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Application of Response Surface Method on Non-linear System
Optimization: Paper Drone Experiment®
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"Training and Doctrine Command(TRADOC), Republic of Korea Army

2Department of Industrial and Management Engineering, Sungkyul University

B Abstract B

The goal of this research is to find the most influential factors for the flying time of a paper drone by using a
variety of methodologies from design and analysis of the industrial engineering, and to suggest the final optimized
design of a paper drone so that it can fly as long as possible. By applying a variety of design methods, we can build
an optimized model to make the best product or system, and this helps us reduce the cost of changing the process
conditions so that we can minimize the number of experiment runs to reduce the total cost. We designed the experiment
with standard papers given by NASA spaceship center. We set a total 6 factors and investigate the response surface
of a paper drone flight time. With this research, we showed that RSM is not an independent way of designing an
experiment in isolation, but the perfect way of combinations for those to find the optimal design, and the RSM process
will help us to understand the practical way of design any experiment.

Keywords : Design of Experiment, Response Surface Methodology, Factorial Design, Fractional
Factorial Design, Steepest Descent Method
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(Table 1) Example for Steepest ascent method

. Natural variables Coded variables Predicted Ohserved
Point Gap(¢,) Power(s,) z T, rate y rate y
Base(Starting point) 1.40 300.0 0 0.00 - -
A -0.20 16.5 -1 0.66 - -
Base+ A 1.20 316.5 -1 0.66 861.33 845
Base+2A 1.00 333.0 -2 1.32 996.50 950
Base+3A 0.80 3495 -3 1.98 1051.63 1040
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(Table 2> Comparison between the Trial Number of
2, or 3 Level Factorial Design, and Central
Composite Design
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(Table 3 Factors and Levels (units: inch)

Level
Factor Symbol

-1 1
Wing Length l 3 475
Wing Width w 2 3
Body Length L 3 475
Body Width w 1.25 2
Middle Body Length m 125 2
Clip c N Y
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<Figure 5) Half-normal Plot of the Paper Drone Experiment
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(Table 4) Results of Steepest Ascent Method

Point Coded variables Natural variables Predicted Ohserved
. T, T & €, € Reponse Response
Base 0.0 0.00 0.00 3875 2500 387 1.878 1.65
A 05 | 037 | 03 | oa | 019 | -0 - -
Baset A 05 | 037 | 033 | 435 | 231 | 55% 2031 1.89
Base+2A 10 | o7 | 066 | 47B | 212 | 32% 2185 204
Base-+3A 15 | -t | 09 | 51% | 19 | 3006 2333 21
Base-+4A 20 | -148 | <12 | 565 | 1m | 2715 2.4 1.9
= Wt Ad8A Y] A7]E aeste] 3975 y=1.924+0.19X, — 0.11X, —0.08X; — 0.05X’+0.02X?
o] Auligko] b 2 2/ Ho] Wi 19| SRV E +0.03X2 —0.04X,X, —0.003X,X, —0.002X, X,
05% A7stitt. vy M| S3=715 At
sla, A WS W9 WElgk(coded variables)S o] Foll A Dol Zol(1) 2 H] (), %;zﬂg] 7o)
kA4 WM 4=(natural variables) 2 AW &kslo] F7} (z), 271 dolo} Yne] Aa28 T3 —w), G
AES 913 Fo] =ES At APE AAE o] Zo)(1)¢] 228 =A|o] Zo 1@4 22}3¥ o] RS
oh HEAF} 2 Ho R THe e s A T 005 G sl A o) W9lS <Figure
AletaL Aokt #HAaghe A-aL 7kt 539 7] 6>} Zo] FRlsAy.
& Ak A 3914 Fall AR o
zk(predicted response)<> Baset1d, Baset+24, Estimate std. Error € value PrG>Itl)
Base+3A, BasetdAdlA 7H7F (2031, 2185, 2338 IMErCert) - 600126 00064140 296093 3.7926-10 +++
W -0.1111313 0.0064140 -17.3265 3.206e-08
2402 A3 TR, AAdobserved re- |4, SO L n e
gm0 it (L9 20021, 19% gade |1 SRS Sk LR
= —2—7}6}47} Base+dAol A 7121222) 9 ghaofed " 001053 0l00srase 31931 0.0100518 +
LA2 0.0319177 0.0062288 5.1242 0.0006244 **3

STk 9l ABE 15} wo] Fo| HEo
iﬂ%"\]ﬁ ES = *4‘3:‘6}7] o A
22 B3 o 29| Ao
<Table 4> F7H e

} 1 A&l 6719 43 5719 F
A S A8ste] 13}
o8& 3l 2+ aivs
A3t

EPN

‘_10.1.,

{Figure 6y Coefficient Summary of 2nd Order Model

ﬂﬂﬁ@aBﬁ?@ai%%%”ﬂﬂTﬂ

Ae g, ARl v

;GTT‘UE )

09{-:',
i)
s}
o
=
:(o
=
mlo
X
24
ol
ol
o
o>

2

ST A T R e A A Ty A )
K
o
i
k)
=
o)
lo
rE’.
oo
2y
=
|

y=1.74+0.034w? +0.024w2 — 0.0552



Wing-width vs. Body-width ‘Wing-length vs. Body—lenhth ‘Wing-width vs. Wing-length
Second-order model Second-order model Second-order model
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{Figure 7> Response Surface of the Paper Drone’s 2nd Order Model
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