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Understanding Robust Design with Paper Helicopter Experiment

Jai-Hyun Byun

* Yong Tae Kim - Min Ji Lee
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Robust design method developed by Genichi Taguchi has been very popular since the 1980s and there have been
many academic and applied research works on this topic. However, college students and engineers in companies
have had difficulty in understanding the method. This paper presents a procedure to implement the robust design
method by an easy-to-execute paper helicopter experiment. A crossed array was adopted, which consists of a
resolution IV fractional factorial design with 6 control factors and a factorial design with 3 noise factors. Three
performance measures were analyzed; signal-to-noise ratio, mean, and standard deviation of the falling time of
the paper helicopter that is to be maximized. Control-noise interaction plots are also given to evaluate the degree
of the sensitivity of each level of the control factors to the noise factors. The procedure presented in this paper
can be helpful to those who want to have basic knowledge in the robust design method.
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Table 1. Control Factors and Their Levels

Yong Tae Kim + Min Ji Lee

Control Factor Clip Paper Length(y) Width Ratio(x/y) | Wing Ratio(a/y) | Waist Ratio(b/y)
Low Level Small Thin 15 0.3 0.4 0.10
High Level Large Thick 20 0.4 0.5 0.15
Table 2. Control Array
Std Order Run Order clip paper length width ratio wing ratio waist ratio
1 12 small thin 15 0.3 0.4 0.10
2 6 large thin 15 0.3 0.5 0.10
3 7 small thick 15 0.3 0.5 0.15
4 8 large thick 15 0.3 0.4 0.15
5 1 small thin 20 0.3 0.5 0.15
6 11 large thin 20 0.3 0.4 0.15
7 16 small thick 20 0.3 0.4 0.10
8 5 large thick 20 0.3 0.5 0.10
9 14 small thin 15 0.4 0.4 0.15
10 13 large thin 15 0.4 0.5 0.15
11 3 small thick 15 0.4 0.5 0.10
12 15 large thick 15 0.4 0.4 0.10
13 9 small thin 20 0.4 0.5 0.10
14 10 large thin 20 0.4 0.4 0.10
15 small thick 20 0.4 0.4 0.15
16 2 large thick 20 0.4 0.5 0.15
Table 3. Noise Array
Deterioration New Old
Wind No Yes No Yes
Manufacturing Good ‘ Bad Good ‘ Bad Good ‘ Bad Good ‘ Bad
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Table 4. Experimental Data
New Old Det.
No Yes No Yes Wind
Good Bad Good Bad Good Bad Good Bad Mfg.

Vi Y2 V3 V4 Vs Y6 y7 ys mean SD log SD SN Ratio
2.29 2.29 2.20 221 222 2.54 1.89 1.67 2.159 0.266 -0.575 6.487
2.40 2.30 2.32 2.18 2.24 2.49 2.00 1.91 2.229 0.196 -0.707 6.870
2.92 2.65 2.61 245 2.76 2.86 241 2.15 2.598 0.255 -0.593 8.175
2.17 1.95 1.94 1.86 2.17 1.96 1.75 1.80 1.948 0.155 -0.810 5.720
2.61 3.12 2.51 2.73 1.79 3.09 2.34 2.20 2.546 0.446 -0.351 7.726
2.44 2.20 2.06 2.15 2.06 2.18 2.07 1.95 2.138 0.147 -0.832 6.548
2.52 2.60 2.37 2.35 2.39 2.61 2.14 222 2.399 0.170 -0.769 7.541
2.59 2.72 2.08 2.24 2.37 1.90 1.89 1.92 2211 0.324 -0.489 6.659
2.18 2.26 1.89 1.97 1.70 2.25 2.00 1.83 2.008 0.204 -0.691 5.936
2.57 243 221 2.16 2.44 1.93 2.13 1.76 2.201 0.273 -0.564 6.667
2.90 2.73 2.56 2.33 2.58 2.64 2.43 2.11 2.533 0.243 -0.614 7.960
2.09 1.90 1.89 1.89 2.01 1.91 1.78 1.71 1.896 0.118 -0.927 5.513
2.94 2.98 2.44 2.29 2.35 2.79 2.06 1.81 2.456 0.420 -0.376 7.446
2.49 2.21 2.07 1.81 2.11 2.12 2.03 1.82 2.081 0.217 -0.664 6.244
2.28 2.49 2.01 1.99 1.98 2.29 1.58 1.60 2.025 0.324 -0.489 5.816
2.50 2.36 2.18 2.09 2.33 242 2.29 1.73 2.236 0.242 -0.617 6.827

Aol FEEIA Fol A2l B8 GBS $UD AAE SR FARASNY], B, REBAON 2548 19 o]
<Table >l JEISIT i1, o2 Sl & S al(Det) - 8o apI b ANjshalst 429 98 9 WE Aokl
7H AW ELTOI), FHEWind)®] BTl MOm(Yes), AZA A2 £ solanA ST, D L2 AN E
HMtg)ol SE(Good) AElIA AR L sl AL Aoke gy ol AFE Y SIS Aheat] A 202 2] oo
W 49l nz, A5 AERAE okl 4 (A $4 A7 A
A% NS A o) SNHI o} B} B ALY 2O S 3L
— 2oeiT), AEd BAL MR A AL Box(1988)9
o700) e Ho|rk. WS Yol 942 ek e, Box
C\\ (1988) 2] (1)) SNH1 Q] 218k Yol & W HiAlFol
4 )9 2ol E8F 5 910, o] Aol BAEHAF 8
2 AR o] BAlFe] W EEHTH RIS T
ASEN, ARG o HAENH 17 A Y
o] FAHGE AHIS WENT, BeA5 4 SN 7
/‘4 0}—27H4 249 FEHTY EE—F:J?"HH FEH 7o
719 2R84 8 avhe S HFl
SN, = —101og{l§i} (1)
851
Iyl 5,72 )
Figure 3. Helicopter Falling 81 y?j Y s @
1 EA UA o|H gt 3719 e HE ol /I FSoll ik =73l
kS m| 2| & QxS Hr g 0otalr] 9] Shoemaker ef al.
16709 7t SA D) A% ZANA 3714 FSL wredal  (1989)0] AL Aojel Aol HEeUAe] E AL N B
o $70) RS Z TN DL <Table 4>9) HoJEIS ol 8a}els 282 Fotallrs.



378

4. dloJe] 4 ZA3}e} )Y

4.1 SNH] 24

dlolH 258 2] (1)7 o] W5/ ¢ SNHIE 8L o]
& e E 7 Fa% 183 B E AEE <Figure 4>

<Figure 5> 2t} YERH AT

clip paper length
7.29
6.8
\ . .
\ —
6.6
6.34
smlal\ \arlge lhlm th\ln:k 1 IE 2‘0
width ratio wing ratio waist ratio
721 /
6.9
6.6 \,
6.3
0.‘3 O.I!l O_IA O.IE 0,;0 0,;5
Figure 4. Main Effect Plot of the SN Ratio
HE3HE 510 Pareto AE
(Bt32 SN Ratio, 20t =  0.10)
2.820
: EEE
E | A dio
A | e paper
C  kngh
AB 0 width rafio
D E wing ratia
AE F waist ratio
AF
W AD
AC
C
F
BF
BD
B
0 1 2 3 4 5 6

Figure 5. Pareto Chart of the SN Ratio

<Figure 5>9] Aol wz}, 9314 &2 2918 Q218
F9T & BAAEAE ot BAHEARE <Table 5> U
Wl

Table 5. Analysis of Variance Table for the SN Ratio

Source SS df MS F p-value

A : Clip 2.280 1 2280 | 9.09 | 0.010

E : Wing Ratio | 4.542 1 4542 | 18.10 | 0.001

Error 3.262 13 0.251

Total 10.084 15
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Source SS df MS F p-value
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Error 0.180 13 0.033
Total 0.726 15
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Table 8. Robust Condition Based on CN Interaction
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Control Factor

Noise Factor

B(Paper Thick.) C(Width Ratio) D(Length) F(Waist Ratio)
Deterioration 15
Wind(User Environment) -
Manufacturing Imperfection thin 0.3 20 0.15

Table 9. Optimal Condition

A(Clip) B(Paper Thick.) C(Width Ratio)

D(Length) E(Wing Ratio) F(Waist Ratio)

small thin 0.3

20 0.5 0.15
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