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N e CIFCAD Flight Simulator
EKTH®

& verenscar § e Case study: Student Project for Conceptual Design.

39 OCH KONST o%

s e Questions-Comments

ROYAL INSTITUTE
OF TECHNOLOGY




Problems on Preliminary
Aircraft Design

e The simplified methods used in the early phases of design do not
give sufficient fidelity, which may result in mistakes which are

ﬁ costly to correct later in the design cycle.
R
FKTH=® e Some examples pertaining to the Flight Control System are:
LSSV DC-9: unexpected pitch-up and deep stall of T-tail lead to
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DC-9-50 & MD-80: inadequate directional stiffness at high
angles of attack in sideslip; adoption of low-set nose strakes

SAAB2000: larger than expected wheel forces caused delay in
certification; costly redesign of control system

Boeing 777: missed horizontal tail effectiveness led to larger
than needed horizontal tail



Computer Tools for
Preliminary Aircraft Design

e There is work going on into the development of Computer
Tools to facilitate the preliminary aircraft design process:

e QCARD
e Tornado
e SIFCAD Flight Simulator




QCARD:
Quick Conceptual Aircraft
Research & Development
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QCARD in the Conceptual Design Process

Design Requirements

Business Case

&

Objectives

Airworthiness

Aircraft Morphology, Integration & Optimisation
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of Empennage Margins Philosophy Vectoring Modes

Sizing,
Positioning &
Deflection
of Surfaces

Low-speed &
High-speed

Design
Philosophy

Control Laws
Protection
Functions

P Controllability & Manoeuvrability
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Critical assumptions made for
sub-categories generates
cross-disciplinary interaction
at primary and secondary
levels




Core Simulation
Modules

---------------------------------------------------------------------------------------------------------
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QCARD Environment Modules

KTH working on two topics today:

* Tornado (Dynamic Derivatives)
« SIFCAD




Conceptual Prediction
Methods: Stability & Control

e This discipline has lacked any form of sophistication & depth at
the conceptual level

; - fundamental issues: controllability & manoeuvrability

B R, - tail volume method was adequate in the past; today, critical
EZKTHS scenarios need to be identified & addressed early on

Rl e Introduction of the Mitchell Code during sizing
— original ICL FORTRAN code now converted to MATLAB

a"g\@x&%
— estimates: aero derivatives, moments of inertia, eigenvalues
of motion equations, forced response and limiting speeds

e Assessing the suitability of design candidates
— avoidance of esoteric figures of merit for uninitiated

- extensive use of Cooper-Harper scale correlated with merit
function plots, i.e. ESDU, MIL-Spec, ICAO, SAE, etc.
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Sub-space Coupling &
Process Logic

R
FKTHS
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until minimum
goals achieved

Performance
Stability &
Control

DOC/P-ROI
& Optimal
Techniques

until minimum
goals achieved
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Developed by Tomas Melin,
KTH.

Vortex-Lattice Method.
Implemented in Matlab

Allows the analysis of complex
geometry wings (swept, tapper,
dihedral, tails,...)

Different Flying Condition
(Angles of Attack and Sideslip
Angles, Roll, Tip and Yaw
velocities)

For wing-configuration, good
results with projection of body
along x-z and x-y planes.

Aerodynamic Coefficients:
TORNADO

Standard, Horseshoe
vortex distribution.
3 segments.

Free-stream flow




TORNADO:.
Basic Assumption-Potential Flow

e Inviscous

e Incompressible VXV¢ =0
e Irrotational V2¢ —0

PG A e Existence of
Velocity potential




Tornado Implementation

e Sample Output

Tomado Computation Results o
D ilona;  Downwash matrix condition: 870034.5925 et ep dstiutin
Reference area:  74.6078
Lo Reference chord: 2.8041  Reference point pos: 2.8583 0 0.58619
Qoﬁ e Q%}rg Reference span: 3016 | Ik
‘i% I<T H gﬁg Net Wind Forces: (N) ~ Net Body Forces: (N)  Net Body Moments: (Nm)
VETENSKAP . ;L .
¥ OCH KONST o D.ag. 3859.3759 X -9538.6779 Rf)lL 371527.6714
- o Side: 35533.5133 Y: 35533.5133 Pitch: -244497.527
& © Liff:  291384.6908 Z: 291284.6705 Yaw. 516493.7084
ROYAL INSTITUTE
OF TECHNOLOGY CL  0.2834 CZ  0.2833 Cm  -0.084803
CD  0.0037536 CX  0.0092772 Cn 0.016656
CY  0.034559 CC  0.034559 Cl 0.011981
Kl
STATE: 0050
alpha: 3 P: 0 000 0
beta: 0 Q: 0 Rudder setting [deg]: 0 0
Airspeed: 150 R: 0 00

Density:  1.225 00
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SIFCAD Flight Simulator

e OBJECTIVES:

e Flight Control System
Design.

- Analysis of Handling
Qualities.

- Assessment of Mission
Profile.

:

FS Interface

RICSM | ime Erorin msee

Real Time Control

Simulation Time in sec

Simulation sample time 10 ms
Simulation time: 5 min.

Aileron_Com
Elev_Com
Rudder_Com
[Throttie_Com
Axes
ittons
W
: “Acmosonde UAV
Joysicklnput Stop Simulation
Aes when AIC on the ground
Bankangle t0 ailerons Pl control
‘Auto_Aileron Bankangle-to-Aileron
Pmpmém
Auto_Elev
Bankangle-to-Aileron Bankangle Command
Integral Integrator
= T
Airpeed to elevator PIDcontrol
Tlev w2 deg
E RAD Airpeed-o-Elevator
Proportional
Aileron d 2 degl 4 Gain
Modifications:
- Instalation of Turbofan Engine Airpeedo-Elevator Aitspeed emor
Integral Tntegrator

List of Blocksets:
- Acrosim Bloclet
- Virtual Reality Toolbox
- Acmspace Blockset

Ainpeed-to-Elevator Ainpeed error
Derivative Derivative




SIFCAD: Characteristics

e Flight Simulator in T ,
'he MathWorks

SimUIink EnVironment = Accelerating the pace of engineering and science
ey e Based on commercially
Q%DKTH%@ available Simulink
g s Toolboxes
WML o Graphics provided by
OF TECHNOLOGY Microsoft Flight Simulator

e Highly Flexible and easily
customable (Simulink
format)

e Options: Fast-time or il I
Real-time. R




Simulink Toolboxes:

BSimulink Library Browser ) ] [

File Edit View Help
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- Aerodynamic
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- 2 Equations of Mation

[ 2 FlightGear-Compatible

= Ae ro d y Nam iC, ----- B Inertia . q Propulsion
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B
B 2 Sensors : }f Transformations
[

- Earth and Atmosphere models o

RN T T T i 'm-f'l’ Unit Corversion
1] | v
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Simulink Toolboxes:

{ F||ght Dynam|c and Control Flle Edit ¥iew Format Help

FDC Toolbox - ILS sublibrary of NAVLIB The blocks fram the left have been

B I O C ket grouped in the subsystems

rominal LOC noise (% noise LS example’ listed below:
LS AGARD R-632 AGARD R-G32
- M.O. Rauw, Netherlands.
LS L noise 35 noise

LT H MASA CR-2022 MASA CR-2022
Q‘:’% e %%39 = Ae ro d y n a m I C s/ LOCroize2 GEnoise? LS example
% I(T H é&} - Localizer steady Glideslope steady
ot ot - Engine,

s state errors state errors
VETENSKAP AGARD R-632 AGARD R-632
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L T - Earth and Atmosphere b
models

LOCerr GSerr
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- Avionics.

e Port and Memory IO for =
Matlab and Simulink - o e o e
Werner Zimmermann, FHT EMimecm
Esslingen « I

- Real time executlon In Gain  Simulation Time in sec
Matlab Environment.




Interface with Microsoft Flight
Simulator

e Use of interface provided by
AeroSim Blockset

@ e Possibility to send
o = B3 - -
FKTHS information to a Second
) e Computer Running Microsoft
Y Flight Simulator
RovAL INsTITUTE e Information sent involves
position, attitude and gauges
information.

e The result is high quality
graphic interface without the
need of extensive
programming.




Use of Simulator

e Simulator Running at Fast-
Time:
- Airplane Model e e -8 x
m d eve I O p m e n t oLoor Basic initialization: Advanced initialization: Termination:

o0 T N - FCS development and i -- -- -

FKTHS

testing
- Autpilot testing - > |

. . . Block defta & E‘H_I
- Mission profile Assesment =

Block detta a
ROYAL INSTITUTE

OF TECHNOLOGY e Real Time Simulation: ]

Block detta r

- Handling Qualities e G

Assesment T f——voy e
- Pilot-in-the-loop analysis T s

- Research in Aircraft

VETENSKAP
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e

uzerol

Inttial input=
for aeromad

SCOpE

Beaver dynamics

uzero = [deftae dettas dettar dettaf]
uprop = [0 pz]

O pe ra ti O n a I Fa Cto rs wrwined = [y v wee Lot sewedot wewedof]' (not used here)

- Research in Human
Factors.



Case Study: Horizon Project

e Conceptual Design
Student Project in The
Royal Institute of

‘rgﬁilﬁ}% Technology in
FRTHS collaboration with Ecole
AR Polytechnique of
Rnscasdt Montréal

ROYAL INSTITUTE
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e Objective:
- Analysis of 70 PAX
regional airliner
- Unducted Fan

- Able to achieve speeds
close to Turbofan



Case Study: Horizon Project

e Procedure: Use of QCARD in the
conceptual design process:

- Estimation of Low Speed
Q‘%@% Aerodynamic Properties
FKTHS - Estimation of High Speed
) e Aerodynamic Properties
s - Stability and Control Analysis

ROYAL INSTITUTE
OF TECHNOLOGY

e Conclusion: The initial design has
poor stability qualities. Need to
improve the design to reach
reasonable stability characteristics.
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Geometric Modifications

e Wing:
- Moved Forward
- Increased Area
- Reduced Aspect Ratio

Horizontal Tail:
- Lowered
- Increased Area
- Increaed Aspect Ratio

Vertical Tail:
- Reduced Area.

21



Results of the Modifications

Type of Name Period (s) Time-to-half | Cycles-to-half
motion (s)
Q{gg@g&g s Impro . Impr s Impro
Q%DKTHQE& Initial ved Initial oved Initial ved
Yot Phugoid | 1.76e5 | 1.81es | 94.98 | 95.9 | 5.4e | 5.3¢
ROYAL INSTITUTE Longitudina|
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Short-period | 4.35 2.92 0.82 | 0.58 ] 0.19 0.20

putchroll | 5.11 | 5.40 | 12.94 | 6.84 | 2.52 | 1.26
Lateral Spiral 128.4 117.5

Rolling 0.86 | 0.89

convergence




Stability and Control Analysis

5 ESDU Short Period Opinion Contours, ESDU 82006 ESDU Short Periad Opinion Contours, ESDU 92006
T 6 T
Too rapid an initial response - 3 Mfgsf’ Too rapid an initial response - O M=0.65
5.5 over sensitive tendency to P10 i 55F over sensitive tendency to PIO + M=07 |
* M=0.75 * M=075
%e C=——=" Q&';
& K I | i 7
£ KTH Y s ] s ]
{% VETENSKAP 5 Acceptable 3 Acceptable
9 OCH KONST % i a4k o e—; al |
" o £ Excessive o Excessive
o overshoot Response too o overshoot Response too
& L =3 > L L
Do S350 difficult to sluggish §3°[  dfficutto sluggish
iC manoeuvre s manoeuvre
s 3 il B 3- Satisfactory |
ROYAL INSTITUTE 2 2
OF TECHNOLOGY Z 250 4 Z 25t 4
g ] g7 ]
£ i
o) >
151+ B 1.5+ B
Unacceptable Unacceptable
1F - 1F B
05k Excessive compensation | 05k Exc;ssive c_o_mpensat_ion |
’ required - difficult to trim ’ required - difficult to trim
| |
10" 10° 10’ 10’

Damping Ratio (-) Damping Ratio (-)
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Stability and Control Analysis

ICAOQ Criterion for Short Period Characteristics ICAQ Criterion for Short Period Characteristics
2 T ¥ T T T T I 2 T T T T T T T
) . o M=0.65 o M=0.65
Pilot Rating 6.5 + M=07 Pilot Rating 6.5 + M=0.7
18+ * M=0.75 1.8 * M=075
16 B 16L B
14r 7 141 .
@ ’ : A
< Pilot Rating 3.5 ) Pilct Rating 3.5
T 12+ & & L i
= T 12
= £
£ o
< 1r E 1}
E o g
2 4l £ ] =
v = 08 =
g ©
E £ o
08} . - o
' 0.6 * b
0.4 i
SATISFACTORY for 041 7
normal operation SAT|SFACTQRY for
02k 2 normal operation
02} b
UNACCEPTABLE
0 I I I I I 1 1 1 I UNACCEPTABLE
0 1 2 3 4 5 5 7 8 9 T 0 ) ! ! . : : ; : :
Period () 0 1 2 3 4 5 6 T 8 9 10

Period (s)
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Damping Ratio (-)

0.15

0.1

0.05

-0.05

-01

Minimum Dutch Roll MIL-F-8785C Level1 -Cat. Band C

Stability and Control Analysis

N \ T T

i
T/O, Appr and Land
zeta x omega = 0.10
i

L P il
g ~
= Clb, Crz and Des
o zeta x omega = 0.15
L N
- 2 S i
= e Min. Damping
g * R R
*  Initial geometry
O Improved geometry
| | | T
1 1.5 2 25 3

Undamped Natural Frequency (rad/s)



Stability and Control Analysis

Pilot Opinion Boundaries for Roll Rate Evaluation
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Roll Acceleration (rad/sz)
=

= T ; —
N 900;\\ Gooper-Harper * Initial geometry
“ ~ = O Improved geomet
~o% Pilot Assessment Rating E 2 &
6 % Sa
"
%\%\ 35 50 65

10

10

10
Roll Mode Time Constant (sec)



Possibilities of using SIFCAD in
Horizon Project

e Higher understanding of
criteria for stability.

m e Analysis of airplane handling
&gjé? = 9%%,% with Pilot-in-the-loop.
% KTH % e Possibilities of considering

VETENSKAP

N relaxed stability in design.
TR ) ]
e Design of Flight Control
FHER Systems.

e Mission Profile Analysis.

e Response to medium and
heavy weather phenomen (i.e.
Gusts, windshear, etc.)

o Explore operational profile
(take-off, approach, landing)




SIFCAD Demo:
Horizon Model

ROYAL INSTITUTE
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SIFCAD: Future Goals

e SIFCAD in Aeronautic

Education
@E@ - Teach to student effects of
éjﬁ(/{H&q‘% changes in Aerodynamic
& verenswar $ Coefficients in Airplane
K Z;"";: 2 Handling
s - Effects of Center of Gravity
OF TECHNOLOGY in Aerodynamic Stability.

- Suitable for teaching
Concepts on Flight Control
System Design

- Suitable for practical
examples in Avionics use
and Limitations.

29



SIFCAD: Future Goals

e Full Integration with QCARD

software:

@ - Automatic Load of
QE%(TH%% Aerodynamic, engine and
04 Shoeres ‘g} mass properties onto the
SO Simulator Model.

e

- Requisite for integration on : “ :

or TECHNOLOGY the Conceptual Design
package.
e Use in research:

- Airplane Design

- Operations

- Human Factor

- Ete. e

nk-angle to ailerons Pl control
1]

&LI;

156% [odet




SIFCAD: Ongoing and Future
Work.

e Improve the Aerodynamic Model
- Possibility to manage non-linear aerodynamic phenomena.

&

B . . .
FKTHS e Develop a stable simulation platform with "best of
S LD commercial packages” plus native development.
8 8
a%ﬁg&?m
OF TECHNOLOGY e Improve Human-Machine interface:
- Projectors

- Glass-Cockpit
- Improved Joysticks
- Pedals



Questions — Comments?
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