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Table 1
Rating of process improvement techniques ( Dusharme., 2006)

Process improvement tool Impact (%)
Six Sigma 53.60
Process mapping 35.30
Root cause analvysis 33.50
Cause and effect analysis 31.30
ISO 9001 21.00
Statistical process control 20.10
Total quality management 10.30
Malcolm Baldridge criteria 9.80
Knowledge management 5.80
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Table 3

Benefits of 5ix Sigma in manufacturing sector

Company/project

Meitric/measures

Benefits/savings

Motorola (1992)
Raytheon/aircraft integration
sysiem

GE/Railcar leasing business
Allied Signal (Honeywell)/
laminates plant in South Carolina
Allied Signal (Honeywell)/Bendix
[ brake pads

Hughes aircraft’s missile systems
group/wave soldering operations
Continental Teves/Brake and axle
assemblies

Borg Warner Turbo Systems
General electric

Motorola (1999)

Do chemaical/rail delivery project

DuPont/Yerkes plant in New York
(2000)
Telefonica de espana (2001)

Texas instruments

Johnson and Johnson
Honeywell

Ford motor compant fexterior
Surface defects

In-process defect levels

Depot maintenance inspection time (measured in
days)

Turnaround time at repair shops
Capacity/Cycle time/Inventory/On-time delivery

Concept to shipment cycle time
Quality/productivity
Failure rate
Financial

Financial

Financial

Financial

Financial

Financial

Financial

Financial

Financial
Financial

150 times reduction
Reduced 889

62% reduction

Up 509/ Down 50%/ Down 50%/Increased
to near 100%

Reduced from 18 months to 8§ months)

Improved 1000% improved 500%
More than 50% reduction in failure rate

$ 1.5 million annually since 2002

£2 Billion in 1999

$15 Billion over 11 years

Savings of $2.45 million in capital
expenditures

Savings of more than 325 million

Savings and increase in revenue 30 million
Euro in first 10 months

$600 million

$ 500 million

$ 1.2 billion

F500.000

(Source: Kwak and Anbari, 2006; Weiner, 2004; De Feo and Bar-El, 2002; Antony and Banuelas, 2002; Buss and Ivey, 2001; McClusky,
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Fig. 1. Decreasing return to scale in Yield as Sigma quality
Increases.
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MNomenclature

i ith stage of process, i = 1. .... n

¥ Process vield

K Jth defect type for ecach stage. j= 1.2.
(1 = scrap. 2 = rework)

k kth Six Sigma implementation alterna-
tive, ke = 1. ... g+

S Rate of defect type j at state 7

Yk Rate of defect tvpe § for alternative & in
state 7

s Decision variable related to the &th
process alternative for the ith stage

I; Number of units that are processed at the
ith stage

L Unit selling price

i

Rl

Marginal production cost of an item at
the ith stage

Implementation cost for the &th process
alternative for the ith stage

Raw material available at the first stage
Process demand

Budget available for Six Sigma alterna-
tives

Production capacity for the ith produc-
tion stage

Amount of rework resulting from the ith
stage

Rework cost at the ith stage

Scrap cost at the ith stage

Set of positive integers
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Stage 1
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Stage 2
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Rework 3

Fig. 3. Four-Stage Process.
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Table 4

Current process rates, costs and capacities

el o

Stage Ji Ji2 K ct K;

0* 1.0

1 0.30 0.05 1.00 2.0 100,000
2 0.08 0.10 1.50 3.0 90,000
3 0.20 0.05 2.00 4.0 80,000
4 0.10 0.10 2.50 5.0 70,000

“Stage 0 accounts for the raw

first process.
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Table 5
Reduction in scrap and rework rates and associated cost for each

S

tage improvement alternative

Stage Alternative®

0 l 2 3

= L =

Fito T'i20 Qm Fil1 Finl Q:‘l Fitz T2 Qrz Fita  I'ipa

0 0 0 0.0300.030
0 0 0
0 0 0

0 0 0

0.008 0.008 25 0.007 0.007 30 0.007 0.002

Qi3
40 0.050 0.040 70 0.007 0.007 25
0.003 0.003 30 0.060 0.030 85 0.050 0.060 110

15

0.060 0.060 110 0.009 0.009 40 0.007 0.007 35
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Table 6
Optimal values for 0, under Model I solution

Stage Alternative®

0 | 2 3
l 0 | 0 0
2 0 0 l 0
3 0 | 0 0
4 | 0 0 0

“Value of 0 at optimal solution.
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Table 7

Optimal solution for Model 2

Stage Alternative® Input
0 l 2 3

l l 0 0 0 43,136

2 1 0 0 0 30,195

3 1 0 0 0 27,779

4 l 0 0 0 22,222

“Value of o, at optimal solution.
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