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B Objectives
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Understand how simulation models can be
utilized within the DMAIC approach

Examine a completed model for the
application of Lean Concepts to an “as is”
Orocess

dentify & eliminate waste in a process

Perform analysis of model data
Build Scenarios using Lean Concepts
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Identify Value Add versus Non-
Value Add Process Steps

Identify sources of Variation

Develop the relationship
between Y and critical few X’s
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Cause and Effect Matrix
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Control Plan

Process Capability
Process Sigma Calculator
Mistake Proofing

isual Process Control
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I "As Is” Current State Paint Shop
Paint Shop

Work Unit 2
Primer > Oven_1 —&» Load_Fixture
Work Unit . O1 Buffer Fixture
Rework . % Paint 1 Paint 2
Worker 1 Redo Worker 2
A
Inspection = g&[{?ﬁg % Oven 2
02 Buffer
|
Worker 3 (Exit) 0000 0000 0000 0000
Number Number Work in Cycle Time
Completed Rejected Process (minutes)
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™ Define Tasks

- Problem Statement

o Current average Cycle Time (CT) is ~642 minutes;
customers are complaining that they need the product
sooner; employees are complaining that some are
working “too hard”

= Voice of the Customer / Voice of the Business

o Customer survey says they want CT to be <= 300
minutes

> Business is not sure if that CT can be met; however, they
want orders quickly filled

= "As is” Process Flow
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2 Paint Shop "As Is” Process Flow
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™ Measure Tasks

- Define Measures

- Collect the Data

- Define X's and the “Big Y”"

- Determine if Process is in Control

- Define the Process Capability

ProModel’
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" Throughput (TP) & Work in Process (WIP) Data

Cumulative Throughput - Time Plot - Baseline (Avg. Reps)
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1 Cycle Time (CT) Data

Time Plot - vCycleTime (Avg. Reps)

— feene CT is Increasing

1100.00

1000.00 —

900.00

800.00
700,00 N"V \/

£00.00

| Y
500.00 ! -/-/./-/‘V om

] i

400.00
] L/

Minutes

300.00 - —
] =
4 __._/"-/

200,00 — . : . : : . : . : : : : : : . : : :
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800  40.00

Hours

ProModel’

Better Decisions—Faster

11



2 Cycle Time — The “Big Y”

Histogram - vCycleTime (Grouped. Reps)

M Baseline ™= Mean: 6422 (Baseling) ™ Median : 637.2 (Easeling)

“Redo” CT’s are Double

J S

0 232 464 696 928 1160 1392 1624 1856 2088
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W Entity Data

Entity States - Baseline (Avg. Reps)

O %InMove Logic (> % Waiting @ %In Operation @ % Blocked

Work Unit

1.53%

Entities are Blocked
~68% of the time

Work Unit 2

Entities in Operation
~19% of the time
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" Resource Data

Resource States - Baseline (Avg. Reps)

[ %inUse M %Idie M % Down

62.04 37.96

~

orkers are Utilized
~62, 78 & 37% of the time

ProModel’
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W Activity Data

Single Capacity Activity States - Baseline (Avg. Reps)

‘.%Operdtion [0 %Setup M % Idle [ % Waiting [ % Blocked [ % Down

78.67 21.33
! 7 1 7 1 {7 7 {7 [ [ [ [ |
Oven'1 76.55
[ R N N A N R A S R N R R N
Paint 1 66.78 m 6.14 21.05
N N N N A S N S N R N N
Paint 2 62.90 5.1 12.51 19.48

N I N A S S S R S S S N N S
Inspection 46.52 53.48
! [ [ [ ]
Fixture Clean Prep 32.58 6742

| | | | | |
Load Fixture 16.39 24.68 53.57 5.36
'/ ' | [ | |
Rework 14.14 9.39

N A S A S S
Unload Fixture 12.91 32.63 54.46
' '/ ! | | |
Paint 1 Input Buffer 3347 66.53

| N S S S S S S_— S— [——— [, U U _—_—__— N

Paint 2 Input Buffer 49.08

Blockage at Paint
Buffers & Load Fixture
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W Activity Data

Multiple Capacity Activity States - Baseline (Avg. Reps)

[ % Part Occupied M % Empty [ % Full

Fixture Clean Prep Input Buffer —| 100.00

Primer Input Buffer

Most Buffers Have —
et Etities Throughout Run

Oven 2 Input Buffer - 84.38

Oven 2 63.36

Unload Fixture Input Buffer —|

Rework Input Buffer -2 |

Oven 1 Output Buffer

Oven 2 Output Buffer

Inspection Input Buffer
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" Exporting Data Using Six Sigma Feature

1.

O R T

@ {3 Create
JL

@ Install
Convert
Diagram

Convert | Packaging

ProModel’
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Insert

Object

Select the Six Sigma Analy

Design Data Review View

[E Shape Properties &8 Resource Groups
@ Variables

Explorer \‘> Attributes

Add the Parameter
for the Variable,
Cycle Time

Pick "Observation”
for Stat Collection

Enter an Upper
Spec. Limit of 300

Hit the “Launch
Minitab” button

Model Elements

j" Advanced Elements

Paint Line,

sis Feature

ercise 3 -

Developer Process Simulator
D E Simulation Properties !
m Simulate Scenarios
Simulate

™ Scenario Manager

Simulation

OQutput
Viewer

Six Sigma Analysis

Statistics

] Options
@ Tutorials ~

Editor | @ Help ~
Tools

3 [

Import/ = Calendar
Export ~

Data Help

i Six Sigma Configuration

Disabled ‘ Name

‘ Type

[ﬂ Stat Collection

L ¥ [ i

Y ariable

' 47 Add... |

Ohserval tion

.
op Add Analysis Item

--m Entity Cycle Time
3 Entity Throughput

SH Vorichie

( @ vCycleTime

- [ wOven2_Wait_

- [ vBatchGty_Owl
[ vBatchGty_Cwv2

e
Op_Time

Launch Minitab ] ’ ok H Cancel

17




3 Process Capability Data for Cycle Time

vCycleTime (Baseline) - Capability Analysis

(using 95.0% confidence)

CT is Not Capabl

Process Data

LSL 0
Target *

usL 300
Sample Mean 605.789
Sample N 7500

StDev (Within)  122.496
StDev(Overall) 249.586

m— \Nithin
== == QOverall

Potential (Within) Capability
Z.Bench -2.50
Lower CL -2.55

Z.LSL 4.95
Z.USL -2.50
Cpk -0.83

Lower CL -0.85
Upper CL -0.82

0 275 550

825 1100 1375 1650 1925

Overall Capability

Z.Bench -1.27
lowerCL -1.31

Z.LSL 2.43
Z.USL -1.23
Ppk -0.41

Lower CL -0.42
Upper CL -0.40
Cpm *
Lower CL *

Observed Performance Exp. Within Performance Exp. Overall Performance

PPM < LSL 0.00 PPM < LSL 0.38 PPM < LSL 7608.52

PPM > USL 882133.33 PPM > USL 993725.43 PPM > USL 889746.92

PPM Total 882133.33 PPM Total 993725.81 PPM Total 897355.44
F’roModeI
etter Decisions—Faster

Poll #5
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B Unbalanced Process Flow

A review of the Operation Time per Part (min)
Times reveals that the Paint
Booths have the longest time
per part. Furthermore, the
Booths have only a single part
capacity which causes back-

[

Minutes
O = N WA U OSSN X WO

T~

N

N
N N N

. o« & ] {{9\,‘ 3@? ‘\é\'}' ) d‘-"\& y & 5 &\o“-
ups. The Batching and long €T e S
. . & o
operation times at both Ovens A :
will also create delays. I
Time |Avg Time| Batch | Time per In Out
Step Time Unit (min) [ Size B4 | Part (min) | Capacity| Buffer | Buffer |Resource
Primer T(3,4,5) | min 4 1 4 1 999 0 --
Oven_1 60 min 60 4q 1-B 999 999 --
Load_Fixture N(60, 10) [ sec 1 1 1 1 0 0 Worker 2
Fixture_Clean_Prep | U(2, 1) min 2 1 2 1 999 0 --
Paint_1 N(8,1) | min 8 1 [] 1 0 --
Paint_2 N(8, 1) min 8 1 l : J 1 0 --
Oven_2 40 min 40 (10] a4 4-B 100 100 --
Unload_Fixture N(50, 10) | sec 0.83 1 0.83 1 999 0 Worker 2
Inspection N(3,0.1) [ min 3 1 3 1 999 0 Worker 1
Rework T(2,7,15)| min 7 1 7 1 999 0 Worker 2
ProModel’
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" Current State Summary

- WIP and CT are increasing which indicates one or
more process constraints

- Some Entity blockage occurs at several Activities
- Resource utilization is out of balance

- Process Cycle Time is statistically out-of-control
and therefore, inconsistent

- Process is not capable of achieving customer
specifications of <= 300 CT minutes

« Process flow is unbalanced and not level-loaded

ProModel’

Better Decisions—Faster
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M Analyze Tasks

- Determine the improvement
opportunities to apply Lean concepts

- Identify Value Add versus Non-Value
Add Process Steps

- Develop the relationship between Y
and critical few X's

- Determine Root Causes

ProModel’
Better Decisions—Faster
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M Lean Concepts

-Eliminating Waste
-Bottleneck Identification
°Queue Reduction
-Equipment Setup Reduction
°Building Pull Systems
°Process Flow Improvement

ProModel’
Better Decisions—Faster



M 7 Types of Waste (TIMWOOD)

1. Unnecessary material handling or
Transportation

Excess Inventory (just in case)
Excess or inefficient operator Motion
Waiting for materials or resources

Qverproduction (often causes the
other types of wastes)

6. Qver processing / Unnecessary steps
7. Production of Defects (any type)

A

ProModel’
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B Opportunities to Reduce Waste

Paint Shop

Using Customer Orders  Reduced Operation Different Batch Sizes
to Trigger Production  Time Could Eliminate ~ Could Eliminate Waste ~ Cellular Layout Could
Will Eliminate Waste of \waste of Waiting (4) of Waiting (4) Eliminate Waste of

Over-Production (5)

'i '——D Primer > Oven_1

Work Unit 2 Work Unit

Excess Operator Motion
to/fm Load & Unload (3)

Load_Fixture

Fixture

O1 Buffer

l l Relduced Operation
@ Time Could Eliminate
/Rm w Paint 1 Paint 2 Waste of Waiting (4)

R Bt @
@ @ Transportation (1)
Using Worker Resources . .
Differently Could Eliminate | Inspection [« f gg&?ﬁ 4__ﬁ_ Oven 2 lef%rer;.t Bgtch Sizes
Waste of Waiting (4) Could E imir ate Waste
@ | 02 Buffer Of Waiti g (4)
Improved Quality Could (g, 0000 0000 0000 0000
Eliminate Waste of
Inspection & Defects (7) Number Number Work in Cycle Time
=S|:lVA Completed Rejected Process (minutes)
ep

ProModel’
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W Lean Concepts

- Eliminating Waste
- Bottleneck ldentification
-Queue Reduction
-Equipment Setup Reduction
- Building Pull Systems

- Process Flow Improvement

ProModel’
Better Decisions—Faster



W Other Lean Opportunities

Paint Shop

wQ Q o I

A

Fixture

Work Unit 2
Rework Paint 1 Paint 2 Legend:
o | T
Q ! Redo \Worker 2 ‘ l = Setup Reduction
Q Q '
Worker 1

‘ 02 Buffer

| . Unload o 2
nspection Fixture ven Q = Bottleneck

Q = Queue Reduction

(Exit) 0000 0000 0000 0000
Worker 3 L
Number Number Work in Cycle Time -“' = Pull System
Completed Rejected Process (minutes)

ProModel’
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W Potential Causes of Long Cycle Time

- Waste = Queues
> Over-production o Primer
> Waiting - Oven 1 & 2
o Operator Motion > Load & Unload Fixture
> Transportation o Fixture Clean & Prep
- Defects & Inspection o Inspection & Rework
- Bottlenecks - Setups
o At Load Fixture o Paint 1 & 2
o At Paint 1 & 2 - Traditional Shop Layout
- No Pull Systems o Functional not Cellular
o To Primer = Other

o To Load Fixture

ProModel’

Better Decisions—Faster
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B8 Root Cause Analysis by Step

(5)) Paint1&?2

Primer Fixture Clean

Unload Fixture

Queue7—>

Limited Resources

Setups

Limited Capacity Queue

- . Bottleneck _
Waste - Limited Capacity Was_t_e —q >
Over-production ; Waiting /
Limited Capacity
No Pull System Waste - Use of Resources
Transportation Was_te -
e
i iti aiting e
Op Time Waiting Motion \
» Cycle Time Too High
Waste -
Waiting Waste -
Waiting ;
Use of Resource / - Continuous Part

Waste -
Waiting
Waste -

Operator
Motion

Functional Layout

Operator
Motion

Use of Resources

General - Shop

F’roMocleI

Decisions—Faster

Order Arrivals

Equipment with
Limited Capacities

<4—— Unbalanced Process Flow

Rework Rates

29



B Hypothesis Testing Example

What is the effect of Batching, Capacity, Queuing and
Operation times at Ovens 1 & 2? We are told that the total
time to get a part through those Ovens is about the same
even though Batching, Capacity and Operation times are
different. Is the waiting and operation total time about the
same at both of the ovens?

Batch Size: 15
Op Time: 60 min
Capacity: 1B

Batch Size: 10
Op Time: 40 min
Capacity: 4 B

ProModel’

Better Decisions—Faster
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Hypothesis Testing Setup

1. Create 2 Attributes & 2 Variables

Model Elements

Variables (7)  Attributes (3) | Resource Groups | Macros | Subrauﬁnesl Exts

Mame

aRework

aCyclestart
aRouter

1
2
3
alvenl_Start
alvend_Start
=

Type Initial Value
0 0

Real ]

Inteqer o]

Real 0

Real 0

Model Elements

Variables (7) | Attributes {E}I Resource Groups I Macros I Subroutines | External Arrivalsl

MName Type Initial Value |Stats Graphic
1 |vCompleted g 0 ghted v
| 2 | vRejects Integer 0 Time-Weighted
EN G Integer 0 Time-Weighted
| 4 | vCycleTime Real a Observation-based

Lol iuts Tn*ﬂ 1C Tln-@égiggbgd

vOvenl Wait_Op_Time Real a Observation-based O
vOven2_Wait_Op_Time Real 1] CObservation-based O
1

2. Create logic for both Ovens using Logic Builder

Logic at O1 Buffer

ProModel’

Better Decisions—Faster

Logic in Routing to Oven_1

Uze Worker 3 For 1 min
abwvenl Start = Clock()

A

Primer

Oven_1

vovenl Wait Op Time = Clock() - alwvenl Start

O1 Buffer

Load_Fixture

31



2 Hypothesis Testing Setup

3. Run Model for 5 replications

4. Export the Time Series data for both Variables from the
Output Viewer to Excel

FIE IR

Export
Charts Export —— — Format Optio Scenarios Time Series
— [¥] Baseline > ] Resource Usage -
=" ‘/ = ‘@ E 4 || Variables
) [C] wAvgCycleTime Inspection
cDr;atrat Pict'ure Daa [C] vBatchQty
N [F]vCompleted
Clipboard [ClwCycleTime
= Time Series Data [[1wCycleTime Fixture L
liter [C]wCycleTime Inspection 90
Stenanios Export raw time series data to [T wCycleTime Redo
Excel. I [} vCycleTime Work Unit
Baseline | i i
@ Press F1 for more help. vOvent Wait Op Time
| vOven2 Wait Op Time v
Replication: < All > . ‘Ssarcr".'... R S H
et File
i Options
Excel File:  CAUsers\Dave\Documents\LSS Matis\LSS PCS Basic Coursh | . | @ Name
& Path

5. Name the File & Path then hit Export button

6. Copy the data from Excel into a Minitab worksheet
ProModel’

Better Decisions—Faster
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W Hypothesis Testing in Minitab

7. In Minitab, Stack the data into single columns

] Worksheet 1 == . |
+ c1 c2 c3 c4 c5 C6 c7 cs c9 c10 c11 c12| c1s | c16T c17 ]]
Ovi_R1 | Ovi_R2 | Ovi_R3 | Ov1_R4 | Ov1_R5 Ov2_R1 | Ov2_R2 | Ov2 R3 | Ov2_R4 | Ov2 R5 | | OvN_RN| Time
1 | 130214 | 129374 127677 127.847  129.200 B4.071| 86.190 84.702 94124  90.670 - -
2 | 125208 124.328 | 123441 123.040  124.352 77.463 | 80.860  76.002  62.973  8§3.560 125.208 Ovi_R1) | 125.208
3 | 120600 119.671| 118446 118.785  119.794 70.696 | T76.237 74104 | T75.976 120.600 | 70.696 ovi_R1f | 120.600
4 | 115441 115520 113595 113.906  114.532 67.190 | 69.364 65585 72420 115.441 |  67.190 ov1_R 115.441
5 | 110.606| 110.248 108.992 108.936 110.306 61.266 | 64.068 64585 66.735 110.606 | 61.266 Ov1 110.606
6 | 105.030 105479 104.495 104.091| 105.833 56.073 | 59.9861 56.985 | 60.353 106.030 | 56.073 Ov1 105.030
7 | 100.056 100497 | 99.996  99.562 100.734 51.040 | 54.920 54985 56.194 100.056 |  51.040 Ov1 100.056
8 | 94682 95626 95257 95235 95785 49.040 49573 48.886  49.961 |:| 94.682 | 49.040 Ov1 94.682
4
[

8. Select and run the Hypoth

Minitab - Ov1 & Ow. .

J File Edit Data Calc| Stat Graph Editer Toels Window Help Assistant

Minitab - Owvl & O
J Eile Edit Data Calc| Stat Graph Editor Tools Window

Is Test using the dlata

Ip  Assistant

- : e 2 N . L
|| & s e IETEEEEIE %< Displey Descriptive Statisics.. . _ e Seatic
ER? Basic Statistics 4
“ Regression *| % Store Descriptive Statistics... J = | S | b § R . 5 ﬁ | ® E
1 " Regression
= ANOVA + g% Graphical Summary... JI . g | = |
'_
(ED Session DOE i T - e -
Control Charts » g o pl t_ [ &L Session DOE v| #& One-Way (Unstacked)...
1-Samplet...
. Control Charts * | EEH Two-Way...
» = Az Y
Zoa owiytens | e || :
i ) R
Welcome to Minitab, Refiability/Survival t-t Pairedt..
huineariata Y
ProModel’
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B Minitab: 2 Sample t-Test Results

Two-Sample T-Test and Cl: Ov1_ALL, Ov2_ALL

Two-sample T for Ov1_ALL vs Ov2_ALL

(Mean\ StDev SE Mean

Ovl1_ALL 2250 [95.5 || 22.0 0.46

Ov2_ALL

Difference = mu (Ov1_ALL) - mu (Ov2_ALL)

1870

Estimate for difference: 29.312
95% ClI for difference: (28.095, 30.530)
T-Test of difference = 0 (vs not =): T-Value = 47.19

DF = 4116

66.2 | 17.9 0.41
\ 4

Oven_]

Oven_2

-
g

200

150

g
g 100

T

]
T

50

i)

Histogram of Ov1_ALL

Histogram of Ov2_All

200
150

3 100

&
]
3
50
i) T T

110 120 130 48 60 72 84 96 108 120

ov2_all

Data

Boxplot of Ovli_ALL, Ov2_All

140 1

120

1004

804

60

40

\

| =

OvL_ALL

ov2_All

I?roModeP

Better Decisions—Faster

P_Value = 0.000 Total Time at Ovens
— is NOT the Same

140

120

40

Individual Value Plot of Ov1l_ALL, Ov2_All

OVLALL ov2_All
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2 Minitab: One Way ANOVA Results

One-way ANOVA: Time versus OvN_RN

Individual Value Plot of Time vs OVN_RN

140 4

Source DF SS MS F W A
OvN_RN 9 878810 97646 238.43 \0.000/ 1204
Error 4110 1683215 410
Total 4119 2562024 .
0

- 2024 R-Sq - 34308 R-Sqlac) = 34.16% | 1ITE T O

Individual 95% Cls For Mean Based on

Pooled StDev 40
LeveI StDev _____ S S 4 - OV RL OviR2 OviR3 Ovi R4 0v1'(_)|\1’5N (a/;'_m OV2.R2 OV2R3 Ov2 R4 OV2RS
Ov1_R1 22.01 (*-) _
Ov1_R2 21.88 (*-)
OvI_R3 22.14 (=*-) Boxplot of Time
Ov1_R4 21.94 (%) 140
Ov1_R5 22.04 (-%)
Ov2_R1 18.57 (-*- 1204
Ov2_R2 17.42 (-*-
Ov2_R3 17.91 (-*-) L
Ov2_R4 17.61 (-*- £
Ov2_R5 17.88 (-*- %

————— T B 60
70 80 90 100
Pooled StDev = 20.74 40
OvN_RN
Poll #6
ProModel’
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W Critical Few X's & the Big Y

- The "Big Y" Is Cycle Time per part
- Some Critical X's (things that could be
changed to possibly reduce CT):
o Operation & Waiting Times
- Batch Sizes
- Capacities of Equipment
- Use of Resources
o Arrival of Parts
- Rework Rates

> Shop Layout
ProModel’

Better Decisions—Faster
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Define customers and
requirements

Define Sponsor

Define Process Owner and other
Stakeholders

Develop the Problem Statement,
Goals, Benefits

Define Team,

Develop Project Plan

Develop High Level Process Map

Project Charter
ROl/Payback Analysis
Voice of the Customer
Voice of the Business
Stakeholder Analysis
Communication Plan
RACI

PO

* Simulation

Kano Analysis

ProModel’

Decisions—Faster

Better

Define Measures

Validate the Measurement
System

Define the Data Collection Plan
Collect the Data

Define X’s and the “Big Y”

Determine if Process is in
Control

Define the Process Capability

* Simulation

Measurement System Analysis

Data Collection Plan

Check Sheets
Benchmarking

Value of Speed (Little’s Law)
Statistical Sampling

Pareto Charts

Control Charts

Process Capability
Histograms

2 DMAIC Approach

VT a
V£ C

Determine Root Causes

Identify Value Add versus Non-
Value Add Process Steps

Identify sources of Variation

Develop the relationship
between Y and critical few X’s

Determine the improvement
opportunities to apply Lean

Run Chart/Time Series
Ishikawa Diagram/5 Whys
Cause and Effect Matrix
Regression Analysis

Non-Parametric Analysis
* Simulation

ANOVA

Components of Variation
Hypothesis Testing

NVA Analysis

Queuing Theory

FMEA

Define Potential Solutions
Assess Potential Solutions
Develop Proposed Solution
Pilot the Solution

Define “to be” Process Map

Validate the Potential
Improvement

orming/Affinity Diagram
FMEA
Design of Experiments
Piloting

Pugh Matrix

Process Balancing
Analytical Batch Sizing
Process Flow Improvement
Kanban

Stocking Strategy

Force Field Analysis

Define Control Plan
Develop Training Materials,

Processes, Procedures

Implement Statistical Process
Controls

Implement Visual Controls and
Poka-Yoke

Determine Process Capability

Verify Benefits, Cost Savings,
Finalize Documentation

Transition to Process Owner,
Close Project, and Celebrate

Control Plan

Process Capability
Process Sigma Calculator
Mistake Proofing

isual Process Control
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M Improve Tasks

« Define Potentia
- Assess Potentia

So
So

uti
uti
- Develop Proposed So
- Pilot the Solution

ons
ons
ution

- Validate the Potential Improvement
- Define "to be" Process Map

ProModel’
Better Decisions—Faster
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- Reduce Primer & Paint Booth
Times

- Increase Capacities of Primer
& Paint Booths

- Increase or optimize Oven
Batch sizes

- Use extra, unused Oven 2
Capacity to help Oven 1

- Increase Resources (X)

- Make quality changes to
reduce rework %

- Reduce Inspections (X)

" Potential Solution Ideas

- Dedicate each Paint

Booth to only 1 part
color to reduce Setups

- Change Shop Layout to

minimize or eliminate
transporting parts

- Change Resource use for

operation and / or
transportation tasks

= Only “Pull” parts into the

shop as new orders
arrive

(X) = Management says “No!”
ProModel’

Better Decisions—Faster
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W Current State Paint Shop — Solution Areas
Paint Shop

afl
[ )
( ) A Load_Fixture
&\\3\'/,\/ O1 Buffer = Fixture

Unload

Inspection =

Fixture
‘ 02 Buffer
Worker 3 (Exit) 0000 0000 0000 0000
Number Number Work in Cycle Time
Completed Rejected Process (minutes)
ProModel’
Better Decisions—Faster I
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List of Scenarios

Reduce Primer time by 50%
Reduce Paint time by 50%
Increase Primer Capacity by 1

Increase Paint Booths' Capacity by 1

each

Increase Oven 1 Batch Size to 20
Reduce Oven 1 Batch Size to 10 (like

Oven 2)

Increase Oven 2 Batch Size to 15

Change Oven 1 & 2 Capacities so
Oven 2 helps Oven 1; (Oven 1 Cap.

= 2 Batches, Oven 2 Cap. = 3
Batches)

ProModel’

Better Decisions—Faster

11.

15.

Reduce Rework rate to 5%

Dedicate Paint Booths to 1
color each to eliminate
setups

Pool Workers 2 & 3 for part
moves

Pool All Workers for part
moves

Use No Workers for part
moves (in cellular shop)

Pool All Workers for All Tasks
& Moves

Pool All Workers for All Tasks
& No Moves (in cellular
shop)

41



Bl Scenario Manager

Scenario Manager

Parameters Baseline 1 Reduce Primer Time 2 Reduce Paint Time 3 Incr Primer Cap 4 Incr Paint Cap 5 Ov1 Batch Size 20 6 Ov1 Batch Size 10
Simulate Scenario? O O O O O O O
Last Run Date
1 |Primer - Time T(3, 4, 5) min T(1.5, 2, 2.5) min T(3, 4, 5) min T(3, 4, 5) min T(3, 4, 5) min T(3, 4, 5) min T(3, 4, 5) min
2 |Paint 1 - Time N(8, 1) min N(8, 1) min N(4, 1) min N(8, 1) min N(8, 1) min N(8, 1) min N(8, 1) min
3 |Paint 2 - Time N(8, 1) min N8, 1) min N(4, 1) min N(8, 1) min N(8, 1} min N(8, 1) min N(8, 1) min
4 | Primer - Capacity 1 1 1 2 1 1 1
5 |vBatchQty_Ov1 - Initial Value 15 15 15 15 15 20 10
6 |vBatchQty_Ow2 - Initial Value 10 10 10 10 10 10 10
7 |Oven_1 - Capadity 1 1 1 1 1 1 1
8 |Oven 2 - Capadty 4 4 4 4 4 4 4
9 |vRework_Percent - Initial Value 10 10 10 10 10 10 10
10 |vPaint_Booths_1_color - Initial Value 0 0 0 0 0 0 0
11 |vUse_Resources - Initial Value 1 1 1 1 1 1 1
12 |mPB_Setup_Time - Value 2 2 2 2 2 2 2
13 |vPB1_Capacity - Initial Value 1 1 1 1 2 1 1
14 | vPB2_Capacity - Initial Value 1 1 1 1 2 1 1
15 |[mMove_Time - Value 1 1 1 1 1 1 1
16 | vPool_Tasks - Initial Value 0 i) i) 0 i) ] i)
17 |Paint 1 - Capacity 1 1 1 1 2 1 1
18 |Paint 2 - Capacity 1 1 1 1 2 1 1
* ar Add Parameter(s)

ProModel’

Better Decisions—Faster
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B8 Scenario Results for Work Unit Exits

Note Average Time in System

Entity Summary (Avg. Reps)
Scenario T T B B | i T T U ey e Ty
15 Pool ALL Workers Tasks w No Moves  Avg Work Unit 20492 69.00 36576 :I- 0.00 5160 116.82 197.35
13 No Worker Moves Aug Work Unit 20180 74.16 38566 |- 0.00 5265 116.84 21617
14 Pool ALL Workers Moves & Tasks  Avg Work Unit 17440 105.36 51663 |- 598 6192 116.83 331.90
9 Reduce Rework Aug Work Unit 18528 105.26 53234 | 872 63.19 116.82 24361
12 Pool ALL Workers Moves Aug Work Unit  172.56 107.00 53881 - 575 6322 116.85 352,09
11 Pool Workers 2 & 3 Moves Avg Work Unit  167.84 110.16 54468 _ 736 6302 11681 356,58
4 Incr Paint Cap Avg Work Unit 16504 11648 56861 | 952 6353 11678 37877
2 Reduce Paint Time Avg Work Unit 162,00 11844 57556 | 949 64.49 112,83 388.75
3 Incr Primer Cap Avg Work Unit  157.40 124,68 579.16 942 56.14 116.85 29677
1 Reduce Primer Time Aug Work Unit 15696 12532 58409 _ 945 5646 114.83 40425
10 Paint Bs 1 color Aug Work Unit 15676 12476 60142 ;l'- 932 64.95 116.82 41033
§ Chg OvL, 2 Caps Aug Work Unit 15652 126.16 609.25 932 6597 116.82 41713
Baseline Aug Work Unit 15652 126.16 932 6597 116.82 41713
& Ov1 Batch Size 10 Avg Work Unit 152,00 13248 619.96 914 53.18 116.84 44081
7 Ov2 Batch Size 15 Avg Work Unit 152.80 129.08 62228 9568 81.15 116.84 41561
5 Ov1 Batch Size 20 Avg Work Unit 153,68 127,56 626.18 932 7853 116,83 42150
ProModel’
Better Decisions—Faster I
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2 Scenarios Combining Factors

» You could build 5 additional Scenarios with the
following Factor Combinations:

> S16 - Combination 1 = Scenarios: 15,9, 3, 1,4 & 2
o S17 - Combination 2 = Scenarios: 14,9, 3, 1,4 & 2
> S18 - Combination 3 = Scenarios: 13,9,3, 1,4 &2
> S19 - Combination 4 = Scenarios: 12,9,3, 1,4 & 2
o S20 - Combination 5 = Scenarios: 11,9,3, 1,4 & 2

Poll #7

ProModel’

Better Decisions—Faster



. Combination Scenario Results for Work Unit Exits

Note Average Time in System

Entity Summary (Avg. Reps)

ProModel’

Better Decisions—Faster I EEE————————————————————————————————

Scenario [t Miame To_tal Current Quantity | Ave ragé Tim; Average T?me Ir‘u A\;e_r_age Til’?‘IE A\.'erag; Time_ In | Average Tir'_ne
Bats | In System In System (Min) | Move Logic (Min) | Waiting (Min)} | Operation (Min) | Blocked (Min)

16 Combl- 15931432 Avg Work Unit  246.16 40.24 23599 0.00 39.96 110.83 85.20
18 Comb3- 1393142 Avg Work Unit 246,32 4032 236,66 } 0.00 42.20 110.85 83.60
17 Comb2- 14931472 Avg Work Unit  237.24 4948 6.50 46.62 110.84 12298
15 Pool ALL Workers Tasks w No Moves  Avg Work Unit 204,92 69.00 0.00 51.60 116.82 197.35
20 Comb53-11931472 Avg Work Unit  218.00 70.72 7.66 49.78 110.84 197.49
19 Comb4- 12931432 Avg Work Unit 21876 70.88 6.01 49.76 110.82 202,87
13 Ne Worker Moves Avg Work Unit 20180 7416 0.00 52.65 116.84 216.17
14 Pool ALL Workers Moves 8 Tasks Avg Work Unit  174.40 10536 5.08 61.92 116.83 331.90
9 Reduce Rework Avg Work Unit  185.28 10536 8.72 63.19 116.82 34361
12 Pool ALL Workers Moves Avg Work Unit  173.56 107.00 5.75 63.22 116.85 352.99
11 Pool Workers 2 & 3 Moves Avg Work Unit  167.84 11016 736 63.93 116.81 356.58
4 Incr Paint Cap Avg Work Unit  165.04 11648 9.52 63.53 116.78 37877
2 Reduce Paint Time Avg Work Unit = 152.00 11844 949 54.49 112,83 38B.75
3 Incr Primer Cap Avg Work Unit  157.40 12468 942 56.14 116.85 396.77
1 Reduce Primer Time Avg Work Unit  156.96 12532 8945 56.46 114.83 404.25
10 Paint Bs 1 color Avg Work Unit 15676 12476 932 64.95 116.82 41033
8 Chg Owvl, 2 Caps Avg Work Unit  156.52 126.16 8.32 65.97 116.82 417.13
Baseline Avg Work Unit 156,52 126.16 932 65.97 116.82 417.13
6 Ovl Batch Size 10 Avg Work Unit  152.00 13348 619.96 .14 53.18 116.84 440,81
7 Ov2 Batch Size 15 Avg Work Unit 152,80 129.08 623.28 .68 81.15 116.84 41561
5 Ovl Batch Size 20 Avg Work Unit  153.68 127.56 626.18 8.32 7853 116.83 421.50
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| Recap of Best Scenario # 16

- Combination 1 = Scenarios: 15,9,3, 1,4 & 2
> 15: Pool All Workers Tasks with No Moves
> 9: Reduce Rework from 10% to 5%
o 3: Increase Primer Capacity from 1 to 2
> 1. Reduce Primer Time by 50%

o 4. Increase Paint Booth Capacity from 1 to 2
- 2. Reduce Paint Time by 50%

ProModel’

Better Decisions—Faster
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" Throughput (TP) & Work in Process (WIP) Data

Cumulative Throughput - Time Plot - Baseline (Avg. Reps)

— vCompleted (16 Combl-159314,2) — vRejects (16 Combl- 1593142) —— vWIP (16 Combl- 159
< | n

520.00

480,00

440,00

400,00

36000

320,00

28000

Count

240,00

200,00
160.00 " il

120,00

80.00 — =]
40,00

.--"""C::
000 #—#’—“é—

000 200 400 600 B00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000

o
,.r'r_
-
—

Hours
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2 Cycle Time (CT) Data

Time Plot - vCycleTime (Avg. Reps)

— 16 Comb1- 1593142 — Baseline )
Baseline
1mu.mf \ 'J\M
] A~
900.00
anu.mf
700.00
g ]
S 600007 CT is better although still
st ] increasing slightly
400.005
30000 f“// A~ AT N V
20000 "JJ‘_W v_vf\'\_f\-ﬂ/\- WW'\«\/WﬁV
000 200 400 600 §00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3200 4000
Hours
ProModel’
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W Cycle Time — The "Big Y”

Histogram - vCycleTime (Grouped. Reps)

M 16 Combl- 1593142 M Baseline ™ Mean: 248,82 (16 Comb1- 1593142 = Median:237.89 (16 Combl-1583142) ™= Mean:642.2 (Baseline) ™= Median|
‘| m | b

Overall CT Averages ~249 Minutes

1 ! —_—
0 204 408 612 816 1020 1224 1428 1632 1836 2040 2244

Minutes

ProModel’
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Y Entity Data

Entity States (Avg. Reps)

0 % In Move Logic O % Waiting . % In Operation . % Blocked

Work Unit (16 Combl- 15,9,3,1.4.2)

Entities are Blocked ~36% of
the time vs. 68% in Baseline

Work Unit (Baseline)

47.09% \
s

Entities are in Operation ~47%
of the time vs. 19% in Baseline

ProModel’

Better Decisions—Faster

50



" Resource Data

Resource States (Avg. Reps)

M % InUse [ % Idle % Down

Worker 1 (16 Comb1- 1583,1.4.2)

Worker 1 (Baseline)

Worker 2 (16 Comb1- 15,9,3,1.4.2)

Worker 2 (Baseline) 79.90

o N
Worer 3 (16 Comb1- 1583142 13.95 Workers are Utilized ~70,

1 39 & 14% of the time

Worker 3 (Baseline) 37.94

Percent

ProModel’

Better Decisions—Faster
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3 Activity Data

Single Capacity Activity States - 16 Comb1- 15,9,2.1.4.2 (Avg. Reps)

M 3% Operation [ % Setup Bl % idle [ 26 Waiting [ % Blocked [l % Down Scenarlo ] 6
Oven 1 - 2] -
Inspection 68.99 0.9
Fixture Clean Prep S 5244 1
I I I
Load Fixture 8 0.79 25.39 ]
Unload Fixture =W 9.9 &<t |
Rework 88.6
Paint 1 Input Buffer Q. o
Paint 2 Input Buffer 00.00
--3.0----3|5----4|0----4|5----5.0----5.5----6:3----6.5----7.0----7.5 alo lls‘sl 9‘0 l.lglsllllulm
- - Percent
Decreased Blockage & Waiting Sinate Capacity Actiiy Sates " Basetine (v Repe .
. . |!%Operaﬁon [0 % Setup Bl % idle [ % Waiting Bl % Blocked [l % Down Basellne
at Paint Buffers & Load Fixture _ i
Oven 1 5
Paint 1 66.78 6.03 6.14 21.05
I I |
Paint 2 62.90 511 19.48
Inspection 6 8
Fixture Clean Prep 3 67.42
I [ 1 1 1 1 I I I |
Load Fixture 6.39 4.68 53.57 >
Rework 6.4 9.39
Unload Fixture 9 6 54.46
Paint 1 Input Buffer 4 66
Paint 2 Input Buffer 49.08 0.9
o s 0 as 20 as Tze as a0 as so ss s0 65 70 75 o s 9 s 100
ProModel o
Better Decisions—Faster 1
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B Proposed Paint Shop Pull System

Paint Shop

Work Unit 2| (Exit) (Exit)
Primer —» Oven_1 Load_Fixture
.I Work Unit 01 Buffer ©1 Storage | Fixture
Parts are [ WU Rw | [wu2Rw |

Stored after ,% LH e e 2.

Key Process @ - Replenishment
Steps Redo Worker 2

Signals “Order”
More Parts When

B—— I
@ Inspection  « g&lt?ﬁg ﬁ Oven 2 Quantltles ReaCh

02 Storage ‘ 02 Buffer

Paint Storage

A

Trigger Level

Customer
Worker 3
Orders méﬁer

B e g | n H ere 0000 0000 0000 0000
and Pa rts CNumlb?rd Number Work in Cycle Time
Pu | Ie d f6 Shrage omplete Rejected Process (minutes)
are
: v
as Needed . p—

Work Order Pull Order Time (minutes)

ProModel’
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| Pull - Baseline with Orders Every 30 Minutes

Cumulative Throughput - Time Plot - Baseline (Avg. Reps)

— vCompleted —— vRegjects —— vWIP

39000 : . - | S

] Higher TP Than Original Baseline ,>‘
36000
33000 =
30000 Sl
270.00 _
240,00

eI S - e

el e P2 = T
15000 ] e
120.00- = WIP Stabilizes
90.00 el
60.00 Sl
30,00 -

o=

000 200 400 600 B00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 40.00

Hours

ProModel’
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W The Power of Pull Systems

- WIP goes up; however, it stabilizes!

- Cycle Time is higher; however, it also begins to
stabilize!

- If Customer Work Orders arrive every 30 minutes
then the amount of time to fill a Work Order drops
to only 2 minutes (which is the actual pick time)!!

- Voice of the Customer / Voice of the Business
o Customer survey says they want CT to be <= 300 minutes

o Business is not sure if that CT can be met; however, they
want orders quickly filled

Poll #8
ProModel’

Better Decisions—Faster _____________________________________________________________________________________________________________________________§
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B Future State Paint Shop Layout

P e - C— - - — - — - - — — - —— - — — — — - -

Insprea Table

5 Reea @ Bench Bench
o

[a}

Worker 1 Worker 2 Worker 3

Outgoing

salddns

Fixture Clean

Roller Table I@ Table Ov@ Table Load & P‘C q

Proposed Paint Shop Layout - 1

Incoming

If Paint Booths are Monuments and/ or

. Extra Workspace is needed for other
° operations
' Excess Property
Table Oven 2 — Bank of 3 Qvens Table :

to be Removed

F’roModeI
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Define customers and
requirements

Define Sponsor

Define Process Owner and other
Stakeholders

Develop the Problem Statement,
Goals, Benefits

Define Team,

Develop Project Plan

Develop High Level Process Map

Project Charter
ROl/Payback Analysis
Voice of the Customer
Voice of the Business
Stakeholder Analysis
Communication Plan
RACI

PO

* Simulation

Kano Analysis

ProModel’

Decisions—Faster
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Define Measures

Validate the Measurement
System

Define the Data Collection Plan
Collect the Data

Define X’s and the “Big Y”

Determine if Process is in
Control

Define the Process Capability

* Simulation

Measurement System Analysis

Data Collection Plan

Check Sheets
Benchmarking

Value of Speed (Little’s Law)
Statistical Sampling

Pareto Charts

Control Charts

Process Capability
Histograms

M DMAIC Approach

VT a
V£ C

Determine Root Causes

Identify Value Add versus Non-
Value Add Process Steps

Identify sources of Variation

Develop the relationship
between Y and critical few X’s

Determine the improvement
opportunities to apply Lean

Run Chart/Time Series
Ishikawa Diagram/5 Whys
Cause and Effect Matrix
Regression Analysis

Non-Parametric Analysis
* Simulation

ANOVA

Components of Variation
Hypothesis Testing

NVA Analysis

Queuing Theory

FMEA

Define Potential Solutions
Assess Potential Solutions
Develop Proposed Solution
Pilot the Solution

Define “to be” Process Map

Validate the Potential
Improvement

orming/Affinity Diagram
FMEA
Design of Experiments
Piloting

Pugh Matrix

Process Balancing
Analytical Batch Sizing
Process Flow Improvement
Kanban

Stocking Strategy

Force Field Analysis

Define Control Plan

Develop Training Materials,
Processes, Procedures

Implement Statistical Process
Controls

Implement Visual Controls and
Poka-Yoke

Determine Process Capability

Verify Benefits, Cost Savings,
Finalize Documentation

Transition to Process Owner,
Close Project, and Celebrate

Control Plan

Process Capability
Process Sigma Calculator
Mistake Proofing

isual Process Control
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™ Control Tasks

- Implement Statistical Process Controls
- Determine Process Capability

- Verify Benefits, Cost Savings, Finalize
Documentation

ProModel’
Better Decisions—Faster



B Process Capability Data Scenario 16 — No Pull

vCycleTime (16 Combl-15,9,3,1,4,2) - Capabili
(using 95.0% confidence) CT is More Capable But
Needs Improvement

LSL USL

Process Data ' ' = \\ithin

LSL 0 | | == == Overall

Target * | | _ —

UsL 300 | | Potential (Within) Capal
Sample Mean 247.121 Z.Bench  0.89
Sample N 12575 | | Lower CL 0.86
StDev (Within)  59.7357 | | Z.ISL 4.14
StDev(Overall) 70.2831 | Z.USL 0.89
Cpk 0.30
| Lower CL 0.29
| Upper CL  0.30
| Ov erall Capability
= | Z.Bench 0.75
Baseline had | Lower CL 0.73
Z.LSL 3.52
PPM > USL ~882K | | ZisL 352
Ppk 0.25
T .

LowerCL 0.24
0 150 300 450 600 750 900 1050 Upper CL  0.26
Observed Performance Exp. Within Performance Exp. Overall Performance Cpm *
PPM < LSL 0.00 || PPM < LSL 17.60 PPM < LSL 218.98 Lower CL *

PPM > USL 107355.86 PPM > USL 188022.22 PPM > USL 225915.73
PPM Total 107355.86 PPM Total  188039.82 PPM Total 226134.71

ProModel’
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M Summary

- Simulation models can be a vital part of
any LSS or other Process Improvement
effort.

- DMAIC is a good approach for utilizing
simulation models to help Define,
Measure, Analyze, Improve, and Control
any process.

- Process Simulator is a flexible, robust

predictive analytics tool useful for process

Improvement!
ProModel
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W Thanksand Q & A

Thanks for Attending!
Any ??

Instructor Info: Instructor Info:

Dave Tucker, LSSMBB Bruce Gladwin, PMP, 60BB
ProModel Senior Consultant VP, Commercial Products
Office: 321.567.5642 Office: 801.223.4639
dtucker@promodel.com bgladwin@promodel.com

ProModel’
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