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ol The HIGHRISE Project (0

Objective: High definition 3D scanning of monuments,
l buildings and infrastructures via Photogrammetry

Technology : Drone capable of panning around large
structures while carrying a remotely actuated
high resolution camera
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Gimbal and drone
Battery [ Main design drivers : } core-body design

payload shape and weight

Propellers plane \ ﬁ motor-propeller selection }
S y and placement
N \J_\ P

Q
100000 - Gimbal and drone core-body design

< of fo The core-body assembly was designed to keep the
CG within the drone’s body in order to minimize the

- vertical distance between the CG and the center of
/ thrust located on the propeller’s plane in favour of
stability[1]

/ Motor-propeller selection and placement

Camera after comparing the design to similar configurations
on the market and estimating an adequate power
to weight ratio the total thrust requirement as well
as the motor selection was determined.
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MK1 main issues :
* Low motor reliability

* Low maneuverability and attitude stability

* Low impact resistance of the landing structure

MK2 addressed these problems thanks to:
 More robust electric motors
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 New arm design to improve structural efficiency and

maneuverability that also acts as landing structure
HIGHRISE MK2
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Improved maneuverability

During pitch and roll maneuvers longer arms provide a
bigger moment about the CG for the same amount of
thrust thus improving maneuverability and efficiency.

More robust motors

Early MK1 flight test showed the need for more robust
electric motors. In fact prolonged hovering can put the
motors under thermal stress due to high loads and poor
cooling. The MK2 motors were selected to produce the
same amount of thrust as MK1 but with a stronger
construction.

Stronger landing structure
In MK2 the arm also acts as a landing structure.

Reinforced arm-core joints make this design
simpler and stronger than MK1 tubular structure.
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Main load on arms: Bending moment
- __1 The drone will operate mostly in hovering

ol ; thus vertical loads will be dominant. High
moment of inertia relative to the longitudinal
direction of the arm is needed thus the
vertical separation between the 2 tubes

Limitations of PLA as a structural material
/ Due to the mechanical properties of 3D printed

PLA a larger cross sectional area is needed to
reach the required stiffness and strength, the
O problem gets worse the longer the armis

- Carbon fiber tubes and 3D printed PLA connectors

This new design leverages the high stiffness of carbon fiber

and the manufacturing flexibility offered by 3D printed

PLA. Moreover with a smaller cross sectional area the
O tubes produce less disruption to the downstream airflow
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* Extending the concept of 3d printed parts joining

carbon fiber composite tubes or plates

to leverage the mechanical properties of carbon fiber
parts and the geometrical flexibility offered by 3D printing
technology to manufacture complex connectors.

* Sensors and GPS
adding obstacle detecting sensors and GPS

localization would make operations safer
and GPS localization could make pre-planned
autonomous missions possible.

 Hexacopter configuration
such configuration would increase reliability

and payload safety in the event of a motor
failure while also increasing overall thrust
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Since hovering performance is the main requirement
a ducted propeller configuration could be beneficial

Literature[2] proves that performance gains are to
be expected compared to the non ducted case
especially in hovering efficiency[3], but their
magnitude depends on the specific flow conditions.

Ducted propellers configuration may perform better
in the right conditions due to the pressure difference
between the duct inlet(2) and the diffuser(4) even if
the performance of propeller itself inside the duct
may be slightly impaired

Ducted propellers potential benefits: higher thrust,
higher efficiency, less noise, propeller protection
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| Flip * Solidworks Flowsimulation was used to verify
i and size an optimal duct for the given flow
conditions.

' |:ﬂ : /  The literature[2] identifies the most relevant
/

Ot . . L
P geometrical variables in sizing a duct:
= Inlet radius 7y,

= Diffuser height L,

Lg <

. 9
= Diffuser camber angle f

= Propeller clearance &,

image source [4]
e The first 3 variables were optimized through

a Design of Experiment and Optimization
while the propeller clearance was optimized
indipendently via an optimization study
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The Design of Experiments and Optimization produced 20 experiments (one discarded) based on which the
software was able to extrapolate an optimum set of values which maximized the desired output (thrust).

One experiment produced more thrust than the Optimum. This suggests that a higher number of experiments
is necessary in order to better weigh the impact of the geometrical variables in relation to the desired output

Exp2 | Exp3 | Expd | ExpS> | Expo | Exp7 | Exp8 | Exp9 | Exp 10
0,077 | 0,119 | o045 | 0,063 | 0,175 | 0,133 | 0,147 | 0,161 | 0,091
0,144 | 0,106 | 0,098 | 0,129 | 0,113 | 0,090 | 0,152 | 0,137 | 0,160
0,028 | 0,025 | 0,036 | 0,050 | 0,033 | 0,044 | 0,031 | 0,047 | 0,042
2,709 | 2,892 | 2,666 | 2,821 | 2,805 | 2,943 | 2,872 | 2,665 | 2,924
0462 | 0442 | 0558 | 0,718 | 0472 | 0,621 | 0,528 | 0,694 | 0,625

Duct Camber Angle [rad]
Duct Height [m]
Duct Inlet Radius [m]
Force on Propeller [N]
Force on Duct [N]
Total Force

3,173 | 3,337 | 3,226 | 3,541 | 3,280 | 3,565 | 3,402 | 3,361 | 3,550

(vertical comp.) [N]

Expll | Expl2 | Expl3 | Expld | Expl> | Expl6 | EXxp 17 | Exp 18 | Exp 19
0,105 0,141 | 0,095 | 0,055 | 0,128 | 0,155 | 0,069 | 0,082 | 0,108
0,121 0,127 | 0,123 | 0,145 | 0,116 | 0,156 | 0,108 | 0,101 | 0,094
0,039 0,029 | 0,032 | 0,037 | 0,049 | 0,041 | 0,026 | 0,046 | 0,024
2,935 2,842 | 2,869 | 2,796 | 2,932 | 2,857 | 2,958 | 2,850 | 2,953
0,627 0491 | 0,519 | 0,574 | 0,732 | 0,664 | 0458 | 0,678 | 0,590
3,563 3,336 | 3,390 | 3,372 | 3,667 | 3,523 | 3,418 | 3,530 | 3,544
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From the velocity plots of the maximum thrust case it’s clear that the upstream flow relative to
the propeller is the most affected by the duct geometry while downstream flow is less affected
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Pressure gradient
between diffuser and
inlet surfaces

Decrease in duct
inlet pressure

increased velocity

near duct inlet WSS 0 }
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Mame Current Value Progress Criterion Averaged Value ° H H

[5G Force - Duct 166774 N [ Achicved (T =1196] | 0.0247257M  1.68946 N Due to geometrlcal d Iffe rences
[5G Force - Motor 0.00751576 N [ Echieved T =7 ] 000144322 N 0.00873888 N ’

Bl 56 Force -Propeller 3.26946 N [ AChieved (T =8980 | 013673 N 3.25697 N between the prope”er S CAD
Bl 5G Total Force(prop+duct+meotor) 494471 N [ Achieved (T =068 ] 0133531 N 495322 N

model and the real propeller

Aosoite Scate(anual Hin Hanual Vax
: | | the CFD thrust values were not
: representative of the real world
g thrust. These values were used
; to measure the ducted case
D‘L’_\' relative improvement.

Name Canentvalee Progres Cteion | Averoged Valoe

3.89853 N

. 5G Force -Propeller 3.90395 N 0.139353 N

* In the Ducted case the propellers

performance are poorer than the
Absalute Scale(Manual in Wanual ) non-ducted case but overall
thrust is higher

-
o
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* In order to validate the CFD results and to verify the absolute thrust increase between the
non ducted and the ducted case a thrust benchmark was set up

" Automated and
repeatable motor L-Shape conveys Load cell readings are
throttling sequence thrust to load cell stored in SD card
via Arduino
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Duct 3D prmted prototype

il

* To test the ducted propeller
performance a 3D printed
prototype of the duct
producing the most thrust
was manufactured.

* Due to the size of the duct
relatlve to the maximum
prlntmg volume available a
modular design was chosen.
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Non-ducted propeller average thrust Ducted propeller average thrust
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Experiment number Experiment number
Thrust global average : 1008 g Thrust global average : 1157 g

* The real-world relative Thrust gain was 14,7% while the CFD one was 26,67%

* Absolute average thrust gain was 149g
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* Inthe ducted case thrust decreased less with the number of experiments, since the experiments were
conducted using the same battery as power source this is an indication of higher efficiency
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* Although performance gains were proved for the specific
flow conditions the drone will operate in, the net gain
depends on the duct weight, which represents the cost of
such performance improvement.

* Due to the size of the proposed duct a 3D printed load-
bearing duct would lead to an excessive weight penalty.

 Therefore a carbon fiber-epoxy construction is advised

* The estimated weight of a composite duct would be
between 175g and 340g depending on the number of
composite material layers [5]
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Drone design

Through flight testing HIGHRISE MK2 proved to be the first
mature iteration of the project: capable of stable flight,
improved reliability, payload carrying capacity of around 500g
such as a camera or lidar device. However the one objective
missed was the flight time which was 4 times inferior than the
10 minute goal. Therefore a further iteration of the project
would be needed with a focus on structural efficiency to make
the drone lighter and ultimately improve flight autonomy.

Ducted propeller evaluation and optimization

Given the flow conditions in which the drone will operate and
the estimated duct weight, the net thrust gain is negligible.
However the higher efficiency(reduced absorbed power for
the same amount of thrust) plus the protection and structural
benefits the duct offer may be sufficient reasons to implement
a ducted propeller configuration.
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