
Unit IV 
Derivation of variable sampling plan with single specification limit , known ࣌ 

 Let Fx (ݔ, ,ߤ   .2ߪ and variance ߤ be the distribution function of x with mean (ߪ
 When 2ߪ is known, for a specific limit U, the proportion p1 of defective items must be 

defined with reference to the distribution function as 
p = 1- Fx (ܷ, ,ߤ ݔ) ܲ  =  (ߪ >  (ߤ/ܷ

Suppose that the following condition must satisfy 
α =  ሿ(ܮܳܣ) 1݌ ݏ݅ ݃݊݅݉ݎ݋݂݊݋ܿ݊݋݊ ݊݋݅ݐݎ݋݌݋ݎ݌ ℎ݅ܿℎݓ ݎ݋݂ ݕݐ݈݅ܽݑݍ ݀݋݋݃ ݂݋ ݏݐ݋݈ ݃݊݅ݐ݆ܴܿ݁݁]ܲ

ߚ =  ሿ(ܦܲܶܮ) 2݌ ݏ݅ ݃݊݅݉ݎ݋݂݊݋ܿ݊݋݊ ݊݋݅ݐݎ݋݌݋ݎ݌ ℎ݅ܿℎݓ ݎ݋݂ ݈݁ݒ݈݁ ݕݐ݈݅ܽݑݍ ݎ݋݋݌ ݐ݋݈ ܽ ݃݊݅ݐ݌݁ܿܿܣ ] ܲ
Therefore, the OC curve of the sampling plan must pass two through the Points 
P(Accepting the lot at AQL) ≥ 1 - ߙ 
P(Accepting the lot at LQL) ≤ ߚ 
AQL & LQL are  defined by 
AQL = ݌ଵ= 1-Fx (U; ߤଵ,  (ߪ
LQL = 1 =2݌- Fx(U; ߤଶ,  (ߪ
α and ߚ are defined by  
= ߙ 1 − ;ܷ)௫̅ܨ ଵ, ఙߤ

√௡) = ܲ(̅ݔ + ߪ݇  > ߤ/ܷ =  (ଵߤ
1 − ݔ̅)ܲ = ߚ + ߪ݇  > ߤ/ܷ =     (ଶߤ
ܹℎ݁ߤ ݁ݎଵ݀݁݊ݐ ݁ݐ݋ℎ݁ ݓ ݎ݋݂ ݊ܽ݁݉ ݏݏ݁ܿ݋ݎ݌ℎ݅ܿℎ ݐℎ݁ ݊݋݊ ݊݋݅ݐݎ݋݌݋ݎ݌

−       1݌ ݏ݅ ݃݊݅݉ݎ݋݂݊݋ܿ
 ܼଵ = ௎ିఓభ  

ఙ    Where tail area outside  ܼଵ is ݌ଵ 
 ଵ = P(Z  >  ܼଵ)݌
Similarly, we have   ܼଶ = ௎ିఓమ  

ఙ     



ଶ݌ ݃݊݅݉ݎ݋݂݊݋ܿ ݊݋݊ ݊݋݅ݐݎ݋݌݋ݎ݌ ℎ݁ݐ ℎ݅ܿℎݓ ݎ݋݂ ݊ܽ݁݉ ݏݏ݁ܿ݋ݎ݌ ℎ݁ݐ ݏ݅   ଶߤ = ܲ(ܼ > ܼଶ )  
ܼఈ  and  ܼఉ  denote the upper tail of the standard normal distributions such that the tail 

areas are α & β respectively. 
Under K method the lot is accepted otherwise reject the lot. 

If  Zu = ௎ି௫̅
ఙ   ≥  ܭ 

Adding and subtracting µ we get, 
ܷ − ߤ + ߤ − ݔ̅

ߪ  ≥  ܭ 
ܷ − ߤ

ߪ + ߤ  − ݔ̅ 
ߪ  ≥  ܭ 

ܷ − ߤ
ߪ − ݔ̅  − ߤ 

ߪ  ≥  ܭ 
௫ ഥ ି ఓ

ఙ    ≤   ௎ିఓ
ఙ   − K 

 ݏ݁݀݅ݏ ℎݐ݋ܾ ݕܾ ݊√ ݕ݈݌݅ݐ݈ݑܯ
௫̅  ି  ఓ഑

√೙
≤ (  ௎ିఓ

ఙ   – K) √݊-----------------------1 

Zଵ  ݌ℎ݅ݏ݊݋݅ݐ݈ܽ݁ݎ ℎ݁ݐ ݃݊݅ݏܷ  =  ܷ − ଵߤ
ߪ    

The requirement of accepting a lot of good quality (process mean at ߤଵ) with probability of 1-∝ 

Pቈ ௫̅  ି  ఓ഑
√೙

≤  (ܼଵ − K) √݊቉  = 1-ߙ 

Pቈ ௫̅  ି  ఓ഑
√೙

> (ܼଵ − K) √݊቉  = 2------------------------- ߙ 

(ܼଵ − K) √݊ = ܼఈ -----------------------------3 
 



Using the relationship Zଶ  =  ௎ିఓమ
ఙ  

Pቈ ௫̅  ି  ఓ഑
√೙

≤  (ܼଶ − K) √݊቉  = ߚ 

Pቈ ௫̅  ି  ఓ഑
√೙

> (ܼଶ − K) √݊቉  = 1-ߚ  

(ܼଶ − K) √݊ = ܼଵିఉ = -ܼఉ ------------------------4 
From Equations 3 & 4, we get 
(ܼଵ − K) √݊= ܼఈ    (5) 
(ܼଶ − K) √݊ = −ܼఉ    (6) 
Subtracting equation 5-6 
√݊ (ܼଵ − ܼଶ) = ܼఈ − (−ܼఉ) 

√݊ =  ௓ഀା௓ഁ
௓భି௓మ   

݊ =  ቀ௓ഀା௓ഁ
௓భି௓మ ቁଶ----------------------------------------(7) 

Hence the single sampling parameter n is determined.  
Similarly, substituting (7) in (5) we get 

(ܼଵ − ቀ௓ഀା௓ഁ (ܭ
௓భି௓మ ቁ= ܼఈ  

ଵݖ) − ఈܼ)(ܭ + ܼఉ) = ܼఈ(ܼଵ − ܼଶ) 
ܼଵܼఈ + ܼଵ ఉܼ - k(ܼఈ + ܼఉ) = ܼଵܼఈ − ܼଶܼఈ 
K (ܼఈ + ܼఉ) =  ܼଵ ఉܼ + ܼଶܼఈ 

K =   ௓భ௓ഁା௓మ௓ߙ
௓ߙା ௓ഁ  



Hence the variable factor of single sampling plan is determined.  
 

Variable sampling plan when ࣌ ࢔࢝࢕࢑࢔࢛ ࢙࢏ 
When SD is unknown the following procedure may be used 
Take a Random Sample തܺ =  ∑  ݊/ݔ
ଶݏ  = 1/݊ −  ଶ(തܺ - ݔ)∑  1
ܼ௎ = ܷ − തܺ / ܵ 
If ܼ௎ ≥ തܺ ݀݁ݐ݆ܿ݁݁ݎ ݁݅ݏݓݎℎ݁ݐ݋ ݐ݋݈ ℎ݁ݐ ݐ݌݁ܿܿܽ ܭ + ݏ݇ ≤ ܷ accepted otherwise rejected. 
To find n and k we should know the distribution of തܺ ±  ݏ݇
x~ N(ߤ,  (ଶߪ
തܺ ~ ܰ(ߤ,  (݊/ଶߪ
s ~ N(ߪ,  (ଶ/2݊ߪ
E( തܺ ± (ݏ݇ = )ܧ തܺ) ±  (ݏ)ܧ ݇
± ߤ  ߪ݇

V( തܺ ± )            V(x) + ݇ଶ v(s) = (ݏ݇ തܺ ′ݏ are independent)  
ఙమ
௡ + ݇ଶ  ቀఙమ

ଶ௡ቁ  ଶ/݊  (1+݇ଶ/2)ߪ
,݁ݎ݋݂݁ݎℎ݁ݐ തܺ ± ߤ ݊ܽ݁݉ ℎݐ݅ݓ ݀݁ݐݑܾ݅ݎݐݏ݅݀ ݕ݈݈ܽ݉ݎ݋݊ ݕ݈݁ݐܽ݉݅ݔ݋ݎ݌݌ܽ ݏ݅ ݏ݇ ±  ߪ݇
accept the lot if  
തܺ ± ≥ ݏ݇ ܷ 
തܺ ± ݏ݇ − ߤ ) + ఙమ / (ߪ݇

௡  ( 1 + ௞మ
ଶ ) ≤ ܷ − ߤ ) + ఙమ / / (ߪ݇

௡  ( 1 + ௞మ
ଶ ) 

തܺ ± ݏ݇ − ߤ ) + ඥ1/݊(1ߪ / (ߪ݇ + ݇ଶ/2) ≤ ܷ − ߤ − ඥ1/݊(1ߪ / ߪ݇ + ݇ଶ/2) 
ܲ[ തܺ − ݏ݇ − + ଵߤ) ඥ1/݊(1ߪ /(ߪ݇  + ݇ଶ/2) ≤ ܷ − ඥ1/݊(1ߪ /K - ߪ/ ଵߤ + ݇ଶ/2)] =     



1-∝  
P[∝≤ ଵݖ − ݇/ඥ1/݊(1 + ݇ଶ/2)] = 1-∝  
P[Z > ଵݖ  − ݇/ඥ1/݊(1 + ݇ଶ/2)] = ∝ 
ଵݖ − ݇/ඥ1/݊(1 + ݇ଶ/2 = ݖ∝----------------------------* 
ܲ[ തܺ − ݏ݇ − + ଶߤ) ඥ1/݊(1ߪ /(ߪ݇  + ݇ଶ/2n ≤  ܷ − K/ ඥ1/݊(1 - ߪ/ ଶߤ + ݇ଶ/2)] = ߚ 
P[ ∝ ≤ ଶݖ  − ݇/ඥ1/݊(1 + ݇ଶ/2)] = ߚ 
P[ Z ≥ ଵݖ  − ݇/ඥ1/݊(1 + ݇ଶ/2)] = 1 – ߚ 
ଶݖ − ݇/ඥ1/݊(1 + ݇ଶ/2)] = ܼଵିఉ = -Zߚ-------------------------------------** 
݁ݒ݈݋ܵ ∗ ܽ݊݀ ∗∗ 
ଵݖ − ݇/ඥ1/݊(1 + ݇ଶ/2 = ݖ∝ 
ଶݖ − ݇/ඥ1/݊(1 + ݇ଶ/2)] = -Z1 / ߚ/ඥ1/݊(1 + ݇ଶ/2)] (ݖଵ − (ଶݖ   = + ∝ݖ   ఉݖ 
ଵݖ) ݊√ − ଶ)/  ඥ(1ݖ  + ݇ଶ/2 = ݖ∝ +  ఉݖ 
√݊ = (ܼ∝ +  ܼఉ / ܼଵ + ܼଶ) ඥ(1 + ݇ଶ/2---------------------------------------**** 

ܾݑݏ ∗∗∗ ܽ݊݀ ∗ 
ଵݖ − ݇/ඥ1/݊(1 + ݇ଶ/2 = ݖ∝  
ଵݖ) − ݇) (ܼ∝ +  ܼఉ / ܼଵ −  ܼଶ)/ ඥ(1 + ݇ଶ/2 / ඥ(1 + ݇ଶ/2=  ܼ∝ 
ଵݖ) − ݇) / ܼ∝ + ܼఉ = ܼ∝ (ܼଵ − ܼଶ) 
∝ଵܼݖ + ଵ ܼఉݖ − kܼ∝ −  ݇ ఉܼ = ܼ∝ܼଵ - ܼ∝ܼଶ 
∝ܼ) ଵܼఉ - kݖ +  ܼఉ) =  − ܼ∝ܼଶ 
ଵܼఉݖ + ∝ܼ)ଶܼ∝ = kݖ  + ܼఉ) 
݇ = ଵܼఉݖ  + ∝ܼ / ∝ଶܼݖ  + ఉܼ 



  



Military Standard 105D 
Objectives – MIL_STD_105D: 
 The military standard 105D table provides plans that emphasize the protection of 

the producers against rejecting the lots. 
 The MIL_STD_105D plans are based on the acceptable quality level (AQL). 
 The AQL means it is the fraction defective from the production process  agreed by 

the producer and consumer. 
 The probability of rejecting the good lot with the process average AQL is called 

producer risk. 
 P[rejecting the good lot/ AQL] = α 
 MIL_STD_105D is developed  by American military and it’s also known as 

ABC_STD_105D. 
 Procedure: 

 Step 1- Fix AQL from the production process p1 
 Step 2- Decide on the inspection level 

 
 

 
 Step 3- Determine the lot size N. 
 Step 4- Refer the table to find sample size code letter. 
 Step 5- Decide on the parameter of the sampling plan (n,c). 
 Step 6- When 2 0ut of 5 consecutive lots are rejected under normal 

inspection then shift over to tightened inspection. 

INSPECTION LEVEL

NORMAL INSPECTION TIGHTENED  INSPECTION
REDUCED INSPECTION



 Step 7- The tightened inspection will have lesser probability of acceptance 
than normal distribution.

 Step8- During tightened inspection is followed,when 10 consecutive lots are 
accepted then shift to reduced inspection.

 Step 9- During normal inspection, when 10 consecutive lots are accepted 
the shift to reduced inspection.

 Step 10- The Cumulative defective f
acceptance number 

 
 

TIGHTEN INSPECTION

NORMAL INSPECTION

The tightened inspection will have lesser probability of acceptance 
than normal distribution. 

During tightened inspection is followed,when 10 consecutive lots are 
accepted then shift to reduced inspection. 

During normal inspection, when 10 consecutive lots are accepted 
the shift to reduced inspection. 

The Cumulative defective from 10 lot is less than or equal to the 
acceptance number c. 

5 good lots NORMAL INSPECTION

10 good lots REDUCED INSPECTION

The tightened inspection will have lesser probability of acceptance 
During tightened inspection is followed,when 10 consecutive lots are 

 
During normal inspection, when 10 consecutive lots are accepted 

 
rom 10 lot is less than or equal to the 

NORMAL INSPECTION

REDUCED INSPECTION




















