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Abstract
Purpose:
Among the primary objectives in future space missions, the building of lunar bases has a
growing attention. For this reason, beside the lunar rovers allocated to the exploration
missions, lunar vehicles assigned to working missions have to be considered.
In this paper the design of a particular device developed for the lifting mechanism of a worker
rover, is reported. The main task of this rover is to clear areas of the lunar soil allocated to the
building of lunar bases.

Method:
Parametric modelling and numerical simulations were used to obtain compact geometries of
the components and assess the structural behaviour of the most significant under extreme
operating conditions.

Result:
The components of the device, relative in particular to the transmission mechanism, were
developed for an optimal operating of the vehicle as concerns the stability control and the
correct operating of the linear actuator under load, keeping into account at the same time the
peculiar characteristics of the hostile lunar environment.

Discussion & Conclusion:
The optimally designed device, thanks to replaceable components, allows to recover an
efficient system after long working periods. The introduction of the device in a prototype rover
will allow to define the performance of the proposed arrangement.

1 Introduction
The interest for a deeper exploration of planets has
been recognized for a long time. In particular, different
missions to the moon have been performed over the
years [1,2], which allowed to collect a large amount of
data spreading from the physical and chemical
characteristics of the environment to the configuration of
the soil. The employment of lunar rovers greatly
increased the efficiency of these exploration missions. In
fact, the lunar rovers were assigned to the transport of the
crew, the exploration of the land and the picking of
material samples. These vehicles, among which it is
worth to mention the Lunokhods and the Apollo Lunar
Roving Vehicles (LRVs), were principally designed to
move on impervious surfaces and to cross obstacles[3-5].
The past lunar missions have also enforced the
possibility to establish human installations on the planet,
for the potential advantages that this may offer, including
space tourism, which was demonstrated as an
economically viable activity [6]. Several types of
structures have been proposed for lunar outposts, ranging
from simple inflatable structures to more advanced
projects with complex buildings and supporting
infrastructures [7-9].
Besides the exploration rovers, to install such an
advanced habitat on a planetary surface, extensive
operations for a proper site preparation, including terrain

excavation and grading, are required. For this purpose, a
different concept of lunar vehicles has to be considered.
This paper focuses on the design of a main component
of a lunar vehicle under development with this purpose,
since it is assigned to working tasks. In fact, the rover was
conceived as a skilled worker with the job to clear from
rocks and debris the areas allocated to the building of a
lunar base.
The design of the components of a lunar vehicle is a
quite complex task since it has to keep into account the
peculiar characteristics of the environment in which the
rover will have to operate, such as the fine and dry soil
called lunar regolith. In the design of lunar rovers for
exploration missions, particular attention is given to the
mechanical components which directly interact with the
soil [10,11]; the development of a worker rover also needs
to take into account other factors such as the load bearing
and carrying capability in a hostile environment, keeping
at the same time the structure simple and versatile.
The worker rover has been devised to catch loads and
move them and a lifting mechanism is a basic component
for both these tasks. In this paper the design of primary
components of the lifting mechanism, with particular
regard to the transmission mechanism, has been
considered. In particular, the functional and geometrical
characteristics of a particular device, developed for an
optimal operating and the stability control of the vehicle,
are described. First, the main characteristics of the worker
rover are briefly illustrated and then, the proposed design
solutions are discussed. Finally, a numerical structural
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testing for a screw and nut coupling, critical component in
relation with the hostile environment, but essential for the
lifting of the load and the rover, is reported.

2 Architecture of the worker rover
The arrangement of the rover was aimed to obtain a
functional and lightweight structure able to accomplish the
specific working tasks, also following general
requirements. The first requirement is relative to vehicle
mobility, that is, to achieve mission goals, the design
should meet the performance requirements for the
prospective geographical conditions, such as climbing
slopes or crossing rocks. The second requirement for a
lunar vehicle is to have sufficient endurance for its
missions, including reliability and robustness to the
environment, as already mentioned in the introduction.
Thirdly, overall system efficiency requirements such as
weight, and size must be satisfied.
The fig. 1 reports the essential scheme of the worker
rover, with the main parts depicted. This rover was
designed to catch and lift objects with a weight up to
800N, corresponding to a mass of about 500Kg in the
lunar gravity.

geometry, as are the numerous lunar mass on the moon
surface.
The columns of the rover have been designed to
accomplish different essential tasks for a correct
operating. In fact, at each column different devices have
been devised to achieve the progress of the vehicle, the
lifting of the load and the rover to keep a stable attitude
independently from the contour of the soil. An image of
the column of the rover, relative to a prototype vehicle
which is under development, is reported in fig.2.

Fig.2 The column of the rover

The advancement of the rover and the control of the
trajectory is obtained by means of a couple of wheels
connected to the lower end of each column, where the
epicyclic reduction gears mechanisms and the electrical
motors, visible at the left side of fig.2, are also allocated.
The electrical engine is a brushless motor with an
electrical power of about one kilowatt and a mass less
than one kilogram.
The components of the lifting mechanism, which
control the shift of the load and the attitude of the rover,
are a slide joined to two guides with a low coefficient of
friction, visible at the right side of fig.2, and a particular
device, which will be discussed later in detail, with a
precision coupling between a lead screw and nut driven
by an electrical motor, similar to that used for the
advancement of the rover.
These components are assembled inside a thin wall
body, whose material optimization is under study, with a
high torsion stiffness, which sustains the loads and
transmits them from the frame to the wheels. This element
can also protect the mechanisms from the action of the
outer, highly hostile, environment. In particular, it should
help to prevent the damage of the mechanical apparatus
produced by the abrasive action of the regolith, and it also
should serve as protection of the surfaces against
radiations, since the lunar thermal environment is
characterized by large temperature variations with higher
values than those measured on the heart [12]. This last
issue was also kept into account in the development of
the mechanical layout of the stability control device which
will be described in the next paragraph.

Fig.1 The worker rover.

The main components of the rover are a frame which
is connected to the catching mechanism of the load and
four columns that transmit the load to the frame by means
of slides assembled to the frame. The gripper system is a
plane articulated mechanism with three degree of
freedom. The scheme of the mechanism representing the
gripper, which is particularly evidenced in the bottom view
of fig.1, allows to grasp solid objects, with a generic
June 15th – 17th, 2011, Venice, Italy

3 The lifting and stability control
device
As previously introduced, the basic mechanism chosen
for the lifting and the stability control was a precision
coupling between a lead screw and nut, which is more
613
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suitable for space operations instead of pneumatic or
hydraulic actuators. This mechanism allows to stop very
simply the excursion of the slide on intermediate
positions, thus achieving the control of the stability. In
fact, it is possible to adjust the position of the frame of the
rover according to the size and geometry of the weight,
keeping at the same time the barycentre of the vehicle as
low as possible, thus restricting the likelihood of its
overturning. The lifting mechanism can be driven
independently on each column, thus allowing the vehicle
to cover impervious surfaces and to cross obstacles as
large as the diameter of the wheels, maintaining at the
same time the attitude of the rover.
The lead screw and nut coupling was assembled in a
compact device whose components were designed so as
to optimize the operating of the lifting device. In particular,
two main and correlated aspects were kept into account;
the first was relative to the loading components acting on
the screw and nut mechanism, while the other concerned
the environment in which it will have to operate.
As for the first requirement, to assure a correct
operating of the linear actuator when the vehicle is under
load, a decoupling element was introduced between the
slide and the lead screw and nut coupling. This part,
conceived with a different stiffness according to the
component of the load transferred, was designed for
transmitting to the lead screw only the normal component
of the load, transferring simultaneously the other
components to the loading bearing structure.
The particular joint is evidenced in the detail of the
column reported in the pictures of fig.3.

Fig.3 A detail of the column.

Fig.4 The operating conditions of the joint.

A meniscus, made of a material with a low friction
coefficient and high strength, is placed between the joint
and the flange of the nut to reduce the friction between
the two surfaces in contact.
The geometry and the assembling conditions give to
this component the capability to rotate and to slightly slide
in the radial direction with respect to the axis of the lead
screw also compensating the potential misalignment
between the axis of the lead screw and the axes of the
guides fixed to the column. These components are finally
assembled introducing another similar meniscus on the
opposite side of the joint and a proper counterpart
fastened to the nut by means of a screw. The detailed
geometries of the parts of the device are shown in fig.5.

This joint, whose geometry has been accurately
optimized, is rigidly connected, by means of screws, to
the slide on one side and it is simply placed on the flange
of the nut, as evidenced in fig.4, where the assembled
joint is reported.
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Fig. 5 The main components of the device.

The joint and the meniscus were considered as a
coupled pair and the functional and structural
requirements evaluated under this configuration. As for
the functional parameters, since the joint is designed to
allow linear and angular adjustments, the maximum linear
displacement and the maximum angle of rotation were
estimated. It was accomplished by a mechanical variation
analysis of the assembled device evaluated at the limit
positions by means of a CAT software. A value of about
2,5mm was obtained for the linear displacement, while, a
maximum angle of 4° was estimated.
As previously mentioned, the design of the screw and
nut coupling was developed also considering the peculiar
characteristic of the lunar environment. In particular, the
high abrasive action of the regolith, typical of the lunar
soil, can affect the performance of the mechanical parts,
especially for those where sliding between the surfaces
exists. For this reason an optimised scheduled
maintenance has to be foreseen.
The nut was modelled into two parts, consisting of a
prism shaped portion internally threaded and a plane
element, which acts as the flange of the nut. The
geometry of each part with the functional dimensioning
scheme is reported in fig.6.
In particular, the fig.6a) reports the geometry of the
threaded part, while the fig.6b) is relative to the flange of
the nut. Regarding the functional dimensioning scheme, it
has to be observed that the width across the flats of the
hexagonal feature has to be considered a basic
dimension.
The functional requirements of the two parts reported
in fig.6 can be verified with the use of a CMM properly set
up. In fact, the arrangement of a gage to inspect, in
particular, the hexagonal features of the two parts should
be, for an accurate measurement, more troublesome
since, for a profile tolerance, both the inner and the outer
boundary at the same time have to be verified.
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a)

b)
Fig.6 The geometry of the nut: a) threaded part b) flange.

The use of the threaded insert, destined to a regular
replacement, is advantageous principally for the
manufacturing of the part. The geometries of each part
were also optimized to minimize the overall size.
Particular attention was also given to the choice of the
materials, as for wear resistance and weight, important
parameters in the design of a lunar vehicle. In this study,
titanium and carbon/carbon composite were considered
respectively for the nut and the lead screw.
The coupled mechanism was than structurally verified
by means of finite element analysis. In numerical models
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reported in literature for screw and nut couplings, usually
simplified axysimmetric finite element modelling has
mainly been used, thus neglecting the effects of lead
angle and the helix of the thread profile [13,14]. The use
of parametric CAD modelling for the design optimization
of each component, among the many advantages, also
allowed to perform the structural validation of the real
geometries of the screw and nut coupling. The finite
element model, implemented in a F.E.M. commercial
software, was obtained by using 3D brick elements, while
contact elements were used to simulate the threaded
interface between the screw and the nut. Only the
cylindrical portion of the nut was modelled while the
action of the plane part was took into account by means
of adequate boundary conditions.
The fig.7 shows a detail of the F.E.M. model of the
screw and nut coupling.

Design of a device for stability control system in hostile environment

Fig.8 The von Mises stress distribution of the nut.

In particular, the fig.8 reports an iso-colour
representation of the Von Mises stress distribution,
expressed in MPa, for the nut component of the coupling.
Similar results were found for the lead screw component.
The part exhibits the presence of stress concentrations
along with the threaded surfaces in contact, in particular in
correspondence of the fillets turns next to the outer edge.
However, the stress field acting on the screw-nut thread is
compatible with the chosen materials.

4 Conclusions

Fig.7 The F.E.M. model of the screw and nut coupling.

The numerical simulations, in particular, were relative
to an extremely heavy limit condition. In fact, during the
working operations of the rover on the lunar soil, an
unexpected attitude of the vehicle can occur. In particular,
during the crossing of the rugged soil of the moon, the
vehicle can be found sustained only on two of the four
columns. Furthermore, this event should happen while the
rover is loaded at its upper limit, thus forcing each of the
two operating columns to carry the overall load.
The fig.8 shows the stress distribution obtained and
relative to this extreme loading condition.
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The device designed for the column of the worker rover
allowed to optimize both the loading and the
environmental operating conditions of the lifting
mechanism.
In particular, the described architecture, with a
replaceable titanium made nut, is customised to the lunar
environment, to allow an easy replacement of the
threaded part, that is the cheapest component in the
screw-nut mechanism. By this way, it is possible the
recover of an efficient system as well after a long working
period in a hostile environment where among other heavy
conditions, also the arduous regolith is present.
The prototype column of the rover actually existent is
manufactured with conventional materials. Future work
will concern the technological realisation of the system
with the advanced materials, assessed with the numerical
simulations. The system will be tested to collect the
mechanical variables so as to define the system
performances as efficiency, the driving couple, the system
acceleration and the under load system life.
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