Quality Control exercises

Exercise 1. A quality inspector took five samples, each with four observations, of the length time for glue to dry. 
	 
	Sample

	
	1
	2
	3
	4
	5

	Observation
	1
	12,11
	12,15
	12,09
	12,12
	12,09

	
	2
	12,1
	12,12
	12,09
	12,1
	12,14

	
	3
	12,11
	12,1
	12,11
	12,08
	12,13

	
	4
	12,08
	12,11
	12,15
	12,1
	12,12

	
	average
	
	
	
	
	


a) Determine the average of each sample and the grad mean.

b) Use this to obtain three-sigma control limits for mean of future times. It is known from previous experience that the standard deviation of the process is 0,02 minute.

c) Determine whether the process is in control.
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d) Determine control limits by the second way. Determine whether the process is in control or not.
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Exercise 2.

The following figure presents a process run. Determine whether there is a trend in a process.
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Exercise 3.

	
	Observation

	
	1
	2
	3
	4
	Average

	Sample
	1
	6,7
	6,8
	6,5
	6,2
	

	
	2
	6,5
	6,3
	6
	6,3
	

	
	3
	6,4
	6,3
	6,2
	6,5
	

	
	4
	6,4
	6,3
	6,7
	6,6
	

	
	5
	6,5
	6,7
	6,7
	6,9
	

	
	6
	6,2
	6,1
	6
	6,4
	

	
	7
	6
	6,3
	6,1
	6,5
	

	
	8
	6,3
	6,4
	6,6
	6,4
	

	
	9
	6,2
	6,4
	6,3
	6,4
	

	
	10
	6
	6,2
	6,1
	6,1
	

	
	11
	6,2
	6,4
	6,5
	6,3
	

	
	12
	6,1
	6,3
	6,2
	6
	

	
	13
	6,3
	6,1
	6,4
	6,3
	

	
	14
	6,5
	6,6
	6,4
	6,6
	

	
	15
	6,6
	6,7
	6,8
	6,8
	

	
	16
	6,6
	6,6
	6,6
	6,7
	


The table contains data about a process. 

a) Determine that the process is in control, if the process deviation is 0,23. 

way 1.

[image: image4.emf]5,9

6

6,1

6,2

6,3

6,4

6,5

6,6

6,7

6,8

6,9

7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Observation 1

Observation 2

Observation 3

Observation 4


way 2.
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b) Determine whether there is trend in the process.

Exercise 4.
	Sample
	Average
	Ranges

	1
	75,56
	0,42

	2
	75,59
	0,41

	3
	75,63
	0,23

	4
	75,68
	0,65

	5
	75,99
	0,12

	6
	75,26
	0,45

	7
	75,23
	0,33

	8
	75,5
	0,56

	9
	75,2
	0,4

	10
	75,56
	0,35


a) Determine control limits for the averages, and decide whether the process in control, if the sample size (n) is 5.

b) Determine if there is a trend in the process or not, if the limit for z score is {-2;2}.

Factors for charts

	n
	Factors for mean chart
A2
	Factors for range chart  

	
	
	Upper Range, D4
	Lower Range, D3

	2
	1,88
	3,268
	0

	3
	1,023
	2,574
	0

	4
	0,729
	2,282
	0

	5
	0,577
	2,115
	0

	6
	0,483
	2,004
	0

	7
	0,419
	1,924
	0,076

	8
	0,373
	1,864
	0,136

	9
	0,337
	1,816
	0,184

	10
	0,308
	1,777
	0,223

	11
	0,285
	1,744
	0,256

	12
	0,266
	1,716
	0,284

	13
	0,249
	1,692
	0,308

	14
	0,235
	1,671
	0,329

	15
	0,223
	1,652
	0,348

	16
	0,212
	1,636
	0,364

	17
	0,203
	1,621
	0,379

	18
	0,194
	1,608
	0,392

	19
	0,187
	1,596
	0,404

	20
	0,18
	1,586
	0,414

	21
	0,173
	1,575
	0,425

	22
	0,167
	1,566
	0,434

	23
	0,162
	1,557
	0,443

	24
	0,157
	1,548
	0,452

	25
	0,153
	1,541
	0,459


Solution

Exercise 1.

a) First we have to determine the averages of each sample. For example 
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	Sample

	
	1
	2
	3
	4
	5

	Observation
	1
	12,11
	12,15
	12,09
	12,12
	12,09

	
	2
	12,1
	12,12
	12,09
	12,1
	12,14

	
	3
	12,11
	12,1
	12,11
	12,08
	12,13

	
	4
	12,08
	12,11
	12,15
	12,1
	12,12

	
	average
	12,1
	12,12
	12,11
	12,1
	12,12


Than we have to determine grand mean (the mean of sample averages):
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b) Than we have to calculate the standard deviation of the samples:
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After that we can calculate control limits:
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According to the control chart (see below) the process is in control, because all averages fall between the limits.
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c) 

The second way when we estimate standard deviation with ranges. Range is the distance between the maximum and the minimum value.

	
	Samples

	
	1
	2
	3
	4
	5

	Range
	0,03
	0,05
	0,06
	0,04
	0,05


Then determine the average of ranges:
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A2 is given by the table at the end of the solution,. The table contains A2 values for each sample size. Now the n is 4. So A2= 0,729

After that we can calculate control limits:
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As we can see on the graph there is no outer item, so the process is in control.
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Exercise 2.

To determine the N, count the moves upward and downward.

UU D UUUU DDD UU D UU
Now we have 16 data points, and 7 observed runs. (the number of movements to the similar direction.)
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Because z score falls outside the {-2;2} interval, we can say that there is a trend in the process.

Exercise 3.

	 
	Observation

	
	1
	2
	3
	4
	Average
	Range

	Sample
	1
	6,7
	6,8
	6,5
	6,2
	6,55
	0,60

	
	2
	6,5
	6,3
	6
	6,3
	6,275
	0,50

	
	3
	6,4
	6,3
	6,2
	6,5
	6,35
	0,30

	
	4
	6,4
	6,3
	6,7
	6,6
	6,5
	0,40

	
	5
	6,5
	6,7
	6,7
	6,9
	6,7
	0,40

	
	6
	6,2
	6,1
	6
	6,4
	6,175
	0,40

	
	7
	6
	6,3
	6,1
	6,5
	6,225
	0,50

	
	8
	6,3
	6,4
	6,6
	6,4
	6,425
	0,30

	
	9
	6,2
	6,4
	6,3
	6,4
	6,325
	0,20

	
	10
	6
	6,2
	6,1
	6,1
	6,1
	0,20

	
	11
	6,2
	6,4
	6,5
	6,3
	6,35
	0,30

	
	12
	6,1
	6,3
	6,2
	6
	6,15
	0,30

	
	13
	6,3
	6,1
	6,4
	6,3
	6,275
	0,30

	
	14
	6,5
	6,6
	6,4
	6,6
	6,525
	0,20

	
	15
	6,6
	6,7
	6,8
	6,8
	6,725
	0,20

	
	16
	6,6
	6,6
	6,6
	6,7
	6,625
	0,10


a)
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According to the control chart the process is in control.
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b)
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There are outer items, so the process is not in control.
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Exercise 4.

The A2=0,577 (because n=5)
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There is item outside the limits, so the process is not in control.

b)

UUUU DD U D U 

N=10, number if runs: 5
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Because z falls between the {-2;2} interval, we can say that there is no run in the process.
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