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The DESARA Group

We do: Business Performance

— Business Improvement / — Operational Improvement
Project Management — Change Management

— Training — Lean

— Consulting — Strategy Planning

— MRP Implementation Project — Quality Strategy Planning
Management — Core Process Redesign

— Supplier Management — Sourcing & Partnering
Assistance

Selection

— 6o Training, Coaching, — Technology Transfer

Implementation
— Grant Assistance
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Joe Barckett

Over 28 years experience in the
development and implementation of
guality management systems within both
the manufacturing and service industries.

Held a variety of positions ranging from
Quality Statistician, Manager of Quality
Assurance and Quality Engineer to TQM
Coach and Director of Quality and Master
Black Belt.

As Director of Quality for a $3 billion high-
tech Fortune 500 consumer product
company, led the organization to ISO
9001 registration and a state Pioneer
Award based on the Malcolm Baldrige
National Quality Award criteria.
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Experienced in and teaches/coaches the
Six Sigma methodology, Statistical
Process Control, Design of Experiments ,
the Malcolm Baldrige National Quality
Award criteria, and ISO 9000 quality
system standards.

Lead instructor for Six Sigma courses and
personal coach for over 100 Black Belt
candidates.

Both a BS and MA in Mathematics

Master Black Belt and Senior Member of
ASQ




Executive Summary f{

e Continual improvement has been an ongoing focus
for both manufacturing and service industries the
past 2 — 3 decades.

« Software packages such as MiniTab make
advanced improvement tools more accessible to the
general employee.

* These tools allow management to make better data
based decisions.
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The Tools List

e Measurement System °* F—Test
Analysis  t— Test
« Control Charts « Analysis of Variance
+ Graphical Summary  * Capability Analysis (Cp,

« Scatterplots Cpk) .
. « Box — Cox Transformation
 Correlation

_  Kruskal-Wallis
» Regression « Mann-Whitney
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Measurement System

* Quantifies the variation in the measurement system

Gage R&R (ANOVA) for Reading Lot 39
Reported by :
Gage name: Tolerance:
Date of study: Misc:
Components of Variation Reading Lot 39 by Sample 2
100 % Contribution 300 0 o0R 8 B o o
% Study Var 2 . Q A\ g
=
@
S 5o 200 ) o
g o °
100 o
Gage R&R Repeat Reprod Part-to-Part 123 456 78 9 1011 12 13 14 15 16 17 18 19 20
Sample 2
R Chart by Operator
1 2 Reading Lot 39 by Operator
i UCL=119.6 300
S 100 -
=
g I
e« 200
S 501 _ o
g R=36.6 °
[% | 100 o
0 4 LCL=0 1 N
Operator
Xbar Chart by Operator =
1 2 Operator * Sample 2 Interaction
4 1 UCL=323.8
c 320 | 300 Operator
I — ) o1
< | X=255.0 g 240 /- ! \ \ LK
2 2404 o / ua
Q >
£ . < 180 \
8 } LCL=186.1
160 1 y
| MAB RS 010000000000 89
Sample 2
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Control Charts

« Helps evaluate process/product stability
« Differentiates common cause and special cause

Xbar-S Chart of Reading Lot 39

300 4 UCL=304.6

S 275 N\_\\
: VANIVAN
© 250 ha N

v 250 X=252.0
=1 \/
£
& 225
200 LCL=199.3
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Sampl
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04 LCL=0
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Graphical Summary

— Histogram, descriptive statistics, normality check

Summary for Reading Lot 39

120 160 200 240 280

959% Confidence Intervals

245 250 255 260 265 270

Anderson-Darling Normality Test

A-Squared 4.45
P-Value < 0.005
Mean 251.98
StDev 41.98
Variance 1762.25
Skew ness -1.55565
Kurtosis 2.60231
N 100
Minimum 85.17
1st Quartile 241.70
Median 262.22
3rd Quartile 281.10
Maximum 309.75

95% Confidence Interval for Mean

243.65

95% Confidence Interval for Median

257.53

95% Confidence Interval for StDev

36.86

260.31

268.42

48.77

* Provides
1/14/2010




Scatterplots

* Provides a visual look at relationships

Scatterplot of Thickness vs Kiln Temp
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Correlation

« Tests for statistical relationship between 2 variables

* Provides a statistics for the strength of the
relationship

« Doesn’t prove causality

Correlations: Kiln Temp, Thickness

Pearson correlation of Kiln Temp and
Thickness = 0.992

P-Value = 0.000
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Regression

* Provides the model for the relationship

— Y =F(X)
Fitted Line Plot
Thickness = - 1.030 + 0.005066 Kiln Temp
3.5 1 D — ——— Regression
- — 95% CI
95% PI
S 0.107223
R-Sq 98.4%
R-Sq(adj) 98.4%
(79}
(70}
(O]
C
i~
e
e
|_
600 700 800 900 1000 1100 1200
Kiln Temp
Joe Barckett
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F — Test (2 variances)

* Test to see If two variances are statistically different

Test for Equal Variances for Baseline Thickness, Quick Win Thickness

F-Test
Test Statistic 3.10
Baseline Thickness ; ° 1 P-Value 0.000
Levene's Test
Test Statistic 18.52
Quick Win Thickness —— P-Value 0.000

10 15 20 25 30
95906 Bonferroni Confidence Intervals for StDevs

Baseline Thickness - ® L 4::'—
Quick Win Thickness ® 4|:D7 e %

200 220 240 260 280 300 320 340

Data
Joe Barckett
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« Test to see If two means are statistically different

Boxplot of Baseline Thickness, Quick Win Thickness

360 -

340 -

320 -

300 1

280 -

Data

260 -

240

220

200 -

X ¥

®

Two-Sample T-Test and Cl: Baseline Thickness, Quick Win Thickness
Two-sample T for Baseline Thickness vs Quick Win Thickness

N Mean StDev SE Mean
Baseline Thickness 100 299.0 25.0 2.5
Quick Win Thickness 100 250.7 142 1.4

Difference = mu (Baseline Thickness) - mu (Quick Win Thickness)

Estimate for difference: 48.33

95% ClI for difference: (42.64, 54.02)

T-Test of difference = 0 (vs not =): T-Value = 16.79 P-Value = 0.000 DF = 156

Joe Barckett

Baseline ‘i’hickness Quick Wianhickness
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Analysis of Variance

* Test to see if many means are equal

Boxplot of Reading

300 -

. One-way ANOVA: Reading versus Sheet

250 Source DF SS MS F P
2 &8 Sheet 9 6924 769 0.74 0.670
g Error 90 93378 1038
o 2001 "|_ Total 99 100302

175 < S=3221 R-Sq=6.90% R-Sq(adj)=0.00%

150 < *

i 2 3 4 5 6 7 8 9 10
Sheet

Joe Barckett
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* Quality Metrics that link process performance to specifications

Capability Histograms of Baseline Thickness, Final Solution Thickness

Baseline Thickness

Wlthln ——\\/ithin
Cp 0 191 -— . OveraII
CPL  1.003 Overal
CPU -0.622 P 0.200
Cpk  -0.622 PPL - 1.052
PPU  -0.652
| | Ppk  -0.652
255 275 295 315 335 Com  0.072
Final Solution Thickness
Within —— \\ithin
Cp 38 - == Qverall
CPL 1.177 Overall
CPU 1.299 Pp 1.198
Cpk  1.177 PPL  1.139
PPU  1.258
. . . . . Ppk  1.139
255 275 295 315 335 Com 1180
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Non-Parametric Tools

« Box — Cox Transformation
— Allows us to transform non-normal data
« Mann-Whitney
— Allows us to test two medians

« Kruskal-Wallis
— Allows us to test multiple medians
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The Tools Matrix

Response - Y

Predictor - X
Continuous Discrete
" Control Charts Control Charts
> . .
o Graphical Summary Graphical Summary
% Scatterplots Fi Test
S Correlation ti Test
Regression
[ Control Charts
% Graphical Summary Control Charts
'é’ Chi Square Logistic Regression
Cp, Cpk

LI LS L

VLU

The Tools Matrix is
the Roadmap

Based on data types

Guides us which tool
to use when
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An Application

* The Opportunity:
— Microwave circuit board material manufacturer
— Customer tightening up the specs
— Need to improve the process (re-center it)
— Ciritical customer requirement is elongation
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Test Samples

Machine Direction (MD)

il
'
Sl

S
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Initial Data

summary)

Summary for Reading

Anderson-Darling Normality Test

A-Squared 1.26
P-Value < 0.005
Mean 232.03
| ~ StDev 31.83
L~ [ Variance 1013.16
\ Skew ness -0.720219
/ Kurtosis 0.091187
_ \ N 100
\\ Minimum 145.64
1st Q uartile 210.48
= === . - - - - y Median 237.26
160 180 200 220 240 260 280 3rd Quartile 257.51
Maximum 281.59
{ | ———— 95% Confidence Interval for Mean
225.72 238.35
95% Confidence Interval for Median
225.80 246.66
95% Confidence Intervals .
95% Confidence Interval for StDev
Mean . = 27.95 36.98
Median 1 g |
225 230 235 240 245
Joe Barckett
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Process Capability of Reading

LSL Target USL
Process Data | | —\\\/ithin
LSL 200 I I == == Qverall
Target 250
usL 300 | | Potential (Within) Capability
Sample Mean 232.034 | | Cp 0.5
Sample N 100 =~ CPL 0.35
StDev (Within)  30.2418 | | CPU 0.75
StDev (Overall) 31.8301 I I Cpk 0.35
| | Ov erall Capability
[ Pp 0.52
PPL 0.34
I I PPU 0.71
I Ppk  0.34
| Cpm 0.46
LI 1 LI 1 LI 1 LI 1 LI 1 LI 1 LI 1 LI |
160 180 200 220 240 260 280 300
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 160000.00 PPM < LSL 144736.98 PPM < LSL 157107.31
PPM > USL 0.00 PPM > USL 12307.00 PPM > USL 16369.86
PPM Total 160000.00 PPM Total 157043.99 PPM Total 173477.17
Joe Barckett

1/14/2010




Initial MSA

Gage R&R
%Contribution
Source VarComp (of VarComp)
Total Gage R&R  998.776 100.00 gz el (Tsiiza) o EemERiy e
Repeatability ~ 998.776  100.00 S o
Reproducibility 0.000 0.00 prre ey e
Part-To-Part 0.000 0.00 SomponentnvaTaten o e
Total Variation ~ 998.776  100.00 E o = M
Process tolerance = 100 1 R charty Opertor o ;ongaﬁon —
o i uCL=132.9 300
Study Var %Study Var %Tolerance “31:2 ]mv._.'r‘w&t fests - %
Source StdDev (SD) (6 * SD) (%SV) (SVIToler) i ' a=o I ?
Total Gage R&R 31.6034 189.620 100.00 189.62 L ey o
Repeatability 31.6034 189.620 100.00  189.62 i |
Reproducibility 0.0000  0.000 0.00 0.00 - ‘wg:%"
Part-To-Part 0.0000  0.000 0.00 0.00 aiese
Total Variation 31.6034 189.620 100.00  189.62 Vo [EEie:
Number of Distinct Categories = 1
T H E
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Initial Control Chart

Xbar-R Chart of Reading
UCL=270.18
260 1
c 4
5 AN /\ VAN /\ VAN
E A \/ X=232.03
o
£ 2204 ‘\/ \/ \/ \/ \/ \/ 3
@
@ 8
4
200 -
i LCL=193.89
T T T T T ]I T T T T T T T T T T T T T T
MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD
Direction
150 —
UCL=139.8
(0]
g 100 4
o
% A ‘.’/\ /\\ /’\ R=66.1
I KA V4 \VARRN
wn
0- LCL=0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD MD CMD
Direction
Joe Barckett
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Graphical Summary

(Stratified)

Summary for Reading
Direction = CMD

Anderson-Darling Normality Test

150

180 210 240 270

A-Squared 0.74
P-Value 0.050
Mean 217.92
StDev 28.76
Variance 827.20
Skewness -0.708163
Kurtosis 0.434194
N 50
Minimum 145.64
1st Quartile 207.48
Median 219.81
3rd Quartile 240.81
Maximum 262.57
95% Confidence Interval for Mean
209.74 226.09
95% Confidence Interval for Median
210.49 225.82
95% Confidence Interval for StDev
24.03 35.84

95% Confidence Intervals

Mean
[

Median |

210

216 22

Joe Barckett

Mean

Median

Summary for Reading
Direction = MD

150 180 210 240 270

o — O

Anderson-Darling Normality Test
A-Squared 1.93
P-Value < 0.005
Mean 246.15
StDev 28.51
Variance 813.04
Skewness -1.31266
Kurtosis 1.44743
N 50
Minimum 156.20
1st Quartile 231.69
Median 253.21
3rd Quartile 265.89
Maximum 281.59

95% Confidence Interval for Mean
238.05 254.26

95% Confidence Interval for Median
247.59 260.17

95% Confidence Interval for StDev
23.82 35.53

95%b Confidence Intervals

| |

240 250 260

Joe Barckett
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Sorted Control Chart

Xbar-R Chart of Reading
UCL=270.18
260 -
C
8 240
E X=232.03
o
£ 220 4
©
[7p]
200
LCL=193.89
1 1 A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cMD CMD CMD CMD CMD CMD CMD CMD CMD CMD MD MD MD MD MD MD MD MD MD MD
Direction
150
UCL=139.8
S
% 100 -
x A
() D—
2 & R=66.1
E 50 S
)
04 LCL=0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
cMD CMD CMD CMD CMD CMD CMD CMD CMD CMD MD MD MD MD MD MD MD MD MD MD
Direction
Joe Barckett
DESARA
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Stages Control Chart

Xbar-R Chart of Reading by Direction
CcMD MD
300 \
i UCL=285.7
g
(0] =
S 250 /\1 "o =246.
o
(7] I —
ol \/’/\‘__', | LCL=206.6
|
1 1 1 1 1 1 1 1 1 1
CMD CMD CMD CMD CMD MD MD MD MD MD
Direction
CMD MD
150 o ! UCL=145.0
I
(0]
g 100 4 | /
[
o A | /\’/\ R=68.6
o [ 4
E 50- \ | '\o-—/ \/
©
@ |
0- | LCL=0
1 1 1 1 1 1 1 1 1 1
CMD CMD CMD CMD CMD MD MD MD MD MD
Direction
Joe Barckett
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Test for Equal Variances for Reading

F-Test

Test Statistic 1.02
- CMD - : * = P-Value 0.952
-% Levene's Test
2 Test Statisic ~ 0.15
O vmp{ . | P-Value 0.704

24 26 28 30 32 34 36 38
95956 Bonferroni Confidence Intervals for StDevs
CMD A L S
C
S
)
(&]
o
=
MD A ® % I
150 175 200 225 250 275 300
Reading
Joe Barckett
1/14/2010
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2 Samplet - Test

Two-Samplet -Test and Cl: Reading, Direction

Two- sample T for Reading

Direction N Mean StDev SE Mean

CMD 50 217.9 28.8
MD 50 246.2 28.5

Difference = mu (CMD)
Estimate for difference:
95% ClI for difference: (

T- Test of difference =0 (vs not =): T
P- Value = 0.000 DF =98

4.1
4.0

- mu (MD)
-28.24
-39.60, -16.87)

- Value =

Both use Pooled StDev = 28.6378

-4.93

1/14/2010

Boxplot of Reading
300 4
275 |
250 |
| &
= /
= 2254
ES T
Q
4
2004
1754 *
. % x
150 o
cMD MD
Direction
Joe Barckett
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Improved Capabillity

Process Capability of Reading_MD
LSL Target USL
Process Data | | | —\\\/ithin
LSL 200 | | | == == Qverall
Target 250
usL 300 | | | Potential (Within) Capability
Sample Mean  256.077 | | Cp 214
Sample N 56 | | CPL 2.40
StDev (Within)  7.7795 CPU 1.88
StDev(Overall) 16.738 I | I Cpk 1.88
| | | Ov erall Capability
[ Ll - | Pp 1.00
| | PPL 1.12
\ PPU 0.87
I / I Ppk  0.87
N Cpm 0.93
| > S | P
| I « |
200 220 240 260 280 300
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 0.00 PPM < LSL  403.67
PPM > USL 0.00 PPM > USL 0.01 PPM > USL 4342.90
PPM Total 0.00 PPM Total 0.01 PPM Total 4746.57
Joe Barckett
T H E
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New Process Control Chart

Xbar-R Chart of Reading

UCL=277.43
270
=
IS
()]
= 260 =
Q@ X=257.46
g_ ‘O\/
5 \/
240
LCL=237.49
1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11
Sample
UCL=73.22
60

L R — —— /\v’ R=3463

Sample Range
IS]
1

0+ LCL=0
1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11
Sample
Joe Barckett
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Financial Example

P Chart Title Deficiency
1 2 3
0.020 - ) | |
| I
0.019 - I I
I T
0.018 | |
_ o S
S 0.017- : \:1
g 0.016 - " I
I I Do
0.015 - | | P=0.015172
I I
0.014 - | ' LCL=0.013894
I I 1
0.013- I I II I II I I I I I I I I
1 3 5 7 9 11 13 15 17 19 21 23 25
Sample
Tests performed with unequal sample sizes

1472010 ESARA
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Financial Example

I-MR Chart of Unidentified Tickets by Stages (Weekly)

1 2

154

|
10-

|
051 ]

Yol=0.46

00 - P seoteotvanes | X=0032

|

1 9 17 25 49 57 65 73

Individual Value

LCL=-0.082

Observation

1

10 A

-/ \/‘J\?V N\Vy\f MY V/\l\"’ oo

57
Observatlon @
I Fl .

T H E
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Service Example

CV Call Rate Per Unit by Month Aug 06 to Nov 07

Baseline Phase I Pilot
I I
© 0.11 5 't | !
§ » | \_\‘ I 6 UCL=0.10515
T I I
g X=0.09208
= I X=0.
= I I
0.08 - | ; 2, | LoL=007900
1 1 1 1 1 1 1 1 1 1I
5 7 9 11 13 15 17 19 21 23
Observation
Baseline Phase 1 Pilot .
I I )I
0.015 | | UCL=0.01606
(0]
2 | |
o 0.010 4 | |
(@)
=
S | | _
§ 0.005 | | f\v/. MR=0.00492
0.000 - ¢ —= | * | ‘\Q/\/ K/ LCL=0
1 1 1 1 1 1 1 1 1 1
5 7 9 11 13 15 17 19 21 23
Observation
1/14/2010
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Questions ?
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Next Steps

« DESARA Group:
— Send you a copy of the presentation
— Follow up with a phone call to see how we can help
— Offer to present this webinar inside your company

* Webinar Attendees (YOU!)

— Put some data together for analysis
— Spend a free (!) ¥z hour with Joe and analyze it

* On Site Training — Grant funding may be available

S
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« The Work force Investment Act provides for grant funded training of organizations and individual workers
in all 50 states plus the District of Columbia and Puerto Rico.

« The funding is administered at the state level and provides tuition assistance from 50% TO 100%
depending upon the program and the specific situation of your organization and or employees.

— Deliver training services to your employees through state grant funding at no cost to your
organization and no impact to your bottom line

— Provide employees the opportunity to hone their skills and personal development to be competitive

« Under Federal law, organizations dislocating employees thru a corporate downsizing are eligible to
provide these employees 100% grant funding.

When an organization downsizes 50 or more employees, they are required to register with their state.

— A state representative gets assigned to the company to develop re-education programs, job search,
employment training

— The state representative fast tracks employees being downsized and puts them on a state approved
list for free educational funding

« Organizations who are hiring more than 20 employees are eligible for grant funding in many states

S
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Grant Funding Services Provided

by The DESARA Group

Specifically we provide all the necessary information to:
 |dentify the funding available.

« Understand the rules of the programs.

 How to apply.

 How to administer the program funds once you receive
them.

| Call us! We will work with your Organization. |

S
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Thank you for allowing
the Desara Group to be
of service!
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The DESARA Group

« Web:
— www.DesaraGroup.com

* Improvement Tools Training
— http://www.DesaraGroup.com/schedule.php

* Improvement Tools Consulting

— Joe.Barckett@DesaraGroup.com
— Telephone: (617) 803-4087

The DESARA Group
15 West Montauk Hwy.

Suite 323 @
Hampton Bays, NY 11946
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