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Industrial engineering has played a central role in creating knowledge on quality control and reliability enginee-
ring (Q&R) and delivering such knowledge to various industries. This special issue paper is prepared in celebra-
tion of the 40" anniversary of the Korean Institute of Industrial Engineers (KIIE), and includes discussions on
how Q&R areas have evolved over almost 100 years and on the current domestic and international trends of
Q&R activities in industry as well as in academia. To identify academic research trends, all Q&R related papers
published in the Journal of the Korean Institute of Industrial Engineers (JKIIE) and IE Interfaces are examined
and classified according to their research topics. Recent Q&R related papers published in IIE Transactions are
also examined and classified in a similar manner, and the papers published in KIIE journals are compared with
those in IIE Transactions with respect to the research areas emphasized, yearly trend of each research area, type
of systems studied, research approaches and methodologies adopted, etc. In addition, quality control activities in
domestic industries are evaluated based on a recent survey conducted by Korea Productivity Center, and for
domestic reliability engineering activities, government-led projects and their accomplishments over the past
decade are introduced. Based on the above, recommendations are made for the future directions of academic
research and Q&R activities in industry.
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1960s Specialization

« limitation of exponential distribution

« statistical methods
« reliability acceptance sampling

1970s System-level
« FMEA

* Fault Tree

« software reliability

« large-scale system

2000s Maturation
« statistical-physical approach
* PHM (Prognostics
and Health Management)
« functional safety
« development and use of
software packages

1990s Rise of POF

« physics of failure (POF)

« (accelerated)
degradation test

* robust design

« HALT (Highly
Accelerated Life Test)

1980s Era of ALT

« accelerated life test (ALT)

« Reliability Centered
Maintenance (RCM)

« reliability prediction tools

« Bayesian approach

Figure 2. Evolution of reliability engineering
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Table 2. Reliability assessment centers in Korea

T & ok A& Z7HAE ALelE
A71AA Fisaa - el http://www.ktl.re kr/
b A7 A AAR-FATH http://www keti.re kr/
e A7 1R} F7)A AN AAA DAY http://www kic.re.kr/united/
714 S |AATY http://www kimm re.kr/
A A} A A F AT http://www katech.re kr/
33} S8 g AT http://www krict.re.kr/
e s}t S AL SR A A DATY https://www kecl.re.kr/
33} st g A AT http://www ktr.or.kr/
55 AR TgATA http://www.rist.re.kr/rist/main.jsp
A FITIA @ AT4 http://www fiti.re.kr
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Table 3. American organizations related to quality and reliability

Won Young Yun - Jai-Hyun Byun

Organization

Activities

°

Publications

o

°

ASQ(1946) Training

o

Certification

°

Conferences and Events

Research (Future of Quality Study, Surveys)

o

Reliability Society

- Journals publication

IEEE(1963) - Conferences (RAMS, IRPS)

- Education

- Technical Committees

o

o

ANSI(1918)

o

o

Education and Training

Accreditation of Standards Developing Organizations

Accreditation of Conformity Assessment Bodies

U.S. Representative of International Standards Organization(ISO, IEC)

o

ASTM
International(1898)

o

Training

o

o

Proficiency Testing Programs
Product/Personnel Certification Program

Development of International Voluntary Consensus Standards

Table 4. Japanese organizations related to quality and reliability

Organization Activities
o Hold conferences and support the research and development
o Support joint promotions that involve both academia and industr
A i PR 1(1970) PPOT JOIE P y

o

(Japanese Society for Quality Control)

o

o Make progress in terms of public relations

Actively develop a variety of events, including symposia and field trips
Strengthen relations with and among related societies, both domestic and foreign

o

H A5 A ME2Er(1978)

Journal Publication

(Reliability Engineering Association of Japan)| ° Seminars, Symposium, Research Meetings

o

H AR HAle i (1946)

(Union of Japanese Scientists and Engineers)

o

Establishes and Manages “The Deming Prize”

> Holds “Reliability and Maintainability Symposium”
Education and Training in Q&R

o

o

Research and development
Education and training

H A B 1 Er(1945) ° Promoting JIS and other publications

(Japanese Standards Association) o Cooperating in international standardization activities
o Certification of management systems
o Certification of management system auditors, etc
o Society Bulletin, “Quality Engineering”

E T (1993) o Quality Engineering Conference

(Robust Quality Engineering Society)

°

o

o Seminars at Member Enterprises
Promotion of Research in Quality Engineering

Activities for ISO Standardization of Quality Engineering

A AF), 60706(3H] BAA), 60812(FMEA) 61014(A1 24 4374
ZZ1%), 61025(FTA), 61078(A1 F) A £ to]o] 1# RBD),
61163(A1 A ~EG 2AE), 61713(@{24}01 A19143), 61882
($18-&474, HAZOP) 5ol 3t

Ade Lok s dE

=
T

okt 4 2R 2ok
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Table 5. Important journals related to quality and reliability
%A 97 R

o T 32+ 23} 3] X o

o 3%%3%{192 ]2012) AR

Eagaan SEEEELLE

o Asian Journal on Quality

S aAgEsar - » SEREELE]

o International Journal of Reliability and Applications

o JIE Transactions IIE

o Industrial Quality Control(1944 ~1967)

o Journal of Quality Technology

- Qualty Enginesrin ASQ

° Quality Management Journal

o Technometrics(Jointly with ASA)

o IEEE Transactions on Reliability IEEE

L A A B

o (SHANE HAE M2

o hhE TEE B T

o Quality and Reliability Engineering International Wiley

° Microelectronics Reliability Elsevier

o Reliability Engineering and System Safety Elsevier
Table 6. Important meetings and conferences related to quality and reliability

EERERE 9 )9

o World Conference on Quality and Improvement ASQ
o Annual Fall Technical Conference ASA, ASQ
o INFORMS Annual Meeting(Sessions Sponsored by Quality, Statistics and Reliability Section) INFORMS
o Annual Reliability and Maintainability Symposium AIAA, ASQ, IEEE, IIE
o IEEE International Reliability Physics Symposium IEEE
o [ZRAME - RZEME T » K P 77 A (Reliability and Maintainability Symposium) H AR

Table 7. International standards organizations related to quality and reliability

Organization Activities
* Devel t of Volunt Int tional Standard,
150(1947) e\{e'opmen 0 o.un ary International Standards
* Training and Education
* Development of Consensus-based International Standards in Electrotechnology Areas
IEC(1906) * Conformity Assessment Certification
* Meetings and Events
5~7 AZY FEF EoFZ U0 <Table 8>, A1 F] A & t) g4+ 383 A (Journal of the Korean Institute of Indus-

o= 47l o] &+

e SEF HokE 24 3she] <Table 9> YR AT
3.2 Y3HA F 83
(1) FAEoF AT
U A F3E Eofol| A o] FoiZl FAFAE ok A+

BOhE U3 4 BhEF Bk ol Al 5~

H
hin
6

trial Engineers; JKIIE)$} A+ F-EH(E Interfaces) A o] EFHE =

TES THOE AR gt 8327} wike 197597
B 20149 99744 AHA L A Qe AR Hof =& F=
A3 A 1078, A E A 0dolth AAE ==

o A= Folt, thRAHY T A= <Figure 3>, A
382 = <Figure 4>°l], 18] 1 F &Aof AAE =8
& 2 & <Figure 5> YERH It} <Figure 3>S B thgH4ke]
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Table 8. Research areas of quality control(major and sub-classifications)

= TER
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Table 9. Research areas of reliability engineering(major and sub-classifications)
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Table 11. Classification of reliability engineering papers published in JKIIE and IE Interfaces(all years)
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H, 18%) AH 33t A EH 52012, 259 45)0f) T ¥
EH A <Table 12>ZHE AA| 72 issue Z 27 issue, & 37.5%7} Q&R

o REAZ  AFo AFAo| U3t HF(warranty) T AT A issuelH, =T TEE 40.7%7F Q&R BH =EUS ¢
ZA,3HU(14%) 9] =7l HEE o HIH &0 2HFE  F QUTh o] & OA AlEstH, AA =& 245%7F F4 #d
Agol = o] Ak =50y, 162%7F A4 #d =8olt} <Figure 17>

i)



Trends and Future Directions of Quality Control and Reliability Engineering 541

Table 12. Number of Q&R papers published in IIE Transactions(2009 ~2014)

Issue Vol.41(2009) | Vol.42(2010) | Vol.43(2011) | Vol.44(2012) | Vol.45(2013) | Vol.46(2014)
1 10(2/8)" 7 5(4/1) 5(4/1) 6 5
2 6 6(6/0) 5 6 8(3/5) 7(3/4)
3 8 5 5 5 8 7
4 9(6/3) 6(3/3) 5(5/0) 6(5/1) 8(5/3) 7
5 6 4 5 6 6 8(6/2)
6 8 5 6 6 9(9/0)" 5
7 6(6/0) 5 5(2/4) 9(8/1)" 8 8
8 6 6(2/4) 5 7 8 8
9 98/1)" 6 5(1/4) 7(4/3) 7(2/5) 7
10 6 6(3/3) 6 5 6 9(2/7)
11 7(7/0) 5 5(1/4) 9(4/5) 8(4/4) 8
12 6 5 5 6 8 8
Total 87 66 62 77 90 87 469
Q&R Total | 29+12 = 41 | 14+10 = 24 | 13+13 = 26 | 25+11 = 36 | 23+17 = 40 | 11+13 = 24 |115+76 = 191

; "
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Multistage E3, * Nano %, "Manufacturing and QM 3.
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Figure 17. Yearly trend of Q&R papers in IIE Transactions(2009~2014)
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Table 13. Classification of quality control papers in IIE Transactions(2009 ~2014)

EF FEF 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | &A
9&EH HA 3 1 1 2
ZAAA (TR ) 3 1 1 2 7
FR247 718} A A g
&]-§- 2147l 1 1
EXYETE/TE A3 1 1 2
24 4 2 2 4 0 0 12
#H= 8 4 6 6 8 6 38
FDD(FDC) 3 1 4
398
R FZA| o 2 3 2 4 1 12
FHE4 2¥3 9= 1 1 3 4 2 11
FHE A 2=H
7€} 1 1 2 4
2 A 15 9 9 14 15 7 69
SAA2H 7 2 AN 1 1 2
v A AL 1 |
o FESp 1 !
AR 2=
71
2A 1 0 1 0 2 0 4
#4749 | RE ZE% ¥ 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0
A EFA8E ¥3
FANY &E&E 2AL
= g0 24k Review 1 1 1 3
AME & F4 1 1 2
5, &7, tlolelnjelyd 3 1 1 4 3 3 15
71} 5 1 2 2 10
B | 9 3 1 7 6 4 30
Al 29 14 13 25 23 11 115
o o] =8 "] &-o] 7} =3, IIE Transactions THE (60%) =
® FESZAH 9 HAP Boke} FHYNP Y A2 FA A& ¥
e =8 SE A2 g FEol @ 53] KIEE A dA A= A3 =79 H&2 5~
6% A =2 A1 IIE Transactions2] 33%%} 2 Z}o] 7} S Th,
<, A 61 d Bt ok 383 A 9oF A B8R o Al ®3) 1IE Transactions®l|= ZA&7] ok TAA o A =
AH =53} 1IE Transactionsoll AAE =F-& nlwslr] s Fo| 23] W E 1l 9l oy KIIE 8t&A| o= &8 4

<Table 14>Z v}A 4T}
<Table 14>E WG O.2 & 83| 9] s&x o AAjE
H w3l o3} 2t}

(D KIE &&=

lEO(

WB3EE

ol A<l glrt.
@KHE SteA|o A FAAA Hofo] =& v &o] =& 7
& A AFI YZ 2013359 EFE wjFolH, o]
A2 geie oF 83] st A o FAHA Bofe] =70l
B2 {2 ohyny. 53] A4 Hoko s A3 of & 3}
AEo] ol & Bhs HE 1HE w(Yum ef al., 2013)
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Table 14. Yearly trend of quality control papers in KIIE and IIE journals(2009 ~2014)
gas zps *2009** 2010 2011 2012 2013 2014 A
KT K| T |K[T|K|IT|K|T[K[]TI/[K]|I
W2 H #HA3) 1] 1 1] 2 30 2
A (A ) 1|3 |1 1] 1 1] 1 217 1| 7
244 71ek A 3A & 1 1|0
&8 A4 L1 L)1
Xyt E 23 1 1 0| 2
= 8 4 6 6| 1 8] 1 6| 2|38
FDD(FDC) 301 1 1 1 3| 4
THEA 0| 0
CRcRi FZ Ao 2 3 2 4 1| 0] 12
FAEA 2¥3 o= 1|1 1 301 411 211 4111
% AA=H 0| 0
7)€ 1 1 2 0| 4
SAA2H HrF 2 AN 1 1 1 1| 2
o = A A 1|1 1] 1
e | AERA | ol 1
AR 2H 1 1 21 0
7]k 0| 0
=24A 8 1 1 20 0
FAA2H 1 1|0
zA7 EAAHRA| 2H 0] 0
2] 22A] 1w} 2 1 300
A2 EH A (PLH) 0] 0
4 wew i 0] 0
APA FHEE 99 0] 0
FA7Y g8z =4} 0| 0
zA9m Yyt Review 1 1 1 0| 3
Ml F4 1 1 1| 1] 2
55, 57, dolgurloly 3 1 1 4 3 30 0115
71e 5 1 2 2 0110
A 502907 | 145 |13 5 |25/]1223] 2 |11]36]115
" . JKIIE and IE Interfaces, ™ . IIE Transactions.
® & 83 sreAo A < FASAG L HAP Fokg < FAYRP 18] TE Transactions®] 5&3te =585 o+ g
o] <AfH| "*@’ e =T AR AH 2 g Folth. Hlo]H, A7)/ Fautocorrelated) Tl O1H, ZE 3 (profile) H]
® IIE Transactions®] AlAE =& £7T o, ‘FHYw  o]H, A FZK(spatio-temporal) B o] B &} o] & 1] B2 E4
o] <&E, B/, tlolgulold o= Q&R Fd issueoll Al A E ThE =Fo| ol =, o] & U4F7] Y8 1EF FE,
A =& FolAM S8 QaRE FFl & o] ofvgt  TAA WHE ofYzt byt vlolHutold, HlEFH WY
&, 5, delHrlolYd AAE OE =5 TF3H 5 Tty AT
o &9, fgatd F 3 AU 4G FeA o= Q&R #
d issues WE LI 9)A] &7 HH%’: o 9o} 22 A () =% &7, &4, KIE =& 32 v mL 2124 Fo}
A =i E3etA Eottt wekA gE, 5, vo HZ A AT FFe gofstal 5o A8 vl
ool aF& 2wl al th ol A A& Tt at7] el FHEoke} vl A 2 NE Transactionsol| Al A €
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AT 6l =8-S B8t 20093 F-E 20143 A 7HA]
AAE =& FoA AZHAH %fﬂ FE F 16U EA
AA EE=E 59 162%0]H, 7 A% @2 FLE3HA HEE
1SS LAY

SHAA

18(24%)

NES REE

36(47%)

ANBEEE |
18(24%)

Bong-Jin Yum -+ Sun-Keun Seo -

Won Young Yun - Jai-Hyun Byun

BopHZ W <Figure 18> Zo] A2~ XA
A(18%) B 2 A F(18H), A2 A LodH)
| o] RF UG, AH|BA 9 Hf-&o] ATH o
E%%%mq&anwﬂﬂﬂﬂ%@@aﬂ}o§q
<Table 15>+ £ 76HY =E S AT
gk A3}o] 1, <Figure 19>+
AA e AEE 4z ura}ud Zo ]1:}' pax
FEF Hopo AT )83} 5L AR

e

fn o
O

o
o=
lo fr
[

o
ol o Hr x
S5
o
o 2 g re
)
oo
]o

AT
ZJH}GQWAHW]ﬂﬁﬂw]§¢
2713t g AF-Eo] th E3HE o

m[o_\;&@

> X0 A oo
~
=

o

= o

ol

=) Aet 4(5%) o a8y aARAL 93 AR o} I RA AT
Figure 18. The number and percentage of papers in each major OF-Z, 3, b 5 53A 28-S 7Hg8ka 9lom,
reliability area(IIE Transactions) ol9] £4& A3 Markovian PFE B9, G FE4Y =Y
Table 15. Classification of reliability engineering papers in IIE Transactions(2009 ~2014)
=5 TEF 2009 2010 2011 2012 2013 2014 SHAI
YR A 1 1 1 1 3 7
Wl 1 3 1 5
LR ] Fe| -4 3 A 5t 1 1
ZZ7RE A 2 2 4
71E}k 1 1
24 1 3 2 1 10 1 18
HA| /A E 1 1 1 3
VEFHA YA E 1 1 2 1 1 6
PR (;S;%j:}l YA = 1 1 1 Z
Y A
A A HZAL R 1 1
TE/A2H AR 1 2 2 5
By 1 3 3 4 3 18
2 HEY 1 2 3
1Y Es Ay By 1 2 1 1 5 10
A28 A EA AR ELA A== 7} 6 2 3 3 14
A= oS 1 1
2814 A H A 8} 1 2 2 3 8
& 9 4 6 6 3 8 36
X ESo]41E]d 0
A=A 0
A ARk b 25 A1 =] 4 0
RZA A 1 1 1 3
71e} 1 1
By 1 0 2 0 0 1 4
A 12 10 13 11 17 13 76
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Y 2 5| & 5}

(a) Maintenance
A2 ol &
A AA/F = 8} 1(3%)
8(22%)

AP VEIECE]
SRR
14(39%)

A= oEY
3(8%)

(c) System reliability

LAE/A 2

(CH4)gstaE /At
(17%)

;Lx/}\]/\Eﬂ )\]ili

5(28% ’
ERtR__— I

e AL VAE]

3(17%)
6(33%)
A RAR/ B
1(6%)
(b) Life testing
71eb
1(25%)
g
3(75%

(d) Reliability : general

Figure 19. The number and percentage of each sub-category papers in each of four major reliability areas(IIE Transactions)

& AHEskaL, Wol AR Y, 3 A Wo] A g T A BE EA
W Fol &85 It 59 277w BUE H 3 zhoj g
B33 #dE dFES U 2L Y I 9k
N2 FEREF FEH S A7 doH, AdATE
+ Wind-turbine 28 H A5} A+ 9t} 1IE Transactionsl| 4]
AU R ok 7HE FEHR AL A A A7 B
Aol #e AT vv g FEolH, 2 AL FE FHA
As A% AL ANATHE BT o] 3 T o, o]
AT RANA Ao 24& g1 gtk 7ot
@sHAY

<Figure 19(b)>E B t)etibd 3-813] A2k A d 3} AL}
A 7k A R #3 A9 HFo] 7 EAT(33%) =
LH“PE HEH o A= dom, AgaA ] Az A7 4T
& Hole o} ] dIAHRE o] §3lo] o4 S 34
e ATY) T TS FA Y =7 °l %I'ﬂz alt} 3k
AT 719G Y G859 AAo] E
of #3t A& A8
E3 A=A wlolele 4 A o] At S AE
ATF7F SHOE FHA Y Eok9 oF 44% HEE AA 3} )
o N2H A EE F457] A BE AGALY AAQ
), F5} - (load-sharing) Al 283} 2EG AT 2| o

gt A EAH B =] 247 2w (o] X3y of
At

I3 AA =R AAEE BEsE 547 £4139,
722%), NEAY & T8k AA(4H, 22.2%), A= A9} )
HS 3 SE(19, 5.6%)01H T e 2] AARGE §
AR B o] 22 8 &(72%)& AA8EL 3, 2+ &8 Znt
< S8t Ao Ao npet FHAE okl A S82
ZEREFAE =TS US4 Ho &3

QA 2" A

<Figure 19(c)>5 BH T&F o TollA A2HMES A
ANHE Yo7}, 14188 @8 Y, ARG A £ Hhe
o] &t

AF2 02 B A=y WEY Eofol A 275 /\l“’“
o] W g, Bl (multi-state) Al 25 o] R 2 g 28 5
A, uA/edY RSl ARy #HE =% 10
HAANEIMEHI A E Grlol A MEHA AZ & 58S
T 149, 1Y AHA 5 B =Tl 118 £ 9
o 53] e Al 2'l o] By, £, dA o B3 =5l 9%
L2 HZ AT FAT I H 2 °‘E}

& A AA/HAE Robelle BB, d7], 0 Tk TE
59 FEA2H @ HA 57} 71«] frEed Tt 2
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Z], 95 5o o3 AFA AA, AHE uE, e Al APl B =F vlgo] 7P w1, ANEATL FEAE
2Elo|u} Bl A 2o AA Fo] FE o glom &5 o UE e Y, AHAY Yo g E/E =T
Nz"el HAHgle] g = e AFsh Jga H2 S0 & ¢ AL Holth FEFY Hlue g EeIA (R
A3t A A HEY FEAY L FLete A7 A ATIA ) FERFEE =897} Ao FA =22 WY
W 2FEo] gt dH S8 A =R THOZ %E O  CE St g EFEE vudd thed 2o
2F 33 et e ol
OAnEA
@ A1 Z AR gut TUWe BT o] FobollA EA AY =& v go] &
AUt x3E AFZE REAYY #PE dxz O Tl 34%(71%) 22 1IE Transactions®] 7H(39%)l Hl
A oA YRZEAM ZuAE NH5E AYEA, BZ 3 3 €53 EU IIE Transactions®] -5 W] 5%(28%) 0.2
o K9] Gross profit 2o B ATESo] Yt 13 A4 AHALE woH XAVEAE 4H(22%) 22 £2 A°]
A A ATZA AN AZAH AF7} 9oy g2 Bopzg  EAo|Th o] Fokoll g s AT SeA 2FV|FH o
B2 Al EZAE stogad A e Agdny,  FHA s AR H 2o = AT AR s TR
Ultra-thin dialectic films®] 4124 A 50] 9lth. HAE ¥ A0 #oHn 53] A4 7] oFuto] ofy
gt I 8o JAME FFoly A28 B33t AS 9 Al
o] A9 AFE ulg o Z et I (AT = AVlE T B A 5o wYste] A sE ook st A
3h ¢} 1IE Transactions®] & 637 A E Ag A Bope] =  TAHAL tha 1 F3TL AAIY. 53] o] & A7 HE
ES BEAA 23 <Table 16> Zo] £739th s o AAARY 4A TA S A8 284 BAH A5 A7
AzE A0, 37%) A RABRH, 33%) FEAICE, THFSR AL ALZATEY S FF gEA T B8NS
13%) <02 =5 47} %O [IE TransactionsOl| A& Al 28] BoFe 202 Addn, T3 7| AF3 dAakae £of
Table 16. Yearly trend of reliability papers in KIIE and IIE journals(2009 ~2014)
2009 2010 2011 2012 2013 2014 A
IR TEF T
KT K|T|K|T|K|I|[K[|I|K|I|K]|I
oA L 1|t |3 (3] 1] |77
Hel 1 3 1 5
Auj R T 54 2 A 3} 1 1 1|1
27N A 2 2 4
71k 1 1
FHAEAE 1 1 1 3
M5 HAYALE 1] 1 1 2 1 1116
HZ2 0 i=!
AL AR EAE 1 1|11
TN 2E NI 1 1 2 2 1|5
AlFAH HEY 1 2 3
e 17gEstdy By § 1 1] 2 1 1 501 |10
A4 A ZEMESA S A== H7} 6 2 |1 3 301 |14
A= o 1 1 1|1
21279 AAH A 8 1| 1]2 2013 3 1 6 | 8
J_i_Eﬂo]o]/\ Q/ﬂ
A A
212 dnt SR Bt R R R 3 3
REAA 1 1 1 3
71 | 1 1|1
A T [12] 7 (101 [ 137 [11]6 |17]2]13]|24]76

" JKIIE and IE Interfaces, " . IIE Transactions.
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Table 17. Q&R related questionnaires(production control area)
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Figure 20. Measurement scale for questionnaires C16-2 and C16-4

Table 18. Means and standard deviations of the scores for 5 items in questionnaire C16-2

Item 1 | MC SMC™ | Item 2 | MC SMC Item 3 | MC SMC
Mean 593 5.57 Mean 5.51 5.02 Mean 5.34 4.87
STD" 1.06 1.14 STD 1.09 1.16 STD 1.16 1.17
Item 4 MC SMC Item 5 MC SMC * : major companies
Mean 5.43 4.92 Mean 512 429 **  medium and small-sized companies
# . standard deviation.
STD 1.17 1.17 STD 1.30 1.37

Table 19. Means and standard deviations of the scores for 4 items in questionnaire C16-4

Item 1 MC SMC Item 2 MC SMC Item 3 MC SMC Item 4 MC SMC
Mean 5.06 4.71 Mean 5.01 4.63 Mean 5.12 4.64 Mean 5.18 4.61
STD 1.12 1.16 STD 1.13 1.21 STD 1.20 1.17 STD 1.09 1.17

TQM, 64 10t & FA#Y 7/ Hol AADCE E8Hu gtk o (1) A& Cl16-29 A} A R F47199 B A
5 7M SA H7be o b7 ET AR o2 vnt ) 714, F4719 BT
AT Clo-4v A EA ok Add HEOEA Aulde] A AE Cl6-49 Fo] tig B 57} Cl6-29 T8 o
BEO £Fo] 47} FF 02 TAH YTh(<Table 17> 3 FF FFRoh dubz o 2 dohgh A E Cl16-29) 59 &3
Zz). 1 AFE A5 <Table 19> 21}, AL &, 7Y, Fa71Y B AR Auldg F7Y
<Table 19> AH}ZFH 34 F Y& AL et 2 =AY Y FF 2o @A 3718k ok (3) B
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A, T2V 44N £F 8 HE A 2 Aol HolA
0]

Cl7-19A = ‘EQ’ QA7p, 3o Zzke) A A F4
NEEE FAFES AT, ol 100%7} Hojok
3h. <Table 2050 “FH S 1-?& 713k 7193 39 2 Bk
7149 ¢ vgS AYsAh s, #4719 44 v
N 71 T2 7ol ‘FE Y Y FREE M =
7%] Bt om, 7t BA B 7193 47199 HlE
< 47 3% AEAT &, B 7IHE0l E*‘A SH glo] o
THEE MG F7IHe g2 s 22 448 S AT 5§t
I REEta Qe A 08 Held ok AA FA dvb, o
Aol AP S ol T @ sYo] <FA o H$
A e T AFEE vpEE A7 dajAe o AE
ARt g AFd Fe AL ohygty B, gE A7}

T\_. AN

o S/A7HA 2%
o @A % 35714 *Ji“ﬂlﬁlﬁ} 71 %,Q
(Quality Function Deployment), DFSS(Des1 n for Six Sigma),
TQC E& TQM, Six Sigma, ¥ &4l &5 (Single PPM, 100
PPM), TPM(Total Productive Maintenance), AAFE A5 5 7
7HA S
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A 3HA **ﬂ“;h'é o 71t & 4 9l
719del old 7T & 1~59 ol 23S o o] & FoT
(significant) ¢ M &g} By G 7| ] ¢ BELE <Ta-
ble 21>0ll Bt} <Table 21> A &= o] ® 7] o] A€
AA 71 £E s, i=1,2,3,4, 59 83}
S 7474 10,22, 12,9, 427001 3, F4719 4= 22 140, 146,
48,33, 1377 olt}. j= oHDUl%A EHE AUI?&E}

<Table 21>9] AZZ5E] 3ot 4 gl & AL o3t 2t
(1) QFD, DFSS, TPM, A+H A &5, F4719 9149 Six Sig-
ma, 714X 9] FAFN&F %——% T FEE EA E
St ) 714 # F4714 4% TQC, TQME
M Z23 EARE Vo= t}. (3) Six Sigma
T % 24%°] tf7]f A o A8 ?4‘1"] 3t gl

L& TQC, TQMETH tha BT}, (4) oF 14%9] $47
= ﬁéfﬁ*l °E(Sing1e PPM, 100 PPM)S $2 lé}
T TQC, TQM Bt T4 Y,

ﬂ i BE HE F <Table 22>9] 57] A&
ps!
M

ox
=
2
' 1o
fil

X
_0|L
¢ R
3o

BEE T3 559A Bt ] AARY FE-2 <Figure 20>
9] 74 iﬂ,E_i 337}—6}5:_% 3T <Table 23>0 E01-1%-H
N &3t tie 23-E A28t At
HH 3otd

<Table 23>¢] 37Jr ol AbgrL The 3} 72

Table 20. Numbers and proportions of companies who rank ‘Quality’ first (a) and third (b) in questionnaire C17-1

(a) MC MSC (b) MC MSC
NI 65 338 N3” 3 15
Proportion(%) 68.4 67.1 Proportion(%) 3.2 3.0
* : number of companies who rank ‘Quality’ first.
**  number of companies who rank ‘Quality’ third.
Table 21. Q&R related manufacturing practices considered significant
TQC, TQM-th 7|4 TQC, TQM-F4714

i~J 1 2 3 4 5 i~J 1 2 3 4 5
1 007 - 1 8(5.7)
2 3(13.6) | 1(4.5) 2 23(15.8) | 16(11.0)
3 3(25.0) 0(0) | 2(16.7) 3 11(22.9) | 3(6.3)| 3(6.3)
4 3(33.3) 0(0) | I(11.1) 0(0) 4 39.1) | 4(12.1) | 309.1)| 1(3.0)
5 7(16.7) | 6(14.3) | 1(2.4) | 3(7.1) | 2(4.9) 5 20(14.6) | 10(7.3) | 9(6.6) | 8(8.5) | 9(6.6)

Six Sigma-t 71 %] FAYNLE-F 4719

i~ 1 2 3 4 5 i~ 1 2 3 4 5
1 0(0) - 1 1(0.7)
2 2(9.1) | 2(13.6) 2 8(5.5) 8(5.5)
3 1(8.3) 1(8.3) | 2(16.7) 3 0(0) 242) | 12.1)
4 (11D | 1(11.1) 0(0) | I(11.1) 4 1(3.0) 39.) | 309.1) 0(0)
5 3(7.1) 49.5) | 2(4.8) | 124) | 3(7.1) 5 8(5.8) | 10(7.3) |14(10.2) | 10(7.3) | 4(2.9)

* o number of companies, ** : proportion(%).
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Table 22. Q&R related questionnaires(R&D area)
AE WS AR & AR 3
B0L-1 Arte M Z2A 20 FES o8 &% T, ‘DAIEE DR(Design Review)©] & +gdtPal=
M e e 29 4
012 AALY AF71E F A Z2AH oy T T, AE, FF FAHY FEEL g
P2 sre w300 ek T B4
ArtY A Bxde] £E8 HUiete | A8 28 F N gAA FHERTBE) o]FAtE=
E01-3
FAA 2 £ 24
5014 A 7H%} 7 2 ET 88 £S5 | 98 £33 F ‘VA/VE, QFD(FE71T AN, 2FA Y
’ st FAHA L (FTA71H) 5 ME7IHE & 833 Qe £ 74
ALY ANAYHE FFAA HaH _ —
g F FAER A EE B Y
BB | wastod skl 2442, Gl EY S AR geee £
Table 23. Means and standard deviations of the scores for 5 items in <Table 22>
EO1-1 | MC MSC | EO01-2 MC MSC EO01-3 MC MSC EO1-4 | MC MSC E03 MC MSC
Mean | 4.94 4.39 Mean | 5.12 4.80 Mean 5.02 4.65 Mean | 4.43 3.90 Mean | 4.94 4.55
STD 1.29 1.33 STD 1.21 1.25 STD 1.16 1.27 STD 1.35 1.32 STD 1.14 1.18
ok (1) A& C16-2, Cl6-49] Ao} vpAMA R F47199 F A 20009 FF A H7} - AFS L BFAA AHA AL
T A7t fﬁﬂfﬂiw kA o 2 vt} () AN RES gl 1013743959 99 oike BEYsle U REY S
Aade REY WA QuHoz neAod, 47 F4FOE RF Y 44 8 494 BHAHE Fa W)
<Figure 20>°] 74 “m«l ojulo] FASA A4E RAgde A A HUL 79 FEEe 5 AFTEY A &Y
AA o}, 1A F471Y ZFNAM <Table 2259 AFA  AFY LS FH3A T
0 Rael 0 BRHST AR Cle2o BR U@ R 200095 Uzkes ABsel AgHn g A4 - 3
TATEG Ay os ‘%”jr.( yAMRE B2 vVt R TS A E BEAA AZRGATL A5 A A H Fopd
W74, 42719 A2 A A 7Y 2 788 FE2 4 AEEA A8 AR AAH "Jﬂ‘é ¥ 7}A H (<Table
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7}541 Athe AL B, A7 BE
84 59 FAE QAU FEA SHAA
ofF & Azeta dojzih &, 484l 7
HE‘—:H%E% F8A L Fo Hf&{éﬁwﬁ ol £ ¢
F& #A o] gt #
B2 Q&RY 2Y < B
&3 AEE ATt glom, o2
3 BeAd waE EEA o]FoA L
MPS9| & 9|7} Avta AHT gto =
AARQ ZAE AN =7 E 7 o

i
i

Sl
(o

4B

4

g 1o > ofd KU o of
oy
N
o o

—HL

&

o
2 opUgon e
AAA D 2AA 7}
A= HollAl 2013
Q&Roﬂ ZHE g

am=

&
Al

42 A FoF

T ol A A F AR Abetr]Rel ST e

o, 714

A ASHE

AES A7 dusw %7}71%
L F3HA E

410

400
361 my
317
O

266

o

300 1

<+
T 200

100

0-

SLIV RS

Figure 21. Current status of reliability standards and certifications
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TE B HEE A, Fo71YdA o] Aoz ¢l
& &40 BAEYE A BANFE APHRE AES
200335 £93ka Aok =3 200835 H £ 24
E710] o] Aoste £29A Y A A AAA Fakat

YA Toll HFE o] 9t} ¢4, %71131 %Zé%ilﬂ A of
S Age 2AA oo Ao =EL 1 F AT B35
3 A9 zhol E & 91913, VOC, QFD, &2 H|
AA8, 7199 434 Je FAAYE A

Al #4
AEAZE O3 59 & 2 44 #F A=
g AR oIt} GO E o Fofel A E B2 HAlH A
7} O] F A7) E 7]t} of2d, AA7IA AFEA 9
T GFEorlAE I tdd Wee vestd et o
01] So], tetAl A 28 (multistage systems)ol] TH3t &3}
TABY A, A, Ao 5), HA KA EA) 5o #F A

If7)e Forgd dg S B3 S8 AT NEL BAY
W=y 5515 7MY LR ool F Qltke HollA wl &
a3tk 25 W A9 F Aol = =8, IT, Health Care
Y Mul2 Aoz e BAE HA S 28y F
T 6'd Fetoll& o] #opef =70 1H ‘%}EEV] BRe
o, A =EEE NEZE YHEY ATE T2 3¢
Argl ol &g o] AT AH| 24k 9] F 8 g o] ;QX} oA &
F Ao Bt 9} Eoke ‘4] Fesb ol Q&R &0kt ZA 7]

& g QA H71E 71t gt I 9ol AkE S| Ak A &
oF9] QbD(Quality by Design) AN AEA ),
3t 59 A, 44 FE 7ol F8F dFE st gle
w7]E3 AU Lok(FY, B FF, vhol & F)ol & #Al

7Hd 2a7k ol
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o _12i

(3) “Data-rich” 37 5}2] d| o] ¥ &2
A 2"o] Bz B A 1 do]EH £4 7]&o] WA g o

o
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dAA Aol obd &= o] E(observational data)©]
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7} (profile) Bl ©] ¥, A &-Zk(spatio-temporal) B o] €], A AHA &
Eﬂ o[g Foltt. o] & tF7] HaAe R FEA, AALR
A, FDA(Functional Data Analysis), Spatial Statistics, B 2%

] Kriging 59 % 71" o] B a3ith.
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(IEC 61508, 2.0 ed., 2010).
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