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In Make-to-Order (MTO) manufacturing environments, the high variability of
product specifications and process routes poses significant challenges for
systematic cost estimation and precise delivery prediction. This study proposes an

integrated operation management framework based on smart-factory operation
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management (FOM) to simultaneously optimize cost-competitiveness and
on-time delivery (OTD) performance. The proposed approach leverages a
standardized FOM code system (spanning #1000 to #4500) specifically adapted
for MTO environments, incorporating multi-dimensional 4M (Man, Machine,
Material, Method) analysis. To validate the framework, a case study was
conducted at a carbide cutting tool manufacturer that operates under high-mix
low-volume conditions. A simulation-based comparative analysis using multiple

dispatching rules demonstrated a 12.4% reduction in the average lead time and
significant improvement in the OTD rate, from 73.2% to 91.8%. Furthermore, the
framework notably enhanced order-level cost visibility. These results confirm the
practical effectiveness of FOM in transforming complex MTO environments
using data-driven operational intelligence.
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Fig. 1 FOMs package composition and mechanism
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Fig. 2 Research overview and FOMs-based approach for cost
and lead-time optimization
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Table 1 Cost components for order-level cost estimation

Table 2 Adaptation of FOM code logic for MTO cost management

Category Sub-item Description

Order-specific

Raw material cost L
material input cost

Material cost

. Equipment Standard time x Equipment
Processing cost .
processing cost rate per process
Outsourced
Outsource cost . External process cost
processing cost
Manufacturin, Allocated based on
Overhead & . .
overhead processing time

£ &0l FOM £349) dlolg] 4 AAIet At &
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FOM FOM MTO
.. cost FOM data source
code | original | adapted
Production | Material S
+
#1000 volume cost gpr (BOM qty) + cost (unit price)
. P i . .
#2000 | Downtime rOZZZimg gpr (std time) + downtime
. Outsource .
#3000 | Reject cost cost (outsource) + reject (rework)
#4000 | Abnormal | Overhead [downtime (time-based allocation)
Total Total cost | Aggregated from #1000~#4000
summary

FOM Management Code System

Cost code mapping

#1000

Production Volume
Order Qty, BOM, Material Input

Process Cost

#2000
#3000

Std Time x Equipment Rate x n

Outsource Cost

External Process + Logistics

Overhead
Indirect Cost Allocation (time-based)

Total Cost = Sum (#1000-#4000)

1. Lead Time Analysis
Process time + queue time + bottleneck

2. Problem Factor ldentification
Code-level bottleneck — root cause by 4M

3. Improvement Action
Alternative scheduling (SPT / EDD / FIFQO)

4. Change Management
Monitor KPl — Feedback — Standardize

Fig. 3 FOM management code system and delivery change
management process
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Lead Time Structure

L EICHES
Lead Time

Customer

Time line

Order Confirmed

Materials Ordered

Material LT
= Order + Delivery

N

Materials Received

Production Started

Production LT

Lead Time Completed
Ready for Delivery
Products Delivered

Delivery LT
= Packing + Shipping

CUSTOMER LEAD TIME

= Material LT + Production LT + Delivery LT

Fig. 4 FOM Management Code System and Delivery Change
Management Process
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AR AdE FEsH Table 3 Comparison between conventional operation and FOMs-
gl BEe 22 RN SU7t AAMAIY A B based approach
vHE AFsto 2R, £ Tieh 7F Y7-gE7] EFo|lse s A Category Cozz;tlllzznal FOMs-based method
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35 HZ HF 28 L Post-hoc monthly Pre-estimation per
Cost estimation .
F2 Feeele 34 A ARk o] ARk goz 248 aggregation onder g (1)
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H]IL ol %611 w71 A 7]'"5‘ de APl ’—\1“?%?‘3} prediction bottleneck/availability
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B oIl NE Thoksk A QX9 XL H{slo] B0 Change . None Continuous improvement
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Table 4 FOMs-based empirical analysis: order-level cost, delivery,
and 4M problem factor (unit: KRW 1,000 / days)

Order | WC-01 WC-02 | WC-03 WC-04 | WC-05
Mat. 248 524 186 198 387
Proc. 186 125 413 216 157
Outs. 45 39 67 52 90
Ovh. 68 52 125 72 79
TC 547 740 791 538 713
L/T 11.2 9.5 18.6 12.8 163
OTD (6] o X o X

4M Problem Factor

WC-02 / Material : WC price surge

WC-03 / Machine : CNC grinding bottleneck
(5-axis queue 6.2d)

WC-05 / Method : PVD coating vendor L/T + 4.1d

* Mat.: Material cost, Proc.: Processing cost, Outs.: Outsource cost,
Ovh.: Overhead, TC: Total Cost (KRW 1,000), L/T: Lead Time (days),
OTD: On-Time Delivery (O: on-time, X: delayed), WC: Work Center
(order identifier), 4M: Man, Machine, Material, Method
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