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Piccolo SimulatoChange Log

September 23, 2011

Section5: Updated Aircraft Modeling Tools link in Inertial Model section.
December 23, 2009

Section2: Added Simulator model graphic.

Piccolo Simulator 9-23-11 = Page 4 of 51
] GQODR|CH ]



//Cl\oud Cap
FTECHNOLOGY 2621 Wasco Street / PO Box 1500 Hood River, OR 97031/ 541.387.2120 / www.cloudcaptech.com

1 Introduction

Piccolois an avionics system fotyfng small unmanned aircrafR cor ner st one of
development environment e hardwaren-thelloop (HiL) and softwaren-thelloop (SiL)
simulationsystem The Simulatorallows the aircraft control laws and mission functionality to be
tested without risking hardware in flight te8tthough HiL/SIL simulation can not replace flight
testing, it measurably reduces the likelihood of failuredbtecting bugs and deficiencies in the

lab. To facilitate this function, th@iccoloDevelopers Kit includes aifBulatorthatcan be used

to test the performance ofPaccoloimplementation.

Hardware-in-the-Loop

In HiL mode theSimulatoruses an extern& AN interface to connect to an avioni¢&ccolo

sends servo control information over the CAN bus, and accepts external sensor data on the CAN
bus The Simulatorruns on a PC with a CAN interface card and closes the loop by reading the
actuator positiongpplying them to an aircraft dynamics model, calculating new sensor data, and
putting that data on the CAN bus.

FlightGear

In order to visualize the state of the aircraft the Simulator sends UDP network packets to another
PC running the open source Flig®ar Flight Simulator (FGFS) program. FlightGear accepts the
simulation state packets in favor of its own dynamics model, when properly configured for this.
This provides an attractive graphics interface for visualizing the performance of the aircraft.

|:| Two Computer Configuration |:| J
with UDP Network Connection —

T ———
C——————— S — |

PCC and Simulator FlightGear

A

USB to CAN
Interface

‘IIIIIIIIIllllllllllllllllllll*

Ground Station
Configuration

UHF Communication

Figure 1 - Hardware-in-the-Loop (HiL)

Software-in-the-Loop
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SiL is largely the same except the avionics is virtualized as an application on the PC
(PiccoloPC.exe) and the Simulator connects to thaicgtigin over a TCP socket interface. This
is useful for cases where a full hardware laboratory is not available.

]

——

.

]
Location and
Orientation

Piccolo
Command
Center

User
Telemetr
Commands 1 I y Actuator Datat l
<@ Tclemetry

User Commands

Simulator
Software

Flight Gear
Software

Sensor Data

Ground Station
Configuration

Figure 2 - Software-in-the-Loop

2 Dynamics Model @erview

The heart of the iBulator is he dynamics modellt is the sum of all the componentstaffect

the dynamics and kinematics of the aircraft, including: aerodynamics, propulsion, ground contact
forces, and inertia effect¥he dynamics model contains an integration methatlestimaes the

state of the aircraft based on the previous state and new control surface signals.

Figure 3 - Aircraft Body Axes used by Simulator

The Simulator is built with a modular architecture that allows third party force and moment models to be-plugged
in. This document describes the standard dynamics model that Cloud Capldgglprovides.
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There are sevemain components of the dynamics model. Eacthe$e components are defined
or referenced in the main Simulator input text.file

1 Aerodynamics Model 1 Launcher Model.
1 Propulsion Model 1 Inertia Model
1 Sensor Model 1 Landing Gear Model

1 Actuator Model

3 Creating Simulator Model Overview
The followingarethe basicstepsfor developing a aircraft model fothe Simulator.

1. Measure aircraft geometry, pull da 9. Set up Piccolo autopilot configuratic

from 3-view / solid model (control surfaces, tail configuratiol
2. Determine CG location aircraft parameters)
3. Create AVL model 10.Test with softwaren-loop simulation
4. Refine AVL model with XFOIL data 1 3nd.fFI|ghtGear \lnsuallz?tlj)n
. .Verify manual control esponse
> fCialgnerate XML aerodynamics mod required control surface limits
6. Model aircraft inelia data 12. Generate allutopllo.t gfauns .
13.Load the aircraft file into the Simulato
7. Create prop model

i i 14.The model is now ready for simulatior
8. Create Piccolo Simulator mod y

template

4 Aerodynamic Model

To create the aerodynamic model for the Piccolo Simulator, CCTalgesoff a program catll
AVL. AVL is a vortex lattice code developed by Prof. Drela of MIT that models linear
aerodynamis with a few nonlinear extraslt is useful for modeling wmsual aircraft
configurations.So far Cloud Cap hassed it tosuccessfullymodel 20 aircraft As with all
aerodynamic models, it is critical to compare modelsltesuth real world dynamicsOne of

the draw backs othe AVL programis the tex based interfaceAVLEditor is a program
developed by Cloud Cafo visually simplify the modeling processy using a graphical user
interface (GUI).

Standard AVL models are generated usirkggavord text based data inpétVLEditor replaces

this text based data input with a GUI based data entry system that generates a properly formatted
AVL data file for you Cloud Cap modified the stock AVL code to output an XML file of the
stabilty derivatives representing\artual wind tunnelangle of attack sweefhis XML file is

then used for the aerodynamics model in the Simul&or more detailed information on the
specifics of AVL please reference tA&/L_documentation

Piccolo Simulator 9-23-11 - Page 7 of 51
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4.1 AVLEditor Commands

AVLEditor breaks the aerodynam
modeling process down into four maj

« Untitled Aircraft - AVL Model Editor  [= |[B][X]
groups: Aircraft data, Surface dai | e UMedel ‘ew Help

Body data, and Hoil data. These D W H s s FICECNE]
options can be accessed from \
Model menu in the AVL Model T

Editor window or through the icol Aircraft Editor Surface Editor Body Editor Airfoil Editor

menu bar. Figure 4 - AVL Editor Commands

The following depicts the various ways of navigating inAk& Model Editor ~ window.
1 Pan: Left click drag, direction keyboard arrows
1 Rotate: Right click drag, Ctrl + directional keyboard arrow
1 Zoom: GUI tool, mouse wheel, right click zoom in/out

4.2 Aircraft Editor

This section is used to define the basic airc
parameters used by AVL. The CG is used as [ ilECifZit
reference point by which the moment and rotat
rates are defined. Typically, the CG point
empirically measured from the aircraft bei
modelal. If no CG is specified, then it is rough | * [0.0750 v |0.0000  © 2 |0.0000
estimated by using an approximation from -
body and surfaces. The following referer
dimensions are used for calculation of the out | = |0.5433 c |0.2812 B [3.0000
aerodynamic coefficients:

Aircraft Mame | Unkitled Aircraft]
[] Manually Specify Center of Gravity

[] Manually Specify Feference Dimensions

Drag Reference Data
1 S is the reference area used to define

. Cruise velocity [m)s] 0.00 5
the coefficients.
) Cefault COp Yalue 0.0000 5
9 C is the reference chord used to dem
the pitching moment. | ok || cancel || apply
1 B is the reference span used to define
and yaw moments. Figure 5 - Aircraft Editor

Cruise velocity is used to determine the Mach number in AWt the Reynolds numbers
XFOIL. AVL treats compressibility using the Pran@lauert transformation. Thi
transformation is a function of Mach number, and is valid to Mach numbers oD~0.6or
swept wings, the PG model should be judged using thg-peénpendicular Mach numbe
XFOIL uses the cruise velocity and local chord lengths to calculate the Reynolds numk
Drag polardetermination The default profile drag value, CDp, is added to the geometry
applied to the CG.

Piccolo Simulator 9-23-11 — Page 8 of 51
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4.3 Surface Editor

0.065

0.475
0.505

Figure 6 - Aircraft Surface Model

The first step in developing model is to create the surfacedluéaircraft This is done usinthe
Surface Editor tool. Surfaes are created using sectioE®ach section contains position,
chord, ircidence and various other parametdisis allows you to create a wing with varg
chord, sweepanddi/anhedralSections also are used to define the beginning and ends of control
surfaces

The main interface to the surface editor is in the lo#rcorner of the windowThis allows
you to create new surfaces, add/delete sections to surface, or add/deietescofaces on the
surface After anytype of modification, it is important to click thepply buttonfor the changes
to be saved

To createa new surfacego toModel » Surface Editor 2] %]
or click the Surface Editor icon. Click the New

Surface  buton and enter the surface namie. this Surface Name

example, we will create a basic wingVL creates a basit | wing|

wing made of two sections symmetric about tPfescton.

To simplify the modeling procesaVLEditor can model L5 E=
symmetric surfaces. £

Figure 7 - New Surface

Piccolo Simulator 9-23-11 —— Page 9 of 51
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To edit the size or shape of the wing, use the surface editor tool. Positioning the cursor over each
section highlights the ston in theAVL Model Editor window. When using the ¥symmetric

feature both sections are highlighted
I X
surfoce N - | -s)rrevic T

Property | Value |
Sections

- Geometric Transformation

- Vortex Lattice

- Reference Data

“ Surface Name

" Untitled Aircraft - AVL Model Editor *
File  Model View Help

D e pad 480Q8

Mew Surface | IMew Section | New Control | Apply |
Scale: #-ZPlane  ¥-ZPlane ¥ Flane
Delete Surfaoel Delete Secﬁonl Delete Conh’oll oK I Cancel |

|Ready

Surface |Wing W | ¥-Symmetric

4 Untitled Aircraft - AVL Model Editor * B=)Eay e b
= |I= ). (= Sections

File Model View Help (=} Section 1
. 2 2 2 2 - Position {Leading Edge) (0,06500, 0,49000, 0,00000)
D e d %ﬂ- £ u o @ a P 0.06500
[ 0,49000
ez 0.00000
- Chord 0,10000

- Incidence Angle 0,00000
irfoil Flat Panel

#- Position {Leading Edge) (0.00000, 0,00000, 0,00000)
- Chord 0.23600

- Incidence Angle 0.00000

-~ Airfail Flat Panel

[+ Geometric Transformation

[+ Vorkex Lattice

[#- Reference Data

- 5Surface Mame \Wing

[ Mew Surface ] [ Mew Section ] [ Mew Control ]
el REFme FEHDD HYRDE [Qelete SurFace] [Dglete Section] [Delete Contro\] oK Cancel

|Ready

Figure 8 - Editing a Surface
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4.3.1 New Section

Use theNew Section tool to definea new section in i 2] x|
surface When insertinga new sectionthe tool will place a

new section irbetweerthe selected sectioandthe section =~ Msert After Section Number
after.

Eccion g
You_ can then glter those positions_ manl_JaIIy by using — Cancel |
Position  function under each sectiolm this example we '
are going to add twamew sections taapture the contro ) _
surfaces and the change of sweep angle. Figure 9 - New Section

4 Surface Editor,

Surface |Wing v| Y-Syrnmnekric
Property Walue
A Untitled Aircraft - AV Model Editor [C:/Documents ... EJQ | = sectiens
L E]|—| [ Section 1
File Model View Help [ Section 3
. 3 E} Section 4
1 [1 = I-I -%* &ﬁ*\ u — @'l Q - [=-Pasition {Leading Edge) (0.05100, 0,26600, 0.00000)
PoE bed 005100
-1 0.26600
0,00000
-Chord 0.14700
-Incidence Angle 0,00000
: - Airfil Flat Panel
[ Section 2
[#- Geometric Transformation
[+ Morkex Lattice
[#- Reference Data
- 5urface Mame Wing
[ Mew Surface ] [ Mew Section ] [ Mew Control ]
Scale! |(Custom W | X-ZPlane  ¥-Z Plane X Plane
[Qelete SurFace] [Dglete Section] [Delete Control] oK Cancel
Ready
Figure 10- Defining New Sections
Piccolo Simulator 9-23-11 = Page 11 of 51
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4.3.2 Control Surfaces

Control surfaces are defined in between at leastsitions. A control surface can span multiple
sectionsTo adda control surface, use tidew Control  feature in theSurface E ditor . When
defining a control surface on a symmetric surface, the control surface will also be duplicated
Control surfaces are higghtedin yellow on the surface they are definea

In this example, we will add an aileron between Section 2Sealion4.

E|rz| 4 New Section

PX

4 New Section

Insert After Section Mumber Insert After Section Mumber

Seckion 2 Seckion 4

[ H Cancel ] [ [ H Cancel

=} Section 4
Position {Leading Edge) (0.05100, 0.26600, 0,00000)
Chaord 0. 14700
Incidence Angle 0,00000
AirFoil Flat Panel
[= Conkrol Surface 1
Marme Aileron
Hinge Yeckar {0.00000, 0.00000, 000000
Chord Fraction 0.73000
Defleckion Symmekric
zain 1.00000
[=} Section 2
Position {Leading Edge) (0.06500, 0,49000, 0,00000)
Chord 0. 10000
Incidence Angle 0,00000
AirFoil Flat Panel
[= Conkrol Surface 1
Marne Aileron
Hinge Yeckar {0.00000, 0.00000, 0.00000)
Chord Fraction 0.73000
Defleckion Symmekric
zain 1,00000

Figure 11 - Adding a Control Surface

Piccolo Simulator 9-23-11
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The section thatwere selected now
have a control surte® selection To
make a control surface you must defi — :
an endpoint to the control surfac |' 1 W W s 2s | o & &

Simply create another control surface

File Model Wiew Help

Defining a control surface consists
the following elementsNameg Hinge
Vector Chord Fraction ,
Deflection , andGain .

Scale: #-Z Plane Y¥-Z Plane  x-Y Plane

Ready

Figure 12 - Control Surface Selection

4.3.2.1 Hinge Vector

The Hinge \éctor on the control surface is a Afmmctional piece of code ithe AVL. It is
designed to allow control surfaces to be rotated at a different location from thedde@introl
surface leading edge.

4.3.2.2 Chord Fraction

Chord Faction defines the size and location of the control surf@ositive values define the
control surface extending from Chordfaction/Chord to the tailing .edggative values define
the control surfee extenfrom the LE to-Chordfraction/Chord

# Untitled Aircraft - AVL Model Editor [C:/Program Files (xB6)/Cloud Cap/Piccolo 2.0.4/8VLEditorfexample.... [Z][B][X] # un Aircraft - AVL Model Editor [C:/Program Files (xB6)iCloud Cap/Piccolo 2.0.4/AVLEditorfexample.... [= (B[]
Fle Model Yiew Hel Fle Mo view  Hel

DmEKLHLRAQ I g KL Ra’

(b)

Figure 13- (a) Chord fraction value of-0.2 Control surface extends from the LE to .2C down the
span (b) Chord fraction value of 0.8 Control surface extends from 0.8/C to the TE of the surface.

Piccolo Simulator 9-23-11 e Page 13 of 51
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4.3.2.3 Deflection

Used when defining contraurfaces on a symmetric surfadéis allows the controls surface
rotations to be defined as symmetrie (ielevators) or asymmetric (i.e. ailerons)

4.3.2.4 Gain

The Control Surface gain is used to define direction of rotation of the control surface. The
direction of rotation is defined by the right hand rule based off the direction of surface definition
Piccolo defines positive control surface motion as one that produces lift, i.e. aileron down is
positive rotation/rudder right, creatinmpsitive yaw motion

Surfaces defined from left to right, result in a positive control surface rotation following the right
hand rule Gain values should be set to 1 for this c&efaces defined from right to left result in
negative control surface rotatiohhe gain value should be set-fio

4.3.3 Geometric Translation

When creating new surfaces it is easiest to define the padige of the surface at the 0,0,0
section position, and use the geometric transformation tool to position the surface in it proper
location. This allows you to easily modify the position of the surface without having to
recalculate and reenter all thefsiges section positions.

el 3

x| vsymmetric ¥

| Value IL

|Hstab

Surface

Property
- Sections
=8 Section 1

[

[#- Position (Leading Edge)
{ . Chord

- Incidence Angle

§ b irfol

E| Section 2

[#- Position {Leading Edge)
- Chord

- Incidence Angle

- Airfoil

[=- Geometric Transformation

-- Scale

- Translation

¥

- Incidence Angle

[=I- Vortex Lattice

- Chord Vortices
- Chord Spacing
- Span Vortices
- Span Spacing

+|- Reference Data

(0.00000, 1.00000, 0.00000)
0.30000

0.00000

Flat Panel

(0.00000, 0.00000, 0.00000)
0.30000

0.00000

Flat Panel

(1.00000, 1.00000, 1.00000)
(1.50000, 0.00000, 0.10000)
1, 50000
0.00000
0.10000
0.00000

12
2.00000
64
0.00000

Mew Surface | Mew Section | Mew Control I

Delete Surfacel Delete Secﬁonl Delete ControII oK I

Apply

Cancel

Figure 14 - Geometric Translation
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