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ASSESSMENT CRITERION OF STRUCTURAL RESOURCES OF
FLIGHT SIMULATOR MOTION SYSTEM

Ua Ha 3acamax BpaxyBaHHS 0COOJMBOCTEH CHPUHHATTSA MUIOTOM iH(oOpMaIii npo
PYX 1 MOJIOXKEHHS MOBITPSHOTO CyJHA H 0COOIMBOCTEH MPOCTOPOBOTO MIIOTYBaH-
Hsl C(OPMYIIbOBAaHUI KpUTEPIiil OLIHKM BUKOPUCTaHHS KOHCTPYKTUBHUX PECYpCIB
JMHAMIYHUX CTEH[IB KOMIIJIEKCHUX TPEeHaXepiB MOBITPAHUX cyaeH. Po3pobienuii
KpHUTEpPiii BUKOPUCTOBYBABCS MPHU PO3POOII CUCTEM PYXOMOCTI KOMIUIEKCHUX Tpe-
HaxepiB mitakiB [1-96-300 iTy-204 (Pocis, IleH3eHChKe KOHCTPYKTOPCHKE OIOPO
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MmozemoBanns), AH-74TK-200 1 Au-140 (Ykpaina, I «AaToHOBY). Lle namo mo-
MIIMBICTh OI[IHUTH KOHCTPYKTHBHI PeCypcH AMHAMIYHHUX CTEHJIB 1 Ha MIIIPYHTI

iXHBOTO €(PEeKTHBHOTO BUKOPHUCTAHHS MIIBUIUTH SKICTh IMITallii akcelepamiiHnx
BILIMBIB.

Ru Ha ocHoBe yueta ocoOeHHOCTEl BOCTIPUSATHS MIJIOTOM WH(POPMALIUU O JBUXKE-
HUM ¥ TIOJIO)KEHUH BO3IYLIHOTO CyJHA M OCOOCHHOCTEH MPOCTPAHCTBEHHOTO IIH-
JOTUPOBaHHUA CHOPMYIMPOBAH KPUTEPHH OIICHKH WCIOJIB30BAHUS KOHCTPYKTHB-
HBIX PECYpPCOB JWHAMHYECKHX CTEHJOB KOMILICKCHBIX TPEHAKEPOB BO3IYIIHBIX
cynoB. Pa3paGoTaHHBIM KpUTEpUI HCIOJB30BAJICA MPH pa3pabOTKE CUCTEM IIO-
JBYDKHOM KOMIUIEKCHBIX TpeHakepoB camonietoB Mi-96-300 u Ty-204 (Poccus,
[Ten3eHCcKOe KOHCTPYKTOpPCKOe Oropo mojenupoBanus), AH-74TK-200 u Au-140
(Vxpauna, I'Tl «AHTOHOBY»). DTO Hal0 BO3MOXKHOCTH OIEHUTh KOHCTPYKTHBHBIE
pecypchl IMHAMHUYECKUX CTEH/IOB M Ha OCHOBE MX 3(P(PEKTUBHOTO HUCIIOJIb30BaHUS
MOBBICUTH KAUECTBO UMHUTAIIUU AKCEIEPAMOHHOTO BO3ICHCTBUM.

Statement of problem

Flight simulator is an important technical device for solving a set of tasks
of flight dynamics, flight performance research and aircraft design, which is
practically not solved by other devices, as well as training and retraining of pi-
lots. Although piloting on a flight simulator differs from piloting on an aircraft,
their use instead of aircraft has significant advantages. The flight simulators are
designed and manufactured by such large enterprises as CAE Electronics (Cana-
da), Thales Training & Simulation (France) and Penza’ Modeling Design Bu-
reau (Russia), and, on the other hand, by such individual aviation enterprises as
State Enterprise “Antonov”.

Flight simulator fidelity determines both flight safety and flight regularity
and depends on their perfection level and in particular on perfection level of
force cueing system - one of the most important components of a flight simula-
tor. In Ukraine, the first six-degrees-of-freedom motion system in the flight sim-
ulator of aircraft An-74TK-200 was designed in the mid-nineties. The six-
degrees-of-freedom motion system is going to be used in flight simulators of all
designed aircraft. So it is very important both to formulate an assessment criteri-
on for evaluating of structural resources of motion systems of aircraft flight sim-
ulators and to improve force cueing fidelity on basis of evaluated structural re-
SOurces.

Analysis of last achievements and publications

A wide range of technical devices [1, 10, 11, 12] is used for force cueing
of whole set of force cues: from vibration stands and vibrators to motion sys-
tems and dynamic seats. Modern motion systems able force cueing of low-
frequency force cue up to 0,4 g and high-frequency force cue up to 10 Hz and
above. Due to this fact they are the main force cueing device and for non-
maneuverable aircraft the only technical device of force cueing. For this pur-
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pose, a flight simulator compartment is mounted on a mobile basis - motion sys-
tem. The degree of mobility of motion system is determined by the number of its
degrees of freedom.

The design [11] proposed by Stewart (fig. 1) was found to be most effec-
tive among proposed designs when using heavy flight compartments of modern
non-maneuverable aircraft and the need to provide motion system ranges of lin-
ear displacements over 1 m and angular displacements of 25 degrees. It provides
a displacement of motion system along six degrees of freedom with less friction,
less mass of moving parts, better dynamic characteristics, simpler design, which
does not limit inspection through flight compartment canopy.

Y
hol2 =T0 %

Fig. 1. Kinematic diagram of six-degrees-of-freedom motion system

Many investigations [1 — 9] of force cueing were conducted in order to in-
crease an efficiency of flight simulators.
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Formulation of purpose

One of the most important factors determining the force cueing fidelity on
flight simulator is a jack length. Actuality of determining of required jack length
Is caused with both requirements of improving of force cuing fidelity and reduc-
ing of motion system cost. On the one hand, the required jack length is main fac-
tor in determining of operating ranges of motion system displacement. There-
fore, it should be sufficient for force cueing as close as possible to perception of
real force cues. On the other hand, a motion system is expensive. Increasing of
jack length leads to a sharp increase of technical difficulties and cost of motion
system. So jack length should not be too large. It should be noted that increasing
of jack length is not an obvious and sufficient condition for high fidelity of force
cueing, since this reduces stiffness of motion system structure, and even with
narrowing of permissible range of changes of motion system performances, it is
not always possible to maintain a force cueing fidelity. Therefore, a jack length
should not be too large.

Presentation of basic material

According to approach of theoretical mechanics a totality of kinematically
possible motions of motion system is given in a form of area U of possible posi-
tions of motion system in the n-dimensional space of n composite coordinates.

The following ranges of motion system displacements are required for
force cueing:

— along longitudinal, vertical and lateral degrees of freedom
Xmin = ymin = Zmin :0’4 m,

— along theroll y . = 3,5 deg;

— along both the roll and the lateral degree of freedom y, .., = 10 deg;

— along the yaw .. = 4 degrees;

— along both the pitch and the longitudinal degree of freedom 3 . =9 deg.

Space of possible positions of motion system U is very limited due to
economic and technical limitations. Due to this the approach on the basis of the-
oretical mechanics is not effective. So according to calculation it is necessary to
have motion system with more 2 m length jacks (up to 10 m). Except necessity
to decide some complicated technical problems this approach is very expensive.
For effective decision problem it is important to identify factors influencing on
structural resource of motion system for its analysis and design of motion sys-
tem.

Available structural resources of motion system are used inefficiently in
traditional methods of force cueing along several degrees of freedom simultane-
ously. Motion systems with larger lengths of jacks are used for improvement of
force cueing fidelity. This is economically inexpedient. Problem of force cueing
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fidelity along all six degrees of freedom coordinated with real force cue includes

two components:

— taking into account peculiarities of both appearance of force cues caused by
spatial aircraft displacement and their force cueing;

— taking into account of structural resources of motion system.

The conducted studies have showed that a human has only one decision
making channel, through which all information is gradually passed, and that in
process of multichannel control, a human works as a single channel regulator
with sequential switching attention. This factor, as well as a presence of mini-
mum intervals between occurrence of perceived force cue, is based on use of
force cueing priorities scheme in terms of degrees of freedom: force cues along
linear degrees of freedom are considered as independent of each other and force
cueing is carried out in this way.

As special significance for piloting an aircraft motion along pitch has an
absolute force cueing priority and is carried out under any conditions. Only both
the aircraft pitch and the force cue along yaw are force cueing compatible with
force cue along the longitudinal degree of freedom. Only both the aircraft pitch
and the force cue along the roll are force cueing compatible with force cue along
the vertical degree of freedom. Only both the aircraft pitch and the force cue
along roll and yaw are force cueing compatible with force cue along the lateral
degree of freedom.

According to this a geometric meaning of problem is reduced to insertion
of three parallelepipeds into a space of possible positions of motion system & in
turn, namely:

— aparallelepiped P,, whose edge lengths are equal to working ranges of mo-

tion system displacements along the longitudinal degree of freedom, pitch
and yaw Py, = {(X,S,w)‘ —X <X<X,-9°<9<9, -~y <y< w*} , Where

X, %,9,9,y",y are working displacement ranges and motion system dis-
placements along the longitudinal degree of freedom, pitch, yaw respective-
ly;

— aparallelepiped Py, whose edge lengths are equal to working ranges of mo-
tion system displacements along the vertical degree of freedom, pitch and
oll Py, ={(y.97)-y' <y<y -9 <9<9 —y <y<y’},  where

y,Y,y,y are working displacement ranges and motion system displace-
ments along the vertical degree of freedom and roll respectively;
— a hyperparallelepiped P,; whose edge lengths are equal to working ranges

of motion system displacements along the lateral degree of freedom, pitch-
ing, yaw and roll

P, :{(Z,S,yz,\y)‘—z*é 2<7,-9<9<9,—y. <y, Sy;,—w*éwﬁ\v*},
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where z°,z,v,,7, are working displacement range and motion system dis-

placement along both the lateral degree of freedom and the roll and static
force cueing along the lateral degree of freedom respectively.

The basis for evaluation of structural resources of motion system is their
permissible displacement, calculated according to accepted priority scheme of
force cueing along degrees of freedom. Along the linear degrees of freedom the
structural resources of motion system can be estimated with dependences of
permissible linear displacements of motion system along the longitudinal X(9),

vertical y(9) and lateral Z(39) degrees of freedom from the pitch angle, calcu-

lated on the basis of accepted priority scheme of force cueing along degrees of
freedom:

X(9) - maxx;(LJ. eQ;-9 3838*;—w*s\|/§w*),
L, v, 3
y(3) > max y;(Lj €Q;-9<9<9—y Syﬁy*),
Liw, 8
Z(9) > maxz;(LJ. €Q;—9 <9<9—y, <y, <yg—vy swsw*),

L, vs,w,3
where L; is length of jacks,

Q, is applicable domain of length of jacks.

The calculated dependences of admissible displacements along the longi-
tudinal, vertical and lateral degrees of freedom from the angle of pitch of motion
system with 1,5 m jacks are shown in Figure 5. The structural resources of mo-
tion system along degrees of freedom are used irrationally.

The structural resource is determined by disagreement between the per-
missible displacement of the motion system with 1,5 m jacks (fig. 2, fig. 3 and
fig. 4, curves 1) and the working displacement range of the motion system
(fig. 2, fig. 3 and fig. 4, curves 3) for the same degree of freedom.

Thus, the positive vertical displacement of the motion system , which
corresponds to the limited negative value of pitch working range, is less than
other permissible vertical displacements of the motion system, and it defines the
operating range of the motion system displacement along the vertical degree of
freedom. Similar relations along other degrees of freedom. In particular, the
working displacement range of the motion system along the pitch is determined
by the permissible displacements of the motion system along the lateral degree
of freedom. There is an unused structural resource of the motion system along
both the longitudinal and vertical degrees of freedom.

At the maximum use of structural resources of motion system (fig. 2,

fig. 3 and fig. 4, curves 1), the admissible positive T and negative 9_ vertical
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displacements corresponding to the limited negative —9" and positive 9" values
of the working range of the motion system pitch are almost equal.

-10 0 10 6. rpan
JC6-1.5
Fig. 2. Permissible motion system displacements in effective (1), tradi-
tional (2) force cueing and maximum working ranges of motion
system displacements (3) along the longitudinal degree
of freedom

-10 0 10 8. rpan
IC6-1.5
Fig. 3. Permissible motion system displacements in effective (1), tradi-
tional (2) force cueing and maximum working ranges of motion
system displacements (3) along the vertical degree of freedom



118
Mexanika 2ipocKoniuHux cucmeum

10 0 10 6, rpan
C6-1.5

Fig. 4. Permissible motion system displacements in effective (1), tradi-
tional (2) force cueing and maximum working ranges of motion
system displacements (3) along the lateral degree of freedom

Almost equal negative and positive permissible displacements of motion
system with a lateral degree of freedom corresponding to limited negative and
positive values of motion system pitch working range. Thus, at maximum use of
structural motion system resources, it is possible to obtain larger working ranges
of motion system displacement (fig. 2, fig. 3 and fig. 4, curves 3).

It is desirable that the structural resource of motion system was used in
full and the permissible displacements was equal to the value of the appropriate
working displacement ranges. Criterion for evaluating structural resources of the
motion system along the longitudinal, vertical, lateral degrees of freedom are
calculated by the formula

J= g'j %(9)-xTds+ i\y(s)— y| do+ J%‘Z(S)— 2'[d9.
-9 -9 -9

Conclusion

After evaluation of structural resources of motion systems it is necessary
to develop method of use of untapped structural resources for improving force
cueing fidelity.
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