
0.397 
0.339 
0.282 
0.235 
0. L69 

0.740 
0.078 
0.616 

0.500 
0.442 
0.386 
0.329 
0.274 
0.219 

0.796 
0.732 
0.670 
0.610 
0.550 
0.493 
0.435 
c .379 
0.524 
0.269 

0.792 
0.727 
0.665 
0.604 
0.545 
0.488 
0 . 4 3 1  
0.375 
0.320 

0 . 8 5  
0.788 
0.724 
3.661 
c .  t o 1  
0.542 
0.484 
0.428 
0.373 

0. sse 

0 . ~ 3  
0.766 
0.721 
0 . ~ 5 9  
C .  598 
0.539 
O . l E 2  
9 . 4 2 6  

:0 -- 
c . e 9  
c .7:  
C.93 
c.9: 
C.96 
c .97  
0.98 
c .9e 

C . 8 8  
0.91 
c.93 
0.94 
0.96 
0.97 
c .97 
C.98 
c .99  
c .99 

0.89 
0.92 
0.94 
t .?S 
5 - 9 6  
c .97  

c . 9 9  
0.99 
0.99 

C.89 
0 . 9 2  
c.04  
C.95 
0.97 
C.98 
C.98 
c .99  
0 . 9 9  
1.00 

0 . 8 E  
c .  01 
0.93 
c .9c  
c .77  
C .96 
t . 9 8  
0.99 
0.99 
l.OC 

C.90 
t . 9 ?  
c . 0 5  
t . 9 6  
0 . 0 8  
c .90  
c .99  
c . 99  
1.00 

C.f7 
c.9: 
G . 9 4  
C . ?6 
c . = 7  
C.. c 6  
c.00 
0 . 9 9  
1 . 3 0  

c . 3  
c . ' 2  
c . - 5  
C.'? 
C . G 8  
c . == 
c . =< 
1. : .5  

c.91 

20 ---- 
c.7: 
2.74 
0 . 7 6  
0.81 
0 . 8 4  
0.87 
0.09 
0 .91  

0.66 
G.70 
0.74 
0.77 
0.0:  
0.84 
0.86 
0.89 
0.91 
0.93 

0.65 
0.69 
0.73 
C.77 
c . 5 :  
0.84 
0.87 
0.90 
t . 9 2  
0.93 

0.63 
0.67 
C . 7 1  
0 . 7 6  
0.80 
0.84 
0.87 
0.90 
0.92 
0.94 

0.57 
G.63 

c . 7 3  
0.78 
0 . 8 2  
C . 8 6  
0.89 
0.9.1 
C . C 3  

C.58 
0.04 
0.70 
0.75 
C.80 
0.84 
0.87 
G.90 
0 .93  

0 . 5 2  
G.58 
6 .65  
5 . 7 1  
0 .76  
t.01 
9.85 
0 .99  
c . 9 2  

0 . 5 1  
c . 5 9  
C . 6 5  
c .72 
c . 7 7  
c . E 
i i . 9 7  
C.90 

0.68 

3c -- 
e c- .,.-- 
0 . 5 r  
G . 6  
C . C I  
0 . 6 6  
t . 71  
0.75 
0.79  

0 . 4 4  

0 . 5 2  
c .5 t  
5 . 4 c  
0.64 
C.69 
0.72 
C.76 
0.79 

0.40 
0.45 
0.45 
0.54 

0.63 
0.67 
5.71 
T.75 
0.79 

2.35 
G . 4 C  
c . 4c  
C..9 
C.55  
0.60 
C.64 
C.69 
0.74 
(1.78 

C.29 
:.34 
0.39 
t . 4 4  
C.50 
5 . 5 5  
C.61 
0.66 
i. 71 
C.75 

O.:E 
i.35 
0 . 3 6  
6.44 
1.50 
0 . 5 6  
C.62 
C.67 
t .7: 

i .L2 
j.2, 
5 . 5  
c .36 
: . a 4  
5 . 5 0  
: . = e  
:.c 
: . 6 E  

o.4e 

3.51  

~ . I  
~ 

T .'C 

: .3: 
J.43 

: . c 7  

. -. . .-. 

. - >  _ ._ .  
- ' 7  

40 ---- 
0.35 
0.35 
0.42 
0.46 
0 .so 
0.54 
C.56 
0.63 

0.27 
0.29 
0.33 
0.36 
C.40 
0.44 
0.46 
0.53 
0.57 
0.61 

0.22 
0.25 
0.28 
0.32 
0.36 
0.40 
0.44  
0.49 
0.54 
C.58 

0.17 
0.20 
0.23 
0.27 
0.31 
0 . 3 5  
0.39 
0 .d4  
0.49 
0.54 

0.12 
c . 1 5  

0 . 2 :  
0 .25  
0.29 
0.34 
0.39 
0 . 4  
0.49 

0.11 
0.13 
0.16 
0.20 
0.34 
C . 2 8  
c.23 
C.38 
0.44 

0.07 
C.09 
i.i' 
0 . : 5  
c .  I8 
C.Z2 
0 .27  
0.32 
6.38 

'2.06 
C . ? 8  
o.:o 
c . : 3  
5.17 
c . 3 1  
c . 2 5  
c .31 

0.1s  

50 -- 
0.32 
0.24 
0.27 
0 . 3 C  
0.33 
0.37 
0.41 
0.46 

0.14  
0.16 
0.18 
0.20 
0.23 
0.26 
0.30 
0.33 
0.37 
0.41 

0.10 
0.12 
0.14 
0.16 
0.18 
0.21 
0 . 2 5  
0 .28  
0.32 
0.36 

0 . 0 6  
0.08 
0 . : 0  
0.11 
0 .14  
0.16 
0.19 
0 .23  
0.27 
0.31 

0.04 
0 . 0 5  
0.06 
0.08 
0.10 
0 . : 2  
0.15 
0.18 
0.2: 
0.25 

0.03 
0.04 
0.05 
0.07 

0.11 
0.13 
0.1.5 
0 . 2 0  

0 . 0 2  
0 . c 2  
0.03 
0.04 
0.05 
c.07 
5 . 0 -  
C.:: 
G.15 

0.01 
0 . 0 2  
0.02 
C.03 
C.CS 
0.06 
G.08 
0.11 

o.oe 

60 ---- 
0.1: 
0.13 
0.15 
0.17 
0.20 
0.22 
0 . 2 6  
0.29 

0.06 
0.07 
0.08 
0.10 
0.11 
0.13 
0.15 
0.18 
0.20 
0.23 

0.04 
0 . 0 4  
0.05 
0.06 
0.07 
0.09 
0.1: 
0.13 
0.15 
0 . ? 8  

0.02 
0 . 0 2  
0 . 0 3  
0.04 
0.05 
0 . 0 6  
0.07 
0.09 
0.11 
0.13 

0.01 
0.01 
0.02 
0.02 
0.03 
0.04 
0 .05  
0.06 
0.07 
0.09 

0.01 
0.0: 
0.01 
0.01 
0.0: 
0 . 5 3  
C .04 
0.05 
0.06 

0.00 
0.00 
0.Cl 
0.01 
0.01 
0.01 
0.0. 
0.03 
0.04 

0.00 
0.00 
0.00 
0.Cl 
0.01 
0.01 
0.02 
0.02 

70 -------- 
0 . 0 5  
0.06 
0.07 
0.06 
0.09 
0.11 
0.13 
0.15 

0.02 
0.02 
0.03 
0.03 
0.04 
0.05 
0.06 
0.07 
0.09 
0.10 

0.01 
0.01 
0 .01  
0.02 
0.02 
0.03 
0 . 0 3  
0.04 
0.05 
0.06 

0.00 
0.00 
0.0: 
0.01 
0.01 
0.01 
0.02 
0.02  
0 . 0 3  
0.04 

0 . 0 0  
0 .00  
0.00 
0 .00  
0 .00  
0.01 
0.01 
0.01 
0.02 
0.02 

0.00 
0.00 
0.00 
0.00 
0.00 
c.00 
0.01 
0.01 
0.01 

0.00 
0.00 
G.00 
0.00 
0.00 
0.00 
0.30 
0.00 
0.01 

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.0c 
C.CC 
0.00 



TABLE B Operating Characteristics of Variables Acceptance Plans (Continued) 

IS 
IS 
1s 
1s 
1s 
1s 
15 
1s 
1s 
1s 
1s 
IS 
1s 
1s 
1s 
1s 
15 
1s 
1s 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

50 
so 
50 
so 
50 
50 
5 0  
50 
50 
5 0  
50 
50 
5 0  

100 
100 
100 
100 
100 
100 
'00 
100 
100 
100 
1 GO 

n*x1nun 
ALLOYABLE 

PERCENT 
DEFECTIVE 

( M )  

EsT InATED 

12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 

9 
10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 

23 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

-- 
&& 

18 
19 
20 

8 
9 
10 
I 1  
12 
13 
14 
15 
16 
17 

mrnrmurc 
ALLOYABLE 

O U A L I T l  
INDEX 

( k J  

P u c a A B I L I T y  OF n c c E w m c E  FOR SELECTED LEVELS OF LOT PERCENT DEFECTIVE 

5 

1.216 
1.168 
1.122 
1.079 
1.037 
0.9Y6 
0.9558 . .. 
0.910 
0.883 
0.848 
0.813 
0.780 
0.747 
0.715 
0.683 
0.652 
0.621 
0.592 
0.562 

1.271 ~~~ 

1.219 
1.170 
1.123 
1.079 
1.036 
0.996 
0.956 
0.918 
0.882 
0.846 
0.811 
0.777 
0.744 
0.712 
0.680 
0.649 

1.332 
1.275 
1.221 
1.171 
1.124 
1.079 
1.036 
0.995 
0.955 
0.917 
0.880 
0.844 
0.809 
0.775 
0.742 

1.398 
1.335 
1.277 
1.223 
1.173 
1.12s 
1 .O80 
1.036 
0.995 
0 .  95s 
0.916 
0.879 
0.843 

1.471 
1.402 
1.338 
1.279 
1.22s 
I. 174 
1.126 
1 . 0 8 O  
1.036 
0.995 
0.9S4 

0 . P O  
0.93 
0.95 
0.96 
0.97 
0.98 
0.P9 
0.99 
0.99 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 .oo 
1.00 
1.00 

O I P O  
0.93 
0.P5 
0.P7 
0.98 
0.99 
0.P9 
0.99 
1.00 
1.00 
1.OG 
1.00 
1.00 
1.00 
1.00 
1-00 
1.00 

o.eo 
0.94 
0.96 
0.98  
0.99 
0.99 
1.00 
1.00 
1 .oo 
1.00 
1.00 
1 .OO 
1.00 
1 .oo 
1 .OO 

0.90 
0.95 
0.97 
0.99 
0.99 
1.00 
1 .OG 
1.00 
1-00 
1 .oo 
1 .oo 
1.00 
1 .oo 

j . 8 9  
0.96 
0 . 9 7  
1.00 
1.00 
1.00 
1.00 
1.00 
1.05 
1.03 
1.00 

10 ----- 
0.60 
0.66 
0.71 
0.7L 
0.79 
0.83 
0.86 
0.89 
0.91 
0.93 
0.9s 
0.96 
0.97 
0.98 
0 .m 
0.99 
0.99 
0.99 
1.00 

0.S4 
0.61 
0.67 
0.73 
0.78 
0.82 
0.86 
0.89 
0.92 
0.94 
0.96 
0.97 
0.98 
0.98 
0.99 
0.99 
1 .oo 

0.44 
0.C3 
0.62 
0.69 
0.76 
0.82 
0.87 
0.91 
0.93 
0.96 
0.97  

0.99 
0.99 
1.00 

0.29 
0.41 
0.52  
0.64 
0.7? 
0.82 

0.92 
0.95 
0.97 
0.99 
0.99 
1.00 

0.10 
0.21 
0 . 3 5  
0.52 
0.68 
0.30 

0 . 9 5  
0 . 0 9  
0 . 9 9  
1.00 

c.:a 

o.ae 

o.eP 

1s 

0.43 
0.37 
0.42 
0.47 
0.53 
0.57 
0.62 
0.67 
0.71 
0.75 
0.79 
0.82 
0.9s 
0.87 
0.90 
0.92 
0 . 9 3  
0.95 
0.96 

0.24 
0.19 
0.3s 
0.40 
0.46 
0.52 

0.64 
0.6P 
0.74 
0.78 
0.82 

0.88 
0.91 
0 . 9 3  
0.95 

0.13 
0.18 
0.24 
0.30 
0.37 
0.44 
0.52 
0.SP 
0.66 
0.72 
0.78 
0.83  

0.90 
0.93 

0.04 
0.07 
0.11 
0.17 
0.24  
0.33 
0.42 
0.Sl 
0.61 
0.69 
0.77 
0.93 
0.88 

0.00 
0.00 
0.01 
0.04 
0.09 
0 . : 5  
0 . : 5  
0.37 
0.51 
0 . 6 4  
0.76 

0.58 

o.es 

0.n7 

2 0  ----- 
0.15 
0.18 
0.22 
0.25 
0.29 
0.34 
0.38 
0.42 
0.47 
0.Sl 
0.56 
0.60 
0.64 
0.69 
0.72 
0.76 
0.79 
0.82 
0.85 

0.09 
0.11 
0.14 
0.18 
0.22 
0.26 
0.31 
0.35 
0.41 
0146 
0 . S l  
0.56 
0.62 
0.66 
0.71 
0.75 
0.79 

0.03 
0.04 
0.06 
0.09 
0.12 
0.16 
0.21 
0.26 
0.32 
0.38  
0.44 
0.51 
0.57 
0.64 
0.70 

0.00 
0.01 
0.01 
0.02 
0.04 
0.06 
0.10 
0.14 
0.20 
0.26 
0.34 
0.42 
0.Sl 

0.00  
0 .00  
0.00 
0.00 
0.00 
0.01 
0.01 
0.03 
0.06 
0.1: 
o.ie 

2s 
---I-- 

0.06 
0.08 
0.10 
0.12 
0.14 
0.17 
0.20 
0.23 
0.26 
0.30 
0-34 
0.38 
0.42 
0.46 
0.51 
0-ss 
0.59 
0.63 
0.67 

0.03 
0.04 
0.05 
0.06 
0.00 
0.11 
0.13 
0-16 
0.19 
0.23 
0.27 
0.31 
0-36 
0.41 
0.46 
0.51 
0.ss 

0.00 
0.01 
0.01 
0.02 
0.03 
0.04 
0.06 
0.08 
0.11 
0.14 
0.18 
0.22 
0.27 
0.33 
0 .38  

0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.02 
0.03 
0 .05  
0.08 
0.11 
0.16 

0.00 
0.00 
0 .00  
0 . 0 0  
0 .00  
0 . 0 0  
0.00 
0.00 
c . 0 0  
0 . 5 0  
0.01 

30 ---- 
0.0' 
0.03 
0.04 
0.0s 
0.06 
0.08 
0.09 
0.11 
0.13 
0.1s 
0.1s 
0.21 
0.24 
0.27 
0.31 
0.34 
0.38 
0.42 
0.46 

0.01 
0.01 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.08 
0.10 
0.12 
0.14 
0.17 
0.20 
0.24 
0.78 
0.32 

0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.02 
0.03 
0.04 
0.0s 
0.07 
0.09 
0.12 
0.1s 

0.00 
0.00 
0.00 
0.00 
0 .00  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.01 
0.01 
0.02 
0.03 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
1.00 

35 -------- 
0.01 
0.01 
0.01 
0.02 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.10 
0.12 
0.14 
0.16 
0.19 
0 .2 :  
0.24 
0.27 

0.00 
0 .00  
0.00 
0.01 
0.01 
0.01 
0.01 
0.02 
0.03 
4.03 
0.04 
0.05 
0.07 
0.08 
0.10 
0.12 
0.15 

0.00  
0.00 
0.00 
0.00 
5 - 0 0  
0.00 
0 . 0 0  
0.00 
0.01 
0.01 
0.01 
0.02 
0.02 
0.03 
0.04 

0 .00  
0.00 
0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0 .00  
c.00 
0.00 
0.00 
0.00 

0.00 
c.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0 .00  
c . c c  
0.00 
0 .00  
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A P P E N D I X  C 
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T.iS;E C Esrirnation of L o t  Percent Defective by Standard Deviation Method 

( 0 )  ----- 
0.0 
0.01 
0 . 0 2  
G.03 
c .  :.4 

0.05 
O.Ot 
0.07 
0 . 0 6  
0.09 

0 . 1 0  
0.11 
0.12 
c.:3 
G.14 
c.15 
0.16 
0.17 
0 . 1 8  
0.19 

0.20 
6.21 
0.32 
0.23 
c.24 
6.25 
0.26 
0.27 

C . 2 F  

0.30 
6.31 
0.32 
0.33 
C.3. 
0.35 
6.36 
0.37 
0.38 
0.39 

0.40 
c.41 
0 . 4 2  
c . 4 3  
6 . 4 4  
0.45 
0.4t 
0.47 
C . 4 E  
6.I9 

c . 5 0  
0 . 5 :  
C.:: 
c.:: 
c.54 
C.55 
C . 5 6  
0.57 
0 . 5 8  
0 . 5 0  

C . 6 0  
0.6: 
C.42 
6.63 
C , . & L  
C.65 
C.56 
C.67 
0.6E 
C .6F 

6.7: 
t.7: 
6 . 7 :  
6.': 
< . - 4  

C . 7 5  
c.7c 
c 
C.7E 
c . 7 :  

o.2e 

---- 
50.00 
45.t7 
45.31 
49.00 
4 8 .  6-J 
46.31 
4E.O: 
47.67 
47.13 
47.M 

46.67 
46.3? 
46.00 
45.67  
45. 33 
45.00 
44.67 
44.33 
44.0c 
43.67 

43. 33 
41.00 
4;.t7 
42.33 
4:.0C 
41.67 
4; .33 
41.00 
40.67 
40.33 

40.00 
39.67 
39.33 
39.00 
36.67 
36.33 
36.GC, 
37.67 
37.33 
37.00 

36.C7 
36.35 
36.00 
1 5 . 6 7  
35.3Z 
3s. 00 
34. t7 
34.2; 
34.0C 
3s. 67 

33.33 
33.00 
3Z.67 
3:. 23 
3I.OC 
31.67 
3:.33 
3l.Ot 
30.67 
36.33 

3C. OC 
29.t- 
29.33 
2s.c: 
2E.t' 
2E. 3 3  
2 8 .  oc 
37.67 
27.1: 
27.0: 

26.e- 
20.12 
2.5.:: 
25.6; 
25.13 
25.5: 
2 4 . t -  
I . .  3: 
I . .  3: 
23.6- 

5 

50.00 
a5.64 
4C.29 
48.93 
46. 58 
46.22 
47.66 
47.51 
47.15 
46.80 

ae.44 
41.09 
45. 73 
4:. 38 
45.02 
4b.67 
44.31 
43.96 
43.60 
43.25 

42.90 
42.54 
42.19 
41.84 
41.48 
41.23 
40.78 
40.43 
4E.08 
39.72 

39.37 
39.c2 
36.67 
36.32 
37.97 
37.62 
37.18 
u.93 

36.23 

35.88 
35.54 
35.19 

34.50 
34.16 
33.81 
33.47 
33.12 
32.78 

32.44 
32.10 
31.76 
31.42 
31.08 
30.74 
30.40 
30.06 
2'5.73 
29.39 

29. cs 
2E.72 
26.39 
26.05 
27.72 
27.39 
27.06 
26.73 
26.40 
2r.07 

2.I.74 
2z.4: 
2 5 . 0 9  
24.76 
2:. 4. 

2 4 . 1 1  
21.79 
23. t7 
23-15 
22.E3 

36.m 

34.c 

6 

56.00 
45.63 
49,:7 
4E. 9; 
4; 53 
46.lt 
47.80 
47.43 
47.06 
46.70 

46.13 
45.O6 
45.60 
45.23 
44.86 
44.50 
44.13 
43.77 
43.40 
43.04 

42.68 
42.31 
41.95 
41.59 
41 .22 
40.86 
a 5 . 5 0  
4,. I4 
39.78 
3 5 . 4 2  

35.06 
36.70 
36.34 
3'.98 
37.t2 
37.27 
36.91 
36.55 
h.20 
35. 8 4  

I S .  49 
35.14 
34.79 
34.43 
34.08 
3:. 73 
33.33 
33 04 
32.C9 
32.34 

32.00 
31 . t 5  
31.31 
36.96 
35.62 
30.28 
25.94 
25.60 
29.26 
26.53 

26.59 
2E. 25 
2:. 7 2  
2 ' .  59 
27.2s 
2b.92 
Zs.60 
2:. -7 
-. .94 
::.of 

2 ' .  29 
2r.96 
2..64 
f'.32 
2 r . 0 2  
- - .oo  
3 z . 1 7  
Z3.0T 
::.74 
1 z . 4 2  

_.. 

-- 

7 8 9 1c 

50.00 
AQ.63 
45.35 
4 E . 6 8  
41.50 
4E.13 
47.75 

47.0: 
46.63 

46.21 
45.89 
45.51 
45.14 
44.77 
44.40 
44.03 
4 3 . C 5  
43.28 
42.91 

42.54 
42.17 
41.80 
4i.44 
41.07 
40.70 
4t.33 
39.97 
39.60 
39. :3 

36.67 
36.50 
3 E . 1 4  
37.78 
37.42 
37.05 
3s. 65 
3t.33 
3Z.VE 
35.62 

35.26 
34.90 
31.55 
3 4 . 1 5  
33.84 
3 3 . 4 5  
33.13 
12.78 
3z.43 
32-06 

3:.74 
31.39 
31.04 
3:. 7c 
3 L . 3 6  
3; .01 
2 s .  67 

33 
2E. 9? 
26.66 

2E. 32 
27.9i 
27.65 
27.12 
2t.99 
26.66 
lc.33 
2c.00 
25.68 
2T.15 

25.33 
24.:: 
24.35 
24.C7 
23.75 
2 3 . r r  
2 : .  If 
2z.72: 
2 : .  LC 
2:.:5 

47.3e 

5t .oo 
49.62 
49.2. 

46.49 
4E.11 
47.73 
47.35 
46.97 
46.59 

46.12 
45.64 
4:. 4t 

44.71 
44.33 
43.96 
43.58 
43.21 
42.83 

42.46 
42.08 
41.71 
41.34 
40.77 
40.59 
40.22 

39.48 
39.11 

38-72 

36.01 
37.65 
37.ZE 
36.92 
36.X 
36.19 

35.47 

3C.11 
34.75 
34.39 
34.04 
33.68 
33.33 
32. 97 
31.62 
32.27 
31.92 

31.57 
31.22 
3;. 87 
30.53 

25.84 
2'5.50 
2'5.16 
2E.82 
25.4E 

26.15 
'7.81 
27.4E 
27.15 
26.5 
26.4* 
:a.1t 

25.51 
25.19 

24.86 
24. 54 
24.23 
23.91 
23.5- 

22.97 
22.6t 

22.01 

48.62 

45.oe 

3=.e5 

36.31 

3s.e3 

3o.ie 

25.  e3 

-7 ..D -- 
7 7  -1- -_.__ 

5L.00 
47.62 
49.24 
45.35 
49.47 
4 i . 0 9  
47.71 
47.33 
46.V5 
46.57 

4e.18 
45.80 
45.42 
45.04 
44.66 
44.29 
41.91 
43.53 
43.15 
42.77 

42.40 
42.03 
41.64 
41.27 
40.09 
45.52 
40.15 
3G.77 
35.40  
35.a 

36.66 
3i.?9 
1'. 7: 
37.5s 
?;.I5 

3C.46 
36.09 
35.73 
35.57 

35.00 
34.6. 
34.29 
z3.93 
33.57 
31.21 
3i . 86 
32.T1 
12.:5 

36. e2 

3i.eo 

3:.45 
3:.10 
30.76 
3i.41 
32.07 
29.72 
29.16 
25.04 
26.70 
26.36 

2E.C3 
2 7 . t ?  
2T.36 
27.G3 
2C.70 
i:.37 
Zc.04 
..I 7 2  
25 .39  
25.07 

24.7: 
24.43 
r 4 . : :  
21.E3 
I ? . r r  
::.:- 

5 L  

2:  .94 

-- - - - . i e  - -  
-- -c --._- 

50.00 
49.62 
49.23 
4E.e: 
46.46 

47.70 
47.31 
46.93 
46.54 

46.16 
45.7B 
45.40 
45.01 
44.63 
4i.:5 
43.87 
43.49 
43.11 
42.73 

42.35 
41.97 
41.60 
41.2' 
40.84 
40.47 
40.05 
39.72 
39.34 
38.97 

36.60 
36.23 
37.86 
37.49 
37.12 
36.75 

36.02 
35.65 
35.fP 

34.v3 
34.57 
34.21 
33.85 
33.49 
33.13 
32.78 
32.42 
32.07 
31.72 

31.37 
31.02 
30.67 
30.32 
?9.9E 
25.64 
29.29 
28.9: 
26.61 
26.25 

27.94 
27.6C 
27.Z 
26.O4 
26.61 
26.26 
25 .5c  
25.63 
25.3: 
24.95 

24.6- 
24.35 
24.02 
23.-2 
23.4: 
23.1C 
- - . 7=  
II.4E 
?:.I: 
:: .ST 

48.08 

16.38 

-- 

15 -- 
5C. 00 
45.61 
49.22 
4 6 . 8 3  
46.44 
46.C5 
47.66 
47.27 
46.88 
4 6 . 4 9  

46.10 
45.71 
45.33 
44.94 
44.5s 
44.16 
43.78 
4 3 . 2 O  
43.01 
41.t3 

42.24 

41.47 
41.09 
40.71 
40.31 
39.95 
39.57 
39.19 
36.81 

36.44 
36. 06 
37.6* 
37.31 
36.94 
36.57 
36.2G 

35.46 
35.10 

34.73 
34.37 
3 4 .  GO 
33.6. 
33.28 
32. 92 
32.57 
32.21 
31.es 
3:.50 

31. :5 
30.80 
30.45 
30.10 
29.76 
29.41 
t9.07 
26.73 
26.39 
2E. CS 

27.72 
27.3E 
27.05 
26.72 
26.39 
2t.57 
25.74 
25.r: 
2 5 . : 0  
24.7E 

34.At 
2&.:5 
23.E3 
23.E2 
23.:1 
22.CC 
22.t: 

2 : .  C D  

2:  .7c  

41.e5 

35. e3 

_ _  -. 
--.d. 

20 -- 
*%.Do 
4q. 61 
49.21 
4C.E2 
46.43 
48.04 
47.64 
47.35 
4d. 86 
40.47 

46.08 
45.65 
4: .2v 
44.90 
14.51 
44.13 
43.74 
43.-3 
4 2 - 9 6  
42.57 

42.10 
41.60 
4i.42 
k1.03 
4C.65 
4C.27 
39.89 
3Q.50 
39.:2 
3i.75 

3E.37 
r.99 
3' -61 
r.24 
3L..67 
3e.45 
3: 12 
35.75 

35.01 

34.65 
34.28 
33.92 
33.5t 
33.20 
32.84 

X.12 
3: .77 
31.41 

I1.0a 
x.71 
3Z.36 
3C.O: 
-3.67 
29.32 
26.98 
26.64 
26.3G 
27.96 

27.63 
i7.x 
26.96 
2t.63 
i6.31 
25. 96 
25.66 
25.33 
2z.01 
24.69 

24.38  
24.0t 
:1.75 -.. 4. 
::.I3 
2 : .  83 

35.38 

3~.4e 

-. 

-_ -9 -- . -- -- -- _-. -- 
23.0: 
23.6: 

30 --- 
50.00  
4F.bO 
45.21 

46.42 
4E.02 
47.63 
47.24 
46.84 
46.45 

4t.05 
45.66 
4z.27 
44.88 
44.48 
44.09 
43.70 
43.31 
42.92 
42.53 

42.15 
41.76 
41.37 
40.98 
40.60 
4 c  .22 
35.G3 
39.45 
39.07 
38.69 

36.31 
37.93 
37.55 
37.18 
36.80 
36.43 
36.05 
35.66 
35.31 
34.94 

34.58 
34.21 

4E.e: 

33. es 
33.48 
33.12 
32.76 
32.40 
32.04 
31.69 
31.33 

30.w 
30.63 
30.28 
29.93 
29.S9 
29.24 
26.90 
28.56 
26.22 
27.89 

27.55 
27.22 

26.56 
26.23 
25.90 
25.58 
25. 26 
2 4 . 0 4  
2 4 . C Z  

2 4 . 3 1  
23.99 
23.68 
23.3: 
23.07 
Z 2 . 7 6  
zZ.46 
--.It 
:i .Ee 
2 :  .57 

26.e~ 

-_. 

9 C  

50. 00 
49-60 
49.21 
4B.e: 
40.4: 
48.C3 
47-62 
47.2: 
464EI 
4 6 . 4 3  

46.04 
45.b4 
45.25 
44.86 
44.46 
44.07 
43.61 
43.25 
42.69 
42.50 

42.11 
41.73 
41.34 
40.95 
40.56 
40.18 
39.79 
39 .41  
39.03 
38.6: 

38.26 
37.09 
37.5: 
37.13 
36.75 
36.36 
36.01 
75-63 
35.26 
34.89 

34.5- 
34.16 
37.79 
3: .43 
33.07 
32.71 
32.35 
31.99 
31 -63 
3i.28 

ao.93 
30.57 
30.23 
2'E.E 
25.53 
29.19 
78.85 
28-51 
2E.17 
27.83 

27.5c - .16 
26-85 
26.5C 
Zb.:e 
25.0: 
25.53 
25.21 
2 4 .  80  
24.57 

24.26 
23.95 
Z3.6' 
25.22 
-3.02 

--.a: 
--.13 
2: .EX 
2: .53 

-- 

-_I -_I - -. -_. . -  
- -  

1 CO ---- 
so. 00 
4F.AC) 
49 .20  
48.81 
48.4: 
46.01 
47.61 
47.22 
46.82 
a e . 4 2  

46.03 
45.63 
4 5 . 2 4  
4 4 . 8 4  
44.45 
44.05 
43.66 
45.27 

4:.48 

42.09 
41.70 
4: .31 
40.93 
40.54 
40.12 
39.77 
39.36 
3V.OC 
36.62 

36.24 
37.86 

Z.3.10 
36.72 
30 .35  
35.F7 
35.60 
T z . 2 3  
34.80 

34.45 
34.12 
33.76 
53.39 
33.03 
31.67 
32.31 
31 .*5 
51-60 
31.24 

30.09 

30.19 
ZF.84 
29.49 
x .  15 
28.81 
2E.47 
26.13 
27.79 

27.46 
27.13 
1 6 . 8 0  
2 6 . 4 7  
26.14 
25.82 
25.40 
- - . I 1  
24. 8L 
24.54 

24.23 
:3.?1 
Z3.60 
23.3c 
-2 .  -5  
--.to 
3:.3= _-. 0- 
21 . ? C  

:I .SO 

43.08 

33.4e 

3a.w 

-.- 

_I_. 

_I- 
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TABLE C Estimation of Lot Percent Defective by Standard Deviation Method (Continued) 

ounLITi 
INDEX 

10) 

0 . 8 0  
0.81 
0.82 
0.83 
0.64 
0.85 
0.86 
0.87 
0 . 8 8  
0.89 

0.90 
0.91 
0.92 
0.93 
0.94 
0.95 
0.96 
0.97 
0.98 
0.99 

1.00 
1.01 
1.02 
1.03 
1.04 
1.05 
1.06 
1.07 
1.08 
1.09 

1.10 
1.11 
1.12 
1.13 
1.14 
1.15 
1.16 
1.17 
1.18 
1.19 

1.20 
1.21 
1.22 
1.23 
1.24 
1.25 
1.26 
1.27 
1.28 
1.29 

1.30 
1.31 
1.32 
I . 3 3  
1.34 
1.35 
1.36 
1.37 
1 .3E  
1.39 

1.40 
1.41 
1.42 
1.43 
1.44 
1.45 
1.46 
1.4? 

1 . 4 9  

1 . 5 c  
I . z :  
1.5: 
1 .52  
1.54 
1.55 
1 .56 
l . Z ?  
1.56 
1.IC 

1.4e 

-- 
3 -- 

25.64 
-5.25 
24.86 
24.47 
24.07 
23.67 
23.26 
22.84 
22.42 
21.99 

21.55 
21.11 
20.66 
20.19 
19.73 
19.25 
18.75 
18.25 
17.74 
17.21 

16.67 
16.11 
15.53 
14.93 
14.31 
13.66 
12.98 
12.27 
11.51 
10.71 

9.84 
8.89 
7.82 
6.60 
5 . 0 8  
2.87 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
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c . 4 5  
0.42 

0.39 
0.36 
0 .33  
0.30 
0.28 
0.26 
0.23 
6.21 
0.19 
0.17 

0.16 
0.14 
0.13 
0.11 
0.10 
0.09 
0.08  
0.07 
0.06 
0 . 0 5  

0.04 
0.54 
0 . 0 3  
0.02 
G.02 
0 . C 2  
0.01 
0.01 
O . i :  
0.00 

i.ie 

4.38 
4.26 
4.14 
4.02 
3 . 9 0  

3.67 
3.56 
3.45 
z.34 

3.24 
3.14 
3 . 0 3  
2.94 
2.64 
2.75 
2.65 
2.56 
z.47 
2.39 

2.30  
2.22 
2.14 
2.06 

1.91 
1.64 
1.76 
1.70 
1.63 

1.56 
1.50 
1.A4 
1.37 
1.32 
1.26 
1.20 
1.15 
1.10 
1.05 

1.00 
0.?5 
0.90 
O.B*  
0.82 
0.77 
0.73 
0.70 
0.66 
1.62 

0.59 
0 . 3  
C.53 
c.49 
0.46 
0.43 
0.41 

O.3a 
0.33 

0 . 3 :  
c.29 
6.27 
0.; :  
0 . 2 3  
0.21 
C.20 
C . 1 6  
C.17 
C.:S 

G.ll 
0.!3 
C.11 
0.10 
C.CP 

C..? 
C . C -  
c.;e 
C.C5 

3.71 

1.98 

0.38 

- ._ 
r..: 

4.54 
4.41 
4.30 
4.16 
4.06 
3.95 
3.84 
3.73 
3.62 
3.52 

3.41 
3.31 
3.21 
3.11 
3.c: 
2.'3 
2.83 
2.74 
2.66 
2.57 

2.49 
2.40 
2.32 
2.2s 
2.17 
2.09 
2.02 
1.95 
1.88 
1.81 

1.75 
1.66 
1.62 
1.56 
1.50 
1.44 

1 .I3 
1.27 
1.22 

1.17 
1.12 
1.07 
1.03 
0.90 
0.94 
0.90 
0.66 
0.82 
0.78 

0.74 
0.71 
0.67 
0.64 
0.61 
0 . 5 0  
0.55 
0.52 
0.40 
0.46 

0.44 
0.41 
0 . 3 9  
0.37 
0.34 
0.72 
0.30 
0.29 
0.27 
0.25 

0 . 7 3  
0 . 2 2  
0.20 
G.19 
C .  16 
C.16 
G.15 
6 . 1 4  
5.:3 
0.1: 

1.36 

4 . -2  
4.51 
4.69 
4.58 
4.47 
4.36 
4.25 
4.15 
4.05 
3.94 

3.84 
3.75 
3.65 
3.56 
Z.46 
3.37 
3.28 
3.20 
3.11 
3.03 

2.94 
2.86 
2.79 
2.71 
2.63 
2.56 
2.48 
2.41 
2.34 
2.28 

2.21 
2.14 
2.08 
2.c2 
1.96 
1.90 
1.84 
1.78 
1.73 
1.67 

1.62 
1.57 
1 .z2 
1.47 
1.42 
1.37 
1.33 
1.28 
1.24 
1.20 

1.16 
1.12 
1.08 
1.04 
1.00 
0 . 9 7  
0.93 
0 .90  
0.67 
0.63 

o.eo 
0.77 
0.74 
0 . 7 :  
0 . 6 9  
0.66 
0 . 6 3  
0.61 
0 . 5 5  
0.56 

0.54 
0 . 5 2  
O . . ?  
0.47 
G . 4 5  
0 . 4 3  
0 . 4 :  
0.A: 
0.2E 
0.3~ 

5 .08  
4.97 
4.e6 
4.75 
4.64 
4.53 
4.43 
4-32 
4.22 
4.:2 

4.02 
3.s3 

3.74 
3.6s 
3.56 
3.47 
3.3e 
3.3n 
3 - 2 1  

3.L3 
3.05 
2.9B 
2.90 
2.82 
2.15 

r.61 
2.54 
2.47 

2.40 
:,34 
z.27 
2.21 
2.15 
2 . 0 9  
:.a3 
L.97 
1.92 
1 .Bd 

1.81 
1.76 
1.71 
1.66 
1.61 
i .56 
1-51 
1.47 
1.42 
1.38 

1.34 
1.30 
1.16 
1.22 
1.18 
1.14 
1.10 
Z.07 
1.03 
1.00 

0.97 
0.94 
0.90 
0.67 
0.85 
0.32 
0.79 
0.76 
0.74 
0.71 

0.66  
0.36 
c..4 
0 . 6 1  
0.:3 
0.57 
0 . Z C  
: . Z 3  
0.Z1 
0.49 

3.e3 

2 . 6 8  

j . 2 3  
: . :2  
1.0: 
4.90 
4.7* 
4.66 

4.49 
4.2E 
4 .1s  

4.18 
4.0- 
3.=9 
3.PO 
3.e: 
3.72 
3.63 
3.ZZ 
3.47 
3.38 

3.M 
3 . 2  
3.15 
3.07 
2.W 
2.91 

2 - 7 6  
2.71 
2.64 

2 . 9  

2.45 
2.3E :.:: 
2.2e  

2.15 
2.09 
2-03 

4.x 

2.e5 

- *. -.-- 

.I -,, -.-- 

1.w 
1.93 
1.87 
1.E2 
1.77 
1 .F- 
1.66 
1.63 
1.59 
1.54 

1.50 
1.46 
1 ..2 

1.34 
1.30 
1.26 
1 .:2 
1.19 
1.1: 

1. :5 
1.0s 
1.c: 
1.c: 
0.99 
O.=b 
0.92 
0.9: 
0.61 
0 . E  

0.E: 
0 . E :  

0. - 
6.7: 
0.7: 
0.6% 
O . O t  
O . * l  
0.6: 

1 . 3 1  

0.:: 

5 .33  
5.22 
5.:1 
5.01 
4.90 
4.79 
4.69 
4.59 
4.4P 
4.2- 

4.30 
4.20 
4.11 
4.02 
3 . 9 3  
3.84 
3.76 
3.67 
3.59 
3.51 

3 . 4 3  
3.35 
3.37 
3.19 
3.12 
3.05  
2.97 
2.90 
2.83 
2.77 

2.70 
2.63 
2.57 
2.51 
2.45 
2.39 
2.33 
2.27 
2.21 
2.16 

2.1c 
2.05 
2.00 
1.95 
1.90 
1.85 
1.80 
1.76 
1.71 
1.66 

1.62 
1.58 
1 . 5 4  
1 .50 
1.46 
1.42 
1 .38  
1.34 
2 - 3 0  
i .27 

1.23 
1.20 
1.17 
I.13 
1.10 
2.07 
1.04 
1.01 
0.98 
3 . 9 5  

3.93 
0.90 
3.67 

5 . 8 2  
L . 8 0  
S . 7 8  
2 . x  
3.73 
2.71 

0 . 8 5  

5.41 
5.30 
5.19 
5 . 0 8  
d.98 
4.67 
4.77 
4.67 
..57 
4.47 

4.38 
4.29 
4.19 
4.10 
4.01 
3.93 
3.84 
3.76 
3.67 
3.59 

3.51 
3 . 4 3  
3.36 
3.28 
3.21 
3 . 1 3  
3.06 
2.99 
2.92 
I .85  

1.79 
2.72 
2.66 
2.60 
2.:4 
2.48 
2.42 
Z .36 
Z .30 
2 - 1 5  

2-19 
2.14 
Z.09 
2.04 
1 -99 
1-94 
L -89 
1-84 
1.79 
1.75 

1 . 7 1  
1-66 
2.62 
1.58 
1.54 
1.50 
1.46 
1.42 
1.39 
1.35 

1.31 
1.28 
1 - 2 5  
: .2: 
1.18 
1.:5 
1.12 
1.00 
1+G6 
1.C3 

1 .oo 
6 . C -  
0.95 
:-01 
0 . 5 0  
C.E7 
C . 6 5  
0-E: 
c.eo 
0 . 7 6  
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--- 
2.40 
2.41 
2.42 
2.43 
2.44 
2.45 
2.46 
2.47 
2.48 
2.49 

2.50 
2.51 
2.52 
2.53 
2.54 
2.S5 
2.56 
2.57 
2.58 
2.59 

2.60 
2.61 
2.62 
2-63 
2.64 
2.65 
2.66 
2.67 

2.69 

2.70 
2.71 
2.72 
2.73 
2.74 
2.75 
2.76 
2.77 
2.78 
2.79 

2.80 
2.E: 
2.82 
2.83 
2.84 
2 . 8 5  
2 . 8 6  
2.87 
2.88 
2.89 

2.90 
2.91 
2.92 
f . 9 3  
2.w 
2.95 
2.96 
2.97 
2.98 
2.99 

3.00 
3.01 
? . 0 3  
3.03 
i.04 
3.05 
3.06 
3.07 
3.08 
3.09 

3.10 
3 . 1 1  
3.12 
3.13 
3 . 1 4  
3.:5 
3.16 
2.17 
I.18 
3.1? 

2.68 

ESTIMATED LOT PERCENT Dr7ECTlVE FOR SELECTED SIMPLE SIZES 

3 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 .00  
0 . 0 0  

0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 .00  

0 . 0 0  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.30 
0.00 
0.00 

0.00 
0.CO 
0.OC 
0.00 
0.60 
C.GC 
6.00 
0 . 5 0  
C.CC 
G.CC 

4 -- 
0.00 
0.00  
0 .00  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 .00  
0.00 
0.00 

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0 . 0 0  
0 .00  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00  

0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 .00  
0.00 
0.00 
0 .00  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

0 .00  
0.00 
0 .00  
0.00 
0 . 0 0  
0.00 
0.00  
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.05 
0 . 0 0  
0 . 0 0  
0.00 
0.00 

5 A 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0 .00  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 .00  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
9.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
3.00 
0.00 
0.00 
5.00 
0.00 

0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0 .00  
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 
0-00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0 .00  
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.05 
0.00 
0 . 0 3  
0.05 
0.07 
0.05  
c.0: 
0.5: 
0 . 0 5  

0.03 
t.O; 
0.03 
0.03 
0.c: 
0.03 
1.03 
0.0: 
C.0) 
C.C; 

7 -- 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00  
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0 , O O  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0 . 0 0  
0 . O C  
0.00 
0.00 
0.00 
0.00 
0 .00  

0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.0: 
0.OC 
0.00 

0.00 
0.oc 
0.05 
0.oc 
0.00 
0.oc 
0 . w  
O.OC 
0.0: 
c.0c 

V 

0.00 
0.00 
0.00 
0.00  
0.00 
0 .oo 
0.00  
0 .00  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00  

0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.0s 
0.04 
G.04 
4.03 
0.03 
c.02 
c .02  
0.02 
0.01 
0.01 

0.01 
0.01 
0.01 
0.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.W 
0.00 
0.00 

0.W 
0.W 
0 .M 
0.CC 
0.co 
0.M 
0.W 
0.M 
0.54 
0.54 

0.M 
0 . 3  
0 . 3  
0.M 
0.M 
0.CQ 
0.co 
0.54 
0.c0 
0.33 

0.E 
0.w 
0.53  
0.:': 
0.c-3 
0.K. 
0.cs 
0 .  t-: 
0.0: 
0.K 

0 .K  
o.:.: 
0.5: 
0.i.: 
0.:: 
0.:: 
0.i.: 
0.i: 
0 . c :  
0.c: 

0.t: 
0.:: 
0.c: 
5. i . :  
0 . c :  
c.:: 
3 . i :  
'5.:: 
2.:: 
c . c.: 

10 ---- 
0.11 
0.10 
0.09 
0.00 
0.08 
0.07 
0.06 
0.06 
0.05 
0 . 0 5  

0.0. 
0.0. 
0 .03  
0.03 
0.03 
0.07 
0.02 
0.02 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0 .00  
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 

0 . 0 0  
G.OG 
0.00 
0.00 
0.00 
0.00 
0.oc 
0.00 
G.00 
0 . O C  

I5 --- 
0.35 
0.33 
0 .31  
0.30 
0.29 
0.27 
0.26 
0.25 
0.24 
0.23 

0.21 
0.20 
0.19 
0.18 
0.17 
0.17 
0.16 
0.15 
0.14 
0.13 

0.13 
0.12 
0.11 
0.11 
0.10 
0.09 
0.09 
0.08 
0.08 
0.07 

0.07 
0.06 
0.06 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 

0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0 . 0 2  
0.02 
0.02 
0.02 

0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0.01  
0.01 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
G.00 
0.00 
0.oc 
G . 0 0  
0.00 
0.00 
0.00 
0.00 

20 -- 
0.47 
0.45 
0.44 
0.42 
0.40 
0.39 
0.37 
0.36 
0.34 
0.33 

0.32 
0.30 
O . - T  
0.28 
0 .  -7 
0.26 
0.25 
0.24 
0.23 
0.22 

0.21 
0 . 2 0  
0.19 
0.18 
0.17 
0.16 
0.k6 
0.1s 
0.14 
0.14 

0.13 
0.12 
0.13 
0.11 
0.11 
0.10 
0.10 
0 .09  
0 .09  
0.08 

0.08 
0.07 
0.07 
0.07 
0.06 
0.06 
0.06 
0.05 
0 . 0 5  
0.05 

0.05 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
0 . 0 3  
0 .03 

0.03 
0 . 0 2  
0.02 
0.02 
6 . 0 2  
0.02 
0.02 
0.02 
0.31 
0.01 

0 . 0 1  
0.0: 
3 . c :  
0.31 
0.G: 
0.01 
6.01  
c .c :  
c . 2 :  
0.6: 

30 

0.59 
0.57 
0.56 
0.S4 
0 . Z 2  
0.so 
0.48 
0.47 
0.45 
0.44 

0.42 
0.41 
0.39 
0.38 
0.37 
0.35 
0.34 
0.33 
0.32  
0.30 

0.19 
0.28 
0.27 
0.26 
0.25 
0.24 
0.23 
0.21 
0.22 
0.21 

0.20 
0.19 
0.18 
0.18 
0.17 
0.16 
0.16 
0.15 
0.14 
0.14 

0.13 
0.13 
0.12 
0.12 
0.11 
0.11 
0.10 
0.10 
0.09 
0.09 

0.09 
0.08 
0.08 
0.08 
0.07 
0.07 
0.07 
0.06 
0.06 
0.06 

0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.0. 

0 . 0 3  
0 . 0 3  
0 . 0 3  
0.Oi 
0.03 
0 . 0 3  
0 . 0 3  
0.0: 
C.03 
j.02 

so ----- 
0.69 
0.67 
0.65 
0.63 
0.61 
0.59 
0.57 
0 . 5 5  
0.5. 
0 . 5 2  

0.50 
0.49 
0.47 
0.46 
0.44 
0.43 
0.41 
0.40 
0.39 
0.38 

0.36 
0.35 
0.34 
0.33 
0.32 
0.31 
0.30 
0.29 
0.28 
0.27 

0.26 
0.25 
0.24 
0.23 
0.22 
0.22 
0.21 
0.20 
0.19 
0.19 

0.18 

0.17 
0.16 
0.16 
0.15 
0.14 
0.14 
0.13 
4-13 

0.1 
0.12 
0.12 
0.11 
0.11 
0.10 
0.10 
0.10 
0.09 
0.09 

0.08 
0 .08  
0.08 
0.07 
C.07 
0 . 0 7  
0.07 
0.06 
0.06 
0.06 

0.06 
0.05 
0 .05  
0.05 
0.05 
0 .05  
0.04 
C . 0 1  
0.04 
0.04 

a.17 

1 OD --- 
0 .75  
0 .73  
0 . 7 1  
0 . 0 0  
0.4' 
0 . 6 5  
0.43 
0.62 
0.60 
0.58 

0.56 
0 .55  
0.53 
0.51 
0.50 
0.48 
0.47 
0.46 
0.44 
0.43 

0.41 
0.40 
0.39 
0.38 
0 . 3  
0.35 
0.34 
0.33 
0.57 
0.31 

0.30 
0.29 
0.29 
0 . Z 7  
0.27 
0.26 
0.25 
0.24 
0.23 
0.23 

0 . 2  
0.21 
0.20 
0.20 
0.19 
0.16 
0.18 
0.17 
0.17 
0.16 

0.16 
0.15 
0.14 
0.14 
0.13 
0.13 
0.13 
0.32 
0.12 
0.11 

0.11 
0.11 
0.10 
0.10 
0 . 0 9  
0.07 
0.09 
0 . 0 8  
0.08 
0 . 0 8  

0.08 
0.07 
0.07 
0.07 
0.07 
0.0c 
0 . 0 0  
0.06 
0.06 
0.0' 



- 62 - 

T'ABLE C Estim2:ion o i  L o t  P e r c e n t  a e i e c t i v e  by S t a n d a r d  Devia t ion  Method ( C o n t i n u e d )  

OUL,IT1 
INDEX 

( 0 )  ------ 
3.20 
3.11 
3.22 
3.23 
3.24 
3.7: 
3 . 2 6  
3.27 
3.28 
3.29 

3.30 
3.31 
3.32 
3.32 
3.34 
3.35 
3.36 
3.37 
3.38 
3.39 

3 .40  
3.41 
3.42 
3.43 
3 .A4 
3.45 
3 . 4 6  
3 . 4 7  
3.48 
3.45 

3.30 
3 .51  
3.12 
3 .z3  
3.2. 
3 . 5 1  
3.56 
3 . 5 7  
3.58 
3 . s 9  

3.60 
3.61 
3.62 
3.63 
3 . 6 4  
3.65 
3.66 
3.67 
3.68 
3.69 

1.70 
3.71 
3 . 7 2  
3.73 
3 .74  
3.75 
3.76 
3 . 7 7  
3.7E 
3 . 7 9  

3 

0.00 
0 .00  
0. ;o 
0."3 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 

0.00 
0.00 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 

0.00 
0.00 
0.00 
u.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  

4 -- 
0.w 
0.00 
0.m 
0.m 
0.or 
0.00 
0.00 
0. C; 
0.00 
0.02 

0.W 
t . O C  
0.0; 
0.00 
0.00 
0 . 0 0  
0.w 
0.05 
0 . 0 0  
0.00 

0.00 
0.06 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 

0.0; 
0.00 
0.oc 
O.OC 
O.OC 
0.oc 
0.06 
0.00 
O . O C  
0 .00 

0.00 
0 . 0 0  
0.00 
O.OC 
0.00 
0.00 
0.00 
0 . 0 0  
0.oc 
0.00 

0.oc 
0 .00  
0.00 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

6 7 9 

0.00 
0.00 
0.00 
0 . 2 4  
0.10 
0.50  
0.00 
0.00 
0.00 
0.30  

0.00 
0.00 
0.00 
0.30 
0.00 
0.00 
0.50 
0.24 
0.M 
0.w 

0.w 
t.:O 
0.co 
0 . S  
0.M 
6.00 
0.00 
O.*& 
0.00 
0.W 

0.X 
0.50 
0 .X  
0.50 
0.03 
0.'0 
0.tO 
0. c-> 
0.M 
0.00 

0.00 
0.m 
0.n 
0.M 
0.C.Z 
0.00 
0.33 
0.W 
0.co 
0.W 

0.m 
0.01 
0.CJ 
0.02 
0. CG 
3.01 
0.01 
5 . c :  
9.G3 
5 . K  

0.00 
0.00 
0 .00  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 .00  
0.00 
0.00 

0.00 
0.00 
0.00 
t .00 
0.00 
O . G O  
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.00 

0.00 
0.00 
0 .00  
0.00 
0.03 
0.00 
0.03 
0.00 
0.m 
0.00 

0.00 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.03 
0.00 
0.03 
0 .03  
0.00 

0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 3  
0.03 
0.00 

0.00 
0.00  
C.00 
0.00 
0.00 
0.03 
0 . 0 0  
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.cc 
0 . 5 0  
0.00 
0.00 
0 . 0 0  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.00 
0.00 

0.00 
0.00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
c . 0 0  
0.00 

C . 0 0  
c.00 
c . 9 0  
c . 3 0  
:.90 
c.00 
c .00  
c.00 
c.00 
C . 5 0  

c.00 
0.00 
:.PC 
C . 0 0  
c.00 
c.00 
c . 0 0  
c : 3  
c . > :  
0 . 5 0  

0.00 
C.00 
0.00 
0.00 
c . 0 0  
'..OO 
U . " W  
0.co 
c.00 
c.w 

c.00 
c.00  
C.;O 
c.:: 
o.:o 
c.00 
c.;o 
0.00 
c.00 
0.CO 

t.50 
0.30 
o.:o 
6.30 
0 . X  
0.0; 
0.20 
0 . ; ;  
0.r0 
C.?O 

0.:: 
0.0: 
O.'O 
0.:* 
o.:o 
o.;o 
0 . i )  
0.33 
0.:> 
0.GO 

0.00 
0.02 
0 . 0 0  
0.00 
1.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
c.00 
0.00 
0.00 
0.00 
0.00 
c.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.0: 
0.00 
0 . 0 0  
0.00 
0 . 0 0  
c.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  

0.00 
0.00 
0.00 
0.oc 
0.00 
0.00 
0.00 
0.00 
0.oc 
0.00 

10 ---- 
0.00 
0.00 
0.oc 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.OC 

0.00 
0.00 
0.00 
0.06 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 

0.00 
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0.00 
6.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1: I0 

0.00 
6.00 
0.00 
0.00 
c.00 
0 . 0 0  
c.00 
0.00 
c.00 
0.OC 

0.00 
c.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 .00  
0.00 
c.00 
0 . 0 0  

0.00 
0.00 
0.00  
0.00 
C.OO 
0.00 
0.00 
0.00 
0.00 
C.00 

0.00  
C.00 
0.00 
0 .00  
0 . 0 0  
C.00 
0.00 
c.00 
c.00 
0 . 0 0  

0.00 
0.00 
0.00 
6.00 
0.03 
0.00 
0.00 
0.00 
c.00 
0.00 

0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
c.00 
c.10 
0.00 

0.01 
0. Cl 
0.01 
0.01 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.W 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0 . 0 5  
0.00 
0 . 0 0  
0.00 
0.00 

0.00 
0.00 
O.OC 
O . O E  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.oc 
0.00 
0.00 
0.00 
0 .00  
0 .00  
0.00 
0.00 

0.00 
0.00 
0.00 
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.0: 

30 -- 
0.02 
0 . 0 2  
0.02 
0.02 
0.02 
0 .02  

0.01 
0.01 
0.01 

0 . 0 1  
0.01 
0.01 
0.01 
0 . 0 1  
0.01 
0 . 6 1  
0.01 
0.01 
0.01 

c.01 
0.01 
c.01 
0.01 
0.01 
c.00 
0.00 
0 .00  
0 .00  
0.00 

0 .00  
0 .oo 
0.00 
0 .00  
0.00 
0.00 
0.00 
6.00 
0.00  
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00  
0 .00  
0.00 

0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0 .00  
0.00 
0.00 
0.00 

a.oi  

S O  -- 
C . 0 4  
0 -04  
0.03  
C.03 
0 .03  
0.03 
0.03 
C . 0 3  
O.C3 
0.02 

6.02 
G.C2  
0 . 0  
L.CI 
Q.02  
C . O S  
c .02 
c -3 
0.02 
0.02 

0.01 
D.01 
c.01 
c.. 0: 
c.01 
c.01 
0.01 
c.01 
0.01 
c.01 

0.01 
0.01 
0.01 
0 . 0 1  
i.01 
C . 0 1  
t.01 
c.01 
C.01 
C.01 

c.01 
0.01 
0 . 0 0  
L.00 
6-00 
0.00 
0 . 0 0  
c.00 
0.00 
0 . 0 0  

0 . 0 0  
t.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
c .00  
G . 0 0  
c.00 
c.00 

100 

0 . 0 5  
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 
0.04 
0 .04  

0.04 
0 . 6 3  
0.05 
0.03 
0.03 
0 . 0 3  
0.03 
0.03 
0.03 
0 . 0 2  

0 .02  
0 . 0 2  
0 .02  
0.02 
0 .O' 
0 . 0 2  
0.02 
0.02 
0.02 
0 . 0 2  

0 . 0 2  
0.01 
0.01 
0.01 
0 . 0 1  
0.01 
t.01 
0.01 
0.01 
0.01 

0.01 
0.01 
0 . 0 1  
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.01 
0 . 0 1  
0.01 
0.01 
0.01 
0.01 
0.00 
0.00  
0 . 0 0  
0.00 
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APPENDIX D 

VARIABLES PLANS BASED ON THE RANGE 

D.1 General  Information 

D.l.l Acceptance p l a x  based on the standard deviation 6) a r e  a d v o c a t e d  

in favor  of t h x e  base5 on t h e  range (R). This appendix is included pr imar i ly  t o  

provide the  capLbility a? analyzing range plans already i n  existence. 

D.1.2 In the p a t ,  range plans were regarded a s  s impler  t han  s t anda rd  

deviation plans because t h e  range was easier to understand and  compute .  This  is 

less t rue  today wir3 the  \.ice use of s ta t is t ical  methods and t h e  adven t  of 

scient i f ic  pocket ca!cdators t h a t  compute the  standard deviation direct ly .  

D.1.3 The  range method is n3t a s  s ta t is t ical ly  e f f ic ien t  a s  t h e  s t anda rd  

deviation method, especial!y f o r  larger  sample sizes. For  example,  a range  p l a n  

using a samp!e s i t e  of n = 12 has esseatially t h e  same discriminating powe: (OC 

curve)  a s  5 stzndard deviaticn plan using a sample size of n = 13. 

D.1.4 Like t h e  variables plans based on t h e  starldard deviation, r ange  plans 

assume a n x m a l l y  disTribuTe3 population of unknown variability. 
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in which 

Q = quality index 

X = sample mean 

R = sample range 

L , U  = 

- 

lower and upper l imits outside of which the  ma te r i a l  or work is 

defined t o  be  defec t ive  

D.2.2 For simplicity, no subgrouping is required for t h e  me thod  

The range (R) used in Equations D.l and  D.2 is presented in this appendix. 

computed  direct ly  f rom t h e  complete  set of values obtained f rom t h e  sample.  

D.3 Explanation of Tables 

D.3.1 The tables  in this appendix were prepared with t h e  s a m e  

computer  algorithms used t o  genera te  t h e  tab les  in Appendix i3 and Appendix C 

by subst i tut ing (or interpolating for) t he  appropriate  noninteger degrees  of 

f reedom associated with range es t imates  of variabil i ty presented in Sec t ion  E.2.7 

oi A?pendix E. They ar? format ted  t h e  same and are used in t h e  s a m e  manner  as 

the  :shies in Appendix 8 and Appendix C. 

2.3.2 The tables  provide informatio? for sample s izes  f rom n = 3 to 

n = 15, inclusive. Above n = 15, range ?Ian5 a r e  considerably less e f f ic ien t  t h a n  

s t ~ c c a r d  deviation Dlans. 
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D.3.3 Table D.l provides the operaling charac te r i s t ics  for  numeroils 

Like t h e  tables  in Appendix B, i t  may  occasional ly  be d i f fe ren t  range plans. 

necessary t o  in te rpa la te  between t h e  plans listed in  this table.  

D.3.4 Table D.2 gives t h e  e s t ima te  of pe rcen t  de fec t ive  (TD) 

associated with t h e  quali ty index ( Q )  computed f rom t h e  sample resul ts .  Beczuse  

t h e  range tends TO be larger  than t h e  s tandard deviation, t h e  Q values  themse lves  

tend  t o  be  smaller,  and t h e  tab le  is more compact  t h m  i t s  coun te rpa r t  for t h e  

s tandard deviation method in Appendix C. Also, because it is believed t h a t  s o m e  

precision is lost  in  adapt ing t h e  s tandard deviation method a lgor i thms t o  

cons t ruc t  the  range  table, t h e  pe rcen t  defec t ive  es t i ina tes  in t h e  body of t h e  

tab le  have been printed t o  only t h e  f i r s t  decimal place.  
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TABLE D.l Operating Characteristics of Variables Acceptance Plans (Range Method) 

SA)*PLf 
S I Z E  

I " >  ----- 
1 
1 
3 
1 
I 
1 
1 
1 . . . . 
4 
4 . 
5 
5 

5 
5 
1 
5 
5 
5 

* * 
* * * * * 
7 
7 
7 
7 
7 
7 
7 

8 
I . 
I 
1 
9 . . * 
1 
V 
V 
v 
V 

I D  
10 
10 
10 
10 
LO 
10 

I 1  
11 
I 1  
1 1  
I 1  
I 1  
11  

12 
I 2  
I2 
:1 
12 
12 

> I  
I1 
L1 
:I 
: I  
I1 

2 .  
I .  
I .  
I 4  
, a  ,. 

a 

:a 

I: 
1: .. .. 

n h z r n w  
ALLD..ILf 
EST:I1TEO 

CEL:E*I 
D E F E i l l V f  <", 

1 4  
1. 
I. 
40  
4: .. .. 
4- 

ac 
I2 
14 
1. 
11 
4 0  

4: .. 
I *  
11 
10 
11 
1. 
u 
I1 
40 
42 

1. 
2* 
21 
10 
12 
1. 
I. 
I1 

1 4  
1. 
28 
3G 
12 
I4 3. 

22 
I .  
2* 
20 
10 
12 
1. 

22 
2. 
2. 
29 
10 
1: 
1. 

2: 
22 
2 4  
I .  
20 
10 
I1 

20 
21 
2. 
2. 
;a 
I0 
12 

23 
22 :. 
2, 
:6 
10 

!f .- :. 
:6 

1: 

2: 
2 :  
: r  
2. 
:r 
1; 

2:  

i. 
.'r 

2a 

.. .. 
:e 

20 10 

0.31 
0.21. 
0.224 
0.199 
0.11, 
0 . 1 1 4  
0.07 .  
o.oaa 
0.3.. 
0 . 1 4 1  
0.21, 
0.111 
0.1.2 

0.101 
0.011 

0.200 
0.2% 
0.212 
0.101 
0 . 1 l 4  
O . l * l  
0.139 

0.012 

0.271 
0.211 
0.213 
0.:10 
0.191 
0.167 
0.1.5 
0 . 1 1 ,  

0.260 
0.211 
0.217 
0.1.L 
0 . 1 7 9  
0.1:1 
0.11: 

0.2,. 
0.247 
0.226 
0.105 

0.166 
0.1.7 

0.257 
0.21. 
0.211 
0.116 
0.177 
0.151 
0.1.0 

0.2.1 
0 . 2 4 0  
0.221 
0.201 
0.10. 
0.171 
0.111 

0.2.1 
0.111 
0.::; 
0 . 2 1 1  
0.iSl 
0.1L: 
0 . L . I  

0.2:s  
0.21: 
0.2,: 
O . l V 7  
0.17. 
0 .161 

0 . 2 4 1  
0.::. 
0.210 
0.192 
0 . 1 7 1  
o.,:, 

0.2.4 
0.2:: 
0 . 2 : 6  

0.17: 
0.11. 

0.:.3 
0 . : : ;  
0 . 2 : :  
0.1e: 
0 . i e o  

0 . m  
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TABLE D.2 Estimation of Lo? ?ercent Defective (Range Method) 
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5 0 . 0  
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4f.l 
43.E 
39.c 
3E.3 

37.C 
J5.E 
3 4 . :  
33.3 
32.1 
3 c . 9  
35.7 
18.5 
37.4 
16.3 

- .  --.. 
24.1 
23.1 
11 .? 
20.9 
19.9 
18.- 
1 8 . C  
17.1 
16.2 

:5.3 
:4.5 
23.6 
12.E 

11.3 
1O.L 
5.9 

8.6 

8 . 0  
7.4 
0.9 
6.4 
5.9 
5.4 
4.9 
4 . 5  
4 . :  
3.7 

3.4 
3.1 
2 .E  
z.5 

Z.0 
1.7 
:.5 
1.3 
: .3 

: .c 
c.5 
C.7 
C . 0  
?.E 
0.4 
c . 4  
2.3 
i . 3  

._I . --.. 

e.3 

_ ) _ I  - .- 

. -  . .- 
C.3 
< . I  

c . :  
i.C 
I: . I 
I .C 
? . C  
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C.0 

_ .  ... 

I *  -_-_ 
59.0 
46.7 
4 7 . 3  
at..:. 
1 4 . C  

43.1 
4 Z . C  
4 C . b  
35.3 
38.0 

36.7 
35.4 
34.2 
32.9 
31.7 
30.: 
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26.1 
2 6 . 5  
2 5 . 8  

2 4 . 7  
23.6 
22.5 
21.4 
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39.4 
18.4 
: 7 . 5  
16.5 
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13.1 
:2.3 
21.6 
10.8 
10.1 
9.4 
6.8 
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7.6 
3 . 0  
t . 5  
6 . 0  
5 . 5  
Z.C 
4 . 6  
C.3 
3.8 
3.5 

3.: 
2 . 8  
2.5 

Z . 0  
1 .B  
1 . 6  
:.4 

;.c 

0.9 
C.E 
6 . 7  
C . 6  
C . 5  
C . 4  
6.3 
C.3 
C.T 
t.: 

c . 1  
c . :  
t.: 
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- -  -.a 
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12.7 
11.9 
11.1 
10.4 
9.7 
9.1 
8.4  

-- 
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7.e  
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6 .7 
6.: 
5.7 

4.E 
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3.6 
3.2 

1 . 5  
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f.4 
2. I 
1.0 
1.6 
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1.3 
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C.E 
c.-  
C .c 
C.f 
C.2 
G . 4  
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c . 2  
C -: 
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T.C 

C.C 
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APPENDIX E 

UNDERLYING THEORETICAL PRINCIPLES 

E.1 Development of Operating Characteristic Tables for Artributes Plans 

E.l.l The curnulztive hypergeometr ic  distribution func t ion  gives The 

p‘abability 05 a c c e p t a c e  for  an a t t r i b x e s  plan. 

x=c 
2 ‘d,xCS-d,n-x 

‘X,n 
x=o P =  (E.1) 

- - 
m.n c 

probability of accep tance  

pJpulation (lo:) size 

sample sizt 

number of defect ives  in  t h e  popxlation 

acceptance  number, maximum allowable nurnber of 

defec t ive  i t e m  in the sample  

number of possible cornbinat iors  of m i t e m s  t a k e n  n at a 

t ime  = m!/(n!(m-n)!) 

sum m at ion var iable  
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applied to  continuous data ,  t h e  lot size is considered to be inf in i te  a n d  t h e  

accep tance  probabilities a r e  computed as follows: 

x=c 
P = 1 c 2x(1 - PIn-" 

x=l) n,x 
(E.2) 

in which 

P 

n 

P 

C 

'm,n 

X 

- - probability of acceptance 

- sample size - 

- - f rac t ion  defect ive of the  population 

- - acceptance  number, maximum allowable number of 

defec t ive  i tems  in t h e  sample 

- - number of possible combinations of m i t ems  t aken  n at a 

t i m e  = m!/(n!(m-n)!) 

- summation variable - 

E.1.4 

expressed as 1OOp. 

For t h e  binomial distribution, t h e  lo t  percent  defec t ive  would be 

E.1.5 30 th  the  hypergeometric distribution and the  binomial distribu- 

tion were used to construct  t he  tables in .;.p?endix A. 

E.2 Development of Operat ing Character is t ic  Tables for  Variables Plans 

5.2.1 The es t imates  sf lot pe rz tn t  defect ive provided in the  a b l e s  in 

.:.?pendix C are obtaiped 5 y  nxTzricz-!;: inTegraTing the  be t a  dis:riSution 

i i nc :i12 n : 
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in which 

P - - f ract ion defec t ive  of the  population for single-limit 

applications (for double-limit applications, t w o  s e p a r a t e  

integrat ion s teps  must be performed and t h e  r e su l t s  

added t o  obtain t h e  to ta l  f ract ion defec t ive)  

b e t a  distribution function 

pa rame te r s  of the be t a  distribution = n/2 - I 

sample size 

quality index, (x - L)/S or (U - X)/S for single-!imit 

applications, both required for  double-limit appl ica t ions  

sample mean 

sample s tandard deviation 

lower and uppei specification limits 

integrat ion variable 

- 

E.2.2 The area  under the  beta distribution obtained in th i s  manner  is 

The f r x t i o n  defect ive which :nnilst be multiplied by 100 to yield t h e  e s t i m a t e  of 

,a- rl Len: - defective. 

r z . 2 . 3  Although tables  af the be ta  distribution n a y  be used manually, i t  

is fx mare  pract ical  ta use campuier  assis:ance t o  perform t h e  nurnerica! 

: n:eg :1 ti  3il. 



E.2.4 The probabilities of acceptance provided in Appendix B are 

obtained by numerically integrat ing the  noncentral t distribution function: 

in  which 

P 

t (v, s , x) 

V 

n 

d 

K P 

k 

X 

E.2.5 

probability of acceptance  

noncentral t distribution function 

degrees  of freedom = n - 1 

sample size 

noncentrality parameter  = Kp\/;; 

normal z-score associated with each  level  of population 

percent  defect ive for which t h e  computat ion is to be m a d e  

acceptance  constant 

integration variable 

If the  acceptance  procedure is s ta ted  in t e r m s  of t h e  maximum 

allowable es t imated  percent  defec t ive  (M) ra ther  than t h e  minimum al lowable 

value (k) of the quality index (Q), this must f i rs t  be conver ted  to a k value using 

t h e  tab les  in Appendix C (or Table !32 in Appendix D for t h e  range method). 

E.2.6 Tables of t he  noncentral t distribution a re  avai lable  but, l ike  t h e  

procedure involving the beta dis:ribution, these com?utat ions c a n  bes t  be 

performed by computer .  
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E.2.7 When these  same  operations are to  be performed for a c c e p t a n c e  

plans based on t h e  range (R) method, minor modifications m u s t  be m a d e  to 

account  for the  reduced degrees  of freedom associated with r a n g e  e s t i m a t e s  of 

vx iab i l i t y .  

E.2.7.1 To obtain e s t ima tes  of lot pe rcen t  de fec t ive  using t h e  

range method,  t he  upper integration l imi t  in Equation E.3 must be chmged t o  

x = Max(0, 1/2 - d f Q d m ) / 2 v )  (E.5) 

in  which 

X - - 

Q =  

integrat ion variable 

quali ty index computed by the  range method, (z- L)/R or 

(U - R/R for single-limit applications, both required for double- 

l imit  applications 

f ac to r  tha t ,  when divided in to  the range  computed  f r o m  t h e  

sample,  converts  i: i n to  an e s t ima te  of t h e  s tandard  devia t ion  

degrees  of freedom ( the  appropriate  noninteger values l i s ted  in  

Sect ion E.2.7.3 must b e  used) 

E.2.7.2 To develop operat ing cha rac t e r i s t i c  cwves for 

acce? tance  plans based on tSe  ranse,  Eqliation E.li may be used except  t h a t  i:. 

v+.lll be necessary to compute two values for integral  degrees  of t r e e l a m  in order  

t o  in te rpola te  for  t h e  appropriate  noninteger degrees  0: f reedo?  g iven  in  

Z e c ~ l o n  E.2.7.3. 
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E.2.7.3 The following values may be found in  Table  D3 of 

Quality Control  and Industrial S ta t i s t ics  by A. J. Duncan, published by Richard 

D. Irwin, Inc., 1965: 

SAMPLE 
SIZE 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

CONVERSION 
FACTOR ( d i )  

1.91 

2.24 

2.48 

2.67 

2.83 

2.96 

3.08 

3.18 

3.27 

3.35 

3.42 

3.49 

3.55 

DEGREES OF FREEDOM 
(RANGE METHOD) 

2.0 

2.9 

3.8 

4.7 

5.5 

6.3 

7.0 

7.7 

8.4 

9.0 

9.6 

10.2 

10.8 
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A P P E N D I X  F 

DEFINITIONS OF TERMS AND SYMBOLS 



- 7 8  - 

APPENDIX F 

DEFINITIONS OF TERMS AND SYMBOLS 

F.l Definitions of Terms 

ACCEPTABLE 2L'ALITY LEVEL (AQL) - t ha t  level of lot  p e r c e n t  

defec t ive  at or below which t h e  work is cms ide red  t o  be sa t i s fac tory .  

ACCEPTANCE CONSTANT (k) -- :he minimum allowabie qual i ty  index  (9) 

for  a var iables  accep tance  procedure. 

ACCEPTANCE NUMBER (c) - t h e  maximum allowable number  of defec- 

t ive  i t e m s  in  a sample for an a t t r ibu te s  a c c e g a n c e  procedure.  

A C C U R A C Y  -- t h e  degree  to which t h e  mean of a dis t r ibgt ion of 

measurements  tends  t o  coincide with the  True population value.  

ATTRIBUTES ACCEPTANCE PLAX -- a s ta t i s t ica l  a c c e p t a n c e  p rocedure  

based on qual i t ies  t h a t  a r e  counted rather  than measul'ecl. 

3ET.4 D I S T R I S L T I 3 S  - a srat is t ical  distribution that  underl ies  t h e  

pzrcent  def ecti;re esli-iE:ion process used with variab!es acceprance  procedures .  

8l.X'OhlI.AL DISTX3UTION -- 3 srat is?ical  distributio? used to  deve lop  

o;o:sti?g c h a r i c t s r i s i i c  cxves for as t r ibu tes  acce2tance  ?!a-~s ap?l ied to  

continuous da ta .  
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SUYER'S RISK Cp) - t he  probability tha t  an a c c e p t a n c e  plan wil l  

erroneo,isly accept  a lo t  t h a t  is truly rejectable.  

CRITICALITY - t h e  re la t ive importance of various f a c t o r s  a f f e c t i n g  :he 

sa fe ty ,  serviceabili ty,  cost, and/or cont rac tua l  requi rements  per ta ining to a 

part icular  i t em of work. 

HY PERGEOMETRIC DISTRIBUTION -- a stat is t ica1 dis t r ibut ion used to  

develop operat ing charac te r i s t ic  curves for a t t r ibu tes  a c c e p t a n c e  procedures.  

LIMIT (L, U) - value below or above which i t  is desired t h a t  t h e  p e r c e n t  

defec t ive  be maintained at a low level. 

LOT - a discre te  quant i ty  of mater ia l  or work to  which an a c c e p t a n c e  

procedure i s  applied. 

LOT PERCENT DEFECTIVE -- see PERCENT DEFECTIVE. 

IiEAN (x) -- a s ta t i s t ica l  measure of cent ra l  tendency,  t h e  a r i t h m e t i c  

ave rage  of a group of measurements  3' test results,  used wi th  var iab les  

accep tance  procedures. 

53 KCEXTRAL t DISTRIBUTION -- 3 s ta t i s t ica l  dis t r ibut ion used t o  

develop op-rzting c5,aracter is t ic  curves f 0: variables a c c e p t a n c e  procedures.  

:.;3ii!,l.iL DISTRIBUTIOU -- a s ta t isr ical  distribution t h a t  c losely approxi- 

maits; 1 . x  ilsTribzrlons of many types .J! cms t ruc t ion  dara. T ~ P  variabies 
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acce?tmce procedures described in 3 s  standard assume t h a t  the populat ion 

being sampled is normally distributed. 

3PERATiNG CHARACTERISTIC (X) CURVE -- a graphical r ep resen ta -  

:ion of an  acceptance  plan's capability t o  discr iminate  between sa t i s fac tory  a n d  

unsat isfactory work. 

PEXCENT DEFECTIVE (PD) - percentage of the lot fa!ling outs ide  

specification limits, may re fer  t o  eirhe: t h e  population value or t h e  s a m p l e  

e s i r n a t e  of t h e  population value. 

POPULATION -- any group having some  character is t ic  in  common, e a c h  

lo i  is regarded as a population f o r  a t t r ibu tes  and  variables a c c e p t a n c e  

?:ocedu re s. 

?RECISION - connotes the degree t o  which tests or measurements  on 

idmxiczl  samples  tend  to  produce the same  results. 

QUALITY INDEX (Q) -- a sratiszi: computed when q p l y i n g  t h e  var iables  

accep tance  procedures described i n  :his s tmdard .  

RANDOM SAMPLE -- a sarn?ie x l e c t e a  in such a w s y  t i a t  e;.ery e l emen t  

af ;FA? m;>di:ion has an equsily !ike!y c?psrtun;ty io  be included in :he sample.  
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REJECTABLE QUALITY LEVEL (RQL) - t h a t  level of lot pe rcen t  

de fec t ive  at or above which t h e  work is considered to be unacceptable.  

RISK - see BUYER'S RISK and SELLER'S RISK 

SAMPLE -- a subset of t h e  population (lot), tests or measu remen t s  on 

which a r e  used to assess t h e  qual i ty  of t h e  lot. 

SELLER'S RISK (a) -- t h e  probability t h a t  a n  accep tance  plan will 

erroneously r e j ec t  a lot t h a t  is truly acceptable.  

SIGNIFICANT CHARACTERISTIC -- a property of a mater ia l  or i tem of 

work t h a t  direct ly  a f f ec t s  its performance. 

SPECIFICATION LIMIT -- see LIMIT. 

STANDARD DEVIATION ( S ,  C ) - a s ta t i s t ica l  measure of dispersion used 

with var iables  accep tance  procedures. 

STRATIFIED RANDOM SAMPLING - a method of random sampling t h a t  

causes  the  samples  to be spread more uniformly throughout the lot .  

VARIABLES ACCEPTANCE PLAN -- a s;atisticaI accep tance  procedure  

based on charac te r i s t ics  t h a t  a r e  measured rather than counted  and which 

involves t h e  computat ion of s ta t is t ics1 p2rame:ers. 
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F.2 Definit ions of Symbols 

a, b - 

AQL - 

- a 

- P 

- 
'm,n 

- C 

I d 

parameters  of t h e  beta distribution 

acceptab le  qualiry level 

alpha, seller 's  risk 

beta ,  buyer's risk, also r e fe r s  t o  b e t a  distribution 

number of combinations of m i tems  taken n at a t i m e  

acceptance  nuinjer  in an a t t r ibu tes  accep tance  procedure  

number .Df de iec t ive  i t ems  in a lot being eva lua ted  by a n  

a t t r i bu te s  acce  pr ance  procedure 

d$ - fac tor  t ha t ,  when divided into t h e  range computed  f r o m  a 

sample,  c c n v t r t s  it  in to  an  es t i rna t t  of t h e  s tandard  devia t ion  

s -- delta, t h e  noncentrali ty parameter  of t h e  noncent ra l  t dls t r i -  

bution 

K -- normal z-score as;ociar-..d with each pzr t icu lar  level of 

percenr defecri*:t \::hen using the  noncentral  t d l s r ibu7ion  t o  

develop operz::?g chzrac ie r i s t ic  cu rves  for  var iab les  

P 

acce2 tance  p ! x  z. 
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k 

L 

M 

m 

N 

n 

V 

oc 

P 

Ti3 

t h e  acceptance  constant  of a variables a c c e p t a n c e  procedure  

(either k or 1M must b e  specified) 

lower specification l imit  

maximum allowable e s t ima ted  percent  de fec t ive  of a var iables  

acceptance  procedure (ei ther  M or  k must  be specif ied)  

variable used in  definition of C 
m9n 

size of a f ini te  population, number of i t e m s  in a Io t  being 

evaluated by an a t t r ibu tes  accep tance  procedure 

sample size,  variable used in definition of C 
m ,n 

nu, degrees of f reedom 

operat ing charac te r i s t ic  

probability of accep tance  

percent  defec t ive  

P - f ract ion defec t ive  in expressions for b inonia l  and b e t a  

distributions 
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Q -- quality index computed .;.hen applying t h e  var iab les  

a c c e p t a x e  procedures descr i jed  in this  s tandard  

ii - sample  range 

RQL - re jec tab ie  quali ty level 

S - sample  s tandard deviation 

G - population s tandard deviation 

t - r e fe r s  t o  noncentral  t distribution 

U - upper specification limit 

- 
X - sample  mean 

X - summation variable used in c o m w t a t i o n  of hype rgeomet r i c  

and b inomid  probabilities, integrat ion variable used for 

conpu ta t ions  invdving beta and  noncentral  t d i s t r ibu t ions  




