What Is a Control Chart?

A statistical tool used to distinguish
between process variation resulting
fromm common causes and variation

resulting from special causes.
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Why Use Control Charts?

Monitor process variation over time

Differentiate between special cause and

common cause variation

Assess effectiveness of changes

Communicate process performance
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What Are the Control Chart Types?

Chart types studied in this module:

X-Bar and R Chart
Individual X and Moving Range Chart
- For Variables Data

- For Attribute Data

Other Control Chart types:

X-Bar and S Chart u Chart
Median X and R Chart p Chart
c Chart np Chart
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Control Chart Decision Tree

Are you Use XmR
charting Daf[a are Is sample chart for
. variables |——— size .
attribute variables
data equal to
data? data
1?
NO

léii::?;? For sample size
attribute between 2 and

data 15, use X-Bar

and R Chart
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Elements of a Control Chart

Title: @ Legend: @
Date
M1
E —
Al 2 C3)
S N— 1
U
R 3
E
M 4
E
N | 5
T
S | 6
Average
Range
1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13 | 14
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Elements of a Control Chart

0
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Constructing an X-Bar & R Chart
Step 2 - Collect and enter data by subgroup

Title: Legend:
Date |1 Feb|2 Feb|3 Feb| 4 Feb|5 Feb|6 Feb|7 Feb|8 Feb|9 Feb
|\E/| 1 [(15.3 (14.4 |15.3 (15.0 |15.3 |14.9 |15.6 |14.0 (14.0

'g 2 1149 |155 |15.1 |14.8 |16.4 |15.3 |16.4 |15.8 [15.2

g 3 |15.0 |14.8 |15.3 |16.0 (17.2 (149 |15.3 (16.4 |13.6

I\E/I 4 |15.2 |15.6 |18.5 |15.6 (155 [16.5 |15.3 (16.4 |15.0

E 5 |16.4 |14.9 [14.9 [(15.4 |15,5 |15.1 (15.0 |15.3 |15.0

T

s

Average Enter data by subgroup
Range in time sequence
1| 2| 3| 4| 5] 6|7 | 8] o9 T ]

A

\

E

R

A

G

E
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Constructing an X-Bar & R Chart
Step 3 - Calculate and enter subgroup averages

Title: Legend:
Date |1 Feb|2 Feb|3 Feb| 4 Feb|5 Feb|6 Feb|7 Feb|8 Feb|9 Feb
|\E/| 1 [(15.3 (14.4 |15.3 (15.0 |15.3 |14.9 |15.6 |14.0 (14.0

'g 2 1149 |155 |15.1 |14.8 |16.4 |15.3 |16.4 |15.8 [15.2

g 3 |15.0 |14.8 |15.3 |16.0 (17.2 (149 |15.3 (16.4 |13.6

I\E/I 4 |15.2 |15.6 |18.5 |15.6 (155 [16.5 |15.3 (16.4 |15.0

E 5 |16.4 |14.9 [14.9 [(15.4 |15,5 |15.1 (15.0 |15.3 |15.0

T

s

Average 15.36115.04|15.82|15.36 (15.98|15.34 |115.52(15.58|14.56 f
Range
1 2 3 4 5 6 7 8 9
))7 I I

( Enter the average
for each subgroup

T

mOor»roam<>
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Constructing an X-Bar & R Chart

Step 4 - Calculate and enter subgroup ranges

Title:

Legend:

Date

1 Feb|2 Feb|3 Feb| 4 Feb| 5 Feb|6 Feb|7 Feb|8 Feb|9 Feb

1

153 [14.4 |15.3 |15.0 |15.3 |149 |15.6 |14.0 [14.0

2

149 [155 |15.1 |14.8 |16.4 |15.3 [16.4 |15.8 [15.2

3

15.0 [14.8 |15.3 |16.0 |17.2 |149 |15.3 |16.4 [13.6

4

15.2 |15.6 |18.5 |15.6 |15.5 |16.5 |15.3 |16.4 |15.0

5

4zZzmZmucCcunur»m

wn

Averag

16.4 |14.9 |14.9 |15.4 (155 (15.1 |15.0 [15.3 |15.0

€(15.36 [15.04|15.82|15.36 [15.98(15.34 | 15.52|15.58| 14.56

Range

mOor»roam<>

1.5 1.2 3.6 1.2 1.9 1.6 1.4 2.4 1.6
1 2 3 4 5 6 7 8 9
))7 I I

( Enter the range for
each subgroup

] ———
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Constructing an X-Bar & R Chart

Step 5 - Calculate grand mean

Step 6 - Calculate average of subgroup ranges

Step 7 - Calculate UCL and LCL for subgroup
averages

Step 8 - Calculate UCL for ranges
Step 9 - Select scales and plot

Step 10 - Document the chart
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Constructing an X-Bar & R Chart
Step 9 - Select scales and plot

165 ok e
C 16.0 ; /\
E 15.5 \ o — -
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A 150 -r\/
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14.0
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E 1.0
0
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Constructing an XmR Chart
Step 2 - Collect and enter individual measurements

Title: Legend:

Date 1 Apr|2 Apr (3 Apr |4 Apr |5 Apr [6 Apr |7 Apr[8 Apr |9 Apr [10Apr
Individual X 19 | 22 | 16 |18 19 [ 23 |18 | 15| 19 | 18 B
Moving R -

1 2 3 4 5 6 7 8 9 10

|

N

|D Enter individual
v measurements in
. time sequence

x = —

L

X
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Constructing an XmR Chart

Step 3 - Calculate and enter moving ranges

Title:

Legend:

Date

Individual X | 19 | 22| 16 {18 |19 | 23 |18 | 15| 19 | 18
Moving R 6 | 2| 1| 4|5 3| 4]1 B
1 2 3 4 5 6 7 8 9 10
|
N
D e
| .
v (Enter the moving ranges
I NS
D
U
A
L
X
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Ste
Ste

Constructing an XmR Chart

D 4

0 5

Step 6

Ste
Ste
Ste

0 9

- Ca
- Ca
- Ca

Cu

Cu

Cu

ate average of data points
ate average of moving ranges

ate UCL and LCL for individual X

0 7 - Calculate UCL for ranges

0 8 - Select scales and plot

- Document the chart
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Constructing an XmR Chart
Step 8 - Select scales and plot
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Constructing an XmR Chart

Step 10 - Check for inflated control limits

Step 11 - If inflated, calculate 3.144 times
median mR

Step 12a - Do not recompute if 3.144 times
median mR Is greater than 2.66
times average of moving ranges

Step 12b - Otherwise, recompute all control
limits and centerlines
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Constructing an XmR Chart
Step 10 - Check for inflated control limits

T

// Any point is above \\

upper control limit of )
— \ moving range

UCLmR IIIIHLIIIIIIIIIIII II-IIIIJII‘IILII A E NSNS EENEEEEEEEEEENEEDR

II \\
II \\ lm\
T % M A
[ 1 /1\ [ 1) / [\ *
1] X170 R 70X yAAY
O A N SIS TS
< / \ \| / e ()
N/ \ /T /
@) U

~
2/3 or more of data points are
below average of moving range
(13 of 19 data points = 68%)
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Step 12b - Constructing an XmR
Chart

Upper Plot

UCL, = X + (3.144) (Median Moving Range)
LCL, = X - (3.144) (Median Moving Range)

Centerline, = X

Lower Plot
UCL.r = (3.865) (Median Moving Range)
LCL,r = None

Centerline, ; = Median Moving Range
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Control Chart Zones

UCL ...............................................
ZONE A
ZONE B

- ZONE C 1/3 distance

Centerling =+ =t =t et =t = s = P

ZONE C Centerline
to Control

ZONE B Limits
ZONE A

LCL ...............................................
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Rule 1 - Interpreting X-Bar & R Charts

A [\ o ZONE B
AN AW A

Centerhm.a// : 7/ \\ / \ /A S ONE G

\/ v ZONE B

v ZONE A
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Rule 2 - Interpreting X-Bar & R Charts

UCL sessssssssnnnnns 7/ ......... e EEEEEEEEEEEEEESEEEEEEEEEEEE®E
|
‘\

2 out of 3
successive values
in Zone A

LCL
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Rule 3 - Interpreting X-Bar & R Charts

e ———
—_— -
~

8 1
N / . ZONEC

Centerline—-—-\—\-—-— -—-—/’7/_.
— S T\ ZONE C
ZONE B

4 out of 5
LCL successivevalues )& . ZONEA
iIn Zones A & B
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Rule 4 - Interpreting X-Bar & R Charts

ZONE A

ZONE B

ZONE C

ZONE C

ZONE B

8 successive
values on same
LCL -+ -----" side of Centerline
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EXERCISE 1
Values of X-Bar and Ranges
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EXERCISE 1
X-Bar & R Control Chart

Ill.JIIIIIILIIJIIIIIILIIIIIILIIJIIIIII*IIIIIILIIJIIII
L T | ] ZONEA
Aot 1L L Ll L L L1 | 1 | ZONEB
Y5 “;//I: % ZONE C
R , T =YV y "™ A /T —=—1 ZoNEC
/NS A N O N 7408 O = 7 O s A
A ' ZONE B
E , [T -~ ["7 17T "177["7T77" ZONEA
1
= ZONE A
SR A O ) A ) ) Y
A P ] Zones
N 6 L p i R m| sl ZONE C
G , :_'__EL'__:__'__:_4.__.L__.__'_/j>t<_/_1-__:__'_ ZONE C
E f F ZONE B

Note: Solid lines represent the grid used in this module; dashed lines separate zones.
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Values of Moving Ranges

2 3|14|5(6|7(8|9(10(11|12|13|14(15|16(1/7(18|19|20

EXERCISE 2

XVaIues
mR
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EXERCISE 2
XmMR Control Chart

05 S

? 25 ____________.__/t\;______________ e =A== ==t ZONE B

\'/20_ = /’_\_/\»,a/_\ L M| “ONEC

I INTI TR 1T R TYIN  zonec
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Note: Solid lines represent the grid used in this module; dashed lines separate the zones in the upper plot.
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EXERCISE 2
XmMR Control Chart Revised for Inflated Limits

35 New Control Limit
SO@Controﬂ_imit)}I IIIIIII EEEEEEgEEEsEEpE e R EfE Ry E EEEEEN] JONE A
o5 1 11 ] AT T e

5 5 0 7 0

ZONE B
...l..l ZONEA

05 1 IIIIII 1 IIIIIIIIIIIIIIII E EEREER Q: IIIIIII rll1lll
Old Control Limits New Contm\
| — — — — — f— — —— — — —— — —
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Note: Solid lines represent the grid used in this module; light dashed lines divide the zones in the upper plot.
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