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ABSTRACT 

The tables list K factors used to compute one-sided tolerance limits 

which can be represented by x + KB or x - KB (upper or lower limits, 

respectively). Tables are presented with entry by sample size, proportion 

of population covered, and confidence coefficient. The tables list K 

factors for n - 3 (1) 50 (5) 100 (10) 200, 250, 300 (100) 1000, 9999, and 

50000; for proportion of population covered of .50 (.01) .99, .995, .999; 

and for confidence coefficients of .90, .95, and .99. Examples of the use 

of the tables are also included. 
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ONE-SIDED TOLERANCE LIMIT TABLES 

I 
t 

I.   INTRODUCTION 

Upper and lowef 100 (1-a) percent confidence limits aey be constructed 

with the property thst when we say these limits include the true value of 

the parameter, 100 (1-a) percent of all such statements will be correct [1]. 

For example, the case of the mean (for sample size (n) larger than 29] can 

be represented as x + ks where 1 is the mean, k is the corresponding normal 

deviate divided by »/n, and s is the sample standard deviation. 

Sometimes it Is useful to obtain an interval that covers a fixed 

proportion of the population distribution with a desired confidence. These 

Intervals are called tolerance intervals and may be constructed such that 

the Interval covers a proportion of the population with a desired confidence. 

This can be represented by x + Ks where K is the tolerance factor. As the 

sample sizp Increases the value of k for confidence Intervals approaches 

zero while K for tolerance Intervals approaches the normal deviate that 

Includes the desired proportion of the universe. 

Tolerance limits are based on the assumption that the underlying \ 

statistical universe is normally distributed.  Since v   (the population \ 

mean) and " (the population standard deviation) are not known, the 

tolerance limits must be based on x and s from a random sample of n 

observation*.  The quantities x and s are random variables and hence the 

limit depends on the particular outcome of the sample.  Different sampler 
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may lead to different  limits.     Some situation« necessitate tha use of 

one-sided tolerance  limits  (upper or lower) which can be represented by 

x + Ks or x - Vis.    These K values are given in Tables I,  II, and III. 

Various approximations have been used to calculate K values.    Owen 

14)   [3]  discusses the accuracy of four different approximation methods. 

The enclosed tables «re based on the non-central  t-distrlbufion and make 

the use of approximations unnecessary. 
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II.  COVERAGE OF TABLES 

Factors K such that x -f Ks or x - Ks Is « one-sided tolerance 

limit for a normally distributed population are given in Table I for 

90Z confidence. Table II for 95Z confidence, and Table III for 99Z 

confidence. These are given for n - 3 (1) 30, 53 (3) 100, 110 (10) 

200, 230, 300 (100) 1000, 9999, 30000 and for proportion of population 

covered of .50 (.01) .99, .995, .999, 
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III.  EXAMPLE OF USE OF TABLES 

A manufacturer of fuze« would like to specify a single lower limit 

above which he can be assured with a probability of 95Z that at least 99% 

of his production will lie. A random sample of 30 fuzes Is taken and the 

sample mean and standard deviation are found to be 605.1 and 12.65, 

respecclvelv» A value of K - 3.064 corresponding to n - 30 with 95Z 

probability and 99Z of population covered is obtsined from Table II.  The 

required lower tolerance limit Is given by x-Ks - 605. l-(3.064) (12.65) - 566.3. 

The manufacturer would also like to kno" with 95Z probability what 

percent of his production will lie above 579.8 using the above data. The 

K value will be x^k . 605.1 - 579.8 m  25.3   2.00. Table II is searched 
s       12.65     12.65 - 

at n - 30 for 2.00.  The .93 proportion of population covered column has 

K - 2.013 and the .92 column hat, K - 1.927. A conservative statement would 

be that the manufacturer can be assured with a probability of 95% that at 

least 921  of his production will lie above 579.8.  Linear interpolation, 

if necessary, with respect to the proportion of population covered is 

considered appropriate to use since only small errors can result. More 

accurate interpolation is accomplished by interpolating with respect to 

tlie normal deviate correspondin to the proportion of population covered. 



QETR No.   3 

IV.       CONTRUCTION OF TABLES 

The values of K given in the Cables correspond  to percentage polntts 

(divided by the square root of n) of the non-central  t-distrlbution.    The 

non-central t statistic,  tn_j,  «^nl^ has n-1 degrees of freedom and non- 

centrality parameter /n)aa.     K^, is defined by 

■Sv 
llSl* J   e dz " o. 

To  find K,  determine  t0 such that Pltn_lf   /nKa  >   t0]   - 1 - >.     Let K -  t0/»n    (3) 

Then x + Ks and x - Ks are upper one-sided and  lover one-sided tolerance limits, 

respectively.     It can be stated with lOOyX confidence that at least 100(1-«)% 

of   the distribution will be  less  than x + Ks   (or greater  than x - Ks). 

Table IV of Johnson and Welch  [2] was used to compute the non-centrallty 

parameter of  the non-central t-dlstrlbutlon.    An iteration method was necessary 

and  this was performed,   in single precision,  on a Honeywell 2200 Computer 

(65K storage).     The value " was  replaced by  100,000 so interpolation could 

be performed.    The following steps were used: 

A. Determine K   ,   the normal deviate exceeded with probability a. 

B. Calculate    5 • TiKg,   the non-centrality parameter of the non-central 

t-dlstrlbutlon,  and  f * n-1,   the number of degrees  of  freedom. 

C. Determine ZQ_Y^,   the normal deviate exceeded with probability 1->. 

D. Calculate  the first approximation t^  by 

6  + Z(1. 
^/ 

+ «2 

2f " 2f 
y). 

.-^ 
2f 
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B. Calculate  —r 
/5r 

F. Find y - 
is greater Chan 0.75 or 

\l  l + jf 

y* •   i  ■ L    
lf!/2f I i8 ^eB8 than 0«75. 

G. Obtain X - X(f, c., l-y) fro« Table IV of Johnson and Welch 

H. Calculate a second approximation t. where 
 2 2 

t2 ^T— 1      2f 

I.    Repeat steps (E) through (H) replacing ti by t, and calculate a 

third approxiaation.    Repeat these steps until two successive approximations 

arc the same.    Take for t(f, 6, 1-Y)  Che value so obCained. 

J.    Calculace    K - ^ £* l'Y? 
rn i 



QETR No. 3 

/.  ACCURACY 

The results in the enclosed tables should be accurate to within 

,005 and rarely more than .002 from the true value. 
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