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3D Factory Simulation-based Process Pre-Study for
Smart Factory Operational Design

Jinsung Park - So-hee Park - J. W. Kim
Department of Industrial and Management Systems Engineering, Dong-A University

Traditional manufacturing systems can be transformed into smart factory by introducing modern hardware and
software solutions, which also require innovations in manufacturing process and working methods. Moreover, such
transformation must be carefully managed since it generally accompanies significant amounts of costs and time.
Nevertheless, many manufacturing companies focus solely on introduction of hardware and software solutions,
which can lead to failure to achieve the objective of smart factory. In order to address this problem, performances
of existing manufacturing process and alternative manufacturing process implemented by new solutions should be
systematically evaluated and compared at the early stage of smart factory transformation. Simulation is a practical
approach for analyzing manufacturing systems. Also, modern 3D factory simulation softwares provide additional
visual information helpful for understanding and validating simulation models. In this context, this paper proposes
3D factory simulation-based process pre-study that can be used to make decisions on smart factory operational
design.
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Figure 1. Example of a Simulation Model Written by FlexSim Software
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Process Research team Demand Company : Supply Company

Table 1. Examples of Domain Knowledge

Domain knowledge

Raw data collection .
sharing

] .
| AS-IS process modeling | E J
1 |

Model validation and improvement objective ' .
. : Concept design
establishment '

| Model improvement |§

—

AS-IS TO-BE
process process
performance| [ modeling
analysis and analysis| 1

| [ e é
! | § '

Comparison analysis . ! . .
P - ¥ Smart factory project : Detailed design for
X . feasibility analysis ' new solutions
economic analysis i

}

Development and
Construction of new
solution

Figure 3. Overall Procedure of Process Pre-study for Smart Factory
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Table 2. Examples of Goal of Process Pre-study

Field Improvement objectives
Cost * operating cost(total/one unit per product)
* operator labor costs(total/one unit per product)
. * throughput
Del . .
CIVEY |+ fead time and cylee time
» machine and operator utilization level
Operation | * average waiting time, queue legnth, waiting
Management | probability
* proportion of waiting time in total lead time

Table 3. Model Improvements based on Experimental Design

No Complementary Measures

1 |Custom performance measure calculating algorithms

2 | User interface for parameter input/output

3 |Logical elements for experiment scenario definition
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Table 4. Examples of Components of User Interface

Filed Details

* target quantity
User .
* unit wage cost
Input ” i
* model view point

* cumulative input cost
Cost

. * input cost per finished product
Information P P P

* operating income

* average lead time

. * initial finished product completion time
Delivery ) . .
; * target production achievement time
Information )
* finished product throughput

*» material and semi-finished product throughput

Operation | * machine, operator utilization(individual/group)

Management | ¢ specific location latenct and queue length

Information |+ cycle time
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Figure 5. Facility Layout and out and Transportation Routes for

Materials
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Table 5. Model Paramter Estimation Results
No Process Task(Equipment) Setup Time(s) Processing Time(s) Lot Size Remark
1 YJ YH 0 7200 1 1000 per 1 lot
2 YJ 1 0 14.4 1
3 YJ BG 0 14 1
4 SS PR 0 7.2 1
5 SS MD 0 7.2 1
6 SS FB 0 7.2 1
7 SS BB 0 7.2 1
8 YC SL 0 720 100
9 YC AG 0 720 100
10 SH QT 0 324 1 defective rate 5%




Table 6. Improvement Plan for SS Process

Category AS-IS TO-BE
day shift 5 day shift 4
Ni f t
umber of Operafors | . vt shift 5 | night shift 4
Work place UPH 450 480
Number of facility lines 2 2
Working hours per person 8 8
Table 7. Improvement Plan for SH Process
Category AS-IS TO-BE
day shift 3 day shift 3
Number of Operat
Hmbel Of VPO ioht shift 3 | night shift 3
Work place UPH 300 480
Number of facility lines 1 2
Working hours per person 12 8
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Figure 7. Working Areas for SS Process in AS-IS Model(top) and
TO-BE Model(bottom)
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Figure 6. AS-IS Model(Entire Shopfloor)
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[PRAMETERS]
TARGETQUANTITY [ |  PERSPECTIVE |TOP -

UNIT WAGE COST |:|

[DELIVERY SUMMARY]
MODEL STATUS OUTPUT TIME TO FIRST OUTPUT N/A
| Warming up | | 0.00 | TIME TO TARGET QUANTITY
[COST SUMMARY]
Wage Cost Analysis
TotalWorkHour UnitWage TotalWage Item WagePeritem
1838.99 0.00 0.00 | 0.00

[OERATIONAL MANAGEMENT]
UTILIZATION BY MACHINE GROUP

UTILIZATION BY OPERATOR GROUP

Average Utilization by Machine Group
B AverageUtilize W AverageNonltilize
Dissolution / Casting 1 24%

Dissclution / Casting 2 24%

Hesat Treatment 4.2% OP_Heat Treatment 2.2%
Qulity Inspection 66% OP_Quslity Inspection 79%
Surface Finishing 40% OP_Surface Finishing 54%
0:)6 2ﬂl% 4{;% G{:% BDI%WEI')IG Transporter 2.5%

0% 20%40%60%80% 00%

Average Utilization by Operator Group

B AverageUtilize W AverageNcnUtilize
OP_Dissolution/Castring 1 2.7%

OP_Dissolution/Castring 2 2.0%

Open Machine Utilization Details

Open Operator Utilization Details

y Line Graph Staytime
' W AvgStaytime
08 S_F_Rack_Enter1
g'i S_A_Rack_Enter1
’ Q_|_Rack_Enter1
02 T T T T T 1
0.0 0 1000 2000 3000 4000
08:30 09:00 09:30 10:00 10:30
Time Support_hour
TOTAL_SUPPORT_HOUR
Current Value 377
CT_average

Figure 8. User Interface Implementation using Flexim Dashboard
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Table 8. Performance Measures Related to Human Operators

M t
casureien Definition
Item
Cumulative Total working hours of all employees

working hours | employed

Cumulative idle | Total idle time during work of all

time employees employed
Percentage of accumulated working hours
Average minus accumulated idle time = (cumulative

utilization level | working hours-cumulative idle

time)/cumulative working hours
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Table 9. Experiment Results Obtained by Simulation Experi- B3}, AT AR FA 7]zl tigt o]s| =7} @& 78 7]
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