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Layout of the presentation

e A case study: the Tecnam P2006T aircraft
= Flight test instrumentation

= Flight tests for certification
= Evaluation of stability and flight qualities
= Aircraft system identification (parameter estimation)

e JSBSim, an open source Flight Dynamics Model (FDM) software library
e Desktop 6DoF simulations

e Simulation-based aircraft design
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P2006T aircraft

Cockpit k-7

Baggage
compartment ’
Table 1 P2006T aircraft geometric characteristics

Parameter Value Parameter Value
Wing span 3740 ft (11.4 m) Fuselage length 28.50 ft (8.7 m)
Wing area, S 159.31 ft* (14.8 m*) Cabin width 48.03in (1.22 m)
MAC, ¢ 4.40 ft (1.34 m) Cabin length (with baggage) 11 ft (3.35 m)
Wing aspect ratio, AR 8.76 (8.76) Fuselage height 9.35 ft (2.85 m)

Table 2 P2006T aircraft weights and loading Table 3 P2006T aircraft propulsion characteristics
Parameter Value Parameter Value
MTOW, Wy 2601 1b (1180 kg) Engine model Rotax 9128
Maximum ramp weight 2601 1b (1180 kg) Takeoff power 100 hp (73 kW)
Standard equipped weight 1675 1b (760 kg) Maximum continuous power 92.4 hp (69 kW)
Standard useful load 926 1b (420 kg) Propeller (two blades, constant speed, MTV-21-A-C-F/CF178-05

Limit load factors, n +38¢g/—19¢ full feathering)
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P2006T aircraft

CS-23/FAR-23 Certified

Table 4 P2006T Performances as measured from
flight-certification tests

Parameter Value
Max speed at S/L 154 kt
(full throttle, max RPM)
Cruise speed (75%, 7000 ft) 145 kt
Cruise speed (65%, 9000 ft) 135 kt
Stall speed flap down 47 kt
V, (maneuvering speed) 116 kt
Vne (never exceed speed) 168 kt
Table 5 Selected c.g. range for flight tests (useful load 420 kg) Max RC, S/L. 1210 ft/ min
Max RC, S/L. ,OEI 350 ft/ min
Max forward Max aft Service ceiling (twin engine) 12,800 ft
X, /c 16.5% 31% Single-engine ceiling 6600 ft
Load Pilot (90 kg) Pilot (90 kg) Takeoff distance 1260 ft (384 m)
Condition 3 crew (270 kg) 2 crew, rear (160 kg) Takeoff ground run 968 ft (295 m)
No baggage 80 kg baggage Landing distance 1263 ft (385 m)
6- kg fuel 90 kg fuel Landing ground run 734 1t (224 m)
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P2006T and other similar airplanes
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Wind tunnel tests

DIAS low-speed wind tunnel . Turbulence Intensity
Test section: 2 m x 1.4 m | U ~0.1%

Max. speed
~45 m/s

Scale Model (1:6.5)

Fluorescent oil film
visualizations

Re =~ 0.6x10°

In-Flight
Re = 6.0x10°

Transition
strips
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Wind tunnel test results
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number of 0.6x105, at different stabilator deflection angles J,
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Wind tunnel test results
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ALIMENTAZIONE: 9-30Vdc ( 275mA |
p

SpaceAge Control Mini Air Data Boom Aileron Deflection Potentiometer
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Calibrations

Load cell calibration.
Then applied to the control stick

160 T T T T T T T T
VCAS 0'001VIAS+0'7457VIAS+15'796 : f 3
140}~ b

COTS sensor
Angle a and B accuracy verified in wind tunnel: 0.2 deg
Used to calibrate aircraft pitot/static system

VC A5 (kts)

‘Speed course’ technique: evaluate CAS  sof -,/
Cross check with differential GPS OULPULS  40p it b g
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A/C Total
Pressure Probe
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Stall tests

Requirements CS 23.49 and CS 23.201

e starting from a speed at least 10 kts above the stall speed
e longitudinal control must be pulled back
e rate of speed reduction will not exceed 1 knot/s (level stall) and 3 knots/s (turning stall)

Tests have been performed in the following configurations and conditions:

e Maximum weight take off

e Engine running at 75% and idle

e Flap a 0%, 15° and full

e Landing gear retracted and extended

e Trim speed ( = 1.5Vq,)

e CG in the max forward and aft position.
e Turning stall with 30° of bank

...leading to more than 100 stalls to accomplish certification requirements!
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Stall tests - Typical time histories

NO FLAP WITH FLAP, landing conf.
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a) Leveled; flap 0 deg; X5/c = 16.5% b) Leveled; flap 40 deg; Xg/c = 16.5%

Fig. 12 Leveled stall a) with flap retracted and (b) with a 40 deg (landing) flap deflection. Both tests are with engine idle and maximum forward position
of c.g.
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Stall tests - Entry rate effect

65

Level stall time histories — NO FLAP
Xcg @ 16.5% MAC (max forward)
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Stall test results

Table 7 Results of some stall tests performed for certification

Type Flap,deg Landing gear Vg, kt a, ERkt/s) Cp, Eq.(2) Cp . Eq. (1)
Stall tests c.g. max forward (16.5%)
Leveled 0 Retracted 55.5 092 1.1 1.46 1.34
Leveled 0 Extended 60 0.92 0.8 1.26 1.16
Leveled 15 Extended 45.8  0.84 - 2.08 1.75
Leveled 40 Retracted 41.3  0.88 1.1 2.51 2.22
Leveled 40 Extended 43 0.84 0.7 2.33 1.97
Turn 0 Retracted 65.7 097 0.8 1.06 1.04
Turn 40 Retracted 54 1.14 0.5 1.75 1.53
Stall tests c.g. max aft (30.5%)
Leveled 0 Retracted 55.2 093 2.7 1.47 1.38
Leveled 40 Retracted 47 0.89 1.9 1.98 1.78
Turn 0 Retracted 62 0.97 1.3 1.19 1.15
Turn 40 Retracted 53 0.97 2.5 1.59 1.54

Table 8 Stall tests performed at different ER with flap retracted
and c¢.g. maximum aft

Test Xcg/!c, %% VIAS* kt VCAS . kt a,, g ER, kt{{(b C;__s. C.L max
1 30.5 58.7 60.7 0.91 1.2 1.31 1.19
2 30.5 56.3 58.3 .89 1.5 142  1.26
3 30.5 514 54 0.81 3.1 1.65 1.34
4 30.5 46.5 489 0.7 6 2.02  1.41

EWADE 2011 — 10th European Workshop on Aircraft Design Education, 24 - 27 May 2011, Naples, Italy



DIAS ADAG

Post-design modifications

First prototype, no winglets

pre-certification tests

Winglets installed

_ _ 2
b=114m S$=14.8m certification tests
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Winglet design

Initial climb tests with One Engine Inoperative
(OEIl) were unsatisfactory

Winglets designed to increase
2 the aircraft’s induced drag
L .
factor e with a very low
mARe penalty in level flight
performances.

CD — CDU +

With respect to original wing
Wetted area is kept constant. Table 9 Geometrical characteristics and Aircraft
Wing span b only 0.2 m higher. weight before and after winglet installation
Wing area S is practically the same
Slight increase in AR

b,m S.m? AR Wro. kg e

Ae = 0.10 (estimates from WT exp.) No winglet 11.2 1474 846 1160 0.72
Slight increase of MTOW, 20 kg With winglet 1.4 1476 876 1180 0.82
’ (estimated)

EWADE 2011 — 10th European Workshop on Aircraft Design Education, 24 - 27 May 2011, Naples, Italy



B
ADAG

Winglet design - "Engine chart” method

Generalized Velocity - Thrust Horsepower (THP) and Brake Horsepower (BHP)
Parameter determined from level-flight tests and engine charts.
- Net installed propulsive efficiency n, determined by
semi-empirical formulation

Generalized Power . .
PIW = THP n, =0.7 (low speed) + 0.82 (high speed)
r Parameter
W, = MTOW
x 103
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'3 sRerallzed ve OCly V5 SEneratized power parameter, Herore Fig. 18 Generalized power curve, before and after winglet installation.

and after winglet installation.
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Winglet design - "Engine chart” method

Table 10 Geometrical and aerodynamic characteristics before and after winglet installation

Cho Oswald factor, e

S.m?> AR Estimated Measured flight test Estimated Measured flight test ARe Max lev. speed, kt

No winglet 1474 846  0.0258 0.0248 0.72 0.71 6.0 153
With winglet 14.76 8.76  0.0260 0.0249 0.82 0.80 7.0 154
x 103

12000 - oo
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Fig. 18 Generalized power curve, before and after winglet installation.
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Winglets effect on climb performance

No winglets With winglets
|
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See: [1] AIAA papers: AIAA-2010-7513 and AIAA-2010-7947
[2] Nicolosi F., De Marco A., Della Vecchia P., “Flight Tests, Performances and Flight Certification of
a Twin-Engine Light Aircraft”. AIAA Journal of Aircraft, Vol 48, No. 1, January-February 2011.
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When a trimmed condition is established, the pilot applies a gradual
pulling to the longitudinal control and then releases the stick slowly.
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Top: required stabilator deflections for level flight
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Bottom: stick-fixed Neutral point estimation
at different level flight speeds
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Longitudinal static stability test
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The airplane is kept for successive time intervals of approximately 10 seconds

at different fixed sideslip angles.
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AV (kts)

I I I I
0 20 40 60 80 100
time (s)
Typical phugoid response and characteristic roots.

Speed variation, with respect to a trimmed condition in level
flight at 110 kts.

Obtained with a step stabilator deflection of —4 deg, kept for
10 seconds and set back to the original position

Cpy, is calculated using the transient-peak-ratio (TPR) method

Im
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-0.15F

-0.25F

Phugoid mode evaluation
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d,Ph
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Re

Averaged damped oscillation parameters in the
imaginary plane, extracted over a number of
time histories

Damped period, Ty, 27s
Damping ratio, ¢y, 0.09
Damped pulsation, @, p, 0.233 rad/s
Natural pulsation, @, p, 0.234 rad/s
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Short period mode evaluation

3 Ll 1 Ll ] 1 L) 1 L) 1
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Typical short period response Maximum slope (MS) method, used to

angle-of-attack time history, as a response to a ‘3-2-1-1-type’ estimate the short period natural pulsation

stabilator input (Kimberlin; Ward and Strganac)
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Short period thumbprint

Airplane responds too
quickly, making tracking
task difficult

Airplane feels
‘sluggish’ to
the pilot

0.51

VoS /
Airpl digs i | -
irplane ‘digs in’ |
and does not i UNSATISFACTORY

trim well

Time constant, T 0.0088 s

Damping ratio, {p 0.40

Damped pulsation, @, p 3.125 rad/s

Damped period, T 1.84s

Natural pulsation, @, s 3.410 rad/s

Natural frequency, f, o=@, sp / 210 0.54 cps

Short period mode evaluation

3 3 #
2r (")n,SP
(0]
1t d,SP
Lap®
E 0 SP 'n,SP

Averaged damped oscillation parameters
in the imaginary plane, extracted from a
number of time histories (excited by
‘3211-type’ longitudinal command input)

Tp=—1/2,=m/(Q;SCp)
CAP =@, * /n,=mg @, %/ (Qy S C,,, ) =1.009

Within Level 1 range
(Class I-B, MIL-STD-1797A)
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Dutch roll mode evaluation

multiple pedal doublets

T T T T

_ (deg)

8, (deg)

8,8

r

B (deg)
B (deg)

6, v (deg)
o, w (deg)

time (s)
] Damped period, Ty 3.25s
g ) Damping ratio, {ye 0.26
‘C °[  Initial condition: | Damped pulsation, @y pg 1.93 rad/s
'1:_ trimmed level flight at 110 kts | -
' Natural pulsation, @, pr 2.00 rad/s
Time factor, Npg =Cpr®, pr 0.52 rad/s
g Sideslip variation, with respect to a trimmed condition
in level flight at 110 kts.
a0l L - . T L ) Cpy, is calculated using the transient-peak-ratio (TPR)
e method
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Aircraft parameter estimation

* Key element: a computer program that seeks to replicate recorded flight test
time histories of output variables by varying a given set ® of coefficients in a
linearized model of the aircraft (Jategaonkar, Matlab codes)

* Most of the elements of @ are the desired values of aircraft stability
derivatives referred to a given flight condition

e The selected technique of flight data analysis for the tests on P2006T aircraft
is the one known as ‘Output Error Method’ (OEM)

Measurement
noise

l Measurement
response
EPut_b Dynamic system h@J—F
b

e Matematical model

¥
Itegration of state equations y
*  Observation equations ”
—
Sensitivities Response
€TToT
Parameter update . (z-y)

by optimization of ot
likelihood function

Schematic of the OEM
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Longitudinal model equations

State equations Observation equations
. S T = = — —
( V:Q_CD—|—gsin(a—9)—|——cos(oz—|—oT) n=V —om=a =0 gn=g¢
m i
Sc T
. QS g r . Gm = Q Cu + —rsinor + €1, cosor
Ol:WCL-I—Q-I—VCOS(O!—Q)-FwSIH(O&-FO’T) [yy Iyy( )
; S T
0 =q axm:—Q Cx + —cosor
i m
. OSe T ,
= S S
\ q I, Cy + I ({7, sinor + L7, cosor) . = Q ¢y + L sinor
m m

state variables: V, «, 6, ( Cxy = C; sina — Cp cosa Cy = —Cy cosa — Cp sina

Inputs: 5;, . T (constant)
Aerodynamic model:

C
Cp = Cpo + Cpy Cr =Cro+ Cr, Cu = Cpo+ Cuya + Cpyy, ;7 + CMas 8s
0

Unknown parameters: Pop = [CDO, Cpy,> Cro, Cry s Cyuo, Cuy » CMq : CMSS}
(longitudinal)
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‘Engine chart’ method
to determine aircraft
generalized required
power PIW:

e Uninstalled engine
chart

 Map, rom, altitude,

PIW - VIW (KW - m/s)

* prop efficiency chart
e A/C actual Weight

VIW is a reduced CAS

Thrust estimation:

e Determine linear fit

e Estimate drag from PIW
e T=D (0.8+1.5kN)

Level flight thrust
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| | | | | I | | |
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2000 - N P B—Cpo -
| | |
| | | T=D=QS(C,,+ C2/nARe) :
. | | | |
| | | | | I I | |
0 i i i i i i I I |
0 10 20 30 40 x 106

VIWA (m4/s4)
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Scalar cost function

_ Nay

Cost function: J(@) (1 + In (231’) - % In(det R))
1 T
v 2 (20 = y@)] [2(0) — (1))

k=1

Covariance matrix: R =

OEM procedure

The Output Error Method is a relaxation procedure that can be summarized as
follows:

1. Asuitable initial set @, of values is chosen for &

2. System outputs Yy and the residuals (z-y) are computed; the measurement
noise covariance matrix R is also estimated

3. The cost-function J(®) is minimized with respect to @ by applying one of
the available nonlinear optimization methods

4. Step 2 is iterated until convergence, i.e. J(®@) has reached its minimum
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Lateral-directional model equations

State equations

Sh b rb
Q ( p +Clﬁﬁ+cl58 —I—Cla.g)‘i‘bxp

; C C
P="T—\Coqy T oy

_ 0Sb b b |
(Copgg + Cor g + Cogh o+ CugBu Cag 1) + b

IZZ
Observation equations
([ osh pb rb
P =" (Csz +Cl”2V + Cigb+ Cug 00+ Cig 5 )+b”"
: . . OSb pb r
state variables: P, r < Fm = 1., (Cnp 2, + Ch, 2V, + Cnﬁﬁ + Cngaga + C 8 ) byr
S 7 rb
aym:Q—(CY p Clif‘ —I—CYﬁ—FCY(S—'—CY 8)+byay
72V, 2V, 8 a Jr
Inputs: 0, , 6,,V, Q
Pm=p+ byp

rm:r+byr

Unknown parameters:
(lateral-directional)

@lat-dir — |: (Cgpa Céra Cgbeta’ CESa, ngr)g::l,n,ya bx?abx};‘a byljabyf‘abydy » bypabyr]
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0 (deg)

q (deg/s)

|| —— Fligth measured []
--------- Estimated

Man. 2 Man. 3 Man. 4

:L\IP_J / -
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0 5 10 15 20

1 ' I 1 1 [ Estimated |

e [ —— Fligth measured| %

. 25 30 35 40 45
time (sec)

Dotted curves are the results of simulation, using the converged values of &,,,

50
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Longitudinal aerodynamic coefficients

Wind Tunnel Semi- Estimated
(Re =0.60x10°) Empirical (Re = 6x10°)
Cho 0.027 - 0.0334
Cp,, (1/rad) 0.171 - 0.222 A Lift curve slope C, , = 3.85 rad~! has been
o 0.153 _ 0.289 determined through level flight test at
different speeds
C . (1/rad 4.5 - 4,152 . . .. .
Lo (1/rad) (with stabilator in different positions)
Cho —0.08 - —-0.922 )
""|[— Wind Tunnel I I ' I I I I I
C, . (1/rad) —-0.80 - -0.871 |} Fitting Level Flight
--------- System Identification
| o Level Flight data . . -
C,yq (1/rad) - ~19.05  -14.799 ' ;
C, s (1/rad) ~1.830 - -1.811
C

Wind tunnel result, level flight test result and
estimation result compared

Wind tunnel and system identification output
refers to a ‘fixed’ configuration

02 1 1 1 1 1 ) 1 1 1 1 )
0 -2 -1 0 1 2 3 4 5 6 7 8 9 10

« (deg)
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Lateral-directional results

MANEUVER 1

|musiw:n 2
- 1

20 40 60

Dotted curves are the
results of simulation,
using the converged
values of @,

a0 100
time (s)

Multiple o, , o,
inputs

.......

—— Flight measured
---==-= Egtimated

p (deg/s)

r (deg/s)

5, (deg)
(=]

15 30

time (s)
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Lateral-directional results

Wind Tunnel . - Estimated
Semi-Empirical

(Re = 0.60x106) (Re = 6x106)
Gy - ~0.529 ~0.281
C, - - 0.057
Cis. - ~0.057 ~0.045
Cs 0.0115 0.014 0.0009
Cp ~0.0573 ~0.061 ~0.029
Cpp - - ~0.130
C,, - ~0.084 ~0.106
C,s. - - ~0.009
C,s ~0.0631 ~0.0679 ~0.0304
o 0.05 0.096 0.0135
Cy, - - 0.254
C,, - - 0.112
Cyss - 0 0.127
Cysr - 0.173 0.04
Cyp ~0.688 ~0.563 ~0.355
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Now some flight sim...

EWADE 2011 — 10th European Workshop on Aircraft Design Education, 24 - 27 May 2011, Naples, Italy



B .
ADAG

Flight simulation - JSBSim

€ |SBSim

Home | About Us | News | Download | Documentation | Malling List | Links | SF.netUsBSim | Bugs | Suggestions | Wiki | Aeromatic | MATLAB |

9

JSBSim is an open source flight dynamics model (FDM) that compiles and runs under many operating systems, including Microsoft
Windows, Apple Macintosh, Linux, IRIX, Cygwin (Unix on Windows), etc. The FDM is essentially the physics/math model that defines
JSBSim OPE"I the movement of an aircraft, rocket, etc., under the forces and moments applied to it using the various control mechanisms and from
SD‘;:‘:;izlslgSr::ftwal’e the forces of nature. ]SBSim has no native graphics. It can be run by itself as a standalone program, taking input from a script file and
Library various vehicle configuration files. It can also be incorporated into a larger flight simulator implementation that includes a visual system.
The most notable examples of the use of |SBSim are currently seen in the FlightGear (open source), Outerra, BoozSimulator
(open source), and OpenEaagles (open source) simulators. ]SBSim is also used to drive the motion-base research simulators at the
JSBSim Open Source Flight @  University of Naples, Italy, and in the Insti of Flight Sy Dy ics and Instit of Aeronautics and Astronautics at
Dynamics Software Library RWTH Aachen University in Germany.
NASA To Host Open Source
Summit March 29-30 In
California | SpaceRef - Your
Space Reference

Ritrovaci su Facebook

Ti piace. Non mi piace pitl

Features include:

www.spaceref.com # Fully configurable flight control system, aerodynamics, propulsion, landing gear arrangement, etc. through XML-based text file format.
NASA To Host Open Source » Rotaticnal earth effects on the equations of metion (coriclis and centrifugal acceleration modeled).

Summit March 29-30 In Confi ble d f il K binati £ th

California - SpaceRef # Configurable data output formats to screen, file, socket, or any combination of those.

leri alle ore 5.32 See our flyer for additional information.

JSBsim Open Source Flight "
Dynamics Software Library More Sign the Guestbook

cooll work by James Goppert using
JSBSim.

You are visitor: 8217578

B e What is JSBSim?

Source Flight Dynamics Software

»

* Flight dynamics and control S/W library

e ~50,000 lines of C++ code

o ~80C++ classes

* Indevelopmentsince 1997

e Datadriven

e XML configuration files http://www.jsbsim.org
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Flight simulation - JSBSim

FlightGear

Main &  Get FlightGear ¢ Support s Links ¢ Users o Developers s Search

s by Gosgls Thor B Cowoend Tigrm Gawr Flighs e Souss i Fons Dosmioec Downioss 1000

.lu-hi.-r-n*

otk | gm0 b0
Toal

Mo Broien Coge
I Four Version
Combrod, Ever|
Frig Do
Sl ey e Te e by

Fight Simulator Dowenload
Loaiing For Fight Sim Downicads?
sl Do Dovwnbosd Shore

[ . ]

EF FlighiGear i Facetson
Bl zacs 1,1E1

FEghilasr i an opan-sozrce Right simulelor.

FlightGear v2.0 is now available. Check out the gallary page and start downloading here:

‘e thi Flaghitiacy by gl inc [Evrpiei] Fanch [1aponass] [Polsh] [Fomsgimaas) 2opareend [Ruasan]
Hew Bz FlightGesr? Them @ losa of nlcemation and ha'p on tha Fightlbanr @il and 1te FlightGasr FACH

Hermd Armrmcariemh

FighiComr TRy Yo Sen Shelomeni

R e el oaTeT S s0En of D esssaner
Feb 2 3610 - Fighilae v LD oo
Jam T5, 0 - FighiCaar w1 5. T nsasezl
Ot I7. 0 - Aorkd Soonecy v 0L epaaasd

R http://www.flightgear.org

Bnbeiy Lirinn

o E R E

Drowriaedl Fghier 0L o B oo
Doy Ao

Liowrikn orid Sy

Dlowmioes Souce Soda

4 Furchass g FigmGear CORDM o DT gt

-
L ]
.
-
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Flight simulation - JSBSim

Team of main developers, and a large base of users

open source

ioms | About Us | News | Download | Documentation | Malling List | Links | SF.netSBSim | Bugs | Suggestions | Wiki | Asromatic | MATLAB |

Jon Berndt, Tony Peden David Culp
(Texas, US.A) (Washington, US.A.) (USA)
Lead S/W Architect & Development Coordinator Co-Author Developer

Jon designed the original architecture, and continues to Tony has been contributing to the growth of JSBSim almost from day |. David developed the turbine simulation for JSBSim, as well as
refine it, with inputs from the other team members. He has He is responsible for integrating JSBSim with FlightGear, and for aircraft models that use it, including the T-38. He has experience
worked with military and space training and engineering initialization and trimming. Tony also implemented David's property flying many types of military and commercial aircraft, including the
simulators for many years. Jon is an aero engineer system into JSBSim. Tony hails from Ohio State University, with a degree  T-38B, and the Boeing 707, 727, 737, 757, 767, the SGS 2-32, and

{University of Minnesota). in Aero and Astronautical Engineering. the OV-10. David is an aero engineer (USAF Academy).

His web site.

Agostino De Marco Lee Duke Mathias Froehlich
(Naples, Italy) (Glasgow, Virginia) (Germany)
Developer/User User/Developer Developer

Agostino De Marco is a professor of aerospace engineering Lee Duke, the Chief Engineer of Rain Mountain Systems since 2004, Mathias improved and corrected the equations of motion for an
at the University of Naples in Italy. retired from the NASA Dryden Flight Research Center in 2002 where he early version ]SBSim, among other things. Mathias is a
worked in flight test, flight controls, modeling and simulation, atmospheric  mathematician.
flight dynamics, flight systems, and applications of artificial intelligence to
aircraft systems. He is a member of IEEE, AIAA, and AUVSI.
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Flight simulation - JSBSim

JSBSim has found a variety of uses in industry and
academia, and has benefited from the exposure,
through feature requests, shared expertise,
suggestions, and trouble reports.
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JSBSim, a data driven s/w

The simplest use of JSBSim:
#include <FGFDMExec.h> // Include the executive header
int main(int argc, char **argv) // Pass a script name via argv
{

JSBSim: :FGFDMExec FDMExec; // Instantiate the Executive

bool result = true;

FDMExec.LoadScript(argv[1]); // Load a script

while (result)

result = FDMExec.Run(); // Run until the script completes

}

The above code will model anything from a ball, an aircraft, and a
car, to a rocket. The vehicle and simulation run specifics are all read
from configuration files coded in XML format.
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Flight simulation - JSBSim

Vehicle Configuration File Format:

<fdm_config>
<fileheader> .. </fileheader>
<metrics> .. </metrics>
<mass_balance> .. </mass_balance>
<ground_reactions> .. </ground_reactions>
<external reactions> .. </external reactions>
<buoyant_ forces> .. </buoyant_forces>
<propulsion> .. </propulsion>
<system> .. </system>
<autopilot> .. </autopilot>
<flight_control> .. </flight_control>
<aerodynamics> .. </aerodynamics>
<input> .. </input>
<output> .. </output>

</fdm_config>

or 1 instance
Instance

instance

Instance

or 1 instance

or instance

or instance

to instances -->
or instance -->
or 1 instance -->
instance -—>
or 1 instance -->
to n iInstances -->

eoNen _eloeNolNolNeNel N ol
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Flight simulation - JSBSim

ingspan uni

hord unit= . chord= Geometry
ntailarea uni = 2. htailarea:

tailarm uni v 4,7 htailarn Masses

tailarea un vtailars

tailarm unit -

<location AERORP" unit="M">

"EYEPOINT" unit="M">

P2006 T

GENERAL VIEW

4 TECNAM ..
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Flight simulation - JSBSim

ml version= 1.0
nitialize nam

9
2

body>

body unit="FT L
atitudes

<latitude unit="DEG">

<longitude unit="DEG">

<phi umit="D

<theta unit=

<psi unit="DEG":

zaltitude unit="FT >
</initialize>

]
o T i TR il O 0 I .
CE LS

s

L =
[
|

P

[ |
apa
e

[=
[=
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Flight simulation - JSBSim

<?xml version=1.0"7=
<?xml-stylesheet type="text/xs1" href="http://jsbsim.sourceforge. net/15B5imscript.xs1"?=
<runscript xmlns:xsi="http://www.w3. org,/2001/XML5chema-instance”

X511 :noNamespaceschemalocation="http://jsbsim.sf.net/15B5imScript. xsd"

name="P2006T test">

Scrlpt flle: <use aircraft="p2006tve" initialize="myreset"/>

<run start="0.0" end="100" dt="0.0083333">

<property> simulation/notify-time-trigger </property>
<property value="1"> simulation/run_id </property=

<event name="trim e setaggio comandi'>
<description=trim the aircraft</description>
zcondition>
simulation/sim-time-sec ge 0.0
=/condition>

<set name="fcs/mixture-cmd-norm[0]" value="1.0"/>
<set name="fcs/mixture-cmd-norm[1]" value="1.0"/>
<set name="propulsion/magneto_cmd” value="3"/>
<set name="fcs/throttle-cmd-norm[0]" value="0.0"/>
<set name="fcs/throttle-cmd-norm[1]" value="0.0"/>
<set name="propulsion/starter_cmd” wvalue="1"/>
<set name="fcs/mixture-cmd-norm” value="1.0"/>
<set name="fcs/throttle-cmd-norm” value="1.0"/=
<set name="simulation/do_simple_trim” value="0"/>
</event:s

<event name="elevator step'>
<description=azione sul comando dell'elevatore</description=
zcondition>
simulation/sim-time-sec >= 0.05
</condition>

zset name="fcs/elevator-cmd-norm” value="-0.2" action="FG_RAMP"

</ event:>

<event name="remove' >
<description=rilascia 1 'elevatore</description=
<condition=

simulation/sim-time-sec == 10.2
</condition=

<set name="fcs/elevator-cmd-norm” value="-0.02" action="FG_RAMP" Tc="0.8"/=
</event>
</run=
</runscript>
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Flight simulation - JSBSim

= . JSdiameter=
numblades

‘minpitchs
Jmaxpitchs

<table name="C_THRUST"
<tableData
0 ).

:m1ﬂmp HHTT_'
<maxmp unit="INHG . =
displ lent uni 3 2.6 </displacement>
CyC
<haor
<stroke unﬁt-”:m :
<compressionratio=10 essionratios
<maxhp: chp:

=
L wn -ll'-
3

o
L

el
[}

=maxthrottles . hrottles

<minthrottle> 0. minthrottle:

sparkfaildrop=> . sparkfaildrop= </tableData>
</piston_engine: </ =

_POWER"

|
b I

078893
. 083984
¥

. BOOO3

TV LT b ]

. 89901

[
[

. DB93E9
.09

.0B9717
. 0DB9583

ek
(]

</propeller=
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Flight simulation - JSBSim

<flight_control name="FC5: p2006T"=
<channel name="Pitch">

<summer name="Pitch Trim Sum">
<input>=fcs/elevator-cmd-norm<,/input:
<input>=fcs/pitch-trim-cmd-norm</input>
=Clipto=
=mine-1</min>
max> l</max>
=/clipto=
</ summer =

<aerosurface_scale name="Elevator Control”=>

<input>fcs/pitch-trim-sum</input>
zgain=0.01745</gain=
<range:

=minx-15</min=

<max> d4</max>
</range:=
<output=fcs/elevator-pos-rad</output:>
</aerosurface_scalex>

zaerosurface_scale name="Elevator Position
<input>=fcs/elevator-pos-deg</input=
<domain=
=minx-15</min=
<max> d4</max>
</domain:
<range:
<mi ne-1</mi ne
<max> l</maxs>
</rangex
<zoutput=fcs/elevator-pos-norm</outputs=
=/aerosurface_scale>

</ channe]>

Normalized >
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Flight simulation - JSBSim
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Flight simulation - JSBSim
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JSBSim use in simulation—based design

JSBSim has been used in simulation—based aircraft design and analysis
approaches.

The focus is on the evaluation of aircraft as multi-state systems, i.e. one having
a finite set of performance levels or ranges. Sometimes these ranges are
differentiated by distinct levels of failure.

In order to accurately examine numerous aircraft performance states, a multi-
disciplinary design model is used, a 6-DoF flight simulator integrated with a
vortex lattice aerodynamics solver and a tool for calculation of weights and
inertias.

The JSBSim batch running mode facilitates a global approach for concurrent
analysis of aircraft expected performance and availability. Namely, by allowing
systematic calculation of performance metrics for differing aircraft states, the
relationship between an aircraft's global design variables and its performance
and availability may be established.

Such an approach allows designers to identify those elements that might drive
system loss probability through an analysis of performance changes across
system states and their respective sensitivity to design variables.
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Flight simulation - JSBSim

GEOMETRY ]—

Weights & Inertias @

/1Sy ADAG

(Matlab)
* Aero Forces & h 4
E Moments 7 0
E (AVLin Fortran) v
i 3
b oo F— Propulsion
[5, br h: t/C, 'ﬂ‘f rr |0c']wing. ht., wt Performance ______________
A-- [|fu5# Wi e hruu |0l:,-u5, |ch,__.;:.r] (JSBSIm i Cn) @ :
[lang: dengs 10Cengls [Arwing: Miswings %eno] 6-DOF Simulation !
B--A+ [S::'ilr-_'rt:ns# SEIEW Srudr Sfl;:'ps] I !
[WE‘Ight]wirlg, h.t., v, fus, eng, gear, misc. 1 |
C- “m’ I',r',rf Ia] wing, ht, v, fus, eng : .
[xc.g.! Vc.g.f ZL‘.;.J,.] wing, ht, vt fus, eng, gear, misc 1 :
D- [locfuel l;:'nks] I 1
{CLvs. a}, {Cpvs. al, [Clgp Cpser Copp Cosel : :
E-- [CIE’ CI[.H CIH CI:S;:‘J CIﬁI]J [Cmu’ Cmqf cmﬁef cmﬁf] 1 1
[C”E, C. Cosw Cosals [CYEJ Cyor Cyon Cysal : ]
F-- [Thrust, TSFC] , :
|

Aircraft integrated system model used at Draper Laboratory
with behavioral-Markov failure modelling
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Flight simulation - JSBSim

See: [1] Berndt J. S., “JSBSim: An Open Source Flight Dynamics Model in C++.” AIAA 2004-4923, AIAA
Modeling and Simulation Technologies Conference and Exhibit 16 - 19 August 2004,
Providence, Rhode Island, USA.

[2] Coiro D. P., De Marco A., Nicolosi F., “A 6DOF Flight Simulation Environment for General
Aviation Aircraft with Control Loading Reproduction.” AIAA 2007-6364, AIAA Modeling and
Simulation Technologies Conference and Exhibit 20-23 August 2007, Hilton Head, South
Carolina, USA.

[3] Berndt J. S., De Marco A., “Progress on and Usage of the Open Source Flight Dynamics Model
Software Library, JSBSim.” AIAA 2009-5600, AIAA Modeling and Simulation Technologies
Conference and Exhibit 10-13 August 2009, Chicago, lllinois, USA.

[3] Agte J., Borer N. K., de Weck 0., “A Simulation-based Design Model for Analysis and
Optimization of Multi-State Aircraft Performance.” AIAA 2010-2997, 51t
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, 12-15
April 2010, Orlando, Florida.
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Conclusions

The success story of P2006T aircraft post—design modifications.
Aircraft response modes and flight qualities.

Parameter estimation of stability derivatives.

Uses of the open source flight dynamics model software library JSBSim.

EWADE 2011 — 10th European Workshop on Aircraft Design Education, 24 - 27 May 2011, Naples, Italy



Thank you
Thank you

EWADE 2011 — 10th European Workshop on Aircraft Design Education, 24 - 27 May 2011, Naples, Italy



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56

