00000000 odoooooobooooooonnn = Anapplication of the fuzzy
theory for gauge repeatability and re

goougon

E-mail: 354759@mail.dyu.edu.tw

00
1SO9001:2000 0 0O TS16949 00 0000000000000 0D0ONO00OOONON0D0OONON0N00OONON0Noood
[ (Measurement System Analysis, MSA)O 0 0 1SO/ TS 169490 0 000D DO OOMSAD OO D O0O00OCOODO0O0O0C0OO
[ (Gauge Repeatability and Reproducibility, GR&R)O 0 0 0 0000000000000 00000000000000
0000000000000 0000000000000000000000000000000000000000
O0000000000000000000000000000000000000000000000000 000
0000000000000 O0GR&ROIOOOODONOOOONONDOCOODOOOOOOAIAGOMSADOOOOOOOD
0000000000000 00000000000000000000000000000000000MSA0C[O
0000000000000 0000000000000000000000000000000000000000
0000000000000 00000000000000000000000000 -v-00000000000
[1 (Number of Distinct Categories, NDC)J %GR&RO DD D 0000000000000 00000000000
OD%GR&RO DD OOOOODDOOOOOONDCOOOOOO0DNONOO0NO0NO%GR&ROIOOOODOOOOOONO
0000000000000 0000000000000000000000000000000000000000
ooooooo

gogo:gbobooooobbbooooobooon
g
g o

oood
ood
oood i
ABSTRACT v
aa vii

00 viii
ooo x
oo xi

goooogl
1100000001
120000 4
130000000 6
1400006
oooogogo9
212200000 9
22200000000 14
23001s0/Ts16949 000000 24
240000 31
gbooobgob 38
310000 38
3200FuzzyD OO O 40
330000 44
oooooon 47



410000 47
420000000 48
43000000 70
440000000 90
gooo?ogn 88
510000 92
520000 9%
530000 95
54000000000 9
goog 97

god

g1igpogoon 8
02100040009
0222000 10
023000 11
0240000 12
0250000 13
0260000 14
02.71S0/TS16949?20 00000 26
02800000000 28
02900000 29
2100000200734
0211000 36
0310000od 39

ood

0 2.1 Classical GR&R 0?0 0?0 16

0 2.2 Montgomeryd Runger?0 0?0 0000 17
0230000000000 DbO0ODbOD 18
0240 0000000000O0ODO0O 20
0250 000000000000 23
0260 00000000000 27
0310 00o0oogn 43
041201101-60000000000O 48
042000000000000 50
0430000000000 50
044000 RpO 51

0450 0000000000000 53
460 00000000000 54
0470 000000000DO0O 56
0480000000000 57
049000 RpO 58



g4100 0000000000000 60
0411000000000000 61
04120 00000000000 63
04130000000000 64
0414000 Rpd 65

041500 000000000000 67
0416000000000000 68
0417A00000000DOOOODOO0O 70
04180000000000000DO0 72
g41000000000o0o00og 73
042000000 RpO 73
04210000000000000000 75
042200000000000000 76
04230 0000000000000 78
0424000000000000 79
042500000 RpO 79

426000 000000000O00OODO 81
042700000000000000O 82
04280 0000000000 0O0O0O 84
04290 00000000000 85
043000000 RpO 85

04310 00000000000O0DOOO0O 87
0432000000000000O00O0O 88

0 4.33 %GR&RO ndcO O 91

gogno

000010000000 0000@o)IDDOO000NDOO00DDO000DDOD000DOO0O0DDO1000D0O300213~221002.0
O@oo7)ODO?MmO0ODOMSAC O OO00COO0OOC2xMO00O0O0OO0s3400090Oss~003.0ggEeoncoooooooooo
goooooOooOoOoOoOoOOOOOOOOOOOOOOOOOOOOOD400RIIOUUOOOOOOOOOOOOOOOOO
O004600010047-52005.000@o05D 00 00O0OCOOOOOOOOODOO41000100063~65006.000(2006)0 O
goooOoOoOoOoOoOoOoOOOOOOOOOOOOOOOOOOOOOV7OOORIYUIODODOOOOOOOOOOOOoOoOOOg
O0O0O0O00OsOOroc4)UIOOOOOOoooooooooooooOg2s00040dds~-ss0000000nnononon
googOODOODODODOODOODODODOODOODODODOODODOODODODDO40O0060041~400010000@0O7)DODODOODODOO
o00ooo0o0oooOoo0o0oDboO0oOoboo0o0ooDbOOonoobEeUObDO0DODoOOoooDobOooobOooooDOoOooDooOoo
oo0obD12p00009%) 00000000000DOO00DOO LMW O0DOES) OO0 DOO0ODDOOOOoDOOOoOoDOO
001000000000 DOO00OOO000DOO00DbOO00D0oDOO00DDOO00DDOOOO0oDOOODOOOOns?
Og(oogm?m?d?2mOOOMmWOOOODOMO0OO00DO0O0DOOO00OODODOO0ODOOOD16.000O(2008)01SO/TS
1694920020 0 0 O O0O0O0DOCOO0ODOOCOO0DOOOODOOO0D4400020032~380017.0000000RoO7ODOOODOO
OO000:0?2m18.000@19) 0000000000 000: 021900000000 COCOOODOOOOPFRMEACOODODOO
045000110034~370020. 0000100000000 DO-0O0O0C0CO0OOOISOY010 00000000000 O4600010
043~460021.0000000R010OMSAC OO0 O0OODODOO46000110026~280 0220000070 0O0C00O0O0O0O
0000000000 00043000001B00000000000111003 00000000990 00000DOOOODOO
000:0024000(1994)Fuzzy0 00 00000O00DOCOO0OODOOO:00D02.0201000000000000O0000O00O46
00020049~-520026.0?0 201000 000000WMNO0O0O0000D4600050040~430027.0°001000000000000
O00O00O046000100038~430028.0000000 (1990 O0O0O0O0OODOOISoC00000 0000000000003 00
020042~480029.000@o0o70O0OOOOOOOOOOOOOOODOOOOOODOOOODOODOODOODOOODOODODODOODO
030002199700 0°2000000000?20000058047~540031.0072001)0?2000 (MSA)DOOOOoOog.0googory
0054~600032.0000000((007O0O1SO/TS169490 20020 00 0000000000000 O0O0O0OOoOoOoooo4o0o0o
0013000000000001~140033.000(002000000000000000000000O07700116~1180034.00
0(o09)UOMSADODODODODODODOODODODODO4000110054~-58003.00000000000(0020D0O0O6sigmal?000O(
ooO0)jo»00000M0000000036 00000001990 Fuzzy0000C0CO0COCOO@EOOo»00ooooooog
oOo0oosrm0o00bo0oEos)DDoO»-?2Mbo00bo0.0oooos3s oo 0NnooooooDooOonoDs4d



OO040053~560030.000@00UO 0000000 L: 0000000000000 OO4400010009~160040.00
goo9UuOODOODOODOODOODODODODODODODODODODODODODOODODODODODOD41000@O)DOCOO0OO0ODOOUOODOODULDDLOOO
0:0?00000 1.Adamo, J. M., (1980), “ Fuzzy decision trees” , Fuzzy Sets and Systems, Vol.4, pp.207-219.2.AIAG Editing Group (2002),
Measurement System Analysis-Reference Manual (MSA), 3rd ed., Automotive Industries Action Group.3.AIAG, (2005), Statistical Process Control
(SPC) Reference Manual, Second Edition, DaimlerChrysler, Ford, GM.4.AIAG, (2010), Measurement Systems Analysis (MSA) Reference Manual,
4th Edition, Chrysler, Ford, GM.5.Al-Refaie, A., Bata, N., (2010), “ Evaluating measurement and process capabilities by GR&R with four quality
measures” , Measurement, VVol.43, No.6, pp.842-8516.Aya?, Z. and ?zdemir, R.G., (2009), “ A hybrid approach to concept selection through
fuzzy analytic network process” , Computers & Industrial Engineering, VVol.56, pp.368-379.7.Baldwin, J. and Guild, N., (1979), “
fuzzy sets on the same decision space” , Fuzzy Sets and Systems, VVol.2, pp.213-233.8.Barrentine, L. B., (1991), Concepts for R&R Studies, ASQC
Quality Press, Milwaukee, W1.9.Bass, S. and Kwakernaak, H., (1977), “ Rating and ranking of multiple-aspect alternatives using fuzzy sets” , Auto
matica, Vol.13, pp.47-58.10.Buckley, J. and Chanas, S., (1989), “ A fast method of ranking alternatives using fuzzy numbers” , Fuzzy Sets and
Systems, Vol.30, pp.337-339.11.Burdick, R.K., Allen, A.E. and Larsen, G.A. (2002), “ Comparing Variability of Two Measurement Processes
Using R&R Studies” , Journal of Quality Technology, Vol. 34, No. 1, pp. 97-105.12.Cheng, S. C., Lin, N P., Yang, C L.,00 Sheu, C.(2003),

“ .Quality dimension, capabilities and business strategy:An empirical study in high-tech industry” . Total Quality Management, VVol.14, No.4,
pp.407-421.13.Chen, S. H., (1985), “ Ranking fuzzy numbers with maximizing set and minimizing set” , Fuzzy Sets and Systems, VVol.17,
pp.113-129.14.Chen, S.J. and Hwang, C.L., “ Fuzzy Multiple Attribute Decision Making-Method and Application” , Springer-Verlag, New York,
(1992)15.Cheng, C. H., (1998), “ A new approach for ranking fuzzy numbers by distance method” , Fuzzy Sets and Systems, VVol. 95,
pp.307-317.16.Choobineh, F. and Li, H., (1993), “ An index for ordering fuzzy numbers” , Fuzzy Sets and Systems, Vol.54,

pp.287-294.17 Jorgensen, D. G.., “ Measurement System Performance Analysis, Quality” ,81 (1988).18.Daniels, L. and Burdick, R. K. (2005),

“ Confidence Intervals in a Gauge R&R Study with Fixed Operators” , Journal of Quality Technology, VVol.37, No.3, pp.179-185.19.Datar, S.,
Jordan, C.C., Kekre, S., Rajiv, S. and Srinivasan, K., 1997, “ Advantages of time-based product development in a fast-cycle industry” , Journal of

Comparison of

Marketing Research, VVol.34, pp.36-49.20.De Bi?vre, P. (2008), “ Measurement Uncertainty is not Synonym of Measurement Repeatability or
Measurement Reproducibility” , Accreditation and Quality Assurance, Vol.13, No.2, pp. 61— 62.21.Delgado, M., Verdegay, J. L. and Villa, M.
A., (1998), “ A procedure for ranking fuzzy numbers using fuzzy relations” , Fuzzy Sets and Systems, Vol. 26, pp. 49-62.22.Dolezal, K. K.,
Burdick, R. K. and Birch, N. J. (1998), “ Analysis of A Two-Factor R&R Study with Fixed Operators” , Journal of Quality Technology , Vol.30,
No. 2, pp. 163-170.23.Drucker, P.F. (1985), Innovation and Entrepreneurship: Practice and Principles. London: Heinemann.24.Dubois, D. and
Prade, H., (1983), “ Ranking of fuzzy numbers in the setting of possibility theory” , Information Sciences, Vol.30, pp.183-224.25.Fang, J.J and P.S
Wang (2005), “ The Analysis of Gauge Repeatability and Reproducibility with Interaction between Operators and Parts” , The Proceeding of the
Fifth International Conference on Quality and Reliability (ICQR 2005), Bejin, pp. 209-216.26.Grubbs, F.E. (1973), “ Errors of Measurement,
Precision, Accuracy and The Statistical Comparison of Measuring Instruments” , Technimetrics, VVol.15, No.1, pp.53-66.27.Hamada, M. and
Weerahandi, S. (2000), © Measurement System Assessment via Generalized Inference” , Journal of Quality Technology, Vol. 32, pp.
241-253.28.Jain, R., (1976), “ Decision making in the presence of fuzzy variables” , IEEE Transactions on Systems, Man and Cybernetics, VVol.6,
pp.698-703.29.Kappele, W.D., Raffaldi, J., (2010), * Gage R&R for Destructive Measurement Systems” , Quality Magazine, May,
pp.32-3430.Klir, G. & Folger, T.A. (1988). Fuzzy Sets, Uncertainty, and Information.Prentice-Hall.31.Klir, G., and Yuan, B. (2005), Fuzzy Sets
and Fuzzy Logic: Theory and Applications, Taiwan: Pearson Education.32.Kolodziejczyk, W., (1986),
with fuzzy preference relation further results” , Fuzzy Sets and Systems, VVol.19, pp.11-20.33.Lee, E. S. and Li, R. J., (1988),
fuzzy numbers based on the probability measure of fuzzy events” , Computers and Mathematics with Applications, Vol.15, pp.887-896.34.Liou, T.
S.and Wang, M. J., (1992), “* Ranking fuzzy numbers with integral value” , Fuzzy Sets and System, VVol.50, pp.247-255.35.Lupo, C. , (2002),

“ ISO/TS 16949 the Clear Choice For Automotive Suppliers ” , Quality Progress, pp. 45-49.36.Lyu, J. and. Chen, M. N. (2008), “ Gauge
Capability Studies for Attribute Data” , Quality and Reliability Engineering International, Vol.24, No.1, pp.71-82.37.Matthyssens, P.,
Vandenbempt, K., & Berghman, L. (2006). “ Value innovation in business markets: Breaking the industry recipe” .,Industrial Marketing
Management, \Vol.35, No 6, pp.751-761.38.Mandel, J. (1972), “ Repeatability and Reproducibility” , Journal of Quality Technology, Vol. 4, No.
2, pp. 74-85.39.Montgomery, D. C. and Runger, G. C. (1993a), “ Gauge Capability Analysis and Designed Experiments. Part I:Basic Methods” ,
Quality Engineering, Vol. 6, No. 1, pp. 115-135.40.Nakamura, K., (1986), “ Preference relation on a set of fuzzy utilities as a basis for decision
making” , Fuzzy Sets and Systems, Vol.20, pp.147-162.41.Pan, J.N., (2004), “ Determination of the Optimal Allocation of Parameters for Gauge
Repeatability and Reproducibility Study” , Journal of Quality Technology , Vol.21, No.6, pp. 672-682.42.Pan, J.N., (2006), “ Evaluating the
Gauge Repeatability and Reproducibility for Different Industries” , Quality & Quantity, VVol.40, No.4, pp.499-51843.R Dan Reid , (2005), “ TS
16949-Where Did It Come From?” , Quality Progress , pp. 3144.Reilly, F. (2007), “ Understanding Accuracy, Repeatability and Reproducibility
", Metal Finishing, Vol. 105, No.10, pp. 537-538.45.Stevens, N.T., Browne, R., Steiner, S.H., Mackay, R.J., (2010), “ Augmented Measurement
System Assessment” , Journal of Quality Technology, Vol. 42, No. 4, pp.388-39946.Wang, W.P., (2009), “ Evaluating new product development
performance by fuzzy linguistic computing” , Expert Systems with Applications, Vol.36, pp.9759-9766.47.Wang, F.K. and Eldon, Y.L. (2003),

“ Confidence Intervals in Repeatability and Reproducibility Using the Bootstrap Method” , Total Quality Management & Business Excellence,
Vol. 14, No. 3, pp. 341-354.48.Watson, S. R., Weiss, J. J. and McDonnell, M. L., (1979), “ Fuzzy decision analysis” , IEEE Transactions on

Orlovsky’ s concept of decision-making

“

Comparison of



Systems, Man and Cybernetics, Vol.9, pp.1-9.49.Yager, R. R., (1980), “ On choosing between fuzzy subsets” , Kybernetes, VVol.9,
pp.151-154.50.Yager, R. R., (1980), “ On a general class of fuzzy connectives” , Fuzzy Sets and Systems, Vol.4, pp.235-242.51.Yager, R. R.,
(1981), “ A procedure for ordering fuzzy subsets of the unit interval” , Information Sciences, VVol. 24, pp.143-161.52.Zadeh, L. A., (1965), “ Fuzzy

Sets” , Information and Control, VVol.8, pp.338-353.53.Zimmermann, H. J., (1991), Fuzzy set theory and its application. Kluwer Academic
Publishers.



