N

C\u@}ol Chart
AN

Q///
/ -
\ An *rNécTuction to

\S:i@a\iﬁ\s;'iﬁal Process Control



mﬂ Course Content

/)

« Prerequisites ,C/
 Course Obijectives - ,‘/ ~.
+ What is SPC? &= ~ &
» Control Chart Basig 3\6\\/ \X\/

e Qut of Control gf)rmltl |
. SPCvs.S0CL~ ;Nv
. Indmduak ad Moying R a\rme Charf

+ Central Limit Thestéka >

 X-bar and Raso\gc\ﬁarts \\/

. Advanced Conirol Cha\ﬁa\/

o Attribute \tharts \

 Final Points N\

 Reference Sﬂ {10

http://www.biz-pi.com Control Charts



B ﬂ Prerequisites

» Learners should be faraitizr with the
following concepts wz7ior to taking this course
— Variation
— Mean end Standard Deviation
— Histograms
— Normal Distributions
— Cp and Cpk

« Capabllity Catis21s avallable on BPI
website Ii vou need to review these topics

http://www.biz-pi.com Control Charts
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G ﬂ Course Objectives

« Upon completion of th!s caurse, participants
should be able to:

— Understand the basics of creating variahle and
attribute contol charts

— Undersiand the cencepts of advanced control
charting

— |ldentify an ‘cut.of control ccidition

— ldentify wiich control chart to use with each
Drocess

— Calculate conir@! limits for any control chart

http://www.biz-pi.com Control Charts



E ﬂ Statistical Process Control (SPC)

 SPC iIs the applicafion of statistical
methods to iGantiy-and canirol the
special cause of variaticn in‘a process
 SPC Is & preventaiive tool te:
— Assess the consistency o a process

— Morilor zoprocess to aetermine when it has
changed

— Reduce variatcn in a process

http://www.biz-pi.com Control Charts



G ﬂ Run Chart

« Graph that displays observed data In a time
sequence

50 = R AN N ~ e

45
40

35

30
25

20

Values
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E ﬂ Control Charts

* Run chart with calculatec zontrol limits
— 3 standard deviations above anda below average
* Help distinguish process variation due to
assignanle or “comiaon” causes from those
due to unassignabie or “special” causes

» Used to detectwhether a process Is
statistically stable

http://www.biz-pi.com Control Charts



B ﬂ History

* Invented by Walter A. Shawhart while
working for Bell Labsinthe 1620s

« W. Edwards Zeming became the foremost
champion of Shewheadt's work
— long caieer as an mdustrial consultant in Japan,

spread use ot.ihe contro! carts throughout the
19405 and 1950s

http://www.biz-pi.com Control Charts



G ﬂ Special vs. Common Cause

» Special Cause Variatics
— Data points outsicie Gf control lirmits
— Trend or shifi-nattern within'limits
— Can e removed frorm a process
« Commoi Cause \Variation
— Noise within the system. typical, expected

— Data points randomly occurring within the
control limits

— Always exists ina process, but can be reduced

http://www.biz-pi.com Control Charts



Control Chart Basics
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E ﬂ Special vs. Common Cause

Common Cause SpeciaitCause
N
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E ﬂ Real Life Examples

* Process: Driving to Work
« Average Time: 12 minutes
« Standard Deviation: 2.5 minutes

« Common Causes
— Wind speed, miss one-graen light, drivingspeed, number of cars on
road, time when izaving-nouse, rainy vaather
« Special Causes
— Stop far school bus crossing, traffic accident, pulled over for

speeding, poor weairier conditions, car mechanical problems,
construction detatir, staplights not working properly, train crossing
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G ﬂ Control Limits

« Centerline (CL) = average value of observations

« Upper Control Limit (2CL) ~ 3 staicard
deviations ABOVE the centerline

 Lower ContretLimit (LCL) -3 standzia
deviatian BELOW the cerniterline

« Controriimits zire set when precess is “In
control” or “stable”
— Fixed at-baseline value
— Adjusted forimprovements
— Never wigeneo

« Control limits are not specification limits

http://www.biz-pi.com Control Charts



B ﬂ Stability

* A process is considera2ain control” o
“stable” when the data does ot “how any
out of contrel conditions on the conirol
chart

« Stability means predictability
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G ﬂ Control Limit Zones

UCL

CL

LCL
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ﬂ Histogram vs. Control Chart

50 < :
45 Cominar Cause Variation Renion ' N\A_\D

€

Values
%/, 66
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Out of Centrol (0O0C) Conditions

http://www.biz-pi.com Control Charts



E ﬂ Out of Control Conditions

* Qutside control limits 15 easles

« Patterns highlight Ot:ar out of ¢ ontrol
conditions
— Trencs {increasing/ciecreasing points)
— Shifts {data jumos nigher oriower than normal)

— Inconsisterncies (not randeny, more or less
variaton-ihan history)
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G ﬂ Western Electric Rules for Control

v Any point gutside control limits

v'7 censecuiive points on same
siae of centerline

v 7 gonsecutive ppeints.increasing
or decreasing

v'2 of 3. pointsin same zone A or
nevana

V4.6t 5 points in same zone B or
beyond

v'14 consecutive points alternating
up and down

v'14 consecutive points in either
zone C

http://www.biz-pi.com Control Charts



E Nelson Tests for Control

v\ ARy point outside control limits

v 9 consecullve points on same
side of centeriine
L Uet ] v A consecutive points
‘ ncreasing or fdecieasing
v. 2 of 3 poiris in\same zone A or
beyon
v /4 ot\5 points in same zone B or
neayond

........ B WS I A . 14 COI’]SECU'[IVE pOIntS alternatlng
............ | L \ up and down

v 15 consecutive points in either
zone C

v 8 points in arow outside zone
C, same side of centerline
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B False Alarm Rates are the Key

Nelson False Alarm Rate
. Any point outside control limits .0027
. 9 consecutive points on saine sige ofcenterline Approx .003
. 6 consecutive points increasing.or decreasing Approx <603
. 2 of 3 points in seinezore A or beyond 06305
. 4 of 5 points in-same-zone B or bayond 0043
. 14 consecutivepoints alternaing up and down Approx .004
. 15 consecutive pointz 'n eitherzone C Approx .003
. 8 points in a row out<ide zone C, either side of Approx .003

centerline

The Nelson tests ars\des:gned so that the false alarm rates for all
tests are approximatery the same. The Western Electric rules do not
have this property.
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E ﬂ 9 Consecutive on Same Side

 |If process is stable and nsymal, 509 of data will
be above centerlina; 50% will he 02iew
centerline

* Probakiity of getting @ straight on one side,
same as fipping coti and getting 2-straight
heads

((5)10=05-05%05*05*3:5*0:5%05*0.5*0.5*0.5= .001
(5 =uUS5*05*0HT05*05*0.5*0.5*0.5*0.5= .002
. —\VU.3 © .oV 0o : : : : o = .

5)8 =0.5“0520.5*0.5*0.5*0.5*0.5*0.5 004
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E ﬂ Nelson Test #1

>
+30 A ‘——/“\ TG UCL
+20 AN/ wa\ <
o |° /
+1o _— Nt —
C //\‘\ / /‘
(O] TITTTTTTITTITITP -y ARG Fre v St N N S y Q- vein flannnnnnnanannanas CL
e ® AN
-lo == S =l —.
B é
_20' _____ S 18
A
30 —e————e LCL
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E ﬂ Nelson Test #2

.|_30- NN =T " my UCL
+20

+lo

O | |>

-lo

@ O

20 - - =, |

30— LCL

™

Rule 2: 9 cons8g®tive points on same side of centerline
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E ﬂ Nelson Test #3

.|_30- NN =T " my UCL
+20

+lo

O | |>

-lo

@ O

20 - - =, |

30— LCL

™

Rule 3: 6 cogsgtutive points increasing or decreasing
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Nelson Test #4

+30
+20

+lo

-lo0
-20

-30

UCL
A
B
C
................................................. CL
C
B
()
—————— LCL

pints In same zone A or beyond
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E ﬂ Nelson Test #5

.|_30- NN =T " my UCL
+20

+lo

CL

-lo

-20

-30 LCL
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E ﬂ Nelson Test #6

.|_30- NN =T " my UCL
+20

+lo

CL

-lo

20 - - =, |

30— LCL

Rule 6: 14 R Utive points alternating up and down
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Nelson Test #7

+30
+20

+lo

-lo0
-20

-30

A ot w— — —

WS\r®nsecutive points in either zone C

UCL

CL

LCL
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E ﬂ Nelson Test #8

+30 N . uCL
A

+20 — —— -
B

S SR T NS
c A

1o < Y (U
20 - - =, |
i
30 /KN o o T LCL

Rule 8: 8 o 2 in arow outside zone C, either side
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Nelson Tests in Minitab™

Stat > Control Charts > Xbar-~

Xbar-R Chart x|
Data are arranged as Tests.. |
* Single column: || = ( |
Exstimutel,
Subgroup size: | — =\
[use a constant or an ID column) Y S'taﬂj"'_l
Jridons... |

" Subgroups across rows of:

Histarival mran:

I L\ »

Tecic ror Special Causes (gefanll dofinations)

Perform all eight csts

.................................................................................................

Historical sig™a: | —

Select |
Help |

Estimate Parameters BY !

v 0re pointioore than 3 sigmas from -esten line
N poinis in a row on same Zie= of camer line

[' Jix puints in a row, all ir2-easiig »r all decreasing
[T Courteen points in 2 «ow, altevnaurg up and down

[” Two out of threc poiats more than 2 sigmas from center line [same side)

[ Four out st fi'e poiit; more than 1 sigma from center line [same side]

[ Fifteen polats s

z+ow within 1 sigma of center line [either side]

[ Eight points in a row more than 1 sigma from center line [either side]

Help |

0K Cancel
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ﬂ Inputs and Outputs

INPUTS

SLEAVE TIME >
-
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muiﬂ Evolution of control charts

SPC ..a&T  #EsQcC

Statistical /\\/\/ \/\—/ Statistical

Process = & \ Quality
v./

Contrel \\ = \/ ,,/\/% I
<" Q) ¥ \ "~
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individuals Cheart
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E ﬂ Individuals and Moving Range Chart

Most common type ai-control chiart
— Each individua!'value plotted aver time

— Difference 1rern previcus vaiue to ¢rirent
value gpiotied on Moaving Range chart

— Moving Ranrge average uvsedtocalculate
control limits for individuai readings
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B

Individuals and MR example

MOVING RANGE

0.2 A =

Dimension

=1
=]

=
S

|
1

=

= = = = = = =
o o o o o o o
[T} [T} [=1 o [Ty} [rel 5} [Te]
A « b T 2 ™ 2 ™
- & - ) < ¥ @ [
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= = =
o o o
=1 [Pl v
o @ -
@ &5 S

11058 PM

Dimension

0.08 -

0.07

=]
-
o

0.04

o
(=1
@

0.02

0.01

3 = = = = = = = = = = =

o o o o o o o o o o o
0 ] o o [7s) 7} [fs} 7} o [T} [7s) [7s)
b « o ™ < ™ o ™ < «@ b 2
-~ & -~ @ <~ [rs) @ ~ @© & =1 =
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Individuals and MR UCL and LCL

Dimension

Dimension

Individuals Chart

3 = = = = = = = = =
a a a a 5 a & s a a
= - = s oo - - -
e 2 2 = ] 3 g ¥ e =]
— ] -— & W (=3 — o0 [=1 -—
B —~
WVizZving Range Tha
1
I
e N \ Y A
i N L W
—_— \// \.
W\ \W
3 = = = = = = = = = = =
o o o [N o o L o o o o
= - = > ' P - ¥ = - - -
e 2 2 = = 2 3 = S 3 w =]

E,, D, and D, are constants in table at end of section

http://www.biz-pi.com

Control Charts



E Individuals Chart

Individuals Chatt

0.26 —
0.24 UCL
0.22
02
-
o°
w
£ 018 CL
E
(]
0.16
0.14 - i
0.12 NN\ LCL
[}1 T . . L . T T T T T T T T
3 = = = = = = = = = = =
o o [ [ [ [ [ [ [ [ [
L LD - (] L [I'y] [Ty L (o] L '] L
- (o] ] - L] ™ '] i (o] o) - (o]
— o - o3 <t T} (2} ~ oo & [ —

http://www.biz-pi.com Control Charts



B

Moving Range Chart

0.08

0.07

0.06

0.05

0.04

Dimension

0.03

0.02

0.01 +

Moving Range Chart

--------------------------------------------------- UCL
42
4:05 PM L N\ \)\ AN\ 10:15 PM
Current: 0.204 Cur_rent: (;.1\ )
Prior: 0.172" |- aonn Prin7 0.262
oV 'ng § Novil
= < Rapge
P VAN ~N) 0.026
r, 7 ’\\\ // L .
- Ale . \ /
i
e
""""""" A R | . A A e
S22 \/ \
\ ~ O —4 v
\o_, LCL
§ = = = = = = = = = = =
= f % - - = - = - - =
S aN\BLeY VY 8 &8 & 8 g 3§ ¢

Moving Range = Current Data Value — Prior Data Value
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E ﬂ Non-Normal Data

* Individuals control charisizly on assumption
that data is normaily-distributed
* If data does natpass normality test, what
can be cone?
— Transiorm the datz (difficult)
— Use centrai linit theorem (& normalize the data
« X=bar abig R chart dees this for you

http://www.biz-pi.com Control Charts
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E ﬂ Central Limit Theorem

* No matter what the shane of the original
distribution (non-nosiiiai), the sarpling
distribution of the mean approaches a
normal gistribution
— normal aistrivution.is approaciied-very quickly

as subgroup-sizeincreasecs

http://www.biz-pi.com Control Charts



E ﬂ Central Limit Theorem

Subgroup Size =1
60 N 4

50 £z N\ ANSAN :
40 =22 N0 a0 \ — -\
30 ¥ e £\ V |
20 SR 1
10 4= — — |

90 1095 120 135 150 165

Number of Samples = 200
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Central Limit Theorem

35
30
25
20
15
10

25

20

15

10

Subgroup Size =2

SSUR W

100 110 120 130 140 150
Number of Samples = 100

Subgroup Size =4

w 77{_7—

AN

123 126 129 132 135 138
Number of Samples = 50
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Subgroup Size =3

115 120 175 130 135 140
Number of Samples = 66

Subgroup Size =5

15

10

129 130 131 132 133 134

Number of Samples = 40
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E ﬂ Rational Subgroups

* In order to use Centra! Limit Theorem, must
define the rational sugroups for data set
« Should be greupedin a wayio:
— maximize the-chance Gi detecting siiisin
process average (ivetween suharat.ps)
— minimize the variation (range) cetween samples
within the subgroup (withirsubgroups)
* Don't suogioup differznt machine setups,
different time of day, material differences,
operators, or any other variables

http://www.biz-pi.com Control Charts



G ﬂ Central Limit Theorem Summary

* If you analyze the average of a subgroup,
not the actual data vaiues, it vaikoe normally-
distributed

« X-bar and R Chart 2ppies Central Limit
Theoren:

— Any data sef can use the X-bar and R chart,
regardless of data distriibution (even non-
norme.)

http://www.biz-pi.com Control Charts
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¥=bar and R Charts
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E ﬂ Benefits of X-bar and R chart

« Can be used with any-distribution of data
« Separates variation into two groups, for
ease of investigation
— Between subgroup (X-bar chart)
— Within subgroup (Range chartt)
* Quicker icentification ef out of control
conditions thar!ndividuals chart
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X-bar and R example

Subgroups | 11:1SAM | 12:35PM | 5080 ) 3:10PM | 405 PM
SAMPLE 1 42 44 |- a1 4 | 4
SAMPLE 2 43 457" v b

SAMPLE 3

SAMPLE 4

N
e

>

o~
N

N
w

S
o

4

Subgroup Average Dimension
o
o
i
A
S
N

11:15 AM
1:50 PM

12:35 PM
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3:10 PM

4:05 PM
5:25 PM

6:55 PM

7:25 PM

8:00 PM

9:35 PM

10:15 PM

11:05 PM

Subgroup Range Din.-nsin~

Subgroup Variation

11:15 AM

12:35 PM
4:05 PM
5:25 PM
6:55 PM
7:25 PM
8:00 PM
9:35 PM
10:15 PM
11:05 PM
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X-bar & R UCL and LCL

Subgroup Average Dimension

Subgroup Range Dimension

X-bar Chart

3 = = = = = =3 = = = = =

o o s s o o o o ~ (A

ey ey = & u st = ey I w

= <« w ¥ ™ ™ = < ¥ <

= ~ = & o —~ = > =

Range Chart
-~
R 2
— L

________________ T T N

— . / \ .
~— S|

; = = = = = = = = =

= I I~ I~ I~ = a a I I~ I~

= = = = = = \a o S = = =

= = 2 = 3 g 7 I s 8 = =)

= = = 5 = B o = = 2 = =
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Average (X-bar) Chart

al

UCL
LCL

Avg =444

X-bar Chart

uolsuawiq abelaay dnoibgns

Wd G011

Wd G1-01

Wd S¢€-6

Wd 00-8

Wd SC-L

Wd SS9

Wd S¢-G

Wd SE:C1

WY GL-L1

Control Charts
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Range Chart

14

12

=
=]

Subgroup Range Dimension

Range Chait

(@]
1

S VAV E— uCL

I~ < _.._/T.{\.\_._._ ............... N\ L.\ \ CL
— N ) ’7?——__—
- Q:35PNM
N v ‘ Ak
| 48
AL A \8 ¥ | 43
42
45
T SN\ T T _ T T T LCL
z = = = = = Range =6 = = =
o 0 [ o o o o o
L L ] Lo ] [Tp] L L L Lo ] [T L [Tp]
- e 4 - =] o~ 1 ~ = < = =]
— "\_.l — [ag] =t (Tp] o - oo (8] E :
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E ﬂ Normalized Charts

 If operating in a low velume situation. it is usually
more practical te use ‘Gre contro! chart for
several parts or transactions
— Data must bae“normalized” teiore it is plotteadio
account foraifferent spec limits of the cata
* Process-inay hiave different lirins or targets,
want to know now close process Is to target
— Forecastng (Actual v Preaicted), product differences
from.same process, eic
— Instead of plaitino actual value, plot difference from
nominal, targetor-expected
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G ﬂ Key Points for Normalized Charts

« Data should be from th& s2me process

« Data should have sunilar variaiis

* Requires mote gata poitis 1o setur than
traditicnal criarts

e Uses same caiculaions as raditional charts,
except use normalized vaiues
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E Example Normalized Chart

5 —
4 o \ V.= AN 8K ¥
3 N —E

P Part C

o i 7~
Largel =\6 '~ '@ .
1 L AGEEN A |

Difference from Target
o
|
{
L
|
|
P
S
I
|
I
; \L
[~ |
[
F
b
-~
|

|
B i —ﬁ 3:31 HL n
, | /Z L2\ Taget N \ 3:45
Y/ 22 | Target
/ b — | Reading 10
3:15 [\ | 23.2 Reading
Target 1l L N -~ Diff =1.2 8.9
6 | NN i Diff =-1.1
Reading .3 BN LN W W - : : : : : . !
4.4 = 5 = 5 § & 3 3 3 3
Diff =-1.6
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G ﬂ Adjust Sampling

* As processes improve. reguce sampling
frequency and/or sutgioup size
— Reduce as Cnk Increases
— More efficientuse of resgurces
— If proczss goes oul of control, increase sampling
frequency uniil process stahilized
« Concerns with reduced sampling
— Less sensitive to.cmali shifts in process

— Can be harcer to setup process for random
sampling, than capturing all measurements
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G ﬂ Steps to Creating Control Charts

« Determine which process characteristic needs to be
controlled

« Determine where in the precess the contror-chart should be
Implemented

« Determine type ofcata needed tc control pracess

« Choose ihie-correct type ct.control chart

« Collect ant calculate subgroup data

« Calculate centeilines and control inits

* Plot the cata.ct the chart

 Interpret the chart for-out of control conditions

« Improve process rasaed upon analysis of control chart

http://www.biz-pi.com Control Charts
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Acvanced Contr2l Charts
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Small Shift Example

Individuals Chart

13.5

12.5

lo Process Shift

105 ————‘I— —\ﬁ—

. A~ ] £
2 / \
k= \-:. o L Y AN
: . / 5\ \ I~
\/ \{! N S )
§ lH' ’
8.5 > JY_ i Y
\ ‘J_ NN Process Mean=11,0=1
75 — \VC—
----------- Process Mean©10,0=1
65 T T T T T T T T ¢ 1\

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

1 1 \
L U B gl W [a3]
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INDIVIDUALS CHART STILL SHOWS PROCESS IN CONTROL

10 DAYS AFTER SHIFT
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G ﬂ Advanced Control Charts

* Typical control charts Zor use prior
readings, only curreri aata poit
— Make small siatiis hard to derect (typically less

than 1.5¢)

« Use prioireadings in-calculation-of current
data point te aetect small shifts

* Two alternative charts are CUSUM and
EWMA
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E ﬂ CUSUM

« Cumulative Sum

 Data converted to differeince from mean, and
10114 /2 i SN N
added to previous value " Bifenve from
i_ Mean (M = 10) ‘

—_—

~
% N> N
Date Value ‘/aluermean | New\alua Y
Savn —-=——_—>y | -2.56=-2.01 +-0.55
1-Oct 045 ¢ -0.5 -0.55
= SN =
2-0ct \ |~ 799 | L z01 56
3-Oct 9.29 \| ' -0.7 -3.27 ) I
-1.61 = 1. -3.27
4-Oct 11,66 166 | -1bl— - 1061=166%:3
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CUSUM Chart detects shift earlier!

CUSUM Chart

10

CUSUM Value

4 | a 4 + - s g 2 -1 s a 4 4 ] 4 4 a 4 4 e T T

UUUUU

UUUUUUUUUUUUUU

||||||||
mmmmmmmmmmmm

— e = = = = = — — —

UUUUUUUUUU

||||||||||
— w W - o g O
o I o VR o o o I s o o I )

cUSUM CHART DETECTS SMALL SHIFT
ONLY 6 DAYS AFTER SHIFT (4 DAYS EARLIER)
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B ﬂ How to set control limits for CUSUM

Table for obtaining CUSUM limits siiniiarts Shewhart control charts

—— - AT

K 0.25 | 051 0.75 || 10 [ 1.25 | 15

Mean shift | 05 1.0 || 1520 | 25 | 30
Decisior ('} | 2:01 | 477 3.34 || 2.52 [\1:99 | 1.61

e — — — v PRSI |

Example: To deiect 2 me\?n shiii of 1.5 standard
deviaticns, vou would setlk == 0.75, and the limits on the
CUSUM chait would e computed using h*o (3.340),
which would be 3.34(1) = £ 3.34

Prior examp!le used shift of 1o, k=0.5 and h=4.77, so
limits were set at £4.77
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E ﬂ EWMA

* Exponentially Weighted vigving Average
* Good for detecting smiall shiftsiv-processes
« Better at detecing larage shifts than CUSUM
» Uses prior readings in.calculatic of current
data point
— the further away, the less influence
» Best if used with data from individuals chart
(subgroup size =1)

http://www.biz-pi.com Control Charts



E ﬂ How to setup EWMA chart

* Determine A (between 0 ana-i)
— A is the proportion of currentvalue used o calculating
newest value
— Recommenc A-=0.10, 0.20 ¢ 0.40 (use smalier A
values 10 aetcct smaller shn*k‘)

Calculate new z vaities usmg » = 0.10

. =W )\ + (1 )\) _1 (where i = sample number)
) A\ — ——— 7 | 9.7495 = (0.9%9.945)
Sample Cate X D +(0.1*7.99)
1 1-Oct 045 | “9.94 s
2 2-OCt. 7\ 799 /9/495 A

3 3-Oct _ 9;9/ 9.703/ J 9.899 = (0.9%9.7035)
4 40ct | /1166 | 9899 =———""  +(0.1*116)

Control Charts
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EWMA Chart detects shift earlier!

11

10.8

10.6

10.4

10.2

EWMA Value

98

9.6 -

9.4 3

9.2

EWMA Chait

lo Procgess &

-

10 ~

N N &' \ [ T

HHHHHHHHHHHHHHHHHHHHHHH
UUUUUUUUUUUUUUUUUUUU

mmmmmmmmmmmmmm

— = — = — — — — — =—

HHHHHHHHHH
UUUUUUUUUU

mmmmmmm
NNNNNNNNNN

cWMA CHART DETECTS SMALL SHIFT
2 DAYS EARLIER THAN INDIVIDUALS CHART
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EWMA UCL and LCL

EWMA Value

EWMA Chart

10.8

10.6 — =
.................................. NA ) /‘_/___‘

104 A W //.

UCL, =T+ Lo

102 — NN\ \ 1\ ==t O W b A
|

) / T “ 2% W

98 \\\/ ANA N/ | £/ N\
96 T T T S G — MY e W JEe—
94 T T T T T T TS T T T T T T T T T - T - T T = T T T T T T T

T © © 0 © © © .o, © © © © © T © T.o © ‘G ©C © © © © © © © © ©

[ ) L "J O 0 0O 0O o0 o0 o0 o0 o0 o0 o0

mmmmmm

Vet
Naw

EWMA Chart 8883 L for determining limits, typically set to 2.7
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EWMA Chart detects shift even earlier!

EWMA Value

11

10.8

10.6

10.4

10.2

10 ~

98

9.6 -

9.4 3

9.2

EWMA Chait

c\l-

lo Progess ¢

ht

A=0.05

N N &' \ [ T

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

mmmmmmmm

mmmmmmmmm

mmmmmm

NNNNNNNNNNNNNNNNNNNNN

EWMA CHART NOW DETECTS SMALL SHIFT
SIMILAR TO CUSUM CHART
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G ﬂ Summary of CUSUM and EWMA

« CUSUM

— Uses current reading cifference-irein mean, and
previous CUSUM value, equally weighiad

« EWMA

— Uses weighied current reacing and weighted
previcus EWMA value

— Welight of eaci vaiue Is determined by user,
based cn neesds of chart

http://www.biz-pi.com Control Charts



B ﬂ Disadvantages to CUSUM and EWMA

« Cannot quickly detect iarge shifts in process,
like traditional contrgi cnarts

« Use CUSUM znd EWMA for detectiinng small
shifts, tadivitiuals ana X-bar chaits 1or larger
shifts

— Ideally, use bath within ihe srocess, to detect
both smait and large shiits, with limits set to
+3.50

http://www.biz-pi.com Control Charts
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A*tribuce Contraol Charts
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E ﬂ Attribute Control Charts

* p chart
* np chart
* C chart
* U chart

http://www.biz-pi.com Control Charts



E ﬂ p chart

* Plots the percentage ¢ia=iectives within a

sample ™
3 rea aefective parts out of 20 parts

p=3/20 = 15% defectrate

* Use whan sampia size varies
— Control linai{s adjust according to sample size

http://www.biz-pi.com Control Charts



E p chart UCL and LCL

p Chart

14.00% L =

12.00% _ LA ’ —_— . o ﬁ(l 'ﬁ)
e\ =24 l Ll =p+3 7

10.00% ——— - = -
. (] N U — = —
_____________ NN NS
', / //
6.00% o M A __74___%

Defect Rate

4.00% +—====" —\ ,-" i.—*"—~—__—___ ’ v
SUURIPEA ' LCL,=p —3 n

2.00% - L .

0.000/0 T T S — S 4F

= = = = = = = = =: = =
o a1 ¥4 s o o [ (1 L o o
5] [Te] o [=] 5] [Ts] s} O W £ [Ts] s}
T @ o b < ™ o XN < <@ T <
— o~ — ) <+ s} o [ w =) [ —
— — — —

p Chart has@g®usting control limits, based on sample size
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14.00%

12.00%

10.00% = —

8.00%. -

Defect Rate

6.00%

4.00% 4

11:15 AM

Parts Sampled =415
Number Defective =18
Percent Defective = 4.34%
Limit Width = 3%
Defective Average = 7%
LCL = 4% |
UCL = 10% ‘

http://www.biz-pi.com

4:05 PM

5:25 PM

8:55 PM
7:25 PM

§:00 PM

8:00 PM
Parts Sampled = 214
Number Defective = 12
Percent Defective = 5.61%
Limit Width = 4.7%
Defective Average = 7%
LCL =2.3%

UCL =11.7%

Control Charts




E ﬂ np chart

* Plots the number of defactive parts in a
sample

* Requires the saime sampie size eacli time
« Easy t¢ Lise, since 1o \alculanom required

http://www.biz-pi.com Control Charts



np chart UCL and LCL

45

40

35

30

Defects

25

20

15

10

—

e, =mp+ 3 np-p)

.

[ = g b S N
= = 5 = = = = =
o o o o o o 0 o
w0 [T} o =) [T} Te} I o
b «@ w0 o <2 ™ s 2
- o~ - 5 < [rs} O lis}
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7) LCLyy =1 —3\ P (L-P)

10:15 PM
11:05 PM
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np Chart

45

40

35

4:05 PM
Sample Size = 750 k
Total Defects = 35

9:35 PM
Sample Size = 750
«al Defects = 29

) )
PR o e = /
:qj = 7/ """" \ """" / . \ """"""
@ | ,u"
s 7 AUV
. e
f -
20 \ / \/
15 e
10 —— -
% = = = = = =
L 1 o o o o
'y LIy [ o 'p] e g
: &_-J -— (] =T L [{%)

10:15 PM
11:05 PM
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This specific chart uses 750 samples each time
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G ﬂ u chart

* Plots the quantity of deiacis per part in a
sample

« Each part carrhave morz than one defect
» Use wiien sample size varies

—""’:'""" O ' . = """"""L —""’:"’"" = e |
11 teiai detects found on 6 documents

u=11/6 = 1.833 defects per document
whereas p = 4/6 = 67% defect rate

http://www.biz-pi.com Control Charts
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u chart UCL and LCL

u Chart
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12:35 PM
Number of Parts Sampled = 74
Number of Defects Found = 55
Defects per part =0.74
Limit Width = 0.29
Defects per unit average = 0.681

LCL =0.393
UCL = 0.969
.U
t
@
- g {4
Lot ]
o
w
S
2 060
et
3 /
040 ———
0.20 +—
0.00 | | TN
g = = =
0. [ [0
'y 0 - o
— (] | —
— o — IS5

u Chart

u Chart
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Number of Parts Sampled = 120
Numroer of Defects Found = 70
acis per part = 0.58
Limit Width = 0.23
Deiects per unit average = 0.681

D

5:25 PM

1455

L

4:05 PM

5:25 PM

6:55 PM

7:25 PM

8:00 PM

8:35 PM

10:15 PM
11:05 PM
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B ﬂ c chart

* Plots the quantity of deiacis In a sample
« Each part can have niore t har oie defect

* Requires sariic rumber i parts within each
sample

—— —— —— — i - A N - —— - ———— —— — —— e —— — - —

: * | ‘z 5= : * 5= ‘: ‘z Bt ‘g *‘:'
i - * ’ : :

11 toral aefects found on 6 documents
¢ = 11 defects per sample
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c Chart

1:50 PM
Sample 1: 7
Sample 2: 9 c Chart
20 Sample 3: 0 N )
45 Sample 4: 8 |\ A\ <
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E ﬂ Attribute Selection Chart

bata Type
- NS
Attribute Defectives Courit of
Cnaris (Pags/kall) pefects

Constant n Q C

Varies p u

Sample Size
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Final Poi: ks
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B ﬂ Control Chart Implementation Phases

 Phase 1: Control Charts on few precess outputs (key
guality characteristics)

* Phase 2: Expansior cf chalis, including rivierous attribute
control charts

* Phase 3: Some carnitrol chartz. on tew process inouis (key
process ‘parametiers), some converted to »-bar and R
charts

 Phase 4: Attribute contiol charts 12alaced with variable
charts, many charts deleted du= tohon-criticality or
Ineffectiveness

 Phase 5: Most charisare X-bar and R charts on key

process parameiars, some advanced charts (CUSUM,
EWMA, etc)

http://www.biz-pi.com Control Charts



ﬂ What if you react to common cause?

Effect of Tweeking on Process

300
280 :?Egklglt _____ _\ -
260 I I » _I__ N
T
- TTITH\I LI ,—.I—”J—
Next Reaciing
e Wwouid be = 229 if
220 '_'# Iy acjusted +17,
) R (L | actually only 212 /| R AN L
T R
180 II I l " I ______ |
160 EERE=: \L—_”\“ — UU/U(
i | Actud! Prauing=183, HL
140 —JI Aaqjust process +17 S
|__to getbackto200 | i+
120 — i WA
100 T T T T T T e T T T T T T T T T T T T T T T T T T T T

- = M~ O M m @m0 = | - D MmN gt i @ = ow P O M m m W @ = P O
B T - B = o TR - T o T T S = = T = NN~ T = T = N S SV S Y T~ BN = = B = “R = N -

—==

Adjusting Process
To Target of 200
\fter Each Reading

No Adjustment,

— Random Variation

Adjusting process back to center will increase overall variation
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B ﬂ Other Key Points

 Create a control chart and histogrzm before performing any
data analysis or calculations

« Use at least 20 data poiits vetore calcuiatiig control limits

* Moving Range charts are optional, and not required with
Individuals charts

« Spec limiis may he displayed cnindividuais charts, but can
lead to carplacency, never 9n X-bar aind i< charts

« Apply SPCto the inputs Gi a process winenever possible

« Use X-bar and Standard Deviaticr: (S) chart instead of X-
bar and =-chait whnen subgiou)) size > 5

 Special causes are indications of potential problems, they
cannot guarantee that a\problem exists

« Document any aut.or.control condition observed on a chart,

to show eviaerice-that it was seen, and some investigation
took place

http://www.biz-pi.com Control Charts



E ﬂ Common Pitfalls of SPC Failure

« Lack of commitment from maitagement
— Resistance to change from reactive ta preventative
« Lack of training ana aducation n SPC
— Misinteraretaticirof control-chaits
— Lack ¢i iocus and/or (raintenance ci caritrol charts
* |nadequate measurement systei-in place (poor
Gage R&R)

http://www.biz-pi.com Control Charts
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Ferference Section
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Decision Tree for Control Charts

Attribute

What type of data.
Attribute or /ariab'e?
N

e\~ 71T

A

y

How are defects counten:
Defectives (Y/N), or Count o' 2&iests? |

N\

Constant
Sample Size?

— N

Defectives !

Count

S (0 \D\
|_ Conrsiant _‘

L Saimnle Size?

-

Variable

y

—r——-
{ — !
|
p: ! i 2t05 5 or more
_l___
_\ l \ 4 A 4
| Individuals and X-bar and X-bar and
| Moving Range Range Std Dev

Yes No Yes\ No
\ 4 4 N __l A
np chart P chart | 2 chart u chart
(number (proportion (defects per (defects per
defective) defective) sample) unit)
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Shewhart Control Chart Constants

http://www.biz-pi.com

n E, | Do | D A

2 2.66 /327 | @00 [ 188

3 I k77| 257-7 000 | 102
4 | -146 | 228 | 000 | 073
129211 | 000 | 058

6 | 113 | 200 | 000 | 048
7111 L 192 | 008 | 042

8 | 105 | 186 | 014 | 037

0 \ | el | 1.8 | 018 | 034

n is the subgroup size

Control Charts



B ﬂ Additional Resources

Business Performance improvement
“http://wveav. biz-pi.com
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