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ABSTRACT

Purpose: This paper reviews popular measurement system indices and proposes a procedure for assessing
a measurement system using two parameters with intraclass correlation and a factor for process capability.
Methods: Gage Repeatability and Reproducibility(GR&R), precision—to—tolerance ratio(PTR), number of dis—
tinct categories, producer’s and consumer’s risks are employed to assess the measurement capabilities and
discuss the relationships between measurement system metrics.

Results: Two-dimensional plot by two parameters is presented to assess adequacy of the measurement system
and process capability. A numerical example and previously studied case study are provided for illustration.
Conclusion: The procedure proposed in this paper using two—dimension parameters provides a valuable proce—
dure and helpful guidelines to quality and production managers in assessing the capabilities of a measurement
system and choosing the needed actions to be the most benefit.
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2.1 %R&R
H5E FHE(0%)e A (DI 2ol F8HS(0p) 3 SN HE(or,,) el ol |, FA= vk 3 AE 4
ow Y
or=0gprt o (1)

%R&R= FG A T3t LR ER B2k H|7F opd HFEHALS] B R 53} o] A2l F=d|, Wheeler and
Lyday(1989)°l olaf ¥ Ful A8AGF(p=0%/0%) 2 THE 5 Atk webr] 2 (2)9} o] pyte] g7} "}
(%E‘jr x% o7 434)

% R&R=—""

T
= Vi—p (2)
AZIM x7F did AES] ke, Y= X+e(e= Batsh k] 420, oty A SALAD7F A AlEe] 4%
& UEE BEE5Y ), 3 17k @ Al diE 594 T S4deldn v 19l FRE o1} Hm

2 AWAEFE oA % 7T o 3 ABAIFS] p7t I Majeske and Andrews, 2002).

2.2 FERFY 5
AIAGO A= SN (signal-to—noise ratio) v& o ,/0gp® 823k NDCE 4] (3)3} o] Yehlar gli=dl, o
B ARES V24 EE E SNHIE2 H8H7) % dtk(Woodall and Borror, 2008).

NDC=1.41y=1.41 ﬁ (3)
3+ Wheeler and Lyday(1989)= #818](DR; discrimination ratio)Z 2] (4)9} Zo] A<Jsta, NDCE A4=
A8k DR gto=2 Fela 9ot

DR= \/Hp \/%Hx\/ﬂ )

l—p
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Figure 17} 7Fo] olxk¢] ol s (isoplot® &) 7| 3 o] 52| AT palolA 4
Y8t AUy el o] Hr, o] e}ge] &7 d=2) v]E DRE A 9Jstal At Wheeler and Lyday,
o] Chen and Hu(2014)& ol5 #o| 2] (5)9] F&AF FH(D)S /A& o AGFE¥EE a2ty

—L
B3 APARS B T 59 ]2k DR| B2 v
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Figure 2. Relationship %R&R and NDC
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2.3 P/TH|
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el ¢ = 70L/(60,) 2 Ao F& e A4S o)A (ideal), FAE AAl(actual) FHTHAFRE FH3}
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Table 1. Comparison of the previous and present studies

Authors Metrics for assessitr:fn measurement sys- Parameters of interest
Majeske and Andrews (2002) P gTR7 p s OGrR
P
Al-Rafaie and Bata (2010) PR, Gy Op s OGrR
NDC, /2 ~(SNH])
White and Borror (2011) %R&RC’, o %R&R, PTR

P
Present study Z(’;R%Dik 7P g i; p, k=TOL/op

3. 22Hd 3= 7} 2Y

SAA 28] HIRA R 2484 a1 57H4] F7EAER] %R&R, NDC, P/TH]|, A4k 13 2 f3s



Seo : Two—Dimensional Assessment for Measurement System Analysis 613

%, Th5 o] 5714 SN 28] A EA thE Alckelel Fol 2 o) ol FEse ot kel g T
T donw SAXNLES 23k sepr|Eel| o #Astar 7 4 Qv
NR&R= V1—p < q (11
NDC=1.41 ﬁ > a, (12)
PTR= 2L 5 (13)
p k
P =2[Pr(X' > —k/2,Y > kVp/2)—Pr(X' > k/2,Y > kvVp/2)] < a, (14)
Coon =2[Pr (X' > k/2,Y > —kVp/2)—Pr(X' > k/2,Y > kVp/2)] < a; (15)

4 (AD~13)e 242 Tt gol WaAE 5 Ak,

2
p=1—a;
2
)

>
P 1.41° + a;

pl(k/6)a3+1] = 1

83 2 (14)9F (15)Z ARE Aol ojiak B2 AAAF()E Vp>07F HER g8 ZAS 34
sl Ao] A3t Cox and Wermuth, 1991).

L(a,b;p) =Pr( X >a,Y >b)=d(—a)

@ (w(a,b;p’)— %p'z(l—p’z)_ltb(w(a,b;p/)) :
a>0,b>0 (16)
A71A, wla,byp) = L2
pla)=EBX' | X' >a)=¢(a)/P(—a)

ola)=Var(X' | X' > a):1+au(a)—,u(a)2

o(+), B+ )E EFATEEY FBUEFFsL FARETF.

714 at bollA HAE vt Frd wie 7 ok TolA 2 A o= AAste] A (16)d] diysH,
a<0, b<0¥d Wt —a} —b5oNA 2 &S a2 A, L(—a,—bip) =Pr(X' <a, Y <b) o|EE T2 I
2ve ey .

L(a,b;p) =1—®(—a)—&(=b)+ L(—a,— bip)
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Figure 3. Feasible region of p and k: a numerical example
A 349 4
T+ A3}7} Table 29 Q.9F5 o) 9lu},
sl fFAeR TE ki
WOl glek. SR o] ZHA AH

0
0.90
SAA 2~Hlo] F7A el tigh o]l 8 77]F9) %—ﬁoi
ol 443 4 9lek. o] A ZA) AF ) SAA~
olal, 2kd} 3o, 10709 H-E& 33 W SAste] a3 Gage R&R
Table 29 BAMECRRE T3 p= 0.012896/0.013496 = 0.956 7} E]u:]
1.5/0.1136 =13.20 7} 5o o] ¥4 ¢ &= 2.207} HE& FEI ¥4I E
o] ojatel H: gt Figure 39 ZAIE (p, k)9 AdA7bs FH(® FA] Aol FabA] ede=th
Table 2. Results of gage R&R study: a case
Sources of variation Variance component stagdgrd
deviation
Gage R&R 0.000600 0.0245
Repeatability 0.000454 0.0213
Reproducibility 0.000146 0.0121
0.000041 0.0064
0.000105 0.0102
0.012896 0.01136
0.013496 0.01162

Operator
Part-operator interaction

Part-to—part
Total variation
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olg ANAom BAEY 574K BANE ghe Tt ol ANtEo] GR&RY FEaA Eala ot
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