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Reduce Process Variation
Based on Deterministic and Probabilistic Model
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USL-Upper Specification Limit
LSL- Lower Specification Limit
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ff 7€ VEAR Y (Deterministic Model)

&1 R % (Transfer Functions)
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24 A 7Y (Probabilistic Model)

&35 /% (Transfer Functions)
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Non-linear Response

Response
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Inner-Outer Array Pg4hge 1 Hf ++++ el Outer Array
JMP EHD%&?H I + + « o+ + 0

Inner Array DOE results from
++ + ... control factors A-
o F o, G
+ - [and noise factors
I H, I, J]

Inner Array H R PEAd 88 n 42 B %82 (key controllable factors ) ;

Outer Array F RVl B e 75 [ 71 248 (key noise factors) .

THEAE N Inner/Outer Array 113368 240 & MBS HE RS, SR 515 2 E R
WEZ AL R B (Transfer Function) , A BETR EXI bRl Z 1745 e (UnER
X Ln(Sigma) LB i 4t A AR Y
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Example 1: Inner-Outer Array

Noise Parameter:

CTQ: Distance Ball is Thrown (d)

i remnon

Ball Material Type

-

wx @

Controllable Factors

Factor 1. Pull Angle: 0°—45°
Level 1 =0
Level 2 =22.5
Level 3 =45

Factor 2: Stop Angle: 45° — 90°
Level 1 =45
Level 2 = 67.5
Level 3 =90

Noise Factors

Factor: Ball Type

Level 3 = REk
Level 1 = WEk
Level 2 = NEk

*Note: &1 LevelE & 1.1\
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Example 1: Inner-Outer Array
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EEET
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e Pull Stop R1 R2
1 0 45
2 45 45
3 0 90
4 45 90
5 45 675
6 225 90
7 0 675
8 225 45
9 225 675
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Example 1: Inner-Outer Array
3. ﬁ%ﬁ%ﬁ%%?%

Pull Stop Rl
1 0 45 1519
2 45 45 -4.8
3 0 80 768.5
4 45 80 314
5 45 67.5 57.4
b 22.5 80 64.4
7 0 7.5 1leB.l
8 22.5 45 72.5
9 22.5 67.5 110

R B>
oz

B> %
D >iEfi”

158.7
-4.8
77
49.1
57.9
63.5
170.7
70.5
112.2

W2 N1 M2 Mean Stdev
150 1531 141 146.3 150.2 6.07
-4.8 -4.8 -4.8 -4.8 -4.8 0.01
75 75.5 75.6 74.4 J5.7 0.97
48.5 492 484 484 49,2 1.16
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ik | ENmE=a
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an:
A Mean
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E Pull & RS
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PUllPUIl
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Stop*Stop
e[ 2]
= -
e I
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Example 1: Inner-Outer Array

R =
iIE LogWorth pE
Pull(0,45) 4719 i i 10.00002
Pull*Stop 3.678 Lo b b 000021
Stop*Stop 3.547 i i 1 lo.00028
Stop(45,90) 2.240 bbb b n 000575 A e T NVAAK
N . B GES
«  MeanfJBi M 244
SHUhtHE £ 7840833
. == v [66.409,
iU fEiHE REEE ti st = 504077]
ik 109.06667 2.881225 37.85 <.0001¢
Pull{0,45) -481 2037334 -23.61 =.0001
Stop(45,90) -4.566667 2037334 -2.24 0.0885
Full*5top 32125 2495214 1287 0.0002% > 1.3175
Stop*Stop  -42.06667 3.528766 -11.92 00003 T [0.31103,
» ¥ 2.32397]
I ML
*  StdeviERZ %L
SHittE 075!
HiE 361 0241668 14.94 0.0001* 025/
Pulli0,45) -1.686667 0.170885 -9.87 0.0006* 0 '
Stop(45,90} -0.92 0170885 -5.38 0.0058* I R N A A L
Pull*Stop 1.5625 0.209291 747 0.0017= i L L N
Stop*Stop  -1.496667 0.295982 -5.06 0.0072% 1.84e-12 90
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A “ Sigma” FHE R P AR Y

RERE RERZ RN

Propagation of Errors? Monte Carlo
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EH BEIXsH
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REE . B
V= (e, 0 14,) - rEEE
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XL, =) 210X, =) (X =) Y m
@il ATRARRYH Wi TRV
BIE - WE
PR o FR#EE
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aY [ oY jz [ 0Y j
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Standard deviation (o)
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Example 2: % Z AL i$

Factors CTQ & Spec
Mean =0.15
Cng : _ _ Lower
Std Dev = 0.004 d: Wire Diameter J K: Spring Stiffness Spec
Limit=4
Mean =2.5 D: Coil Diameter i
Std Dev = 0.05774 — 1 4 N
T
Mean = 1.287x10" & shear Modulus Gd*
Std Dev = 1.432x106 — < D — K = SND?
N: # Coils = 10

AT WEAERE . XsHEMFHEE, MH “RE

feid” J5iET ARIGK I BHE R AEE
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Example 2: 1= Z1& 156

k= 8(I3\IdD3
{mio ITEAT ITEER
(BURE) (d=0.15, D=2.5, G=1.287x107)
- o (4d) =5 139.0
5 oD -6.255
- g X 4.050x107
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Example 2: 1% Z 4% i

Factor Description Mean Value Std. Dev.
d Wire Diameter 0.15 0.004
D Coil Diameter 2.5 0.05774
G Shear Modulus 1.29E+07 1 43E+06
5.21235 Z, 288
&V DPMO,; 84359
1358.996 [—Sd] 0.3091
“ & o\
100 N
ok 2 ox,
625487 =5, 0.1304 Ve .. =~
oD S
& VP, 39.84
4 05E-07 {%SG] 0.3364
VP, 16.81
0.8809 VP 43.35

R g5 RAGe I 2 B3R, 1] AR YR VPXA £ 4 PR i # X s [
Stdev
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Example 3: Monte-Carlof% il

Available
Factor Data
u =0.15

- g =0.004
Normal

m u = 1.287x107

Normal® = 1-432x10°

Factors

CTQ & Spec

d: Wire Diameter || k:Spring Stiffness

D: Coil
Diameter=2.5 0 d y

G: Shear Modulus

Lower
Spec
Limit =4

A

4
k_Gd

~ 8ND?®

N: # Coils = 10

ABIE] AN “Monte-Carlo®RHL” ik, WPk 534

- WEMRHEE
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Example 3: Monte-Carlof&Ll
1. SlEHExR T dMGH:

[w] d G k

1 012 11000000 1.824768
2 0.18 20000000 16.79616 R Y \ e
2. K ﬂ:} >% IJ [H] 7% .
. _ .
* ZEEE - IMP - v - =R >
A . FEEFISIARRAT
k%% kﬁ[J @FJU )\Z\ Ik . Bre ] ShESTEEE e
=33 v, s Ak B
dd g, A —
=17 (3/1) 4 (Bt
dd ( g ) | A BEET || TE. #HE
‘ G -
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AL . EE TSR ERERE (T
: VB, FiE= EEET .
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Example 3: Monte-Carlof% il

3. BER:

3. P 4. S EHISR I

— 194 Y SN2 ZNY !
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x 521235 10 4=k
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12870000 0.15
G d
Edl - BERL - 3 35 4 45 5 55 § 65 7 75

1)1 i s

4 =iCE8tE
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198 | 1.29e+7 9E 0.15 =

SD 1432000 SD 0.004 HiER SR

198 95% ER

t9{8 95% TR
8
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0.7975327
0.0252202
5.2563428
51573615

1000



25 15

X “Mean” W R AR Y
Fiffy A R R 2 P A 20 P W
[EAK “Sigma” Bff € MR

— Inner-Outer Array

A “Sigma” I8 A A
— REfEIH

— Monte-Carlot 1

Rz

Page 28



THANKS!

ANY QUESTIONS?



