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What is Quality?

© KPA Ltd., 2009

Effectiveness
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Competitive improvement
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Customer Dissatisfaction

Fewer
Deficiencies

Y
Dissatisfaction
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Customer Satisfaction and
Customer Dissatisfaction

‘Satisfaction
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/ Deficiencies
Y

Dissatisfaction
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Customer Satisfaction
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Tomorrow with action
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Recovery Strategies

APOLOGIZE REPLACE QUICKLY EMPATHIZE

4

&

Sy

COMPENSATE, C
VALUE

r)" e

OMPENSATE,
SYMBOLIC FOLLOW UP
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Control mechanisms

MEASURE
ACTUAL
PERFORMANCE

t STRATEGIC
GOALS
TROUBLESHOOT
IDENTIFY | DIAGNOSE | .| REMEDY
PROBLEM [ ™ CAUSE ™ CAUSE

© KPA Ltd., 2009
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Strategic goals

e

Customer Satisfaction Product Performance
Quality Improvement Competitive Performance

© KPA Ltd., 2009
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ROI, Quality and Market Share

2

FEATURES LOWER DEFICIENCIES
- LOYAL -
CUSTOMERS
] Y Y Y L
CYCLE SCRAP
PRICE SHARE TIME [|WARRANTY | | REWORK

[ [ I I

Y !

INCOME - COST
™ PROFIT -
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The Quality Ladder*

Management
Approach

Quiality by Design

Process Control &
Process Improvement

Inspection

Fire Fighting

Statistical
Methods

Designed Experiments

Control Charts

Sampling Plans

Training in
Statistical Thinking

How do you handle the inconvenience of customer complaints ?

© KPA Ltd., 2009

*MODERN INDUSTRIAL STATISTICS by Kenett and Zacks, Duxbury, 1998 21

What

IS QbD?

<« —— Reduced

Process Controls/PAT

. Product
Design Variability
Space
Process
Input | (ort Process Step) Product _

Materials (or Intermediate)

Process Input Monitoring of
Varialility Process Parameters

Parameters or Attributes




The Design of Experiments
Strategy

© 5® 54

®
Scoping Screening Optimizing  Robustness
Initial Fractional Response Robust
assessment designs surfaces designs

Process
Confidence

< Process knowledge >

© KPA Ltd., 2009 23

The Atatistical fﬁ[i'cz'enc}/ ‘Conjecture *.

higher maturity ==> higher efficiency

Individual Value Plot of PSE vs Mgt Maturity

60000 4

50000 4

40000

300000 4 .

200000 4

100004

Practical Statistical Efficiency
PSE

Mgt Maturity
@ &

*Kenett, R., De Frenne, A., Tort-Martorell, X and McCollin, C., “The Statistical Efficiency Conjecture”, Applying
Statistical Methods in Business and Industry — the state of the art, Coleman S., Greenfield, T., Stewardson, D. and
Montgomery, D. (editors), Wiley, 2008.
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An exercise In inspection

“federal fuses are the results of years of
scientific study combined with the
experience of years ™

25

An exercise In inspection

“federal fuses are the results of yearsof
scientific study combined with the
experience of years™
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An exercise In inspection

“"federal fuses are the results of yearsof
scienti fic study combined with the
experience of years™

An exercise In inspection

Histogram of Number of "f" letters

50

40+

20

10+

3 4 5 6
Number of "f" letters




Six Sigma Basics -

) . “Show me
Scientific: the data”

 Structured approach.
e Assuming guantitative data.

"Show me
Practical: L

« Emphasis on financial result.
e Start with the voice of the customer.




| MODERN
| INDUSTRIAL
Bl STATISTICS

—
DESIGN AND CONTROL

——— OF QUALITY

AND RELIABILITY

RON S: KENETT
| SHELEMYAHU ZACKS

MODERN INDUSTRIAL
STATISTICS, Kenett and
Zacks, Duxbury, 1998
2nd edition, 2003
Chinese edition, 2004

“At Motorola we use statistical methods daily
throughout all of our disciplines to synthesize an
abundance of data to derive concrete actions....
How has the use of statistical methods within
Motorola Six Sigma initiative, across disciplines,
contributed to our growth? Over the past decade we
have reduced in-process defects by over 300 fold,
which has resulted in a cumulative manufacturing
cost savings of over 11 billion dollars™.

Robert W. Galvin

Chairman of the Executive Committee

Motorola, Inc.

*From the forward to MODERN INDUSTRIAL STATISTICS by Kenett and Zacks, Duxbury, 1998

© KPA Ltd., 2009
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General Electric

* In 1995 mandated each GE employee to work to

achieving 6 sigma

* The average process at GE was 3 sigma in 1995

 In 1997 the average reached 3.5 sigma

* GE’s goal is to reach 6 sigma by 2001
 Investments in 6 sigma training and projects redc
45MUS$ in 1998, profits increased by 1.2BUS$

“the most important initiative GE
has ever undertaken”.

© KPA Ltd., 2009

Jack Welch
Chief Executive Officer
General Electric
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Alcoa
Ford
Lear Corporation
American Express
ABB
Dow
DuPont
Nokia
3M
Verbatim

© KPA Ltd., 2009

Caterpillar Inc >
Texas Instruments
American Express

LG
Air Products
Xerox
Avery
JP Morgan-Chase
Invensys
Seagate
Cummins
Navistar
GKN
Nokia




A.B. Dick Company, Abbott Labs, Adolph Coors, Advanced Micro Devices, 2
Aerospace Corp, Airborne, Alcoa, Allen Bradley, Allied Signal, Ampex, Apple
Computers, Applied Magnetics, ASQC, Atmel, Baxter Pharmaseal, Beatrice
Foods, Bell Helicopter, Boeing, Bombardier, Borden, Bristol Meyers - Squibb,
Bryn Mawr Hospital, Campbell Soup, Cellular 1, Chevron, Citicorp, City of
Austin, TX, City of Dallas, TX, Clorox, Cooper Ind, Dannon, Defense Mapping
Agency, Delnosa ( Delco Electronics in Mexico), Digital Equipment Corp, DTM
Corp, Eastman Kodak, Electronic Systems Center, Empak, Florida Dept. of
Corrections, Ford Motor Company, GEC Marconi, General Dynamics, General
Electric, Hazeltine Corp, Hewlett packard, Holly Sugar, Honeywell, Intel, Junior
Achievement, Kaiser Aluminum, Kraft General Foods, Larson & Darby, Inc, Laser
Magnetic Storage, Lear Astronics, Lenox China, Littton Data Systems, Lockhed
Martin, Loral, Los Alamos National labs, Martin Marietta, McDonnell Douglas,
Merix, Microsoft, Morton Int'l, Motorola, NASA, Nat'l Institute of Corrections,
Nat'l Institute of Standards, Nat'| Semiconductor, Natural Gas Pipeline Company
of America, Northrop Corp, PACE, Parkview Hospital, Pentagon, Pharmacia,
PRC, Inc, Qualified Specialists, Ramtron Corp, Rockwell Int'l, Rohm & Haas,
Seagate, Society of Plastics Egineers, Solar Optical, Sony, Star Quality, Storgae
Tek, Symbios Logic, Synthes, Technicomp, Tessco, Texaco, Texas Commerce
Bank, Texas Dept. of Transportation, Texas Instruments, Titleist, Trane, TRW,
Ultratech Stepper, United States Air Force, United States Army, United
technologies, UPS, USAA, Verbatim, Walbro Automotive, Walker parking,
Woodward Governor, Xerox

© KPA Ltd., 2009

Deploying the vision

Strategic Projects
Goals

Key Strategies e

Vision

—
=
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Deploying the vision

Projects | What

When

Who

Where

How

37

Choosing Six Sigma Project

Be the Best International

Chemical Company...

38




Choosing Six Sigma Projects

Strategic Objectives

| 1. Achieve higher customer satisfaction

2. Create shareholder value
3. Be a trusted member of the community

4. Join alliances to gain competitive advantage

© KPA Ltd., 2009 39

Choosing Six Sigma Projects

Achieve higher customer satisfaction

| » Improve reliability of supply by 50%
* Improve responsiveness to product
changes to 70% of the time
» Demonstrate concern for the customer
by doubling customer follow-ups
» Improve feedstock on-time delivery by 80%
 Improve billing accuracy 95%

Topics drawn from Pareto analysis of customer survey responses indicating
first choices for improvements.

© KPA Ltd., 2009 40




Choosing Six Sigma Projects

Improve reliability of supply by 50%

1. Improve tanker supply

2. Decrease equipment downtime

3. Revise scheduling process

Topics drawn from Pareto analysis of reasons for un reliable supply from
customer complaints and investigations.

© KPA Ltd., 2009 41

Choosing Six Sigma Projects

Achieve higher customer satisfaction
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HEALTH - -CARE

4 5
/,A >S "Through owr exceplional heallivcave services, ‘:ia J
O . we reveal the healing presence of God." 2 ¥ 17

SSM Health Care — Leading the Way

Founded more than 130 years ago by Mother Mary
Odilia Berger and sponsored today by the Franciscan
Sisters of Mary

SSM Health Care is a private, not-for-profit health  care
system based in St. Louis, Mo, that provides primar v,
secondary, and tertiary health care services.

The system owns, manages, and is affiliated with 21
acute care hospitals and three nursing homes in fou r
states: lllinois, Missouri, Oklahoma, and Wisconsin

© KPA Ltd., 2009 43
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HEALTH:-CARE"

Mission
Through our exceptional health care services, we reveal
the healing presence of God.

Values

Compassion
We reach out with openness, kindness, and concern.

Respect
We honor the wonder of the human spirit.

Excellence
We expect the best of ourselves and one another.

Stewardship
We use our resources responsibly.

Community
We cultivate relationships that inspire us to serve.

© KPA Ltd., 2009 44




4 5
d/" )SSM "Through owr exceptional health care services, ‘:g J
we reveal the healing presence of God." R

HEALTH:-CARE"

SSM Health Care — Main Achievements

* In 1999, SSMHC started a clinical collaborative
program with 4 teams to improve patient outcomes.

By 2002, 85 teams have been involved in six clinica |
collaboratives.

» Physicians connected to an automated information
system have increased steadily from 3,200 in 1999t o
7,288 in 2002.

 For four consecutive years, SSMHC has maintained

an investment “AA Credit Rating”—a rating attained

by fewer than 1 percent of U.S. hospitals.

« SSMHC'’s share of the St. Louis market increased

over each of the past three years to 18 percent, wh ile
three of its five competitors lost market share.

© KPA Ltd., 2009 45
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0/‘083 Through owr exceptional healtiv care services, :l"aig—i =
we reveal the healing presence of God." rag " g

HEALTH:-CARE"

SSM Health Care — Improvement Projects

» Safely Reducing Cesarean Sections

 Improving Outcomes and Reducing Costs in Adult intensive Care
 Improving Outcomes and Reducing Costs for Adult Cardiac Surgery
* Reducing Medication Errors

* Reducing Wait Times and Delays

* Idealized Design of Clinical Office Practices

 Care at the End of Life

 Improving Secondary Prevention of Ischemic Heart Disease

» Using Patient Information to Improve Care and Ensure Success
 Improving Treatment and Decreasing Readmissions for Patients
with Congestive Heart Failure

» Achieving Exceptional Safety in Health Care

© KPA Ltd., 2009 46




Quality Management
also applies to a
School of Management

The experience of the
State University of New York - Binghamton

Project team leader: Tom Kelly - Dean
Team member: Garry Roodman - Associate Dean
Team member: Angie Wounk - Secretary
Team member: Liz Newton - Secretary
Facilitator: Ron Kenett - Professor

© KPA Ltd., 2009

Fishbone diagram

jcotLisions

PROCEDURES PEOPLE

DEANS OYRICE SCHYDUUING DAPROVIMINT PROIPCY
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Force Field Analysis - before

Control Chart for proportion of "appointment problems|
1.2
Closs Door and 1.0 ‘
Ask About Urgency
08
ua
0.6 1 ‘
.4 4 } \
021 —p 025
ol VAL ]
n,._"m 00 4 g v ¥ J
50% o ! [ 2 4 ) 8 10
Ask Cuxiomes How
Much Time
Necded
Estmate of
Tieme Necded
- 4 ‘1
Pooe Estimate
e Not st of Time Necded Dropla
Time Meeling Schedule
Too Tight
0% L
Figure 3
© KPA Ltd., 2009
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—orce Field Analysis - after

Control Chart for propartlon of “app problems”
3/6/91,updated on3/27/91 12
irdicate changes in forces g
G. Roodman 10
L. Newton .
A rouk Close Door and ]
R. Kenett Ask About Urgency 08 ua.
0.6+ A “corfrmation notes” | d
L 1
:522‘2:3."‘.;3"‘ melnli’gj of o]
Jud, 02s
LR 0.2+ 0.15
Blocking out times
for "cach up™
0.0 T T u
Dean ° o 10 20 30
's Esti
awamess for L Days (2721 - /5, /6 - 3/26)
need for
3/6/91 25% time
Ask Customer How
Much Time
Needed
37271191 15% A '
A A ‘ |
! i
1 I
PoorF.xdm;l:d 1 ]
Customer Not Cutiing of Time Nee
Rescheduling Meetings on ) Drop In I
Time Mecting Schedute Faculty whoneed |
Too Tight “only one minute”
Emergency ]
Communications ]
Too many demands
Visito . Supri .
noL:-rc':e‘:l';; e SR Lack of formal procedures
agenda items
0% |
Figure 4

1991 JURAN IMPRO® CONFERENCE -- ATLANTA

©Copyright 1991, Juran Institute, Inc.

© KPA Ltd., 2009
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Control Chart for ongoing contro

~ Control Chart for Proporticn of Appointment Problems

1.5
Canceilations due to liness
1.0+
e '
0.5 n
0.0 vM, 40— l.;A!LI—Ln»—

0 10 20 30 40 50
Working Days (2/21 - 5/14/1991)

Figure 5
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Six Sigma Projects

Define Select a project

Measure Map out the current situation

Analyze Characterize the current situation

Improve Optimize the process

Control Hold the gains

é

© KPA Ltd., 2009
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Three Levels of Competence -

lIndividual

Organization

53

. - 3)
Key Six Sigma Players
Team |
Members - Green Belts
~ Champions AII Sponsors

Master Black
Black Belt Belts
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Key Six Sigma Players

A Quality &
Industrial
Engineers

Technical Statisticians

Skills

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

Black Belts

Quality Improvement
Facilitators

Soft Skills

© KPA Ltd., 2009
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* 6 sigma principles
 Quality Improvement

» Quality by Design
 Quality Control

» Teamwork

« Effective presentations
* QFD/VOC

« Statistical thinking

* Process mapping
 Barriers to breakthroughs
« JMP, MINITAB.....

© KPA Ltd., 2009

Black Belt training program

* Gage R&R

« SPC

» SPC Strategy

* Risk Management
* FMEA

« Statistical Inference
 Design Of Experiments
* DOE Strategy

» Bootstrapping

* Robust Designs

» System Thinking

56




Black Belt certification process

MODERN INDUSTRIAL STATISTICS: Design and Control of
Quality and Reliability, Kenett and Zacks, Duxbury Press, 1998

4+« Netscape - [http: //www.thomson. com/cgi-bin/plweb/hitlist cgi]

Fle Edt View Go Bookmaks Optons Diecto Window Help PartICI ants must ShOW
=|+la] 2| el-#lal] o] [CIPAMTS MUSL SHOW.

ettt e b i o E| NI * Active partICIpatlon in tralnlng
What's New? | whats Coal? | Destinations | MetSearch | People | Sofware

= * Project completion

Dosion and Goniot o iy and (NS HopeRN | Demonstrated skills, soft and hard
elabty * Problem handling skills using
simulators

Modern Industrial Statistics

Ron Kenett, Tel Aviv University
Shelemyahu Zacks, State University of
New York, Bingharmton

Published by Duxbury Press
CB @ 1968

Management’s role:
ISENISSH 0-624.35370-2 1% | s ° Management Spqnsorship
e S a5 . *Management reviews
e =%« Monthly status report
* Project final report
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The organizational structure D
supporting Six Sigma implementation

d

Leadership Group

MBB

Processes, internal and external customers

© KPA Ltd., 2009 58




10X Improvement

- > .

End of Year 3
10 Errors in Process

Constant improvement each of the next 3
years, requires 54% improvement per year

Start of Year 1 End of Year 1 End of Year 2 End of Year 3
100 Errors 46 Errors 21 Errors 10 Errors
in Process in Process in Process in Process
© KPA Ltd., 2009 59

Choosing Improvement Projects

Sweet Fruit
(Quality by Design Projects)

Bulk of Fruit
(Process Characterization
and Optimization Projects)

— Low Hanging Fruit
Degree (Seven Basic Tools Projects)
of o _________FR\ . _._.
e Ground Fruit
Difficulty 6 “ (Logical Projects)

© KPA Ltd., 2009




Choosing Six Sigma Project

Critical To
Quality

Critical To
Delivery

© KPA Ltd., 2009

Critical To
Costs

Maximum L everage

61

Six Sigma Projects

Six Sigma Project Review Form
e =l s J
—— [— |
e i
Six Sigma Black Belt Methodology Phases H g L | Acton remsicomments
A MEASUREMENT
Problem entiication. Key producuprocess selected, based on
o business impact (DU, Yield ) S I
"z | Project Customer, Mission, goals, metrics, cllent, measures of success | 5 | 2 | 1
estabished.
A3 Team mermbers identiied s |2 | 1
Aa Cashable return for Kodak ideniified (Return on investment) s | 2| 2
As Potential barriers identified and listed s | 2| 1
Ters above (AT-AS) SHoud be Compiets by Week Trevien
A6 Team formed and fully functional s |2 | 1
Troject Baseine slements Compieted INcluding Scope, scale, analysis of
AT defects, cycle time, and costs S I
A8 [VOC collected, refined, and documented. s | 2| 2
A Internal and external gaps identified through benchmarking s | 2| 2
Dotaled process map documented (INputs. OUIpUtS, roduct process
1 parameters. parameters classified, measurement por elle ] @
(ey) parameters measured using basic Qually 100k, Basic
A Statistics, and Six Sigma measures S I
Project Nanagement plan established Including miesione dates and
£e critical path I
oms above (ALAL2) should be completa by Week 3 review
B ANALYSIS
and other 1oos ©
Bt determine stabitty, capabilty, variabilty and process limits S I
Failire Nodes and ETects Analysis performed Using dentiied Siaps
= from productiprocess map B I I )
S Function Anaylsis Based Process Verification performed. s | 2| 1| wa
e e e I BN IR
ey parameters prioriized based on capabity analysis, defect pareto,
s ost analysis, FVEA, FAB-FV, Value Analysis, etc. S I
Wy
o° processes (key parameters) 2z e
TNEaSUremeNT: phase elements Updaled (Conract, baseline, metrics,
G flow maps, etc. =2
Project Management plan updated wih proposed improvemant Saiegy.
& including miestone dates and critical path S I
Tems above (A and B) should be complete by Week 4 review
C. IMPROVEMENT
o | Kev parameters selected for mprovement Response varabies P P B
= Diagnostic studies completed (modeling, nested designs) s |2 | 2
=) s |2 | 1
| FoctorToves csablshed, Gesign slociedand facors baded DOEpRn |- | 1 | ua
=3 Experimeni(s) conducted and data collected s |2 | 1| wNa
= DOE analysis. s | 2| 1| wa
7 | select and test solution(s). Decision and risk analysis assessed. s |2 | 1
s implement solution(s). s |2 | 2
Phase clements Updated (contract, baseine, metrcs.
® flow maps, etc) S I

© KPA Ltd., 2009

DEFINE

MEASURE |

ANALYZE

IMPROVE

CONTROL
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"Through owr exceptional healtivcare services;

—“
we reveal the healing presence of God."
HEALTH - -CARE #
S5M HealthCare St. Louis
Clinical Performance improvement Center
Medical Management Report  DRAFT
July-1 TD 2008 You Year 2001
Hospital A Actual | Budget | Actwal | Actual
Madicare ftraditional and managed)
ALOS - traditional - acute *** 50
ALOS - managad care - acute*** 51
Cara 1* Madicars patents’
Care 2° ALOS and other utiization dat.
cara 3 [T ai a8 a8
Total Medicare Paient Days (acute and SNF) * 2.5 12067 3218 | 34808
an ag e I I I e n Catastrophic Acuta Trad Medicara Cases. excluding Bahaviaral 95% 100% 10% 1%
Health, as % of al cases*
Total Al Patient Days (acuts and SNF*** 15223 | 16521 | | 62228 | eness | @230 | oaem
- Top DRGs (ICD8s) */**
M e I C a DRG 79 & 89 Respiratory InfectianvPnaumonia Goal Goal
Traditional Medicare ALOS facuta) 51 | 52 58 | 52 80 64
Total ALOS facute) 51 | 52 51| 52 56 57
Antibiati time. arfival to administer-median in min {Core Measura) W[ <w 14| <160
31 days readm rale for ralated condition - Quarterly 66% | 20% 5% | 2% 5.4% [T
R DABs 106, 107,109 & other DRGS with CABG. not Valve Sx
e p O r Tradiional Medicare ALOS (808) [ gixroupsof patints have been | 98| B0 05 | 80 [ o8
Total ALOS {acute) dasignatad for performanca al | 36— a0 84 B2
Patient Satisfaction e 90% [ 95% 83% [ 95% 83% 92%
In-hospital mortalty it isk atjustod)| o s cnonemms omneied| 0 | 80% 0% | 3o 21% 4%
APR-DRG 174 & 175 Cardiac Stent | to salscted banchmarks. Primary
Tradidonel Medicore ALOS facuta) | outcomes or thesa patentaars | 21 2 | W 38 35
Total ALOS {acuts) D a3 28 30 al 31
Inhospital Mortalty Ta%% | 150% 5% 20%
% patiarts with EF<40% on ACE Inhibitor (Core Measure) 97% o | %% 9%
n DAG 208 Hip/knee Surgery
Tradidonal Medicare ALOS facuta) 52 | 50 12 | w0 [y] [
Total ALOS facute) a1 | a5 33 | as [¥] 13
Complication rate: Total Knee Replacement - Luarterly T | 3% o | o 8%
Complication rats: Total Hip Replacement - Quarterly 3 | 2 | o
Pationt Satistaction % | w% B | son A o7
109 Code 410 Acuts Myocardial Infarction
Traditonal Medicare ALOS acuta) DRG 12,122, 123 75 | 60 57 | B0 58 ]
Total ALOS {acute] DRG 121, 122, 123 85 | B0 52 | 60 51 0
% charged for Beta Blocker % | 8% T8% | 8% % 80
% of pts with Beta Blocker prascribad at discharge (Care Measura) 0% | e o | s% [
DAG 127 Heart Failure
Tradidonal Medicare ALOS (acuta) 34 | 40 55 | a0 53 55
Total ALDS [aute) 31 | 40 52 | 80 [T 52
% charged for ACE Inhibitor or ARE % | 7% 0% | 1% 2% 5%
% patiarts with EF<40% on ACE Inhibitor (Core Measura) o7% | e o | s 9%
31 days readm rate for relsted conditon - Quartarly 95% | 0% 95 | 8o 2 | e
Achieving Exceptional Patiant Safety (AES) Collaborative
Near Miss (raports per montn} ]
6 Complanse with Surgi! Sta Marking | 72140 ¥t | 0% 100t
% Compliane with Dangerous Abbreviation Pailcy 9% | 100 % | 100% o
Quaiity (System Massuras}***
Patient Loyaty @a% | B20% | | Bl6% | 0% 0% | W%
31-Day Acute Readmission Rate SSMHC e 00 [oox Tioos
Unssheduled Retums to ER o8 | 15% | L0 | 189 13% 18%
Unschedulsd Retums to O 038% | 075% | | 0.0% | 076% 1.1% 1.7%
* Fendstar dats
= Sibminad by hospisis
 Hagpeal Gperations e ormince s or Aagort
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" . . p
SSM Through owr exceptional health care services, 355
- we reveal the healing presence of God."
HEALTH - -CARE f

Equipment

Quiality
Control

Radiology

Retakes

10.2%

0
5.5% Equipment

Malfunction
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Unscheduled
Outpatients

In-Patient
Scheduling

Mentoring
Process

New technical
Staff

SPC of retakes
on a daily basis

Automated
Techniques
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OS5

"Through owr exceptional healtivcare services;

2

et o we reveal the healing presence of God." : 4
Radiology Retakes
| Chart for Retakes by Month
1 8
12 — |
11 —
10.2% g 10 — x/\\//\)\
g 7
s 2
3 7 UCL=7.047
>
0 2 6 /‘\\ /‘\)\ _
5.5% £ . | / < \/x Mean=5.51
4 — LCL=3.973
3 T T T
0 5 10 15
Observation Number
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3
Sample projects
Black Project Sub Project Name
Belt Sponsor Unit
1. |Boaz Parpar |Avi Bental TC Cost reduction in LABORATORY
TEST
2. | Shimon Azani| Andre Sillam | SM Cost reduction in CHLORINE
production
3. | Meir Adler Yitzhak Feier |IC Reaching 6-Sigma target in
AMMONIUM BROMIDE
4. | Victor Malka | Ofer Lifshitz |IC 6-Sigma target in HBr manufacturing
5. | Gregory Alon Tavor FR/RD | Improving flowability of TBBA
Shapiro

© KPA Ltd., 2009
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Sample Black Belt Projects

Repacking is currently estimated at 1.5M$
Reduce these costs by at least 500K$

Plastic Injection moulding customers complain
of residues blocking the mould injection orifices
Increase MTTF from 800 to 3000 injections

W

Bromine raw material is delivered

at 1-2.6 sigma levels
using best in class specifications
Improve production capability to 6 sigma levels

© KPA Ltd., 2009 67

Repacking Project

Y
&

350000

300000

250000

280,250

200000

150000

Yearly $ Cost

100000

50000

o,
HBCD TBBA TBP DINOL LiBr C-103 Mg(OH)2

@ Crushing W Micronizing O Repacking B Compacting O Sieving ‘
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e Residues Project

Parameter Units | Level 1 | Level 2
1|Screw Speed RPM 110 170
2|Feed Rate kg/hr 500 700
3|Temp (10) C 210 250

N Screw Speed | Feed Rate | T(10)
1] - 110 500 210
2 | a 170 500 210
3| b 110 700 210
4| ab 170 700 210
5| ¢ 110 500 250
6 | ac 170 500 250
7 | bc 110 700 250
8 | abc 170 700 250
© KPA Ltd., 2009 69
2
a_? 34
|_
L
< 2.077634 -
p=
0 1.0412
o

T | | T | T | | T
110 141.1 170 500 606 70@02 232 250

Screw Feed T(10)
speed rate
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Factors

sOnse Variable:

"Going Beyond Main-Effect Plots" (with B. Vogel),

Quality 5
Progress, pp. 71-73, February 1991.

Height of the moulded part (Measured in mm.)

A - Injection Speed (in./sec)
B - Injection Pressure (psi)

C - Injection Time (sec)

D - Pressure Hold Time (sec)

. i) o4 - . .
pessr Replications per run - 20. Combining main effects
60 with interaction plots
55 + I
50 T v -
.~ 45+
% O vy +-
D 40 + - - Ty ++
g Tl ALK e
JURSDE
30 + .
25 + +- L
A+ AT .
20 —_—tt
A B C D AB AC AD BC
Effects
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The Bromine Proj N
Steam Flow [Water Flow |Chlorine Moisture HxpectedlLossS um
190 6 63 9 1.1925
200 5 54 20 1.2544
210 6 72 14 1.6578
210 8 63 10 1.2136
220 8 10 12 0.1878
210 9 41 13 0.6547
6 5 7 0.0614
7 8 8 0.0889
mmmmm 9 38 9 0.4911
20 9 2 9 0.0911
190 5 73 18 1.8403
200 7 43 8 0.5847
190 7 57 9 0.9925
190 8 80 19 2.1789
190 9 57 12 1.0625
210 7 42 7 0.5444
220 5 4 8 0.0756
200 6 68 20 1.7289
200 8 60 26 1.7511
210 5 35 10 0.4514

© KPA Ltd., 2009
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Steam F Water Flow Desirability
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S
Variance
((\Q\erb Baseline Improved |mpr0vement
@‘l\a [ HBR v2 401 ]
- L0 ] - — 0
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Measuring Capabillity

The Spec
T~

N
*«\a:\.-.:::sw

The Process
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Measuring Capabillity

Customer Specifications (VOC)
Process Spread (VOP)

_ Upper Spec - Lower Spec

P 6o

C

Customer Specs (VOC)

N\

Process Spread
(VOP)
-3o0 +30
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Measuring Capabillity

Lower Upper

Bt

—60 56 406-302c6-1c 0 1lo 20 30 40 50 60
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Measuring Capabillity

Tolerance

LSL USL
< +=30 ,

1350
ppm 001

o

1350

Target=p

+— 60
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Measuring Capabillity

Tolerance

LSL USL

1:5:(5

3.4

A
Y
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On-target index

Potential capabilitU
Actual capabilitU iy
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2
Actual and Potential Capabillity

There i1s no Potential
@ Capability

There is Potential
Capability However there
IS no Actual Capability

N4
D
unissind

There is Actual
~ {m Capability
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Measuring Capability

Lower Spec Upper Spec Lower Spec Upper Spec
Cp: 0.67 Cp: 1.33
__/ I~
-3¢ -20 -lo 0 lo 20 3o —40 -36 26-lc 0 1lo 20 30 4o

Lower Spec Upper Spec Lower Spec Upper Spec

Cp: 1.00 Cp: 2.00
oo

-3c¢ 26 -lo 0 lo 206 3o —-60c —40 -20 0 26 46 60
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Cp: Cpi: Defects, and Sigma

*k
C.. DPMO*

0.17 308,770

0.50 66,811

0.83 6,210

1.50 3.4

* Assumes processed centered between specs
*Assumes a mean shift of 1.5 standard deviations

83

Converting Defect Levels to
Sigma Level

175 defects are identified while
producing 5000 controllers

DPU =175/ 5000 = 0.035

There are 1367 defect opportunities per controller
DPO =0.035/1367= 0.0000256

DPMO = 25.6
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Converting Defect Levels to -
Sigma Level

Sigma -- DPMOp Conversion Table

An Example :

175 defects are identified while
producing 5000 controllers

DPU =175 /5000 = 0.035

There are 1367 defect opportunities
per controller.

6.

391
144
1.5

DPO =0.035/1367= 0.0000256
DPMO = 25.6

i 620 | 1.30 1.24 148 142 1.07 1.02 097 092 0.88
@ MOTOROLA *Shifted 1.5 sigma "Sigma” level : 5.55
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2
Benchmarking for Quality Costs

o-level| Defectrate| Costs of poor Status of the
(ppm) quality company
6 3.4 < 10% of turnov@r World class
5 233 10-15% of turnover
4 6210 15-20% of turnoverindustry Average
3 66807 20-30% of turnover
2 308537 | 30-40% of turnover Noncompetitive

P31
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2 M |

[lc . | <

Reported Impact

Table 2

Six Sigma Cost And Savings By Company

Year Revenue ($6) | Invested ($B) q?igﬂge Savings ($B) %Sﬁﬁr:g"suc
1986-2001 356.9%=] MO = 16 1 4.5

1506 79.2 0.2 0.3 0.2 0.2
1997 90.8 0.4 0.4 1 1L
1998 100.5 0.5 0.4 i iz
1999 1116 0.6 0.5 1.8
1996-1099 |  382.1 1.6 | 0.4 | aa3 1.2

1598 23.6 I - 0.5 ZhE
M = 0.g 2.4

1999 23.7
Z000 25.0 g ] - 0.7 2.8
1995-2000 2.3 (] ] - 1.8 4 2.4
2000-2002 43,9 2] - 168 2]
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