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B ﬂ Prerequisites

A Learners should be faraitizr with the
following concepts wz7ior to taking this course
I Variation
I Mean end Standard Deviation
I Histograms
I Normal Distributions

Cp and Cpk

A Capability Cnulis2 is available on BPI
website Ii vou need to review these topics
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G ﬂ Course Objectives

A Upon completion of this course, participants
should be able to:

I Understand the basics of creating variahle and
attribute contol charts

I Understand the cencepts of advanced control
charting

I ldentify an cut.of control ccndition

I Identify wiiich control chart to use with each
Drocess

i Calculate conira! limits for any control chart
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Statistical Process Control (SPC)

al

A SPC is the applicatios of statistical
methods to iGantiy-and canirol the
special cause of variaticn in‘a process

A SPC is & preventaiive tool te:

I Assess the consistency of a process

I Morilor zoprocess to aetermine when it has
changed

I Reduce variaticin in a process
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G ﬂ Run Chart

A Graph that displays observed data in a time
sequence
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45
40

35

30
25

20

Values

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



E ﬂ Control Charts

A Run chart with calculated-control limits
I 3 standard deviations above ana beiow average
A Help distinguish process variation due to
assignan!le orn ¢ o murocauszs from those
due to urassignabie or N s © Coauses o

A Used to detect whether a process is
statistically stable
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B ﬂ History

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

AW. Edwards Beming became the foremost
champion of Shewheadt's work

I long ceaieer as ain ndustrial consuitant in Japan,
spread use ot.ihe contro! carts throughout the
19405 and 1950s
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G ﬂ Special vs. Common Cause

A Special Cause Variatics
| Data points outsicie ¢t control liriits
I Trend or shifi-nattern within\limits
I Can te removed frorm a process
A Common Cause \ariation
" Noise within the system, typical, expected

i Data points randomly occurring within the
control limits

I Always exisis Ina process, but can be reduced
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Control Chart Basics
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B ﬂ Special vs. Common Cause

Common Cause SpeciaitCause
N
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E ﬂ Real Life Examples

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

A Common Czauses
I Wind speed, miss one-gr2en light, driving-speed, number of cars on
road, time when izaving-nouse, rainy vaather
A Special Causes
I 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

A Centerline (CL) = average value of observations
A Upper Control Limit ({CL) ~ 3 stardard
deviations ABOVE the centerline
A Lower ContretLimit (LCL} -3 standzrd
deviation BELOW the cerniterline
AContraoc! Vi miits ar
control o or _nstahb
I Fixed at-vaseline value
I Adjusted farimprovements
I Never wigenea
A Control limits are not specification limits

Control Charts
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B ﬂ Stability

AA process i consider
Astabl ec wnen-ihe dat
out of contre!-conditions on the conirol
chart

A Stability means pradictability”
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Control Limit Zones

UCL

CL

LCL
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G Histogram vs. Control Chart
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Out of Contnir(O0C) Conditions
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B ﬂ Out of Control Conditions

A Outside control limits iz easies

A Patterns highlight otliar out of ¢ ontrol
conditions
I Trends {increasing/ciecreasing points)
I Shifts {(data jumps higher oriower than normal)

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

vV Any point gutside control limits

V7 censecuiive points on same
siae of centerline

\/ 7 consecutive paints.increasing
or decreasing

V2 of 3 pointsin same zone A or
nevana

V4.6t 5 points in same zone B or

( (W beyond

=t | V14 consecutive points alternating
up and down

V 14 consecutive points in either
zone C
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B

Nelson Tests for Control

http://www.biz-pi.com

=

L

\/\ARy point outside control limits

v 9 consecullve points on same
side of centeriine

V 6 consecutive points
‘ncreasing or gecieasing

V! 2 of 3 poiris in\same zone A or
beyon

V 4 of'5 points in same zone B or
neayond

\/ 14 consecutive points alternating
up and down

V 15 consecutive points in either
zone C

V 8 points in a row outside zone
C, same side of centerline
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A

False Alarm Rates are the Key

Nelson False Alarm Rate
A Any point outside control limits 0027
A 9 consecutive points on same site of centerline Approx .003
A 6 consecutive points inzreasing.or decreasing Approx <603
A 2of 3 points in sainezore A or beyond 00305
A 4 of 5 points in-samezone B or bayond 0043
A 14 consecutivepoints alterriating up and down Approx .004
A 15 consecutive points 'n eitherzone C Approx .003
A 8points in arow out<ide zone C, either side of Approx .003

centerline

The Nelson tests ar2\desrgned 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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B ﬂ 9 Consecutive on Same Side

A If process is stable and rarmal, 50%:of data will
be above centerlina; 50% will he 02iew
centerline

A Probabiiitv 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)9=05*05*0.5¢05*05%0.5%0.5%0.5*0.5= .002
(.5)8 =0.50570.5*0.5*0.5*0.5*0.5*0.5 = .004

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



E H Nelson Test # 1
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E ﬂ Nelson Test # 2
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Rule 2: 9 cons8g®tive points on same side of centerline
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E H Nelson Test # 3
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E ﬂ Nelson Test #4
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pints In same zone A or beyond
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