Evolution of Landing and
Arresting Gear Simulation

at Fokker Landing Gear A W)
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See also:\Siqnens, Vienna, 2016, Design optimization of Landing Gear by Matlab driven VL-Motion models




AMESIM 1D HYDRAULICS/PNEUMATICS/...

Mathematical

Past:

§ Free-body diagram & C-code

§ Tedious, error-prone, hard to
evolve & to transfer the
accumulated knowledge
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3 modelling & Physical

Present:

§ GUI physical modelling
§ Software report in HTML

§ Easy, reliable, use of expert libs,

knowledge
§ FMU export

55 // ---Relative velecity of shock absorber pisten

VELOSA = -VELSA;

8 VELVALVE1l = -VELVALVE;
659
| sc0
| <=2 B = 2.0%asminl_0);
JFR1L = 21 _8Ze-§; //Sensing area CV relief valve
AzZZ {{pi/4)* pow(Dvalve,b?})-Rholesvalve-{(pi/4)*pow(Dorifice, )} ;

233 = (pi/4)* pow({Dvalve,Z):

Smom oo
e bm

if (STROVALVE < VALSTROMSA)

E 1 if (STROVALVE <= 0.0) [
= i
Aorfvalve = le-9;
phiSA[ID-1] =
alfaSA[ID-1] = o
FESA[ID-1] = 0;
FzeroSA[ID-1] = Lindamp * VELVALVE1;
873 FASA[ID-1] = 1.0;
680 i i FspSA[ID-1]1 = FOspSA+KspSA*STROVALVE ;
681 H i FORVALVE = ~FspSA[ID-1]-FzeroSA[ID-11-FESA[ID-11+({PZ5A[ID-1]1-FISA[ID-1]) *}
682 i i (BendSA*VELVALVEL) - (KendSA*STROVALVE) ;
22
g84 i
685
686

// ---Calculation of the relief walve spool load and relief valve orifice area
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VL-MOTION 3D MULTI-BODY DYNAMICS
Flexibility options (Rigid / Beams / Modally Reduced)

Past:
§ Flexibility via beam models
§ Coupling 1D via compilation

NH90 Shimmy example:
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NEXT STEP: OPTIMIZATION OF THE DESIGN PROCESS

Create a tool to automatically size landing gear
preliminary designs & proposal tool

Selection of system
Initial (parameterized) Automatic sizing & parametric ~ configurations
system configurations  optimization of system
, configurations
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SCHEMATIC STEPS IN THE OPTIMIZATION PROCESS

Customer + FAR requirements
- Aircraft layout - Speeds
- Weight - Bay envelope

Requirements N =

Tools to automatically derive
round & interface loads

External Loads

Parametric multibody (stick) Parametric 1D models
models of most important LG Tyre (present in current software)

External/internal Loads




MATLAB DRIVEN DESIGN TOOL
Reuse of 3D CAD Effort & Stick Model

§ Stick model is built from a single Design Table (DT) xls file
§ Full parametric approach
§ Stick model + DT stored in Enovia

Design Table S
ICD.xls p

CATProduct +
CATPart’'s




EXTERNAL AND INTERNAL LOADS

Certification
Specifications

CS25,
Customer,

OOP

MATLAB

)-{LMS Amesim

SIEM

Wheel axle
load tables

ENS VBA

Internal Load
Tables

OOP

MATLAB

VLM Matlab
Results reader




OPTIMIZATION

Preliminary sizing of parts

Initial DT
ICD.xlIs

Minimum weight
@ good performance

parameters

fmincon(params)

Certification
Specifications
Cs25,
Customer,

Wheel axle
load tables

MATLAB

> Weights

Internal Load

OOP

Tables

Performance

Binary results ‘
files for all

MATLAB

cases
VLM Matlab
Results reader

metrics + loads

MATLAB

Stress Analysis
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§ Multidisciplinary Design Optimization for Flexible Systems
Design based on single truth parameter file (Design, Stress, Dynamics)
Modally reduced CAD parts
Stress a Weight
Performance
Cost

§ Dynamic landing cases

§ Re-use of components via FLG libraries
Submechanisms a SimCenter?

Rigid stick models vs. parametrized flexible models
Shock absorbers models (via cosim with AMESim)

§ Parametric CAD parts
Parametric design in Catia & SimCenter, NX/Catia import?
Automatically generated flexibility? & SimCenter? NX Nastran

§ Exporting the 1D model for our customers by FMU compilation W)
<N



POSSIBLE FMU INTERFACES/PROCESSES
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Import

Export

Model Exchange

Co-simulation

LMS Amesim User Interface

LMS Amesim f_rrlu
INTERNAL sl
MODEL Third-party
MODEL

Third-party software
User Interface

Third-party

INTERMNAL

LMS Amesim

MODEL

MODEL

LMS Amesim User Interface

MASTER

Third-party software User Interface
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SLAVE
MODEL
Third-party
SOLVER
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LMS Amesim
SOLVER

FLG

MASTER

Third-party

INTERNAL
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Customer
Abaqus




FMU COMPILATION AND THIRD PARTY COSIM USE

Third-party software User Interface
LMS Amesim User Interface t t MASTER
LMs R fucTgAL ey
Amesim ¥t
SLAVE INTERNAL
INTERNAL LMS Amesim : MODEL
MODEL LMS Amesim
N LMS Amesim O
s N SOLVER LMS Amesim
AR SOLVER <
B S Y

(=

11 G > +sevoseace



AMESIM MODEL FMU INTERFACE BLOCK

Abaqus

Functional co toooe b
"""" Mockup
Interface  Stroke oo
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Bolter Damper
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