
Exam in mathematical statistics, Statistical Quality Control       
(MVE-145/MSG-600) 

Tuesday 2007-12-18, 8.30-12.30 

 

Examiner:  Serik Sagitov 

Jour:  Jan Rohlén, Mob: 0708-57 95 48 

 

Grade limits GU: G: 12-21.5, VG: 22-30 

Grade limits CTH: 3: 12-17.5, 4: 18-23.5, 5: 24-30 

 

Aid problems  1-2: None. Hand-in separately 

Aid problems 3-8: One handwritten A4-page, tables (Beta or similar) and approved 

calculator (Chalmersgodkänd räknare) 

 

Langugages: You can choose to write in English or in Swedish. 

*************************************************************************** 

  

Uppgift 1 (3.5 p) 

Describe shortly the seven major tools within Statistical process control (“The magnificant 

seven”).  

 (0.5p  per tool). 

 

Uppgift 2 (4.5p) 

Answer following question  

1. What is the main purpose of a control chart? 

2. What is the difference between Phase I and Phase II control charts? 

3. What is systematic variation and what is random variation? 

4. What is G R&R and how can it be measured? 

5. What is OCAP and why is it important? 

6. A process characteristics is normally distributed ( ),N µ σ  and a Shewhart control 

chart with control limits 3µ σ± is used. If the process is in control, what is the risk of 

false alarms? 

7. What is ARL and what will ARL be in question 6? 

8. What are the conditions for using capability indices Cp and Cpk ? 

9. Is this examination a useful model of your knowledge within SPC? Explain. 

(0.5p per question) 

 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Hand in part I  

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



 

Problem 3 (3p) 

You are responsible for purchase quality on a company manufacturing medical devices. Your 

company buys needles in batches of size 7600. The contract with your supplier states that 

acceptance sampling according to MIL STD 105E shall be used with AQL=0.40% and 

General Inspection Level II. 

a) Describe how the sampling will be done and how the test plans looks like. (1p) 

b) When should acceptance sampling be used and when should all-control be used? (1p) 

c) If you take a sample, and is in "Normal Inspection" and you get 0 defect needles, what 

can you say about the quality of batch? What is the upper 95% confidence limit on the 

fraction defective? (1p) 

 

Problem 4 (5p) 

Samples of size n=5 are taken from a process every half hour. After m=25 samples have been 

collected, we calculate  
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A Shewhart control chart is used. Assume that both charts indicates that the process is in 

control and that the quality characteristics is independent and normally distributed.  

a) Estimate the process standard deviation and estimate the natural tolerance limits. (1p) 

b) Find the control limits of the x  and R charts. (1p) 

c) Assume that both both charts exhibit control. If the specification limits are 

26.40 0.50± , estimate the fraction non-conforming. (1p) 

d) If the process mean is adjusted to 26.40, what will ATS (average time to signal) for 

the x -chart be? (2p) 

 

Problem 5 (4p) Euler buckling 

A beam is free to rotate in both its ends, see Figure 1, can at a certain compressive loads be 

bent or buckled. This happens at a critical load .crit
P . 

 

The critical load depends on  

• The length of the beam, L 

• The E-modulus of the material, E 

• The moment of intertia I. 

 

From elementary courses in mechanics of solids we know (solving an eigenvalue problem) 

that the lowest critcial load (n=1) is  
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Figure 1 Euler buckling type I. (picture from Wikipedia) 

 

 

  

Let us asssume that L, E and I are normally distributed stochastic variables.  
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The tolerance limit for the critical load is 5 54.7 10 ,6.1 10 kN ⋅ ⋅  . 

a. Calculate the mean and variance for the critical load .crit
P (2p) 

b. Which of the three variables E, I and L would you be most interested in if you want to 

reduce the variation in critical load? (1p) 

c. What is your opinion, is the process capable? Motivate! (1p) 

 

Problem 6 (3p) 

 

A x -control chart with 3 sigma control limits has following parameters:  
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Suppose that the measured characteristics is normally distributed and has a true average of 98 

and standard deviation of 8.  

What is the probability that the control chart will raise an out of control alarm after maximum 

3 samples? 

Uppgift 7 (4p) 

The plastic flow in a molding machine is measued every 5 minute. The target for the process 

is 0 500µ = . In Table  1 20 measurements are shown.  

 



 

i 1
Sample no Measurement x Range 

1 473

2 512 39

3 518 6

4 492 26

5 484 8

6 512 28

7 513 1

8 536 23

9 481 55

10 533 52

11 536 3

12 538 2

13 539 1

14 523 16

15 535 12

16 513 22

17 553 40

18 544 9

19 585 41

20 527 58

10477 442

i i i

i i

MR x x

x MR

−= −

= =∑ ∑

 

Table  1 

 

a. Estimate the process standard deviation. (1p) 

b. Design a EWMA diagram that controls the process average and determine whether the 

process is in control or not.  (Use 0.1λ =  and L=2.7). Is the process in control? (3p) 

 

 

 

 

Uppgift 8 (3p) 

Assume that a process is in control, has normally distributed and independent outcome. Let p 

be the fraction products outside the tolerance limits.  

a. Write a formula for p, that depends  on the capability indices 
p

C  and 
pk

C : 

( , )
p pk

p f C C=  and calculate p  for 1.67
p

C =  and 1.33
pk

C = . (2p) 

b. If the process is not in control, what is then your conclusion about p? (1p) 

 

 



Poisson table 

 
 



Normal distribution 

 
 

 



Chi2-distribution 

 
 



 





 


