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Knowledge-Based Geometry Design
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Knowledge-Based Geometry Design
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Objective

 To Investigate the early design stages to define the
aircraft systems integration.

e A knowledge-based parametric definition of different
aircraft systems: FCS, Fuel system, Landging gear

» Use parameters to modify the general layout of the
system.

 Measure variables used in conceptual design.
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Flight Control System Integration

« Simplifications and Assumptions
— Systems symmetry
— Valves omission
— Positioning of the flight control system
— Flight control system
— Routing
— Hydraulic Power Assembly
— Geometry simplicity
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Flight Control System Integration

Hydraulic Circuit Basic Components

Power and Conftrol Units

NAME QUANTITY FUNCTION i QUANTITY FUNCTION
ARTCU 3 Deflection control unit.
Hydraulic Pump 2/system It gemerates the hydraulic pressure which will power
) Py
the a tors in the cantrol surfaces. Power Unit lfactnators path | It powers a set of actuators.
Actuator Drive Assembly 1/actuator It controls a specific actuator.
Hydraulic Tank 1/system It storages the hydraulic fluid which transmits
(Reservoir) power within the circuit. Electric Drive Unit 1 It powers slats rotary actuator.
Regulating valve of 2/system It regulates the hydraulic fluid flow. Hydraulic Actuators
the pump NAME | QUANTITY FUNCTION
Hydraulic 1fsystem | It storages hydraulic fluid which will be used in case ||  Slats lsurface | Rotary actuator which extends slats in the leading edge.
Accumulator of emergencies and peak performance. Ailerons | lfsurface | It deflects ailerons’ control surface.
- - - Elevators 1/surface It deflects elevators’ control surface.
Hydraulic N/A They transfer the hydraulic fluid between the
conductors components of the circuit. Rudder 1/surface It deflects rudder’s control surface.
APU 1 It generates the hydraulic pressure which will power Flaps 1/surface It deflects flaps’ control surface.
the actuators in the control surfaces. Spoilers 1/surface It deflects spoilers” control surface.
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Sizing - EHA ol

e Actuators based on an electric motor driven pump
connected to a hydro-cylinder

« 5 main components: hydraulic cylinder, pump,
motor, accumulator and power electronics

e Power electronics and accumulator size determined
by their cooling surface, being considered as a cuboid

o Itisassumed that motor and pump are on the same
axis parallel to the cylinder
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Sizing - EHA

 The previous values and the table below (estimated statistically)
allow to have a preliminary sizing of an EHA, depending on the
value of the constants. With the dimensions of existing EHAs
components it is possible to define those values.

Component Parameters Dimension Estimate
Cylinder piston diameter dz, hzy &~ ko+ ki1dz
2
stop-to-stop stroke bzyr = ko + ks hdz
Zyl
Lmax — Tmin [Zy! ~ kél + k5 (afmax - 5Emin)
Axial piston pump geometric displacement Vjnax, lp =~ kg AT \3/1 + k1 'V,
typical %:: Ap, Ap:bp-hp dp%? ‘%T—P:%g—i
AC induction / nominal torque Vot = %d?not Lot
brushless DC motor | Mot nom 1= Lot cont Vot & ko Milot’mm

Nmaot, max

Frischemeier, S. (1997), ‘Electrohydrostatic actuators for aircraft primary
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Figure 2. Large EHA




Sizing - EMA

« Actuator where a mechanical gearing is used to
couple an electric motor to a flight control surface.

* Aerospace EMA major components: Brushless motor
(cylindrical or annular); Gearbox, Spur gear or
Cycloidal reducer; ball or roller screw, Spherical,
axial or radial load bearing

« Main design model: Scaling laws
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Scaling Laws

« Scaling laws evaluates the effect of varying parameters of a
component compared to a known reference

 Scaling ratio of a paremeter: X™ = X/Xref
e 2 main assumptions:

— All material properties are identical to those of the
reference

— The ratio of all the lengths of the considered element to
all the lengths of the reference component is constant

o Parameters representing geometric quantities can be
directly obtained from the assumption of geometric
similarity: V*=[|*3, M*= |*3

II u LINKOPING  Botten, S. L., Whitley, C. R. & King, A. D. (2000), ‘Flight control actuation technology for next generation
@ UNIVERSITY  gajlelectric aircraft’, Technol. Rev. J 23(6), 55-68.
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Il Parameters

Doyl=100mm

Leyl=200mm

Dring=25mm

Angle_Ring=90deg
Cylinder_QOrientation=X_Direction

Rotate_Cwl_Axis=0deg

Motor Gearbox

Ballscrew

Actuator
Motion

II LINKOPING Botten, S. L., Whitley, C. R. & King, A. D. (2000), ‘Flight control actuation technology for next generation
@ UNIVERSITY  gjlelectric aircraft’, Technol. Rev. J 23(6), 55-68.



Flight Control Systems Integration

W Centre Hyd System
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Control Surfacecs Integration

Plain

r ) Slotted

p S Split

Zap

I

Fowler

Double Slotted

Double Slotted

Flap with
leading edge
slat

II LINKOPING
L UNIVERSITY



Aircraft fuel Systems - Method

e Local
parameters

e Geometries

¢ Relations
e Charlc

¢ Tank
UDFs

e Piping
UDFs
¢ \/ent box

e System
parame
ters

e Knowle
dge
Pattern
S
intantia
te UDFs

- Description

A Knowledge Based Engineering (KBE)
approach was used to define the system:

Reusable information is previously defined
and then automatically instantiated in a new
environment with new inputs.

User Defined Features contain flexible and
parametric component models.

II LINKOPING
L UNIVERSITY



Method - Simplifications

« All geometries are symbolic, representing a space allocation inside
the aircraft for the fuel system. A realistic representation of real
components can be realized in detail design.

« Smaller geometries such as valves or fuel intakes inside the tanks
are not represented/modeled.

* The fuel quantity measuring system is not included.

« Symmetry is applied in the whole system, but both sides are
represented.

* Fuel tubing or piping is represented with direct lines between two
pumps or tanks and represent the minimum length needed for this
component. An exception for this is the pipe connecting fuel tanks
from the tail to the fuselage, which is represented with more detail.

« Wing and horizontal stabilizer spars are represented as surfaces
limiting the tanks.
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Method - Work flow

Definition of the engine

Crossfeed piping

Definition of the fuel

tanks

feed system

Feed system layout
dependig on
engines: select feed
tanks and define

Connect feed pumps
according to the
feed system layout

engine boost pumps

number of tanks,
position and shape

Flexible tank layout:
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Definition of the fuel

transfer system

Fuel transfer piping

Define fuel transfer
pumps

Connect all tanks,
adapting to the
different tanks

layout




Functions implemented

- Wing Tanks
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Functions implemented

- Engine feed

* Feed pumps and tanks
arrangementfor1to 4
engines configuration.

e Centrifugal feed pumps (most
common) of 3 types:

— Skin mounted.

— Cartridge-
cannister.

— Spar mounted.

* Redundancy selectable.

Crossfeed piping selectable.
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Functions implemented - Fuel transfer

Crossfeed piping shown in orange; connecting four feed
tanks with pump redundancy.
Transfer piping is shown in green, including the aircraft's
refuel station.
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Results

Center tank — left cheek Center tank - right cheek

Left main tank Right main tank

) Interconnect Wing dry bay
Left surge tank  lubes Right surge tank

Boeing 777-200 fuel tank arrangement

Representation of B777-like fuel systems in RAPID
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Results

.__‘__‘_‘MJCHLTM
—
—
AP BATTERY ~ -
5 % T -
2\ NESTALLPTH o~
:I"L TR0 |00 US gal WU FUEL LINE
.:.: REAR CTNTCA TANA .‘
S TS LS | o
i ol
X . CPNTER Ta 1 ] If N gss““
e o 4014521 S gl ! P [T 2 o0
\ ! ~
\ A ~\ 0
2 =) X o00!
{ |
s -y
TNMER TANK
50° AT {082 US gl
QDD ~ T
9 / a0 | e b LS gall B TARE
) 5" s | e e gl
S ——l | s VR SURGE TAR
,,,,,,, =
50 ST e
/ o

O FukL

B AND CREW OTTLES
[ PORTABLE FIRE EXTINGUISHER BOTTLES

& NITAOGEN BOTTLES
A340- 500 like fuel representation

| svORAULIC RESERVDIRS
Ly

II LINKOPING
o UNIVERSITY



Four compartment wing Single compartment wing

Pitch-up
attitude

In-tank fuel location

Pitch-down 7
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Fuel System Analysis

 The modeled fuel system can be used for enhanced center of gravity analysis. One important
objective is the shift of the center of gravity due to the aircraft attitude (bank, roll, yaw) and
accelerations in combination with the filling level of each tank.

e Surrogate models of the weight and center of gravity are created for every tank on the total
system level.

— These surrogate models may be used to study the center of gravity shift due to different
filling-/emptying patterns, enabling the development (and inclusion) of a behavioral
model for the fuel system.

— A discrete mission point analysis on a enhanced conceptual aircraft design level, enabling
a higher fidelity than normally applied in this stage of development which can be used to
study the effects of a reduced stability or unstable configurations.

— With the availability of the surrogate tank models and the behavioral concept, the fuel
system can easily incorporated in other component based simulations (such as Modelica
or Hopsan), enabling a very efficient way of detail investigations of the fuel system.
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Objectives for Case Study

 Tostudy F-15 Eagle, F-16A, T-45A, and AV-8B (point-to-point analysis was performed to find
the loads applied in the structure, Previous studies carried out by McDonnell Douglas [(Kraus,
1970), (Willie, 1989)]

* Inthe present study, a bending moment analysis is used to find out the loads affecting the
structure and be able to compute the weight.

— For bending moment analysis, landing gears have been simplified, the most important
components such as pistons and main bars are considered.

— The simplification also includes avoiding small bars and other components that do not
take part in the load analysis.
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Load Cases

« Two/Three Point Landing (Case 1)
e Tail Down Landing (Case 2)

o Lateral Drift Landing (Case 3)
 Braked Roll (Case 4)

 Ground Turning (Case 5)

* Pivoting (Case 6)
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Analytical Development

o The structural simplification of the models is made in
order to ease the mathematical approach. (F-15 E, F-
16A, T-45A, and AV-8B)

— External reactions calculation
— Bending moments calculation
— Tubes sizing

— Weight calculation

II LINKOPING
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Analytical Development - External reactions -
T-45A

Original Structure Simplified External reactions
: [FRONT VIEW] [SIDE VIEW [FRONT VIEW] [SIDE VIEW |
Rlz
: R_l)@ e
L L] o FZ
I -
Aft Lover k _ X g
. |
1, | .
Axle .

Front View




Analytical Development - External reactions -

T-

45A

The structure is simplified in the
front view by ignoring the existence
of a drag brace and replacing it by an
applied force directly into the main
vertical bar.

The bar that links the drag brace
with the main bar that is used to
guide the rotation of the landing
gear is substituted by an all degree
of freedom restriction. With respect
to the side view, the model is
considered as a cantilever.

e Front View YFE,=0—=HR,+D=0— Ry, =-D
YFE,=0—=—-R,+V=0=R_ =V
Y¥Ma=0—= My, =D -cos(y1)- 14 +V -sin(y1) - It
s-f
cos(y1)
ZFy =0 Rly =—-5—-F. Sin(dn)
S-la+V-(la+1Is5)

lg - sin(o1)

Note: For cases 4 to 6, [ refers to: =1l —
e Side View

ZM’B:O—>F2:

ng = I - sin(g1)
Ra_ = F5 - cos(¢1)
la=1Ila—(s-f)

Note: For cases 4 to 6, [y refers to:
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Analytical Development — Bending Moments -
T-45A

+ Front View. Vertical Loads

. M : . T Mg, =My, =M, =Ms =M, =V.I

+ Front View. Side Loads

Ma,,
M,
M,
M.,

Iz

+ Side View. Vertical Loads

,-U-,‘-,,,} =V sinjm) - h
Msp,, =V -tan(m) - (I4 + 5)

Mg, =V -tan(n) -1y

. the relation between the external cylinder and the
piston need to be kept in mind, each element is sized,
different bending moments are taken into
consideration.

+ Front View. Drag Loads

_'u’-,.i,h =D cos(m)-h
Mgy, =D-(ly+5)
M, = D1y

Note: For cases 4 to 6, s and [, refer to:

s=s-(1-f)
h=h— f.
cos(71)
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Analytical Development — Tube Sizing

. Based on the length and inner diameter information, the outer
diameter is sized.

. It is clear that the inner diameter of the external cylinder needs to
be equal to the outer diameter of the piston. Therefore, the piston
has to be sized first by letting the user input the desired inner
diameter.

. The external cylinder is sized after the outer piston diameter is
obtained.

. If the length and the inner diameter of a tube are known, the elastic
section modulus formulas of a hollow cylinder can be used so as to
obtain the outer diameter.

. As the equations are of 4th order, there are four possible solutions.
Two of them always have an imaginary part, therefore they can be oy = —
discarded. The other two solutions may or may not have an "
imaginary component. The chosen solution is the minimum real A=r. ((ﬁ)z _ (ﬁ)g)
value without the imaginary part. 2 2

. Once the outer diameter is obtained, the area of the tube can be
calculated
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Analytical Development - Weight

calculation

 The area and the length of the tube are known, the
volume can be easily obtained

Volume = Area - Length

* Finally, using the definition of density, the weight of

the bar i1s
p

Mass

Volume

— Mass = p- Volume
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Overview of Implimentation

MS EXCEL CATIA V5

Model Selector T T 1 Models Database

4

V

Open Geometry

Builder ]
Update Updated Coordinates—{==
Active Workbook <} Updated Measures———
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verview of Implimentation — Main Lay

ou

|SEIE|:1 the baseline model: | F15E | Open Grometry Builder Undete
F15E
Input dakz in Red
Coordinates 1a External Forces Zizing Bending Moments
Poists x T £ Unit= CATIA Referenct mames Case Hame Walue Bar Mmax
1 0 a a - mm | whesl 1. TwolThres Point Level ] ¥ 1O0E D6 N 1af3a | 2T7E+03
2 - - - SO0 mm | Wheelradius'wheel Tail Dows Landing k3 1] H 1bi3b | 23TE+03
3 n 200 3550 - mm  [Trunnionl D 100E+04 H 2 SO0E+DE
4 n 1500 S000 ° mm  [Trunnion2 ¥ 1O0E+06 H 3
5 1500 1000 i - mm [Trunnicn? 3. Lateral Drift Landing  |oswiogw| MW
L) n S00 S400 - mm | Yertical_upper_bar_F1 1] 1] H
T n 500 2000 - mm  |UpperP_Absorver v 5,60E+05 H
& [1] 500 [1] - mm [ Start_dxis 4. Braked Roll 13 [1] []
3 n 00 o - mm [End_Auiz 1] 08" H
b FE0E+05 H
5. Grousd Tursing k3 0.5 L]
D o H
b FE0E+05 H
6. Piroting B o H
BAR 1ad3a | Zelection!¥alue BAR 1bI13k Selectioﬂ\"al-el 1] 1] H
Material Ti-BAl-4Y Material Fi-54'a-5ho-5A1-3Cr
T_+ [MPa] 350 T_¢ [MPa] 1238
o [kg'mm=~3] 4.43E-06 o [kgimm=3] 4,65E-06
Safety Factor z Safety Factor 2
di [mm] 330,4551454 di [mm] 10
BAR 2 Eelection¥al
Material  [Ti-5%5-5hdo-5A- 30T
T_= [MPa] 1236
P [kglmm=*3] 4,65E-06
Safety Factor 2
di [mm] 100
= [mm] 2300
g [mm] S0
121 0,28 1b
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Overview of Implimentation - Main Layout
Cont.

Select the desired graph: | All Graphs |
Parameter Yalue 5 Structure Weight vs. Cant Angle Structure Weight vs. Gear Stroke
Inner Diameter | 55346
BAR 13/3a |Duter Diameter| 446,54
Section Area | BBI0G,05 = -
500,00
146,42 = & v »
¥al h a
alue " /
0.0 ~ -] P

Outer Diameter| 33,46
Fection Area 20424 53

BAR 1b/3b

ht [-]

400,00 Z o

18239,61 - =

s 2

Parameter Yalue i 5
Tnner Diamcter| 00,00 i &

Outer Diameter| 205,88
BAR 2 Tection Area 25456 T

Longitade 500,00 T
Weight 53,14
ooe aa - -
[ [T I 1,30 ] = 3
Total Weight Yalue Units [,
Analytical 163517 kg
Approzimated 212513 kg L]
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Overview of Implimentation — ereactions (teft) and sending

Moments (Right)

CASE 1% 2 TwolThree Point Level Landing [¥ #
Tail Dowa Landing (¥70:D70: 5= 0)

0:D%0;8=0]

Caze Schematic

Froat ¥iew Aa

actions. Forces and Moments

Parameter] Yalue Units

Riz 000 H

- Riy o [
M_A SO0E+DE | M- mmm

Side ¥iew A4b
-t Reactions and Forces

‘. Parameter| Walue Units

F2 -56T06,35 H

Rix 14255714 H

R2x -24255,11 H

R3= -2152%, 81 H

SCHEMATIC Longitades and Angles — =
(o vea] [t Parameter] Walwe | Unitz Sizing Moments Schematic
n 3400 nm Bar Mmax Units
e R 12 500 - 1al3a | Z77E+05 [N-mm
- 13 3400 - N
Zecodi m eI - i3k | 25VE+03 | N-mm
2 S.00E+05 | M- mm L
= 2300 [ 1]
q S0l - 3
) Yi_deg [0 degrees
" Sl _deg | 41425666 |degrees
Yi_rad n radians
Sl rad | 07223734 | radians
2

1
CASE 18 TwolThree Point Level Landing (¥=0: Dz0:5=10)
Tail Down Landing (Vz0;:Dz0;5=01
Case Schematic 2 Bar My ¥ My D My Units
3a | 0.00E+00] 2.00E+07| 2,00E+07 | N-mm
3b | 0.00E+00) 2, 90E+07]| 2,30E+07 | N-mm
Bar M VW Mx 5 M Units
1a [ 5.00E+03|0.00E+00[ 5.00E+05 | H-mm
- — b 5.00E+05 | 0,00E+00) 5,00E+05 | N- mm
e 2 5.00E+05| 0,00E+00) 5.00E+05 | M- mm
Bar Mz My M Units
laf3a | 5.00E+05| 2,00E+07) 5.00E+05 | N- mm
1bi3b | 5.00E+05| 2 90E+07| S.01E+05 [ N- mm
2 C,00E+08] 0,00E+00] 5,00E+05 | M- mm
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Overview of Implimentation — Cross-section
Area and Weight

2 Coefficients Equation Solution Specified Root
Parameter Value Quartic D Quartic
Mmax [N-mm] 2,77E+09 a 1 1 -197,98914( 0,00
n 2 b 0 2 446.54306 | 0,00
o_e [MPa] 950 c 0 3 -124,27696( 367.08
o_t[MPa] 475 d -59305065,84 4 -124,27696( -367.08
di [mm] 339,4581454 e -13278375217,53 Num Re/lm Roots 2 2
s 4
do [mm] 446,54306
A[mm A2] 66106,07712

Tube
~
F15E
1 Parameter] Value [ Units Parameter] Value | Unitz
v B6106,077 | mm2 A [75436,567| mm
BAR 1al3a 1 500 mm BARZ [] 500 mm
m 1a v 33053033 | mm™3 v 12718433 | mm*3
m 14642435 kg m 59140715 kg
M Parameter| Value Units.
90424,33 | mm2
BAR 1bi3b 1 3400 mm
1 V307672 mewd
w | #2360 | ka 3
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Conclusion - FCS

« Fast realisation of the concept
 Tosupport Conceptual to Preliminary Aircraft Design
« Specialized tool for specialized needs (full CAD env.)
* Coupling to for CFD analysis for all lifting surfaces
* Flexibility level
— Characteristic parameter

— Itallows to tailor connections between hydraulics systems and flight
control surfaces

— Representation widely used in the industry \40 — Neutral

— H.System1

H.System2

— H.System3

XY
|
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Conclusions — Fuel system

Enabled fuel capacity estimation based on 3D geometries; an estimation that is specially
complex when working with integral tanks.

The possibility to accurately position tanks and pumps in a fast way, with the objective to be
able to work with the tool in both, conceptual and preliminary design phases. A feature that can
be used, for example, for space allocation or systems integration in early design stages.

Measurement of piping or tubing length for a simple example of transfer system architecture; a
first estimation that can be a relevant data for pump sizing.

Attitude dependent fuel distribution (inuence of center of gravity) of partially filled tanks. This
feature can help to position pump inlets and venting points and to analyze the fuel influence in
aircraft's center of gravity and stability.

Automation and parametric description of the system layout. Together with the former topic,
this enables a export of the system to other (simulation) program for further, more detailed
system analysis.
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Conclusions — Landing Gear

The procedure developed is able to compute the weight of the existing bars for a
particular landing gear disposition.

Support the designer both with a numeric and a graphical results. The computations
keeps the user at all times in touch with a visual perspective on where the points are
placed and the overall disposition of the bars.

The results obtained by the bending moment process are satisfactory. The results are
really close from the ones found in the studies done by (Kraus, 1970) and (Willie,
1989).

Limitations when using the procedure are that, the bars that can be sized, are the
ones that receive moments from the applied loads. The procedure is able to size the
main bars of the gears for the simplifications done. For other bars that take just
forces, the method from previous studies can be used and added as an extension to
the work presented.
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Thank You
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