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Abstract 

This practicum pmvides stepby-step insîructions for constnicting short nin control charts 

in Microsoft Excel. Several widely used methods of short nms are reviewed and the 

applications of those short nin charts are provided. The scenarios of choosing the 

appropriate short nm cbarts are also discussed. In addition, we construct an Excel 

program to test the special causes for control charts. 
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Chapter 1 

Exccl Programs For Short Run Control Charts 

1. Introduction 

Recently, there have been increasing uses of Microsoft Excel for statistical analysis. The 

main reasons are Listed as below(1) Excel is available in almost d l  cornputen, (2) Many 

computer w r s  know how to use ExceI, (3) Frequently data for analysis are already kept 

in an Excel speadsheet, (4) standard statistical packages such as SAS, Minitab and SPSS 

are less accessible due to licensing cost and limitation on number of usen per license. 

Thus statistics books on" doing statistics by Excel " are now available, e.g. Zabowski,G. 

( 1999), Zimmerman, S.M. & Icenogle, M.L. (1999) and Middleton, M.R. (1999) . 

Some of these books include a section on the use of Excel for control charts in 

statistical process control. However, they are for the conventional Shewhart X-bar and R 

charts. Furthemore, when testing for special causes, they wnsider only one test, i-e., one 

point beyond the control Iimits. 

In this chapter, we first show how to use Excel to create control charts. Then we 

demonstrate how to incorporate them to the creation of wntrol charts for short runs 

through three examples of short run control charts for center and for variation: (1) 

Individual-X and Moving range charts, (2) Individual-X and Moving Range charts for 

non-normal Data. (3) Short run X-bar and Range charts. 

In additional to the above three types of control charts, several other types of short 

run control charts are also considered But we will not propose their Excel programs, as 

they are similar to the above three types. The formulas of al1 the short run charts are 

given in Chapter 2, together wîth examples. 



In  Chapter 3. we show how to use Excel to perform the well known eight tests for 

special c a w s  in the X-bar chart suggested by Nelson (1984,85). 

2. Steps to Create Control Charts 

Here we are giving the steps for creating a general control chart such that the data for the 
plotted points, centerline and control limits are already entered to the Excel spread sheet 
In section 3, 4 and 5, we will demonstrate how to enter data and to t ~ p e  formulas for 
manipulation of the sarne data set. 

Figure 2.1 

Step 1. Enter the data that we want to chan (Including Sample #, Part #, Plotted points 
(Di), Centerline (Di-bar), Upper Control Limit (UCL) and Lower Control Limit 
(LCL)) and chwse the range A3 to F18 in this example. 

Step 2. Click on  the Chart Wizard tool on the tool bar. 

Step 3. Choose the line cbart. 

Step 4. Choose the correct format for the controt chart. 



Step 5. CIick on the Finish button. 

ARer clicking on the Finish button, we could see the control chart as shown in below. 

Figure 2.2 

3. Steps for Formattin~ the Chart and Part Number A i s  

3.1 Steps for formatting the chart 

Figure 3.1 

Step 6. Double click on the Upper Control Limit line in the p p h  (see Figure 3.1). 



Step 7. Look for the Format Data Series dialog box. Choose None below the Marker 
heading. 

Notice: We can format the centerline and lower control limit by simply repeating Step 6 
(Double click on the line that we want to format) and Step 7 (see Figure 3.1 ). 

3.2 Steps for formatting the part number h i s  

Figure 3.2 

Step 8. Double click on the pan number in the graph (see Figure 3.2). 

Step 9. Look for the Format Axis dialog box. Choose Law below the Tick mark labels. 



The following is the final control chart that we can get. 

- 1 

A C B C B A C A A C B B C B A  
1 2 3 4 5 6 7 8 9 1 0 1 1  1 2 1 3  1 4 1 5  

Figure 3.3 



Here we consider the Short Run Target individual X and Moving Range Charts by using 
the exarnple in Section 5.1 of Chapter 2, in which the formulas for the plotted points, 
center lines and control limits are given. 

SUBGROUP 
PART # 
Obs 
Tar x-bar 

4.1 Entering the te* into the worlrsheet 

SUBGROUP 
PART # 
Obs 
Tar x-bar 

Table 1. 

1 
A 

15.9 
15 

13 
C 

4 
C 

39.9 
40 

39.6 
40 

1 D2 1 A2 1 TEXT 

2 
C 

39.6 
40 

12 
8 

10 
C 

14 
8 

- -  - 

5 
B 

25.3 . 

25 

3 
6 

24-7 
25 

11 
B 

15 
A 

24.9 
25 

CELL 
< TEXT 

B2 Colistant for iX-Chart 

B4 IX-Chart TEXT 1 

DESCRIPTION 
TEXT 

G2 
13 
J3  
D3 
13 

l 53 

6 
A 

14.9 
15 

24.7 
25 

Constant for R-Chart 
D4 
D3 

2.66 
3.268 

O 

C4 
D4 
E4 
G4 
H4 

7 
C 

40.3 
40 

39.7 
40 

T E X  
TEXT 
TEXT 

A2 FOR SüBGROüP SUE 1 
D4 FOR SUBGROUP SIZE 1 
D3 FOR SUBGROUP S U E  1 

I 14 

54 

C 
UCL 
LCL 

R-C hart I 

I C5 
D5 
E5 
H5 

8 
A 

15.2 
15 

2 5 1  
25 

CENTERLINE FOR IX-CHART I 

UPPER CONTROL L M T  OF IX-CHART 
LOWER CONTROL L M T  OF IX-CHART 

TEXT 

R-UCL 

R-LCL 

15 

9 
A 

15.5 
15 

16.1 
15 

R-C 1 CENTRE LiNE FOR RANGE CHART 
WPER CONTROL LIMIT OF RANGE 

CHART 
LOWER CONTROL LiMIT OF RANGE 1 

=G8 
=CS+D3*H5 
=C5-D3*HS 

=H8 

AVERAGE OF Dj 
UPPER CONTROL LIMIT OF IX-CHART 
LOWER CONTROL LIMIT OF IX-CHART 
CENTRE LINE FOR RANGE CHART 

=wu5 WPER CONTROL LIMIT OF RANGE 1 

CHART 



1 J5 1 =J3*H5 1 LOWER CONTROL LIMIT OF RANGE 1 
I CHART 1 

The following display will appear 

A7 
B7 
C7 
D7 
E7 
F7 
H7 
17 

Figure 4 (a) 

Sample # 
Part # 

XJ 
TARGETj 

Dj 
DMRj 
Di-bar 

DMR. -bar 

S M L E  NUMBERS 
PARTS NUMBER 
OBSERVATIONS 

TARGET VALUE OF Xj 
PLOT POINTS FOR IX-CHART 

PLOT POINTS FOR RANGE CHART 
AVERAGE OF Dj 

AVERAGE OF MOVlNG RANGE 



4.2 Steps for entering the data and typing the formula required for calculating tbe 
plotted points, center lines and control limits 

Step 1. Enter the sarnple nurnbers 
1.1 Enter 1 in ceU A8 and press enter. 
1.2 In ce11 A9 type in the formula: " =1+A8 " and press enter. 
1.3 Click on cell A9 and click on copy button. 
1.4 Hold dom the lefi mouse button, select the range Ag: A22 and press enter. 

Step 2. Enter the corresponding part numbers in column B (Ba: B22). 

Step 3. Enter al1 the observed values in colurnn C (Cg: C22). 

Step 4. Enter the corresponding target values in wlumn D @8: D22). 

Step 5. Calculate the plotted points for the IXÇbart in column E 
5.1 Click on the cell ES and type the formula :" = CSD8 " . 
5.2 Press enter. 
5.3 Click on c d  E8 and choose the copy button. 
5.4 Hold down the mouse button, select the range E8:E22 and press enter. 
The plotted points of IX-Chart would be calculated and displayed in column E 
fiom El3 to E22. 

Step 6.  Calculate the Moving Range plotted points 
6.1 Click on to the ceIl F9 and type the formula: " =ABS(E&EJ) " 
6.2 Press enter. 
6.3 Click on ce11 F9 and choose the copy button. 
6.4 Hold down the mouse button, select the range F9: F22 and press enter. 
The moving range would be calculated and displayed in colurnn F fiom F9 to 
F22. 

Step 7. Caiculate the average of Dj in Column G 
7.1 Click on the ceIl GS. 
7.2 Type the formula: " = AVERAGE(E8:EZZ) " and press enter. 

Step 8. Calculate the average of DMRj in column H 
8.1 Click on the ce11 H8. 
8.2 Type the formula: " = AVERAGE(FJ:F22) " and press enter. 



The followiiig display will appear: 

Figure 4(b) 



4.3 Converting the Plotted Points and Control Limits into a New Excel Worksheet 

After we calculate al1 the potted points and control limits for Target iX and Moving 

Range Chart, we can use eut and paste function to paste the "Sample number, Part 

number, Plotted points of Target DL, Conbol Limits of  Target IX, Plotted Points of  

Moving Range, and Contml Limits of Moving Range" into a new Excel Worksheet. 

These have to be done because it would then be easier to mate a suitable control chart in 

Excel. 

Figure 4(c) 



4.4 Creating the Control Cbarts 

Follow the steps in Section 2 of this chapter to create the suitable control charts. 

Target Individual X Control Chart 

. 

A C B C B A C A A C B B C B A  
f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Moviog Range Control Cbarts 

l 

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

Figure 4 (d) 



5. Creatine the Sbort Run Tarnet Individual X and Movinp Range Cbarts (Non- 
normal data) 

Here we consider the Short Run Individual X and Moving Range Charts (Non-Normal 
data) by using the exarnple in Section 5.2 of Chapter 2, in which the formulas for the 
plotted points, center lines and control limits are givea 

Example: The data is getting form Bothe's manual. (Bothe 1999, p28) 

SUBGROUP 
PART # 
Obs 
Tar x-bar 

SUBGROUP 
PART # 

5.1 Entering the texts into the worksbeet 

1 
A 

7.9 
7.5 

O bs 
Tar x-bar 

Table 2. 

10 
8 

2 
A 

7.2 
7.5 

8.7 
8.7 

11 
F 

CELL 
B2 
D2 
H2 
52 
K2 
D3 
J3 
K3 
B4 
C4 
D4 
E4 
H3 
14 
54 

3 
A 

7.2 
7.5 

9.8 
9.5 

K4 

12 
F 

TEXT 
Constant for IX-Chart 

A2 
Constant for R-Chart 

D4 
D3 
1.88 

3.268 
O 

IX-Chart 
C 

UCL 
LCL 

R-Chart 
R-C 

R-UC L 

CS 
D5 

4 
D 

5.9 
6.1 

9.4 
9.5 

DESCRIPTION 
TEXT 
TEXT 
TEXT 
TEXT 
TEXT 

A2 FOR SUBGROUP SIZE 1 
D4 FOR SUBGROUP SUE 1 
D3 FOR SUBGROLJP SIZE 1 

TEXT 
CENTERLN FOR DC-CHART 

UPPER CONTROL L M T  OF IX-CHART 
LOWER CONTROL LIMIT OF E-CHART 

TEXT 
CENTRE LINE FOR RANGE CHART 
W P E R  CONTROL LIMIT OF RANGE 

R-LCL 

13 
E 

CHART 1 
LOWER CONTROL LIMIT OF RANGE I 

=H8 
=CS+D3*15 

5 
D 

6.3 
6.1 

6.8 
7.0 

AVERAGE OF Dj 
W P E R  CONTROL LIMIT OF K-CHART 

14 
E 

15 
E 

6.8 
7.0 

6 1 7  
D I B  

7.5 
7.0 

8 
8 

8.3 
8.7 

6.1 
6 .4  

9 
B 

8.3 1 
8.7 

8.9 
8.7 



1 €5  =CS433 $15 1 LOWER CONTROL LIMIT OF IX-CHART ] 
1 15 

J5 

CHART 
A7 Sample # SAMPLE NLTMBERS b 

K5 

B7 1 fart # 1 PARTS NUMBER 1 

=I8 
=J3*15 

CENTRE L M  FOR RANGE CHART 
UPPER CONTROL LIMIT OF RANGE 

=K3 * 15 

The following display will appear 

CHART 
LOWER CONTROL LIMIT OF RANGE 

C7 
D7 
E7 
F7 
G7 
H7 
17 

Figure 5(a) 

Xj 
TARGETj 

Dj 
DMRi 
DMAi 
Di-bar 

DMRj -bar 

OBSERVATIONS 
TARGET VALUE OF Xj 

TEXT 
PLOT POINTS FOR RANGE CHART 
PLOT POMTS FOR IX-CHART 

AVERAGE OF Dj 
AVERAGE OF M O W G  RANGE 



5.2 Steps for entering the data and typing the formulas required for calculating the 
plotted points, center lines and control iimits 

Step 1. Enter the sample numbers 
1.1 Enter 1 in ce11 A8 and press enter. 
1.2 In ce11 A9 type in the formula: " =l+A8 " and press enter. 
1.3 Click on cell A9 and click on copy button. 
1.4 Hold down the lefi mouse button, select the range A9: A22 and press enter. 

Step 2. Enter the comsponding perts number in column B (B8: 822). 

Step 3. Enter al1 the observed values in column C (CS: C22). 

Step 4. Enter the conespondhg target values in column D (Da: D22). 

Step 5. Calculate the Dj=Xj-Targetj in column E 
5.1 Click on the ceIl E8 and type the formula:" = C&D8 " . 
5.2 Press enter. 
5.3 Click on ce11 E8 and chwse the copy button. 
5.4 Hold down the mouse button, select the range E8:E22 and press enter. 
The values of Dj would be calculated and displayed in column E from E8 to E22. 

Step 6. Calculate the range plotted points 
6.1, Click on to the ceIl F9 and type the formula: " =ABS(ES-E9) " 
6.2, Press enter. 
6.3, Click on ce11 F9 and choose the copy button. 
6.4, Hold down the mouse button, select the range F9: F22 and press enter. 
The moving range would be calculated and displayed in column F tiom F9 to 
F22. 

Step 7. Calculate the plotted points for the ïX-Chart in column G 
7.1, Click on the cell G9 and type the formula: " = (E9+E8)/2 " . 
7.2, Press enter. 
7.3, Click on ce11 G9 and chwse the copy button. 
7.4, Hold down the mouse button, select the range G9:G22 and press enter. 
The plotted points of D(-Chart would be calculated and displayed in column G 
from G8 to G22. 

Step 8. CaIculate the average of Dj in Column H 
8.1, Click on the cell Hg. 
8.2, Type the formula: " = AVERAGE(E8:E22) " and press enter. 



Step 9. Calculate the average of DMR. in column 1 
9.1, Click on the ce11 18. 
9.2, Type the formula: " = AVERAGYFkF22) " and press enter. 

The following display will appear: 

Figure 5(b) 



5.3 Coovertiog the Plotteâ Points and Control Limits into a New Excel Worksbeet 

ARer we calculate al1 the potted points and control limits for Target DC and Moving 

Range Chart, we can use eut and paste f i c t i o n  to paste the "Sample nurnber, Part 

number, Plotted points of Target DC (DMAj), Control Limits of Target IX, Plotted Points 

of Moving Range (DMRj), and Control Limits of Moving Range" into a new Excel 

Worksheet. Th- have to be done because it would then be easier to create a suitable 

control chart in Excel. 

Figure 5(c) 



5.4 Creating the Control Charta 

Follow the steps in Section 2 of this chapter to create the suitable control charts. 

Target Individuil X Cootrol Chart (non-normal data) 

Moving Range Control Charts 
1 i 

Figure 5(d) 



6. Creatinn the Short Run X-bar and Range Charts 

Here we consider the Short Run X-bar and Range Charts that will be considered in 
section 
conîrol 

Notice: 

8.1 of Chapter 2, in which the fornulas for the plotteci points, center lines and 
limits are given. 

The &ta set of the example 
Chapter 2. 

is not the same as the data set in section 

Example: The &îa is getting fiom M e ' s  manual. (Bothe 1991, p. 12) 

SUBGROUP 
PART # 
Obs 1 

6.1 Entering the texts into the worksheet 

1 CELL TEXT 1 DESCRIPTION 1 

I 1 

1 A3 1 x-bar chart 1 1 

1 
C 
6 

3 
C 
8 
6 
10 

Obs 2 
Obs 3 

1 

I B3 1 C I CENTER L M E  FOR X-BAR CHART I 

2 
C 
14 

5 
A 
38 

4 
A 
48 

C3 1 UCL 1 UPPER CONTROL LIMIT OF X-BAR CHART 1 

11 
10 

Tar x-bar 
Tar r-bar 

50 
20 

12 
13 

I I 1 

10 
4 

100 
9 

10 
4 

1 C4 1 1 -02 ! A2 FOR SUBGROUP SIZE 3 1 

6 
A 
35 

101 
9û 

100 
9 

50 
20 

D3 
F3 
G3 
H3 
13 
B4 

1 D4 -1 .O2 ! -A2 FOR SUBGROUP SIZE 3 

8 
8 
98 

7 
A 
35 

108 
92 

55 
53 

10 
4 

50 
20 

9 $  
8 

109 
55 
27 

13 
24 

50 
20 

LCL 
R-CHART 

R-C 
R-UCL 
R-LCL 

O 

1 D6 1 Obs 2 1 OBSERVATIONS 2 - ?  
-- 

57 
67 

LOWER CONTROL LIMIT OF X-BAR CHART 

CENTRE LINE FOR RANGE CHART 
UPPER CONTROL LIMIT OF RANGE CHART 

LOWER CONTROL LMIT OF RANGE CHART 
CENTER LINE FOR X-BAR CHART 

G4 
H4 
14 

A6 
B6 
C6 

1 E6 1 Obs 3 1 OBSERVATIONS 3 1 

1 
2.57 

O 
Sample # 

Part # 
Obs I 

CENTERLiNE FOR RANGE CHART 
D4 FOR RANGE SLJBGROUP SlZE 3 
D3 FOR RANGE SUBGROUP S U E  3 

SAMPLE NUMBERS 
PARTS NUMBER 

OBSERVATIONS 1 

F6 
G6 

Ave x-bar 
Tar x-bar 

AVERAGE OF THREE SUBGROUPS 
TARGET VALUE OF X-BAR 



The following display will appear: 

H6 
16 
56 
K6 

Figure 6(a) 

Tar r-bar 
Plot pts 
Range-r 

R-plot pts 

TARGET VALUE OF RANGE-BAR 
PLOT POINTS FOR X-BAR CHART 

RANGE OF SUBGROUP 
PLOT POINTS FOR RANGE CHART 



6.2 Steps for entering the data and typing the formulas required for calculating the 
plotted points, center l i n a  and control lirnits 

Step 1 . Enter the sample numbers in column A at the range A7: A 1 5. 

Step 2. Enter the corresponding part numbers in column B. 

Step 3. Enter the tint observed values of the samples to mlurnn C. 

Step 4. Enter the second obsewed values of the samples to column D. 

Step 5. Type the third observed values of the samples to wlumn E. 

Step 6. Entenng the formula to calculate the average of different subgroups in colurnn F 
6.1 Click on the ce11 F7 and type the formula:" =AVERAGE(C7:E7)" . 
6.2 press enter. 
6.3 Click on ceIl F7 and click on the copy button 
6.3 Hold down the mouse button, select the range F8:F I 5 and press enter. 
The average of subgroup would be calculated and appeared in colurnn F fiom 
F7:F 15. 

Step 7. Enter the corresponding target x-bar in column G. 

Step 8. Enter the corresponding target r-bar in column H. 

Step 9. Calculate the plotted points for the x-bar chart in column 1 
9.1 Click on to the ce11 17 and type the formula:" -7-G7)/H7 " . 
9.2 Press enter. 
9.3 Click on ceIl 17 and choose the copy button. 
9.4 Hold down the mouse button, select the range 18:IlS and press enter. 
The plotted points of short run X-bar chart would be calcuiated and displayed in 
column 1 fiom 17 to 115. 

Step 10. Calculate the range of range-chart in column I 
10.1 Click on to the cell 57 and type the formula: 
" =ABS(MAX(C7:E7)-MIN(C7: E7)) " . 
10.2 Press enter. 
10.3 Click on ceIl 57 and choose the copy button. 
10.4 Holding down the mouse button, select the range J8:J15 and press enter. 
The subgroup range would be calculated and displayed in column J from 57 to 
5 15. 



Step 1 1. Calculate the range plotted points 
1 1 . 1  Click on to the ceIl K7 and type the formula:" =J7/H7 ". 
1 1.2 Press enter. 
1 1.3 Click on ce11 K7 and choose the copy button- 
1 1.4 Hold down the mouse button, select the range K8:KlS and press enter. 
The plotted points of range chart would be calculated and appeared in colurnn K. 

The following display will appear: 

Figure 6(b) 



6 3  Cooverting the Plotted Points and Control Limits into a New Excel Worksheet 

AAer we calculate al1 the potted points and control Iimits for Short Run X-bar and 

Moving Range Chart, we c m  use cot and paste fwiction to paste the "Sample number, 

Part nurnber, Plotted points of Shori Run X-bar, Control Limits of Short Run X-bar, 

Plotted Points of Moving Range, and Control Limits of Moving Range" into a new Excel 

Worksheet These have to be done because it would then be easier to create a suitable 

control chart in Excel. 

Figure 6(c)  



6.4 Creating the Control Cbarts 

Follow the steps in Section 2 of this chapter to create control charts we need: 

Sbort Rua X-brrr Control Chart 
l 1 



Chapter 2 

Coatrol Cbarts for Short Runs 

Statistical Process Control (SPC) techniques are used for preventing defects and 

monitoring processes. The philosophy of SPC is to briag the process under control. When 

a production process is in conîrol, it is siable and predictable. However, traditional 

techniques such as Shewhart type control charts were originally iatcaded for applications 

in high volume m ~ u f d g .  In today's comptitive world, these traditional SPC 

techniques are aot witabie in msay situations. For example, a machine uui produce 

similar parts but not identical. Therefore, new techniques have to be developed in order to 

solve these Lùnds ofprob1ems. The short nui control charts have been developed and they 

could be used in di fZerent process sbeams. Short-un or low production nin refen to the 

process in which only a small amount of items are producPd at a time. This cbapter 

summarizes several techniques of short run controi charts and the programs in Chapter 1 

are used. in addition, different sceIliiTjos are provided to choose appropriate short run 

charts. 

î. W v  Use Short Run Control Charts 

Shewhart's X-bar and R Charîs have greatly evolved since the fint application in the 

1920's. However, these tradition4 control charts were developed for large production of 

parts with the same characteristic. In today's manufachinng environment, short 

production nrns have become more and more comrnon. Short run control charts have to 



be used due to the fact of the application limitation of the traditional control char&. For 

them, long production runs such as 25 subgroups (i-e., sarnples) or more would be 

required and one chart can just be used to keep track on one characteristic (e-g., one part 

type). If there are 5 quality characterïstics, each will need an X-bar and a range chart, 

Thus 10 different charts would be required It is tedious and takes a lot of effort. 

3. Featur- of Short Run Coatrol Charts 

Short run control charts are developed to allow ail parts with different characteristics to 

be plotted on the same chart. This is made possible by using different transformations of 

the actual measurement.. " The data transformation standardizes al1 measurement data, 

this allows a chart to follow the material for a particular lot through the plant, with the 

data from al1 operations plotted on it" (Bothe 1989 p.265). This special transformation 

changes the scales of daîa so that different part numbers convert to one common 

distribution. 

4. Consideration of the Short Rua Charts 

There are different types of short run control charts, which are used to deal with different 

situations. in this Chapter, we only considered several widely used or refened short run 

control charts. Their formulas and charting bear sirnilarities to the traditional Shewhort 

control charts, and hence the charts are farniliar to practitioners. However, we like to 

point out that these charts fiequently are ad hoc in nature and their applications and 

validity might be in question in practice. Furthemore, few theoretical analytical works 

have been done to study their properties. Thus one should use them with caution. 



S. Tarnet individual-X and Movina Range Charts 

Nominal or Target Individua1-X and Moving Range Charts muld handle characteristics 

dealing with similar variation, shape and material. They can be used to detect changes of 

individual measurements of one characteristic at a time. They allow sirnilar 

characteristics to be plotted on the same chart. This can be done by appropriate 

transformation Different characteristics in the chart have different nominal or target 

values. The ploned point is calculated by subtracting the nominal value fkom the 

individual measurement. This method works well, when the R-bar values for the different 

parts are sirnilar. Nominal Individual-X charts determine how far away the actual 

measurements fa11 fiom the nominal values. In this manner, we expect the ffieasurement 

will be similar to the nomina1 values in order to get the process in wntrol. There are 

several things that we have to consider in Individual-X charts. The measurements should 

be independent of each other. Constant subgroup size of one would be used, and the chart 

monitors similar characteristics with different dimensions fiom the process. The similar 

R-bar values would be expected arnong the different dimensions of the process. The 

control limits of the chart assume the whole process to follow the normal distribution. 

Bothe ( 199 1) points out that if the variation of each different product in a process is more 

than 30%, this chart should not be used. In addition, there are several things that rnust be 

adapted in order to use the Target 1ndividual-X and Moving Range control charts. They 

are: 1. The sarne machine must be used, 2. The sarne processing method is used, 3. The 

same materiais are used. 

5.1 Coded values and control limits of Target Individual-X and Moviag Range 
Charts (normal data) 

Sources: (Bothe 1991), (Tbompson 1989), (Wise and Fair 1998) and (Wbeeler 1991) 



(a) PLOTTED POINTS: 

For Taïnet K: 

Dj = IXj - T argetj j=1,2=-=-=*.~~ subgroup 

where 7' arg et, is the target value for the LX, 

(b) CENTER LINE AND CONTROL LLMFIS: 

For Target TX: 

For Movinp: Range: 

UCL = D, Dh4R = 3.268 DMR 

Example 1: A cutting machine is used to cut rods of varying thickness. The rate of 
cutting rods would be different due to the thickness of the rod. There are three kinds of 
rods (A,B, and C) that have to be cut. The materials are the same for al1 difierent sizes of 



rods. The standard deviations are expected to be similar. 15 samples are selected 
randomly and the rods are measwed. The measurement might vary because of the failure 
of  machine parts. A target iX chart would be used to monitor the process. 

The following &!a was generated by amputer simulation: 

The target values for part A, part B and part C are 15,25 and 40 respectively. 

,SAMPLE 
PART # 
Obs 

, SAMPLE 
PART # 
Obs 

(a) Calcuiation of plotted points 

5 
B 
25.3 

For Target IX: 

1 
A 
15.9 

10 
C 
39.6 

4 = IX, - Targefj j= l ,P -  ---. 15' subgroup 
where T arg etj is the target value for the LY, 

6 
,. A 

14.9 

Dl = IX, - T arge!, = i5.90- 15.00 = 0.9. 

2 
, C 
39.6 

11 
B 
24-9 

For Movinp: Range : 

7 
C 
40.3 

D m ,  = Absolute difference beîween 2 consecutive D,' s 

3 
B 
24.7 

12 
B 
24.7 

(b) Calculation of Center Lines and Control Limits 

For Target IX: 

4 
C 
39.9 

8 
A 
15.2 

9 
A 
15.5 

13 
C 
39.7 

14 
B 
25.1 

15 
A 
16.1 



- 
Upper control limit: UCL = D + 2.66 DA& = 0.022 l87+ 2.66*0.4 1278 1 

= 0.022 187+ 1.097999 
=l. 120186. 

- 
Lower controf limit: LCL = D - 2.66 DMR = 0.022 187- 2.66*0.4 1278 1 

= 0.022 1 87- 1 -097999 
-1 .O758l. 

For Moving Range : 

~ D M ,  
Center line: CL = DMR = 1-2 - -- 5-78 =0.4 1278 1. 

g-1 14 

Upper control limit: UCL = il, DMR= 3.268 *0.412781= 1.34897. 

Lower conaol limit: LCL = D, DA42 = 0 '0.4 1278 1 4 .  

The data are shown in Table 1. 

TABLE 1. 
Sample # Product # lx, 



Target Individual-X Control Chart 

- 1.e 
A C B C B A C A A C B B C B A  
1  2 3 4 5 6 7 8 9 10 11 12 1 3 1 4  15 

Figure l(a) 
Moving Range Chart 

Figure l(b) 

The moving ranges in Figure l(b) show that no point exceeds the upper control lirnit. 

There is no  apparent indication of probable shifi in the production process. However, the 

moving ranges of only 3 out of 14 faII above the center line. One should pay more 

attention to assignable cause and give appropriate adjustments. One shouId disregard the 

IX-chart when the rnoving range chart shows a pattern or points outside the control 

limits. 



5.2 Coded values and control iimib of Target Individual-X and Moving Range 
Cham (non-normal data) 

For non-normal data we have to use Moving average as potted points ïnstead of using just 
coded values of D, 'S. 

Sources: (Bothe 1991) 

(a) PLO'ITED PO-: 

For Target MA: 

j= 1 , ~  ,.-.... . - 1  5 subgroup 

where Dj = 4 - T arg etj and T arg et, is the target value for the LX, 

For T a e t  MR: 

DMR, = Absolute difference between 2 consecutive D ,' s = 1 D , - D ,-, 1 . 
(b) CENTER LINES AND CONTROL LIMiTS: 

For Target MA: 

where A, depends on the subgroup size n 

For Target MR: 



where D, and D3 depend on the subgroup size n 

(a) Cakuiation of plottcd points 

For Target MA : 

SUBGROUP 
PART # 
Obs 
Tar x-bar 

where ilj = IXj - T arg et and T arg etj is the target value for the LY, 

15 
E 

7.5 
7.0 

SUBGROUP 
PART # 
Obs 

D2 + Dl - 0.3 + 0.4 
D M ,  = - - = 0.05. 

2 2 

3 
A 

7.2 
7.5 

1 1 2 

For Moving Range: 

A 
7.9 

10 
6 

8.7 

DMR, = Absolute difference between 2 consecutive D, S. 

9 
B 
8.3 
8-7 

4 
D 
5.9 
6.1 

6 
D 

6.1 
6.1 

A 
7.2 

Tar x-bar f 8.7 

5 
I) 

6.3 
6.1 7-5 / 7.5 

11 
F 

9.8 

7 
B 
8.9 
8.7 

9.5 

8 
B 

8.3 
8.7 

12 
F 

9.4 
9.5 

13 
E 

6.8 

14 
E 

6.8 
7.0 7.0 



(b) Calculation of Center Line and Control Limiu 

For Tar~et MA: 

- 2.1 /SI - - 0.95 
Center line: CL = D = - - - - - -0,033. 

g 15 - 
Upper control limk UCL = D + 1 -88 DMR = -0.033+ 1.88*0.293 

= -û.033+0.55084 
=os 18. 

- 
Lower control limit LCL = D - 1.88 DMR = 0.022 1 8% l.88*0.293 

= -0.033-0.55084 
4 . 5 8 4 .  

For Movina Ranm: - 

Center line: CL = n m  = "2 
4.1 

=- 4 293 

Upper coatrollkn.it: UCL = D, D M  = 3.268 *0.293= 0.957. 

Lower control limit: LCL = D, D M =  O *0.2931). 

The data are shown in Table 2. 

Table 2. 



Target individuaCX Control Cbart 

r 

A A A O D O B B B B F F E E E  
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

Figure 2(a) 

Moving Range Cbart 

Figure 2(b) 

The moving ranges in Figure 2(b) show no point exceeding the upper control limit. There 

is also no apparent indication to show probable shifi in the production process. Most of 

the moving range plotted points appear to be random. There is no apparent indication of 

assignable cause. 

When the moving range chart do not show any patterns or points out of control 

limits, we can try to interpret the Individual-X chart. The Individual-X chart shows no 

plotted points exceeding the control limits. The plotted points of part D (sarnple # 4, 5 

and 6) show an upward trend. But there are only three points. This is not considered to be 



due to an assignable cause because it requires six or more points in a row steadily 

increasing or decreasing. 

Target X-bar and Range C h  work almost the seme as Target Individual-X and 

Moving Range Charts. The difference is just that the subgroup size is bigger than one. 

Target X-bar and Range charts are used to detect cbanges in the average of a single type 

of measured characteristic. It takes the average of measurements within a subgroup. The 

subgroup size is between 2 to 5, because of the shorter d g  time associated with short 

rum. The plotted point is calculated by subtracting the nominal or target values fiom the 

average of subgroup measurements. If the average measurement is equal to the nominal 

value, it means the plotted point would fa11 directiy on the zero point of the control chart. 

When using the Target X-bar and Range Charts, there are several things with which we 

have to be concemed. The measurements should be independent of each other. 

Measurements within each subgroup have the same characteristic. The subgroup size also 

should be constant in order to maintain constant control lhits. The process variation is 

expected to be about the same for al1 parts. In addition, there are several things that must 

be adapted in order to use the Target X-bar and Range Control Charts. They are: 1. the 

sarne machine must be useci, 2. The same processing method is useci, 3. The sarne 

materials are used. For a given process, al1 the part numbers could be plotted in the same 

c hart. 



6.1 Coded valu- and control hnib of T a g e t  X-bar and Range charts 

Sources: (Bothe 1991), (Famum 1992). (Griffith 1989), (Montgomery 1996), (Pyzdek 

19931, (Wise and Fair 1998) and (Whceler 1991) 

(a) PLO'ïïED POINTS: 

- - 
D, = X, - T arg et, i=l,2,. .nm observation and j=1 ,2,*--g& subgroup 

- Cxr  
where X, = -- and T arg et, is the target value for the ;Y; . 

n 
For Range: 

R, = Maximum X, - Minimum X, 
where maximum and minimum are over i. 

(b) CENTER L M S  AND CONTROL LïMITS: 

For Tarwt X : - 

P 

UCL = D + A,R 

where A, depends on the subgroup size n 
**Target Line = O 

For Range: 



UCL = D, R 

where D, and D3 depends on the subgroup size n 

E;xample 3: (Wheeler 199 1, p24) 
A machine can produce two different products. nie material of tbese two products is 
considered as to be tbe same but the sizes of the two pr0duct.s are different The standard 
deviations of thex two prodwts are approximately the same. 20 sarnples of size 3 are 
selected and the product sizes are measured. The target values of Part A and Part B are 6 
and 9, respectively. 

Table 3. 

(a) CalcuIation of one-subgroup average 
3 

\ 'v  

(b) Calculation of plotted points 



- - 
ilj = X,-Targer, j=1,2--==.20 subgroup 

where T arg et, is the target value for the 

- - 
4 = Xi - T arg et, = 7.67- 6.0 = 1.67. 

For Range: 

R, = Maximum X ,  - Minimum X ,  
where maximum and minimum are over z. 

R, = Maximum X,,  -Minimum X,, = 8-7 = 1. 

R, = Maximum X,, - Minimum X, = 12-7 = 5. 

(c) Caicuiation of Center Lines and Controi Limib 

For Target X : - 

Upper control lirnit: UCL= + A, R = O. I5+ 1.023% 15 
= 3.12. 

P 

Lower control lirnit: LCL= D - A, R = 0.15- 1 .O23*3.15 
= -3.12. 

**Target Line = O 

For Range: 

- 
j=i 61 Center line: CL = R = - -- - =3.05. 

20 20 



Upper control lirnit: UCL = D, DMR= 2.574 *3.05= 7.8507. 

Lower control Iirnit: LCL = D, D M =  O *3.05=0. 

Target X-bar Control Cbart 

I ---- A B B B B B B B B A A A A A A A B B A A  
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 75 16 17 18 19 20 

Figure 3(a) 

Range Control Chart 

Figure 3(b) 

The moving ranges in Figure3 (b) show no point exceeding the upper control lirnit. There 

is also no apparent indication to show probable shifi in the production process. Most of 

the moving range plotted points appear to be random. There is no apparent indication of 

assignable cause. 



By looking at the Target X-bar chart, the plotted points of sarnples 15 to 20 are al! above 

center line. There may be the possibility of upward shifi in the process. 

7. Short Run LX and MR Cbarts ( subnrou~ size =1) 

The Short Run M-MR charts allow dissimilar multiple quelity cbaracteristics with 

different standard deviations to be monitored on the same control chart. This can be done 

because the plotted points are sîandardized and the control limh remain constant. The 

control chari can be used for srna11 arnounts of data and the plotted points are coded into 

unitless ratio. Standarâized transformations are taken by suôtracting the componding 

target value (or grand average) h m  each individual measurement and the result is 

divided by R-bar. There are several things that we have to wnsi&r in Short Run IX and 

MR charts. The measurements shouid be independent of each other. Consîant subgroup 

size of one would be used and dissidar characteristics fiom different parts (such as 

different materials, volumes or thicknesses) of the process. Dissimilar R-bar values 

would be expected among the different dimensions. The methodology of the plotted 

points and control limits are show in the following. 

STATISTICAL ANALYSIS OF METBODOLOGY: 

The SHORT RUN IX Chart was based on the traditional IX Chart except the plotted 
points are coded. 

From the traditional RANGE Chart, the control limits are defined as: 

UCL = D, R , LCL = D, R 

A point (Le. sample range R) falls between the UCL and LCL is said to be in control and 
could be expressed as: 



LCL c R < UCL 
Le., 4 Ï k  R < D, R 

Dividing al1 the terms by R result in a new plot point with 

If R is considered as the target range, the range ploned point then becomes the unitless 

For the traditional IX chart, the control limits are &hed as: 

- 
Where MR is average movïng range of a paticular part. 

A point (i-e. sample average) falling between the UCL and LCL is said to be in control 
and could be expresseci as : 

Subtracting and dividing by result in a new standardized plot point with 

- 
I f  X and h&Z are considered as the target % and target %6 , respectively, then the iX 
ploned point becomes the unitless 

2. = IX - Targef - 
Targef MR 

There are two methods (Sections 7.1 and 7.2) that can both work in this particular 

situation. The difference between of these two methods is the estimation of T arger MR 

and the control limits that are not the sarne. 



7.1 Coded values and control tirnits of Short Run LX and M R  charb (method 1) 

Sources: (Bothe 1991) and (Wise and Fair 1998) 

(a) PLOT POINTS: 

For Short Run IX : 

where T arg et, is the target value for the IXj and T arg et MR, is the wrresponding 
standard deviation for the IX, 

For Short Run Moving Range: 

M$ = Absolute ciifference between 2 consecutive 2; value = 12; - z:, 1 . 

(b) CENTER LINE AND CONTROL LMITS: 

For Short Run IX: 

UCL = A, = 2.66 

LCL = - A,=-2.66 

where A, depends on the subgroup size n 

For Short Run MoMna Range: 

CL= 1 

UCL = D, =3.27 

LCL = D, = O  

where D, and D, depend on the subgroup size n 



Table 4. 

(a) Calculrtion of plotteâ poinb 

For Short Run IX: 
, IX, - T arg et, 

Z j  = j=1,2- --*.  1 1 subgroup 
Targer MRj 

where T arg e, is the target value for the LX, and T -et is the target value for the 
IX,  

LY3-Target ,  7 . a - z . J -  
2; = - - - -0.98. 

T arg et MR, 0.4 1 

For Short Run Moving Range: 

MR; = Absolute ciifference between 2 consecutive Z; values = 12; - 2;-, 1 .  



(b) Calculation of Center Liae and Control Limits 

For Short Run IX: 

Center line: CL = O. 

Upper control limit: UCL = A, = 2.66 

Lower control limit: LCL = - A, = -2.66 

For Short Run MoMna Range: 

Center line: CL = 1 

Upper control litnit: UCL = D, =3.27 

Lower control limit: LCL = D, = 0. 

Short run IX Control Chart 

C C B B F  F F D A A A  
1 2 3 4 5 6  7 8 9 10 11 

Figure 4(a) 



Moving Range Control Chart 

Figure 4(b) 

The moving ranges in Figure 4(b) show two points (8 and 9) that exceed the upper 

control limit There is apparent indication of proûable shift in the production process. 

One should check for possible assignable cause and give an appropriate adjustment. Do 

not interpret the k h a r t  when the moving range chart shows out of  control limits 

7.2 Coded values and control limits of Zeà for Individual X and Moving Range 
cbarts (method 2) 

Source: (Wheeler 1991) 
(a) PLOï-ïED POINTS: 

For Zed IX: 

IX,. - No min al, 
Z, = j = 1 , 2 * * - - - = . , ~ ~  subgroup 

Sigma( X, ) 

where NO min a5 is the target value of  the IX , and Sigma(X, ) is the corresponding 

standard deviation of the IX, 

A4R 
Sigma(X ) = - , d2 = 1.128 for n=& 

d, 

For Movinp: Range: 



MR, = Absolute difference between 2 consecutive 2, values = Iz,+, - Z,l. 

(b) CENTER LINES AND CONTROL LlMITS: 

For Zed K: 

UCL = 3 

LCL = -3 

For Movina Range: 

CL = d,  

UCL = d,  

LCL = d, 

Example 5: An automatic machine is w d  to fil1 cans with different hits. There are two 
kinds of canned fiuits. 20 samples are randomly selected and the nominal weights of 
canned f i t  A and canaed fhit B are 21.3 and 70 respectively. The standard deviations 
of the weights of these two kinds of fhit  are not the same since the fniits are different. 
Sigma(X) of part A and part B are 6.35 and 2.04. The data was generated by cornputer 
simulation. 

Table S. 



(a) Caicuiation of Si'(X) 

Calculate the Sigmo(X) for part A. 

M R A  Signro(X, )= - , d, = 1.128 for n=2. 
4 

-- -- 

Notice: UR, is estimated by Part A average moving range. 

Calculate the Sigmo(X) for part B. 

Szgma(X,) = - , d, = 1.128 for n=2. 
4 

Notice: MR, is estimated by Part B average moving range. 

(b) Calculation of plotted points 

For Zed iX : 

- IX, - No min al, 2, - j=I72*-- - - -  -20 subgroup 
SÏgma(.Y, ) 

where No min al, is the Nominal value for the IX, and Sigma(X, ) is the corresponding 

standard deviation for the M,. . 



For Moving Range: 

A&, = Absolute differieace between 2 consecutive Z, values 

(b) Calcuiation of Center Line and Coatrol Limits 

For Zed IX : 

Center line : CL = 0. 

Upper control limit: UCL = 3 

Lower control lirnit: LCL = -3 

For Movinn Range: 

Center line: CL = d,  = 1.128 

Upper control limit: UCL = d,  +3 d, =1.128+3*0.8525=3.686. 

Lower wntrol limit: LCL = d, - 3 d, = 0. 



Zed Individual X Controt Chart 

-.vu 

A A A B B A A B A B B B B A A A A B B B  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Figure 5(a) 
Moving Range ehart 

Figure 5(b) 

The moving ranges in Figure 5(b) show no point exceeding the upper control Iimit. There 

is also no apparent indication of shift in the production process. Most of the moving 

range plotted points appear to be random. There is no apparent indication of assignable 

cause. 

By looking at the Zed IX chart, there are neither apparent trends nor plotted points 

outside the control limits. The plotted points appear to be random about the center line. 



7.3 Coded values and control limib of Short run MA and MR cbarts (non-normal 
data) 

Source: (Bothe 1W1) 

(a) PLOITED POINTS: 

For Short Run MA: 

LY, - T arg et, 
where Z j  = - 9 

T arget MUJ 

T arg et, = the target value for the LY, and 
T arg et MRj  = the wrresponding target moving range for the LY, 

For Short Run MR: 

MR, = Absolute difference between 2 consecutive 2, ' s values = (2, - z,-,I . 

(b) CENIER L W S  AND CONTROL LIMITS: 

For Short Run MA: 

CL=O 

For Short Run MR : 

CL=O 

UCL = D, = 3.27 



Exa m ple 6: (Bothe 1 99 1, P24) The &ta is the sarne as example 4. 

(a) Calcufation of plotted points 

Table 6 .  

For Short nui MA : 

LY, -Target ,  
where 2, = 

T arg et m, 
T arg et, = Target value for the LX, . 

T arg et MR, = Corresponding target moving range for the IX, . 

r 

Sample # 

1 
2 

X, -Targe t ,  - - 9.1-9.5 - X, - T arg et, 9.4 - 9.5 
Z3 = =Q.98. Zq- - - - ~ 0 . 2 4  . 

T arg et MR, 0.4 1 T arg et MR, 0.4 1 

; m, 
2.06 

For Short run MA: 

'4 

0.1 5 

z,+z 1.18-0.88 
MA, = I =  = O. 15. 

Part * 
C 
C 

- 
T q a  MR, 

0.34 
0.34 

2,- 
-0.68 
1.18 

i 

10.10 
10.80 

T u g  et, 

10.40 
10.40 



For Short Run Movinn Ranne : 

MR, = Absolute diffemce bctween 2 consecutive 2, values = (2, - 2,-,( . 

(b) Cakuhtion of Center Liae and Controt Limits 

For Short run MA : 

Center line: CL = O. 

Wpper control limit: UCL = A, = 1.88 

Lower wntrol limit: LCL = - A, = -1 -88 

For Short Run Movina Rame : 

Center line : CL = 1 

Upper control limit: UCL = D, =3.27 

Lower control lirnit: LCL = D, = 0. 



Short Run Moviag Range Control Cbart 

C C B  B F .  F F D A A A 
1 2 3 4 5 6 7 8 9 10 I l  

Figure 6(a). 
Moving Range chart 

Figure 6(b). 

The moving ranges in Figure 6(b) shows two points exceeding the upper control lirnit. 

There is apparent indication of probable shifl in the production process. One should 

check for possible assignable cause and give an appropriate adjustment. Do not interpret 

the IX-chart when the moving range chart shows points that are out of control Iimits. 

8. Short Run Tareet X-bar and Range Cbart c su ber ou^ size I one) 

Short run Target X-bar and Range charts work almost the same as Short Run IX and MR 

charts. The difference is just that the subgroup size is greater than one. The control charts 

could be used for small amounts of data and the plotted points are coded into unitless 



ratios (Famum 1992). Different characteristics should not be in the sarne subgroup. 

Doing this would result in wrong calculations of plotted points and conbol lirnits. The 

subgroup size should also be constant in or& to maintain constant control limits. There 

are several things that we have to wnsider in Short Rua Target X-bar and Range charts. 

The measurements should be independent of each other. Constant subgroup size of 2 to 5 

would be used and the charts monitor dissimilar chamcte&ics (different target values, 

different units of measurement and different standard deviations) with different 

dimensions fiom the process. The variety of R-bar values would be expected among the 

different dimensions of the process. The meihodology of the plotted points and control 

limits are shown in below. 

STATISTICAL ANALYSIS OF METHODOLOGY: 

The SHORT RUN TARGET X AND RANGE "Charts are based on the haditional X 
AND RANGE Charts except the plotted points are d e d  

From the traditional RANGE Chart, the control limits are defined as: 

UCL = D, R . LCL = D, R 

A point (i.e. sample range R) falling between the UCL and LCL is said to be in control 
and could be expressed as : 

Dividing al1 the terms by R result to a new plot point with 

If R is considered as the target range, the range plotted point then becomes the unitless 



From the traditional X Chart, the control limits are defined as: - - 
UCL= x + A,R , LCL= X - A,R 

A point (i-e. sample average) fding between the UCL and LCL is said to be in control 
and could be expresseci as : 

- 
Subtracting al1 the ternis by 7 and dividing by R result to a new standarrdized plongd 
point with 

X - X  
A - < A 2  

R 
- 

I f  2 is considered as the target average and Ras the target range, the plot point 
then becomes the unitless 

- - - 
- 
2. = 

X -TargetX 

T arg erR 

There are two methods(section 8.1 and section 8.2) that can both work in this particular 

situation. The difference between of these two methods is that the estimation of 

T arg et Ï? and the control limits is not the sarne. 

8.1 Coded values and control limits of Short Run Target X-bar and Range Chart 
(method 1) 

Sources: (Bothe 1991), (Fanium 1992, 1994), (Montgomery 1996), (Fyzdek 1993), 
(Wise and Fair 1998) and (Wheeler 191) 



(a) PLOTTED POINTS: 

For Short Run Tarpet X : - 

where T arget y is the target value for the Ej snd T argei is the correspoodiag 
target range for the E, . 

For Short Run Range: 

R, = Maximum Xu - Minimum X ,  
where maximum and minimum are over i. 

(b) CENTER L m S  AND CONTROL LIMITS: 

For Short Run Target X : - 

UCL = A, 

LCL = - A, 

where A, depends on the subgroup size n 

For Short Run Range : 

CL= 1 



LCL = D, 
where D, and D, depend on the subgroup size n 

Eumple 7: (Wise and Fair 1998, p156-157) 

Table 7. 

(a) Calculatioo of  plotted points 

For Short Run X : - 

- X, - T arg et X 
2: = - 

T arg et R, 
- 

where Target 7 is the target value for the F, and Targ et is the corresponding 

standard deviation for the % j . 



For Short Run Movina Rame : 

R, = Maximum X, -Minimum X, 
where maximum and minimum are over i. 

RI = Maximum X,, - Minimum XI, = 4.14 -3.95 =0.19. 

R, = Maximum X, - Minimum X, = 8.49 - 8.35 = 0.14. 

(b) Calculatioa of Center Lines and Control Limits 

For Short Run - X : 

Center line: CL = 0. 

Upper control lirnit: UCL = A, = 0.577 

Lower control limit: LCL = - A, = -0.577 

For Short Run Movina Range : 

Center line: CL = 1. 

Upper control limit: UCL = D, =2.114. 

Lower control lirnit: LCL = D, = 0. 



Sbort run Target X-bar Control Chart 

Figure 7(a). 

Range Control CbaH 

Figure 7(b). 

The moving ranges in Figure 7(b) show three points exceed the upper control limit. There 

is apparent indication of probable shiR in the production process. One should check for 

more assignable cause and give an appropriate adjustment. Do not interpret the IX-chart 

when the moving range chart shows points that are out of control limits. 

8.2 Coded values and control limits of Zed-bar and Range Charts (method 2) 

Source: (Wheeler 1991) 



(a) PLOTTED POïNTS: 

For Zed- bar: 

- - - 
where Target X. is the target value for the 2, and Sigma(X,) is the wrresponding 

J 

standard deviation for the 2,. 

For Range: 

Rj = Maximum X ,  - Minimum X, i= 1,2,. .n" observation and j= 1,2,. . . gm subgroup 

where maximum and minimum are over i. 

Note: Sigma(X) and ~ i g m a ( X )  are computed separatel y for eac h characteristic k, - 
k=1,2, ... m, 

where d, depends on subgroup size 

(b) CENTER LINES AND CONTROL LRWTS: 

For Zed-bar: 

UCL = 3 

LCL = -3 



For Ranae : 

CL = 4 

UCL = d2 + 3 4 

LCL = d, - 3 d, 

Table 8. 

(a) Calculation of sigma(X) 

- - - - - . . . 

Sample W 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
f 9 
20 

- 
IZ A is estimated by historical average Range of subgroups of product A. The average 

range of product A is 10.5. 

Part 

A 

Obs 

16.0 

Obs 

13.0 

Obs 
X I 2 3 4 5  

11.0 
15.0 
6.0 
5.0 
3.0 
5.0 
4.0 
7.0 
9.0 
7.0 
7.0 
4.0 
16.0 
8.0 
9.0 
8.0 
12.0 
5.0 
5.0 
1.0 

15.0 
0.0 
4.0 
8.0 
6.0 
5.0 
7.0 
9.0 
7.0 
2.0 
6.0 
10.0 
7.0 
15.0 
8.0 
15.0 
2.0 
5.0 
3.0 

A 
8 
B 
B 

14.0 
4.0 
2.0 
5.0 

O b  

7.0 
10.0 
4.0 
8.0 
5.0 
3.0 
2.0 
8.0 
7.0 
12.0 
2.0 
2.0 
6.0 
8.0 
5.0 
10.0 
8.0 
4.0 
4.0 
4.0 

B 
B 
A 
C 
C 
B 
B 
A 
C 
A 
C 
A 
6 
8 
B 

Obs 

10.0 

T~ et y 
J 

9.5 

6.0 
4.0 
5.0 
0.0 
5.0 
4.0 
3.0 
3.0 
9.0 
5.0 
8.0 
11.0 
3.0 
4.0 
2.0 

' zj 
11.4 

16.0 
4.0 

Flj 

9.0 
9.5 14.0 

3.6 
6.0 
6.0 
6.0 
5.0 
3.0 
6.0 
10.0 
9.0 
7.0 

Sigino(Xj 

2.02 

Signo(X,) 

4.5 

- -  
Z,  

0.9 
2-M 

wj 

2.0 
4.5 
1.8 
1.8 
1.8 
1.8 
1.8 
4.5 
3.4 
3.4 

2.2 

5.0 
3.0 
5.0 
8.0 
15.0 
0.0 
8.0 
2.0 
6.0 
10.0 
13.0 
10.0 
10.0 
14.0 
4.0 
8.0 
1.0 

1.3 
3.4 
3.4 
2.8 
1.7 
3.4 
2.2 
2.6 
2.1 

-1.1 
0.4 
0.4 
0.6 
0.1 
-0.5 
-2.3 
-0.5 
-1.4 
4 .4  
4.2 
0.3 
-0.3 
0.2 
1.2 
-1.1 
0.9 
-2.9 

4.5 
4.5 
4.5 
4.5 
4.5 
9.5 
8.5 
8.5 
4.5 
4.5 
9.5 
8.5 
9.5 
8.5 
9.5 
4.5 
4.5 
4.5 

4.8 
4.8 
5.0 
4.6 
8.4 
5.0 
7.8 
3.4 
4.2 
9-0 
9.0 
8.8 
8.8 
12.0 
3.6 
5.2 
2.2 

2.8 
2.3 
2.9 
1.8 

' 2.2- 
0.6 
1.6 
1-7 
2.3 
1.7 

0.79 
0.79 
0.79 
0.79 
0.79 
2.02 
1.52 
1.52 
0.79 
0.79 
2.02 
1.52 
2.02 
1.52 
2.02 
0.79 
0.79 
0.79 

5.0 
4.0 
13.0 
6.0 

' 1.8 
1.8 
4.5 
3.4 

'10.0' 
2.0 
7.0 
3.0 
4.0 
3.0 

1 0  
3.4 
4.5 
1.8 
1.8 
1.8 



- 
R B  is estimated by historical average Range of subgroups of product B. The average 

range of product 8 is 4.1. 

- 
Rc is estimated by historical average Range of subgroups of product C. The average 

range of product C is 7.9. 

The target values for part A, part B and pait C are 954.5 and 8.5 respectively. 

(b) Calculation of plotteâ points 

For Short Run - X : 

- 
where T  arg et is the target value for the and sigmo(X) is the corresponding 

standard deviation for the Xj - 

- - - - X , - T a r g e r  - X ,  - - 11.4-9.5 - I = 0.9. 
Sigma (X, ) 2.02 



For Short Run Moving Range : 

R, = Maximum Xu - Minimum Xy 
where maximum a d  minimum are over i. 

R, = Maximum X,, -Minimum X,, = 16 - 7  =9.  

R3 = Maximum X, -Minimum X,, = 16 - 10 = 6. 

w, = 4 - 9 --- -2. 
Sigma O(, )  4.5 

(c) CaicuIation of Center Line and Con troi Limits 

For Short Run : - 

Center line: CL = 0. 

Upper control lirnit: UCL = 3. 

Lower control limit: LCL = -3. 

For Short Run Movina Range : 

Center line: CL = d, =2.326. 

Upper control lirnit: UCL = d, + 3 d, =2.326+3*0.864 14.9 1 83. 

Lower control lirnit: LCL = d, - 3 d, = 0. 



Notice: The lower control limit of range chart will be equal to zero if the value is 

negative. 

Zed-bar Control Chart 

A A B B B B A C C B B A C A C A B B B  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Figure 8(a) 
- - - -- 

Range Cbart 

Figure 8(b) 

The rnoving ranges in Figure 8(b) show no point is exceeding the upper control limit. The 

ploned points of moving ranges also appear to be random. There is also no apparent 

indication of probable shifi in the production process. 

By looking at the Zed bar chart, there are no apparent trends or plotted points 

outside the process control limits. The plotted points appear to be randorn about the 

center Iine. Therefore no specific process action has to be considered at this point. 



9. The Imwrtiince's of Short Production Rua Problem 

M e n  charting short production runs, the basic principl is to quickiy recognize two 

critical conditions: 1. Being on target but out of control. 2. Being in control but at the 

wrong target level. Botb scem*os cause problems and must be recognized and action 

must be taken at a given process. "Maintaining a process in control at the wrong target 

level (even no fàise-alam rates) is not a relevant issue in short run situationsw(Quality 

Progress Feb 1998). To maintain a certain target level is usually more important than 

simply just establishing a state of control at some level. With short nias, the process must 

not only be in control, but also in control at a specific targeted level. nius  we have to put 

in a sufiicient amount of time to determine tbe appropriate target values for a given 

process. 

10. Method of Estimatine Tamet Values 

10.1 With previous data 

1. If traditional control charts of each part nurnber are available and the process was in 

control, simply use the center line of the traditionai conbol chart as the target value. 

2. Use historically similar charaçteristics, parts or process parameters to estimate the 

initial target values. 

10.2 Without previous data 

1. If the data (should be at lest 10 subgroups) represents normal production output, the 

average of the data can be used as the target value. Remember to rernove al1 the 

outliers before calculating the average of the data. (Bothe 1 99 1, p48) 



2. Use engineering nominal values (the midpoint between the upper and lower control 

limiîs) as target values. (Bothe 1991, p48) 

1 1. Method of estimatinn the Tamet R 

11.1 Witb prcvioiis thta 

1 .  I f  traditional moving range or range control charts of each part number are available 

and the process was in control, simply use the center line of the iraditional range 

control chart as the target R . 

Use historicai similar characteristics, parts or process parameters to estimate the initial 

target R . 

11.2 Without previous data 

1. Use the existing &îa of at lest ten subgroups of each part nurnber to calculate its - 
R 

range-bar and then use that range-bar to estunate their own Target R = - . 
4 

( Wheeler 199 1, p 12- 13) 

The constant of d, is depending on different sample size. 

A R A S 
2. For O =y and a =- (Bothe 199 1,  p48) 

4 - :. Target 2 = - S .  

The ; can be estimaîed by the average sample standard deviation if the number of 
measurements of histoncal data were at least 10. 



The constants of d, and c, are depending on different sarnple size. 

R A s 
3. For a=- and a=- (Wise 1998, p 129-130 and p 276-277) 

4 C4 

Notice: The can be estimateci by engineering tolerance ;= (toleraace*2)/6 . 

4. For two side specifications. (Wise 1998, p 129-130 and p 276-277) 

When the Cp= Cpk = 1, then 

A 1 A R 
a=-(USL-LSL) and a = -  

6 4 

:. Target R =-(USL - LSL). 
6 

The constant of d, is depending on different sarnple size. 

5. For one side specification. (Wise 1998, p 129- 130 and p 276-277) 

When Cpk = 1 then 

- - 
A 1 - A R 
a=;(speclimit-x) and O=- 

- 
^ R  1 - - 
O=---- - 1 spec limit - x 1 

4 3 

- - 
:. Target R =dl 1 spec lirnit - x 1 

2 



The constant of d, is depending on different sample size. 
e 

Notice: in the above cases 3,4 and 5, the target R has no co~ection to the actual 
data; it is based on the engineering tolerance. The target R should be 
updated for any new information, 

12. Aonronriritt Control Limiîs for SmrU Amoont of Data 

Hillier (1969) proposeci a technique which can be used to calculate the appropriate 

control limits due to lack of daîa It is because conventional control limits cannot be 

established until a large amount of subgroup is available. There are two stages for setting 

the desired control lirnits. h the first stage, control lirnits are set when the subgroups are 

king drawn. If al1 the average x-bar and range R fa11 inside the first stage control limits, 

these control limits can be used Otherwise one has to remove al1 the out of control points 

and then the first stage control lirnits have to be recalcuiated according to existing 

subgroup data M e r  al1 the subgroups fa11 inside the wntrol lirnits of the first stage, then 

we c m  calculate the control limits of the second stage for statistical control for the future. 

Sources: (Hiller 1964,1969) 

(a) PLOTTED POINTS: 

For X; - - 

- C xi, 
,Y, = 1-1 i= 1,2,. .nh observation and j= 1 ,2,---g" subgroup 

n 

For Range: 

R, = Maximum X ,  - Minimum X ,  



where maximum and minimum are over i. 

12.1 Two stages for settiig the matrol limits: 

1. First Stage Utestroswctive Testind: Establishing a statistical control process 
using a small nurnber of initial subgroups 
(denoted by m). 

Y 

i. The choice of m initial subgroups depeads on the emnt of the need of the 
early control~ and -the power of the control limits in detecting an out-of- 
control processw Hillier (1 %9). The prferable size is m=5. 

ii. The procedure requires choosing of the appropriate probabilities of a Type 1 
error, namely, a,, a, and a, for each initial subgroup; where al 
corresponds to the probability that would fall outside the ?i Chart control 
limiîs, a, corresponds to the probability that R would id1 below the R Chart 
lower conîrol limit and a, corresponds to the probability tbat R would fa11 
above the R Chart upper control limit The choice of values for a,, a, and 

U 

a, requires a balance between the smallness of the probability of a Type I 
error and the sensitivity of the control chait as well as the costs involvedn 
Hïllier (1969). This then suggests different values for a, , a, and a, . The 
values of a2=0.0027, a,* and a,=0.005 perfom closely to the 
conventional with large m. 

iii. Using the constants m, a,. a, and a, , the control lirnits are calculated using 
the following formulas: - 
For X : UCL=X + A; R 

For R: UCL = D: R 

LCL = D;'R 
The values of A;, D; and D~~ given the values of m, a,, a, and a, are 
sbown in Tables B,C and D respectively for the case wbere the subgroups 
are each of  size S. 

iv. For each of the initial subgroups, its 7 and R will be checked if falling 
inside the fint stage control limits for the X-chart and R Chart 
respectively. If not, then this subgroup will be discarded and the values of - 
X , R and the first stage control limits will be recomputed based on the 



new value of m. The process will be repeated until al1 the remaining 
subgroups are within the current control limits. 

2. Second Staae: - Testing whether the process remains in statistical control when 
new subgroups are drawn in the fùture. 

1. The procedure again requires the choice of a,, a, and a, values (and detine 
similady as in the first stage). 

. . 
II. The controi limits are calculateci with the values of X and Rbased fiom the 

Y 
initial incontrol" subgroups of the fint stage but the constant factors are 
changed 

For x: UCL=? + 4 R 

For R: UCL = D; R 

LCL = D; R 

The values of A;,  D; and D; given tbe values of m, a,, a, and a, are 
shown in Tables E,F and G respectively for the case where the subgroups 
are eacb of size 5 

. . . 
111. M e r  setting the control Limits, the subgroups are inspected penodically in 

order to maintain a statistical control process. 

iv. As rn increases, new control limits need to be computed but this would be 
computationally curnbersome, thus a compromise is to compute new control 
limits for values of m=S, 10,25 and 100 or when a point fdls very close to the 
recent control limits. 

Subgroup(s) with values of X and R lying outside the current control limits 
will be excluded from the calculation of and K. Thus, the value of m 
would not refer to the nurnber of subgroups observed but to the number of 

$4 

in-control" subgroups included in the calculation of x and K. 

Example 9: The data is from the manual. (Chrysler etc 199 1 ) 

Table 9. 
Sample X 

1 
2 

Obs 1 

0.65 
0.75 

Obs 2 

0.70 
0.85 

Obs 3 

0.65 
0.75 

y, 
0.70 
0.77 

Obs 4 

0.65 
0.85 

Obs 5 

0.85 
0.65 

R j 
0.20 
0.20 

- - 
x 

0.732 
O. 732 

- 
R 

0.17 
0.17 , 



(a) Calculation of plotted points of first stage 

For X 1 - - 

- 2 xij 
X, = i-1 i=1,2.. -5" observation and j=l,2,- 1 5" subgroup 

n 

- ( X , ,  +X, + X J 2  +X4, + X S 2 )  0.75+0.85+0.75+0.85+0.65 
,y2 = - - - - 4.77.  

n 5 5 

For Range: 

R,= Maximum X, -Minimum X, 
where maximum and minimum are over i. 

R,= Maximum X,, - Minimum X,, = X,, - X,,=0.851).65 4 . 2 .  

Notice that: X,, , X,, and X,, has the same value of 0.65. 

(b) Calcuiation o f  center Iina and controî iimib of first stage 

The constants for number of subgroup size 5 with probabilities a, 4 . 0 2 7 ,  a ,  =O and 
a,=0.005 are ~;=0.588. ~;'=Oand D:-1.96. 

For X; - - 



- - 
i = t  - CL = /y = --- 

5 
356 4 .732 .  ** ( Same of the first stage) 

5 

- 
UCL = X + 4 R = 0.732 +O.S88*O. l7=O.83. 

For Range: 

** ( Sarne of the first stage) 

UCL = D: R= 1.%*0.17=0.33. 

LCL = D;' R = 0*0.17=0. 

X-bar Cbart 

i 1 

1 

Figure 9(a) 



Range Cbart 

Figure 9(b) 

Al1 the plotted points of and R fa11 inside the first stage control lirnits for the X ~ h a r t  

and R-Chart respctively. The initial subgroups have been identifieci to be in control. 

Finally we can proceed to the second stage for testing the future runs. 

Second stage also requires the choice of a,, a, and a, values. The control limits 

- 
L I  

are calculated by using past values of X and R based from the initial in-control " 

subgroups of the first stage but the constant factors have to be changed. 

(c) Calculation of control limits of second stage 

The constants for number of subgroup si= 5 with probabilities a, 4.027, a, =O and 
a, =0.005 are A; 4.720, D; 4 and 0; =2.47. 

- 
UCL = X -+ A; R = 0.732 +0.720*0.17=0.8544. 

- - 
LCL = X - A; R = 0.732-0.720*0.1 PO.6096. 



For Range: 

LCL = DY R = O+O.l8=O. 

X-bar Cbart for second stage 

Figure 9(c) 

Range Cbart for second stage 
t 

Figure 9(d) 

After calculating the control limits of second stage, these control limits are used to 

monitor the process for the future. 



Now consider the future nins of the process. 

X-bar Cbart for future runs 

Table 10, 

Figure 9(e) 

Sample # 

6 
7 
8 

Range Chart for future runs 

Figure 9(t) 

Obs 1 

0.60 
0.75 
0.60 

Obs 2 

O. 75 
0.80 
0.70 

Obs 3 

0.75 
0.65 
0.80 

Obs 4 

0.85 
0.75 
0.75 

Obs 5 

O. 70 
0.70 
0.75 

- 
Xi 

O. 73 
O. 73 
0.72 

R j  
0.25 
0.15 
0.20 



Considering the future runs, no points are outside the second stage control limits. If there 

are X and R plotted points outside the wntrol limits, one should take appropriate action 

to investigate the process. We shouId repeat the procedure of stage 1 and stage 2 to 

calculate the new control limits, if the new subgroups of m= 5,10,15.. 100, have been 

drawn. 



Cbaptcr 3 

Exccl for Tests for Special Causes in X-bar C hart 

1. Introduction 

Nelson ( 1 984,1985) listed eight tests for special causes in a X-bar chart. These tests or a 

subset of them have becorne "standardsn tests used for signaling that a process might be 

out-of-control in SPC manuais, books and computer packages. For example, Sbtistical 

Process Control Reference Manual ( 199 1 ), Statistical Quaiity Conîrol Handbooks (1982), 

Griffith ( l990), Kiemele ( 1 990) and Montgomery (1996). 

Here we propose the use of Excel for al1 these eight tests. One example of the 

conventional X-bar chart for variables is used for illustration. However, as it will be seen, 

the formulas for the eight tests can be used for other types of control charts. 

For easy reference to Nelson's paper (1984) , other SPC books, reference manuals and 

computer packages, we use the identical nurnbering sequence and descriptions of the 

right tests as those by him. 

2. The Excel Pronram for the Einht Tests 

We illustrate the construction of the Excel program for the eight tests through the 

following example. The same program can then be kept and used for other examples by 

simply changing its data to the data of these examples. 



Exornple 1 : The data below is n for 23 samples (Le. subgroups) of size n=5 taken from a 
manufacturing process every hour. 

3 5 7 9 i l  13 15 17 19 21 23 

Figure 1 X-bar chart for the process. 

Table 1. (raw data of E..lrample 1 ) 

- - 
The centerline is x = 11 01 -7, the control limits are given by f A, R with UCL = 1 139 

Sample # 
1 
2 
3 
4 
5 
6 
7 
8 

- - 
and LCL = 1064, where x and R are the usual grand average and average of ranges 

computed from the 23 samples. The control chart is shown in Figure 1 .  The charts 

between the lower and upper control limits are partitioned into six equal zones. labeled 

Zones A, B, C, C, B, A with Zones C ctosest to the center line. 

- 
x 

1092.7 
1095.3 
1095.3 
1 073.3 
1152.1 
1092.9 
1 129.8 
1111.6 

Sample # 
9 
10 
11 
12 
13 
14 
15 
16 - 

- 
x 

1092.8 
1 103.4 
1099.1 
1100.0 
1096.3 
1075.1 
1111.5 
11 13.0 

Sample # 
17 
18 
19 
20 
21 
22 
23 , 

- 

1111.4 
1056.5 
1099.2 
11 16.1 
1106.4 
1 100.9 
1114.4 

1 



2.1 Steps for entering the text in the Excel workstieet 

Stepl . Enter the t e a  in the Excel worksheet as in Table 1. The printout is in Figure 2. 

Table 1. 

l 
-- 

BI 1 Center Line Text 

ce11 
A6 

1 B2 1 UCL 1 Upper control limit 1 

Text 
Sample # 

Description 
Sarnple nurnber 

B3 
B6 
C2 
C3 
C6 
DI 
D2 
D3 
D6 
E6 

1 Gl 1 =$D%I+(~$D% 1-$~$3)/3)*2 1 Formula for U D W ~  limit of Zone B 1 

LCL 
Data 

U Zone A 
L Zone A 

Test 1 
1101.7 
1 139.0 

FI 
1 F2 

F3 
F4 
F6 

Lower control limit 
Text 

Upper limit of Zone A 
Lower limit of Zone A 

Texî 
The value of center line 

The value of Upper control limit 
1 064.1 
Test 2 
Test 3 

The value of Lower control limit 
Text 
Text 

U ZONE B 
U ZONE C 
L ZONE C 
L ZONE B 

Test 4 

G2 
G3 

Upper limit of Zone B 
Upper limit of Zone C 
Lower limit of Zone C 
Lower limit of Zone B 

Text 

I G4 
G6 
H6 

1 

16 
36 

b 
=$DS 1 -((SDâl-!§DS3)/3)* 1 Formula for Lower limit of Zone C , 
=$D$ 1 +(($ DS 1 -$D63)/3)* 1 - Formula for Upper limit of Zone c 

=$DS 1 -((%DO 1 -$D%3)/3)*2 
Test 5 
Test 6 
Test 7 
Test 8 

Formula for Lower limit of Zone B 
Text 
Text 
Text 
Text 



2.2 Steps for entering the data and formulas in Excel worlubeet 

Step 2. Enter the sample numbers 1 to 23 at ceIl A7 to cell A29 as shown in printout 
Figure 3. 

Step 3. Enter the values of 23 sample averages at ceIl B7 to ceIl B29; then enter the text 
"end" at ce11 B30. 

Step 4. Select ce11 C7 and enter the formula: = iF(OR(B7>SDS2,B74iDS3),t'~pecial 
cau~e",~"'). Press enter. 

Step 5. Select ce11 C7 again and choose copy button. 

Step 6.  Select the range fiom C8 to C29 and press enter. 
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The text special cause" appearïng in Test 1 at wunple 5 and sample 18 indicates that 

the corresponding points in the control charts exceed the control limits, as can also be 

seen in Figure 1. 

Note that in Step 3 the text "end" is used to identifi the ending of the sample averages, so 

that a formula would not operate on that cell or beyond. 

The formulas of the eight tests are given in Table 2. The numbering of the tests and their 

descriptions are taken directîy from Nelson (1984) for easy reference. 



For each of the remaining seven tests, follow the steps similar to Steps 4,5 and 6.  For 

example, for Test 5, we have 

Step 4. Select G7 and enter the formula: ( as given in Table2). Press enter. 

Step 5. Select ceIl G7 again and choose wpy button. 

Step 6. Select the range fkom GS to G23. Press enter. 

The text "special cause" indicates the beginning of the "special cause", i.e., the fint point 

in the "Two out of three points in a row in Zone A or beyond". In Figure 3, under the title 

Test 5, the first uspecial causew appearing at sample 5 indicates the two out of the three 

points corresponding to samples 5,6 and 7 in the control chart are in Zone A or beyond, 

as can be seen in Figure 1. 

Figure 3 



Formula worksheet of Nelson's (1984) eight tests for special causes. 

Table 2. 
Test 

Test 1 

Test 2 

Description 
, One point beyond zone 

Nine points in a row in 
zone C or beyond 

Test 3 

Test 4 

beyond. 

Six points in a row 
steadily increasing or 

decreasing 
Fourteen points in a row 
alternating up and down. 

Test 5 Two out of three points 
in a row in zone A or 

beyond 

Formula 
=IF(OR(BD$D$2,B7<SD$3),"special 
cause"."") 

Test 6 

>B 1 1 ,B 1 1 >B 12)),"special cause", "") 

Four out of five points in 
a row in zone B or 

"special cause"," ") 

W7B9<%G$4))), "special cause","" ) 
=IF(OR(OR(AND(B7>$G$2,B8>$G$2,B9>$G 

GS3))),"special cause","") 



Table 2. (coi 
Test 

Test 7 

:in ued) 
Description 

Fifieen points in a row in 
zone C (above and below 

centerline) 

Formula 
=IF(AND(AND(B7>$G$3,B7<SGS2),AND(B 

Test 8 
cial cause","") 
=E(AND(OR(B7>SG$2,B74GS3),OR(B8>$ Eight points in a row on 

both sides of centerline 
with none in zones C. 



Conclusion 

We described the methods of making and customizing the short run control charts in 

Microsoft Excel. These methods are flexible and can be modified to constnict other 

controt charts. 

We also reviewed several widely used short nin control charts under different scenarios. 

Further researches on those charts are reqwred, because the theoretical validity of those 

charts has not yet been carefully studied. The reasons that we introduced these charts are 

that they are familiar to practitioners. The interpretation of those short m charts is 

sirnilar to those widely used traditional control charts. 

Finally, we provideci the eight tests for special causes of x-bar charts in Excel. We wi 

use the program for both the traditional and short run control charts. Therefore it is 

simpler for users to identiQ the special causes in control charts even if they do not have 

an expensive commercial software for control charts. 



APPENDLX A. 

Table A. Factors for Constructing Variable Control Charts 
- -- 

Observation in 
sarnple, n 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

At 

2.660 
1.880 
1 .O23 
0.729 
0.577 
0.483 
0.419 
0.373 
0.337 
0.308 
0.285 
0.266 

D3 

O 
O 
O 
O 
O 
O 

0.076 
0.136 
0.184 
0.223 
0.256 
0.283 

D4 

3,267 
3.267 
2.574 . 

2.282 
2.1 14 
2.004 
1.924 
1.864 

, 1.816 
1.777 
1.744 
1.717 

d2 

1.128 
1.693 
2.059 
2.326 
2.534 
2.704 
2,847 
2.970 
3.078 
3.173 
3.258 



Table B. A f Facton for X Chart First-Stage Coatrol Limits (Hükr (1969)) 

I Number of 

Table C. D; Factom for R Cbirt First-Stage Lower Control Limits (Hüler (1969)) 
1 1 

Subgroup m 

1 Nurnberof 1 a 3  

0.00 1 

Subgoup m 

0.0027 

0.00 1 

0.0 1 

0.005 

0.025 0.05 

0.0 1 0.025 0.05 



Table D. D: Factors for R Chifi First-Stage Upper Control Limits (Hiiier (1969)) 
r I 1 

Table E. A: Factors for Charî Second-Stage Control Limits (HiUer (1 969)) 

Number of 

Subgroup m 

2 

3 

a4 

1 Number of a2 
t 1 I l 

0.00 1 

1.78 

2.02 

0.0 1 

1.62 

1.76 

0.005 

1-67 

1-84 

0.025 

1.53 

1.63 

0.05 

1.44 

1.52 



Table F. D; Factors for R Chart Second-Stage Lower Control Limits ( m e r  
(196911 

1 Nurnber of / a 3  

, Subgroup m 
1 

0.001 1 0.005 
I 

0.05 1 0.0 1 0.025 



Table G. D; Factors for R Cbirt ScewdSîage Upper CeatroI Luib (HiUer 
(1 969)) 

Number of 

' Subgroup rn 

1 

2 

3 

4 

5 

a d  

0.001 

7.94 

4.14 

3.39 

3 .O8 

2.9 1 

0.005 

5.10 

3.19 

2.76 

2.57 

2.47 

0.0 I 

4.20 

2.83 

2.50 

2.36 

2.27 

0.025 

3.22 

2.39 

2.17 

2.07 

2.0 1 

0.05 

2.60 

2 .O7 

1 -92 

1.85 

1.81 
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