ISSN 1229-1889(Print)
ISSN 2287-9005(Online)

J Korean Soc Qual Manag Vol. 45, No.4:601-610, December 2017
https.//doi.org/10.746 9/JKSQM.2017.45.4.601

4xr MY CIXE E

QuanYing - 9zt

Asidta Aguet o zgguee

AL
N
'
10
I
A
N
Q
A
0F0
[9
ol

Review on the Application of Industry 4.0 Digital Twin
Technology to the Quality Management

Ying Quan - Sangchan Park¥

Department of Healthcare Management, School of Management, KyungHee University

ABSTRACT

Purpose: Authors observe the digital twin enabled smart factory and/or digital manufacturing processes where
Industry 4.0 technologies and quality management principles intersect. In this regard, this study reviews exist—
ing research regarding digital twins from the perspective of quality management.

Methods: Initially, attention was given to how digital twins are manifested in the Industry 4.0 environment.
Then, authors identify quality management elements amongst digital twin models, to align the concept of
quality with the functional purpose of digital twins. After introducing specific examples of quality management
tools applied to digital twins, the authors extend the domain of quality management into the analysis of multi-
media format quality data obtained through machine vision.

Results: Inspired by cases on the quality management application to digital twins, the authors suggest a frame-—
work for Industry 4.0 quality management. The envisioned suggested framework encompasses 4 dimensions,
namely, 4M&1E, an application time window, new methodologies, and enabling technologies.

Conclusion: Finally, the authors unfold the emerging trend of digital twin enabled smart factories, while empha-

sizing the necessity of quality management in conjunction with the introduction of digital twins.
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421 s Aol Al /‘ﬂ 714 dele] fxd ES B3 t+dAE 4 Aot (Vachalek et al. 2017).
2} < EEH FdstE Aotk ¥ €AY (Lego Technic)¥ 2e %93
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2.2 OAd EY 2 £ FH7Y 84

tA 9 A% (digital manufacturing) 348< FAACZ Z3s RdS Auny txgd EA T4 Ay &
ERRS 28 £ 9t U)X E AR A 2D (process mode)S A AE B4 (A: analysis), Abd AL (PP:
pre-production), A4t A& (P: produc‘mon planning), A% ¥4 (MP: manufacturing process), =2 3] (QC:
quality control) 5 tAl ©AZ TAE Y} (Zarubin and Deev 2017). 4 72 840 AbA A @A 9} vpx) 9t

A e dAA FAHo R OJT}E]FL Atk AR AR Gl= gAY Eflo] B4 EE @07 %, T]E

2 elo el g+ FHI ALSA FAdo] Ay e dA

Zw‘ GAE Aldst s Ao R, AlE EAS YRR A (AD, st Alg A (A2), E719k HlEe] a1 H
Ak (A3), A4 478 ®7] (Ad) o= H7jdrt

AR AARE: TR Bl dl4]o] = gt kel Bl T " FE] AR ok 54 B4 (PP
AR =afof & ], F, vl g, 7 el A (PP2); AAkste AlE wdy) gn] 2l A% (PP3); A%
NS 9 AEE T2 U (PP4); ] AEE AZES ] 7 (PPh); Al 7 XU T (PP6);

A 715 N (PP7) 2.2 €T 53] k9] A dlol A F4 &40l o] Fo A, Aol g
4, 28 Abs]A F-o] 3 A et
Zt AudE 2E 37|19 2EH 4 A4 (lot sizing & sequencing), o= A0S ARES A 217}e}
ol AF 71y A= ZA (routing & dispatching)dl= 29 Al (loading plan) 7H2 (P1); )4
AZHE a1 gk AAE 2 A E(scheduling)©] B3 A4 A1 (production specification) 714 (P2)Z -4 €Tt
& A (ig) T Bx g 7k (MPDI AIF 7 (MP2)e] 7 3191 ©AI= 7A€tk

4 #g= F2 7% EA BN SA FE EF (QCDHE ALsIE BAZ FAEY
1% 18 IDEDO (Integrated Design & Engineering Facility Level )& ZdH tixd Az T4 oAt
(Zarubin and Deev 2017).
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2.3 "HAE EQ9| 7154 43 F4 Mge] 9

UAE E9e ©

7] S IR Adste] B2 (monitoring)dhal AAFE Ao Z214 Q] vj=
W (feedback)S F+

4 A8 &
%;ﬁu ooz, A7|AQ1 Ao R Vs AAE wEsh] st dS5S sy oAbAA
A% 7FA 3L 99k (Boschert and Rosen 2016).
Azpe] Adl= A= AoF=7] ] (PLM: product lifecycle management) 2ZE 0] E 53 PTC AFe] A
dlolth. PTC ARz 713 Al Rdlat 2204 AFS dAske], A124 f Od*éﬂr BA8Y ks 943 == fAd
EQS AMSE SIEMENS AH] 495 tAE EQS AHgat Ay a§8 ola F48 Pay)ed 54
FaLl Sl
FAke] A= DASSAULT AFA | HAd EQS ARg-sto] Al TRl A 3HE =0
et GE AMl 9% AF A ABelF7]E Sato] 29 FHoU AAE dS5et

A28t} (Schleich et al. 2017).
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AEe] AollF7] Rk opufe} ALk AJAH ] Ao F7] o 1 QX]EQ Ee]
mented reality)S €830, 348 T4l tAd EAS o] &3 F+=
(Penna et al. 2014).

of| %] B4 (preventive maintenance) ¥l A B Aol B & o Mu)x gl =dalAY, A vz F
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S5 Agol= @4 7 2o X AL gis A=E 8 5 ke HolA 2 B AR AHS
A7 At} Uhlemann et al. (2017)2 AlAlell 7]Qkek 324 (sensor based tracking)®} 7|7 AlZ} (machine vi-
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Table 1. Performance Indicators of Digital Twin Utilizing Sensor based Tracking and Machine Vision

information sensor based tracking machine vision using both
product type no yes -
product characteristics no ves -
production cycle no ves -
production lot size no yes -
transporting route yes no -
transporting product no no yes
transporting lot size no no ves
equipment capacity no yes -
setup time no no yes

3. 421 A8 fAd EQ 7)) F2AQ 48 =N

oll ¥ e JAE~EE] 4.0 ¢

B AT BAAS HYAT L FH 2AHS Bato] Aol wEd 2 A AT FoN EA
29 48 AT RES AAHoR sk Austileh 43 WY UAY B9 7% FA5Y 48
T Ag i, A7 B, AZE PRE, T )& 59 409 WFER 4T & Ak

bl

(Machine) 5ol 2 &= Ud F4 #

28 At WEE 29 (method), A% (material), A2 2] oidol
oA EQlor FdY A FAoAE AR (man)e] YA9 229z 744 g AL Ay 2 = gt

(Uhlemann et al. 2017).

AE A7 @9 "o A= AAIZE ZAF (inline inspection) @92 57]17F &olA 1} FAlol| (Soderberg et al.
2017), A% dA1 Anje] AojF7] HAsteh= AR 7] ©9]e] 4S5 STk (Schleich et al.
2017).

E]X]Eé EdoA AAH e F2 HY HJEE% A 3] AEA AlEH oA (experimental simulation)

S 53 =4 JfAX P (Soderberg et al. 2017), Hl57E #AFY (visual computing) & E3F 2L =2 #e] 9498
J’ S 5 & v (Moreno et al. 2017).
T8 714 (enabling technology) 2% A A2l CE]|~ET 4.0 7|% Fd4 A5 FE AME B2 (oD
714 A2t (machine vision)S AF&3H A3} (Yerra and Pilla 2017), 855 ztg9o A#y 4 g S5
AFH 7% (cloud computing) S &-83 A (Perez 2017), A%H A5 410l ¥ dloJE 4% (big data ana-
Iytics) & 838} A3} (Perez 2017), 241 AFE nlgoz oA EAS E95E dAoA 7 @4 (virtual
reahty)TJr 7+ A4 (augmented reality)S AF838F= AL (Schroeder et al. 2016) #H&E 4= 9ty 18 3&
A4 EQ 7|e #4749 48 ZHJQYAE =43 3 Aot

o

d-« OlN
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