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Abstract: The paper presents CAE MBS analysisrefat front landing gear behaviour in unusual sitions
that can be caused by unpredictable obstacles. Noah¢ools were applied, because real investigati@an be
relatively expensive and dangerous. One of unuswahtenance condition assumed increasing of theradir
vertical velocity, caused by a loss of uplift fadgesult of decreasing the horizontal velocitysterten the
airfield length needed to dissipate aircraft engrgyhe other analyzed maintenance condition assuthed
aircraft landing with horizontal velocity, increagd®f a large percentage in comparison with its maxin value
allowed by the aircraft manufacturer. Simulatiors@lprovided the gear dynamics analysis while crassiver
obstacles placed on slightly damaged or makeshifiel. During CAE tests, Lagrange spring/dumper
elements used to simulate the behavior of deforenge and shock absorber oil-gas mixture. Simateti
proved that increasing the vertical velocity of 2B8%d the horizontal one of 15% is safe for the raificand it
can operate on damaged airfields. Investigationsvpd that aircraft maintenance conditions mightdadely
expanded, in comparison with its manufacturer sstiges. It enables the manufacturer to look for reavd
aircraft-safe applications that require special @ing capabilities: Special Team Transport or Medica
Evacuation.
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1. INTRODUCTION

Contemporary real investigations of aircraft lagdgears safety, during their maintenance in
dangerous conditions should be provided rarelyhSasts can cause damage or destruction
of investigated gears, aircraft structure, labasagtation and measurement equipment [11].
Real investigations are dangerous (for the airanatv and the plane) and expensive (tested
gear can be harmed, dangerous conditions areudiffec simulate).

However, there is a need to estimate the gear bmitain such conditions. Numerical
experiments are the right solution. They enable tthéhful prognosis combined with the
highest safety and lowest costs — if the modeésghed correctly. CAE tools provide perfect
model geometry, accurate border conditions / restdtues and wider range of maintenance
conditions possible to verify.

The paper presents the numerical experiment thavedl the investigation of aircraft front
support landing gear dynamics with the assumptiénit® maintenance in dangerous
conditions. The analysed gear is the part of PAWsB8 Skytruck military transport aircraft.
Aforementioned conditions meant aircraft landing anslightly damaged airfield with
seriously increased values of horizontal and vartvelocities. These values were increased
of quite large percentage, in comparison with maximvalues, allowed by the aircraft
manufacturer.

2. CAE TEST PREPARATION

To run simulations, the accurate CAD model of theestigated landing gear has been
designed, simplified and exported to CAE environtrj68] to prepare the MBS experiments
(Fig. 1). Main shock-absorber parts have been adedewith spring-dumpetagrange
elements to simulate the oil-gas mixture behavi@tg. 2a). Furthermore the deformable



wheel tyre has been designed - mass points comhedtle spring-dumper elements as well
(Fig. 2b). All stiffness and dumping parameters avbased on previous real experiments
results [09]. Such a CAE landing gear model waisngd as realistic enough to run simulations
(many verification test were also executed withghbsitive results).

Fig. 1. CAD model of the investigated landing gegraccurate one, b) simplified model exportechi® t
CAE MBS environment

Fig. 2. Application of Lagrange spring-dumper elenseto simulate the behaviour of:
a) shock absorber oil-gas mixture, b) deformableeitiyre

3. UNUSUAL MAINTENANCE CONDITIONS SIMULATIONS
3.1. LANDING WITH VERTICAL FALL -DOWN VELOCITY INCREASED
During the landing process, the aircraft horizbm&docity should be possibly low to
shorten the airfield length needed to slow down stiogh the landing vehicle (to dissipate its
kinematic energy). Low horizontal velocity enabiks flying crew to manoeuvre the aircraft
precisely enough to reach the landing point acelyatBecause of the aerodynamics,



decreasing of horizontal velocity value means desing of wings-based uplift forces. Then,
the aircraft vertical fall-down velocity increasdsamatically [07]. In the M-28 case, the
maximum allowed fall-down velocity i¥, = 3,05 m/s (Table 1). The manufacturer claims
that landing with higher vertical velocities is d@nous for the gear structure and not allowed.
However it's needed to verify the possibility ofesaertical velocity increasing - it would be
the reason to expand the aircraft maintenance tonsi Shortening of needed airfield length
would be the main advantage — expected for militeysport aircrafts.

Table 1. Chosen M-28 aircraft safe landing paranetalues, suggested by its manufacturer

No Parameter Label Value
1 maximum vertical velocity V, dop 3,05 m/s
2 maximum horizontal velocity Vi dop 38 m/s
3 minimum piston rod - stifle division distance LoT.pD MIN 3 mm
4 allowable ,kangaroo” bouncing height Hkang 0 mm
5 maximum shock absorber force load Fa max 200 kN
6 needed airfield length S 560 m

a)

Fig. 4. Dangerous approaching of the piston rod fage to the stifle division, caused by the aiditluchdown
with too high fall-down velocity: a) general viel), detail view of the critical approach, whergpp < 3 mm

a) b) ) Q d)

Fig. 5. Following steps of dangerous ,kangaroo effebouncing the gear back while landing with thigh fall
down velocity: a) airfield touchdown, b) large skabsorber load, c) the gear bounce watangle increasing,
d) gentle touchdown



During the simulations of landing with
manufacturer-allowed value was increased of: 25085,340% and 50%. The attention has
been paid to the distance between shock absorbtempiod and stifle division (Fig. 4), the

possibility of bouncing the gear back wihangle increasing (the kangaroo effect — Fig. 5)

increasedrtial velocity,

its maximum

and the force value that loads the piston rod duite aircraft-airfield touchdown. Simulation
results with proper comments are presented in Tabkecorded charts are shown on Fi$.6

Table 2. Comments and results of the aircraft-aiditouchdown simulation, with the assumption ajéa
increasing of the vertical fall-down velocity (hoontal velocity is constant in all cases/38 m/s)

Value of Assumed Minimum piston| The wheel bounce Maximum Noticed
No vertical | percentage increaserod-stifle division| back height during the measured force ear risk
velocity: of the allowed/, distance: .kangaroo effect”; that loads shock | 9
i level
V, value:D LGT,PD MIN Hkang abSOfberFa MAX
1| 3,05m/s 0% 8,6 mm tr(;e phe,nomenon 154,833 kN none
oesn’t appear
2 | 3,81 mis 25 % 4,3 mm the phenomenon | ) g3 37 none
doesn'’t appear
3| 3,96 m/s 30 % 3,1 mm 147 mm 204,971 kN high
4| 427mis 40 % 1,2 mm 256 mm 229,192 kN very
high
0 mm - collision .
ErsE— Not noticed .
0,
51| 4,58 m/s 50% serious gear before the damage 257,232 kN critical
damage
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Fig. 6. Values of givehgr pp, parameters, measured during the CAE simulatiohefaircraft landing with
increased vertical fall-down velocity ((horizontadlocity is constant in all caseg ¥ 38 m/s)
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Fig. 7. Values of individuat.n,g parameters, measured during the CAE simulaticthefircraft landing with
increased vertical fall-down velocity ((horizontalocity is constant in all cases ¥ 38 m/s)
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Fig. 8. Values of individudF, parameters, measured during the CAE simulatiath@faircraft landing with
increased vertical fall-down velocity ((horizontalocity is constant in all casesg ¥ 38 m/s)



3.2. LANDING WITH VERTICAL FALL -DOWN VELOCITY INCREASED

The M-28's maximum vertical velocity while the amét—airfield touchdown is
Vi = 38 m/s. The limit is explained by the manufaetuwwith large enough forces that appear
within the gear shock absorber structure. Anywé#y, possible that in some cases such a
velocity would be higher. The reasons may be aerawaiyc or gear brakes damages (often
while maintenance in the war zone). The conditibesame truly dangerous if the airfield is
slightly damaged, e.g. by the enemy bombing raisl.needed to verify the safety of landing
on damaged airfield with the increased value of dheraft vertical velocity. If simulation
results prove the possibility, it would be the mado expand the aircraft maintenance
conditions (to allow such an aircraft to operatedamaged or makeshift airfields.

For the sake of the simulation of landing on dardagifield, the maximum allowed
horizontal velocity was increased of: 10%, 15% 28%. Examples of airfield obstacles, both
cavities and bodies left on it, were created onaineld model to make the landing gear
cross over them (Fig. 9). The monitored value wes main load of the shock absorber,
especially during the airfield obstruction wheelasion. Simulation results with proper
comments are presented in Table 3. The chart pgregegxponentially - approximated values
of the shock absorber main load values with assiempdf chosen horizontal velocity
increase caseDE15%) is shown on Fig. 10. The exponential appraxiom provides the
influence of a shock absorber dumping on the direrzergy dissipation. Maximum values of
the investigated parameter occurred when the gealto cross over the airfield given obstacle.

Table 3. Comments and results of the aircraft-aiditouchdown simulation (with the obstacles crogsiver)
with large increasing of the horizontal velocitgl{fdown velocity is constant in all caseg=/3,05 m/s)

Value of Assumed Maximum Exponential curve | The influence of Noticed
No horizontal| percentage increase measured force| equation in the case  shock absorber ear risk

velocity: | of the allowedvy | thatloads shock of extremeF (t) dumping on the gear 9 |

_ 2\ S evel
Vy value:D absorberF,vax | values approximation energy dissipation

1 38 m/s 0% 154,833 kN y = 156,93e-0,0925x sufficient none
2 | 41,8 mis 10 % 159,125 kN y = 162,69e-0,0762x sufficient none
3 | 43,7 m/s 15 % 171,893 kN | y=164,67e-0,0435 sufficient none
4 | 45,6 mis 20 % 174,547 kN|y = 174,85e-0,0105k insufficient ‘r’ﬁ‘

Fig. 9. Dimensioned geometry of a given airfieldtlsle: rectangular-cross section cavity with roeddedges
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Fig. 10. Values of the ;Vx 15% (t) parameter, during the simulation ofdarg with gear-airfield obstacles
crossing over, with increasing of the aircraft méamturer-allowed horizontal velocity by 15%,(¥ 43,7 m/s)
(t, — airfield touchdown ,t—obstacle crossing over initialisation),A8,05m/s
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Fig. 11. Exponential approximation curves compamigothe case of investigated cases of aircraftliag with
its horizontal velocity increasing (landing gearféld obstacle crossing over also assumed)

Values of a shock absorber load were measuredemmided in all investigated cases
of aircraft landing horizontal velocity increasinighe results comparison is shown on a Fig. 11.
The Fig. 12 presents CAE environment user inteyfabde the simulation running.



a) b)

Fig. 12. CAE simulation chosen steps of aircraftdang on a slightly damaged airfield with horizahtelocity
increased in comparison to the manufacturer-allowellie: a) airfield approach b) obstacle crossingeo

4. CONCLUSIONS

On the basis of simulation results, increasing thkkdown velocity of 25% (in
comparison to the manufacturer-allowed value) fe & the aircraft. Higher velocity values
cause the piston rod hit the stifle division, kaogeeffect appearance and the shock absorber
overloading. It has been also proved that M-28 ilapdon damaged airfield with the
horizontal velocity increased by 15% is also s&iather increasing of such a maintenance
parameter caused gear structure overloading.

Executed CAE simulations shown that aircraft maiateee conditions may be safely
expanded, in comparison with its manufacturer ssigges. The effect of landing with 25%
increased vertical velocity can be impressive smanigy of the airfield needed to dissipate the
aircraft energy. Aircraft can also operate on mhaieairfields with higher horizontal velocity.
That's why simulations effects enable the aircrafinufacturer to look for brand new and
aircraft-safe military applications that requirggesial landing capabilities, e.g. Special Team
Transport or Medical Evacuation.
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