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Lean Six Sigma

Lean Six Sigma builds on the practical lessons learned from previous eras of operational improvement.

Just in Time (1980s) Lean Production (1990s)
(Kanbans, Pull systems, (“Machine that changed the world,”
Visual management) “Lean Thinking,” Value stream mapping)
‘ Total Quality Management (1980s) Business Process Reengineering
(Statistical Process Control, Quality (1990s)
Deming/ Ohno circles, Kaizen, Culture change/bench- (Downsizing, “To be” processes,
Juran (1960s/1970s) ~ marking, Baldridge, 1509000) Process owners) -
(1950s)  (Toyota =
(14 production Motorola - Six Sigma =
points,  system) (1980s) Ty @
Statistical E
quality) GE (1980s-1990s) =
= Six Sigma (Applied method for growth and productivity) §
_E:E:u Change Acceleration Process (CAP) (Change method and tools) =
| = Customer Partnering (GE Toolkit, Customer CAP) -
fai Process Improvement (New Product Introduction, Supply chain, Suppliers)
%‘" Best Practices (Benchmarking, Across and outside of GE, Ending Not
= Invented Here)

Work-out (Kaizen type, Cross functional teams, Boundarylessness, Values)
Strategy (Number 1 and Number 2 in each business, Fix, close or sell)

Source: (BM Global Business Services analysis.
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Lean Six Sigma

® [ ean manufacturing — focuses on reducing cost through

process optimization.

® Six Sigma — focuses on meeting customer requirements and
stakeholder expectations, and improving quality by

measuring and eliminating defects.

www-935.ibm.com/services/uk/bcs/pdt

/driving_operational _innovation_using_lean_six_sigma.pdf
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e
Statgraphics Software

® Statgraphics Centurion XVI.I —Windows standalone application

with over 170 basic and advanced statistical methods.

® Statgraphics Sigma Express 1.1 — Excel add-in with 70+

procedures covering the needs of Six Sigma green belts and

most black belts. Available for Excel 2003, 2007, 2010.*

*Pre-release evaluation version available by sending contact information to

info(@statgraphics.com
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Statgraphics Centurion XVI.I
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B STATGRAPHICS Centurion - Untitled StatFalio
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Statgraphics Sigma Express
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Example #1 (Define) -
Cause-and-Effect Diagram

Cause-and-effect diagrams (also called fishbone or Ishikawa diagrams)
illustrate the causes of specific events.

Event: defects

: material, personnel, environment, machines, ...




4 . . . A
Input - Analysis Options dialog box

creates diagram

P

B4 Fishbone Diagram - Labels E@
Fishbone Diagram - Labels
Fishbone Diagram Entries Materials Fersonnel
) ) e ]| 1y e St
Primary causes Secaondary causes Tertiary cauzes
Materials lops |
Perzonnel Lubricants | bricants e Trziring
Erviranment Suppliers
b achines
Fart-ti rne
e SLppliars Operators
Full i e
Defects
b H 1 i ity | mde eaaEr
Add | [nzert | Add | Inzert | Add | Inzert |
Change | Delete | Change | Delete | Change | Delete | e T rprature —
Ok I Cancel | Help | Redraw | Forts | J
Ervironment Machines




Data structure for saving

ﬁ fishbone.sgd
Labhels Col 2

1 Defects

2 [Materials |

3 Alloys

4 Lubhricant=

5 Suppliers

[ Per=zonnel

7 .Shifts

& . Training

9 .Operators

10 .. Part-time

11 LFull-time

12 Environment

13 Humidity

14 . Temperature

15 Machines

16 .Blade wear

17 . Speed
44 ¥ ] fishbone S B A4
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Sigma Express also provides Excel template

(O H9- -~ @ = Bookl - Micrasoft Excel - =

cid =

- Hame Insert Page Layout Formulas Data Review View Acrobat STATGRAPHICS @ -9 X
Mols S ER @

Define  Measure | Analyze | Improve  Control Toals Help

Cause-and-Effect Diagram

[ 11

Personnel

Lubricants

Category

W 4 » M| Sheetl . Sheetz - Sheeta | Sheet4 ¥ I F

Ready
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Example #2 (Measure) - Gage Studies

“Gage Studies” refers to the process of evaluating measurement
processes to verify that they are capable of measuring responses well
enough to permit the use of SPC and DOE techniques.

In Statgraphics, the main procedures all follow the AIAG guidelines:
« Gage Study Setup — to create a data template.

« Analysis of Variable Data
1. Average and Range Method and ANOVA Method evaluate R&R
based on full study.
2. Range Method evaluates R&R based on short study.
3. *Gage Linearity and Accuracy evaluates bias.

* Analysis of Attribute Data
1. *Risk Assessment Method — based on consistency of appraisals
2. *Analytic Method and *Signal Theory Method — other approaches

@ * Not in Sigma Express product.

™
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Statistical Model

. 2 2
Gtotal o \/Gproduct_l_ Gmeasu remert. process

. 2 2
Gmeasu remert.process \/ O-repeatabilty T Grep roducillity




4 ™
Gage study setup

Gage Study Setup
Mumber of Operatorz/dppraizers/Labs: Spreadshest Stucture
|3 " Data and code columng
Number of Parts/5 amples/Items: 9 gz i sl Operatar/Appraiser/Lab MNames Options

:

10

OperatordéppraizersLab Labels: 0k

Mumber of Trials: ¥ Fandomize trialz

IEi Anne Cancel

™ Include column For reference values
Baob

Study Header: Help
Gage Study - Map 24, 20017 10:33 Carloz

Cancel | Help |

STATPOINT
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Typical gage study data file

|_.E!%. H9-o-3 @ 5 gagestudy s [Compatibility Made] - Microsoft Excel - =

~ Home Insert Fage Layout Formulas Data Feviaw View Acrobat STATGRAPHICS @ - =@ x

Ao s E @

Define || Measure|| Analyze || Improve | | Contral Taals Help |
7l a B c D E F G H ! J K L i
1 |Parts lanne_ 1 Anne 2 Anne 3 Bob 1 Bob 2 Bob 3 Carlos_1 Carlos_ 2 Carlos_ 3 Header
2
3 1 56 55 57 57 58 56 56 57 56
4 2 63 62 62 6d 6d 64 62 64 64 A
5 3 56 54 55 57 55 56 55 55 55 1
i 4 57 55 56 56 57 55 56 57 55
7 5 58 58 57 59 60 60 57 60 &0
8 & 56 55 54 60 59 57 55 57 56
9 7 56 55 56 58 56 56 55 55 57
10 3 57 57 56 57 58 57 57 58 57
11 9 65 65 64 64 64 65 65 64 65
12 10 58 57 57 6l 60 60 58 59 &0

13
M 4+ | Sheetl . Sheet2 - Sheet3 - ¥J

Ready |
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Data input dialog box

Excel Data Selection

Selected cellz include ————————

" Column names

£ Column names and comments

AMOVA Method (Crossed)

X1
| 4 I
Cancel |
_ tep |
=

Help
" Data anly
Gage Stucies
[t oK
" Data and code columns
" Orne row per part Earzz)
Help

[T Sart column narmes

o |

Cancel |

Anne_1
Anne_2
Anne_3
Bob_1
Bob_2
Bob_3
Carlos_1
Carloz_2
Carloz_3

MHumber of Appraizers/E valuators/Labs: I3

[Fart/5 amplesltern Labels:]

-

r\ Farts

[Header:]

™

[Select]

™

Delete |

Tranzform... Help

STATPOINT
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Analysis Options

AMOVA Methaod Options | 23 |
T olerance: Structure 0K
|4|:| (" Crozsed with interaction
_ (¢ Crozzed withaut interaction Lancel
Sigma Intervals: " Nested "
|E.EI =P
Process Sigma: Confidence Level:
535.0

Tolerance = USL — LSL (distance between specification limits)

If operators measure the same parts, the structure is “crossed”.

E STATPOINT
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Tables and Graphs

Tables and Graphs @
TABLES GRAPHS =
v Analysis Summary | Run Chart
_ Cancel
v Tolerance Analysis | Dperatar and Part Plat
| Confidence Intervals v R&R Plat Al
| AMOWA Table | Box-and*whisker Plat Store
Help
STATPOINT
TECHNOLOGIES, INIC.
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R&R Plot

R&R Plot for Anne_1-Carlos_3

Deviation from Average
o
| T T T | T T T | T T T | T T T |

Anne

Bob
Operators

Carlos

STATPOINT
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R&R Table

age Hepeatahility and Reproducibility Repori

Ieasurement Esfimafed | Fercenf Esfimafed | Fercenft Fercenf
Ciwif Ligma Tofal Fariafion | Fariance | Confribufion |of R&ER
Repeatability 0956757 283524 0215385 203857 a7 Al
Reproducibility (0662379 19 AZ2EE 0. 438746 385201 3240
E& R 1. 16367 24 484 1.35413 112915 100.00
Parts 3.16753 232061 10.0333 aa. 1085

Total Watiation 337452 100.0 11.3874

Number of distitict categories (nde): 3

E STATPOINT
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Tolerance Analysis

Tolerance Analysis

3 operators 10 parts 3 trials

Toletatice = 400

Measurement &. 0 Fercent of
Uit Sfd Dev. | Tolerance
Fepeatability 374054 143514
Feproducibility  |3.974ds RN
R&R £ 95203 17.4551
patts 19.0052 47 513

Precision-to-tolerance ratio:

60

measuremert. process
100 P 0%

tolerance

STATPOINT
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Example #3 (Analyze) - Capability Analysis

Determines whether a process is “capable” of meeting established
specification limits.

DPMO — Defects Per Million Opportunities.

1,000,000 x number of defects
number of units x number of opportunities per unit

DPMO =

“Defect” = nonconformance to a specification.

(-
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Typical Data

Measured resistivity of n = 100 electronic components. USL = 500.

ﬁ Ch\Webinar'resistivity.sge == 22 |
resiztivity date Col 3 Col 4 Col 5 |
1 211.2 151/07
2 135.0 172507
3 154.9 15307
1 156. 8 174507
5 292.3 15507
[ 155.4 156507
7 255.1 15107
& 165. 8 178507
L 227.9 159507
10 175. 8 1710407
11 279.8 1711507
12 267. 95 1712707
13 297.4 1713507
14 233.1 1714707
15 156.17 1715507
4 4 b M| resistiviy 4B 4 C 4 [l
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Capability Assessment SnapStat

0

mresm?vitym

30

0 500 600

1107 17221/07 2.-"1[!.-"0? 32007 32207 41107
date

SnapStat: Capability Assessment (Indniduals) - resistrerty = = (]
Distribution: Hormal X Chart
Sample size =100 Mean = 235.252
Specifications Bevond Spec. Z-Score 600 F E
5L = 500 1.000000%: 3.68 500 ]
Long-Term Capability Short-Term Capability 2100 ] 449.72
Sigma = T1.9428 Sigma = T1.4906 5 E
Ppk =1.23 Cpk =1.23 -ﬁﬂ]ﬂ
DPM = 116.66 DPM = 106.46 = - ] 235.95
Hoo 35
100 : =
0k 320.78
1107 172107 2/1 I].-"l]r 3207 372207 41107
date
Capability Histogram Range Chart
500.00
24F 300 F . E
20 250 b 1263.48
. ]
g"lﬁ F F_gl]l:l F —
S12f _ %50 a ﬂ A k P} ]
S gl 3 ﬂ. 3
=8 o 100 { » o !j } nﬁ ‘I ﬁ 180.64
4 Al e o DR AP O
0 E: . = ok . 210,00
2
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Analysis Options

~
~

i I B B B B B

f*
~
~
~

Distribution

Birnbaurn-5 aunders
Cauchy

E xponential

E xponential [2-parameter)
E xponential Power
Folded Mormal

Gamma

Gamma [3-parameter]

Generalized Gamma

Inchude

Long-term and short-term
Long-term only [labeled P
Long-term only [labeled C)

Short-term arly

Process Capability Analysis Options

i I R B B B B B B

Generalized Logistic

Half Mormal [2-parameter)
Inverse Gaussian
Laplace

Largest Extreme Walue
Logiztic

Loglaogistic

Loglogiztic [3-parameter]
Logrormal

Data Transformation
(" Mone

" Logarithrn

(" Power: |D.5

{¢ Bow-Cox [optimized)

D I

i I B B B B

Lognormal [3-parameter)
b ammell [2-parameter]
MNormal

Paretao

Fareto [2-parameter]

R avleigh [2-parameter)
Smallest Extreme Walue
W eibull

Weibull [3-parameter]

Lower Threshold:
0.0

OF.

Cancel

Help

Farameters

Sigrma Limitz:

6.0




. SHapStat Capability Assessment (Individuals) - resistivity E@
[ ndinduals] i
Transformatlon Box-Cox optimized power = -0.4 X Chant
Distribution: Hormal (after transformation)
Sample size =100 Mean = 0115218
Specifications Bevond Spec. Z-Score 800 ._I ]
USL = 500 1000 H00%: 245 i 1653.72
Lon -Term Capabili Short Term Ca’mhllg E‘ﬁﬂﬂ X 7]
ma = ma = =
=082 = 0.79 Z
D I'u'l T165.28 I'u1 8850.70 _E;mq] i 1
g 1 . ]
"zm] 221.92 |
! 1104.63 ]
0L i
1107 12107 21 [I.-"[Ir 3207 32207 41107
date
Capability Histogram Range Chart
500.00
24F T 3 0.05 F° —0.05
20f 7, ; 0.04 :
6F ; 5 ]
%‘1 i A403F ]
512 - -] [ [ ]
T o f ] B0z 3
= 8f Y E : 10.02
¢ Al
0 E: : : : = = 0 E: 4 0.00
0 100 200 300 . 400 500 600 1107 121 0?2100'{ 320? 3220?411 07
resistivity
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Capability Analysis Statlet®

ForHelp, pressFL

[ STATGRAPHICS Sigma Express - [Process Capability Analysis - resistivity] [l =
Frequency histogram - From: |EI To |BDD.D Clazses: |20 j {* Sigma lirits: (3.0 ﬂ J ﬂ Tworzsided
Distributior: | Mormal x| Addend: |0 Power |04 4| | | O Toeance lmits: [95%  w|fer 300 % 4 | |

Capability Plot with Equivalent 3.0 Sigma Limits
Normal Distribution (Mean=0.115218.Std. Dev.=0.0130518.Power:-0.4}
- _300.0
24 - ' ' ' ' Normality P-Values
: 4 Shapiro-Wilk:0.9021
20 — —
- -1 Dist. Fit P-Values
- ] K-5:0.9993
- 16 - -
2 i 106.80 626.73 . Short-term Indices
2 120 1 Cpk=0.79
4 i Y 1 DPM=38850.70
= - i
8- — Long-term Indices
i 4 Ppk=0.82
4l 1 DPM=7165.28
0 __I J; | | 1__ | I__
0 200 400 600 800
resistivity
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Example #4 (Improve) - DOE

Step 1: Define Responses

DOE Step L - Define Responses

Mumber of responses: (& :II
Fezponze Mame [ ikz]
1 wield qQrarms
ztrenigth pi

2
3 Y3
4 4

Cancel

Help
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Step 2 - Define Experimental Factors

'DOE Step 2 - Define Bxperimental Factors &
Mumber of experimental factors: |5 j
Factor Mame [Initg] Type Lo High Levels for categarical factars
&, Itemperature I Il:nntinucnus ;I |'|5|:| I'lEU I-‘*‘-,E,E,D
B Iflu:uw rate I Il:nntinucnus ;I |'||:| |'|2 I-‘*‘-,E,E,D
C Il:l:uncentratil:un I IEnntinuuus ;I |5 IE I-‘*‘-,E,C,D
o] Iagitati-:un rate I IEnntinuuus ;I |'|25 |'|5|:| I-‘*‘-,E,C,D
E Il:atalyst I IEnntinuuus ;I |1.|:| |1E4 I-‘*‘-,E,C,D
Fooxe | [ Continuous ~| [1.0 1.0 [4ECD
G x7 | [ Continuous ~| [1.0 1.0 [4ECD
H | | [ Continuous ~| [1.0 1.0 [4ECD
Back | Cancel | Help |
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Step 3 - Select Design

DOE Step 3 - Select Design

Design type

¥ Screening

™ Optimization

Show more choices

Tatal runs: 16

Error degrees of freedom: O

D'ezign for continuaus and 2-level categarical factors:

142 fraction [resaolution Y with 15 runs)

Ok,

¥ Fandomize order of runs

Additional centerpaints:

I

a

Back Cancel |

Help |

Additional replicates of baze desigr:




/

Step

4 - Paste to Excel Worksheet

Book3 - Microsoft Excel - =

O\ H9-¢- Q& ¢
¥ ]

¥

Hame Insert Page Layout Farmulas Data Review View Acrobat -STATGP.APHICS |@ - B X
A S ER @ |
Define | |Measure|| Analyze || Improve | Control || Tools || Help |

P A | 8 | ¢ | o | e [owma 6 | H N
1 [temperature flowrate concentration agitationrate catalyst vyield strength

| 2 | rams psi

3 130 10 8 125 1.5| .I

4 180 10 3 150 1

| 5 | 130 12 5 150 1

6 150 12 3 125 1.5

| 7| 150 10 3 125 1

| 8 | 150 12 3 150 1

| 9 | 180 10 5 150 L5 3
1o 180 10 5 125 1

| 11 | 180 12 3 125 1

| 12 | 150 10 5 150 1

| 13| 150 12 5 150 1.5

| 14 | 130 12 5 125 1.5

| 15 | 150 10 3 150 1.5

| 16 | 150 12 3 150 1.5

| 17 | 150 12 5 125 1

18 | 150 10 5 125 1.5

19

4 4 » M| Sheetl Sheetz ~Sheetd %

%

Ready |
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Analyze Experiment

ternperature

wield
gtrength

[T Sort column names

(] I Cancel |

Analyze Experiment E

R esponse arable:

>

yield

Conbinuaus Factors:

’ temperature Py
flows rate

concentration

agitation rate

catalyst
Categarical Factors:
™~ :
[Select:]

Delete | Tranzform... Help
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Tables and Graphs

Tables and Graphs ==
TABLES GRAPHS o
v Analysiz Summarny v Pareto Chart
] Cancel
v Means Table v Main Effects Plat
| Standardized Regression Coefficients | Interaction Flot A
| Unstandardized Regression Coefficients | Trace Plat Store
[ Predictions v Surface Plat Help
v Unuzual Residuals | Contour Plat
| Optimization | Diagrostic Plots




Analysis Window

[

E STATGRAPHICS Sigma Express - [Analyze Experiment - yield]

[

AR BN Q@B 2w MR B W

Analyze Experinent - yield

Response variable: vield L
Hareher of nars: 20 1

Analysis of Variance for vield (zrams)

Source Sum of Squares  |Df | Mean Sguare | F-Rafio | P-Fake
Ivlodel 108.412 15 |7.22749 40,20 0.0009
L temperature 46,274 1 46,274 0.00 0.0001
B flow rate 0.330306 1 0.3393048 0.00 0.2052
' :concentration 11.1054 1 11.1054 0.00 0.0010
D:agitation rate 0.345156 1 0.345158 0.00 0.2001 L
Means tahle for yield with 95% confidence intervals -
Estimated | Standard Lower Upper
Facior Level Iean Error Lirnif Limit
Grrand mean 837405 00857031 [B3.5025 |BI97ES
ternperature
1500 220399 0.128555 214220 |823068
165.0 83.7405 00857031 [E35025 |B3I97HS
180.0 254411 0.128555 850842 8577981
flowr rate
10.0 £3.5040 0128555 832379 8309518 -
Unusual Residuals for yvield
Pradicted Studentized
Rew |T |F Residual | Residual
The Statddvisor

The table of unisual residuals lists all observations which have Studentized residuals greater than 2 in ab
raany standard deviations each observed walue of wield deviates from a raodel fitted using all of the data e
Studentized residuals greater thar 2.

Parn Chart for yaid
Aamzargum [T Y
e T
ey = e
e |
| O
B 9]
Crrem——
Sfcwrea | [
o 1
& 1
p==] ]
52 ]
3 |
sc |
=3 ]
a a o n - u
Conmzuuan @ W g en M
Man Zffgcs Mot for pad
= =
ms i
o / / ]
P omf — 3
wf 3
] 3
[r— [p— pr—
- g
ya
_— 0
. 33
== 14
—a x4
|
3 o
— s
o a8
» —/ w4
= B — ]
2 = ma
—

Use the right mouse button to select options




Paste Back to Excel

I.rng- Ho-®-3 @ s experiment.xds - Microsoft Excel - Picture Tools - =

b Home Insert Fage Layout Farmulas Data Review View Acrobat STATGRAPHICS Farmat @ - 2 X
Ao s E R @

Define ||WMeasure| | Analyze || Improve | Control Taols Help |

A B C n] E F G H J 8 L [ I [a} i

1 temperature flowrate concentration agitationrate catalyst vyield strength

2 |degrees C liters/min % rpm % grams psi d ? o

3 150 10 8 125 1 83.54 198

4 150 12 5 150 15 81.1 72 soncamra gL s pH e AT T 1y 1,25

5 130 12 3 125 1 33.1 227 Jeig

B 130 10 5 150 15 8284 305 = L

7 150 12 8 125 L5 8204 196 = i

3 180 12 5 150 1 35,45 300 4 ; =us L

9 165 11 8.5 137.5 1.25 24.12 251 z e

10 150 10 5 150 1 81.9 274 =t 1
11 165 11 6.5 137.5 1.25 33.3 249 3
12 150 10 8 125 1.5 85.45 228 fmperstrs 70 qrs 5o 10

13 150 12 3 150 1 79.98 271

14 180 12 5 125 1.5 36.58 228 S O

15 150 10 5 125 1.5 83.65 198

1a 150 12 5 125 1 79.26 195

17 1a5 11 0.5 137.5 1.25 34.05 2438

13 150 12 8 150 1.5 83.65 301

19 150 10 5 125 1 82.55 230

20 130 10 3 150 1 83.98 304

21 165 11 6.5 137.5 1.25 83.35 249

22 150 10 3 150 1.5 84.92 274
_I?WI Sheetl ~Sheet? ~Sheet3 %3 0!

Ready |
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EWMA

Suggested by Stu Hunter

Example #5 (Control) - Individuals with

ﬁ CWebinarbottles.sged = -E] 22
strength time
1 255
2 232
3 282
4 260
3 255
[ 233
T 240
& 253
2 254
10 259
11 235
12 262
13 212
14 241
15 251

AR
|4 4 b k| bottes

™
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Data Input Dialog Box

Incivicuals Charts

| Strﬂﬂith — Obzervations:

| I\ strength

[DvatesTimesLabels:)

F tirne

[Maominal:]

[LISL:

™

[ Sort column names

ak. Cancel | Delete

Transzfarm...

Help




4 ™
X Chart - Pane Options

Control Chart Options @
| Outer W aming Limits 0K,
2.0 | Add labels
Cancel

| Inner Warning Limits
1.0 | Add labels

Help

| Moving Average
o

v Exponentially ‘#Weighted Moving &verage
Lambda: |02

Decimal Flaces for Lirnits:

|2

v Mark Buns Bules Violations
v Color Zones

| Dizplay Specification Limits
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300

< 260

220

X Chart with EWMA (A = 0.2)

X Chart for strength

280

240

1 285.13

71 254.64

1 224.15

Note: inner zone provides 3-sigma limits for the EWMA.
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Exponential Smoothing Statlet

E STATGRAPHICS Sigma Express - [Exponential Smaoathing - strength] = R ==
* Simple " Linear (" Quadratic © Holt's Z-parameter inear  © “winters' 3-parameter seazonal: |12
Alpha: |0.02 ﬂJ ﬂ Beta: |01 J J Gamma: |0.1 J J
Final smooth: 255.054
RMSE: 10.7092, MAE: 7.97707, MAPE: 3.14404%, ME: 0.788315, MPE: 0.133626%
300 £ T T T T T T T T T T T T T T T_]
280 ° s . ~
= i ) i Ogob |:|l:| o |
"E'n - . o o o nnn -
5260 o S o o wog o0 R i
= i W T
- o E a m o o o o a -
240 o 5o o .
220 1 . . 1 . . 1 . . 1 . . 1 . . 1
0:00 5:00 10:00 15:00 20:00 25:00
time

@ For Help, press FL
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Example #6 - Monte Carlo Simulation

Cycle time = Step 1 + Step 2 + MAX(Step 3, Step 4)

Step 3
Exponential (0.2)

Step 1 Step 2 Cycle
Normal (12.1,1.9) Normal (7.3, 0.5) ” time

Step 4
Uniform (2.0, 6.0)
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Data Input Dialog Box

‘Monte Carlo Simulstion =
Murnber of variables: |B ::ll b are |
Yanable Type Drefirition
1 |5tep 1 x| |Momalry. ~| |NDRMAL121.13] Edit |
2 |Step 2 | |Momalrv. | |NORMAL(7.3.0.5 Edit
3 |5tep3 | |Esporertial r.v. | |EXPONENTIALID2.0.0) Edit
4 |Step 4 x| |Unitorm r.v. ~| |uMIFORMZ0ED) Edi
5 |Langsr of 3.4 | |Function v | [StepiStep3>=Stepd]+Stepd(Stepd> Stepd] Edit
E | Cycle time ~| [Step 1+5tep 2+Longer of 3.4 E dit
7 | =1 =l Edit
o | = | | Z
9 | = | =l Z
10| =1 =] | Edit
| = | R Edit
2 | = | = | i
1 | | = | ca
14 | =] | =] | Ed
1 | = | =l 0




4 | | ™
Analysis Options

PMaonte Carlo Options

Sample size: | 0K I

|1uuuu

Cancel
— Random number generator
Help
* Mew zeed on each run
" Fix seed at:
2131




e

Results
ﬁ “untrtled = El 3
Step 1 Step 2 S5tep 3 Step 4 Longey of 3,4 Cycle time

1 3. T4647 6.92289 9.10541 5.4555 9.10541 I24.TT4B
2 12,2499 T.7197113 0.584659 4.,92922 4.,92922 24.9369
3 15. 3852 6.95049 0.861326 2.38812 2.38812 24,7238
4 13.5535% T.10579 1.62776 2.67132 2.67132 23.3306
5 12.4184 T.97465 2.67824 3.26676 3.26676 23.6598
6 12.5518 T.719287 0.226421 2.76604 2.76604 23.1107
T 14. 0215 T.25M 0.269444 2.57698 2.57698 23.8559
[ 12,3127 6.47419 0.987392 3.66773 3.66773 22.45%416
9 11. 6138 T.67422 1.94213 2.8533 2.8533 22,1413
10 11. 6337 T.78204 18. 55357 3.04468 18. 5351 37.9714
11 13.5279 T.57129 2.099 2.58311 2.58311 23.6823
12 10. 7113 T.47357 6. 857714 3.86512 6.87714 25. 064

13 12. 2368 §.50403 2.9599 5.53983 5.53983 26. 2807
14 §.94834 T.61052 4.73446 3.57031 4.13446 21.3033
15 12,3489 3.336 0.18726 2.7148138 2.71481%8 23.4331
16 12. 8097 6.65332 17.9887 2.91263 17. 9887 37.4511
17 10. 7898 6.36124 3.9373 4.13587 4.13587 21. 2869
18 13. 9608 T.09202 2.62326 3.02066 3.02066 24. 0735

4 4 » M|lagB4C [4]
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Histogram of cycle time

Histogram

frequency
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Cycle time
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