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ABSTRACT 

The Landing Gear System for the X-38 demonstration 
vehicle has been developed considering future 
application to the CRV vehicle. It consists of three legs 
in a typical aeroplane configuration with two main and 
one nose legs. They are retracted during ascent, in orbit 
and re-entry phases and are released near the ground by 
pyrotechnic-nuts and deployed by preloaded springs and 
gravity. This gear has been designed to allow landing in 
unprepared plain fields limiting the accelerations on the 
spacecraft at touch down, through expendable damping 
cartridges and skids. 

During 2002 the test campaign of the X-38 Landing 
Gear has been completed at Sener. Three different types 
of tests have been performed: Functional deployment 
tests, Static load tests and vibration tests. This paper 
discusses the objectives of the tests and how they are 
achieved with a description of the mechanisms involved 
and their predicted performances. 

The different types of tests and results are described 
together with the major events and lessons learned 
during their performance.  

TEST ARTICLES 

There are two types of landing gears under test: The 
Nose gear deploying frontward and the Main gear 
deploying backwards with some common features. They 
are formed by the same subassemblies; main cylinders, 
drag link, lateral strut, damping and telescope extraction 
mechanism, and skid. The main cylinder subassembly 
form a telescopic mechanism that provides the damping 
stroke by a telescopic tube that slides into a cylinder on 
two plain bearings. The telescope cannot rotate in the 
cylinder axis and only provides linear movement. The 
lateral strut in both gears, main and nose are attached to 
the cylinder and forms a rigid assembly with it.   

In both types the skid rotates during deployment by a 
roller cam mechanism to point forward when deployed. 
This is required to position its centre of pressure in front 

of the attachment to the telescope in order to provide 
stability at touch down in soft terrains. 

 
Figure 1 Nose gear deployed and stowed 

The main cylinder-telescope mechanism accommodates 
a crushable damper and a mechanism to extract the 
telescope and block it in an extended position. This 
extension mechanism is required because the length of 
the cylinder-telescope required for shock attenuation is 
too long to fit inside the allocated volume in the vehicle. 
The legs in all gears are retracted when stowed, 
extended by a specific spring loaded mechanism during 
deployment and locked by shear pins to get the required 
damping stroke. 

Other common feature in each leg is the launch locking 
that is performed in a single position in the main 
cylinder with pyrotechnic-nut on the S/C interface. 
There is no any additional attachment on the skid or 
telescope. 

There are also some differences in the mechanical 
concept of the two types of legs that have influence in 
the results in different tests: The Nose gear forms 
conceptually a planar mechanism and has symmetry 
with respect to a vertical plane defining the planar 
mechanism with two symmetric drag links and lateral 
struts. Therefore all hinge axes are parallel and 
horizontal in the nominal attitude. When stowed the 
main cylinder is attached to the S/C by a lock down 
mechanism in one side of the cylinder in a non-
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symmetrical configuration and the main cylinder is 
close to horizontal and the skid is rotated from its 
deployed position 90º and preloaded against a support 
plate by the damping mechanism spring. 

The Nose deploys 110º about the main axis joining the 
main cylinder to the S/C, first by gravity and the last 20º 
of the deployment by a spring-loaded mechanism. In 
this phase of the deployment the spring mechanism is 
working against gravity. This mechanism has an over-
centre position that provides the locking at the final 
position. The skid rotates from the stowed position at 
the first stage of the deployment and locks in the final 
position. In the deployed state the telescope is forming 
20º to the vertical in the X-Z plane. 

The Main gear has a single drag link and lateral strut 
that forms a spatial mechanism with the main cylinder. 
In stowed position the Main gear structure is in a 
volume box forming 40º with the horizontal. This angle 
is the corresponding to the main cylinder hinge axis that 
is contained in a vertical plane and is forming this angle 
with the horizontal. When stowed the main cylinder is 
attached to the S/C by a specific bracket at the centre of 
the main cylinder the skid is rotated from its deployed 
position about 60º and is preloaded against a support 
plate by the damping mechanism spring. 

 
Figure 2 Main gear deployed and stowed 

The Main gear deploys 90º about the main axis assisted 
by gravity (and aerodynamic loads during flight) with a 
final position of the main cylinder in a vertical plane 
containing the rotation axis. The skid rotates from the 
stowed position at the first stage of the deployment and 
locks in the final position. A shear pin on the drag link 
central hinge performs the locking of the main gear. In 
the deployed state the telescope is forming 10º to the 
vertical in the Y-Z plane. 

TEST SEQUENCE 

The test sequence followed by the three legs is slightly 
different. As there are two symmetrical main gears the 
verification of some performances is only done in one 
of the legs, the starboard. In addition there are some 

common subassemblies in all the gears that are only 
fully tested once for performance characterization.  

Table 1 shows the qualification campaign carried out 
with the three legs. The model philosophy is a proto-
flight approach with only one model built and 
refurbished after the test campaign and before 
integration on the flight vehicle.  

 
Test  STBD PORT NOSE

Kinematics verification 
Torque margin 
Deployment (diff. Pitch) 

X X X Functional
(before 
and after
vibration) High speed video X X X 

Damping extraction mech.   X 
Skid    X 

Static load

Gear without skid X  X 
Vibration Low level Sine 

Random 
X X X 

Table 1 Test matrix 

The sequence of the testing for the Nose gear is as 
shown in Figure 3. The damping system load capability 
is tested first before integration in the landing gear to 
avoid disassembly during the gear testing. After 
integration the functional tests include kinematics 
verification, torque margin and deployments at different 
pitch angles and high-speed video recording. The static 
load in the skid is performed separately to the structure 
due to the test set up. The final functional includes only 
torque and deployment tests with only one pitch 
attitude. In all cases the functional tests are repeated at 
least three times to verify repeatability of the results and 
identify potential degradation. 

Full
Functional

Static load 
damping

Static load skid

Static load 
structure

Vibration
Functional

(Deployment +
Torque margin)  

Figure 3 Test sequence 

FUNCTIONAL TESTS 

Deployment mechanisms concept 

The deployment mechanisms for both the Nose gear and 
the Main gear include two different mechanism 
concepts working in different stages of the deployment. 
In a first stage a roller cam mechanism rotates the skid 
around an axis perpendicular to the skid plane to get at 
the end of the deployment a skid forward orientation. A 
second stage completes the deployment and locking of 
the load carrying structure. In both stages the main 
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actuation force is gravity. However in the Nose gear 
there is a spring mechanism working against the gravity 
and friction provides the deployment force at the end of 
the deployment when the roller-cam operation has 
already been completed.  

 
Figure 4 NLG roller-cam skid mechanism 

In the roller cam mechanism part of the gravity force is 
used to rotate the skid from the stowed position to the 
position that points forward when deployed. When it is 
fully rotated it arrives to an end-stop and a spring loaded 
locking mechanism blocks the skid. Figure 4 shows how 
the roller attached to the S/C drives the cam attached to 
the Nose gear skid.  

The movement of the complete gear drives the skid cam 
against the roller providing the angular motion. The 
design of the cam has considered the torque margin and 
the geometrical constraints of the skid rotation to avoid 
interferences and jamming. There is a direct relation 
between the deployment angle and the skid rotation at 
the very start of the deployment and this parameter has 
not been measured during the tests. However there is a 
phase starting during cam-roller actuation up to the end 
of the deployment when there are three uncontrolled 
DOF. They are unrestricted motions of the telescope 
extension and the telescope to skid universal joint. 
These three DOF are unrestricted and their behaviour 
depends on the deployment conditions. However they 
are necessary to guarantee that the skid when touching 
down is free to adapt to the ground.  

Slow Deployment 

The first deployment was performed in slow motion to 
check the kinematics, clearances and roller-cam final 
contact.  

During the design phase, a dynamic simulation was not 
performed due to budgetary constraints and therefore 
the unconstrained DOF of the deployment could only be 
estimated.  

In both gears there was identified some discrepancies 
between the kinematics model and the actual behaviour. 
Those discrepancies were mainly due to the under-
constrained DOF, which were artificially driven in the 
kinematics model with no consideration of dynamic 
effects. After the tests and as an internal Sener study, a 
dynamic simulation was performed to identify the 
deviations of the assumed drives w.r.t. the dynamic 
behaviour. Figure 5 shows one of the parameters used in 
the kinematics model and the same parameter in a 
dynamic simulation. This difference defines different 
bodies trajectories and dynamic envelopes with 
potential shocks during the deployment.   

In fact during the deployment interferences appeared in 
the cams of both gears; with the telescope in the nose 
and with the skid in the main gear. The kinematics 
model was modified according to the test data and a 
more exhaustive study of allowable positions of the free 
DOF were performed to define the required design 
change and implement it in the equipment. The design 
changes were implemented with good results and after 
the verification of the kinematics of the complete 
deployment the gears were considered ready for 
functional test. 

Skid pitch up angle w.r.t. Main deployment angle.  Comparison of DADS results with CATIA initial 
cinematic model drives

-50

-40

-30

-20

-10

0

10

20

0 10 20 30 40 50 60 70 80

Main axis angle(deg)

Sk
id

 p
itc

h 
up

 a
ng

le
 (d

eg
)

Skid pitch up (CATIA) Skid pitch up (DADS)  
Figure 5 CATIA v.s. DADS differences 

Torque margin measurement 

There are two types of deployment tests, one is 
performed with a controlled slow motion measuring the 
torque at main hinge level required to retain the 
deployment. This test is performed in deploy and stow 
directions in order to assess the friction and hysteresis 
during the deployment.  

The deployments are performed in different vehicle 
pitch angle conditions to change gravity force vector 
that is the main actuation force in the deployment. 

During the deployment the measurement includes the 
angular position of the leg and the torque required to 
retain it. The angular position is measured by a 
potentiometer and the torque by a load cell. The load 
cell is the load path of a cable-pulley system that is used 
to stow and deploy the gear. The cable is driven at 
constant speed in either stow or deploy directions. Due 
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to set up and equipment design constraints it was not 
possible to measure the complete deployment in one 
shot and it was performed in two phases, cam roller in 
one stage and the rest of the deployment in the other.  

NLG Functional Test. Torque measurement
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Figure 6 Torque margin test results 

Figure 6 shows the torque at main hinge level for the 
Nose Gear. The first part of the deployment shows 
higher friction due to the cam-roller mechanism that 
actuates during the first 40º to orient and lock the skid in 
forward direction when deployed. The torque has a 
minimum near 95º from deployment start that is the 
position where the CoG of the gear is in the vertical of 
the main hinge axis. The three test curves show different 
pitch angle conditions where the gravity vector angle 
effect can be observed. Negative values in +5º pitch up 
condition show that the spring actuation is not enough 
for a quasi-static deployment and during flight it is 
guaranteed due to the high inertia and the “swing” of the 
vehicle under the parafoil. 

It can also be appreciated from Figure 6 that the 
hysteresis is very different inside and outside the cam 
mechanism. The cam-roller mechanism adds an 
additional friction to the deployment that is affordable 
in this case due to the high positive torque margin in 
this stage of the deployment. However as it can be 
foreseen, the friction torques of the rotation joints 
(journal bearings) are much efficient that the roller-cam 
joint. 

The dotted curve shows the analysis predictions for 
nominal landing (0º pitch) that fits quite well with test 
results. The analysis did not take into account the cam-
roller mechanism for simplicity of the model and was 
performed in an early stage of the design phase. In 
general, test data shows good correlation with 
predictions and permits the assessment of the friction 
torques involved in the deployment for the calculation 
of the torque margin. I appears evident that torque 
margin is not positive in some cases of pitch up 
condition because the torque curve just with nominal 
friction is negative around the 90º position. 

 

Deployment under flight conditions 

The second type of deployment test is the release of the 
gear from stowed position in similar conditions than 
flight. In addition to the measurement of different 
parameters, a high- speed video recording is performed 
in order to follow those DOF that are not recorded 
independently. In this case the gear is released by a 
pyrotechnic nut. Due to the number of deployments 
carried out, the pyrotechnic initiator was only used 
twice, one before and other after the vibration test. The 
rest of the deployments were performed by pyrotechnic 
nuts initiated by cold gas. In total, around 65 shots were 
performed during the test campaign. 

Different parameters were measured during this test; the 
angular position, the accelerations on the telescopic tube 
in three orthogonal directions and the drag an lateral 
links forces. 

The angular position like in the slow deployment is 
measured by a potentiometer in order to get the position, 
velocity and acceleration curves of the deployment. 
Most of the elements of the gears are linked to this 
position and therefore are derived from them. Figure 7 
shows the velocity of the main gear deployment with 
two different stages. The first part corresponds to the 
skid roller-cam mechanism and the second is the final 
part of the deployment with the skid in its final position. 
The deceleration corresponds to the exit of the roller 
from the cam and is found in both the DADS model 
(built after the tests as a Sener internal activity) and the 
test data. It is associated to an increase of resistance 
caused by geometrical constraints due to a different 
behaviour of the telescopic motion and higher friction 
than expected.  

Again and like in the nose gear, it can be found from 
different deployment information that there are negative 
accelerations (and therefore negative torque margins) 
during the deployment and that the deployment is only 
guaranteed by the high inertia of the gear. 

Main gear. Deployment angle angular speed. Comparison of test data and 
DADS analysis data
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Figure 7 Main gear angular speed during 

deployment 
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The measurement of drag link force during the 
deployment is also one important parameter for the 
Nose gear characterization.  

The Nose gear has a design feature that is not applicable 
to the Main gear. The drag link is formed by two 
parallel links at both sides of the main cylinder. The 
alignment and integration process of these links is of 
great importance to get a smooth deployment with no 
rolling effect. Having slightly different links lengths at 
both sides produces a deployment with a rolling motion 
of the gear. The shock at the end of the deployment 
appears in one side first showing that the load path is 
not exactly symmetrical. Figure 8 shows this difference 
in drag link forces that although it cannot be completely 
removed, need to be controlled in order to maintain the 
validity of the structural and deployment models. It can 
be appreciated that the maximums of the forces in both 
links are in opposition, confirming the rolling motion of 
the gear. These forces contribute to increase the friction 
of the bearings and reduce the torque margin. The first 
perturbation, due to the skid rotation end-stop, produces 
an initial rolling excitation that continues during the 
whole deployment and is reproduced during locking and 
final end-stop. 

NLG-DEP-PRE-UP-01(19-07-01)
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Figure 8 NLG deployment. Drag link forces. 

Other measurement performed during the deployment is 
the acceleration on the telescope. The location of three 
orthogonal accelerometers in the telescope is to identify 
the main events during the deployment: The release, the 
first contact of the roller-cam mechanism of the skid, 
the skid rotation end-stop, the exit of the roller from the 
cam, the telescope extension end-stop, the skid pitch 
end-stop and the locking and drag link final position.  

During the deployment and due to gravity forces the 
legs gain a substantial kinetic energy due to the mass of 
the Gear.  

Figure 9 shows a typical acceleration plot for a main 
gear deployment. The accelerations versus deployment 
angle are repetitive in magnitude an position and give 
information about the different events occurring during 
the deployment, the sequencing and the relative 
importance. 
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Figure 9 Accelerations during deployment 

VERIFICATION OF TOUCH DOWN LOADS 

Initially the Static load tests were foreseen to verify the 
structural capabilities of the gear and to verify the 
analysis models. However, the absence of a drop test 
due to budgetary constraints leads to the decision to add 
an additional verification to the static load tests. 
Normally the landing gears are subjected to drop tests to 
verify the damping capabilities under dynamic 
behaviour. In this case the verification is only 
performed statically by adding an additional step to the 
test by crushing the damper first stage, this serves to 
verify the behaviour of the gear under touch down 
“static” conditions. The test is performed with two 
loading conditions, a lateral loading, only to verify the 
analytical model, and an axial loading in which the 
damping performances are also verified. 

Figure 10 and Figure 14 show the static load test set up 
for main and nose gears. The integration rig is attached 
to a “hard floor” and the leg is set in deployed and 
locked position. A hydraulic jack is then attached to the 
leg in one side and to a fixed structure part of the 
facility in the other side. The attachment of the jack is 
such that the worst-case load direction and level can be 
applied at the tip of the leg. The skid is removed and 
tested separately.  

 
Figure 10 Main Gear static load test 
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The parameters measured are the hydraulic jack input 
force, the strains in key points of the gear and the 
displacement at the tip of the gear. The strain gages are 
located in the drag links, lateral struts, damping system 
and in the most stressed points of the cylinders and 
telescope. The stresses are converted to forces in the 
bars and compared in real time with predictions during 
the test. 

The test run was performed increasing the load and 
going back to zero to assess the hysteresis and linearity 
of the structure. Each run was repeated several times 
with increasing maximum force level up to the 
qualification level. The results were analysed after each 
run before proceeding with the next one to guarantee no 
damage to the gear. 

In general the correlation showed good fit with the 
analysis, and the major discrepancy was due to the 
bearings. This discrepancy is due to the non-linear 
stiffness of the journal bearings with small loads. This 
leaded to higher deformations that expected in particular 
during the initial loading but stabilizes once a certain 
load is reached and arriving to a stiffness level close to 
predictions. 

MLG STATIC LOAD TEST. TWO POINT CASE. MAXIMUM LOAD   198332 N
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Figure 11 Test correlation curve 

Crushing test 

The major finding during the static load test was done 
during the crushing test in which the damper 
performances and touch down conditions were better 
reproduced.  

Very early in the tests it was identified that during the 
analysis of the damping system, little attention was paid 
to the contribution of the telescope-cylinder friction. 
The damping during touch down is achieved by the 
crushing (with a quite constant force) of a crushable 
damper inside the main cylinder and the stroke of the 
telescope that is inserted in the main cylinder. The 
telescope transmits the ground loads to the gear 
structure in two ways; in the cylinder axis direction 
limited by the damper force and in out of axis direction 
by a moment transmitted through the telescope bearings. 
This moment transmitted to the main cylinder thorugh 

the telescope bushings by radial contact adds a friction 
component to the damping force. This is especially 
important in this gear because the use of skid put high 
horizontal loads that derive in high moments on the 
telescope.  

Lt

Ff1
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fd1
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FH, FV=ground forces; Fn=Bearing normal forces; Ff=Bearing 
friction forces; Fd=damper force;Sc,Lt,ex,alfa=geometrical constraints 

Figure 12 Damping forces 

Figure 12 shows the forces acting on the telescope in 
static equilibrium. It can be seen that increasing the 
moment to the telescope the normal and friction loads 
on the bushings increases. This has a very negative 
effect in the way that forms a feedback circle: Higher 
friction requires higher ground force to compress the 
damper and therefore friction increases again. This 
effect is increased by the moment in the telescope that 
deforms it by bending increasing again the friction. This 
moment is more severe in the main gear because the 
telescope is more vertical that the nose.  

During the test it was identified the necessity to reduce 
the friction of the telescope bushings as far as possible 
and a design change was implemented. The test was 
performed in the gears before and after the 
implementation of the change in order to assess the 
effect of the friction in the landing gear damping and 
structural performances.  

MAIN GEAR STATIC LOAD TEST.DAMPING FORCES
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Figure 13 Damping system force 
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Figure 13 shows the different behaviour of the landing 
gear damping system before and after the reduction of 
friction force on the telescope. The curve with the high 
hysteresis corresponds to the high friction case in which 
some particular features can be observed. First the 
upload part of the curve is non linear and the deviation 
from linearity increases with the load due to the increase 
of friction induced by the bending. The input force is 
much higher to get a given force on the damping system 
because a significant part of the input force is 
transmitted through friction. A preliminary assessment 
of the friction can be done from the unloading curve. It 
shows how much friction is involved in the static 
equilibrium. A ground force decrease from 275kN to 
100 kN only reduces 30 KN the damping system, the 
rest is friction, first acting in one direction an later to the 
opposite direction. It can be appreciated that about 100 
kN resistance is added due to the bending of the 
telescope and the rest can be considered Coulomb 
friction.   

The low hysteresis curve shows the actual behaviour of 
the damping system, and superimposed to it the test in 
which the crushing of the damper occurs. It can be 
observed that the ground load needs to be increased 
during the crushing stroke. This is due to the test set up 
in which the geometrical constraints do not reproduce 
the real conditions. The behaviour after the 
implementation of the change shows a significant 
reduction of friction and a linear behaviour. 

 
Figure 14 Nose Gear static load test 

VIBRATION TEST 

Random vibration and sine survey tests have been 
performed in three orthogonal directions non coincident 
with vehicle axis to identify natural frequencies and 
check integrity after random. The mathematical model 
has been verified to guarantee that structural damping 

from test results is conservative. The most loaded 
element during vibration is the pyrotechnic-nut 
attachment. The rest of the structural parts are defined 
by touch down loads and little stresses will appear 
during launch.  

The pyrotechnic-nut used for tests is a M8 size installed 
in a specific attachment that only transmits axial loads. 
The lateral struts and main cylinder take lateral loads.  

  

 
Figure 15 Main Gear vibration test 

Different findings applicable to both Nose and Main 
gears have arisen during the vibration testing. In both 
types of legs the drag link is in cantilever configuration 
with one of the deployment mechanism hinge axis at the 
end. This is a low stiffness configuration that defines the 
lowest natural frequency of the gear and therefore the 
mass optimisation is of paramount importance while 
being a main load path at touch down. In addition the 
displacement at this point is in the range of +/-10 mm, 
and therefore special care need to be taken in the 
packing of the gear around this element. Especially in 
the main gear the dynamic envelope has to be carefully 
checked during integration due to the small clearance 
between the S/C inner skin (pressurized) and the drag 
link. 

One of the major concerns during the design process 
was the behaviour of the skid under launch 
environment. The skid is preloaded by the damping 
system extraction spring against a support plate attached 
to the vehicle. Due to the mass of the skid this is not 
enough to keep the skid in contact to its support, 
therefore the FEM consider the skid free except in one 
of the edges in which the preload is provided by the 
lockdown shimming during assembly. This design 
leaves the skid free in the skid longitudinal direction 
(supported by the telescope bending stiffness and by 
friction) and with a low stiffness in the skid off plane 
direction. An additional FEM model with the skid 
unsupported was considered for the dimensioning of 
some elements due to the uncertainty of the real 
behaviour.  
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The skid showed the foreseen translation in its 
longitudinal direction and the rotation around the 
supported edge. The X direction movement was evident 
and the separation from the support resulted in some 
rattling. It was also observed that in high g-levels the 
skid supported edge had some translation in X-direction 
indicating that the lock down preload and the friction 
was not enough to maintain the skid edge in position. 
After the tests an inspection of the H/W showed little 
damage in the skid and its support plate due to the 
rattling effect.  

As a conclusion, the landing gear has shown similar 
behaviour than predictions and can withstand the launch 
mechanical environment. However for future upgrades 
it is recommended to change the attachment point from 
the main cylinder to (or near to) the skid to improve the 
structural performances. 

CONCLUSIONS 

The verification campaign of the X-38 Landing Gear 
provides valuable data for its improvement and 
optimisation for a man rated vehicle like the CRV. In 
addition it has demonstrate the capability of the actual 
design to perform the functions specified for its use in 
the X-38 demonstration vehicle. All major requirements 
needed for the successful functioning of the Landing 
Gear have been covered in this verification campaign. 
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