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ABSTRACT

Article history:

This study aims to improve the KPIs of manufacturing plants by benchmarking
an FOM model. This involves designing a scheduling algorithm for the shop
floor; developing and testing a simulation model that reflects information such

as equipment, orders, and process times identical to those of the factory; and

Received 19  August 2024
Revised 3 October 2024
Accepted 8 October 2024
Keywords:

FOM(smart-factory operation management)
What-If simulator

KPI(key performance indicator)

selecting a scheduling algorithm that is appropriate for the factory. To this
end, we designed the architecture (framework) of the information exchange
and performance evaluation process between the MES, what-if simulator,
production operation information, KPI, rule tuning, and advanced planning
and scheduling (APS), targeting factories of domestic PCB manufacturers.

Scheduling Consequently, several scheduling methodologies were found, which improved
the KPIs (lead time, tardiness, equipment utilization, and productivity)
compared to the scheduling methodologies currently used in the process.
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Fig. 2 Flow for PCB manufacturing process
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Table 1 Applied dispatching rule list

Rule Full name Explanation
SPT Shortest Processing Prioritize tasks with short
Time process times
EDD | Earliest Due Date Priority is gnfen to tasks with carly
delivery dates.
FIFO | First In First Out | L 1onty order of arrival
at work site
Least Work Priority is given to order.s Wlth the
LWKR - smallest total remaining
Remaining . .
processing time
MTWK | Most Total Work |  Orders with a larger total
processing time take priority
Orders with a small margin
MST Minimum Slack | (delivery date - current time -
Time remaining processing time)
take priority
SLACK stk e/ T T i e et
TWKR | Work Remaining . g.
takes priority
Select the task with the shortest
LTWK | Least Total Work overall processing time
for the order
CR Critical Ratio |Handle the least urgent items first

s/ A
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Table 2 Triple rule set example

Table 4 Part of MES ordering information for simulation test

Rule Priority (adjustable)
SPT 2
EDD 1
MST -
LWKR -
LTWK 3

Table 3 Simulation model reflected P4R information
Class Highlights

Product Product, material, BOM structure
Process Process, transfer, input, lot size, item replacement
Operation plan, maintenance plan (PM, Preventive
Plan maintenance), procurement plan, shipment plan,

worker work plan, warehouse management,
user settings

WIP status by facility/buffer, breakdown status by
Plant facility, inventory status by warehouse,
transfer status, transfer relationship

"D | D | e [L4T0|  Duedse | 0
ORDO001 123123 | 60001 | 2023-11-24 17:00 20
ORDO002 | 8 127637 | 80001 | 2023-11-22 17:00 15
ORDO003 | 10 | 162662 |100001 | 2023-11-23 17:00 25
ORDO004| 9 176278 | 90001 | 2023-11-23 17:00 18
ORDO005 | 7 182821 | 70001 | 2023-11-22 17:00 12
ORDO006 | 1 213123 | 10008 | 2023-11-24 17:00 10
ORDO007 | 4 219922 | 40001 | 2023-11-24 17:00 15
ORDO008 | 5 222832 | 50001 | 2023-11-22 17:00 15
ORDO009 | 2 237821 | 20001 | 2023-11-24 17:00 15
ORDO10| 3 282762 | 30001 | 2023-11-23 17:00 15
ORDOI11| 13 | 300188 | 130001 | 2023-11-22 17:00 23
ORDO12| 15 | 332132 | 150001 | 2023-11-24 17:00 23
ORDO13| 12 | 381882 | 120001 | 2023-11-23 17:00 23
ORDO014 | 14 | 382881 |140001 | 2023-11-23 17:00 23

Table 5 KPIs for schedule planning performance evaluation

Common characteristics of facilities, buffers,
warchouses, MHV (Material Handling Vehicle, AGV,

R . :

esouree OHT, etc.), MHC (Material Handling Conveyor),
and MHR (Material Handling Robot)
Plant Facility/warehouse/buffer/transfer device location,
logistics relationships and characteristics

R Common characteristics of facilities, buffers,
esource warehouses, MHV, MHC, MHR

Sch_Result| Production planning and scheduling, Gantt chart

Production volume by product, UPH (Unit Per Hour)
by facility, operation rate by facility, number of
inventory by warehouse, setup time by product/facility
(including item replacement), Tardiness by order
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On time (Number of orders produced beyond the order

delivery rate | delivery date / Total order quantity) x 100%

Equipment |(Actual equipment operation time / Available work
utilization |time x 100) / Total Number of equipment x 100%

Productivity Number of lots processed per hour
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Table 6 Improvement rate by KPI of scheduling methodologies

Table 7 Best rule sets for KPIs

, . ; ;
KPI 1mprovement rate (%) Order | Leadtime Qn time Productivity Equ1 prn.ent
On time . delivery rate utilization
No. | Rule set Lead . . .. | Equipment
im delivery |Productivity utilization SPT+EDD+
S i 1 LWKR LTWK SPT+EDD | EDD+SPT
1 SPT 31.9% | 29.4% 29.2% 5.2% SPT-EDD+
2 EDD 22.7% 32.7% -15.7% 7.3% 2 SPT+LWKR LWKR LWKR+SPT | EDD+LWKR
3 | LWKR | 399% | 334% 4.8% -1.2% 3 | LWKR+SPT |EDD+LWKR | LTWK+EDD | LWKR+EDD
4 | MIWK | -61% | -188% | -192% -3.5% SPT+EDD+
5 MST 3.8% | 20.8% 5.9% 2.1% 4 L EDD#SPT SPT LWKR
| -7.0° 39 -37.2% 2.8% PT+EDD+
6 |SlackTWKR | -7.0% | 83% A o s | LWKREDD |EDDLTWK | MST S
7 LTWK | 394% | 33.4% 3.2% -1.3% LTWK
8 LPT -16.5% | -7.2% -105% -11.5%
9 CR -7.0% 8.3% -37.2% 2.8% Test Z3H= Table 63 Zo] KPIH S840 HIHAE Ho]
10 | SPT+EDD | 17.7% | 324% | 53.5% 7.3% = Tie Breaking Rule Set5-2 M2 Ao]ghg 2191 8 4= 919l
11 [SPT+LWKR| 39.9% 33.3% 4.8% -1.2% 1:]- Y AT A4 1A ;q]_,_a.o oA YAAE 43 A] AL
12 | SPT+MST | 3.8% | 20.8% 0.0% 2.1% 53 9= FIFOTH] KPIo) A48 Ll Sajolth. =, 7]
13 |SPTHLTWK | 39.4% | 33.4% 3.2% -1.3%
- : - - Ago] ¥4 A FIFO the] 813 Tie Breaking Rule Seto]
14 | EDD+SPT | 24.6% | 36.5% | -11.5% 8.9% .- u . o0 Ao FIFO o] o
kel = - (o] 1 _ °
15 |EDD+LWKR | 27.1% | 36.6% 3.4% 8.4% 34 KPIZ Roj= Zolar S]] 4 FIFO tiH] 23]
~ = =
16 | EDDALTWK | 26.3% | 365% | 4.0% 8.1% s KPIE <wleitt.
17 |[LWKR+SPT| 39.9% | 34.1% | 52.8% -1.7% Z 712 44748 £ Wl FIFOZ YAAES $4519S
18 |LWKR+EDD | 39.4% | 33.4% 3.2% 8.4% wf thy] ZF KPI ¥ FAHEES BAISH Ato| ZF KPI HZ % o]
19 |LTWK+EDD | 36.6% | 34.0% 30.2% -0.9% U 78S Hol:= Rule SetSS FAI3H Zolth. Lead TimeS
20 | FTEPD L 0 | 368 | 40w 8.4% o 40%, W7IETE2 F 37%, A2 oF 53% 1t Al
Lt NSEE o A B 15HE B T 4 Sk
SPT+EDD e - .
21 LLTWK 273% | 36.9% 4.0% 8.4% E TestZuE KPIHE £4% HIZHAES HoRL A9
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