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Many small- and medium-sized enterprises in Korea are introducing smart factories
to maintain competitiveness. The smart factory collects and monitors production
process and equipment data in real time. When an abnormality occurs, the smart
factory can immediately identify the problem, minimizing equipment downtime
and product defect and increasing corporate profits. In this study, 4M (human,
machine, material, method) data, a key element of manufacturing, was collected
and analyzed to build a smart factory, and the reliability of the collected data was
very high. The reliability of the data was verified using the factory operation
management solution and improved through on-site customized training. The data
for the manufacturing site were collected, applied, and verified from small and
medium-sized enterprises that manufacture automobile parts.
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Table 1 Classification level of smart factory'”

Level Post-build level

Factory control through monitoring

Level 5| Advancement . .
automatically optimize

Factory operation simulation enables

Level 4| Middle 2 .
proactive response
Level 3| Middle 1 |Can be controlled by analyzing collected
Level 2 Real—tl@e mon.ltorlflg of Productlon
. information is possible
Foundation - —

Partial standardization and management

Level 1

of performance information

Manual management

Level 0] Not applied (level confirmation not issued)
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Table 2 The FOM data file set

Data-set Components
Composed of 19 manufacturing site management
items (date, shift, large, medium, small
classification, facility, product, worker,

Manual v p' . .
performance, plan, working time, efficiency,

qpr_year

C/Time, non-operational, non-operational,
non-conforming, non-conforming, defective,
defective quantity)

Manual reject|Reject type(code)

Manual

abnormal Abnormal type(code)
Manual .

downtime Downtime type(code)

Scope of management for continuous improvement
Manual limit |(achievement rate, non-operation rate,
non-conformance rate, defect rate)

Product price, which is the basis for calculating loss

Manual cost .
costs (unit price)
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Manual gpr file
== csv file

csv file
== FOM solution

FOM solution
== Senior management

PBL{Pronect Based
Learning/Consulting) data
imprave reliabiltily

Fig. 2 Process for verifying data reliability
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S A7l "t 4M /714 &
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‘ﬂi 6712] FOM data file setZ HIEro.

Table 3 Description of FOM solution’s functional analysis

Function Detailed processing action
Data process| Analysis and preprocessing of gathering 4M data

1) Production analysis (share, achievement)
2) Non-operation analysis (4M analysis, factor analysis)

General |3) Defect analysis (4M analysis, factor analysis)

analysis  |4) Nonconformity analysis (4M analysis, factor analysis)
5) C/Time Analysis
6) Airborne analys
1) As-is, To-be analysis by 4M
2) Comparison of production quantity

Compara- 3) Comparison of non-operating loss quantity and loss

tive analysis amount . .
4) Comparison of defect quantity and loss amount
5) Comparison of nonconforming quantity and loss
amount
1) Production plan criteria data reliability verification
. 2) Data reliability verification by 4M

Senior . .
3) Share of non-operating, defective and

manage- .

ment non-conforming factors by 4M
4) Quantity of non-operating, defective, non-conforming
factors and amount of loss by 4M

Table 4 Production indicators management list
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Level 1 Level 2 Level 3
Total(1100)
Product volume Product(1200)
(1000) Machine(1300)
Worker(1400)
Total(2100)
) Product(2200)
b ((’;;notg)ne Machine(2300)
Worker(2400)
Factor(2500)  |yearly, Monthly, Weekly,
Total(3100) Daily, Work
Product(3200) (day/night, 8-hour, etc.)
g%fgg)t Machine(3300)
Worker(3400)
Factor(3500)
Total(4100)
Product(4200)
A?;;ég)lal Machine(4300)
Worker(4400)
Factor(4500)
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Table S FOM data file set registration

Item Detail

Manual downtime file Downtime type

Manual cost file Product cost Convert to
Manual abnormal file Abnomal type CSV file
Manual reject file Reject type
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Table 6 Research participating companies
MES utilization

Corporate name Products

S

lower Washer for fastening cars
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Table 7 FOM solution verification

Table 8 Worker Han H FOM solution validation

Item Target
Worker Han H
Machine P-10
product 11x18x10%
Ee el [ [l ]
iR
B
o] ¥ a8 | % R | wR | 8% | A [ ma | s | g | @ [ &
|4 [waws 72 3 N g y 5 " w [} 0 [} [}
2 s 2 W oe@e W WM W W W @ [} 0
3 s 3@ M5 WBKHN04E FLr I S VN T N TR [} 0
¢ lmws 32 M5 ams 8 me mm W W W 0 [} 0
|5 [waus F2 M7 L v I AN it} 0 [ 0 ] [}
|6 |mus 72 (L3 HEX2N4E B 8m 8 u [ 0 ] [}
7 |y W Isau FEr - S VI I T [} [
& (w0 (I FET I T 0 [} 0
3 | M5 Harax 04 ¥ M |00 & un 05 o L} 0
|0 [wous B ] s A 354 it} 0 [} v [ [}
[ poss 22 W oean @ W omm oW w oW 0 " f
|2 s 32 s WA E wm o am o w 0 £ [} [}
Fig. 4 Worker Han H production plan achievement rate
of 7 %% AA| HlolElS ThYsHHA YXHE sk Ao
2 FOM £3%49 458 St
WAPAA] T APIADHE] DAL 4M 710 2
% 39 Table 73} Zo] sto] Thaat e AuE AU
A ZA Han HE Vg2 Fig. 45 A3 Ja717ke
2021.10.25~28%, AJ4HAE] 2,398,0007H, AAHAIA 1,905,50071
B YA % 82.92%, HI7FSE 18.80%, EFE Y FAY
E Zero, BAAZLHE 101.72%, UERIEL -1. 2% A&
=T
=02 FOM £74 &8 Aadal7I52% =59 AEe

7273} Fig. 59 70| BAARIGAHE 82.9%, HI7FEE 18.8%,
BHE 0%, LATE 0%, DERIE -1.7%2 =259
Aea Azg AF3e] A2S ujashd Table 834 7o) A=
5]19\‘:]1
= WA A P01 thoE YAASSNES Fig 6 A%

Aoz 7Zshd PA7I7HS 2021.10.25~28, AAHAE] 2,054,

40070, AAFAA 1,468,000712 AAA AN E 71.46%0]H H]|
October 2021
100
8290
S0 E
(=1n)
<0
19.8%.
=0 -
- SEER 0.0% 0.0% -1
Perf. D/Time Reject Abn. Unid.

Fig. 5 Worker Han H reliability verification
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Pr )
Ttem en?(()iirclzzi Downtime | Reject | Abnormal | Unidentified
P | o | (%)
(%)
Arithmeti
N s | 187% | 0% | 0% 8.68%
expression
Senior 72.6% 188% | 0% | 0% 8.7%
management
Difference 0% 0% 0% 0% 0%
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CREE il
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Fig. 6 P-01 production plan achievement rate data
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Fig. 7 P-01 Production plan achievement rate
Table 9 P-01 FOM solution validation
P ti D . i
Item roduction F) Wi Reject | Abnormal Un.lde
performance | time -ntifie
Arithmeti
O 1A% | 2353% | 0% | 0% 5.01%
expression
Sen
entor 5% | 235% | 0% | 0% 5.0%
management
Difference 0% 0% 0% 0% 0%
7VFsE 23.53%, EFE U RAYE Zero, WMAYEHE
94.99%= t|ERIES 5.01%= AEEJch
=02 FOM &34 &8 a3z =54 Jge
A AT} Fig. 73 Zo] AAAZLHE 71.2% HI7FEE 23.5%,
EZE 0%, FAYE 0%, [EUE 5.0%= =ZHUth
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Fig. 9 11x18x1 production plan achievement rate
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Table 10 11x18x1 FOM solution validation
Item Production D.o Wi Reject | Abnormal UIl.ldC
performance |  time -ntifie
Adhmetic | ) co0 | 1875% | 0% | 0% 8.68%
expression
Senior 6% | 188% | 0% 0% 8.7%
management
Difference 0% 0% 0% 0% 0%

Table 11 Improvement measures according to the unidentified
rate

Unidentified rate positive(+%) | Unidentified rate negative(-%)
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(D Nonconformity with production
plan

@ Review production plan
- Standard time, lead time
- Machaine perfomance
- Worker proficiency

(D Production plan establishment
suitability

@ Comprehensive analysis
utilization rate
- Facility operation rate
- Labor efficiency
- Product characteristics

of]

% Common matters P Reject/Abnormal

P Training for workers(pbl) - Type
» Downtime analysis - Registration and timing
- Types - Criteria

- Registration and timing
- Measurement method

Table 12 Problem status

Item Problem
Production |(D Machine capacity 85%
plan @ Production capacity is not being considered.
(D Unable to collect handwritten input real-time data
Dowm time|®@ Directly record non-operating types
@ Avoid increasing worker uploads.
D Converts product weight to quantity
Reject/ (@ Excluded from set-up failure and instantaneous stop
Abnormal failure
@ Type of defect is not subdivided
Table 13 Problem improvement contents
Item Improvement details
Production|(D Machine capacity 100%
plan @ Production capacity 100%
(D Change the handwriting input method
(determine an item, click a number, or enter a
Dowm number)
time (2 Non-operation type segmentation (10 > 20 items)
@ Worker PBL Training
@ Determining when to record data (AM/PM)
D Abnormal Definitions
(products that can be reused after correction/repair,
Reject/ defective: discarded products)
Abnormal |2 Set-up defect : 3 minutes, SPM calculation registration
after 3 minutes
3% SPM(stroke per minute)

Y, B %2

L}E}% 4 St °]°ﬂ E}% A= g WHL Table 113} 2t}
A= FPIHE 7o 2 SAE tidoR A237 dlolg
AR FEE 8 =E2E FAIHL Table 129 Ztt
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Table 14 Production plan achievement rate

Reliability | Attainment | Downtime | Reject | Abnormal
(%0) (o) (%0) (%) (o)
10M 95.4 79.2 16.2 0.0 0.0
1M 97.2 772 20.1 0.0 0.0
12M 98.2 81.9 16.3 0.0 0.0
2 ATk AL Table 133 Zo] Sa3ic.
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