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ABSTRACT

The handling quality simulator including high fidelity flight mechanics model is
indispensable component to design and verify the flight control system. Korea Aerospace
Industries, LTD. (KAI) has been performing LCH (Light Civil Helicopter) core technology
development program regarding automatic flight control system (AFCS) software
development. And KAI has been developing flight mechanics model using FLIGHTLAB to
design and evaluate the AFCS flight control law. This paper presents the handling quality
assessment environment development results through the combining FLIGHTLAB with a
legacy simulator. And this paper details the FLIGHTLAB model, application development
process and FLIGHTLAB interface design. The developed handling quality assessment
environment has been demonstrated with the ADS-33E hover and pirouette MTE (Mission
Task Element) maneuver simulation.
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2.1 FLIGHTLAB Modeling
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Fig. 1. FLIGHTLAB Analysis Results
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2.2 FLIGHTLAB Interface Design

FLIGHTLAB AXZEgooX AFst= oF
ClE|H o]~ 7|5 standalone modeld ©] &3}

& FCM (FLIGHTLAB Code-Gen Model) 183l
FLIGHTLAB run-time 7<%l ‘scope’S ©|&3}
£ FLCOMMS ¥ NetFLC7} %t} FLCOMMSE

Table 1. FLIGHTLAB External Interface
Function
FCM FLCOMMS | NetFLC
-ARBXZE NSt |- seopeel run—time
applicationol| A{ sldoz mHo
A | 222 ™ol AlEdlolM Mg
3l Itse A of &
3} | - Standalone model - AF2 X} applicationoll A 2]
4 | license 2% Hiolel ®M3 Al
De ME AIH™o
=713 ol# g
fem_open flc_attach
- Obtain handle for |- Attach the flcomms
fem file, varlist, field | shared memory block
fem_close fle_open
- Free foem resources |- Open a connection to
~ |fem_create a varlist
;C'): - Create an instance |fic read
il of a fcm model - Read varlist values
 |fem_invoke into C variables
< |- call a model fic_write
operation - Write C variables
fem_read values into varlist
- Read model data |fc_detach
fem_write - Detach the flcomms
- Write model data shared memory block

Fig. 2. FLIGHTLAB Interface Architecture
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Table 2. FLIGHTLAB Pseudo-script for FCM
Generation

FLIGHTLAB Script (*.exc) Explanation

-varlist: 2|5 Qle{HolA
varlist & 2|

-BODYSTV: AFS X7}
2|5t varlist 0| &

pushg(world_model_airfra
me_cpg_xaout)
varlist @BODYSTV
"Airframe states” = ..

Table 3. C Header File Structure example

FCM varlist

‘C’ header HlO|E| F=

pushg(world_model_airfra
me_cpg_xaout)
varlist @BODYSTV
"Airframe  states” = ..

posxi, posyi, poszi, ...

vxb, vyb, vzb, ...
phi, theta, psi, ...
popgs

struct BODYSTV
{
double posxi, posyi,
poszi;

double vxb, vyb, vzb;
double phi, theta, psi;

I

posxXi, posyi, poszi, ... | - "Airframe states” :
vxb, vyb, vzb, ... AL X7 H 2|5t varlist
phi, theta, psi, ... Mg
popg;
femdump(@BODYSTV); - 2 & 2lE{m ol A varlist
RS
exec("xatestcond.exc”,1); |- E® =7|=Ad &
exec("xamodeltrim.exc”,1); | - EZaH A, =8

femdump("modelname.fcm | - standalone model A4 A4
"); Xanalysisoll M Z & st
Zds FCM ZE Z

EEE

A5 o] glojok Ft}. Table 2= FLIGHTLABO
‘varlist 3¢] = FCM A BEs
FLIGHTLAB pseudo-script& R Fth &, FCM
29 A4& $I8A= Xanalysisell Al FLIGHTLAB
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of A8 WTE A/ stk @t O F
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HeolE o] &3] FCM R 2 WHslgit)

FCM Ed92L fem_invoke WE o2 Rdo] &
22 o 2do] zty 9= HEAIZ F7]d wet
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4 A BEAA AlEECIH A BE
TE3hs ATl webA FCM 2Ee) 3
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EfolHd s FCM RES 128HzE T535}
= A& 1#ste] FLIGHTLAB Ed
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222 C dlcjmyd MA

FCM =" dHolg AHH2E H3lAe=
FLIGHTLAB varlist®} A% ZZ 13 3¢] wo]H
FAE Aol C 29| header 3Yo] H st}

C header 92 FCM =49 AA A A3
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Table 4. Pseudo-code for Application

Application script

Explanation

#include "fem.h”
#include "application.h”

FCM sCi 8! At Xt
Ao T

FCM_FILE  fem:

fom B Mol

FCM_MODEL model:

249 instance handle 4191

FCM_VARLIST vi_controls,
vI_states:

varlist #5 M el

FCM_OPERATION
op_step;

operation handle &5
Mo

const char ~fcm_filename
="/fow/% TARGET/% TARGE
T.fem”

fom 22 0| H4 Mo

fem
=fern_open(fem_filename)

fem 22 S open st
FCM_FILE handle fcm'S
AR

vl_controls=
fem_lookup_variist(femn,
"@FLINPUT")

fom Z& 2| varlist
‘FLINPUT’ 2| handle=
AR

vl_states=fcm_lookup_varlist
(fem, "@FLOUTPUT")

fom Z& 2| varlist
‘FLOUTPUT’ 2| handleS
AR

op_step=fcm_lookup_operati
on(fcm, "STEP”)

fem =2 2| integration
stepoll CH B+ operation
handleg 7tH &

model=fcm_create(fcrn)

FCM_MODEL instance&

A M SF
So &\

fem_write(model,
vl_controls, &FLIN,
Sizeof(FLIN)

fom Z& 2| varlist
‘vi_controls’of| AFEXf
applicationolf A{ & 2| 5+
A FLINE 2755

fem_invoke(model, op_step)

fem 222 integration
step®l op_step Bt

]

fem_read(model, vi_states,
&FLOUT, sizeof(FLOUT))

fom Z& 2| varlist
‘VI_states’& Al&AF
application ol A{ & 2| 5+
=X FOUTLZ

ol =
217 O{E l%/

fem_close(fern)

fcm hande2| 22 &S
close&t
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Fig. 4. Pirouette MTE Course

Fig. 5. Handling Quality Simulator and Visual
Database for Hover MTE
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Table 5. Performance Requirement for the
Hover MTE and Simulation Results

Table 6. Performance Requirement for the
Piroutte MTE and Simulation Results

: : Simulation : : Simulation
Requirement Desired | Adequate | o o Requirement Desired | Adequate | oo 11
Attain stabilized hover Maintain a selected
within X seconds of 5 8 8+a reference point on the
initiation of deceleration rotorcraft within =X ft of 10 15 10
Maintain a stabilized circumference of the circle
hover for at least X 30 30 30 Maintain altitude =X ft 3 10 3
seconds — -
Maintain the longitudinal Maintain heading so that
and lateral position within| 3 6 3 the nose of the rotorcraft| o 15 15
+X ft on the ground pomt; at thg genteroof
Maintain alfitude +X ft 2 4 1 the dircle within £X
Maintain heading within 5 10 ’ Complete the circle and
+X° arrive back over the 45 60 45
There shall be no starting point within:
objectionable oscillations Achieve a stabilized
during the transition to Applies N/A Satisfied hover within X seconds 5 10 5
hover or during the after returning to the
stabilized hover starting point
Maintain the stabilized
10 hover for X second 5 5 5
5
C
’ Stabilized h tartil intT —_ . g
. abilized hover starting poin C‘-‘-f-‘ ----- 250
= 240 T &
§ " 220 A A
E’ 18 200 / \
~ 2 # 180 / \
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25 o 160-----00 L 0O--f--00F -~~~
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-30 § 140
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Fig. 6. Plan Position in Hover MTE

20

18
& Stabilized hover
& 16 S
TN
=
= 14
<

12

10

10 20 30 40
time, sec

Fig. 7. Altitude in Hover MTE
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Fig. 8. Heading in Hover MTE
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Fig. 9. Plan Position in Pirouette MTE
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Fig. 10. Altitude in Pirouette MTE
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