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Most small- and medium-sized manufacturing companies have poor utilization
of MES systems and manufacturing data owing to financial conditions and
labor shortages. For corporate growth by improving the productivity and

securing competitiveness of small- and medium-sized manufacturing companies,
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improving the use of 4M-based manufacturing data, analyzing data, managing
the change, establishing decision-making, and applying FOM solutions to
companies are essential. However, applying the FOM solution is difficult
owing to the difficulty of securing MES system data and FOM solution
analysis data file set. Through this study, the effect applied to actual companies
was verified by establishing an FOM-MES linkage system and simplifying the

process of producing FOM analysis data.
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Table 1 FOM code management list

FOM management indicators (code number)

Product volume Total (1100), Product (1200),
(#1000) Machine (1300), Worker (1400)
Downtime Total (2100), Product (2200),
(#2000) Machine (2300), Worker (2400), Factor (2500)
Defect Total (3100), Product (3200),
(#3000) Machine (3300), Worker (3400), Factor (3500)
Nonconformity Total (4100), Product (4200),
(#4000) Machine (4300), Worker (4400), Factor (4500)

59

1100
(total)

Machine
s \ Material

Method
4100

(total)

FOM
Solution

3100
(total)

A& EFE R, £7E 27 AR 2= 9 3R] #(management
indicator)2 TAJo] Hck,

33 FOM £34L Fig. 13+ Z0] FOM code FA|FHZ

Z¥7ol A ek 4M tlolEle §718 o2 A5k, FAsH
715g Al Fok

3 FOM £33 E35] 7|4he] ¢ae|&g &3l FOM code
1 19709] AAE A2jx|2d glolg & rhyska, dnt o, vl
B, A4 w249 Al 71| el 24 AIE dlofEle} A7
sk Azt
2.2 FOM Data—file set

FOM code #2jA|34 B4S 434517 Isirie B4 thd o

o|ej7} B Q5}, Table 29+ 70| & 6719] Data-file seto] & 235}

Table 2 FOM Data-file set list

Data-set Components
Every 4M information relating production,
Manual Y . s P
. nonconformity and defect of product,
WYYy facility downtime
Manual . . .
l% Factors causing facility downtime
downtime
Manual .
. Factors causing defect of product
reject
Manual Factors causing nonconforming product
abnormal g &b
Manual .
Unit price of product
cost
Manual Target values according to the management
limit standard level
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Fig. 2 Manual qpr file information
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Fig. 5 Manual limit information

™ CSV(comma-separated values) FEjZ A|Z3HH.
1) Manual qpr

WIAE, BE4, WIS 9 4M 4B E3hsta Qlom),
4 949 =3t Y Y gRos Tl Tk

Manual downtime / reject / abnormal

B3 RATE RSt

2)

Fig. 33} Zro] 77} v|71g,
&2 ZYsta Qi

3) Manual cost

Fig. 4¢t Zro] AEH it )
o, s, 27, 28/ o @7k
AHE 24 AE EIg

4) Manual limit

Fig. 59 Zo] 2% |
Soll ik 53
H91E olgske

Azl Eo.

248, Wtsd, EYE, FAYE
geta 9lon, E1 %ol Min-Max

FlA o1 HlolEE

s

60

Visualize various analytical information by FOM code
(Trend, Bar, Rank, Pie)

— aan@sE enren)

Statistical data

H

1_”Juﬂﬁﬁﬂmgﬁﬁ¢+i;,

Fig. 6 FOM general analysis

-

=
= Comparative Analysis
— Difference Report

2um@ER)

management indicators

Analysis items and FOM code
oY 7 jwfﬁ o
S8Vl i) 2oy I3
T hsIs | d
| i
5

h

il vﬂ? A%v fﬂqx‘%e TRIn
L | To-Be | I
| LI

Productivity Downtime Defect Nonconformity|
#1000 #2000 #3000 #4000

|

SIol4 Qi et

2ol Al 9] B4 v g

A, Code #20002] ¥]7}5
Code #3000, #40002] 77} Bk}
A4S 438, A, So] 59

AlEsl Fth.

2) Hjal £4

Ha 242 As-Is 717t} To-Be 717k9] A< &4 Fig. 73t
Zro] Hi717t Yol A FOM code® 2 A= R @A &, HI7Hs,
B2k BAg 274 8|ae}t 3 As-Is, To-Be 7|7t 2bo] Y&<
QoF YXER AFs| £t

3) g ] 74

A we B4 v 7199 KPL 53 9ES A Al
Tk FOM $342 7149 A48 242 916l Table 33} o]

G factor(growth factor of manufacturing company)E AM&-5HH,
Al 7HA] factor'd AH-& A5 9 TRk E42 AlFRtth G_factor
12 A= AJAF dlo]E(product volume data), G _factor 2= AJAF

[o 2 B4
2 As)29 doJel(dowtime, defect, nonconformity data),



Journal of the Korean Society of Manufacturing Technology Engineers 33:1 (2024) 55~68

Table 3 FOM Solution G factor analysis

G factor description

G_factor 1 Production volume data
G_factor 2 Downtime, Defect, Nonconformity data
G _factor 3 Unidentified data

=

Share by Analysis
group

Analysis items and FOM code
management indicators

suzan

Performance against production
targets

G2 Loss information
and Share by Factor

Fig. 8 FOM production capacity analysis
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Fig. 9 FOM-MES interlocking system
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Fig. 10 FOM-MES interlocking system
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Table 4 FOM manual qpr column list

Column name Data type Description
Work date Short date yyyy-MM-dd
Shift Text Day / Night
Major classification Text
Medium classification Text
Minor classification Text
Facility Text
Product Text
Worker Text
Performance quantity Number Number
Plan quantity Number Number
Work time Number Hour, Minute
Efficiency Number 0~1
Cycle time Number Second
Downtime factor name Text
Downtime Number Hour, Minute
Defect factor name Text
Defect quantity Number
Nonconformity factor name Text
Nonconformity quantity Number

Holth. o] Bz AYHR
7¥35lo] 4742 mi<lo] 4 4 9lo]
of gttt Manual downtime, Manual reject, Manual abnormal
5} Manual qpr 5] H7bs, B, 543 ol AlgEo]
o 3} tlolelE AAo] 7H58kH, Manual limit UL 7158,
H7kE, B Al Uit B 7he Tejshe Folojma olut
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4. Run FOM solution
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Table 5 FOM-MES interworking system verification item

No Item Before After
1 Database analysis \%
2 Create a stored procedure \%
3 Test a stored procedure V
4 Apply to FOM-Assist \%
5 Collection of manufacturing data Vv \%
6 Create FOM data-file set v v

(1 month)

Fig. 13 Collect MES system manufacturing data

T2 H(before)Tt Z(after)2 £}
7A-ol9 A2E ST
4.1 £X1 MES A|AH! C|0|E{ FOM Data-file set &%t
udx«] 7]% _/'\_z(_l'-%j 131-1\1_0_ MES }k]/_\_Eﬂ uﬂ_";_il-;g 01])\“]1‘4-.9__9_
T2 sto] WA} 7MEIAE AA Data-file setS A2kt
1) A g2
Fig. 133} ZHo] MES A]l&Elo|A 2023 1Y
Bk

O +-"O>

AMEEE A
UH, 2HFA AYYLE, AZEHZ)R7HElolEE =
slofar, AMTUR T2 E ST
2) FOM Data-file set A&t I3t AAutd HH
tre2 T 8 AAEtl e FOM Data-file set A& 93] ofefo}

22 A3 Ade

. — o =]
@ Fig. 14¢t Zro] 7} dutelo] njAhg AHg AlASHI.
ALT
. P . ‘ . Wl v o as 1
' 2023 018 AE Yitee
.
| s Fee von |9 | A | s |
oy |BYAE|HERY| HE | EM | Reo | 7EY ECI R ey ECLcEXlo v EE;’ wag | au | e | wea]

HEED

Remove unused excel columns

a o T ® ™ C I

Fig. 14 Edit excel file - remove unused columns

63

(L 0 pesdessssdesy T
R SR B8 ERY | AR |
10459 Ap0NR |

Eozxmom

T ME
57 zazsmosh
Bk
3 0B
3
o omnA ks 3
3 5§7\
T oas g s
T E ]
0 oMl Mg
DB NE - sEl

H 7]

fezl
1§'\

domwzem |
1 tll}{lhﬂﬂﬂﬁ |
b |
oot

wu ﬁ
S0y
bl 2
ulsa
aley Atumwaw |
20230109030

HI006E
J310406E

|

I

|

l

|
L
o
135104068 | 0
o

[

[

[

i

. 16 Edit excel file — defect data mapping

@ Fig. 159} 7to] A
Shte] o Adatdo -J?ﬁf}
2 ZlUHo] ¥l AY

@ Fig. 162+ Zo] A4
YA, SHIFT, A& 7]v7_=-9i o4 X—.P de }Odq.

@ AF, TAF DR 5 AAt A i
FER, 28T AFE, 971

3) FOM Data-file set 7\1]75.P

ZF A A dlofE et £ TtlolE, @7t HlolEE 7%
O% Thga} 2] 47H4] Data-file set A2t A o]
Bl feshr] oot & oA AlQlskla, ol Y (manual
limit)y= 7|2 A|F=E dz2 28] fsiM Adstltt.

(D manual qpr 2023.csv

manual qpr_2023.csv T2 i) AJAHAA djolE|e} H]7}
5, B9, F4Y HolelE 7} 221 tlolEE AZFH AT
sfuke] AjAbAA dolEfo]l Fig. 173} ZFo] shut o]Ake] Bl7hE

). rr

—I"

BeE BT HolEP 2 A% B AYS shn Ay Rre
SUsh Yeisha, 3 Polut et FRL 2715 2 Hg)
Foltk. 2e)m w7bE Q1T AIZE BeeQlnt 4 R AFR
3 ¥ Y 79

Data-file set A& A] 7F& A|7F 42Q7
manual gpr Irgolct, 274 o]49] vl7tE,



Kyung Sup Son et al.

>

1 forEsd 1
2 [Tl

Downtime factor name

SE/HE ola

JIZHY
JIEHe/2E DA

Fig. 18 Manual
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Fig. 19 Manual
reject.csv file
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Fig. 20 manual cost.csv file
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Fig. 21 Data-file set creation through FOM-MES interworking
system

Table 6 Database connection information

No Item Information
1 IP address 61.32.xxX.XXX
2 DB name MES k]
3 User ID Rk
4 Password Ak
5 SQL port GFHAE
& AlZFstel FOM £24& 4833t
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e, 24 59 AS: 79 E7Fssith

FOM-MES 15 AlAEOA = jF ¥ AJZHe.
3 MSSQL A 2|4 A&sto] 283to

gHe} 7} ol B AR

23 7

0.

O

2 AArgol 7hs

24 MES Al&H]

Raw data®] 433} 7128 E3) Data-file setS £44 WSo]
9 4 Qltk
A% ZEAA = Fig. 229 242 22 Alsjo] T, djojglH|

olzo] A2 F 4o TG T %L ol§lol Raw datad 4755}
of 738 ) AHSAIA At S WA,

]7]A= FOM Data-file set A%l D3t 7+ At & AlF
sto, A AAollA ZEAY B o] BAIE At gk ol



Journal of the Korean Society of Manufacturing Technology Engineers 33:1 (2024) 55~68

Table 7 Database table column list

Table name List of colums to use

OP_SEQ, OP_SEQ SUB, QTY,
BAD QTY, JISIQTY,
PRODUCT UPH, EMPLOYEE NO,
PRODUCT CODE, SDATE, STIME,
EDATE, ETIME,
PRODUCT TYPE_CODE,
CAR_CODE, EQUIPMENT CODE,
EMPLOYEE NO

P_SANGSAN_MASTER

B_JAKUPJISI MASTER JISI_DATE, JUYA_GUBUN

B_PRODUCT _MASTER PUMBUN, PRODUCT _NAME, TYPE

B PRODUCT TYPE PRODUCT TYPE NAME

B CAR CAR NAME
B_EQUIPMENT SACUL YN, EQUIPMENT NAME
B _EMPLOYEE EMPLOYEE _NAME
B_PROCESSBAD PROCESSBAD NAME

P BADQTY PROCESSBAD CODE, BAD QTY
P BIGADONG BIGADONG_CODE, MIN

B BIGADONG BIGADONG NAME

B PRODUCT SALES HISTORY PRODUCT PRICE

B_PRODUCT_BAN_HISTORY PRODUCT_PRICE

EXEC SFOM_ASSIST_GETDATA_H 5

Execution command ‘ Stored procedure name to execution ‘ ‘ Stored procedure parameter ‘

——

Replace parameter with real values and call stored procedures ‘

EXEC SFOM_ASSIST_GETDATA_H P P

Fig. 22 Syntax for executing stored procedures
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Table 8 Comparison before and after FOM-MES interlocking
system construction - 1st
(unit : minute)

No Item Before After

1 Database analysis - 120

2 Create a stored procedure - 240

3 Test a stored procedure - 60

4 Apply to FOM-Assist - 240

5 Collection of manufacturing data 30 0.05

6 Create l;(l)hl/lllozit}:;l-ﬁle set 300 0.08

Total 330 660.13

4.3 FOM-MES HE A|AS & M% (W A5

9} ﬂo] 2023 1¥€9] 1714 dlolg 7| FOM-MES 1%

A28 & H(before)dt F(after)2] Data-file set A2 772
AQA Wa Ao H|wgt A= Table 83 2Tt
FOM-MES %15 Al 2|2 35 Aol Table 83} Zo] <f
A9 74 330%, FOM-MES 9% AJAHL 660.1380] A2
T9th. FOM-MES 9% A]2AElo] oF 2vf A= © 48 Tt
)5t oju] 73H FOM-MES A28l AFE3H: 79 Table
89] 5, 69] T 2alishA Hlug, st 27120234 1¥)o2
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-5t A7t UeiTh
Bog of 658 T
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Table 9 Comparison before and after FOM-MES interlocking
system construction - 2nd
(unit : minute)

No Item Before After
1 Database analysis - -
2 Create a stored procedure - -
3 Test a stored procedure - -
4 Apply to FOM-Assist - -

5 Collection of manufacturing data - 0.07
6 Create 12(1)1\11[102331 file set 265 0.08
Total 265 0.15
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