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MEASUREMENT SYSTEM ANALYSIS

MSA — statistical study —explores variation in measurement

e

» Calibration

» Accuracy

> Precision

» Stability

> Repeatability
» Reproducibility
» Linearity

> Bias
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GAUGE REPEATABILITY & REPRODUCIBILITY

Repeatability — the equipment measurement variation expressed as standard deviation

IS 1(X - XY

n-1

tandard deviation (s) = \I

Standard deviation of
gage (one appraiser)

Width

0.5%

- 515 SC’:‘.:O -

99°% of measurements
fall in the gage
repeatability range

Gage
repeatability

Gage Repeatability

Standard deviation of gag
(more than one appraiser

Appraiser 1 I

Appraiser 3

Appraiser 2
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EXAMPLES OF GAGE R & R ANALYSIS

Gage RAR (X-bar/R) for Measurement Reportad by:
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ACTIVITY

At the end of a lean six sigma project, who should be the primary beneficiary of the project results ¢

» Customer Match the following

»Top Management

»Employees Accurate but not Precise

» Sponsors

Not Accurate or Precise

Accurate & Precise

Precise but not Accurate

OJOXOXO,
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| RANGE & AVERAGE METHOD

515R
Repeatability = —
P R y _ SI5R,

nr

5.15X,.... | Repeatability’
chroducibilily=J[ - v]_ > o y

V, =|R&R* +V}

R& R = \/Repeatability” + Reproducibility
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CLE I Tions

Appendix A - Values of d,

z

2 3 4 5 6 7 B 9 10 11 12 13[ 14 15]
1| 14| 191] 224 248 267 283 296 308] 318 327 335 342) 349) 359

2| 128 181 215 2400 2600 277 291 302| 313| 322 330| 338 345 351
3 1.23] 77| 212) 238 258 275 289 301 3| 32| 328 337 343 350
4 121 175 211| 237 257 274| 28B[ 300) 340 320 328) 336 343 349
5 119 174] 210 236) 258 278] 287 289] 310] 318| 328) a3e| 342] 349
g 1.18] 1.73| 200 235 256 273 287 299 310( 319] 327 335 342] 349
7| 117 173 208 235 255 272 287 288) 310] 319] 3237 335] 342 348
Bl 117 172 208 235 255 272 287 288) 309) 319] 327 335 342| 348
9 116 172 208 234 255 272 286 2088) 309) 319] 327 335 342 348
10 116 1.72| 208 234 255 272 286 298| 309| 318| 327 334| 342| 348
11| 115 1.71| 208 234] 255 272 286) 298] 309] 318] 3237 334] 341 348
12| 115 171 207 234| 255 272 285 288) 309) 318| 327 334| 341 348
13| 115 171 207 234| 255 271 285 298| 309) 318| 327 334] 341 348
14| 115 171 207 234 254 271| 285 288) 309] 318] 3237 334] 341 348
18| 115 171 207 234 254 271| 285 298| 308| 318| 326) 334 341 348
>15 | 1.128| 1693 2038| 2326) 2534) 2704| 2847 287| 3.078] 3173 3258 3336 3407 3479
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EXAMPLE

The thickness, in millimeters, of 10 parts have been measured by 3 operators, using the same measurement

equipment. Each operator measured each part twice, and the data is given in Table 1

—

Operator

A

B

C

Part

Trial l

Trial 2

Trial 1

Trial 2

Trial 1

Trial 2

65.2

60.1

62.9

56.3

71.6

60.6

85.8

86.3

85.7

80.5

92.0

87.4

100.2

94.8

100.1

94.5

107.3

104.4

85.0

95.1

84.8

90.3

92.3

94.6

54.7

65.8

51.7

60.0

58.9

67.2

98.7

90.2

92.7

87.2

98.9

93.5

94.5

94.5

91.0

93.4

95.4

103.3

87.2

82.4

83.9

78.8

93.0

85.8

82.4

82.2

80.7

80.3

87.9

88.1

Sxooo\xo\u:-bww—

100.2

104.9

99.7

103.2

104.3

11155

Table 1. Range & Average method example data.
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EXAMPLE

Repeatability is computed using the average of the ranges for all appraiser and all parts. This data is given

in Table 2.

—.(L)perator =
A B C
Part Tnal 1|Tnal2| R Tnal | |Tral 2| R Tnal | [Tnal 2| R
1 652 | 601 |51 629 | 563 |66 716 | 606 [110
2 858 | 863 |05 857 | 805 |52 920 | 874 |46
3 1002 948 |54 1001 945 |56 1073104429
- 85.0 | 95.1 [10.1 B4% | 903 |55 923 | 946 | 23
5 547 | 658 |11.1 517 | 600 |83 589 | 672 | 83
6 987 | 902 |85 927 | 872 |55 989 | 935 |54
7 945 | 945 |00 910 | 934 |24 954 |1033|79
8 872 | 824 |48 839 | 788 |5.1 930 | 858 | 7.2
9 824 | 822 |02 307 | 803 |04 879 | 881 |02
10 1002|1049 4.7 997 | 1032 |35 143111572

Table 2. Example problem range calculations

Repeatability =

515(520)

=237
1128
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EXAMPLE

Reproducibility example computations.

- - _
Part Trial Operator B Operator C R
| | 629 71.6 8.7
2 ] 35.7 920 6.3
3 l 100.1 107.3 7.2
-4 i 848 923 7.5
5 | 51.7 589 7.2
6 l 92.7 989 6.2
T l 91.0 954 44
% l X39 93.0 9.1
9 i 80.7 379 7.2
10 | 99.7 104.3 46 :
1 2 56.3 60.6 4.3 515(7.015)) 23.7°
2 2 80.5 87.4 6.9 Reproducibiity = \/[ : :Zn l )] i 1(3)(2) i3
3 2 94.5 104.4 9.9
- 2 9.3 94.6 43
5 2 60.0 67.2 7.2
6 2 87.2 93.5 6.3 The repeatability and reproducibility is
7 2 934 1033 99
8 2 78.8 85.8 7.0 R& R=~237" +1827 =299
9 2 0.3 XK.l 7.8
10 2 103.2 111.5 8.3

Table 3. Reproducibility example computations.
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EXAMPLE D" S

Example part variability computations.

Operator

A B C
Part Tnall |Tnal2 Trall [Tral2 Tnall [Tnal2 Avg
I 652 | 601 629 | 563 716 | 606 62.78
2 BS8 | 863 857 | 805 920 | 874  $6.28 . 5.15(44.25)
3 1002 | 948 1000 | 945 1073 | 1044 10022 ST
4 850 | 951 848 | 903 923 | 946 9035
5

54.7 658 51.7 60.0 589 672 59.72

=TL7

The total measurement system variability is

6 98.7 90.2 92.7 87.2 8.9 935 9353
7 94.5 94.5 91.0 934 954 | 1033 95535
8 87.2 824 83.9 8.8 930 358 §508
H 8214 822 80.7 %0.3 879 38.1 35.60
10 1002 | 1049 997 | 1032 1043 | 1115 10397

V, =4299% +717% =717

1aplie 4 EXampie parr variapiiry compurarions
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