e Simulate: Clicking this button launches VB ActiveX to load a populated
ProModel® production model designed by trainee and starts simulation
automatically.

e Report: The button uses VB ActiveX to derive the simulation results from
simulation RDB output file, then to format and to display main operation results
from the computer simulation. A default output file is installed along with the
program to prevent crashing while trying to open an empty output file before any
simulation has been performed on the computer.

e Exit: It closes the entire application. A confirmation window will appear to ask

for confirmation to avoid unintended exit.

Figure 3 A Sample ProModel Model Layout
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The trainee can run the simulation at the desired animation speed by adjusting the
speed bar in the ProModel® application. The simulations are programmed to run for 8
hours after a 1-hour warm-up period. Since the simulation software compresses the
process time, it can take as little as 30 seconds to finish a simulated 9-hr time span. The
application closes itself at the end of the simulation. A message window appears and
asks trainees whether want to view the results report or return to the setup window.

Clicking the Report button brings up the results window with these key results from
previous simulation run:

e the quantity completed for each product

e  WIP (Work-In-Process)

e average cycle time

e on-time rate

e overall profit

These numbers are derived from variable in the ProModel® RDB file or calculated in
the VB code. In the report window, the trainee has the option to print the results or close

the report window.
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SCORE BOARD SCORE BOARD
Metal done 4 Metal done 108
Plastic done 12 Plastic done 303
WP 410 WP 9
Avg. CT. {min) 383 Avg. CT. (min) 10
On-time 0 On-time 411
Profit ($594.00) Profit $2.595.00

=

Figure 4 Samples of Report Window

Through the iteration of the computer simulation with different setups, the trainees
will learn results from various lean manufacturing implementations. The “profit” value
relates to different Kaizan measurements such as, TPM and Poke-Yoke, and will be
calculated and displayed in the report window. These quickly derived profit values
relating to different manufacturing scenarios provide trainees valuable insight into the
sequencing or combining of different lean manufacturing implementations.

The investigation found that, in comparison to the live simulation, the computer
simulation had these advantages:

1. Trainers need not spend more time on set-up and breakdown the physical

hardware as in live simulation.
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The time constraint is alleviated by the compressed time frame of computer
simulation. This gives trainees time to run simulation iterations with small
incremental changes. Trainees have the opportunity to fine-tune the operations
parameters to optimize the results. Also, trainees are able to experiment and
realize the importance of sequencing the implementation.

The computer simulation includes these important lean manufacturing
components: TPM, Poke-Yoke, and TQM. Also, these action items are assigned
price tags to make trainees conscious of the cost-benefit justification of these lean
measures.

The model’s individual work station process characteristics are consistent
throughout the simulation as the model used standardized process distributions.
This avoids the decreasing of the process time of individual work station
throughout the live simulation as the trainees usually pick up speed on the manual
assembly in later sessions of operations due to the learning curve.

The models have built-in warm-up periods to ensure the fairness of comparison.
The computer model warms up the system by running the simulation for 1 hour
without collecting the statistics for all the runs. Then it starts to collect simulation
statistics data for the next 8 hours.

Since the trainee has control over the entire production system, he/she has a bird’s
eye view of the process and system as opposed to the limited impact and visibility
of live simulations.

Since the computer simulation requires adequate computer terminals to be

available, and software can be transferred via the Internet or CDs, only one
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instructor is now required for both lecturing and preparation for the simulation
sessions. Reasonable setup time is about 2 minutes for each new terminal to
download the self-installing programs. And there is no needed to spend time for
the terminals that have installed with the application. Since PC computer
terminals are popular now, the availability in any sizable institution is common.
Material requirements and setup/disassembly time could be reduced. This also
removes the limitation on the class size — live simulation limits the number of

trainees to be 15 to 25 in order to perform the manual assembly simulation.

Specific functions and features of this constructed computer simulation will be
compared with live simulation compare in chapter four to answer the first three research

question.

Survey Method and Form

To answer the fourth research question, whether a comparable educational objective
was achieved by the computer simulation in comparison to live simulation, a survey
study was constructed and administrated to a group of participants attending a Lean 101°
class taught by a UMEP instructor. For the simulation session, some attending the live
simulation as the control group; the rest went to a computer lab to do computer
simulations as the treatment group. Each computer simulation attendee was assigned to
one computer terminal which had the software loaded prior to the session. The author of
this thesis provided instruction to the trainees on how to use the software, and resolved
any questions or issues raised by trainees.

After the experimental training course was over, survey forms (Appendix [V) were

used to collect responses submitted by all the trainees from both live and computer
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simulations. The survey consisted of the thirteen multiple choice questions and two
comment style questions. The first multiple choice question identified which simulation
the trainee attended — live or computer. Multiple choice questions 2 to 4 attempted to
identify the trainee’s demographics such as education level, related work experience, and
prior exposure to lean manufacturing. These questions intended to establish whether
there was a significant difference among the treatment group and the control group.

The rest of the survey questions were developed based on the UMEP Lean 101° class
standard feedback form. Question 5 asked the trainees their opinions on the lectures and
the lecturer. Since the subjects of this question were the same, this question was used to
test the opinion base of the survey participants.

Questions 6 to 13 covered different aspects of the live or the computer simulation the
trainees attended. These rating questions intended to gauge the overall effectiveness of
the simulation base on trainees’ subjective responses to the provided statements. These
statements were designed to signify these qualities of the simulation:

e  Whether the simulation is helpful to understand the principles and the benefits
of lean manufacturing? Questions 6, 7, 12, 13.

e Whether the simulation is interesting and engaging? Question 8.

e Whether the procedure for doing the simulation is clear? Questions 9, 10, 11,
12.

Trainees rated these statements with reactions based on their subjective impressions
from six gradient choices: 1 - strongly disagree, 2 - disagree, 3 - somewhat disagree, 4 —
somewhat agree, 5 — agree, 6 — strongly agree. Where 1 through 3 were negative —

unfavorable responses to the statement, 4 through 6 were favorable. Since all the
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statements in the survey about the program were positive, 4 indicated a favorable opinion
about the program, 5 indicated a more favorable opinion, 6 indicated a most favorable
opinion. Average score on the rating of statements is calculated to reflect the overall
effectiveness.

At the end of survey form, attendees were prompted to express any additional opinion
about their experience by elaborating on “particular likes” and “particular dislikes”. The

responses for these two open-ended questions offered additional insights to compare the

simulations.

32

www.manharaa.com




Chapter Four

Results and Analysis

Introduction

This chapter presents the findings in response to each of the research questions listed
in Chapter One. The first three research questions are grouped together to answer as they
can be mostly obtained through quantitative observation or feature comparison. The
results of the fourth research question related to the effectiveness of the computer

simulation are presented using survey data and statistical analysis.

Answers to First Three Quantifiable Research Questions

Based on personal observation and discussions with the lean trainer, the following
time-savings were realized and simulation enhancements made using computer
simulation:

1. 80 minutes of teacher setup time was eliminated (§0min — none). And only
one instructor was required for the entire training program compared to two
for live simulation.

2. Trainees saved 50 minutes in their simulation games (80 minutes — average
30 minutes).

3. Additional lean techniques (TPM, Poke-Yoke, and TQM) were included.

Additionally, the computer simulation resulted in other improvements over live

simulation as follows:
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1. All scenarios in simulation models were warmed up to provide a fair
comparison of the output results between the runs.

2. Trainees had wider scope of observation in the computer simulation.

3. The computer simulation had the potential to be distributed as a review tool
on lean concepts.

4. The simulation models offered the possibility to be modified by the instructor
on-site to reflect the shop environment the trainees were familiar with in order
to minimize possible resistance from trainees.

Also, survey feedback constructed for the fourth question reaffirmed the computer
simulation’s time compression value: 7 out of 8 computer simulation attendees used

29 ¢¢

words such “fast,” “speed,” “quick” to describe their experience while one live
simulation attendee characterized live simulation as “very long”. Another live simulation
attendee mentioned the “limited visibility” of the live simulation in the questionnaire.

“Lacking of personal interaction” and “lacking of team building experience” were also

mentioned as pitfalls of the computer-simulations-only approach.

Answer to Fourth Qualitative Research Question

Twenty-three Brigham Young University manufacturing engineering and technology
undergraduate students participated in this survey study which evaluated the effectiveness
of the computer simulation in comparison to the traditional live simulation. Of the
twenty-three participants, fifteen volunteered to attend the live simulations as control
group (to fill the minimum required of slots in the live simulation), and eight volunteered
to attend the computer simulations as treatment group. The treatment group spent an

average of 30 minutes with the computer model while the control group spent 80 minutes
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in total, both as predicted. After the entire training session was over, all participants
filled out and returned survey forms. All the score results were transferred from the
survey forms to an Excel spreadsheet. The tallies and their averages are summarized in

the tables below:

Table 1 Survey Results and Grouped Averages for Control Group

id gl g2 g3 g4 g5 g6 q7 g8 q9 Q10 | q11 | 912 | g13 | mean
1| control 3 2 2 3 6 5 5 5 5 5 5 5 5.13
2| control 4 2 2 3 5 5 5 5 5 5 5 4 4.88
3| control 3 2 2 4 6 5 6 5 6 5 5 5 5.38
4 | control 3 2 2 3 6 6 6 5 6 6 6 5 5.75
5| control 3 1 3 3 6 6 6 6 6 5 6 5 5.75
6 | control 3 1 2 4 5 5 5 5 5 5 5 5 5
7 | control 3 1 2 4 5 5 5 6 6 5 6 5 5.38
8 | control 3 1 3 3 6 6 6 6 6 6 6 6 6
9| control 3 1 2 5 6 6 6 6 6 6 6 6 6

10 | control 3 2 2 5 6 6 6 5 5 5 5 5 5.38

11 | control 3 1 3 5 5 5 4 4 4 5 5 6 4.75

12 | control 3 1 3 4 5 6 6 5 6 5 6 6 5.63

13 | control 3 1 3 5 6 5 5 6 5 5 6 6 5.5

14 | control 3 1 3 3 4 4 4 3 4 4 4 4 3.88

15| control 4 1 3 4 4 6 6 6 6 6 6 5 5.63

Control Avg. 3.13(133|247|387| 54| 54| 54| 52| 54| 52|547| 52 5.33

Table 2 Survey Results and Grouped Averages for Treatment Group

id gl g2 g3 g4 [ g5 g6 [ g7 [ g8 q9 ql0 | g11 | Q12 | g13 | mean
16 treatment 4 2 2 3 4| 3 4 3 3 3 3 6 3.63
17 | treatment 4 4 2 3 4| 3 4 5 4 4 3 4| 3.88
18 | treatment 3 1 2 4 5| 4 5 4 5 4 5 5| 4.63
19 treatment 4 1 2 3 3| 4 4 5 3 5 2 4| 3.75
20 | treatment 4 2 2 3 6| 5 5 5 5 5 5 5 5.13
21 | treatment 4 1 2 4 5| 4 4 5 4 5 5 5| 4.63
22 | treatment 3 1 2 4 4| 4 5 4 3 3 3 3| 3.63
23 | treatment 4 2 2 3 5| 5 6 6 5 5 5 5| 5.25
Treatment Avg. 3.75 | 1.75 21338|45| 4|4.63| 4.63 41425|1388[463| 431
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The demographic results from questions number two to number four indicated that
the two groups were similar based on the group averages and their differences. Two
average scores for question number two indicated that all participants were either in the
college or very close to graduating. The difference between the two groups’ average in
their education level was .62. For question number three, working experience, the scores
from two groups indicated all participants but one had less than 3 years working
experience. The difference between two groups’ average score was .42. For question
number four, prior exposure to lean manufacturing, the difference between two groups’
average was .47. The two groups’ overall scores indicated they all had some or limited
exposure to lean manufacturing. These comparisons indicated that the two groups were
comparable despite their slightly differences.

In question 5, trainees rated their lectures and lecturer — the common elements in their
lean training program. Despite the fact that two groups attended the same lecture with
the same lecturer at the same time, the average from two groups showed some
discrepancy. The live simulation control group scored higher than the computer
simulation treatment group did (3.87 vs. 3.38). This indicated that the treatment group
had a slightly lower opinion base.

Statistical software R (free statistical software) plotted questions 6 through 13 with
density plot and averaged score dot plot to help us understand the data we collected:

e The density plot showed a relatively larger spread for the treatment group —

visually, the bottom opening of the curve of the treatment group was wider than
the control group’s. This indicated a wider range of opinions was given by the

treatment group than the control group. This difference indicated that the control
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group’s opinions were more consistent within the group, while the treatment

group tended to have more disparity of opinions among themselves.

Scores by Question and Group
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Figure 5 Density Plot

e Average score dot plot showed that the distributions were normal even though the
sample sizes were small. Also the calculation indicated the treatment group had a

lower average score of 4.31 while 5.33 for the control group.
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Figure 6 Average Score Dot Plot
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Both groups were in the positive feedback range. The treatment group was 4.31 while
the control group was 5.33. The sample mean difference was 1.02. The result was then
verified with StatCrunch® online calculator to find that the 95% confidence interval and
2-Sample t- test. An affirmative 95% confidence level and a low 0.0031 P value
indicated the difference between the two sets of results was statistically significant
(Appendix V).

The possible cause of this weakness of computer simulation was that some elements
of the live simulation were difficult to be duplicated in the computer simulation such as:

¢ Frustration and chaos in first round’s “pre-lean” unprofitable operation even with

intensive manual assembly,

e Team work experience,

e Real-time communication.

For the fourth question, the survey results showed that stand-alone computer
simulation was not as effective as live simulation even though it scored within the

positive feedback range.
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Chapter Five

Conclusions and Recommendations

Conclusions

By testing computer simulation in lean manufacturing training, the four research
questions proposed in the thesis statement were answered.

For the first three quantitative research questions analyzing computer simulation in
comparison to live simulation, the answers were all positive:

1. Computer simulation was able to incorporate lean manufacturing elements not

covered in live simulations.

2. The use of computer simulation reduced the overall training time for trainees in

live simulations from 80 minutes to 30 minutes.

3. Using computer simulation reduced the physical setup time of live simulations for

trainers from 80 minutes to none.

For the fourth research question, whether computer simulation achieved the same
educational objectives as live simulation, the results from two groups of trainees with
similar demographic background revealed that the stand-alone computer simulation was
not as effective as live simulation.

Based on the collective findings for these four research questions, it would be
inadvisable to completely change over from live simulation to computer simulation. An

alternative, however, can be extrapolated from these results which would reap the
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benefits from the best of both approaches. This would be to implement some

combination of live and computer simulations in tandem.

Implementation Recommendations

To take the advantages from both types of simulations, trainees can attend lean
manufacturing training program with this recommended sequence of events:

1. Attend a brief lecture for introduction and orientation.

2. Attend the first live-mode simulation session to experience the chaos and
frustration in the pre-lean manufacturing situation.

3. Return to the lecture where the lecturer reports the results of the live simulation.

4. The group will then be taught about the concepts of lean manufacturing.

5. Instead of going back to a second session of live simulation, the group will use the
operations data from the previous live simulation session to recreate the results using the
computer interface. The experience of live simulation assists the trainees in grasping the
computer simulation model.

6. After validating the computer model with data from the live simulation, the
trainees will then use the computers to simulate proposed improvements and
implementations just learned from the lecture. Also, the instructor can promote the team
effort by forming the teams among the trainees to work together on how to implement the
lean.

7. Continue with additional lecture and computer simulation sessions until all
important lean topics are covered.

The approach described above still saves 60 minutes for the teacher instead of 80

minutes as in the computer-simulation-only method. It also still saves 40 minutes for the
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trainees as opposed to 50 minutes. Though this dual-simulation approach does not reduce
the time as much as stand-alone computer simulation does, other intended benefits from

computer simulation are retained.

Recommendations for Additional Features

The following feature or functionality changes are also recommended for computer

simulation based on the feedback and lessons learned from the trial run:

1. Make the animation more realistic by displaying the operator motion at individual
workstations during the simulation. Show the operator switching workstations if
the cross-training option is selected.

2. The adding or removing of workstations could be reflected with a counter display
or image changes during the simulation to show the physical increment or
decrement of the workstation capacity.

3. Though setup reduction was not mentioned in Lean 101° live simulation, this lean
concept could be included in the computer simulation. This possible addition
emphasizes the adverse effect of batch reduction without reducing setup time.

4. The inventory/queue can be visually changed according to the setup choice and
the accumulation of WIP.

5. A more structured and standardized instruction should be prepared and presented
to ensure that trainees understand the interface and computer modeling more
quickly.

6. Add an algorithm in the code to track the movement of the location and assign a

cost for the move as the current version cost nothing to relocate work stations.
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7. Create a website to allow online access of the interface and models. This avoids
the need for ProModel® installation and licensing on individual computers at
remote training sites. The web-interface will pass on the data and animation
between host server and individual computers. Trainees can even review the lean
concepts by revisiting the computer simulation model with the log-in privilege
after the class. This also allows trainees to demonstrate the lean concepts and
benefits to their peers from any location with web access.

8. Build in an option to allow distributed interactive simulation. A distributed
environment would allow multiple persons to work within one simulation game at
the same time. The interaction promotes team spirit during the continuous
improvement phase of lean journey.

With these further refinements and considerations, the addition of an interactive

computer simulation approach has the potential to improve the effectives of existing lean

manufacturing teaching programs.

Recommendations for Further Study and Research
The above recommendations of implementation should be carried out and verified
with additional experiments. Any insight or observation gained from these experiments

should be integrated into the successive studies to perfect the lean training program.
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Appendix I.

Excerpts from Lean 101 Manual on Live Simulation
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" In order to make this program work properly,

* please make sure these VB"s reference libraries are included:
- Visual Basic For Applications

Visual Basic run time objects and procedures

- Visual Basic objects and procedures

- OLE Automation

- Microsoft ActiveX Data Objects 2.1 Library

ProModel Eventsl1.0 Type Library

ProModel Type Library

" PMVBObj

* If you have multiple ProModel products (such as MedModel, ServiceModel or eModel)

intalled on your hard drive, please make sure ProModel is your default program.

" Please include these files on the C:\temp\LeanEd -

- PullShell._mod; PushShell._mod

Option Explicit
Dim intSel As Integer “variable to indicate selection
Dim intl As Integer
Dim intJ As Integer
Dim intK As Integer
Dim intX(21) As Integer “location coordinantes of the location

Dim intY(21) As Integer

Dim intCost(10) As Integer “cost accounting variable

Dim sngX(8) As Single "X, Y coordinance of stations images
Dim sngY(8) As Single "X, Y coordinance of stations images
Dim xPos As Single “"auxiliary X, Y coordinance for lcon loacations
Dim yPos As Single “auxiliary X, Y coordinance for lcon loacations
Dim 1 As Integer “"utility variable
Dim intMean As Single "process capability mean
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Dim intSpread As Single "process capability sigma

Dim dbIRjctRt As Double "process rejection rate

Dim strModel As String “model name

Dim PromodelString As String

Dim ProMod As Object "Object use to be ProModel.CProModel

Dim ProModDATA As Object "Object use to be ProModel.CProModelData

Private Sub Form_Load()

Dim intl As Integer, intJ As Integer, intK As Integer

For intl = 0 To 6 “fillout the ComboBoxes for Q/Kanban and
For intJ = 1 To 20 Step 1
cboBef(intl).Addltem intJ
cboAft(intl).Addltem intJ
Next intJ
For intJ =1 To 4 Step 1
cboWk(intl)_Addltem intJ
Next intJ
cboBef(intl).Addltem "inf"
cboAft(intl).Addltem "inf"

Next intl

For intk = 1 To 25 Step 1 “default batch-size
cboBatch(0) .Addltem intK
cboBatch(1) .Addltem intK

Next intK

For intl = 0 To 6 "default: "push" system queues
intMean = 2
intSpread = 1
IbIRed(intl) .Caption = intMean & ", " & intSpread
IbIBlue(intl) .Caption = intMean & ", " & intSpread

cboBef(intl).Text = "inf" "location capacity definition
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cboBef(intl).Enabled = True
cboWk(intl).Text = "1™
cboWk(intl) .Enabled = True
cboAft(intl).Text = "inf"
cboAft(intl).Enabled = True

Next intl

"individually change un-common process times

IbIRed(4) .Caption = 0"

IbIRed(3) .Caption = intMean * 3 & ", " & intSpread * 2

cboBatch(0).Text = 6
cboBatch(0) .Enabled = True
cboBatch(1l).Text = 4

cboBatch(l) .Enabled = True

dbIRjctRt = 0.05 “default rejection rate

End Sub

Private Sub optPull_Click()
“one cap @ kanban/Q
"arrival one piece order
cboBatch(0).Text = 1
cboBatch(0).Enabled = False
cboBatch(1l).Text = 1

cboBatch(l) .Enabled = False

For intl = 1 To 6 "pre-defined Kanban size
cboBef(intl).Text = 1
cboBef(intl).Enabled = True
cboBef(intl) .BackColor = &HFF8080
cboAft(intl).Text = 1
cboAft(intl).Enabled = True

cboAft(intl) .BackColor = &H8080FF
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Next intl

“cboBef(6) .Text

"cboAft(6) .-Text

IbIName3.Caption

IbIName4 .Caption =

8 "recommended Kanban size @ final stage

"Plastic Kanban capacity"

""Metal Kanban capacity"

"also "remove" kitting, scheduling graphiclly, and "attach”™ them to Sales

chkKit.vValue = 1

“default selection

chkKit.Enabled = False

chkSchd.value = 1

chkSchd.Enabled =

chkCrsTrn.Value =

chkCrsTrn.Enabled

End Sub

False

= False

Private Sub optPush_Click()

"no constrain at all, but arrival rate of orders equals capacity otherwise never

reach balance

"l@station, inf @other Q"s

"arrival is one piece/batch

For intl = 0 To 6

"queue capacity definition

cboBef(intl).Text = "inf"

cboBef(intl) .Enabled = True

cboBef(intl) .BackColor = &HFFFFFF

cboAft(intl).Text = "inf"

cboAft(intl).Enabled = True

cboAft(intl) .BackColor = &HFFFFFF

Next intl

IbIName3.Caption = "Input queue capacity"

IbIName4 _Caption = "Output queue capacity"

cboBatch(0).Text = 6 "re-enble options "grayed" by optPull

cboBatch(0) .Enabled = True
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cboBatch(1).Text = 4
cboBatch(1) .Enabled = True
chkKit.vValue = 0
chkKit.Enabled = True
chkSchd.value = 0
chkSchd.Enabled = True
chkCrsTrn.Value = 0
chkCrsTrn_Enabled = True

End Sub

Private Sub chkKit_Click()

IT chkKit.Value = 1 Then "if kitting is eliminated
imglcon(2).Visible = False
IbIKit.ForeColor = &H808080
I1bIBlue(0).Caption = "0"
IbIRed(0) -Caption = "0"
cboBef(0) .Enabled = False
cboWk(0) .Enabled = False
cboWk(0) .Text = "Inf"
cboAft(0) .Enabled = False
imglcon(2).Left = 777
imglcon(2).Top = 777

Else
imglcon(2).Visible = True
IbIKit_ForeColor = &H404040
IbIBlue(0) .Enabled = True
IbIRed(0) -Enabled = True
cboBef(0) .Enabled = True
cboWk(0) -Enabled = True

cboWk(0).Text = "1"

cboAft(0) .Enabled = True
IbIRed(0) .Caption = intMean & ', " & intSpread
IbIBlue(0) .Caption = intMean & ", " & intSpread
"set kitting graphic to blank, "attach”™ it to the die-attach station, no overlapping

“change process/wait time to zero, gray out the Kitting station on the form
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End If

End Sub

Private Sub chkSchd_Click()

1T chkSchd.vValue = 1 Then *if schudling office is eliminated
imglcon(1).Visible = False "set schedule graphic to blank,
imglcon(l).Left = 747 "attach location to sales, no overlapping

imglcon(l).Top = 747
Else
imglcon(l) .Visible = True

End If

End Sub

Private Sub chkPkyk Click()
IT chkPkyk.Value = 1 Then
intCost(1) = 30
intMean = 1
Else
intCost(1l) = 0
intMean = 2

End If

For intl = 0 To 6
IbIRed(intl) .Caption = intMean & ', " & intSpread
IbIBlue(intl) ._Caption = intMean & ", " & intSpread

Next intl

IbIRed(4) .Caption = "0"

1T chkTakt.Value = 0 Then

IbIRed(3).Caption = intMean * 3 & ", " & intSpread * 2

End If

1T chkKit.Value = 1 Then
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IbIRed(0) -Caption = "0"
IbIBlue(0) .Caption = 0"
End If

End Sub

Private Sub chkTakt Click()
IT chkTakt.Value = 0 Then
IbIRed(3) .Caption = intMean * 3 & ", " & intSpread * 2
intCost(2) = 30
Else
IbIRed(3).Caption = intMean * 1 & ", "™ & intSpread * 1
intCost(2) = 0
End If

End Sub

Private Sub chkTpm_Click(Q)
IT chkTpm.Value = 1 Then
intCost(3) = 50
intSpread = 0.2
Else
intCost(3) = 0
intSpread = 1

End If

For intl = 0 To 6
IbIRed(intl) .Caption = intMean & ", ™ & intSpread
IbIBlue(intl) .Caption = intMean & ", " & intSpread

Next intl

IbIRed(4) .Caption = "0"

If chkTakt.Value = 0 Then

IbIRed(3) .Caption = intMean * 3 & ", " & intSpread * 2

End IFf
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IT chkKit.Value = 1 Then
IbIRed(0) .Caption = 0"
Ib1Blue(0) .Caption = "0"

End If

End Sub

Private Sub chkTgm_Click()
IT chkTgm.Value = 0 Then
dbIRjctRt = 0.1
intCost(4) = 45
Else: dbIRjctRt = 0.01
intCost(4) = 0

End If

End Sub

Private Sub cmdBack_Click(Index As Integer)

intSel = MsgBox("" Are you sure want to quit?
vbDefaultButton2, "Lean Ed™)

If intSel = 1 Then
End

End If

End Sub

Private Sub cmdHIp_Click(Q)

frmHelp.Show

End Sub

", vbOKCancel + vbQuestion +

Private Sub frmLayout DragDrop(lmage As Control, X As Single, Y As Single)

Image.-Move X - Image.Width /7 2, Y - Image.Height /7 2

i=0

While 1 <> Image.Index
i=i+1

Wend
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1T TypeOf Image Is VB.lIlmage Then

sngX(i) = X
sngY(i) = Y
End If

End Sub

Private Sub cmdSmlt_Click(Index As Integer)
Dim X As Integer
Dim RecordIndex As Long
Dim result(10) As Long
Dim Xaxis As Integer
Dim Yaxis As Integer
Dim dblX As Double
Dim dblY As Double
Dim GraphiclD As Integer
“Dim strDummy() As String
Dim strDummyCap(21) As String
Dim strLoc As String
Dim strCap As String
Dim vStatus As Long
Dim strTotalCost As String

Dim strRealText As String

“check for batch size whether larger than queue size while doing pull; batch size is
not zero;

For intl = 0 To 6
IT ((cboBef(intl).Text <> "inf") Or (cboAft(intl).Text <> "inf'")) And
((val ((cboBatch(0).Text) > Val(cboBef(intl).Text)) Or (Val(cboBatch(l).Text) >
Val (cboAft(intl) .Text)) Or (cboBatch(0) = "0") Or (cboBatch(l) = "0'))) Then
intSel = MsgBox(“'Error Batchsize!", vbOKOnly + vbExclamation, "Warning'™)
Exit Sub
End If

Next intl

intMean = 2

intSpread = 0.5
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"assign the cost for all the setting change
IT chkTpm.Value = 1 Then
intCost(0) = 50
End If
1T chkPkyk.Value = 1 Then
intCost(1l) = 30 & intSpread = 0.2
End If
IT chkCrsTrn.Value = 1 Then
intCost(2) = -20 “can 1?
End If
IT chkTgm.Value = 1 Then
intCost(4) = 45 & dbIRjctRt = 0.01
End If
IT chkTakt.Value = 1 Then
intCost(7) = 30

End IFf

"Initiate ActiveX steps

Set ProMod = CreateObject(‘'ProModel')

Set ProModDATA = CreateObject(''ProModelData'™)

Select Case optPush.Value

Case True: strModel = "push"”
Case False: strModel = "pull™
End Select

“capture layout initial location
For intl = 2 To 8
sngX(intl) = imglcon(intl).Left

sngY(intl)

imglcon(intl) .Top

Next intl

ProMod.LoadModel ('C:\Temp\LeanEd\" & strModel & ".mod"™) "base on mfg sys
selection, pick different template model
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"set the location capacity, and XY coordinance

"make a size of 21 array to capture the stations and queue capacity, name, etc. to
"re-create" layout

For intl = 0 To 18 Step 3
"strDummy(intl) = "Q_station” & (intl \ 3 + 1)
strDummyCap(intl) = cboBef(intl \ 3).Text

intX(intl) = CInt(sngX(intl \ 3 + 2) / Screen.TwipsPerPixelX) - 15 “location: X,
Y axis of (-15, 0 for befQ locaitons)

intY(intl) = CInt(sngY(intl \ 3 + 2) / Screen.TwipsPerPixelY) + 25

Next intl

For intJ = 1 To 19 Step 3
“strDummy(intJ) = “Station” & (intJ \ 3 + 1)
strDummyCap(intJ) = cboWk(intJd \ 3).Text

intX(intJd) = CInt(sngX(intd \ 3 + 2) / Screen.TwipsPerPixelX)

intY(intd) = CInt(sngY(intd \ 3 + 2) / Screen.TwipsPerPixelY)

Next intJ

For intk = 2 To 20 Step 3
"strDummy(intK) = "Station_Q" & (intk \ 3 + 1)
strDummyCap(intK) = cboAft(intK \ 3).Text

intX(intk) = CInt(sngX(intk \ 3 + 2) / Screen.TwipsPerPixelX) + 40

intY(intk) = CInt(sngY(intK \ 3 + 2) / Screen.TwipsPerPixelY) + 25

Next intK

ProModDATA.Populate "initiate populate

“fix schedule office locationXY / icon if needed
Xaxis = CInt((imglcon(l).Left) / Screen.TwipsPerPixelX) "conversion
Yaxis = CInt((imglcon(1).Top) / Screen.TwipsPerPixelX)
IT chkSchd.value = 1 Then
Call FixLoclcon(26, 29) "index schedule location icon to the 29th in glb

End If

Call FixLocXY(26, Xaxis, Yaxis)

Call FixPathNetworksNode(2, Xaxis, Yaxis)
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“fix kitting locationXY / icon if needed

IT chkKit.Value = 1 Then *if kitting is removed
Call FixLoclcon(2, 29) "kitting location icon become 29th icon in glb --
blank
End If
RecordIndex = 0 "build locations table: offices and 7 station
For intl = 0 To 20 "start the cycle for workstation locationXY placing
RecordIndex = intl + 1 “"off-set by 1

strCap = strDummyCap(intl) “Capacity

GraphiclD = Recordlndex “location icon

Xaxis = intX(intl) "location X,Y coordinates
Yaxis = intY(intl)

Call FixLocXY(Recordlndex, Xaxis, Yaxis)

Call FixPathNetworksNode(Recordlndex + 2, Xaxis, Yaxis)
Call FixVariables(RecordIndex, strCap)

Next intl

"batch size variables
Call FixVariables(26, cboBatch(0).Text)

Call FixVariables(27, chboBatch(l).Text)

"build macro/variable table for process-time,
For intl = 0 To 6
1T IbIBlue(intl).Caption = "0" Then
strRealText = 0"
Else
strRealText = "N & IbIBlue(intl).Caption & )"
End If
Call FixMacro(intl + 1, strRealText)

Next intl

"anormaly -- for that red station
strRealText = “"N(" & IblRed(3).Caption & )"

Call FixMacro(8, strRealText)
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strTotalCost = CStr(intCost(0) + intCost(l) + intCost(2) + intCost(3) + intCost(4) +
intCost(5) + intCost(6) + intCost(7) + intCost(8) + intCost(9))

Call FixMacro(9, strTotalCost)

"fix processing probablity variables in Processing_Routing_Probability subtable for
both products

ProModDATA.SelectMainRecordBylndex 19, 1
ProModDATA.SelectMainRecordBylndex 20, 1
ProModDATA.SetRealFieldvalue 20, 13, dbIRjctRt
ProModDATA.SelectMainRecordBylndex 20, 2
ProModDATA.SetRealFieldvalue 20, 13, 1 - dbIRjctRt
ProModDATA.SelectMainRecordBylndex 19, 2
ProModDATA.SelectMainRecordBylndex 20, 1
ProModDATA.SetRealFieldvalue 20, 13, dbIRjctRt
ProModDATA.SelectMainRecordBylndex 20, 2

ProModDATA.SetRealFieldvalue 20, 13, 1 - dbIRjctRt

ProMod.RedrawLayout

ProMod.RedrawTables

ProMod.ShowTranslationDlg True

ProMod.Simulate "start simulation

"ProMod.SetMessageMode 0O

Do
DoEvents “"wait for end of simulation
vStatus = ProMod.GetStatus
Loop Until vStatus = 8 "8 is the "end" value
SendKeys "'(Tab)" “clear end message prompt
box,

SendKeys ""(Enter)"

Do ® "quit-loop”
DoEvents

ProMod.Quit

Loop Until X =0

62

www.manharaa.com




Set ProModDATA = Nothing “clear/reset data object

Set ProMod = Nothing "clear/reset model object

intSel = MsgBox(""Would you like to see the results?", vbYesNo, "Simulation Complete'™)
"ending msg

If intSel = 6 Then
cmdRpt_click (1)

End If

End Sub

Private Sub cmdRpt_click(Index As Integer)

Dim iReplication As Integer

Dim iScenario As Integer

Dim iPeriod As Integer

Dim iField As Integer

Dim iRecord As Integer

Dim iTable As Integer

Dim iNumFields As Integer

Dim iNumRecords As Integer

Dim RDBObj As Object "RDB Oject (a ProModel OLE
Function)

Dim sName As String, sTableWanted As String
Dim sngOne As Single

Dim sngTwo As Single

Dim sngThree As Single

Dim sngFour As Single

Dim sngFive As Single

Dim sngSix As Single
Dim X As Integer

Dim varX As Variant

"MousePointer.Value = 11

frmReport.Show "bring up the report window
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"Extract data, table and path we are using is pre-defined here

sTableWanted = "Variables"

"Open the RDB Data Server to allow access to the stats module

Set RDBObj = CreateObject(*'RDBDataServer)

X =

"Set the initial values to look up in the stats module
iScenario = 1

iReplication = 1

iPeriod = 1

iTable

1
iField = 1

iRecord = 1

"Finds the right table
For iTable = 1 To 20

X = RDBObj.SelectData(iScenario, iReplication, iPeriod

sName = RDBObj .TableName
IT InStr(1, sName, sTableWanted, 1) > O Then Exit For

Next iTable

iNumFields = 5

X = RDBObj .SelectData(iScenario, iReplication, iPeriod,
sngOne = RDBObj -Getvalue

X = RDBObj .SelectData(iScenario, iReplication, iPeriod,
sngTwo = RDBObj -Getvalue

X = RDBObj .SelectData(iScenario, iReplication, iPeriod,
sngThree = RDBObj .Getvalue

X = RDBObj.SelectData(iScenario, iReplication, iPeriod,
sngFour = RDBObj -Getvalue

X = RDBObj.SelectData(iScenario, iReplication, iPeriod,
sngFive = RDBObj .Getvalue

X = RDBObj.SelectData(iScenario, iReplication, iPeriod,
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sngSix = RDBObj .Getvalue

"after extract data such
frmReport.Ibll.Caption =
frmReport. Ibl2.Caption =
frmReport. Ibl3.Caption =
frmReport.1bl4_Caption =

frmReport. Ibl5.Caption =

IT sngSix < 0 Then

as cost/revenue, the number be crunched to find the net-gain

FormatNumber (sngOne, 0)
FormatNumber(sngTwo, 0)
FormatNumber(sngThree, 0)
FormatNumber(sngFour, 0)

FormatNumber(sngFive, 0)

frmReport.1bl6.ForeColor = &HFF&

Else

frmReport.1bl6._ForeColor = &HO&

End If

frmReport. Ibl6.Caption =

X = RDBObj.CloseFile

Set RDBObj = Nothing

End Sub

FormatCurrency(sngSix)

Function FixLocXY(Reclndex As Long, X As Integer, Y As Integer)

ProModDATA.SelectMainRecordBylndex 1, Reclndex

ProModDATA.SelectMainRecordBylndex 45, 1

ProModDATA.SetIntFieldvalue 45, 10, X "icon location X

ProModDATA.SetIntFieldvalue 45, 11, Y "icon location Y

End Function

Function FixLoclcon(Reclndex As Long, Graphic As Integer)

ProModDATA.SelectMainRecordBylndex 1, Reclndex

ProModDATA.SelectMainRecordBylndex 45, 1
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ProModDATA.SetIntFieldvalue 45, 7, Graphic "lcon Graphic Lib. ID

End Function

Function FixPathNetworksNode(Reclndex As Long, intX As Integer, intY As Integer)
Dim IngTablelndex As Long
Dim IngSubTablelndex As Long
Dim IngFieldIndexl As Long

Dim IngFieldlndex2 As Long

IngTablelndex = 3 "Path Networks table #
IngSubTablelndex = 54 “Nodes sub-table #
IngFieldIndexl = 3 “"Node X axis field #

IngFieldIndex2

1
>

“"Node Y axis field #

ProModDATA.SelectMainRecordBylndex IngTablelndex, 1
ProModDATA.SelectMainRecordBylndex IngSubTablelndex, Reclndex

ProModDATA.SetIntFieldvalue IngSubTablelndex, IngFieldlndexl, intX + 30
"node X

ProModDATA.SetIntFieldValue IngSubTablelndex, IngFieldlndex2, intY + 30
“node Y

End Function

Function FixVariables(Reclndex As Long, strinitvValue As String)

Dim IngTablelndex As Long

Dim IngFieldlndex As Long

1
©

IngTablelndex "Variable table

1
N

IngFieldIndex “Initial value field

ProModDATA.SelectMainRecordBylndex IngTablelndex, Reclndex

ProModDATA.SetStringFieldValue IngTablelndex, IngFieldlndex, strinitValue

End Function
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Function FixMacro(Reclndex As Long, strText As String)
Dim IngTablelndex As Long

Dim IngFieldlndex As Long

11 “"Macro table

IngTablelndex

1
N

IngFieldIndex "Text field

ProModDATA.SelectMainRecordBylIndex IngTablelndex, Reclndex

ProModDATA.SetStringFieldvalue IngTablelndex, IngFieldlndex, strText

End Function
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Appendix 11
ProModel Code for Unpopulated Push Model Shell
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* Formatted Listing of Model: *
* J:\Thesis\Project\push.MOD *
* *

Time Units: Minutes

Distance Units: Feet

Initialization Logic: animate 25

Termination Logic: profit = blue_done*8+red_done*5-

(S1_cap+S2_cap+S3_cap+S4_cap+S5_cap+S6_cap)*50 - ExtCost - WIP*1

Cycle_time = Total_CT / (Blue_done + Red_done)

* Locations *
Name Cap Units Stats Rules Cost
QS0 QSO_cap 1 Time Series Oldest, ,
#
#kitting
SO SO cap 1 Time Series Oldest, ,
SQO SQO0_cap 1 Time Series Oldest, ,
QS1 QSl_cap 1 Time Series Oldest, ,
#

#die - attach

S1 Sl cap 1 Time Series Oldest, ,
SQ1 SQl_cap 1 Time Series Oldest, ,
QSs2 QS2_cap 1 Time Series Oldest, ,

#
#wire - bond

Q2 S2 cap 1 Time Series Oldest, ,
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SQ2 SQ2_cap 1 Time Series Oldest, ,

QS3 QS3_cap 1 Time Series Oldest, ,
#
#trimming
S3 S3 cap 1 Time Series Oldest, ,
SQ3 SQ3_cap 1 Time Series Oldest, ,
Qs4 QS4_cap 1 Time Series Oldest, ,
#
#molding
sS4 S4 cap 1 Time Series Oldest, ,
SQ4 SQ4_cap 1 Time Series Oldest, ,
QS5 QS5 cap 1 Time Series Oldest, ,
#
#inspection
S5 S5 cap 1 Time Series Oldest, ,
SQ5 SQ5 cap 1 Time Series Oldest, ,
Qs6 QS6_cap 1 Time Series Oldest, ,
#
#rework
S6 S6_ cap 1 Time Series Oldest, ,
SQ6 SQ6_cap 1 Time Series Oldest, ,
dummy1 QS7_cap 1 Time Series Oldest, ,
#
#warehouse
S7 S7_cap 1 Time Series Oldest, ,
dummy?2 SQ7_cap 1 Time Series Oldest, ,
#
#sales
01 inf 1 Time Series Oldest, ,
#

#scheduling

02 inf 1 Time Series Oldest, ,
#
#delivery

03 inf 1 Time Series Oldest, ,
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Entities

Blue_order 1500

Red_order 1500

Time Series

Time Series

Blue 150 Time Series
Red 150 Time Series
* Path Networks

Name Type T/S From To Bl Dist/Time Speed Factor

Net Passing Speed & Distance N1 N2 Bi 7.07
N2 N3 Bi 8.48
N3 N4 Bi 3.00
N4 NS Bi 3.00
NS N6 Bi 4.00
N6 N7 Bi 1.00
N7 N8 Bi 2.00
N8 N9 Bi 3.00
N9 N10 Bi 2.00
N10 N11 Bi 2.00
N11 N12 Bi 2.82
N12 N13 Bi  3.00
N13 N14 Bi 3.00
N14 N15 Bi 2.23
N14 N18 Bi 9.05

72

www.manharaa.com



N15 N16 Bi 2.23 1
N16 N17 Bi 2.82 1
N17 N18 Bi 3.16 1
N18 N19 Bi 2.00 1
N19 N20 Bi 4.00 1
N20 N21 Bi 2.00 1
N20 N24 Bi 12.00 1
N21 N22 Bi 2.23 1
N22 N23 Bi 4.00 1
N23 N24 Bi 4.12 1
N24 N25 Bi 8.00 1
N25 N26 Bi 2.00 1
N26 N27 Bi 8.24 1
N27 N1 Bi 62.03 1
* Interfaces *
Net Node Location
Net N1 01
N2 02
N3 QS0
N4 SO
N5 SQO0
N6 0s1
N7 S1
N8 s01
N9 0S2
N10 Q2
N11 S02
N12 QS3
N13 S3
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N14 SQ3

N15 Qs4
N16 S4

N17 SQ4
N18 QS5
N19 S5

N20 SQ5
N21 Qs6
N22 S6

N23 SQ6
N24 dummy1
N25 S7

N26 dummy?2
N27 03

AEE A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAdX

* Mapping *

o R = =

Net From To Dest

Net N2 N1
N3 N2
N4 N3
NS N4
N6 N5
N7 N6
N8 N7
N9 N8
N10 N11
N11 N12
N12 N13
N13 N14
N14 N18
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N15

N16

N17

N18

N19

N20

N21

N22

N23

N24

N25

N26

N27

N1

N10

N2

N11

N3

N12

N13

N14

N4

N15

N16

N18

NS

N19

N20

N21

N24

N25

N26

N27

N6

N7

N16

N17

N18

N19

N20

N24

N22

N23

N24

N25

N26

N27

N1

N2

N9

N3

N10

N4

N11

N12

N13

NS

N14

N15

N14

N6

N18

N19

N20

N20

N24

N25

N26

N7

N8
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N8 N9

N1 N27
N9 N10
N14 N15
N17 N16
N18 N17
N20 N21
N22 N21
N23 N22
N24 N23
* Resources *
Res Ent
Name Units Stats Search Search Path Motion Cost
Operator 1 Summary Closest Oldest Net Empty: 7 fpm
Home: N1 Full: 5 fpm
Accel: 5 fpss
Decel: 5 fpss
Pickup: 60 Seconds
Deposit: 60 Seconds
* Processing *
Process Routing
Entity Location Operation Blk Output Destination Rule Move

Logic

76

www.manharaa.com




Blue S5 //get Operator
WAIT time_inspect MIN

//free Operator

1 Blue SQ5 0.050000 1 MOVE ON
Net
Blue S7 0.950000 MOVE ON
Net
Red S5 //get Operator
WAIT time_inspect MIN
//free Operator
1 Red SQ5 0.200000 1 MOVE ON
Net
Red S7 0.800000 MOVE ON
Net
Blue_order 01 wait 1
order_time = clock(Q)
1 Blue 02 FIRST 1 MOVE ON
Net
Red_order 01 wait 1 order_time = clock()
1 Red 02 FIRST 1 MOVE ON
Net
ALL 02 IF ENTITY() = Blue THEN
ACCUM blue_batch_size
IF ENTITY() = Red THEN
ACCUM red_batch_size
1 ALL QS0 FIRST 1 MOVE ON
Net
ALL QS0 inc WIP 1 ALL SO FIRST 1 MOVE ON
Net
ALL SO get Operator
WAIT time_kitting MIN
free Operator 1 ALL SQO FIRST 1 MOVE ON
Net
ALL SQO IF ENTITY() = Blue THEN
ACCUM blue_batch_size
IF ENTITY(Q) = Red THEN
ACCUM red_batch_size
1 ALL Qs1 FIRST 1 MOVE ON
Net
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ALL
Net

ALL

Net

ALL

Net

ALL
Net

Blue

Net

Red

Net

ALL

Net

ALL
Net

ALL

Net

Blue

Net

Red

Net

Qs1

S1

SQ1

Qs2

Q2

Q2

SQ2

Qs3

S3

SQ3

SQ3

1 ALL
get Operator
WAIT time_spring MIN
free Operator 1 ALL

IF ENTITY(Q) = Blue THEN
ACCUM blue_batch_size

IF ENTITY(Q) = Red THEN
ACCUM red_batch_size

1 ALL

1 ALL

get Operator
WAIT time_blue_resistor MIN
free Operator

1 Blue

get Operator
WAIT time_red_resistor MIN

free Operator 1 Red

IF ENTITY() = Blue THEN
ACCUM blue_batch_size
IF ENTITY() = Red THEN

ACCUM red_batch_size

1 ALL

1 ALL
get Operator
WAIT time_LED MIN
free Operator 1 ALL
ACCUM blue_batch_size

1 Blue
ACCUM red_batch_size

1 Red
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S1

SQ1

Qs2

Q2

SQ2

SQ2

0s3

S3

S03

QsS4

QS5

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

FIRST 1

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON

MOVE ON
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ALL Qs4 1 ALL S4 FIRST 1 MOVE ON

Net
ALL S4 get Operator
WAIT time_diode MIN
free Operator 1 ALL SQ4 FIRST 1 MOVE ON
Net
ALL SQ4 IF ENTITY(Q) = Blue THEN
ACCUM blue_batch_size
IF ENTITY() = Red THEN
ACCUM red_batch_size
1 ALL QS5 FIRST 1 MOVE ON
Net
ALL QS5 1 ALL S5 FIRST 1 MOVE ON
Net
ALL SQ5 1 ALL Qs6 FIRST 1 MOVE ON
Net
ALL Qs6 1 ALL S6 FIRST 1 MOVE ON
Net
ALL S6 get Operator
WAIT time_rework MIN
free Operator 1 ALL SQ6 FIRST 1 MOVE ON
Net
ALL SQ6 1 ALL S7 FIRST 1 MOVE ON
Net
ALL S7 IF ENTITY() = Blue THEN
INC Blue_done
IF ENTITY() = Red THEN
INC Red_done
DEC WIP
done_time = clock(Q)
CT= done_time - order_time
IF done_time < order_time + 60 THEN
inc On_time
Total_CT= Total _CT + CT
1 ALL 03 FIRST 1 MOVE ON
Net
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ALL 03 1 ALL EXIT FIRST 1

* Arrivals *
Entity Location Qty each  First Time Occurrences Frequency Logic
Blue_order 01 1 1 1000 1.666
Red_order 01 1 2 300 5

* Attributes *
1D Type Classification
order_time Integer Entity
done_time Integer Entity
CT Integer Entity

* Variables (global) *
1D Type Initial value Stats
QS0_cap Integer inf None
SO_cap Integer 1 None
SQO_cap Integer inf None
QS1_cap Integer inf None
S1_cap Integer 1 None
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SQ1_cap Integer inf None
QS2_cap Integer inf None

S2_cap Integer 1 None
SQ2_cap Integer inf None
QS3_cap Integer inf None

S3_cap Integer 1 None
SQ3_cap Integer inf None
QS4_cap Integer inf None

S4_cap Integer 1 None
SQ4_cap Integer inf None
QS5_cap Integer inf None

S5_cap Integer 1 None
SQ5_cap Integer inf None
QS6_cap Integer inf None

S6_cap Integer 1 None
SQ6_cap Integer inf None
QS7_cap Integer inf None

S7_cap Integer inf None
SQ7_cap Integer inf None
dummy_Varl Integer 0 None
blue_batch_size Integer 6 None
red_batch_size Integer 4 None
red_done Integer 0 Basic
blue_done Integer 0 Basic

WIP Integer 0 Time Series
Cycle_time Integer 0 Time Series
On_time Integer 0 Time Series
profit Integer 0 Time Series
Total _CT Integer 0 None

Macros *
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1D Text

time_kitting N(2, 0.5)
time_spring N(2, 0.5)
time_blue_resistor N(2, 0.5)
time_LED N(2, 0.5)
time_diode N(2, 0.5)
time_inspect N(2, 0.5)
time_rework N(2, 0.5)
time_red_resistor N6, 1)
ExtCost 0
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Appendix IV.
ProModel Code for Unpopulated Pull Model Shell
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* Formatted Listing of Model: *
* J:\Thesis\Project\pull.MOD *
* *

Time Units: Minutes

Distance Units: Feet

Initialization Logic: ANIMATE 25

ORDER SQ7_cap blue TO SQ6

ORDER QS7_cap red TO QS6

ORDER SQ5_cap blue TO SQ5

ORDER QS5_cap red TO QS5

ORDER SQ4_cap blue to SQ4

ORDER SQ3_cap blue TO SQ3

ORDER QS3_cap red TO QS3

ORDER SQ2_cap blue TO SQ2

ORDER QS2_cap red TO QS2

Termination Logic: WIP =
SQ7_cap+QS7_cap+SQ5_cap+QS5_cap+SQ4_cap+SQ3_cap+QS3_cap+SQ2_cap+QS2_cap

Profit = blue_done*8 + red_done*5 -
(S7_cap+S5_cap+S4_cap+S3_cap+S2_cap)*50 - ExtCost - WIP*1

Cycle_time = Total_CT / (red_done+blue_done)
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Locations

Units Stats

#Kitting
SO
SQO
Qs1
#
#Die-attach
S1
SQ1
Qs2
#
#Wire bond
S2
SQ2
Qs3
#
#Trimming
S3
SQ3
Qs4
#
#Molding
sS4
SQ4
QS5

#

#Inspect

QS0_cap

SO_cap
SQO_cap

QS1_cap

S1_cap
SQ1_cap

QS2_cap

S2_cap
SQ2_cap

QS3_cap

S3_cap
SQ3_cap

QS4_cap

S4_cap
SQ4_cap

QS5_cap

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Time Series

Oldest,
Oldest,

Oldest,

Oldest,
Oldest,

Oldest,

Oldest,
Oldest,

Oldest,

Oldest,
Oldest,

Oldest,

Oldest,
Oldest,

Oldest,
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S5 S5 cap 1 Time Series Oldest, , First
SQ5 SQ5_cap 1 Time Series Oldest, ,
Qs6 QS7_cap 1 Time Series Oldest, ,
#
#Rework
S6 S6_cap 1 Time Series Oldest, , First
SQ6 SQ7_cap 1 Time Series Oldest, ,
dummy4 SQ6_cap 1 Time Series Oldest, ,
#
#Warehouse
dummy5 S7_cap 1 Time Series Oldest, ,
dummy6 QS6_cap 1 Time Series Oldest, ,
01 inf 1 Time Series Oldest, ,
02 inf 1 Time Series Oldest, ,
03 inf 1 Time Series Oldest, ,
* Entities *
Name Speed (fpm) Stats Cost
Blue 150 Time Series
Red 150 Time Series
Blue_order 1500 Time Series
Red_order 1500 Time Series
* Path Networks *
Name Type T/S From To Bl Dist/Time Speed Factor
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Net Passing Speed & Distance N1 N2 Bi 2.23 1
N2 N3 Bi 2.82 1
N3 N4 Bi 1.00 1
N4 N5 Bi 1.00 1
NS N6 Bi 8.54 1
N6 N7 Bi 2.23 1
N7 N8 Bi 4.24 1
N8 N9 Bi 13.60 1
N9 N10 Bi 4.00 1
N10 N11 Bi 2.23 1
N11 N12 Bi 17.11 1
N12 N13 Bi 6.00 1
N13 N14 Bi 3.00 1
N14 N15 Bi 14.31 1
N14 N18 Bi  20.09 1
N15 N16 Bi 4.12 1
N16 N17 Bi 2.00 1
N17 N18 Bi 2.00 1
N18 N19 Bi 1.41 1
N19 N20 Bi 5.83 1
N20 N21 Bi 15.13 1
N20 N22 Bi 16.03 1
N21 N26 Bi 7.81 1
N26 N27 Bi 5.09 1
N27 N22 Bi 12.20 1
N22 N23 Bi 2.23 1
N23 N24 Bi 4.47 1
N24 N25 Bi 1.00 1
N25 N1 Bi  63.00 1

* Interfaces *
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Net Node Location

Net N1 01
N2 02
N3 Qso
N4 SO
N5 SQ0
N6 Qs1
N7 S1
N8 SQ1
N9 QS2
N10 S2
N11 SQ2
N12 Qs3
N13 S3
N14 SQ3
N15 QsS4
N16 sS4
N17 SQ4
N18 QS5
N19 S5
N20 SQ5
N21 SQ6
N22 S6
N23 Qs6
N24 dummy4
N25 dummy5
N26 dummy6
N27 03

* Mapping *
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Net From To Dest

Net N2 N1
N3 N2
N4 N3
N5 N4
N6 N5
N7 N6
N8 N7
N9 N8
N10 N11
N11 N12
N12 N13
N13 N14
N14 N18
N15 N16
N16 N17
N17 N18
N18 N19
N19 N20
N20 N22
N21 N20
N22 N23
N23 N24
N24 N25
N25 N1
N26 N27
N27 N22
N1 N2
N10 N9
N11 N10
N2 N3
N3 N4
N12 N11
N13 N12
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N14 N13

N4 N5

NS N6

N15 N14
N16 N15
N6 N7

N18 N14
N7 N8

N19 N18
N20 N19
N8 N9

N1 N25
N9 N10
N22 N20
N23 N22
N24 N23
N25 N24
N14 N15
N17 N16
N18 N17
N20 N21
N26 N21
N27 N26
N21 N26
N22 N27

* Processing *
Process Routing
Entity Location Operation Blk Output Destination Rule Move

Logic
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Blue S5 WAIT time_inspect

1 Blue S6 0.050000 1 MOVE ON
Net
Blue SQ6 0.950000 MOVE ON
Net
Red S5 WAIT time_inspect
1 Red S6 0.050000 1 MOVE ON
Net
Red Qs6 0.950000 MOVE ON
Net
Blue_order 01 Order_time = clock(Q)
wait .1
1 Blue_order 03 FIRST 1 MOVE ON
Net
Blue_order 03 JOIN 1 Blue
ORDER 1 Blue to SQ1
inc blue_done
Done_time = clock()
IF Done_time < Order_time + 120 THEN
inc On_time
CT= Done_time - Order_time
Total _CT = Total_CT + CT
//INC WIP 1 Blue_order EXIT FIRST 1 MOVE ON
Net
Blue SQ6 1 Blue 03 JOIN 1 SEND 1
Blue TO S5
MOVE ON
Net
Blue S6 WAIT time_rework 1 Blue SQ6 FIRST 1 MOVE ON
Net
Blue SQ5 1 Blue S5 SEND 1 SEND 1
Blue TO S4
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MOVE ON

Net
Blue S4 WAIT time_diode 1 Blue SQ5 FIRST 1 MOVE ON
Net
Blue SQ4 1 Blue S4 SEND 1 send 1
Blue to S3
MOVE ON
Net
Blue S3 WAIT time_LED 1 Blue SQ4 FIRST 1 MOVE ON
Net
Blue SQ3 1 Blue S3 SEND 1 send 1
Blue to S2
MOVE ON
Net
Blue S2 WAIT time_blue_resistor
1 Blue SQ3 FIRST 1 MOVE ON
Net
Blue SQ2 1 Blue S2 SEND 1 send 1
blue to S1
MOVE ON
Net
Blue S1 WAIT time_spring 1 Blue SQ2 FIRST 1 MOVE ON
Net
Blue SQ1 1 Blue S1 SEND 1 MOVE ON
Net
Red_order 01 wait .1
order_time = clock(Q)
1 Red_order 03 FIRST 1 MOVE ON
Net
Red_order 03 JOIN 1 Red

ORDER 1 Red to QS1

inc red_done

done_time = clock(Q)

IF done_time < order_time + 120 THEN

inc On_time

CT= done_time - order_time
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Total _CT = Total_CT + CT

1 Red_order EXIT FIRST 1 MOVE ON
Net
Red Qs6 1 Red 03 JOIN 1 SEND 1
red TO S5
MOVE ON
Net
Red S6 WAIT time_rework 1 Red QS6 FIRST 1 MOVE ON
Net
Red QS5 1 Red S5 SEND 1 SEND 1
red TO S3
MOVE ON
Net
Red S3 WAIT time_LED 1 Red QS5 FIRST 1 MOVE ON
Net
Red Qs3 1 Red S3 SEND 1 SEND 1
red TO S2
MOVE ON
Net
Red S2 WAIT time_red_resistor
1 Red QS3 FIRST 1 MOVE ON
Net
Red Qs2 1 Red S2 SEND 1 SEND 1
Red TO S1
MOVE ON
Net
Red S1 WAIT time_spring 1 Red Qs2 FIRST 1 MOVE ON
Net
Red Qs1 1 Red S1 SEND 1 MOVE ON
Net
* Arrivals *
Entity Location Qty each First Time Occurrences Frequency Logic
Blue_order 01 1 1 inf 1.666
Red_order 01 1 0 inf 5
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* Attributes *

1D Type Classification
Order_time Integer Entity
Done_time Integer Entity
CT Integer Entity
* Variables (global) *
1D Type Initial value Stats
QS0O_cap Integer inf None
#
#Kitting
SO_cap Integer Inf None
SQO_cap Integer inf None
QS1_cap Integer 1 None
#

#Die-attach

S1_cap Integer 1 None
SQ1_cap Integer 1 None
QS2_cap Integer 1 None
#
#wire-bond
S2_cap Integer 1 None
SQ2_cap Integer 1 None
QS3_cap Integer 1 None
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#

#trimming
S3_cap
SQ3_cap
QS4_cap

#

#molding
S4_cap
SQ4_cap
QS5_cap

#

#inspection
S5_cap
SQ5_cap
QS6_cap

#

#rework
S6_cap
SQ6_cap
QS7_cap

#

#warehouse
S7_cap
SQ7_cap
dummy_Varl
Red_batch_size
blue_batch_size
Red_Done
Blue_Done
WIP
Cycle_time
On_time

Profit

Total_CT

Integer
Integer

Integer

Integer
Integer

Integer

Integer
Integer

Integer

Integer
Integer

Integer

Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer
Integer

Integer

o

o o o o

None
None

None

None
None

None

None
None

None

None
None

None

None
None
None
None
None
Basic
Basic
Time Series
Time Series
Time Series
Time Series

Basic
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1D

time_kitting
time_spring
time_blue_resistor
time_LED
time_diode
time_inspect
time_rework

time_red_resistor

ExtCost

0.5)
0.5)
0.5)
0.5)
0.5)

0.5)

96

www.manharaa.com



Appendix V.

Lean Simulation Survey
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Participants information:

1.

2.
3.
4

Simulation attended: (1 live, [] computer

Education: [ some high school, [1high school, [1 some college, [ | college, [ advanced degree
Mfg related working experience: [] 0-lyears, [J 1-3years, [J 3-7years, [ over 7years
Exposure to Lean Mfg prior to this class: [ none, [] minimal, [] some, [ guru

Please express your opinion on following statements using scale from 1 to 6:

SN

11.

12.

13.

14.

15.

1 - strongly disagree

2 - disagree

3 - somewhat disagree

4 - somewhat agree

5 - agree

6 - strongly agree

123456 The lecture and lecturer offered excellent coverage on lean manufacturing.
123456 The simulation helped you better understand the benefits of lean manufacturing.
123456 The simulation effectively illustrated and reinforced all the important principles and
concepts taught in the lecture.

123456 The simulation was interesting and engaging.

123456 The simulation was clearly worded or instructed, and easy to understand.

123456 The simulation presented a logical and gradual transition from push production to pull
production.

123456 The simulation clearly demonstrated performance metrics resulting from the lean
transformation.

123456 The simulation helped you clearly see the impact of interdependencies and variability
on system performance.

123456 Younow know how to apply lean principles and concepts to your work and even to
life.

What did you particularly like about the simulation?

What did you particularly dislike about the simulation?
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Appendix VI.

T-Test Statistic Analysis for Survey Results
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Survey results and averages
T-test results

t-Test: Two-Sample Assuming Unequal Variances

Control Treat
Mean 5.333333 4.3125
Variance 0.30506 0.455357
Observations 15 8
Hypothesized Mean Difference 0
df 12
t Stat 3.672705
P(T<=t) one-tail 0.001596
t Critical one-tail 1.782287
P(T<=t) two-talil 0.003191
t Critical two-tail 2.178813
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