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: A Methodology of structural optimum design of Unmanned

Aerial Vehicle by Grey Wolf algorithm, Topology
optimization and B-spline function will be developed in
this study. The Grey Wolf algorithm is prey hunting
mechanism of grey wolves, which mimics the leadership
hierarchy and hunting mechanism of grey wolves in nature.
By using the hierarchy of wolves, Grey Wolf algorithm
implement four main steps of hunting, searching,

encircling, and attacking the prey. The Grey Wolf algorithm
has the ability to identify location of prey. The movement
of the whole pack of wolves will be guided by the above
wolves. The location update of all the wolves in pack is
done by simple averaging the three best location of the
pack and whole pack follows it. The optimum shape design
was obtained by the concept of material distribution
borrowed from density method. In addition to using the
element growth-removal combined method simultaneously to
grow and remove the essential element and the non-essential
element, the concept of B-spline curve was used to smooth
the design shape. Multi-stages topology design was employed
in this study. After multi-stages design strategies, the
primitive design can be improved to a more practical
optimum design.. There are three different structures were
discussed in this study. The results show that a clear
geometric shape can be obtained, which 1is beneficial to
manufacturing in the industry. 3D printer is a rapid
prototyping technology through the multi-layer printing



method to construct the structural components. The topology
optimal design UAV structural components will be
manufactured by 3D printer in this study.

# 2 B4 ¢ UAV, Grey Wolf algorithm, Topology Design, B-splines Curve.
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A Methodology of structural optimum design of Unmanned Aerial Vehicle by
Grey Wolf algorithm, Topology optimization and B-spline function will be developed
in this study. The Grey Wolf algorithm is prey hunting mechanism of grey wolves,
which mimics the leadership hierarchy and hunting mechanism of grey wolves in
nature. By using the hierarchy of wolves, Grey Wolf algorithm implement four main
steps of hunting, searching, encircling, and attacking the prey. The Grey Wolf
algorithm has the ability to identify location of prey. The movement of the whole pack
of wolves will be guided by the above wolves. The location update of all the wolves
in pack is done by simple averaging the three best location of the pack and whole
pack follows it. The optimum shape design was obtained by the concept of material
distribution borrowed from density method. In addition to using the element
growth-removal combined method simultaneously to grow and remove the essential
element and the non-essential element, the concept of B-spline curve was used to
smooth the design shape. Multi-stages topology design was employed in this study.
After multi-stages design strategies, the primitive design can be improved to a more
practical optimum design.. There are three different structures were discussed in this
study. The results show that a clear geometric shape can be obtained, which is
beneficial to manufacturing in the industry. 3D printer is a rapid prototyping
technology through the multi-layer printing method to construct the structural
components. The topology optimal design UAV structural components will be

manufactured by 3D printer in this study.

Keywords: UAV, Grey Wolf algorithm, Topology Design, B-splines Curve.
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D, = |C1Xa(t) - X(t)l (3-3)

D = |C2Xp(6) = X(®)] (3-4)
Ds = |C3Xs(t) — X (0)] (3-5)

X1 =X,(t) — A1 Dy (3-6)

X, = Xg(t) — A;Dg (3-7)

X3 = X5(t) — A3Ds (3-8)

X, (t+1)=(X; +X; +X3)/3 (3-9)
Ai=2a-1r—a (3-10)

a = 2 — 2(iter /max _iteration) (3-11)
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Q= %arctan(it) (3-13)

0= %arccosé- arctan(it) (3-14)
w, = cos6

w, = %sin@ * COSP (3-15)

W3 = 1-— Wi — W,
Xp(t + 1) = W]_Xl + W2X2 + W3X3 (3-16)

SRR L EFRE AR ARG R FHE S e { P

10



3.3 S BiRE A 1T

AFLPES BAFEZY W R PRRESBCRRRRE S RERE 2D
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B HF § F i
fi [-5.12,5.12] f(x) =x? —10cos(2mx) + 10

f2 [-100,100] flx) = Xéxiz

%2 Rl e%

BIE S0l rRBE2 GWO = 51 IGWO < 351
f, 0 139.302 8.88E-16
£, 0 0.000931 5.18E-16
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4.3 B-spline & #c

B-spline S #iciT & KA R Z g DI AR F ¢ 0 1% A5 Befody 4] 2: K i
i W A ehfy i£[25] - B-spline & #7440 ¢

P(t) = ?:1 BiNi,k(t) tnin =t =< tnax 4-2)

P(t)Ew S} eniz ¥ v /5 5Hct o B-spline & > N, (t) F_B-spline 7k # 5 #ic i
B¢ ki A BN 8o B Ay 4 Bhen i B o i L F 8o n R B Bkl p o

% i B-spline ek A2 v B (558 ¥ 02 {8 ) = & 90 B-spline S0 ¥k & o

RS R L

1 if x; <t< x;
N:.(t) = i i+1 4-3
11(0) {0 otherwise (4-3)
' _(t=x)INig—1(@®) | Kivk—ONir1k-1(t)
Nl’l (t)_ Xitk—1-Xi + Xitk-t (4_4)
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Xi = Xigq ©
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pi,new(1 - E) < Pi < pi,new(1 + 3) (4'6)

N; 1 (t) Z_B-spline 1175 #3080 p; ey 5 18 B-spline & ol 3% 15 17 I RT3k 3 ¥ o
piRAPE B T AR R P 2R eR AU R B hp At o
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