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The intrrest of spacefaring nations in the Moon has grown considerably in recent years. Russia, China, the
European Space Agency, the USA and some other countries have the Lunar programs. The movement around the Moon
has a number of the features caused by gravitational field of the Moon, mascons and the small period of rotation.
Therefore these features need to be considerd at the design of both the space vehicle and its components. The electro-
mechanical block of solar array drive mechanism (SADM) of the spacecraft “Luna-Resurs-1" for a remote research of
the Moon is presented. It serves for rotation of solar batteries panels and provides orientation of the panels by active
part to the Sun. The purpose of this work is the analysis of strength characteristics of the spacecraft electromechanical
block of SADM in the research of the Moon. Stress analysis of the basic power elements of the design by method of final
elements in the Static analysis application of a CATIA package is made. The results of the calculation confirm the
lifting power of a load-carrying structure. The minimum margin of safety of the most loaded detail is equal to 1.91. The
developed device considers all the features of the movement on an orbit of the Moon and can be used in the research
spacecrafts when studying a terrain and structure of the Lunar surface.
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Humepec xocmuueckux oepacae k Jlyne 6 nociednue 200vl 3uauumenvno gvipoc. Poccus, Kumail, esponeiickue
eocyoapcmea, CILLIA u pso opyeux cmpan umerom c8ou JyHHble npozpammul. [eudicenue 6okpye Jlyuvl umeem psio oco-
bennocmell, 8bI36AHHBIX 2PAGUMAYUOHHBIM NOJeM JIYHbI, MACKOHAMU U MATbIM Repuooom epawjerus. Ilosmomy npu
npoekmuposanuy Kocmuuecko2o annapama (KA) 6 yenom u e2o cocmagnvix uacmeil dannvle 0cobennocmu Heooxoou-
Mo yuumvieams. IIpedcmasnen snexkmpomexanuyeckuu ook (OMB) ycmpoiicmeéa nosopoma 6amapei COIHEUHbIX
(VIIEC) kocmuueckoeo annapama «JIyna-Pecypc-1» 0na oucmanyuonto2o uccireoosanus Jlynol. O ciyscum 0ns epa-
wenus naueneil bamapeii CoIHeYHbIX, obecneyusas opueHmayuro naueneu akmusHou cmoponou na Coanye. Ilenvio
cmamvu A65lemcst ananus npouHocmublx xapaxmepucmuxk IMB VIIEC kocmuuecko2o annapama no ucciedo8aHuio
Jlynoi. Koncmpyxyus 6noxa ovina onmumusuposana. IIpouzseden npoyHOCmMHOU pacyem OCHOBHbIX CUTOBLIX DJIeMEH-
MO8 KOHCMPYKYUU MemOoOOM KOHEUHbIX 2ieMeHmos 6 npunodcenuu Static Analysis nakema CATIA. Pezynemamet pac-
uema noOmMeepAHcOAIom HeCyuwylo CnoCOOHOCMb CUL0BOU KOHCMpyKyuy. Munumanvhblil 3anac npouHocmu Haubojee
HaepyosicenHou demanu paser 1.91. Pazpabomannvlil 21ekmpomexanuyeckull 010K ycmpoucmea nosopoma bamapet
CONHEUHbIX YYUMbIBAem 6ce 0COOeHHOCmU O8udceHus no opbume JIyHbl U Modcem NPUMEHAMbCS HA HAYYHO-
uccnedosamenvckux KA no uzyuenuio penvegpa u cocmaga a1yHHOU NOGEPXHOCIU.

Kniouegvie crosa: pacuem na npounocme, ucciedoganue Jlynvl, bamapeu coineyHvle, Mexanuieckue ycmpoucmad,
Kocmuveckuti annapam «Jlyna-Pecypc-1».
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Introduction. The leading spacefaring nations of the
world, such as Russia, the United States, China, Japan,
India, as well as the European Space Agency (ESA) are
interested in the Moon. The interest concerns the analysis
of the mineralogical composition of the moon, the extrac-
tion of expensive rare earth elements and isotopes, such as
gallium and helium-3 [1; 2]. A number of programs have
already been implemented, and some are only being
planned for implementation. So in 2003 ESA launched
SMART-1, which carried out the tasks of exploring and
detecting potential lunar resources, solving problems
related to the theories of the origin of the Moon, and ana-
lyzing the composition of the Moon’s surface [3; 4]. In 2007
the Japanese satellite SELENE, which dealt with the
origin of the Moon and studied the mineralogical compo-
sition of its surface, was launched [5; 6]. The Indian satel-
lite Chandrayaan-1 [7; 8], the Chinese - Chang’e 1,2,3
were engaged in the solution of the problems mentioned
above, in addition, in the next few years it is planned to
launch spacecrafts Chang’e 5,6, providing the possibility
of sampling and delivery of lunar soil to the Earth [9].

The space program approved by Roskosmos for 2016—
2025 includes the project “Moon-Globe”, which implies
the use of the spacecraft “Luna-Resurs-1" intended for
remote exploration of the Moon [10]. The device will
solve the following tasks: mapping the mineralogical
composition of the Moon, mapping the distribution
of water ice on the lunar surface, studying the structure of
the subsurface layers, and topography of the lunar surface.
The working orbit is a circular polar lunar orbit with
an altitude of 150 km and an altitude of about 100 km.
The launch date is 2020 [11].

Orbital movement around the moon has a number of
specific features. The force of the gravitational field of the
Moon exceeds the Earth’s gravity by 5-6 times [12]. In
addition, the gravitational field of the moon contains
many anomalies caused by the mascons [13; 14]. The
Mascon is a region of the Moon’s lithosphere, consisting
of a significant mass accumulation. Therefore, when
designing the spacecraft “Luna-Resurs-1" and its compo-
nents, it is necessary to take into account the particular
features of the motion along the Moon’s orbit. In addition,
launching a spacecraft into the Moon’s orbit is much
more expensive than launching a spacecraft into Earth’s
orbit, so the mass of composite units and spacecraft
devices should be minimal.

The description of the electromechanical block
of the solar array drive mechanism (EMB of SADM).
EMB of SADM is a device designed to solve the follow-
ing problems [15]:

— rotation of solar arrays for the purpose of their
orientation to the Sun;

— for transit transmission of electricity from solar
array drive mechanism to spacecraft;

— giving information on the position of the output
shaft of EMB of SADM;

— transit transmission of control signals to the drive
for expanding the solar array (SA) panels.

EMB of SADM of the spacecraft “Luna-Resurs-1”
(fig. 1) consists of a drive, angular position sensors, a power
collector device, a telemetric current collector device.
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One of the main conditions for maintaining the effi-
ciency of EMB of SADM is its mechanical strength.
At the initial stages EMB of SADM design, the estima-
tion of the bearing capacity is carried out by numerical
simulation methods, which results in decisions on struc-
tural modification, if necessary.

Fig. 1. Physical configuration of EMB of SADM

Puc. 1. Buemnwuii sBug OMBbB YIIBC

Static stress analysis of the main power elements of
EMB of SADM. Loads acting on the electromechanical
block of SADM, perceive the main load carrying ele-
ments of the structure (fig. 2).

An output flange was added into the power circuit
of EMB of SADM of the spacecraft “Luna-Resurs-1".
This is done to increase the load-bearing capacity of the
EMB and to distribute the mechanical stresses more
evenly. The design of the EMB of SADM elements for
the output flange, the output shaft, the board and the case
was elaborated in detail. The optimal geometric dimen-
sions of the stiffeners and wall thicknesses were chosen in
such a way that the bearing capacity was maximum and
the mass minimal. Thus, the stiffeners were added to the
construction of the “Output Flange” component.

The EMB must satisfy the strength conditions and
remain operative after exposure to loads aroused in the
insertion phase and in the area where the solar arrays are
deployed into the working position (orientation to the
sun). Therefore, three simulation cases were considered.
Case Ne 1 simulates static loads that occur during the
stage of the launch of Luna-Resurs-1 spacecraft into the
Moon’s orbit, when the solar cells are in a fold position.
Simulation cases Ne 2 and Ne 3 imitate the loads that oc-
cur when the solar arrays are deployed into the working
position (orientation to the Sun).

Fig. 3 shows the scheme for fixing the EMB of
SADM. The load that occurs when the solar arrays are
deployed is transferred from the output flange to the shaft.
Then the force is transferred from the drive shaft through
the bearing part to the board, which is attached directly to
the spacecraft. The case, the cover, the flange are in the
structural diagram additional elements that increase the
rigidity.
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The output flange, case, board, flange, connector and
cover are made of aluminum alloys. The output shaft,
gear wheel, clamping ring are made of titanium alloy.
Stress analysis was performed on the basis of equivalent
stresses. As the working stress for all structural elements,
the yield stress o, is chosen so as to avoid the appearance
of permanent deformations. The safety margin was deter-
mined by the formula:

n=m>q, (M

where o, is the yield stress, MPa; G, is maximum stress
arising in the construction, MPa.

The calculation was carried out for all the elements of
the structure diagram by the finite element method in the
CATIA Static Analysis application. The grid is created
on the basis of tetrahedral finite elements with a linear
size of 3 mm. The model is developed taking into account

the possibility of its use for thermal analysis. In the places
where the parts were fastened, absolutely rigid elements
of RIGID were introduced, the boundary conditions and
loads were imposed on these elements. In order to organ-
ize the transfer of load from the output shaft to the board
and case, the bearing part was imitated in the simulation
scheme.

The design model has been verified to eliminate the
appearance of degenerate elements and impairment
stresses. The influence of input data on the response
of the design model is analyzed. The results of the calcu-
lation are presented only for two details: the output flange
(fig. 4) and the output shaft (fig. 5), since they are the
most loaded.

Table shows the values of equivalent stresses, yield
stresses and safety margins of the parts, the output flange
and the output shaft, which arise under the action of loads.

Clamping
ring

Bearing part

Output shaft

Fig. 2. Structure diagram of EMB of SADM (section in an isometric projection)

Puc. 2. Cunosas cxema OMBbB YIIBC (pa3pe3 B U30METPUIECKONH MPOSKIIUH)

Fig. 3. Scheme of fixing EMB of SADM: 1 — places of fastening EMB of SADM
to the spacecraft; 2 — places of fastening of a bar of the solar array with the
electromechanical block of SADM

Puc. 3. Cxema 3axpemnienust OMB VIIBC: 1 — mecra kpennenus OMb YIIBC
k KA; 2 — Mecra kperieHns mranru connednoi 6arapen ¢ OMb YIIBC
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Fig. 4. Tensely deformed condition of an output flange:
a — case of loading Ne 1; b — case of loading Ne 2; ¢ — case of loading Ne 3
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Fig. 5. Tensely deformed condition of an output shaft:
a — case of loading Ne 1; b — case of loading Ne 2; ¢ — case of loading Ne 3

Puc. 5. HanpspkeHHO-1epOopMHUPOBAHHOE COCTOSIHHE Bajla BHIXOAHOTO:
a — ciy4ait Harpyxenus Ne 1; 6 — ciy4ait HarpyxeHus: Ne 2; ¢ — ciydait HarpyxeHust Ne 3
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The results of statistic stress analysis of the output flange and the output shaft

Ne Load case The element of the design Maximum Stress G.,,, MPa Yield stress c,, MPa Safty margin n
| The output flange 50.1 490 9.78
The output shaft 45.4 750 16.52
) The output flange 226 490 2.17
The output shaft 157 750 4.78
3 The output flange 257 490 1.91
The output shaft 217 750 3.46

Conclusion. The output flange is added to the struc-
ture diagram of EMB of SADM of the spacecraft “Luna-
Resurs-1” to increase its lifting power and for a more
even load distribution. Optimization of the design of
EMB of SADM was carried out, and as a result the mass
of the node was reduced by 4.37 %. Stress analysis calcu-
lation of the main force elements is made. The electrome-
chanical unit withstands specified loads with a safety
margin of at least 1.91.
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