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Selection of Control factors
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Selection of Control factors Noise factors

1. Human factor

) 2. Rain condition
Candidates for Control factors
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Selection of Control factors

Selected Control factors

Function Noise factors

1. Human factor
2. Rain condition
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P-Diagram & Photo of Design Model

Parameter Diagram (P-Diagram)
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Noise factor
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Orthogonal array (L9, 34)

O| 2 M (ratio) OIZM Z= () &Fo] @) Stiffness (Z)
1 % Cover 30° 1
2 % Cover 45° 2
3 % Cover 60° 3
4 % Cover 30° 3
5 % Cover 45° 1
6 % Cover 60° 2
7 1 cover 30° 2
8 1 cover 45° 3
9 1 cover 60° 1
Original Y% cover 45° 2

*0| 2 MY (ratio) &7HZ O] CHH|
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Results — (1)

Noise factor (Rain) — Reference state

By

Input 1 Noisel Input 2 Noisel Input 3 Noisel
1 1.32s 1.25s 0.92s 1 1.29s 1.32s 1.41s 1 2.16s 2.05s 2.16s
2 1.1s 0.98s 0.79s 2 1.22s 1.32s 129 2 1.88s 1.71s 1.8s
3 0.98s 0.93s 0.96 s 3 1.35s 1.32s 1.19s 3 1.70s 1.97s 1.65s
4 1.12s 0.92s 0.92s 4 1.52s 1.18s 1.06 s 4 1.93s 1.77 s 1.75s
5 1.09s 0.92s 0.92s 5 1.33s 1.38s 1.29s 5 2.02s 2.01s 1.96s
6 1.23s 1.00s 0.93s 6 1.3s 1.12s 1.39s 6 2.03s 1.84s 19s
7 1.16s 1.00s 1.05s 7 1.33s 1.25s 14s 7 2.02s 2.11s 1.96s
8 0.98s 1.13s 0.99s 8 1.32s 1.29s 1.5s 8 1.86s 1.91s 2.04s
9 1.06s 1.12s 1.12s 9 1.45s 1.31s 145s 9 2.25s 2.17s 2.15s

(Origin) 1.03s 1.12s 1.06s (Origin) 1.38s 1.39s 1.43s (Origin) 2.01s 2.04s 2.02s
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Results — (2)

Noise factor (Rain) — Rain condition

Input 1 Noisel Input 2 Noisel Input 3 Noisel
1 0.98s 1.12s 1.03s 1 1.36s 1.20s 1.38s 1 1.85s 2.03s 2.03s
2 0.99s 1.06s 1.07 s 2 1.23s 1.32s 1.39s 2 1.9s 1.78s 1.9s
3 0.96s 1.38s 1.12s 3 1.26s 1.21s 1.19s 3 1.65s 1.84s 1.65s
4 0.98s 0.86s 1.00s 4 1.30s 1.12s 1.38s 4 1.85s 1.91s 2.1s
5 1.2s 0.92s 1.12s 5 1.35s 1.26s 1.32s 5 2.0s 2.10s 1.9s
6 1.05s 1.06s 0.93s 6 1.26s 1.38s 1.38s 6 2.13s 1.90s 1.97s
7 1.11s 0.99s 1.13s 7 1.32s 1.25s 1/45s 7 1.95s 1.96s 1.98s
8 1.03s 0.86s 1.16s 8 1.3s 1.19s 1.25s 8 1.98s 1.96s 1.9s
9 1.13s 1.06s 0.96s 9 1.29s 1.25s 1.39s 9 2.05s 2.03s 2.02s

(Origin) 1.03s 0.92s 0.96s (Origin) 1.32s 1.18s 1.39s (Origin) 1.98s 1.91s 1.97s
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Statistic Analysis — (Ideal function for each models)
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Statistic Analysis — (Ideal function for each models)
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Statistic Analysis — (Ideal function for each models)

Model 9 Model Original

2.5 2.5

y=04441x 8 y'=0.434x...
2 R 2
15 ' 1.5 g .-
0.5 0.5
0 { J 0

0 1 2 3 4 5 6 0 1 2 3 4 5 6

B origin

0.4449  0.4067  0.395 0.41 0.4337 0.4277 04369 04248 0.4441 0.434
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Dynamic S/N ratio & [ (slope) for each models

Stiffness

() SSt SSh SSv MSE B (slope) S/N ratio

[=]
1 0.25 30° 1 43.2136 42.57782427 0.635775732 0.037399 0.4449 7.236698
2 0.25 45° 2 36.2123 35.58496105 0.627338954 0.036902 0.4067 6.51495
3 0.25 60° 3 34.6001 33.56532264 1.034777359 0.060869 0.395 4.087962
4 0.5 30° 3 36.7233  36.15503007 0.568269926 0.033428 0.41 7.01462
5 0.5 45° 1 40.8937 40.46470026 0.428999744 0.025235 0.4337 8.723707
6 0.5 60° 2 39.886 39.34657373 0.539426272 0.031731 0.4277 7.607953
7 1 30° 2 41.5746 41.0628374 0.511762603 0.030104 0.4369 8.021445
8 1 45° 3 39.3299 38.80782531 0.522074686 0.03071 0.4248 7.690853
9 1 60° 1 44.832 44.4442149 0.3877851 0.022811 0.4441 9.368193
rigin . 40.947 40.5115564 4 4351 .02565 434 .65

(Origin) 0.5 45° 2 0.9476 0 649 0.436043 0.0256 0.43 8.658986
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Parameter effect - ANOM (S/N), ()

[S/N ratio]

0|2 M (Ratio) ANOM (S/N)

0|2 (Angle) ANOM (S/N) =0l (7H) ANOM (S/N) Stiffness ()  ANOM (S/N)
5.946536639 30° 7.42425404 0 7.511834718 1 8.44286623
0.5 7.782093408 45° 7.643170148 1 7.632587742 2 7.38144934
1 8.360163716 60° 7.021369575 3 6.944371303 3 6.26447819
[y (average flight time)]

O|2 M (Ratio) ANOM (3) 0|2 (Angle)  ANOM (¥) =&0o[ (7H) ANOM (%) Stiffness (&) ANOM ()
1.405555556 1.443518519 1.450185185 1.484814815

0.5 1.417777778 45° 1.416111111 1 1.419074074 2 1.425
1 1.468518519 60° 1.432222222 3 1.422592593 3 1.382037037
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ANOM

Parameter effect - ANOM (S/N), ()

ANOM (S/N)
o - N w H (6] o)} ~N (o] [(a]

ANOM (Y_bar)

1.48
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— |2 A (2 )
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ANOM

Parameter effect - ANOM (S/N), ()

A A .
ANOM - (S/N, =Z0| 7l %) ANOM - (S/N, Stiffness 73)
7.8 9
8
7.6
7
—~ 74 — 6
=2 =2
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% AXFO| (TH % 4 .
= 7 e = FE0| () <3 e ANOM - (S/N, stiffness)
2
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Level Level
A A .
ANOM - (Y_bar, =F0| 7{=) ANOM - (Y_bar, Stiffness 73)
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144 _
& 1435 5 1.44
> 143 o1 1.42
S 1.425 S 14
% 1.42 — O] (7 5) % 138 @ ANOM - (S/N, stiffness)
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1.4 1.32
0 1 3 1 2 3
Level Level
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Optimized Factors

Optimized Design

0|2 M ratio 0| Z M angle =&0l 7= Stiffness 4

1:1 30° 0 1

* 0| S Al ratio: 27§ Z 0| CHH|
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Parameter sensitivity - ANOVA

TSS SS(ratio)  SS(angle) SS(&®O])  ss (&)
Value 18.056 9.529 0.597 0.811 7.120
Percentage (%) 100% 52.78 % 3.30 % 4.49% 39.43%

Model variance (TSS-error) — 100%

-~

SSratio
52.78 %

SShandle

~

SSstiffness

39.43 %

4.49 %
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Ideal Function (Optimized and Initial models)
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Distribution (Optimized and Initial models - PDF)

Run#

© 00 N O U1 B W N P

N N N N NN R B B B B B B B B
i B W N P O O KW N O U1 M W N B O

Initial (s)
1.1
1.2
1.09
1.29
1.23
1.16
1.23
1.23
1.15
1.23
1.19
1.12
1.29
1.15
1.15
1.26
1.25
1.2
1.25
1.15
1.16
1.2
1.25
1.22
1.15

Optimized (s)
1.51
1.39
1.45
1.38
1.38
1.58
1.38
1.52
1.45
1.39
1.32
1.58
1.44
1.45
1.51
1.44
1.45
1.45
1.52
1.33
1.52
1.58
1.52
1.46
1.44

Density & Count

n
1

PDF Optimized & Initial

Flight time

in

maodel
Initial

Optimized
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Optimized Design (Interpretation)

Optimized factors

O| = AH ratio O| = All angle Z=0| 7= Stiffness &3

1:1 30° 0 1

Stepl) Selection of Control factors

Expected effect (Performance)
Ratio of seam — Increase resistance area

Step?2) Statistic interpretation

ANOM - (S/N, O] 2 Al| Ratio) ANOM - (Y_bar, O] S Al Ratio)

10 1.5
z &
a {) S, 1.45 /g
s 5 Z
o S 14 o
<ZE @ 0| S M| (Ratio) o @ 0| S M| (Ratio)

=2
0 < 1.35
0.25 0.5 1 0.25 0.5 1
Level Level

Step3) Physical analysis

Air resistance (Drag force) 1
Fp = 5 Priuia v? Cp A
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Optimized Design (Interpretation)

Optimized factors

0| =2 M ratio O| = All angle &=ZH0| 7= Stiffness 4
1:1 30° 0 1
Stepl) Selection of Control factors
Expected effect .
Xp (Performance) Increase of pressure difference

s

Angle of Seam

Step?2) Statistic interpretation

ANOM - (S/N, O| 2| ZtE)

O ™

30 45 60

7.

ANOM (S/N)
~ U o]

e 0| 2 Al (7_|*E)

6.5

Level

Step3) Physical analysis

Bernoulli equation

1
p+ Epvz + yh = Const

Inducing rotary motion (for stability)

ANOM - (Y_bar, O| SAH Zt )

G\/

30 45 60

Level

146
1.44

1.42

ANOM (Y_bar

1.4

0| S M (Z+ )
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Optimized Design (Interpretation)

Step3) Physical analysis

Bernoulli equation

1
p+ Epv2 + yh = Const

) 20 ZH
ANOM - ($/N, O| S M Z ) A Pysey > A Pizoey l Torqueysey > Torque sge

e Pressure side — Suction side = A P (2H8 ) HE ol > =2l go

ANOM (S/N)
[e)] ~
[N

30 45 60

Level

At 60°, increase of angle = Unstable flow (2| &)

o 2+
ANOM - (Y_bar, O| S M Z ) Angle of attack (O & 2} &= 0| A)

S— > 8H3| 7} AO{LFD Lift force ZHA

30 45 60

1.45

ANOM (Y_bar)
[
>

Level
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Optimized Design (Interpretation)

Optimized factors

O| Z M angle

O| 2 MY ratio

70| 745

Stiffness 43

1

1:1

30°

0

1

Stepl) Selection of Control factors

Expected effect

QHuman (Noise)

Number of Handles —— Reduction of variance induced by Human factor

Step?2) Statistic interpretation

ANOM - (S/N, =F0] 7 =)

G——\

0 1 3

7.

N o oo

—
=

ANOM (S/N)

6.5

Level

Step3) Physical analysis

Ol 0: MO 5752
Ol 1 MO 12752
EH0| 2: A O] FEe = F=r

Ol (7))

ANOM (Y_bar)

ANOM - (Y_bar, =%&0| 7} )

1.46
1.44 \
1.42

1.4

rk>
o3
°
40
=

— O] (7 2)
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Optimized Design (Interpretation)

Optimized factors

0|-2 A ratio O|Z Al angle  &=%&O| 7=

Stiffness 43

1:1 30°

0

1

Step1) Selection of Control factors
Rain (Nosi
Expected effect Q ain (Nosie)

Increase of Stiffness ——  Reduction of Paper fluttering

Step?2) Statistic interpretation

ANOM - (S/N, Stiffness 73)

=
wn

% G & 145
s 5 > 14
o = 1.35
<Z[ @ ANOM - (S/N, stiffness) o
4
0 Z 13
1 2 3

Level
Step3) Physical analysis
Material paper —— Hydrophilic (¥=4)

Weight of paper itself

ANOM - (Y_bar, Stiffness 73)

o—

—_—

Heavy Weight

@ ANOM - (S/N, stiffness)
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Interaction plot

Interaction Plots

A-B, A-C, A-D (Combination)

S/N

S/N

10

10

O[ =2 Al - ratio & angle

e— ]
— B )

— B3

Al A2 A3

ratio Level

O| = A - ratio & Stiffness (43)

/

-

—D2
D3

Al A2 A3
ratio Level

6
Z —
> C1
4

e C2
2 3

Al A2 A3

ratio Level
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Interaction plot

Interaction Plots

B-C, B-D, C-D (Combination)
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S/N
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= _.
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angle Level
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Distinct Features
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Thank you



