
1.​ Variance vs standard deviation vs standard error 
2.​ If two answers are possible, read the questions again. Both of them probably wrong.  
3.​ Reliability vs failure, read carefully. R=1-F 
4.​ Dependent vs independent, read carefully 

Description Equation 

  

Cell length calculation for 

histogram and chi-square test 

for normality 

 𝐶𝑒𝑙𝑙 𝐿𝑒𝑛𝑔𝑡ℎ =  𝑅𝑎𝑛𝑔𝑒
1+3.322×𝑙𝑜𝑔⁡(𝑛)( )

Plotting position  𝑃𝑃 = 100(𝑖−0.5)
𝑛

Chi-Square Value 
 χ

𝑑𝑓
2 =

(𝑂
𝑖
−𝐸

𝑖
)2

𝐸
𝑖

Variable Control Chart Limits  𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑥

= 𝑋̿ + 3σ
0
 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿

𝑥
= 𝑋̿ − 3σ

0

Control Charts 𝑇𝑟𝑖𝑎𝑙 𝑋, 𝑅 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑥

= 𝑋̿ + 𝐴
2
𝑅

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑥

= 𝑋̿ − 𝐴
2
𝑅

Control Charts 𝑇𝑟𝑖𝑎𝑙 𝑅,  𝑅 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑅

= 𝐷
4
𝑅

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑅

= 𝐷
3
𝑅

 The subscript zero (0) indicate revised values. 
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0

=
𝑅

0

𝑑
2

Control Charts 𝑅𝑒𝑣𝑖𝑠𝑒𝑑 𝑋, 𝑅 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑥

= 𝑋
0

+ 𝐴σ
0

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑥

= 𝑋
0

− 𝐴σ
0

Control Charts 𝑅𝑒𝑣𝑖𝑠𝑒𝑑 𝑅,  𝑅 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑅

= 𝐷
2
σ

0
 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿

𝑅
= 𝐷

1
σ

0

Control Charts 𝑇𝑟𝑖𝑎𝑙 𝑋, 𝑠 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑥

= 𝑋̿ + 𝐴
3
𝑠

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑥

= 𝑋̿ − 𝐴
3
𝑠

Control Charts 𝑇𝑟𝑖𝑎𝑙 𝑠,  𝑠 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑅

= 𝐵
4
𝑠

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑅

= 𝐵
3
𝑠

 The subscript zero (0) indicate revised values. 



 σ
0

=
𝑠

0

𝑐
4

Control Charts 𝑅𝑒𝑣𝑖𝑠𝑒𝑑 𝑋, 𝑠 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑥

= 𝑋
0

+ 𝐴σ
0

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑥

= 𝑋
0

− 𝐴σ
0

Control Charts 𝑅𝑒𝑣𝑖𝑠𝑒𝑑 𝑠,  𝑠 −

Limits 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑅

= 𝐵
6
σ

0
 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿

𝑅
= 𝐵

5
σ

0

Process Capability for Centered 

Process,  𝐶
𝑝

 𝐶
𝑝

= 𝑈𝑆𝐿−𝐿𝑆𝐿
6σ

 & σ can be estimated (calculated) from the revised µ

chart. 

Process Capability for 

Off-Centered Process,  𝐶
𝑝

𝑘

 𝐶
𝑝

𝑘

= 𝑚𝑖𝑛⁡{𝐶
𝑝𝑢

,  𝐶
𝑝𝑙

}

 𝐶
𝑝𝑢

= 𝑈𝑆𝐿−μ
3σ

 𝐶
𝑝𝑙

= μ−𝐿𝑆𝐿
3σ

 & σ can be estimated (calculated) from the revised µ

chart. 

Process Capability (Commonly 

known as Process Performance) 

for out of control process  

Use revised sample standard deviation, s, in place of 

population standard deviation, , in the above σ

formulas.  

Binomial Distribution 
, μ=np,  𝑛 𝑥 ( )𝑝𝑥(1 − 𝑝)𝑥 σ =  𝑛𝑝(1 − 𝑝)

 

 𝑃
𝑎

= 𝑑≤𝑐( ) =
𝑑=0

𝑐

∑ 𝑛!
𝑑!(𝑛−𝑑)!( )𝑝𝑑 1 − 𝑝( )𝑛−𝑑

c=acceptance number, d=defectives or 

nonconformities,  

Poisson Distribution 
, μ= ,  

𝑒−λλ𝑥

𝑥!  λ σ =  λ

 

 𝑃
𝑎

= 𝑑≤𝑐( ) =
𝑑=0

𝑐

∑ 𝑛𝑝( )𝑑𝑒−𝑛𝑝

𝑑!

  

Proportion or fraction 

nonconforming in the sample 

or subgroup, p 

 𝑝 = 𝑛𝑝
𝑛

n = number in the sample or subgroup 



np = number nonconforming in the sample or 

subgroup 

Sample size formula for 

attribute, n 
n =  𝑛 = 𝑝(1 − 𝑝)

𝑧 α
2

𝐸( )2

  

Attribute p-chart Control 

Limits (Trial) 

 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿
𝑝

= 𝑝 + 3 𝑝 1−𝑝( )
𝑛

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑝

= 𝑝 − 3 𝑝 1−𝑝( )
𝑛

 ∑ 𝑝 =
∑𝑛𝑝

∑𝑛

Attribute p-chart Control 

Limits (Revised) 
 𝑈𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝑈𝐶𝐿

𝑝
= 𝑝

𝑜
+ 3

𝑝
𝑜

1−𝑝
𝑜( )

𝑛

 𝐿𝑜𝑤𝑒𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡,  𝐿𝐶𝐿
𝑝

= 𝑝
𝑜

− 3
𝑝

𝑜
1−𝑝

𝑜( )
𝑛

After revising, delete the out of control points, 

 𝑝
𝑜

=
∑𝑛𝑝−𝑛𝑝

𝑑

∑𝑛−𝑛
𝑑

  

Attribute np-chart Control 

Limits (Trial) 

 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑛±3 𝑛𝑝 1 − 𝑝( )

 ∑ 𝑝 =
∑𝑛𝑝

∑𝑛

Attribute np-chart Control 

Limits (Revised) 

 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑛𝑝
𝑜
±3 𝑛𝑝

𝑜
1 − 𝑝

𝑜( )

 𝑝
𝑜

=
∑𝑛𝑝−𝑛𝑝

𝑑

∑𝑛−𝑛
𝑑

*c-chart is similar to np-chart 

**c-chart is used for a large (large ship, car, airplane, entire MNSU, etc.) inspection 

while the np-chart is used for individual piece inspections (a screw is bad or good, a 

mango is good or bad) 



Attribute c-chart Control Limits 

(Trial) 

 

 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑐±3 𝑐

 𝑐 = ∑ 𝑐
𝑔

  

Attribute c-chart Control Limits 

(Revised) 

 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑐
0
±3 𝑐

0

 𝑐
0

=
∑𝑐−𝑐

𝑑

𝑔−𝑔
𝑑

Attribute u-chart Control 

Limits (Trial) 

 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑢±3 𝑢
𝑛

                           𝑢 = 𝑐
𝑛 𝑢 =

∑𝑐

∑𝑛

Attribute u-chart Control 

Limits (Revised) 
 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝐿𝑖𝑚𝑖𝑡𝑠 = 𝑢

0
±3

𝑢
0

𝑛

 𝑢
0

=
∑𝑐−𝑐

𝑑

𝑛−𝑛
𝑑

Acceptance Sampling, Sample 

Size Calculation based on the 

Producer’s risk 

 𝑛 =
𝑛𝑃

0.95

𝑃
0.95

Acceptance Sampling, Sample 

Size Calculation based on the 

Consumer’s risk 

 𝑛 =
𝑛𝑃

0.10

𝑃
0.10

Average Outgoing Quality  𝐴𝑂𝑄 = 𝑃
𝑎
𝑝 1 − 𝑛

𝑁⎡⎣ ⎤⎦
Double Sampling Plan  𝑃

𝑎
= 𝑝

0
+ 𝑝

1
𝑝

2
+ 𝑝

1
𝑝

1
+ 𝑝

1
𝑝

0( ) + 𝑝
2
𝑝

1
+ 𝑝

2
𝑝

0( )
Average Sample Number ; =probability of requiring a 𝐴𝑆𝑁 = 𝑛

1
+ 𝑛

2
𝑃

2
𝑃

2

second sample  

 


