Quality Corner

SPC: Measurement Systems Analysis, Process Capability,
and Control Charts

Alisa Hunt-Lowery, MSIE, MBB



Statistical Process Control

* Methods and tools used to monitor and improve product quality by
monitoring and reducing process variation
* First step to reduce variation is to understand the source:
1. Common Cause Variation
e |sstable over time?
e |saresult of the system or process design?
e Processes will have some natural level of variation over time
2. Special Cause Variation
e |s process unstable over time?
e |sassignable to a specific event that is outside of the process?

* Process is said to be operating in statistical process control when the only
sources of variation are from common causes
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Measurement Systems
Analysis



MSA

e Assess the measurement system
* What is the true value? (bias/accuracy)
* What is the precision? (variation)

e Range of techniques
* Linearity
* Resolution
e Stability
* Go/no go
* Helps determine how much variation is due to the measurement
system rather than from product or process variation



Sources of Variation:

Part to Part
Operator
Device (equipment, gage)
SSTotal= Z(Yl _ Y)Z
SStotar = SSpart + S8y

easurement System

SS: Measure the distance from the average,
square it and sum them all together.

SS is a measure of variation.



Precision Errors

* Repeatability — the variation due to the measuring device. Itis the
variation observed when the same operator measures the same part
repeatedly with the same device.

* Reproducibility — the variation due to the measurement system. Itis
the variation observed when different operators measure the same
parts using the same device.



MSA — Gage R&R Studies

SStotal = SSpart t+ SSOperator + 55 Gage

Reproducibility = Repeatability

o 4
V

SStotar = SSpart + SSR&R

For a good Measurement System

SSPart/SSTotal >> SSR&R/SSTotal
> 90% < 10%

* Variance SS Percent (%) of Total *




Crossed Versus Nested Designs

* Crossed designs we assume that each operator can measure
the same parts that other operators measure. We also plan on
having each operator measure the same part more than once,
(e.g. board that can be measured again)

* Nested designs we assume that the part is destroyed (e.g.
breaking strength test, flammability test) to obtain a
measurement, therefore, for repeatability the operator must
have parts that are assumed to be the “same” to obtain
repeatability variation.



Example: Measuring Board Length

* Ten boards were selected that represent the
expected range of the process variation (usually we
want to assure at least 80% coverage).

* Three operators measured the ten parts, three times
per part.




Instructions

Select Analyze-> Quality
and Process
->Measurement Systems
Analysis

Select Measurement for Y,
Response

Select part# for Part,
Sample ID

Select Operator for X,
Grouping

Make sure MSA Method is
changed to Gauge R&R
Select OK.
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Output

4Variability Chart for Measurement
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Does it look like there
is variation within
operator or between
operators?



Instructions

Click on the red triangle
next to Variability Gauge.

Select Gauge Studies
->Gauge RR

Select Crossed
Select OK.

N = Variability Gauae
Vertical Charts

Variability Chart
[¥] show Points
Show Range Bars
Show Cell Means
Connect Cell Means
Show Separators
Show Group Means
Show Grand Mean
Show Grand Median
Show Box Plots
Mean Diamonds
XBar Control Limits

Points Jittered

Variability Summary Report

[¥] std Devcnart
Mean of Std Dev
S Control Limits
Group Means of Std Dev

Heterogeneity of Variance Tests

Variance Components

Gauge Studies
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Choose tolerance entry method

Tolerance Interval ~

B Enter/Verify Gauge R&R Specifications

K, Sigma Multiplier [e.g. 6 gives a 99.73% spread] ‘

Tolerance Interval, USL-LSL, optional I:I

Spec Limits, optional

Historical Mean, optional

Historical Sigma, optional

LSL
usL

[

| oK || Cancel || Help |




Output

4Variance Components for Gauge R&R

Var
Component Component % of Total 20406080
Gauge R&R 0.00864815 21471 |

Repeatability ~ 0.00800000 19.86 _E
Reproducibility 0.00064815 16t
Part-to-Part 0.03162449 78.53 \5

Look to see what % contribution of Gage R&R is.
Is this an acceptable Gage R&R?



Process Capability



Driving into a Garage




Process Spread: Too Much Variation




Process is Not Centered: Creating Defects

Off target



|deal: Centered and On Target

LSL=59.75” T=60" USL=60.25"



Capability Analysis
* s my process capable of meeting specifications?
 Compare Voice of the Customer (Specifications) [USL-LSL] to

 Specifications:
Internal, External; one-sided, two-sided

~ R ~ (X;—X)2
ashort-termzd_z O-Iong-termz ?IZO N—-1

USL — LSL

p = ( — ) (USL — LSL)
6 * Gshort—term B = 6%5
long—term
Min (USL — X,x — LSL) Min (USL — x,x — LSL)
Cp, = Pp, =

3 * Oshort—term 3 %0 Jong—term



What are Good Process Capability Indices?

* It varies by industry, but generally anything higher than 1 is
acceptable

1.00 66,813
1.33 6,210
1.50 1,350
1.67 233
1.83 32

2.00 3.4



Assumptions

 Stable(No special cause variation)

* Process is normally distributed
o Non-Normal distributions (Weibull, Gamma, Exponential, etc...) can be fit



Process Capability Example

1. Open the data table JMP &DATA—JMPPI’O
Le ngth .jm p e Edit Tables Rows Cols DOE | Analyze
lues. =~ Distribution
2. Select Analyze-> [ icor
. . i eans and '« FitY by X
Distribution stograms, | |
Neiic on == Matched Pairs
3. Select Length for Y, Columns ¢ i
Select OK. _
& Distribution - JMP Pro — O X
Displays a histogram and univariate statistics for each variable.
Select Columns Cast Selected Columns into Roles Action
1 Columns .‘ Length |
.:p:‘z’o.ﬁ-?ﬁ!f*c.'f?*e,-“i::'
Create Process Capability optional numeric
[ Histograms Only optional
eca
Help
s LY




Process Capability Example

1.

Click on the red triangle
beside Length

Select Continuous Fit
—>Fit Normal

Click on the red triangle
beside Fitted Normal
Distribution->Select
Goodness of Fit

4 ~ Distributions

4 =1 annth
Display Options

Qutlier Box Plot

Quantile Box Plot
Stem and Leaf
CDF Plot

Test Mean

Test Std Dev

Test Equivalence

Prediction Interval
Tolerance Interval
Process Capability

Save

Histogram Options

Confidence Interval

Normal Quantile Plot

-

Fit Normal

I Continuous Fit

Fit Cauchy

Fit SHASH

Fit Exponential

Fit Gamma

Fit Lognormal

Fit Weibull

Fit Normal 2 Mixture
Fit Normal 3 Mixture
Fit Smooth Curve

Fit Johnson

Fit All

Enable Legacy Fitters

'EF’ ittad Normal Distribution
v

Density Curve
Diagnostic Plots
Profilers

Save Columns

L Std Error Lower 95

[
, y 0.0060436 1.337104
, 1 0.0175152 0.03424

Goodness of Fit

Fix Parameters
Process Capability

Remove Fit

‘ Tests the goodness of fit for thi
¥ distribution against the data.

231
365




Example: Length

I ~ Fitted Normal Distribution
Parameter Estimate Std Error Lower 95% Upper 95%

Location M 59.887387 0.0135685 59.860793 59.913981
Dispersion ¢ 0.095944 0.0314502 0.0504657 0.0997013

Measures

-2*LogLikelihood -93.50524
AlCc -89.24992
BIC -85.68119

4 Goodness-of-Fit Test

W Prob<W
Shapiro-Wilk 09818584 (06325

A2 Prob > A2
Anderson-Darling 0.3828168 0.3910

Is the data normal?
What’s next?



Process Capability Example

“ ~ Process Capability
4 = Length Capability

4 ~ Histogram 4 Process Summary
LSL USL Density LSL 59.75
—e-Overall  USL 60.25
a0 —Within N 50
Sample Mean 59.88739
/ Within Sigma  0.099604
Overall Sigma 0.095944
// Stability Index 0.963253

.174 L Within sigma estimated by average moving
59.6 59.7 59.8 59.9 60.0 60.1 60.2 60.3 range.
Length
4 Within Sigma Capability 4 Overall Sigma Capability

Index Estimate Lower 95% Upper95% Index Estimate Lower 95% Upper 95%

Cpk 0.460 0.312 0.608 Ppk 0.345 0.609
Cpl 0.460 0.311 0.606 Ppl 0.344 0.608
Cpu 1.214 0.895 1.530 Ppu 0.994 1.524
Cp 0.837 0.627 1.046 Pp 0.697 1.040

Is this process capable?



Control Charts



Control Charts

Control Charts are used to monitor, control, and improve
process performance over time

e Sophisticated time run chart

* What do they detect?
o Changes in process average
o Changes in process variation
o Different sources of variation

 Benefits of Control Charts:

1. Control Limits can distinguish ‘signals’ (special cause) from
‘noise’ (common cause)

2. Allow you to evaluate the stability around the mean

3. Allows for better decisions regarding process improvements —
balance between acting when not necessary (overcontrol) vs.
failing to act when necessary

4. Control Limits are based on what the process is, not what it
should be

28



Control Limits

e Control Charts use limits to identify signs of trouble, or special cause
variation that is not due to chance.

* These limits are expressed as lines plotted above (upper control limit)
and below (lower control limit) the central tendency of the process.

* Plot points that fall outside of the limits indicate potential trouble

Special Cause (Assignable)
\anviaualchm of Abrasion / Upper Control Limit

[
<

Common Cause (Chance)

0 5 10 15 20 25 30 35 40 “——— Lower Control Limit 29
Time



Western Electric Rules: How they detect changes

Test 1 One point beyond Zone A (upper or Detects a shift in the mean, an increase in the Test 5 Two out of three points in a row in Detects a shift in the process average or increase
lower) standard deviation, or a single aberration in the or beyond Zone A and the point in the standard deviation. Any two out of three
process. For interpreting Test 1, any dispersion itself is in or beyond Zone A; the two  points provide a positive test.

chart (R, S, or MR) can be used to rule out

) : I points must be on the same side
increases in variation.

(upper or lower)

Test 2 Nine points in a row in a single Detects a shift in the process mean.
S;py‘;irdor lower) side of Zone C or Test 6 Four out of five points in a row in or Detects a shift in the process mean. Any four out

beyond Zone B and the point itself of five points provide a positive test.
is in or beyond Zone B; the four
points must be on the same side
(upper or lower)

Test 3 Six points in a row steadily Detects a trend or drift in the process mean.

:;E:Zi;ir?; detreasing (Anyamere Test7 Fifteen points in a row in Zone C, Detects stratification of subgroups when the
above and below the center line observations in a single subgroup come from

various sources with different means. Also detects

Test4 Fourteen points in a row alternating Detects systematic effects such as two alternately a reduction in variation.
up and down (anywhere on the used machines, vendors, or operators.
chart
) Test8 Eight points in a row on both sides Detects stratification of subgroups when the
of the center line with none in Zones observations in one subgroup come from a single
C source, but subgroups come from different

sources with different means.

30



What Type of Chart?

Continuous
* IR: n=1

e X-R: 2<n<9
« X-S: n210
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* np: sample size
constant/counting defectives

e p: sample size not
constant/counting defectives

* c: sample size constant/counting
defects

* u: sample size not
constant/counting defects



Introduction to Statistical Quality Control, 4™ Ed. Montgomery, pg. 761




Example-Cont’d

1.
2.

Open Length.jmp.

= Distribution
*x  FitYbyX

L1l Tabulate

4 Text Explorer

2 Fit Model

SEleCt Analyzee Quality and Pradictive Madeling

Process - Control Chart
Builder.

Drag Length for Y and
Observation to Subgroup.

Select OK.

Specialized Modeling

Screening
Multivariate Methods

Clustering

|Analyze | Graph Tools Add-Ins  View Window Help

Enables the user to interactively create
control charts.

# | Control Chart Builder

—

I ~'Control Chart Builder
Undo |[Start Over|| Done

™2 Columns
4 Length
& Observation

Shewhart Variables ~| |New Y Chart

Three Way Control Chart|




Example

1. Right click on top
chart and select
Warnings—->Tests
—>All Tests.

2. Click Done.

Is the process in
control?

Moving
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Example

You decide to count the number of product returns over the last month
from varying production lot sizes.

Which control chart would you use? Is it in control?

Open Returns.jmp

35



Example-Cont’d

1. Open Returns.xlsx

2. Select Analyze->Quality and
Process—> Control Chart =-P.

3. Select Defectives for Process.
4. Select N for Sample Size.
5. Select OK.

Tables Rows Cols DOE | Analyze | Graph Tools View Window Help
/| B Distribution Fx > s
| 18x Ftvbyx
= N
3 Matched Pairs 5
i Tabulate 51
48
it Model 50
Modeling i [
50
Multivariate Methods B
Quality and Process #¢ | Control Chart Builder
Reliability and Survival >
¥ | Measurement Systems Analysis
Consumer Research * | | Variability / Attribute Gauge Chart
12 7
3 6 | Al | Process Capability
Run Chart Control Chart >
e i, | Pareto Plot
IR
Diagram
4 Charts the proportions of
e nonconforming items in subgroup
samples
@
*¢ Control Chart - JMP Pro = ) X
P Control Chart
Select Columns Cast Columns into Roles Action

2 Columns Process | Defectives
)

AN

Parameters
@ KSigma
O Alpha

Constant Size:

—

[ Capability
> Ov
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Exam

ple

4 * Control Chart

4 [« P of Defectives
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summary

*SPC looks at variation
* MSA assesses the measurement system

*Process capability assesses whether meeting
customer specifications

* Control charts identify whether process is stable
and in control



Just in case you were wondering....




For more information, please check out the
free SAS Training course, Statistical Thinking
for Industrial Problem Solving

-‘f Statistical Thinking - Free Online X -4
< C 0O & jmp.com/en_us/online-statistics-course.html % 0
i Apps "f‘ Statistical Software... @ Login | Salesforce < Home - JMP User C... S SWW | SAS Wide W... (5 GIDB Query Report 4 JMP Day Topic List... # Document Library |.. @ Gd
=
. e . Sign | Worldwide Sites
JIMO statistical Discovery: From SAS. gl o
Software ~ JMP in Action  Events LearnJMP  Community ~ JMP Public ~ Support  About Us Try JMP

Statistical Thinking for Industrial Problem Solving

A free online statistics course

In virtually every field, deriving insights from data is central to problem
solving, innovation and growth. But without an understanding of which
approaches to use, and how to interpret and communicate results, the

best opportunities will remain undiscovered.

That's why we created Statistical Thinking for Industrial Problem

Solving. This online statistics course is available - for free - to anyone

interested in building practical skills in using data to solve problems

Ldd



