INSTITUTO TECNOLOGICO DE AERONAUTICA

MP-288 - Exercises on Multicopter Inertia with KK'T Conditions

Prof.: Rafael T. L. Ferreira

Aluno : Guilherme de Aquino Pereira Nunes

1) Solve the optimization problem for the inertial characteristics of a multicopter proposed
in the series of slides “ITA MP-288 Multicopter Inertia.pdf”.

This problem is presented in the slide 16. Important data are shown in slide 17.

Use KKT optimality conditions to find optimum points for the problem.
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Assuming as data 150mm=d<250mm, m_=59g, A_=20"7mm?, p,=2.7g/cm? (aluminium),
z,=30mm, m.=600g, d=120mm, f=15mm.

Maximum quadcopter mass 1150g.



Definimos as constantes:

mm m', = 1150 gr
= q
m, =59 & Zg=30
= <d<
Ay= 207 mm> m,, := 60 gr 150mm < d < 250mm
_ d.:= 120 mm
0.=2710 > &
a 3
mm fgap =15 mm

Definimos a fungao objetiva:

A
2 3 Pa
Iyy(B,d) = 4-{(d ‘my, +d -

aj-sin(ﬁ'deg)2 + ZG2-(mm + d pa'Aa)} gr'mm2

Fungdes auxiliares :

mq(d) =mg + 4'(mm +d pa'Aa)

A
2 3 Paa 2 2 2
L (B,d) = 4-{(d ‘my, +d - 3 j'cos(ﬁ'deg) +Zg -(mm + d pa'Aa)} gr-mm

Primeiramente vamos plotar a fungdo objetiva :




Plotamos as fungéo objetiva:
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Definimos fungdes de restricao :
gm(d) = mq(d) —my onde : gn(d <0
g1(B,d) == —d-sin(3-deg) + ; + fgap onde : g1(B,d) <0
 deos(Bden) + X . B0 <0
gru(B,d) = —d-cos(B3-deg) + 5 + fgap onde :
d <0
gy(d) = —d + 150 onde: @



Plotando as fungdes de restricdo na fungao objetiva temos

Bmin =0 dipin ©

Bmax = 90 dpax :

150

250

dom(B) = gy(d) + 0.01-3 =0 = 207.7 - 0-B

Linegm = Tr ace3DLine( Bmin+Bmax- dgm- Iyy)

Plane,, == Tr aceVerticalPlane( Bmin’ Bmax- dgm)

75
d1(B) =g (B, d)=0 = —>—
b1(B) = (8. ) T

Linegﬂ = Trace?)DLine( 18, Bmax’ dgrl’ Iyy)

Planegﬂ =Tr aceVerticalPlane( 18, Bax- dgrl)

75
d = . d) = = —

Lillegru = TI’aCC3DLine( Bmin’ 72, dgru, Iyy)

Planegru =Tr aceVerticalPlane( Bmin-72- dgru)

dgq(B) = gy(d) + 0.001:3 =0 = 0-B + 150
Linegd = Tr ace3DLine( Bmin Bmax’dgd! Iyy)

Plane,q := Tr aceVerticalPlane(Bmin’ Bmax dgd)

Adg(B) = gpy(d) + 0.01-3 = 10 = 214.3 - 0-B

LiIlCAgm = TI’aCC3DLine( Bmin’ Bmax, Adgm, Iyy)

Plane p gy = Tr: aceVerticalPlane( Bmin: Bmax- Adgm)

70
Ad = d=z5= ———m

Line Agrl = Trace?)DLine( 17, Bmax’ Adgﬂ, Iyy)

Plane p grl = Tr, aceVerticalPlane( 17, Bmax- Adglrl)

70
Ad = ,d = 5 = —
b = gy (B.0) v
Line Agru = Trace?)DLine( Bmin’ 73, Adgru’ Iyy)

Plane p gru = Tr, aceVerticalPlane( Bmin-73- Adglru)

Adgy(B) = gg(d) +0.001-8= 5 = 0-B+ 145
Line A od = Tface3DLine( Bmin: Bmax Adgd’lyy)

Planep g4 := Tr aceVerticalPlane( Bmin’ Bmax- Adgd)
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Legenda:

e gl &

A definigao do Lagrange pode ser vista a seguir. A fung@o de restrigéo para d,,;, néo sera adicionada ao Langrangeano, esta
condigdo sera imposta diretamente na verificagdo de cada combinagéao.

L(@,d,vl,vz,v3) = Lyy(B.d) + vi-g (@) + vprg(B.d) + v3gry(B.d)

Assim :

G(B,d,vl,VZ,V3) = vs’d’vl’vz’vi)’]_.(ﬁ,d,vl,V2,V3)

d'deg(O.S'sin(Z'B-deg)'d2 + 236-sin(2-(3-deg)-d — 1-vy-cos((3-deg) + v;sin(ﬂdeg)) W

2
-d
1.5-d2-sin(5'deg)2 + 472'd'sin(5'deg)2 — 1-vy-sin(B3-deg) + 2-V3'sin(6 Zng + 1.5 v — vy + 14X 103

G(B,d,vl,VZ,V3)
1.5-d- 314

75 — d-sin((3-deg)
75 — d-cos(B-deg) J




Analisando cada opg¢ao, temos :
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L(B,d,vl,V2,V3) = gru(ﬁsd)

9 1< ifv;=0
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a—L:Vl-gm=0 if V1>0
aVl

9 L<0 if vy=0
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d .
—L= V2'gr1 =0 if V2 >0
aV2

9 L<0ifv3=0

aV3

0 1= =0 if v3> 0
—L=vygy =0 if v3>
aV3
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I1>0
od
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it 8= Bnin

if 6min <p< 6max

if 8= By

if d=dg;

if dmin <d< dmax

if d=dp,



Temos 8 combinagdes diferentes vistas a seguir :
(v =0,v=0,v3=0)

(gm=0.vp =0,v3=0)

(vi = 0.g9=0.v3=0)

(vi =0,vp = 0,8, =0)

(tn = 0. = 0.v3 = 0)

(gm=0.v = 0,8, =0)

(vi=0,g1=0,g,=0)

(gm =0,g1=0.gy = 0)

Verificamos no grafico que o ponto minim o esta sobre a fungéo de restrigdo g, assim as possiveis combinagoes sao :

para d qualquer

para d=d ;.

(Vl =0,gq=0,v3= 0)
(Vl =0,gq=0,v3= 0)
(gm =0,gq9=0,v3 = 0)

Para (v) = 0,g=0,v3 =0,d=dp;), temos :

Primeiramente calculamos B :

T
substitute,d = dmin 6-deg
% oo —_ _
=g(B,d=0 =
l solve, 3 5.1
6-deg

Verificando os multiplicadores de Lagrange para as duas opgdesde (3 :
V¥ = gm(dmin) =-87.2

0
V¥y = grl(ﬁ*’dmin) = ( j

0

-54.9
V¥3 = gru(ﬁ*’dmin) = ( j

204.9



Temos que uma das opgdes para B ndo respeita a restrigéo g, , assim essa opgéo sera excluida.
B* = 6*1 =30 deg
V*2 = V*2

V*3 = V*3

Conferindo o gradiente do Lagrangeano :

14022000-deg-cos(30-deg)-sin(30-deg) — 8235.6-deg-sin(30-deg) — 0-deg-cos(30-deg)

104820-sin(3>0-deg)2 — 0-sin(30-deg) + 54.9-cos(30-deg) + 1229
—87.2
75 — 150-sin(30-deg)
75 — 150-cos(30-deg)

G(B*. dipin- v¥1.v¥2.v¥3) =

14022000-deg:cos(30-deg)-sin(30-deg) — 8235.6-deg-sin(30-deg) — 0-deg:-cos(30-deg)

104820-sin(3>0-deg)2 — 0-sin(30-deg) + 54.9-cos(30-deg) + 1229
—87.2
75 — 150-5in(30-deg)
75 — 150-cos(30-deg)

Vem os que o gradiente ndo é nulo.

105899.4
27481.5

=| =872

0
-54.9



Plotando o ponto extremo :

Plpjpe = TraceVerticalLine(B* »dnin0.7.2.5, 20)
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Legenda:






