
     _  ∑ Xi USL - LSL
Average X = X = Cp = 

n 6σ
               _                   _      _

 ∑ (Xi - X)2 min USL - X min X - LCL

Standard deviation = σ = Cpk = Cpk = 
n -1 3σ 3σ

     _  ∑ Ri USL - X LSL - X
Average R (Range) = R = ZUSL  = ZLSL  =

n σ σ

Control limits X = 
USL =

LSL =
Coeff. of Variation (%) = 

UCLx =
LCLx =
UCLR =
LCLR =

Control limits X = 

Control limits R = 

Standard deviation = 

X - R Charts

                     _        _       
  LCLX = X - A2 R

                            _
  LCLR = D3 R

  UCLX = X + A2 R             

  UCLR = D4 R
                             _

                    _          _       

UCLX = X + 3σ

  σ x 100
                   _

 X

  σ = s / c4  σ = R / d2

                    _

Statistical formulas
Control charts for Variables

Upper specification limit

Lower specification limit

Upper control limit X
Lower control limit X

∑X i = X1 + X2 + X3 …..…+ Xn

                     _     
LCLX = X - 3σ

                     _     

                             _                             _
  UCLS = B4 s   LCLS = B3 s

                    _

X - s Charts

                    _          _                            _        _       
  UCLX = X + A3 s               LCLX = X - A3 s

Control limits

Statistical calculations

Capability Cp = 

Capability Cpk = 

Upper control limit R
Lower control limit R∑Ri = R1 + R2 + R3 ….…+ Rn

Control limits X = 

Control limits R = 

Standard deviation = 

  UCLX = X + E2 R               LCLX = X - E2 R

Charts for Individuals

                    _          _                            _        _                           _          _       

Median Charts

                             _                             _                             _                             _
  UCLR = D4 R   LCLR = D3 R

                    _
  σ = R / d2

Appendix VIII

  σ = R / d2

  UCLR = D4 R   LCLR = D3 R

                    _

                     _        _       
  UCLX = X + A2 R               LCLX = X - A2 R



Zone A = ► ►

Zone B = ► ►

Zone C = ► ►

►
►
►
►
►
►

Quality Systems & Technology

Statistical alarms

Target + 2 σ UCLx

Target + σ Target + 2 σ

Target Target + σ

Target - 2 σ LCLx

8 consecutive points in zone C
One single point below the LCLx

Target Target - σ

One single point above the UCLx
2 points out of 3 in zone A
4 points out of 5 in zone B

Western Electric rules

Western Electric rules

One single point above the UCLR

Target - σ Target - 2 σ


