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ABSTRACT

Measurements are closely linked to everyone’s daily life. Data involving
transactions and commerce, security and rules, science and research, as well as service
and quality, are related to the management of measurement and calibration. For this
reason, this paper starts with quality cost and uses gauge resolution (R) and product
tolerance (T) as parameters for application. By using the calculation in the
measurement and calibration variance model (Grotal 2= 0p2 + sz), we can accordingly
choose suitable gauges, decide the gauge of acceptable level, set the calibration period,
and reduce quality risk.

This paper concludes that 2R/T can be a good choice for firms to deal with both
quality and risk because R/T (Resolution-to-Tolerance) is a simpler and more effective
management approach compared to others. It can reduce the uncertainty in the process
of measurement, and through tracing calibration and correcting numbers, it can

effectively reduce the variance to obtain correct and valid results.
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(1] Juran(1974) & & @At % & i 4 4pik2 #£4 CP (Capability of Process of
Precision) » 14 4%. iT#”ﬁlﬁE\w%*nﬁ FA SR &R A SR A
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[2] Liang(1988) #& d1ipl & it 4 45 #%2 #£ 4 Mcp(Measurment of Capability of
Process ) » B & ic 4 #FHARR 0 & %E”'\ Bl A 4 ARG o AR R A 4 AR
A ood Pdpthar BB R B FHa 4 e

Mcp=T/2U =T/4om =T /4 uc .......... )
(23 #* 5=Mcp=2 )
U: kB chdf 2 7 FE 22 (20, 15 < K 95.45%)

U=kuc(- 4m %5 k5 EN2)
T: @At oL
[3] Montgomery and Runger(1993)z% 5 £ Bl 4w — B Jl et & Fec g chpd 4
£ >R BREHHELREDOLSPTEL T FERERY FE XA X
EiLHgR
o gaugeZZG Repeatability ~-FOReproducibility ++++sssses (3)
Ogauge : & Bl %R
ORepeatability 1 & 45 [+ % B
OReproducibility : £ JL|+ % B
[4] MSA(Measurement System Analysis)+ # » GR&R z_ %]z % p] i P/T

( Precision-to-Tolerance ) & » f* B % * * 3= £ PR E £ F it ﬁ“ e P A
o2 e AR
P/T-T =5.15 cgauge / Tolerance .......... 4)
[5]) Tsai(1988) (## % # * 0. 1=P/T-T=0.3 )
P/T-M = 6 cgauge / Tolerance............. (5)

[ 6] Montgomery and Runger(1993) (##= 3 #* 0.1= P/T-M =0.3 )
P/T @A310%30% 27 BB« AHMAEARI BT MR A To
[7] ISO GUM (1995) 2 ip] * F& Tk # 77 i# éhdp 51 (Guide to Expression of
Uncertainty in Measurement) - 3P £ R4 fE R &7 = 3 4p51 3 2 T
REAMEIBZHERERLADERS > TZRPRBEFTFR 22 F 2 &
TR A & AREIER 7 2 (type A evaluation of uncertainty)¥? B $g3: %1% = =
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uc’=uA? +uB“......... (6)
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[1]) oTota™=0p “+0Om OTow= 4/ Gp +0m

Lop’3 7 >T/4, 2 om’% @ >T/4
42 T=4, or=1,° om=1, ¥ omota=1.414

SRR AR R RS L Bt REUARL L2 1/2 dopt

R T 2 N ) LA T HE E“ﬁ (2 | PR g SN SVl S
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Bl 12 Orowl s ERIE 2 R FILF]F B Orow/T=3536% - ¥ I+ i 5t
AL orEREFE onivy e A ER -
L L
Hl : OTota % # =T/2 OTotal/ T=35.36%
or # {#>T/4 om # {#>T/4

T/4 T/4 T/4 T/4

|‘7 OTotal A’I

Bl EPRREEASEL 2RRB(AFTTHFR)

[2) R/T (Resolution-to-Tolerance ) : ik B fE47 & /Wi £

2 T/R=T/2R.........(9)
P NI e R RO AER T MR R S k2 R o F £ ¥ »—ai
7 ISO 9001 & /P R B & sefF > e B g * R B B~ R=T/8~T/20 2. ¥ -
FRIT B<510%; 2 78R iR FRAETHRER o
R/T & A%10%25% » 27 2Rl s e mR R8T (I U
R/T ©&>25%; %77 2P s sz HFR 7+ i = o
Bt JEH K 2
H2: R/T=2R/T 2 E#HE S HFHRBERF &2 7% o
2R/ T=0.1~0.25 & & T/2R=4~10 &
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[2) Bl %8 25"  OToa’=0,” +Om’
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[1]) fcdpirss @ Bk WA £ TR 25 68-72C » T=4C(Fim %4 'f4kl) -
(DR=nopr=nompfF (or,om% (T A4 I pF)
AR FERAANE 2 S SR RE AP SRERER S A
BT Es " F A% AT 2k -
(2)i& B E% R=20p~56p, R=206m ~50m
(3)% R=60p =60mp* > oTotal / T>35.36% > 42 &} A 57 3 & 414} °
(2] #chpdise - Bk WAz TR %5 68-72°C » T=4C (3w %3 "if42)
(1)R=op =nompf# (OrA S-3% 4 G4 I ,0m% (T3 Z A 1L )
AR Y @ F R worFAA L 0 LomA (FEAA L 2 K o
(2)t B 3% R=0p, R=20m ~60m
(3)% R=0p =70mP% > Orow/ T>35.36% > 4211 77 % # #1# ) °
[3) sicdp i - Bk A £ TR 25 65-75C » T=10C (4% 1 #77% ) -
(1)R=nor =nompF (CrEom,:% 4 554 1)
(2)»~17 @%’f”d— S 'Fﬁi'%vl- o A %Enﬁmﬁ&ﬂﬁi@E
(8% 32 1~20n> B I #Encps KFIBL BT 5% 3 1~20p

33 BEX&E
[1] HI : oTotal=T/2 ,0Total/T=35.36%
oP % (#>T/4 » om # #>T/4

%21 £ oP=T/4," om=T/4, {#coTotal=T/y/ 8
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oTotal/T=T/y/ 8 /T=0.3536 = 35.36%
Pl T 2@ > R &op #>T/4 > om 3 >T/4
oTotal=T/,/ 8<T/2

ERHEFBERIX 2 o (Ao 1977 )
[2) H2: R/T=2R/T 5 :E# SR BERF &2 72 o
2R/T=0.1~025 &, T2R =4~10
%72 R=T/8~T/20 # » 2R/T=0.25~0.11%
R=T/8~T/20  » T/2R=4~10%
ERHEEER 22 o (dodk 2 957)

4. BT %

AFTE G2 B3R 0 5 Resolution > Tolerence &  © v dic > fie & % f4 5
B CP o Mep » PIT-W » P/T-T iz 40 % o RITRE » 13 ch AR @ Sl £ 1 -
SR A B e()ERE Y REAR Qi R E A RE  G)RD BB
wE SRR (D) KETR G -

AIRITEHE T kBt A
[1) 5% @& >
T Y o RS Nk D) TR TR EGE = 57C -
R/T=0.1~0.25(T/8~T/20) » ¥ ri & f§ if 2. > ;% ¥ 35 314 & Resolution °
[2] e i@Emiacg @
F(ZD? » 2 HAEEHZ HE = 5 P (mmkgmA,...) o RIT> ;8357 & &
LRAREFERECZ Qe LT % 3 Ko
[3] #$ET:EiE
(& 1Y » 2%k & ~T=n(1,2,3,4,5...n)FF > 2R/T=0.1~0.25% 2_ > 3\
Vo B T=nz E g 151 o
%1 TiiEgE R4
T=4 T=10
op | om | oTotal R | 2R/T o Total/T op | om | oTotal R 2R/T o Total/T

020 | 0.20 0.28 0.50 | 0.50 0.71 0.50

022 | 022 031 0.56 | 0.56 0.79 0.56

025 | 0.25 0.35 0.63 | 0.63 0.88 0.63

029 | 0.29 0.40 0.71 | 0.71 1.01 0.71

0.33 ] 033 0.47 0.83 | 0.83 1.18 0.83

0.40 | 040 0.57 1.00 | 1.00 1.41 1.00
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0.50 | 0.50 0.71 1.25 | 1.25 1.77 1.25
1.00 | 1.00 1.41 “ 2.50 | 2.50 3.54 2.50 _
[4) R-Te2 A5 5 40 B &3k
AFTIRTA $fic> 3 ZRAFIARE T WP RETT R AT L%
EEEY T RFERD AL FI o BT RS ARENRE Lok
GLz 372 h R En IR FHPNZ 7T RA] > Gd BLA LT 2 2
¥ 2 o A NETR G P e
%2 R-TE AT M EH

R(C) 2R/T TR |7l ¥E| GK=T/AR | Hr-E® | Hfe |82
T/500 | 0.004 250 T/4 125 it | ek | NO
T/400 | 0.005 200 T/4 100 Wi | misER | NO
TA300 | 001 150 T/4 75 >N (St NO
T/20 0.10 10.00 T/4 5.00 >N (St NO
T/19 0.1 9.50 T/4 475 N - YES
T/14 0.14 7.00 T/4 3.50 N - YES
T/13 0.15 6.50 T/4 3.25 <N e YES
T/8 0.25 4.00 T/4 2.00 <N I YES
/7 0.29 3.50 T/4 1.75 <N | #@ele | YES
T/6 0.33 3.00 T/4 1.50 <N | #@ele | YES
/5 0.40 2.50 T/4 1.25 e | el | Tl
T/4 0.50 2.00 T/4 1.00 e | el | Tl
T/ 2 0.50 T/4 0.25 e | el | Tl

42 FLRE LR
GL & ® vz -k # (Gauge of Acceptable Level); R -
d 27 BEXHl tom? #=T/4; (4Bl 1 #7577 )
d g+ ifi% DR E vk ® GL=T/4
% om=GL=T/4 p¥ > i oTotal / T=35.36%2 L tt% > "L -

4.3 R ¥ & B e By

[”ﬁLiﬁF—”'lﬁpﬁl*’4»'?."1?“;.~ B ZH o PR IE R B
RN ZFEEA 2% m A4 ' d W REFH2F)2 3587 kg
(1)NCSL (Nat1onal Conference of Standard Laboratories) ™ ;% ; (2) %% ISO
10012-1 % #2372 3 5 ()33 REFLH AT RT3 0 4
2. GK iyt n‘*@:(Gauge of Acceptable Constant) % & it ¥ 237 R B °
PR B v 28 GK=T/4R=GL/R (4-® 3 #77 ) >
RAC TR ¥ B OOk B EREBMET RO E o d (£ 28 %) E T

GK =100 % 2
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100>GK =5 FIEH N> REFHF L o
5>GK=3.5 REFH S N o

3.5>GK =2 REEH N e §BLHML
2>GK=1.5 R N e 3ELAD -
GK<1.5 B r oo

[2] ## % 5% GK=5 & Btz R/T-
¥ GK=3.5~4.75pF  §* 2 R/Te
% GK=2.00~325pF ] wig* 2 R/T -
¥ GK=1.5~1.75 p¥ AFETRET L hhtmE o ERFF o

¥ GK<1.51.5 p% L
GL |L._._._. I ......... L
GL=T/4
l R
L

[ﬁ' 3 GK=GL/R

44R/T &k BRI KRIE 2 Ui P(LREER)
F T+ R% > GK=100 F¥ Oroul/T <2% > B| 7 F & &1 o
%4 ("i4é5 1 )% (R=50p =506m) GK=100,6Towal/T =1.77% 7 5 & f& 1t o
%4 ("i4é5 2 )§ (R=0p =7om) GK=100,0Tot/T =1.77% # 5 & f it o
% oTotal/T =1.77% P# 6P ¥ om 5% (T=4000p=4000m) °

45 F 5 AR
Bk - WAaes R5 2020.02mm > K- ERIRE
[1] #* R/T=0.1,GL=0.015,GK=5> & ¥ 7 @£ (4ok 3 #77F)-
[2] £ * R/T=0.14,GL=0.015GK=3.5 > fer ¥ H L ¥ » L F BLH T o
[3] £ * R/T=0.25,GL=0.015,GK=2 > ¥ ¥ ¥ fb¥ze > it BLA T -

%2, 4L
& kY
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% 3 20F0.02mm & ¥ 4 %

T R 2R/T | T/2R | GL=T/4 |GK=GL/R| & 1-H¥ B e A
0.06 | 0.0015| 0.05 | 20.00 | 0.015 10 >N [V g NO
0.06 | 0.0030 | 0.10 | 10.00 | 0.015 5 >N [ g NO
0.06 | 0.0033 | 0.11 9.00 0.015 4.5 N Ti’ﬁfl’ YES
0.06 | 0.0038 | 0.13 8.00 0.015 4 N I*ﬁf[’ YES
0.06 | 0.0043 | 0.14 | 7.00 0.015 3.5 N I*ﬁfl' YES
0.06 | 0.0050 | 0.17 6.00 0.015 3 <N e YES
0.06 | 0.0060 | 0.20 | 5.00 0.015 2.5 <N | YES
0.06 | 0.0075 | 0.25 4.00 0.015 2 <N | YES
0.06 | 0.0100 | 0.33 3.00 0.015 1.5 <N Fiy | YES

5.1 % KRKRERE & (k- » £ R=56p=50m &)
[1] R/T(® # 0.1) 2 R=0.2C
[2) Mep(® # 5)2- R=0.04C
[3] R/T-M(% % 0.13)2. R=0.02°C
d P EGE T Ao RIT 2 B & A g o

52 %% K& Fh %
R4 1) B~R/T 5 B 12 % 5(0.1);(T/2R=10) » # & & b *& 323 27 7
OTotal = T/2,0Total/ T =35.36% » ¥ F »cb ¥4l h 'k
Do FREEY BRI RARE S 2N 0T’ =6, +0m F £ OToa/T<35.36%
Tkt R BRFERERFELZ AR, T RRIFRAFLSREY,
7o AR R e
[1] R=lop=10m ¥ R/T(% 1% 0.1) 2 cTotal / T=7.07%
[2] R=26p=20m F¥ R/T(® # 0.1) 2 oTotal / T=14.14%
[3] R=36,=30m ¥ R/T(B # 0.1) 2 oTotal / T=21.21%
[4] R=40p=40m ¥ R/T(% 1% 0.1) 2 oTotal / T=28.28%
[5] R=56,=50m F¥ R/T(B # 0.1) 2 oTotal / T=35.36%
B e RIT 2 B b 35 M 2§ OToa = T/2
OTotal/ T=35.36%, HS BAA D {4,002 Om ™ P BE "5 14 o
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53 4 ARk
[IIRT> AT RFHFERKT A ¢ widfer T7EF@F* RE > RE Lok F
GLzZ 3% RrpPl> & fal I GK 2 REFHP N2 372 hA -RT>i23;
-~ EERCRImE 2 RRIRE KA VML E T A
[2QJRT=>5-Z2@F 5@ 2 R a7 it RERY FIZ 2 mT
thz BT @R R RICLE RIS < £ i S e ol 0 @
AR

5455 %

(1] ~EsF ERlF¥ - P FIFERE » 2P 27HRE"F BRARREE
o PRS2 IR FRAMLD o

(2] ~2RF ZRIEE > Pl EERD - 22T 2 A& R 5]
(R=T/400,GK=100) > & B| & P& F AR DT

(31 2AFHBFRZMFTEY GK>S BT RDREKA -

6. % kA3
GR&R ¥ =5 B iPI3FL 27 /2 ¥ OReproducibility » /2 22 AFTF > /2 Om 7 F > 2
£ LR AR ERIFEFNL L L Oange & Uncertainty 5 )7 2 % £ >
FHARRZ o FRARFLZ G o
Y N 4eoie g 7 2 NCSL & ISO 10012-1 #1222k 2. > V2 4 » A&
Fyigd - 2k ‘“?éi’ﬁ'ﬁ_l_ 2Rk d MARRE FH T RE K R

{ PR eB 4 A R o
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B&KT=4 (or, OM™* (FEHE-L A4 1)

Cp=T/6or (A3 #* 1.33=Cp=3.33)
Mcp=T/2U=T/4uc (2% 7 & * 5=ZMcp=2)
P/T-T = 5.156gauge / Tolerance (# * 0.1~0.3)
P/T-M = 66gauge / Tolerance (#* 0.1~0.3)
2RIT (A7 3 & * 0.1=R/T=0.25)

TR2R (2% 3 & * 4=<T/R=10)

GK(»# 7 #* 2=CGK=5)

0.33

12.50 8.33




0.50 0.50 0.71 1.00 | 20.00 | 10.00 0.64

0.75 0.75 1.06 1.50 13.33 0.97

1.00 1.00 1.41 2.00 1.00 0.67 1.50 1.29
e 2

Bk T=4 (OP:L L4 I, Om7 (T3 LA 1)

Cp=T/60p (A 1.33=Cp=3.33)

Mcp=T/2U=T/4uc (* 3 H* 5=Mcp=2)
P/T-T = 5.1506gauge / Tolerance (3% * 0.1~0.3)
P/T-M = 60gauge / Tolerance (#* 0.1~0.3)
2RIT(*# 3 & * 0.1=R/T=0.25)

TRR(*# 3 & * 4=T/R=10)

GK (A1 #H#* 2=GK=5)
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