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¥-—% FRREZNE

FRMAE(Cauge )T A4 — R F ¥ B & do Accuracy,
Linearity, Stability, Reproducibility, Repeatability. 4z st R £+ 3 Gauge

Repeatability and Reproducibility #9## R4 MAE L &4 T -

* Repeatability (Gauge Variation):

The vanation in measurement observed when one operator
repeatedly measures the same characteristic in the same place on the
same part.

* Reproducibility (Operator Variation):

The variation in average measurements obtained by several operators
while repeatedly measuring the same characteristic in the place on
the same group of parts.

T LR AE B RER » A7k Gauge Repeatability and

Reproducibility =T sk 4% & GRER -
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o = Total variance

o, = process variance
2
m

o = measuremernt variance
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2 __ 2 2
c, =0, +0,

o2 = measurement variance

o’ = gauge variance
2
O

= operator variance
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3.1 Long form method

FIR Tk £EHFTRARNKAGBAME BT K GR&R &

Y fE -
#% 3.1 Longform
NENEEE 5|s|7|a 9[10[11[12
Operaior | A- 8. C-
Sampie & | tet Telal | 2nd Teial | 3id Trisd | Aenge | istTiia) | 2no Triad | Sra Triad | Range | 181 Tolal | 2nd Triat [ 9rd Teial Range
1
2
3
4
5
8
7
8
9
10
Tolals
- 1 .
Sum A‘ Sum FL Sum 'L
Ra %a %
N ¥ of Teialsf Dy { R )x({ D )= UCLA* _ uax.f
Aa 2 327 Min, X
A 3 258 { yx( }= % Dl,
Sum “Limit of indlvidual 's. Cirale thosa Thal are beyond this il idantily the cause and cormect
R Aopoat these rasdings using the same appralser and it as orginally Lsed or discard values and

reavmgamdoomﬂeﬂmdlholknmngm_ucmtmlhnmmhg

Figure I. Gauge repeatability and reproducibility data sheet Jong method).
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3.3 ANOVA method

fe 4 i ANOVA method 2 A7 - 2 M BwAE RBR

1. The operator, part, nteraction, and gauge effects arc
additive.

2. The operator, part and gauge etfects are normally distributed
with zero mean and some variance.

3. The gauge errors must be independent of the operator, part, and
interaction effects.

4. I’ach observation must have a common population variance.

81 F & &5 ANOVA Table 5T X # Empected Mean Squares -

TABLE 3. ANOVA Table for a Gauge R & R Study | ‘)

Source - Degrees of Sum of Expected
Freedom Squares Mean Squares
part p-1 Sp = L on{fi - 17)22 - b = ona®p +n0%0p + 05
operator 0-1 So=mY.;{§- ) 0, = po®p +no’gp + 025

operator x part  (o-1)(p-1) Sop=nY¥ 3 i =~ +iF by =neop + 0%
error (within O} op(n - 1) Se= 250, L (wise - i) b3 = o
total(corrected)  opn -1 ) j Dok gk — 9)2




Part No. & Name (age Mama Dara
Charactsiisna Gage No. Performed by
Speacificalton Gage Type
From Dala Shaet: ﬁ : From Data Shaat: X Dif. l:
MEASUREMENT URIT ANALYSIS % TOLERANCE AMNALYSIS
Trials 2 3 Repaatabily - Equipmaent Variallon {E.V.} %EV. o { EV. + Tolarancs }x 10
Ky 4.58 3.08 EM.mf Rzl ) -[{ B e 100
C Je e 0 [ %]
. - M, oo
Operators 2 a Raproducibifty - Appralser Variation (A.V.} HAV. = [ AV, + Tolerance jJx t
Kz 1.8% 2% AV« [Nour 12{ Ko } ={{ Y+ ERI
NOTE: e bosad dinking
M of i srea under nermad cuns.
Repaatabikty & Asproducibliity (R & R)
" & Pt ok untr tha aapiare ol cign ASA e JEV)E + AV %RAA » VIREV.J ¢ (RAV)E
cauigd the pppvileey winialion ko the Sefaul La e,
- /i Pt P ~ R e y

Figure 2. QGauge repeaiability and reproducibility report.

3.2 5.15 sigma method

AR T aA > BT RKE GRER s 814 -
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G, =—
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o T
d2

GRR  5.15(c’+0o?

Tolerance Tolerance
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& ANOVA Table T B # » & Ho:0,, =0 isrejected 85 + #

EMYEHEELT

52 = (MSo — MSop)/Pn
32};. = (MSp — MSop)/on

65p = (MSop — MSg)/n
o5 = MSE. |

Mg Ho o), =0 is not reject 8 » % £16% R ts H 4o F °

52 = (MSo — MSg-)/pn
5% = (MSp — MSg-)/on
5% = MSg- = (S5 + Sop)/(opn—0—p+1)
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fFik » B Kt GR&R 4914 -

Variance Standare 5.15 Percent of
Deviation S.D. Tolerance
Repeatability:
ol =
Reproducibility:
ol =
Repeatability and o
Reproducibility: GR&R GR& R
2 Tolerance
o, to, =




3.4 GRER R E %7

GAGE/OPEBATOR VARIATION

MAXIMUM ALLOWABLE
— GAGE ERROR IS 10% OF
TOLERANCE

i

REMAINING LEVEL
OF ACCURACY = 90%

P ————

FULL DIMENSIONAL-
TOLERANCE + 100%

|

GR& R

Tolerance

10% < GR& k < 25% — Acceptable

Tolerance

GR&R >25% — Bad
Tolerance

<10% —» Good

B EZ AR A (PITE)T 4 E P/T b2 10 %5 - HEAK
KR4 TREEA R PTENN10%~25% » &8k B2

BETRELNNRT  WwRPTHAN2% FRLERABRE

A g -
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Long form method

Repeatability =k, x E =4.56x0.0217 =0.099
(k, = 4.56 for 2 trials, 3.05 for 3 trials)

Repeatability?
nxr

2
= \/(2.7><0.007)2 - (0'099
202

(k2 =3.65 for 2 operators, 2.70 for 3 operators)

Reproducibilty = \/(sz;)g )? ~

)=0.011

..GRR = \[ Repeatability” + Reproducibility’ = 0.0996

GRR _ 0.0996
" Tolerance 0.4

=0.249=24.9%

5.15 sigma method
o =R 0027 40
d, 1.128
_/_Y:Dgﬁ

o, =20 = 0.007%0.524 =0.0037
d,
GR&R _ 5.15J0.019” +0.0037?
Tolerance 0.4

=0.2492 = 24,92%
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ANOVA method

# F & ANOVATable THRAA X A ABRLEFREE -

AT AL BE T A BRI - MABRER T -

Source DF 55 MS F P
OPERATOR 2 0.0000633  0.0000347 0.12 0.886
PART 9 0.0552270  0.0061363 23.60 0.000
OPERATOR*PART 18 0.0046033  0.0002557 0.98 0.501
Error 30 0.0078001  0.0002600

Total 59 0.0676937

i F & 4 ANOVA Table 7 J #; Empected Mean Squares ©

Source DK SS M5 F P
(PERATOR 2 (0.0000633  0.0000317 0.12 0.885
PART 9 0.0552270 0.0064363 23.75 0.000
Ercor 48 (0.0124034  0.0002584

Total 59 0.0676937

M RA B RE o AT > KE GR&R 2148 -

Percent of

Varance Standare 5.15
- Deviation SD. Tolerance
Repeatability:
. 0.11 799
o2 =0.000466 0021587 1173 27.79%
Reproducibility: T
: 0.01 780
o2 =0.000004675 021622 135 278%
Repeatability and
Reproducibility; GR&R= 2794 %,
2, 2 0.02170 0.111755
g, +06, =

0.0004707

12




L E=4 A3 F GR&R 2 » # & F ¢ T3 long form
method K ¥ GR&R #4944 4v 5.15 sigma method 1R33T - PiIALE %X 5
i@ EH4E M 5.15 sigma method &3t K » B & H ¥tk long form
method & R & - 5 b ANOVA method A £ i sgfide Atk L2

BT EMRAHOER 8 -

B FRETHR - GR&R ¥ » A ¥4 74 ( Repeatability ) & #4 Lk ]
8 A B Reproducibility ) & R &9 K > ATSAERITE RS E R TH

o A RRBRP EREGHRARGEARSA S AR RGP RE-

Method GRR Re peatability Re producibility
Tolerance Tolerance Tolerance L
Long form
method 249 % 24.75 % 2.75%
5.15 sigma
method 24.92 % 24.46 % 4.76 %
Anmova

Method 2794 % 27.79 % 278 %
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& pearson correlations o £ 38 M 44 % 0.612 B A2+ R R
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D: > user > pan > &8 F 3> pen2(fL & 5)

B L
Fabpen! " HBFR =M EFRE FRALFZRA  HFHEREA
£AF10 2408 FHE2R HABKKFER -
Hkbpen2 : MFR=M IR A ERBEZHA  SLIMNA

ZAF10 582 FAFT2R -HAKES -

L& £ X E

{# A SPCII #: %8

1. f& Chart # i # Gauge R&R

2. 48 Gauge R&R ¥ & ¥ i%
appraisers: ®R 8 1 - ZR B 3
Trials per part: & 2
Control Chart: % repeatability

Repeatability: i# combined

4 R 4 (4o & statistics, & 32.4F 4 i8)
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STATISTICS FOR REPEAUARILETY AND REPRODUCIBILITY

Appralsers: SHlFEL, Faz, RAES3
Purts Selecved: 10
Trials Per Part: 2
Sigma Levcl: 2.575
Process Sigma {calculated): 0.053
Discrimination Ratio: 3.4
. _]- -
Measurement Units - . -‘*J%?) % Total Variation
r" o>
Repeatability Equipment Variation (EV}
CEV o= (0.102 - ) &FV = 137.572
Reproducibility Appraiser Variation (AV)
‘AY = 0.014 - h 3AV - 5.351

—
4 !

Repeatability & Reproducibility (R&R}

FaR = 0103 LH&R 7. 951
. Part Varialilon (V)
| PV = 0.251 ; 4PV = 92,519

" Tnral Vartaticn (TV)

TV - 0,271

AVERAGE OF MEASUREMENTS:

PART BHRAL EBifiE2 RAHA? AVERAGE  RANGF
1 7. 2350 V2650 7.2600 | 7.2533 0.0300
2 7. 3500 7.3500 7.3500 | 7.3500 0.0000
3 7.4100 ) .3450 7.3600 | 7.3717 0.0650
4 73150 7.3050 7.3350 P 7.3183 0.0300
5 1.2950 7.31Q0 7.2950 I 7.3000 0.0150
6 73150 }.3400 7.3100 | 7.3217 0.0200
7 7.3950 /.3400 7.3900 | 7.3750 0.0550
8 7. 3000 7.3000 7.2900 | 7.2967 0.0100
9 7.3300 7.3200 7.3L50 | 7.3217 0.0150
10 12350 7.2050 7.2200 | 7.2200 . 0300
AVFRRGE  7.3180 7.3080 7.3125 | 7.3128 0.0280

G2/04/18 06:03 o
CHART3: Gage R and R: penl (IFEE-FR)




RANCGE F MEASUREMENTS:

| PART ST BH&2 RAU&AS
1 0.0100 0.0100 0.0400
2 0.o0d400 0. 0400 0.0200
3 G.o200 0.0700 0.0600
4 0.0100 0.0500 f1.0100
5 0.0100 0. 0400 4.0100
& 0.0100 0. 0000 0.0200
7 g.uloo 0.0800 0.0200
f 0. 0000 B. 0200 0.0200
9 0.0000 V. 0000 0.0300
10 U, 0lLgo u.0300 0.0000 COMRINFD
AVERAGE: 0.0120 0.0320 0.0230 0.0223
STD DEV: 0.0103 u.027e ,014%4 0,.0198
RF.PFAT: 0.0533 0.l4zl 0. L0041 0.1018

02/04/18 06:03
CHART3: Gage R and R: penl{ffPE-FHR)
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EHISN BHIE? HRlE 2 myrm COMMENT S

1 1 7.266 7.253 7.287 !
1 5 7.264 7.246 7.242 AR
2 1 7.378 7.339 7.269
2 2 7.36R 7.367 7.277
g 1 7.354 7.296 7.345
3 2 7.274 7.378 7.265
4 1 7.318 7.252 7.291
q 2 7.28% 7.340 7.311 |
5 1 7.302 7,254 7.271
5 2 7.306 7.261 7.273
6 1 7.355 7.344 7.347
6 2 7.349 7.312 7.348 .
; 1 7.311 1.2l 7.309 ;
; 2 7.328 7.34 7.309
g 1 1,301 7.255 7. 282 !
g 2 7.295 7. 268 1.283 |
4 1 7.326 7.286 7.283

9 2 7.323 7. 312 7,335
10 L 7.228 7.231 7.229
Lu 2 1,221 7.182 1.240

02/04/18 06:00
pen2 (F R 2%} .qdb
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STATISTICS FOR REPEATABILITY &ND REPRODUCIBILITY

Appraisers: B;AS, BHES: BE&:3

farls Selecred: 10

Trials Fer Parr: 2

Sigma Level: 2.57%

Process S5igma (calculabted): 0.045

Discrimination Ratio: 2.2

Mcagsurement Units * Total Variation

Repeatabiliry - Equipment Variation {EV)
“EV = 0.119 $EV = 51.420

Reproducibility- Appraiser Variation (BV)
AV — 0.043 BAV = 18,373

Repratability & Repraducibility (RaR)
- Ru&R n.127 SR&R = fH4./493

Part Vartalion {PV}
Py 0.194 PV - B3.8b3

Total Variation [TV)

Y 0n.231

AVERAGE OF MEASUREMENTS:

" PART BHAR W2 RBRAIS3 AVERAGE, RANGE
1 7.2670 7.2495 7.2645 | 7.2603 0.0175
2 7.3730 7.35%0 7.2130 I 7.3330 0.1000
3 7.3140 7.3370 7.30%0 | 7.3187 0.0320
g 7.30L5 7.2960 7.3010 I 7.2995 0.0055
5 7.3040 7.2575 7.2720 I 7.2779 0.0465

6 7.3520 7.3280 7.3475 | 7.3425 0.0240
7 7, 3145 7.3070 /.3090 i 7.3118 0.0125
g 7.2980 7.2615 7.2825 | 7.280Y 0.0365
9 7.3245 7.2990 7.3090 I 7.3108 0.0255
19 7.2275 7.2065 7.2345 | 7.2229 0.0280
BVERAGE  7.3081 7.2895 /.2898 | 7.2958 0.0328

02704728 Q6:03

CHARTZ: Gage R and R: pen2 (83
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RANGE OF MEASUREMF}NTS: |

PART BRRl BHMRE: Bas: '

_________________________________________ |

Py 0.0020 0.0070 0.0450 !

L2 0.0100 0.0280 0.U0B0 i

4 0.0800 0.0820 0.0800 i

4 0.0330 0.088(0 ¢.0200 |

.5 0.0040 0.0070 0.0020 !

6 0.0060 0.0320 ¢.0010 |

7 0.0170 0.0720 0.0000 i

f 0.0060 0.0130 0.0010 |

9 0.0030 0.0260 0.0520 |

10 C.0010 0.0490 0.0110 COMBINED I

et - |

AVERAGE: 0.0162 0.0404¢ 0.0220 i 0.0262 i

STD DEV:  0.0140 0.0348 0.01490 | 0.0232 |

____________________ e |

REPEAI: 0.07149 0.1743 n.oady 0.1194 |

________________________________________________________ . |

i

' |

|

i

i

i

|

I

|

i

|

|

|

i

i
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