11

1.2

Vi

(Shim Thickness Selection)

(Vehicle Heisht Setling)

Vi
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1.3

(vac)

VI GR&R

131
GR&R W

11

11 Vi
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Gage R&R
Source

Total Gage R&R
Repeatability
Reproducihility

Opr

Part-To-Part

Total Variation

11

GR&R Operator 1

sample  Trial 1 Trial 2
1 0.52 0.50
2 0.04 0.05
3 0.07 013
4 053 044
5 0.06 0.09
6 QAT -0.50
1 0.58 0.66
8 0.22 0.10
9 0.36 0.40
10 0.52 045

Y%Contribution

VarComp  (of VarComp)

0.0044/
0.00447
0.00000
0.00000
0.15186
0.15633

2.86
2.86
0.00
0.00
97.14
100.00

Operator 2
Trial 1 Trial 2
051 0.54
-0.04 -0.06
0.15 001
-0.66 -0.55
0.01 0.20
0.38 044
0.68 0.54
0.23 0.28
0.28 0.3
0.48 0.33
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StaDev

Source (SD)
Total Gage R&R 0.066854
Repeatability 0.066854
Reproducibility 0.000000
Opr 0.000000
Part-To-Part 0.389689
Total Variation 0.395382

Number of Distinct Categories = 8

74

GR&R

3443

i K

406

Study Var %Study Var %Tolerance

(5.15*SD)

0.34430
0.34430
0.00000
0.00000
2.00690
2.03622

Vi

(%SV)  (SVIToler)

1691 3443
1691 3443
000 000
000 000
9856  200.69
10000 20362

camber (Shim thickness)
8

446
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12

( Factor) (Low)
Shim Thickness 1mm,
Vehicle Height 406 mm.

141 (Replication)
Treatment Combination

Combination 4

Power and Sample Size
2-Level Factorial Design
Sigma =0.194 Alpha=0.05
Factors: 2 Base Design: 2,4
Effect Reps Power

05 4 09970

142 (Randomization)

(Design Matrix)
Orcler

15

103

(High)
8 mm.
446 mm.

. Treatment

0.99

MINITAB
Run



7.6

NID (0,62

13

StdOrder  RunOrdler

NID (0,62

O ©o —~N o o1 &~ LW PO

5E e B R E S

Shim
8

— = > OO > OO OO = OO ©CO O = = OO I

VH
406
446
406
406
446
446
446
406
406
446
406
446
446
406
406
446

Camber
11
132
0.9
164
12
048
048
0.92
168
0.45
081
133
053
155
163
1.26

104

(Model Adeqvacg Checking)

3



P-Value 0.05

12

105

12

Normal Probability Rot

999 -=1-

99 -
95 --

80
50
20

05 -
.01 A
.001 -

Probability

RESI1

Average: -0.0000000
StDev: 0.0670075

M 16

T

0.1

Anderson-Daring Normaity Test
A-Squared: 0.344

P-Value: 0.440
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Residuals Versus the Order of the Data

(response is Camber)

.
. .
. L
L ]
B e e e e
L .
. .
L L ]
» .
L
T T T T T T T T
2 4 6 8 10 12 14 16
Observation Order

14



Residuals Versus the Fitted Values

(response is Camber)

0.2 -
Q01—
I nT T
0.5 1.0 1.5
Fitted Value
14
1.1
Camber

Camber = 5.1 +0.086 (shim thickness) - 0.0083 (Vehicle height)
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Main Effects Rot (data means) for Camber

1) ]

Camber

095

MINITAB
Source DF Seqss  AdjSS AdMS F p
Main Effects 2 283725 283725 141862 252.76 0.000
2-Way Interactions 1 0.01000 0.01000 0.01000 178 0.207
Residual Error 12 006735 0.06735 0.00561
Pure Error 12 006735 006735 000561
Total 15 291460

Estimated Coefficients for Camber using data in uncoded units

Term Cogf
Constant ~ 5.10605
Shim  0.046071

VH  -0.00833036
Shim*VH -0.000357143

Camber 093

108



0.93+ 050
5
430 . Camber 0.9
14
Camber shim thickness ~ Vehicle height
093 7 414
099 5 430
18
(Improve Phase)
3
2k 22Full Factorial Design 14

Camber = 5.1 +0.086 (shim thickness) - 0.0083 (Vehicle height)

Vi
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