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NUMERICAL MOVEMENT ANALYSIS OF THE AIRCRAFT
UNDERCARRIAGE FRONT GEAR 3D MODEL

Summary: The paper contains the eftect of the numerical movement analysis of
the 3D assembly model of the aireraft undercarriage front gear. The CAD model
is created in the Solid Edge V11 environment. The analysis is examined in the
visual Nastran 4D system. The mechanism movement is the effect of linear
actuation of the part called the shock absorber’s piston rod. During the movement
simulation. chosen parts are tracked and values of their motion parameters,
namely . location. dislocation. veloeity and acceleration (linear or angular) are
recorded.

Kevwords: numerical motion analysis. CAD. aircraft undercarriage. simulation

. INTRODUCTION v

A majority of mechanisms contain elements that move on relatively long distances
or’and with relatively high speeds (linear or angular). For that reason. modern engineers
should add to their previous tasks (describing a project with values of geometric.
dynamic and material parameters) a brand new one: simulating the behaviour of the
machine that is currently designed. For the sake of simplicity of adjusting the project. if
any mistakes are noticed. the designers are able to make the mechanism motion optimal
already during the designing process.

Numerical movement analysis (referred to as the simulation) should be examined
already at the early stage of the product lifecycle, which is the design process. It means
the machine whose motion is to be simulated, has not been manufactured yet. The only
way to carry such an examination is to test the digital model imported from the CAD
system.

In the 1990s, about 95% of motion simulations was carried with the real (already
manufactured) mechanisms [3]. The results of such an analysis are subjective as:

— many elements of the real mechanisms are manufactured imperfect. according to the
design documents.

— it is not possible to measure the movement of real mechanisms with a desired high
precision at low costs.

Furthermore, if the motion analysis enables engineers to detect serious motion
eITors:
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The 3D model is understood as the system (assembly) and it is divided into 14
subsystems (subassemblies), according to their functions (Fig. 1). The scheme of the
model with the location of chosen subsystems can be found in Fig. 2 (chosen parts are
rendered as clear ones to make hidden elements visible).

3. DEFINITIONS OF CHOSEN MODEL CONFIGURATIONS

In the paper. model configuration means the set of information connected with
values of location, dislocation. velocity and acceleration of important object parts in the
chosen moment in time. To make the numerical motion analysis possible, general
statements have been assumed before it was examined:

a. The axis of the shock absorber model is vertical, the model of a front wheel can
move (by turning around its axis) only on a horizontal plane.

b. The main part of the model is the shock absorber piston rod. Its only degree of
freedom is the ability of the linear movement along its symmetry axis between two
extreme positions.

c. Piston rod Lower Extreme Position (L.E.P.) means such a piston rod location where
it cannot move further outside of the cylinder anymore.

d. Piston rod Upper Extreme Position (U.£.P.) means such a piston rod location where
it cannot move further to the bottom of the cylinder anymore.

e. Every position of the piston rod between L.E.P. and U.E.P. is called halfway.

. Configurations of the model. when the piston rod can be found in L.E.P. or U.E.P.
are called the main ones, respectively, Lower Main Configuration (L.M.C) and
Upper Main Configuration ({.M.C. ).

g. During the motion simulation only the most complex and the largest parts are
tracked and include: the piston rod. rocking lever (one of the two symmetrically
positioned ones). shock absorber connector and the front wheel ¢Fig. 3).

There is the iso view and the cross-section of the model found in the LM.C., see
Fig. 4. The piston rod. moving outside the cylinder sleeve, hits with its upper bumper
face ({/B) the cylinder lower bumper one (LB), Fig. 5. The measurements are:

— linear distance between LB and UB is Lig¢g =0 mm,

- linear distance between the face ot the piston rod head (PH) and, the face of the
stitle division (SD) is Lpysp = 99.6 mm,

— « angle between a chosen vertical plane and the face of the shock absorber
connector is o = 4.814°,

— B angle between a chosen horizontal plane and the symmetry plane of the rocking
leveris B —~ 58.453°.

Fig. 6 shows the isometric view and the cross-section of the model found in the
L M C.. Such a configuration takes place when the piston rod. moving to the bottom of
the cylinder. hits with the tace of its head (PH) the face of the stifle division (SD). see
Fig. 7. The measurements are:

— linear distance between LB and UB is: Lig{ g = 99.6 mm,

- linear distance between the face of the piston rod head (PH) and the face of the stifle
division (SD) is Ly sp = 0 mm.

-~ o angle between a chosen vertical plane and the face of the shock absorber
connector is o = -17.957°,

- B angle between a chosen horizontal plane and the symmetry plane of the rocking
lever is 3 = 6.293°,
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— function of the axial dislocation:

S,(t)=99.6-t [mm] (1)
— function of the linear velocity:
v,(t) = dirt(t) =996 [mm-s'] 2)

— function of the linear acceleration:

Alt)= dgf) S, (1)

t - time which has gone by since the process started - piston rod moved from the L.E. P.

=0 [mms7] 3)

5.2. Rocking Lever Movement

According to the charts received (Fig. 12). chosen motion functions were found:
— function of the angular location:

a, =5-10°t° -10°t° +8-10 °t* +
-3.1-107°t* +7.59-102t* - 2.05t + 60.4
— function of the angular dislocation:
B, :—5-10'9t6 +10°%° -8-10 °t* +
+3.1-10°¢ +7.59-10 *t> -2.05t - 1.93

— function of the angular velocity:

[deg] H
[deg] (5)

o, (t) = _dast(t) [deg-s"]

w,(t)=3-10°t°-5.10 °+* +3.2.10 “t* +
~9.3-10°t* +15.2-10 ’t -2.05

— function of the angular acceleration:

[deg-s™] (6)

o do,(t)  d%a,(t) .
aw(t)— o o [deg-s™]

£,=15-10"t" 2-10° +9.6-10 “t* -1.86-10 2t +0.152 [deg's”]  (7)
t — time which has gone by since the process started — piston rod moved from the L.£. P.
5.3. Shock Absorber Connector Movement

According to the charts found (Fig. 13). chosen motion functions were found:
— function of the angular location:

a,(t)=5-10°t° ~9-107t° +6-10 °t* +

[deg] (8)
-26-107°t> +6.59-10 *t* ~1.47t +6.18
— the function of the angular dislocation:
— _5.10°9¢° i 75 _6.10 5t
B(t)=-5-10°t°+9-10 "t° -6-10 °t* + (deg] ©

+26-10 °t* -6.59-10 “t? +1.47t -1.37



Numerical Movement Analysis of the 3D Model of the Aircraft ... 25

- tunction of the angular velocity:

(01(1‘): da,(t)

dt

[degs™]

w(t)=3-10 8t° -4.5-10 1t +2.4.10° +
~7.8-10 °t* +1.32-10 't -1.47
— function of the angular acceleration:

dey(t)  d*alt
ol 2ol)_ &)

[deg-s'] (10)

[deg's™]

£(t)=15-10 "t -1.8.10 °t* +7.2.10°t? -1.56-102t +0.132 [degs?] (I1)
t  time which has gone by since the process started - piston rod moved from the L.E.P.
5.4. Front Wheel Movement

According to the charts found (Fig. 14). chosen motion functions were found:
— function of the linear (axial) location:

S, (t)=-9-10 °t° +2.10°°t° 10 *t* +

[mm] (12
+52.10°*-1.19-10 't* +8.4t -8.2
— function of the linear (axial) velocity:
V,(t)= %"t(tl [mm-s"]
_ _ . 845 544 _ R 443 vl
V,(t)=-54-10 81> +10 °t* - 4-10 *£* + (s ] (13)
+1.56-10 %t*-2.39.10 't +8.4
- function of the linear (axial) acceleration:
av,(t) d?s,(t) a
Alt)=—2= K mm-s”
9740 T4 40 543 R
Alt)=y=-27-10 "t* +4.0-10 °* + [mm-s?] (14)

~1.2-10 °t* +3.12-10 ?t-2.29-10 '

t — time which has gone by since the process started - piston rod moved from the L. E.P.

6. CONCLUSIONS

The numerical engineering environments. both Solid Edge V11 and visual Nastran
4D. are very helpful for the designer to create the 3D model of the aircraft undercarriage
front gear and examine its motion analysis. Using them, the designer is able to predict
the movement character of the complex assembly before it is manufactured.

For the sake of the simplicity of adjusting the project to the optimal form (if the
motion errors are found or if the motion character does not fit the maintenance
conditions) the numerical motion analysis is a very easy and etficient tool.
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MODELING AND SIMULATION OF SINGLE ACTING
PNEUMATIC CYLINDER

Summary: The work presents a linear model of single acting pneumatic cylinder
with a return spring. For formulating equations deseribing the model there was used
Lagrange’s cquation with the assumption of isothermic character of gas
transformation occurring in the ¢y tinder. Coupled differential equations of the first
and second order were received. for whose solution the methods of Runge-Kutty
were used. In the caleulations pressure changes in the workchamber. the velocity
and position of the piston in a time function were determined. Changeable
parameters additionally included: the piston rod balance foree. friction force. spring
stiffness and the work factor temperature. Numerical algorithm constituted an
clement of the computer program claborated by the authors to make the ¢y linder
operation simulation possible. Fwo variants of” servomotor work chamber supply
were analy zed. In the first case the factor flow intensity was assumed to be constant
in time. whereas. in the second case the flow intensity relation on pressure changes
in the chamber was considered

Kevwords: pneumatic oy linder. modeling. numerical algorithm

1. INTRODUCTION

Pneumatic drive sets perform a very important task in automatic systems and their
main advantages are functioning reliability and simplicity. Automatic drive theory
started to develop not a long time ago because of the complexity of processes occurring
in pneumatic devices. which have not been fully accounted for so far. For further
investigations it is necessary to take into account the true character of gas
transtormations which occur in the work chamber as well as the piston motion
resistance. These factors are changeable in time.

Dvnamics of a typical actuator is described by a system of nonlinear differential
equations which. in a finite form. are unsolvable. Various simplifications have been
suggested so far. such as: the constant air pressure in one or in both cylinder chambers,
uniform or uniformly accelerated motion of the piston. or thermodynamic process
isothermity in the cvlinder. In order to meet the users’ more and more strict
requirements concerning the accuracy of a calculation method, it seems advisable to
consider the so-far neglected factors such as: load and friction forces changeability, and
heat exchange with the environment.
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v
£ ()
RT
where:
T - temperature.
p - pressure.,
V' chamber volume.
R gas constant.
Differentiating the equation in relation to time, we get:
dm 1(.,d dv
am _ _(v_‘h p Y 2)
da RT dt dt

Considering the piston movement changing the work chamber volume. we obtain:

V=V, +dV = Alx, +x)

3)
p=p;+dp
Taking into account the dependence (2} in equation (1) it yields:
dn 1 [ dp dx
V, +dV +dp)A— 4
o R | Ve Vgt ) dtJ ®

On the other hand. an increase in the air mass depends on supply pressure in the
chamber:

& - alt)- alp. -ple) . 5)
Comparison of dependences (4) and (3) vields:
1{ dp dx
—V; A—|= 6
o dt} alp, - plt)] (6)

In equation {6) small summands of higher order were neglected. Atter ordering
summands. it assumes the form (7):

Vo DB, pit)- p, - LA

(7)
uRT at aRT dt

The piston motion equation results trom energy and external force work balance
(Lagrange’s second-order equation):

i(éE“ ]—DE.k + Lo (8)
at X X ax

whereas:

1 .-
E, =—mx~  piston kinetic cnergy.

2
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NUMERICAL MODELING OF FLUIDIC FLIP-FLOP
JET SWITCHING

Summarv: This paper deals with numerical simulation of an anonular. actively-
controlled. luid jet. The jet is generated by means of {luidic principles. thus no
mechanical movable parts are applicd. The present numerical investigation was
pertormed using a commercial CI'D code FLUENTL and it resulted in a beuter
understanding of” control process as well as in a further improvement ol the
particular nozzle ccometry. .\ better location ot the control jet has been designed.
Al the present numerical  results have  been  contirmed  experimentally — in
collaborative investigations,

Kevivords: jets. tlow control. fluidics. nozze. numerical simulation, CFD

1. INTRODUCTION

Studies of submierged jet tlows. as a part of fluid mechanics. involve many
theoretical problems such as the stability phenomenon. laminar-turbulent transition.
fluid entrainment. and mixing. The jets are utilized in various applications such as the
propulsion of aircrafts and rockets. burners. mixers, etc. An interaction of the jet with
asohid surtace is of tundamental importance both for fluid dvnamics and heat/mass
transfer [1]. The so-called impinging jets can achieve very high heat;mass transter onto
the eaposed wall as well as a very good adaptability to ditferent surtace shapes.
Moreover. the applications can be relatively simple and cost-effective. Therefore.
impinging jets are used in many applications tor cooling (electronic component, turbine
blades). heating. drving. cte. |2}

There are at least two essential advantages of numerical simulation of a jet
impingement configuration which have motivated the present approach. Firstly, a great
number of parameters atfect the complex flow field and resulting heat mass transfer.
A better understanding ol the flow field and heat mass transter processes requires
distinguishing between all ot these etfects. Apparently. to examine the effects separately
by means of experiments is extremely difficult due to the task compiexity. Moreover.
a comparison of experiments performed by different authors is often problematic
because of different experimental conditions (difterent facilities, laboratories. methods.
etc.). On the contrary. a numerical approach to the complex problem can identify and
quantify particular influences more casily.




























































Mass Transter Measurements of a Flip-Flop Jet Using the Naphthalene ... 6l

Finally. the temperature of the sublimating wall is:
Tw Ty =Mpee = AT (22

The accuracy of the computed value £ depends on the accuracy ot the individual
measurcments, which determine the quantities occurring in equation (3b): the
sublimation depth difference. pressure, temperature. and exposition time. For example
the accuracy of the position sensors LVDT was estimated by calibration using a set of
the gauge blocks (SOMET. CR) and standard deviation was not higher than 0.002 mm.
The results arc significantly dependent on the accuracy of the relations approximating
the naphthalene material properties. first of all its saturated vapor (9). The uncertainty of
£ value has been evaluated by usual methods |27] as +0.003m-s ' (i.e. standard
deviation of S ): it corresponds to the relative value approximately +3% in the
stagnation point of the jet; hence, the uncertainty of f# value within +6% (in the

stagnation point) based on a 95% confidence level (doubled value of the standard
deviation).

The method of the naphthalene sublimation is used tor experimental determination
of the averaged in time local values of the mass transfer coefficient P: typical
experiment duration ranges from 20 min. to 60 min. This main limitation of the
method may be treated sometimes as an advantage. as the result is averaged in sufficient
time directly after the experiment (naphthalene specimen), than it cannot be under the
influence of the readout method. signal sampling and data processing.

The method is used for tlows with litle temperature ditferences. with the almost
isothermal heat boundary conditions, sce above: analysis of temperature T, . The jet

velocity for which this method is usually used is approximately 30m- ', the usage for
very little velocity is questionable since it requires a long exposition time (even a few
. .. - 1 - .. -
hours at jet velocities of Tm-s . At higher velocities. a local surface temperature
differences would appear as a result of the “recovery™ effect. Higher temperature
differences could cause an additional error. For example, the temperature difference of
0.1K results in about 1% ecrror of the naphthalene saturated vapor. Moreover,
a mechanical erosion effect can appear at higher velocities. Because of that. using this
method tor naphthalene sublimation during mass transter for circular impinging jets
svstem showed in |28] is comparatively unusual since jets velocity reaches even
1
140m-s (1.

A reliability of the method. and a validity of the results obtained were being tested
in the past. The results have been compared with another experimental data (based on
different principles such as [luid evaporation trom porous wall or heat transfer
measurement). The comparisons are satistactory. and thev fully confirm a usability of
the naphthalene sublimation method for precise measurement of transport processes
[S. 15].

3. ANNULAR IMPINGING JET WITH AN ACTIVE CONTROL

An annular nozzle cquipped with fluidic switching was designed recently [22]. its
present variant of geometrical shape is a result of experimental research of













































































































































