
Control limits for 𝑿̅-charts  

 

Case I: When standards are given, i.e. both µ and σ are known, then the 3- σ control limits for 

𝑋̅ - chart are given by, 

E(𝑋̅) ± 3 S. E. (𝑋̅) = µ±3
σ

√𝑛
 

 

Case II: When µ and σ are unknown, then the 3- σ control limits for 𝑋̅- chart are given by, 

 

 

E(𝑋̅) ± 3 S. E. (𝑋̅) 

= 𝑋̅ ± 3 𝑅̅

𝑑2
. 1

√𝑛
 

= 𝑋̅ ± (
3

√𝑛.𝑑2
)𝑅̅ 

 

Since d2 is a constant depending on n, thus 
3

√𝑛.𝑑2
 also depends only on n and its values have been 

computed and tabulated for different values of n from 2 to 25. 

 

Thus,            UCL = 𝑋̅ + (
3

√𝑛.𝑑2
)𝑅̅ 

           LCL= 𝑋̅ − (
3

√𝑛.𝑑2
)𝑅̅ 

CL= 𝑋̅ 

 

If, on the other hand, the control limits are to be obtained in terms of 𝑠̅ rather than 𝑅̅, then an 

estimate of  σ can be obtained from the relation, 

 

𝑠̅ = C2. σ 

or,              𝜎 =
𝑠̅

C2
 

 

where,                 𝐶2 = √2
𝑛⁄ .

(
𝑛−2

2 )!

(
𝑛−3

2
)!

  

 

Thus,                 UCL = 𝑋̅ + (
3

√𝑛.𝐶2
)𝑆̅ 

        LCL = 𝑋̅ − (
3

√𝑛.𝐶2
)𝑆̅ 

 

Control limits for R-chart:  



The 3- σ control limits for R-charts are given by  

E(R) ± 3𝜎𝑅 

E(R) is estimated by 𝑅̅, and 𝜎𝑅 is estimated from the relation,     𝜎𝑅 = 𝑐. 𝐸(𝑅) = 𝑐. 𝑅̅,  where c is 

a constant depending on n. 

 

Thus,      UCL = 𝑅̅ + 3𝑐. 𝑅̅ = (1 + 3𝑐)𝑅̅ = 𝐷4𝑅̅  

                           LCL = 𝑅̅ − 3𝑐. 𝑅̅ = (1 − 3𝑐)𝑅̅ = 𝐷3𝑅̅ 

CL= 𝑅̅ 

The values D4 = 1+3c and D3 = 1-3c have been tabulated for different values n from 2 to 25. 

However, the control limits for R - chart can be obtained directly from the assumed or known value 

of σ as follows: 

 

UCL = D2. σ 

 

       LCL = D1. σ 

 

where D1, and D2 have tabulated for values of on from 2 to 25. 

 

Construction of  𝑿̅ and R control charts: 

Control charts are plotted on rectangular coordinate axes, vertical scale representing the statistical 

measure 𝑋̅ and R and horizontal scale representing the sample number. Sample points are 

indicated on the chart by point which may not be joined. If sample points fall within the control 

limits, LCL and UCL, then it is called that the process is in-control. If the sample points fall outside 

the control limits, the process is called out of control. 

 

❖ Construct a control chart for mean the range for the following data on the basis of fuses, samples 

of 5 being taken every hour. Comment on whether the production seems to be under control 

assuming that these are the first data: 

42 42 19 36 42  51 60 18  15  69  64 61 

65 45  24 54  51  74  60 20 30 109 90 78 

75 68 80  69 57  75 72 27 39   113 93 94 

78      72 81 77 59 78 95 42 62 118 109 109 

87   90 81 84  78 132 138 60 84 153 112 136 

 

➢ Control chart for mean (𝑿̅) 

UCL= 𝑋̅ + (
3

√𝑛.𝑑2
)𝑅̅,                 LCL = 𝑋̅ − (

3

√𝑛.𝑑2
)𝑅̅ 

CL=𝑋̅  

 

➢ Control chart for Range (R- chart) 



UCL= 𝑅̅ + 3𝑐. 𝑅̅ = (1 + 3𝑐)𝑅̅ = 𝐷4𝑅̅,             LCL = 𝑅̅ − 3𝑐. 𝑅̅ = (1 − 3𝑐)𝑅̅ = 𝐷3𝑅̅ 

CL=𝑅̅  

Calculation: 

Sample No. 

(1) 

Sample Observations 

(2) 

Total 

(3) 
Sample mean (𝑋𝑖̅) 

(4)= (3)÷ 5 

Sample Range (Ri) 

(5) 

1 42 65 75 78 87 347 69.4 45 

2 42  45    68 72 90 317 63.4 48 

3 19 24 80 81 81 285 57.0 62 

4 36 54 69 77 84 320 64.0 48 

5 42 51  57 59 78 287 57.4 36 

6 51 74  75 78 132 410 82.0 81 

7 60 60 72 95 138 425 85.0 78 

8 18  20 27 42 60 167 33.4 42 

9 15  30 39 62 84 230 46.0 69 

10 69  109 113 118 153 562 112.4 84 

11 64 90 93 109 112 468 93.6 48 

12 61 78 94 109 136 478 95.6 75 

  Total 859.2 716 
 

From the above data, we get 

𝑋̅ =
1

𝑘
∑ 𝑋𝑖̅

12
𝑖=1  =

859.2

12
 = 71.6 

𝑅̅ =
1

𝑘
∑ 𝑅𝑖

12
𝑖=1  =

716

12
 = 59.67 

 

From the table values for n = 5,     
3

√𝑛.𝑑2
= 𝐴2 = 0.577.  

 

Thus,    UCL= 𝑋̅ + (
3

√𝑛.𝑑2
) 𝑅̅ = 𝑋̅ + 𝐴2𝑅̅ = 71.6 + 0.577 × 59.67 = 106.02 

                   LCL= 𝑋̅ − (
3

√𝑛.𝑑2
) 𝑅̅ = 𝑋̅ − 𝐴2𝑅̅ = 71.6 − 0.577 × 59.67 = 37.18 

CL=𝑋̅ = 71.6  

 

Again, from the table values for n = 5, D3=0, D4=2.115 and thus the control limits for R- chart 

arte given by, 

UCL= 𝑅̅ + 3𝑐. 𝑅̅ = (1 + 3𝑐)𝑅̅ = 𝐷4𝑅̅ = 2.115 × 59.67 = 126.2 

LCL= 𝑅̅ − 3𝑐. 𝑅̅ = (1 − 3𝑐)𝑅̅ = 𝐷3𝑅̅ = 0 × 59.67 = 0 

CL=𝑅̅ =59.67 
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Figure 1: X-bar Chart 
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Figure 2: R Chart 

Conclusion: From 𝑋̅ -chart, we see that the sample points 8th and 10th lie outside the upper and 

lower control limit. So, we conclude that the process is out of control. 

 Again, From R-chart, we see that all the sample points lie between the upper and lower 

control limits. Therefore we conclude that the process is under control. 

 



 
 


