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Abstract

In today’ s orgamzatlon measurement plays a cruc1al role in helpmg 'improve
process Or quahty In this paper, we review the measurement error study,
classical gauge repeatability and reproduc1b1hty study, and des1gned expenment
suited for the determination of the measurement capablhty

Measurement - error study is’ very slmple ‘to “use but is rather crude. " Hence, it
should” be uséd” as a: prehrmnary study to determine ‘whether further study is
necessary.

Classical - gauge repeatability and - reproduc1b111ty (GR&R) study is the most
common technique for. evaluation of gauge capability. - It - cal¢ulates a. percentage
that relates the repeatability, reproducibility, and overall R&R to the ‘specification
range for the  parameter measured' Hence, - the individual repeatability - and
reproducibility stat1st1cs will indicate . the -area on which to concentrate. = However,
GR&R study only gives a point estimate of each component, Wthh leaves a room
for unprovement It is always good to integrate the use of control charts to
ascertain the statistical stability of the measurement process.

The tools of statistical experimental design are available for a comprehensive
design and analysis df the measurement proeess Hence, in this paper, we present
gauge capability analysis as an expenmental design problem and compare it Wlth
the classical GR&R study.
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dehizdl ol fH= FHET F AZVIA o8 AA FHeHch  dBA98)2 AF
ZAEA2 9sid e -9 W E(process variability)ol WidF ezt Fasida
=), o] MEe A #ARA FAM A7)E ¥ F(measurement variability)? A 4
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AR ol o3 W% (repeatability® 231} AP o] A7]E ¥ F(reproducibility &
wihow Yol AEANI BEAHX R S o= o] FAAA Bt &
gt hgolth Zelu of WHE 27 2ol @ WE 5L siel YEPzw
JeEhEE SAN el REscE el gk

sbmow AZgmel BAel @ol xolx #A PAHETEZ Deutler(199D)
Montgomery 2t Runger(1993a), Montgomery$t Runger(1993b), Tsai(1988)7F 2w 8=
deARgel Stk S8 HYAYYAM o) §HE NE B AW T oy
xR Qe A&7 weEEAd ddY AFAM ofF ol olgd 4 Uck
webd AgAYe Ee B 2 olajala, AZ7] AYel o] AR Y F
AT rthE o] wb S AMgEE ARG G4 o 22X AFE7] TEEAE A
B 4 2 Aol

of mHAAME A7l sHENE 7E9 AZ7) THEA WHA measurement
error study$t GR&R studye] Z 9ol ®A Amu oz APAYYe &ud
Ay e Ady i s A AW E o2 };(] w3o] 9l Y 7)o A= o]
QuiAm ol daelt Ap g o obgel ol AZAEel BANAL ¥
T oo] s1glo) H-g-ilA AMEEDRE olE 1go i ol Ao A *”‘i‘:}

2. Measurement error study

<¥ 1>& Floyd¢ Laurent(1995)9] W23 Z 22 measurement error studyol A<
olo} v AHEo Wol ALY F T B AdAT s AFVE o83
o o] W FAEAMAE 2T, oln AZHIYY UEFEY UEA FAH3}= Y
© ¥ measurement error ratiofMER)7} glewl, <& (>2 #8589 Z$ MERS 0.283¢
2 1} &1} Measurement error studyoll A o] ghol 012t A2 AZHA A
71 dohar gk Uik

crelup ol Aol e AEAHQ Mo FAlvE oldn 2. duetd H2e A
gapol A BZe v AL gy dE 1 AAe §4 2A U v /7] o
Folvh, Zg=il MoRel td FE4E sierd ¥a7F o

A F RS ekt Wy e o vER7F g 4 gleuw ASAEVE AGEEES
s oo /}23 shan(xid ® 19 Age oEZA] gAuh ghlAE £EE o859 o
gkzlo) Algzby -t = oqduh o1 A3 MERO digk 95% A1E e 0221 <
MER < 03949} ol o uwebsd MER2 43 028 uds 222 ASHAdd %
a5t P_q[ —r}. oltuy_ H?l_—%l- 7 o]t}

Folzl g7t oln EXRG BYE w2z 2+ 249 MERY W A#H TS T3
0.2 resamplng $HE 4Z4d 5 dod 2 #Re 72 e FEOLERH
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= oy
Ry 4 i %498 MERS tiE A 77e +4d a9 wIstAe Aelg
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< ¥ 1 > Measwement error study2| 0|

The measurement error must be limited so that the total variation reflects as much of the
actual product variation as possible.

Procedure

Check for a set master/part master * QK (100)

Check for the last calibration

1. Measure 1 part 25 times.

OK

__100 101 100 100 100
.10 _ 100 100 100 100
100 _ 100 99 100 100
101 _ 101 100 100 101
100 _ 101 100 100 100

2. Calculate the average of the 25 measurements.

X = 10016

L

4. s is the measurement error of the measuring process.

0.47258

5. Calculate the Measurement Error Ratio.

Measurement eiror ratio =

6. Check one the following :

6 X sd

. Calculate the standard deviation of the 25 measurements.

X Measurement Error Ratio > 0.10
The measurement process is not adequate.

Total tolerance

_ 2.8%5

The method/equipment should be evaluated and replaced before proceeding :n -

further.

[~ Measurement Error Ratio < 0.10

The measureinent process is adequate.

7. Compare the X to the known measurement check for accuracy
100 = 0.16 deviation

(see * above)

8. Comments

10016 -
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3. GR&R ¥4

r}ee  GR&R F-AMdla  ®o] UeE Montgomery(1991)9}  Montgomery %
Runger(1993a)el ¢l dolth, A& @& A[dAESF dAsiA %3 3799 A|dA7t
ol ZAoERE AP %3 20/ AFl e I SHXE 7 2 Hy i
2R gt old z} APaE 2079 AFL AP AR S =
<E 2>9 2T <B 2>9 AgM BE0 AZVIEEH UL FAANES HEE
ot e ZEvt 2 Aold AZgeEd BAFS ASZ77F 7hACF & nbd
A5 AAEo)s ol agow Jvehd <ad 1>3 Zu.

< 38 1> AZ7ie viEES HEE
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< I 2 > GR&R &4

Susan Bill Tom
MEASUREMENTS MEASUREMENTS MEASUREMENTS
YA T
! igl 1 ¢ x R 1 2 X R 1 2 x R

1 21 20 205 20 20 20.0 0 19 21 20.0

i 24 23 235 24 24 24.0 0 23 24 235

4 20 21 20.5 19 21 20.0 2 20 22 21.0

4 27 2 27.0 28 26 27.0 2 27 28 275

5 19 13 185 19 18 18.5 1 18 21 195

6 23 21 22.0 24 21 225 3 23 22 225

7 22 21 215 22 24 23.0 2 22 20 21.0

8 19 17 180 18 20 19.0 2 19 18 185
9 24 23 235 25 23 24.0 2 24 24 24.0
10 25 23 24.0 26 25 25.5 1 24 25 24.5
11 21 2 20.5 20 20 200 0 21 20 205

12 18 1 18.5
13 23 2y “4.0
11 24 21 24.0
15 29 30 295
16 26 25 26.0
17 20 20 20.0
13 19 2: 20.0
19 25 3 255
20 19 1} 19.0

17 19 18.0 2 18 19 185
25 25 25.0 ¢ 25 25 250
23 25 24.6 2 24 25 245
30 28 29.0 2 31 30 305
25 26 255 1 25 27 26.0
19 20 19.5 1 20 20 20.0
19 19 18.0 0 21 23 220
25 24 245 1 25 25 25.0
18 17 175 1 19 7 18.0

X =22.30 R, =1.00 x =22.28 R,=152
oy = 2.60 Ry = 1.20

O =N C O Oy === DN O
BN O N O s (Ot b b O = DN = W N~ DN

2 2 .
Oﬂtota.' = J-pmdtzct + o—zgaugé

Repeatability Reproducibility
}?: ( —}M?l -+ "Ez + _Eg)/B ;‘umax - maX( }1, ._x-z, }3) 22260
= L0+ 1B +120) xpe = min( %, x, %) =228
= 1.15 R<= Xpo = Zmn = 22.60 —22.28=0.32
| B . R - :
O repeatabitity = d—f‘ = .]_-1..-112% =1.02 O reproducibility = Tzl = _10_6% =0.19
~2 ~2 ~2
a gauge = o repeatability + g reproducibii:ty

= (1.02)% + (0.19)% - 18
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A% (accuracy) @ A B¥o Hoo] FgHd eyt gl @ HEEI vy
=

A9l T (precision %= repeatability) : Y AEFY FAEAMHAE F338 wo] &A
Bl o BEEL N EXA g dHIF MY E =d, old AE7t F
oW AALLE A= =l o)

7} & A (reproducibility) © & & AW AP FY AZVNE Y AF g
EAEARNE FHsle 259 Hudds EE Aol7t (A He=dl, ol f1E9 A
ol7} AW F4E AH:tv|e] AEAFL "Wk gk
?P A (stability) : *7be] W&o wel AZZA7 g3 $ qded, ol HIFXAE

18 #ol7} 2] &5 Fon, olg bgAde] i gl
R&R : AlZ&7]o] o8 #HZ(repeatability)® A&} 93 ¥ % (reproducibility) 2l
Fgroga o] gro] 4ol 3 £3A (total tolerance = TFALTA - FA3HF =)l H)
3 ofF Fow(dE o 015 FHoew) AESVie FAEES AEAY Bl #YH
O‘ A Elr al %"E}

r 1

GR&R BHMt AZr|e AYE 2 ABAHE <F 2>9 ot & v9 U=
upe} o] gt 1 A AEvle AEUE 2 AEAHL 74F

B?’E’ﬂeaf(lbl‘lt‘t}' = —C—l;; = 11.1]258 = 1.02¢
R -
O eproducibility ~ 0,3, = 10 6392'3 = 0.19

C gauge = ? repeatabili, * ? reproducibtlity

2 yed

2189 total tolerance”t FOW A$ 6X Gguuge / total tolerance® T4, of Y
ol 018t ATE ZHTA EA AT B ZFFAF o= 29lo] EAAA
BART N G paraitiv? O reproaucititin 271 E BB 2 Zo ER7} A
I Ert

) g7tx] A E uke} ko] GR&R Aol A= oz 8l ¢ il s
FA0 SuEY Uedd e obRe See 434 sdde 3 o

Asho}l e A btk wEA 7 wEe oY FUEAS

& 5‘10]14— Fol2 AE 7} —H:I:TL XE mase 73?‘ O yepeatability — R/dzg'] 711:‘}1%}3*
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'E‘A < 42'}' 0 repeatability 7< ( dS‘Z O—Z repeatabz/zt))/(()p dzz) - L]—S’—l:]— IE}-E]-/H OL_’l <t
2>9 285 o889 ALE 6 peuminnd AT 95% A THS TAFRAYA o8
o 9oz FHEY 08248 < O epauiy < 1215290 Zo] et ofgh o] 1}

2 aqd 98 dae WEA gHME 9% AHTRe TE 5 Jvhd, Fojd A
o] o) vY AuE A4S NG £ AL otk

AN QA FA deA FdstE e dyew #AIE F9 1¥€E
WiEes 4 gl e <y 2% <E 29 AHd g Xo R #gxolth o]
o 4 TRFAME A AR SAHA e FFEY 22AE dhe MRS g A

ojth, FAHe2 X #IES F$ BALHAY, FA4, BRI A%

UCL + X—Ax 5./Vn

oty 7|4 Xz WA Amel YFelm, AL AEWAE JEhhE AFWE o
wol Hout o) wEAME FEVA 1%E FIAIE 25752 Adheld, o
S eaain & TEIT, n€ Zzhel A A4 AF) skl HAE WH
2343 ygdt R Bme] Z9 B4, FA4H, BISEHE 22

fu

UCL = R+AX 0.ds

CL= R
UCL = R—AX 9,ds

ojtt, ANA K& 4WslEY HFL YehdH, e nd FFEA Montgomery
(19919} R ZoA 2 & d4A 238 5+ Ao

<a2g 2>9 otdZE: ¥R AZ7Y AYEE U, 2o gEc] ¥
ot gleoEz Aui:E T HA v 2o ”““011 A& oA e B2
B AN 2o glojn} Aok ey ¥ FAE A2 A& A 2o 2 O]%’:‘: I
oA B AN FHLX ¢AHE T AAHE °] 3, 7} AFELF HAH(o
Azt AES ExaA g Bl o&sE AT od FAHLLARGE o
o g Aol7] Wi o]ch

u ox

ﬂ_‘_
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UCL = ‘RE,"JI‘AX /&e,'dg
CL = K,

UCL 0. ds

i
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HAME AZY dUxE fgEHe e Aoz v,
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UCL = X+Ax 5.)Vpn

CL - X
UCL = X—Ax 3,V
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UCL = R (1+Ady/ds)
SR(=F)
UCL = R (1—Ad,/ds)
oz FolAT d7IM R j HA AENAN 38 BFEAHAA WY ¥

sick & oA <H 2>9 A R, & 20.5-20.0=050°t}.
1Y 4>9] ob Y 7} BE 3t AZAEY ASAH7 AF ot vt
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Opermtors
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oA - - [ [P NIt
n
.'I"\
: TS - - - ~—‘;'-————--~B-\/ _-'R—__ ——-\ ————— --—-—;[\~--/----- -——Cl.
ST
P - .
g [ S S -~
(R T T s R e e e - B BT o X~18
1 2 3 =3 S & T =] 9 ’10 1‘1 12 13 14 15 16 17 18 19 20

< 2l 4 > <E 2> K20l fE WY H

4. DAY

oAl APAYUA ATRAE o8 <E 2>9 FEE BAHBIIZ ¥
g9 RAAA X, AAR ik AF | o el k A2 2HY BEReIT S
Ow <E 259 Ard daA T Be oAx adux RF¥e F8¥ F Ao

Xi;'k = pu +- ()1 + P} + (OP)U + Rk(l‘ﬂ

A7l 0, G =12 .,0, P,G=12 .,0,(0P,; R k=12 ., n
= o7tz AA Rad AAdAY Faga AEe FEF, FAAS AFD 2IZHE B
B af3: e zos Aseg el AZY) sARAAAM BE g &
AE &3, AP AE Bodg a3 2 oA ME YA APEHAE 7hr
W Wo] 0o]x ¥-tol A7 6,2, opt, oo, 0g°%) AFEEE WEoy MR HY
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=3 AE & P AvE dgade HFED Hustd GR&R BAoA 4
Eoly g 7tz B AFolY E: B AYAERREH AYSA B 9
Folth BRI YA F7F A FZo| 2uA] 3Hog aHA ¢ AdA 24
TREH2 FHF el )

o]1zl QA By AAste RS Adz R
T+ 2oy, Montgomery®} Runger(1993a)9] <& 3>ol= 1 2
B AZN BUL. O penmiin s 0992 Y21 o] GR&R B4 Fa 1029
Hl &8tde AE ¢ & Ao

a7, AZv)e A4S AQatet BHE PR WHolmg 94 L2
% 4 dg Fold  zEu AdAs AF BzAgol e F dvh dE
ofd YA AFL LAANNGAY G ME A 270 A= AT E
AEYA7 Y ol At AF EFRBYAY NE 0 £E Uk ol
folt T oadd wEAE Ew AQael ¢ oAl wolok drh wme
Az7)e AR &

e

39,

; . 5
62 reproducibility, = Oj 0 + o“op

oz FAZ F At Y <E 29 AR F$ &, 4 7,2 FHRL, ol
ol g5t AZvlel AAAYL FARY 2 g AR 0 B 2L 0 0manin

=-0.1262 FA .
1Eid] ol9h e HAE AAAS AFI} waAE ARV AL A AF dojud
th ole} T PSS T wwZol e ojm Q9] 9 ‘=’401 0 Boh A F
A olE () L. Fi= Aolrh. 28U Searle(1971)0) A A 3}%0] ol 2 4
el l‘ﬂ A% 27 Weol(bias)E ZHA Eoh wEkM O& 3 22 FA4E 4 7
4o (Milliken#  fohnson(1984))°] ©f A dstctn Azbgot, o WYL AR7 Fof
X AS Ame] RS 2 d¥ss 2dETS E.%E Fet By T FA 7= Aol |
THHoZ AiEhd, o] P2 EE 89 UE 2 |
Rﬂ’r W oaFE Bobol i 72 EAE Z‘»L]—}' Alste], W B gglo] Fof ¢l
o o o]

,’. .

,.4

4~

FollA el stobw Zb gQlel i BAHE RASI, a¥A @x o
?-‘ﬂﬁ Foa-FEol M Fofst] grd olE ”5301]*1 A QA7) = Aelth, o
& zde v EE gRQle] F ol feof ;
2] A& ojsh g2 3
Fabd ofAl I FHAE 0
adE <F 2»el Zne A -felir Montgomery 2t Runger(1993a)9] <& 4>olA H
w2l 5 pesits = 088 O s = 00112 p&Th o] Az

GR&R ¥Aol4 7# g53 27 Aot AW 28 4% 2 2A: gdoh 29

g B o .‘{n :{o

Qr

-
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U 2 ae) AEZ az el Ackd T B3 = Montgomery$t Runger(1993a)
o g oM el ito] A Yeld i Ut

HYAGYE L o83 BN BARMolnsg zbzp F48 A gk A &4l
go)atn, 7zt FA ko] e AN 4 £33 Montgomery 2t Runger(1993b) el A
9} o] 7lEsttl. wEbA GR&ER 4% 3 e EARAE g4 dAst= Aol
Fr}

oz Ay sAe 4 GR&R BAWR S vwstr] 9dted GR&R ¥
oA OlBHE T poruaniin® HE TGS FEECDG X ojda 2luA ®
gogRy | Hal 4JA] FEBASGS

%
;l;\-%‘

= 2P j Z(OP)U ZZRk(ij)

X p=pt C)z+ b + ) * n
z 2gdW, A% ARde X save HHE Tod £4% 42 el 7
Frh F et = R g /d01th o1Al AZY] ABAPS FAZ G reproducibilit

L2

=R 3 /dy oi® Zldigke FaARA (FH+ 3:—-’1+ipﬁ+ Z )2o)

(Montgomery £t Rungzer(1993a)ell 3= Ade ZEx A AIAYYAA ZH3
Azl A (Fot F) I 2 Aot Y & 5 Yk o AL HANE F
Byt 34 534 YA €8 ¢ Jdvde 2E ¢ F A

ulxjeto &2 Montgomery 2t Runger(1993a)2) 133 11 Aetsle AZ7] AEHe
wopg FA e el AuPEdg AZIA Akste FAWHE e AFA A At

r\r

X,=p+0,+P, +(0P),,+——-—'

2 oM 3o o2, b AEEE FAdAE ASARE A2 HY RE TIH, U
Auro g o] WY ke P RE AAAY 8 ned $HAF dzi Uitk ol
0 reproducibility R/C‘ E}' al Ef“l’ -1 /] "‘H%)\' 22 ')lsﬂy-l ( (72 + UZ + ¢ op + O'ZR/n)l/:
o7 1ot (Montgonery®t Runger(1993a)e] U+ Z3e 2Ax" A, oA =T %
FAGEANA 2Ass AZ7Y ARY (Pt I 2 Aot e A 4

ATt
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5. A&
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