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Abstract. Offset large-sized deployable mesh reflector with symmetric frontal and rear nets is
described in the paper. This reflector involves extended aperture area and reduced framework
elements by applying beam elements in the peripheral areas of reflecting surface. Strain-stress
analysis is conducted to calculate reflecting surface shape of required accuracy.

1. Introduction
Designing updated large-sized deployable space reflectors is one of the current issues in both military
and industrial sectors. The practical relevance of such reflectors has been described in [1 — 3]. In the
publications [4 — 6], different reflector types have been discussed, involving their stiffnessestimation
via mode shapes and relevant natural frequencies, as well as the analysis of various approaches in
solving nonlinear problems for cable membrane structures, including initial estimate determination.
Antenna gain directly depends on the reflector aperture size. The more the reflector aperture is, the
more its structure mass and dimension size is (due to extending framework spoke elements), which, in
its turn, could be an unfavorable condition in transporting the reflector on-orbit. The research target is
to design a large-sized deployable reflector with the following characteristics — less mass, increased
aperture size and precise reflector surface.

2. Problem statement
Stress-strain state simulation problem of cable beam shell structures is based on nonlinear elasticity
theory which includes thermal strain.

Deformation-displacement relation is considered as:

€ = as 2)(”5,] +u,; +uk,iuk,j) > (1
where, ©— components of the displacement vector.

To simulate the mechanical behavior in stress state, simplified stress-strain relations are applied.
Tensor components of Kirchhoff stress and tensor components of strain are:

T
oy =ay (e —ey"), (2)

where, a;u=a;«(X,T) — elasticity tensor components related to different structure elements and their

T . . .
temperatures; ekf "= 80,,AT — strain temperature tensor components; ¢ — linear thermal expansion

coefficient; d; — Kronecker symbol; AT=T-T, — temperature difference; T, — initial temperature; 7 —
final temperature. The next relation is the equilibrium equation:

[O'lj . (5ki +u/(,i)]9j +Pl =0 , (3)
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where, P;— mass force components.

Displacement boundary conditions are assigned to S, structure surface, where u=0 is the
attachment location to the spacecraft. In the above-mentioned problem statement, the initial state is
the zero stress of the elements in the reflector structure. Due to prescribed boundary conditions
pretensioned structure is in the equilibrium state, providing a rather precise designed reflector surface
shape.

Analytically, such problem tasks are difficult to solve. It is more preferable to apply the variational
approach so as to receive numerical solutions. Detailed variational approach is described in [7].

Root mean square (RMS) error of reflecting surface o,,, is expressed as paraboloid axis error Az

[8]:
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where, S, — reflecting surface area.

This relation is a good approximation for any surface deflection in reference to thebest fit
paraboloid. In this case, it is preferable to apply the above-mentioned formula, not only for radiometric
surface deflection approximation but also for imperfect surface gain loss [9].

In Cartesian coordinates (X, Y,Z) RMS error of structure nodes with coordinates x;,y,z; (i=1,...,N) is
estimated by the integral formula:
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where, Az;=z-z"““— i-node deflection from paraboloid; z*“““ — theoretical value Z of i-node coordinate
on paraboloid; N — number of points. It is presupposed that node distribution on reflecting surface
influences the RMS error proportionally.

However, the systematic error is also involved in the RMS error:

— 1 &
Az=—)> Az . 6
N2 (©6)

This could easily exclude reflector displacement on Z axis. It is more suitable to use RMS error
without the systematic error being calculated as:

N ., 1/2
RMS. =[%;(Azi—Az) j . (7)

3. Reflector structure elements
Applying beam elements within reflector peripheral sectorsresults in the increased aperture area
whichinsignificantly changesthe mass structureitself (figure 1).

The reflector size of not more than 36 m is illustrated in Figure 2. If beam elements are excluded,
this would result in the increase of the framework structure elements to 5 m. In this case, this structure
would be 45 m or more in size.

If the number of framework spokes are decreased (in our case to 6), the reflecting surface sector
area would increase. In this case, the beam elements retain the effective reflecting surface area despite
the decreasing number of spokes (figure 1, figure 2).

Figure 2-5 illustrate finite element model (FEM) offset mesh reflector with 6-spoke framework
(35 m in diameter). Frontal and rear nets are symmetric.

FEM includes shell elements without bending stiffness (reflecting surface), one-dimensional cord
elements (rear and frontal nets, tension ties, framework cords), shell elements with bending stiffness
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(spoke elements), one-dimensional beam elements, hub designed as honeycomb structure between 2
carbon composite layers.
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Figure 2. Geometrical reflector sizes, m.
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Figure 3. Geometrical reflector sizes, m.
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Figure 4. Component partsofFEM. Figure 5. FEM of reflector.

Figure 6 illustrates spoke components and tension ties arrangement. Tension ties are fixed directly
to root components, while other tension ties — indirectly from intermediate and A and B components.

component A

intermediate
root component component
28 e me e R S e A ’

— - frontal and rear net cords
- tension ties to root component
—————— - tension ties from the remaining component

component B

Figure 6. Spoke components and tension ties arrangement.
FEM elements characteristics:
e root components with circular tube section diameter of 0.218 m, wall thickness — 7%x10* m,
length — 6.158 m, elasticity modulus — 1.51x10"" Pa;
e intermediate component with circular tube section diameter of 0.179 m, length — 6.158 m, wall
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thickness — 7x10™ m, elasticity modulus — 1.51x10"! Pa;

e component A and B with semi-circular section,wall thickness — 7x10* m, length — 5.639 m,
elasticity modulus — 1.51x10"" Pa;

e mesh, thickness — 1x10™ m with initial tension of 2 N/m, elasticity modulus — 1.3x10° Pa;
hub diameter — 1.817 m, height — 0.28 m, honeycomb structure (carbon composite framework
with elasticity modulus — 7.5x10' Pa, honeycomb filler — aluminium with elasticity modulus
E~6.95x10°Pa, E,=6.95x10°Pa, E.=1.36x10"Pa; shear modulus G,=1.3x10’Pa,
G,=1.9x10° Pa, G..=1.27x10° Pa);

e peripheral beam elements with circular tubesection diameterof 5x10~ m, wall thickness —
7x10* m, elasticity modulus — 1.51x10"" Pa.

Table 1. Structure mass distribution.

Structure elements Mass (kg)
Root component 29
Intermediate component 24
Components A and B 35
peripheral beam elements 6.65
(frontal net) '
peripheral beam elements 6.65
(rear net) '
Rigid brace 33
Hub 31
Framework cords 4.3
Frontal net 6.6
Rear net 6.6
Tension ties 0.17
Mesh 20

Deployment mechanism 72.6

Total mass 246

4. Results and discussion
According to calculation results,all considered stress-strain state parameters are within the range of
satisfactory values. They are illustrated in figures 7-12.

Reflector surface is adjusted by 480 tension ties and 5 cords between components A and B as
illustrated in figure 6. Figure 7 illustrates node displacement distributions of reflection surface from
parabolic surface. RMS error of all adjusting nodes equals 4.8 mm and this shows a high accuracy of
the reflector surface.

Stress intensity in framework elements (spokes) is depicted in figure 8, while node displacement of
its elements in figure 9. As these values are insignificant, the reflector framework structure is well —
balanced. Stress intensity in mesh is illustrated in figure 10, while tension distribution in sectors of
frontal and rear net cords in figures 11, 12. Tension distribution in internal and outer peripheral cords
(where peripheral beam elements are located) is illustrated in figures 13, 14. Theseresults show that
reflector cords are not slacked, i.e. non-zero tension values. This positively affects the reflector surface
accuracy, relatively uniform element stress distribution values in the mesh, as well as the solution
iterative process.
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Figure 8. Stress intensity in framework elements
(spokes), Pa.
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Figure 7. Node displacement distribution of
reflection surface from parabolic surface, m.
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Figure 9. Node displacement of framework elements,
m (visually zoomed up to 320)
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Figure 11. Tension distribution in sectors of Figure 12. Tension distribution in sectors of
frontal net cords, N. rear net cords, N.
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Figure 13. Tension distribution in outer Figure 14. Tension distribution in internal
peripheral cords, N. peripheral cords, N.

5. Conclusion

Applying peripheral beam elements in frontal and rear network sectors, results in the increased
aperture area, in significantly changing the mass structure (not more than 14 kg). These beam elements
improve the reflecting surface accuracy within peripheral sector component, which, in its turn, leads to
surface adjustment with RMS error not more than 5 mm.

To decrease RMS error, its necessary to add at least 2 beam elements in each sector. As there was
no cord tension adjustment in frontal and rear nets, therefore, the tension distribution ranged from 2 N
to 23 N. Cord tension adjustment within the sectors, ranging from 7.5 N to 12.5 N, allows increasing
the reflector surface accuracy. In this case, there could be more outer and internal peripheral cord
tension. To decrease structure mass and reduce complicated rear net topology, it’s possible to exclude
peripheral beam elements. However, this could negatively affect the reflecting surface accuracy within
peripheral sector areas.
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