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Satellite tracking antenna

FERSAT (collaboration with FER, Zagreb)
+

‘Pooling and sharing’ - ready Ground station / GOVSATCOM
(collaboration with Amphinicy Technologies)
= Developing novel ground station satellite tracking mechanism with
no keyholes
— high precision ground station simulation and control
— optimization of the motion parameters during satellite tracking
- ready and quickly adaptive to different orbits

- orbit tracking software will be coupled with an optimal control
algorithm

— variety of satellite frequency bands: X (S & X up to Ka/Ku)
- pointing accuracy < 0.1° (< 0.01 °)

= The solution will be upgraded from a stationary ground station to a
mobile station - implementing platform stabilization mechanisms
and overall control strategy




Generating az-el tracking trajectory for satellite antenna via STK
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Control scheme:
/...servo-actuators X-Y configuration
/... real antenna digital twin + wind-loads included
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Wind load model is approximated from many
different papers and measurements already done
across the world.

dedicated to the 150" anni v und

Riga Technical University 53" International

Conf
The 1" Congress of World Engineers and Riga Polytechnical Institute / RTU Alummni

“Characterization of Wind Loading of the Large
Radio Telescope”

Sabine Upnere, Normunds Jekubsons, Roberts Joffe ( Engineering Research Institute Ventspils International Radia
Astronomy Centre of Ventspils University College)
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REFLECTOR WIND LOAD CHARACTERISTICS OF
THE LARGE ALL-MOVABLE ANTENNA AND
ITS EFFECT ON REFLECTOR SURFACE PRECISION
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Yan Liu*', Hong-liang Qian® and Feng Fan’

Table 9. RMS of Reflector Surface under the Wind Load

i ot e
i i Wind angle i
X 5° 0.362 2.092 0212
30° 2.206 1.715 0377
60° 2.102 1.785 (.586
90° 2.096 2.092 2.103
Fig. 11. The distribution of the pressure on a surface and a flow around the L - -
radio telescope. The wind direction is 43° the clevation angle is 30",
Fuerza del Viento sobre la Parabolica : e = = i
Sog a) 5° b) 60° ) 90°
Figure 47. Half Optical Path Error of Reflector Surface
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Flapping wing vehicles for Mars exploration
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100

100 godna Ftitta = Low atmospheric density on Mars (air density is 1.3% of that on Earth and gravitational
- acceleration is 38% of Earth’s) - low Reynolds number

Mechanical Engineering

and Naval Architecture

Universy of Zagreb » Conventional aircraft designs have limitation

- fixed wing vehicles must fly fast to avoid stall (>350 kmph) = passing over regions too
quickly, cannot successfully land on uneven terrain for the mission stop or to refuel; ‘hard
landings’

- rotary wing vehicles allow for take-off and landing / but rotor tips rapidly exceed the
Martian lower speed of sound = rotational speeds insufficient to lift; difficult to
manoeuvre

Mars

» Why flapping wings?
- high lift generating capability at low Reynolds number - allow to fly slow, manoeuvre
easily and perform vertical take-off and landing

- reciprocating nature of flapping wings - resonant operation - energy efficiency;
harvesting energy from the ambiental flow

- should better sustain collisions with hard environment - more robust operation; mission
planning activities enhanced
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However...can insects actually fly?

-

,Insects cannot fly, according to the conventional law of

aerodynamics: during flapping flight, their wings produce

more lift than during steady motion at the same velocity
and angles of attack”

Ellington PE, van den Berg C, Willmott AP, Thomas ALR. Leading-edge
vortices in insect flight, Nature. 1996; 384: 626-30.
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Insect-like flapping:

Hawkmoth
(Ellington et al, 1996)

Mosquito .... (800 Hz !) Q e E
(Bomphrey et al, Nature, 2017)

Fly ...TU Delft (DelFly MUAV)

(Guido C. H. E. de Croon et al,

Science, 2018)
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Numerical example: butterfly wing

Velocity field distribution for butterfly wing model

—23e+00

— 0.0e+00

UMagnitude
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Challenges:

How to mathematicaly model such a complex aerodynamic phenomena?
= Standard CFD and FSI numerical co-simulations:

/... very time consumming !

/... problems with accuracy and stability !

/... optimal control ?
/... design optimisation ?

How to design a flapping mechanism?
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Fluid - Flying vehicle / ‘hybrid’ modelling:

- differential-geometric reductions (Lie groups) + numerical discretisation (BEM)

* Rigid vehicle G=ReSO(3)

S O ( 3) Lie—Poisson ' N

(Euler—Poincare)

=" LRR)=#(R'RIR'R) —>%le(0

= Euler equations
a w

in Lie-Poisson form:
y=-wxy, y=Ilweso(3) (lo=Ioxw)
(no R )

* Rigid vehicle + fluid (planar case)

Poisson , Symplectic (I') .
SEQ) — gy <> T Gighn) Difty, (#)
T'SE(2) - se (2) T°0 > T SE(2)

(no "translations" ") H = (P X V) ) b3 (no fluid variables!!)
P=Pxw+Ib;xv

P,I1c se (2)
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Finite volume method -> Boundary element method

® Problems with mesh deformations
* Stability/convergence problems
® Computation -> large fluid domain

® Computational time measured in days

Velocity potential

-0.2

Stream function

® Computing only effects of the fluid on the body
® Computational time measured in minutes

® Can be used in optimal control/design loop
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Dynamic coupling with fluid flow:
- MBDyn, OpenFOAM (open source)
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Quasy-steady aerodynamic model

* Dickinson et al. (1993-present) study the fruit fly

* Quasy-steady aerodynamical model based on measures
done on the dynamically scaled fruit fly model
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Insect wing

¢ - Azimuth angle

9 - Deviation angle (= 0)

11 - Pitching angle

le Zz




Quasy-steady aerodynamic model

F =FE + Fians + Frot

FE, =1/, pnR?c*(¢ sina + ¢@a cos a) -
[, 7 édf — Y/ygdpm SR [ €2 dF
pSUZTZ(S)
Firans = t22 [Clz.t(a) + C]%t(a)]
Cr(a) = 0.225 4+ 1.585sin(2.13a — 7.2)

Cpi(a) = 1.92 — 1.55sin(2.04a — 9.82)
1

FI‘Ot — Crot,exppUthZRf ,”}.62 df'
0
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Angle in radians

P

2.5 T T

tial angle functions

Azimuth angle
Pitching angle

_2 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Flapping period

Pm

~ sin-1 (K)

_ m

B tanh(Cn)

sin~1(K sin(2rft))
tanh(—(]77 cos(ant))
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Flapping period



Optimization

* Optimization goal:

Reduce power requirement for hovering

e Optimization variables:
* Frequency
e Azimuth angle
* Pitching angle
Daviat |



DMOC

* Discrete mechanics and optimal control

* Optimization problem defined by using concepts of the
variational mechanics

* Discrete solution for a continuous optimization problem
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DMOC

N-1
mand (qd,ud)z Cd (Qk:%m:uk)
dd-Uq k=0
_ 0
90 =9
T

Iy =94

D,Ly (41595 )+ DLy (.G )+ S5+ S =0
p'+D.L,(q,,9,)+ f; =0

=P +DyLy (G 1.4y )+ 2 =0
hd(qk,qk+1,uk)20
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Optimization problem

1
« Cost function: =Y.N | P;
N

. 2
e Constraints: N Iiv=1 FLi — Wfruitfly
Pi < Pmax

* Frequency is sampled in the 150 Hz — 300 Hz range

* Azimuth and pitching angle are used as optimization
variables
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Optimized results

- %108 Translational drag forces
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o0  Optimized results
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100 Experiments .../collaboration with:

wesmraes - Beijing University of Aeronautics and Astronautics (BUAA); Stanford University (USA)
e - Harbin Institute of Technology .... / Mars chamber

v earees - ETH Zarich ... / NATO project
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