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This study proposes an FOM-OEE model to supplement OEE for manufacturing
SMEsg, reinterpreting performance analysis from simple equipment efficiency to
diagnosis, analysis, and improvement perspectives. Conventional OEE metrics
typically fail to capture the specific nuances of precision hydraulic-component
machining, such as unit cost variations and product-specific workload differences.
Hence, we developed an FOM-OEE model integrated into the FOM architecture.
The proposed model incorporates availability correction efficiency to account for
the essential setup time when evaluating process flexibility, precision-adjusted
performance efficiency to integrate product-specific workload differences, and
value-adjusted quality efficiency to reevaluate quality as a financial-value
retention rate. Validated using 6,636 production logs from Company J, the
model established a multidimensional performance diagnosis framework. This
framework integrates financial insight with resource prioritization, thus rendering
it highly effective for improving operations in an FOM-driven manufacturing
environment.
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Fig. 1 Overall architecture and data processing workflow of the
FOMs package

f

Rolgol 3%
ol I3l HeiRelTt 2 AE
2 A 458 4 e

Agoz ofojxitt

=
3 A A

o

ol& AlE

SIS BeSmE AE 7 W BAS
Bergo] £& At el A

7} FRle] 24 Pl 257

b

Y

ral

olZfgt tlolH A S SE3IV] Hsl £ A= 3L
2| A 28] (factory operation management system, FOMs)<
Ralol, 71 4t Ame) B netela W AmAte] ox1AA
< A9 4 e dolE ZIgt A AAE AlRbetaak gl

Fig. 12 FOMs9| Hlo[g] ] HAUSS et A= d%
o] ERP, MES, POP £ sh#31el 9] tlojel= FOM-LogicS
AX w7k AIZE 22, AlFE @t o, B £ 5o &
dloje|lo2 HAIHT. Fig. 19] 948 @AE= ERP, MES, POP
2 7] HolEE #£95tH, FOM-Logic2 °l5 ©IF tlolEE
AR, AR B7EE, A B Y T ER 2EeRi: ofd
Al 74A HlolelE °]% FOM-OEE A& 4S9
Hole= &&=

o
o

o]
%]_

5

% 3
S0l ot E3l,
KPI] 7ol J24|5= Zlo] ofu, &9
Ao ArRRtez 379 o)k ZIH(diagnosis)
Al EA(analysis)stH, 0|5 HIgOZ d%
WA Eor A Hi 2

473

(closed-loop) FHj2] &d3a] 2ElS A|AIStAL gt At
TEL 9] FOMs AJ&]la} 5% o] ARALY] oAb
AT 4 Sl oy +&2E 7RI
olF g5tz SRt FAIAR! A4 A= thar ATk
A#, FOMs A28l U tlojg 853 AAE F5ota, 24
A

d& Al

<l

AY A B

H] B2 A|339| WIS
dto] &talA oAHAA ARE Wls]

=20 ‘0O

A

KR
oa=

OEE= A X PxQ

T,

a

n
P* Ziz 1 (nz X Cﬂheoretical,i)
3 - 3

actual

ctual

A=

planned
$ [<n1 - nde fect,i)]

, @
i=1

n
i=1

Je SRE 7hgat 2ol AE Wt WAt an
olH 7% OFE AE:= g7}

ST X
[¢)

o



Hwa Seog Keum et al.

Field 4M Data Data Std. Perf. Adj. Engine Intelligent Ops
(Field Data Source) (FOM-Assist) (FOM-KPI Model) (Manufacturing AX)
ERP/MES j. Availabili
(Plan/Cos) #2000 Downtime ~ ‘(‘X:;';;b"“y FOM-DX
(Setup Time Split) (Resource Optim.)
CNC/PLC |$ $ Adj. Performance $
(Op. Status) (Pe0)
- #1000 / #3000 . MOS 1.0
Inspection/Manual (Result & Cost Map) Value Quality (Auto Control Sync)
(Quality Record) (Qe0)
A A

Closed-loop Mechanism
(Data Feedback)

Fig. 2 Architecture of the proposed FOM-OEE framework
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Table 1 FOM data file structure

Data-file set Components
Manual Every 4M information relating production,
qpr_yyyy |nonconformity and defect of product, facility downtime
Manual . - .
am.la Factors causing facility downtime
downtime
Manual .
a.nua Factors causing defects of product
reject
Manual Factors causing nonconforming product
abnormal usIng & procu
Manual L
anua Unit price of product
cost
Manual Target values according to the management
limit standard level
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Table 2 Classification of FOM management codes

Table 3 Calculation of product-specific workload coefficients

FOM management indicator (code number) Production | Work time |Work time per
g ( p
Product| Records . . . . 0
Product volume Total (1100), Product (1200), Qty. (min)  |unit (min/unit)
(#1000) Machine (1300), Worker (1400) A 731 339,430 489,450 1.4420 1.00
Downtime Total (2100), Product (2200), B 219 64,924 140,405 2.1626 1.50
(#2000) Machine (2300), Worker (2400), Factor (2500) T
* H : . ="
Defect Total (3100), Product (3200), Note. The workload coefficient was calculated relative to product A: o 7,
(#3000) Machine (3300), Worker (3400), Factor (3500)
Nonconformity Total (4100), Product (4200), NN Tonarl AA 7VE A7 T 3l 29 AlZF T
(#4000)  |Machine (4300), Worker (4400), Factor (4500) ooq ]]1 . ij; e ilmrfl ) ; lu o
< 29 IAHE 9% 4 FH AR guigith olF FOll thEs
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Table 4 Definition of variables used in the FOM-OEE model

Table 5 Comparison of calculation formulas between the traditional

Symbol Definition Unit OEE and proposed FOM-OEE
Tuctual Actual operating time min Category Traditional OEE Proposed FOM-OEE
Tptanned Planned production time min R  Tua LA
Availability A= ——— AeO=
Tsetup Essential Setup time min 7;714171711 d Tlunm d ]:'clup
n; Production quantity of product i unit Performance S (0% CTpeoretieats) P Eg (X Ol X a1)
Criheoreiicati | Theoretical cycle time of product i min/unit efficiency |~ Toctual = Tm'ﬂ;;m o
0; Workload coefficient of product i | dimensionless 0c0
] . . . ] Quality X geger,i)] sn (n,—
T; Work time per unit of product i min/unit . Q=—"—_—"0 2701 (0 = ngegeer,i) X C]
efficiency =) = ST (% C)
W; Total work time of product i min R
O Production quantity of product i unit
D, Defect quantity of product i unit Table 6 Comparison of empirical performance evaluation results
G Unit processing cost of product i KRW/unit between OEE and FOM-OEE
. . Traditional Proposed
o ] Metric Machine OEE FOM-OEE
UEE AlF I Atha AhRst ZolE vyt
] Availability N o o
TR B Qe 713 B ASE ARG ARORS M (f  geg) | N6 76.0% 85.0%
o2 AAsE Zjo o=, kS tlokol A|Z 1 A goE|E tjAte
93t 2ol T HY 1= 573 HlolEE T Performance CNC 02 72.0% R4.0%
2 A%d NI A8HE 12 AET et Urk (P — PeO)
3) 7K B £4 &F (value-adjusted quality efficiency, QeO Quality CNC 12 86.0% 90.0%
) cwe ( ! qQuality 4 ) (Q — Qe0) CNC 16 93.0% 68.0%
7N S0 B w7t 2Yiste 7k HAIE Besr] S8,
= sy =2 AL35E Lof a =] Ko . - - < -
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o o e P P Y
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