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Study of mass reduction- possibility of a cubic microsatellite by replacing isogrid
structure with sandwich panel structure using finite element analysis
Mohammadreza Roosta, Majid Safarabadi’

School of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research the possibility of mass reduction in a two-module cubic microsatellite with skin — frame
Received 27 April 2016 structure is studied. Natural frequencies and effective mass distribution change by replacing isogrid
Accepted 08 August 2016 structure with sandwich panel (honeycomb). Modal effective mass is a dynamic characteristic of

Available Online 19 September QL structure and depends on natural frequencies, mode shapes, general masses and eigenvectors. Modal

effective mass is a quantity that shows the importance of a mode when satellite is under acceleration

Keywords:

Microsatellite loads through the baseplate. High modal effective mass shows high reaction loads on baseplate in
Isogrid corresponding frequency. Also, acting dynamic loads are affected by distribution of modes in frequency
Sandwich panel range. The sum of effects of different modes creates significant reaction loads. Hence, study of

Finite element frequency and effective mass changes by converting the structure design from isogrid to sandwich

structure is necessary. In this paper, the first two isogrid and sandwich structures with equal masses are
compared. Then mass of sandwich structure is decreased in such a way that natural frequencies of light
sandwich structure approach natural frequencies of isogrid structure. In equal masses case, natural
frequencies of sandwich structure are twice the natural frequencies of isogrid structure but effective
mass distribution of isogrid structure is better along the launch direction. By changing the isogrid
structure design to sandwich panel structure and optimization of the new structure characteristics a
noticeable reduction in mass and improvement in modal behavior could be obtained.
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° Multi-Point Constraint (MPC)
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Table 8 Mass of Structures
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* Preprocessing

2 post processing

® MSC/PATRAN

4 MSC/NASTRAN

® Quadrilateral

® Classical Lamination Plate Theory
" Solid

® Beam
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Fig. 9 Isogrid model third mode (spectrum in m)
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Fig. 10 Sandwich model first mode (spectrum in m)
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Fig. 11 Sandwich model second mode (spectrum in m)
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Table 9 Number and properties of used elements
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14433 13560 CQUAD4 kol
16 454 CTRIA3 b e
- 2984 CHEXA caSe
16842 19369 Number of grid points
14923 17856 Number of Elements

Sandwich model boundary condition

Isogrid model boundary condition

Fig. 6 Isogrid and Sandwich model Boundary condition
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Fig. 7 Isogrid model first mode (spectrum in m)
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Fig. 8 Isogrid model second mode (spectrum in m)
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Table 10 Effective modes frequency and effective mass of Isogrid
structure

Sy ez A s
z y X (Hz)

0.00% 18.21% 30.65% 63.56 1
0.00% 30.56% 18.21% 64.8 2
38.75% 0.00% 0.00% 75.51 3
9.29% 0.00% 0.00% 159.08 9
18.07% 0.00% 0.00% 179.92 16
0.00% 0.46% 5.29% 211.35 17
0.00% 5.84% 0.43% 212.42 18
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Table 11 Effective modes frequency and effective mass of Sandwich
structure

L T

Az

(HZ)WLT)S S0 o)l.o..i':
z y X
0.02% 10.94% 42.65% 120.18 1
0.05% 42.85% 11.05% 122.41 2
85.01% 0.05% 0.00% 248.34 3
5.43% 0.05% 0.00% 489.57 9
0.01% 9.81% 3.68% 504.72 10
0.00% 3.53% 9.99% 515.11 11
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Table 12 Effective modes frequency and effective mass of light
Sandwich structure

el (H2)puils 3 550 o)les
z y X
0.02% 12.52% 44.87% 108.01 1
0.05% 45.11% 12.64% 110.03 2
76.30% 0.05% 0.00% 216.43 3
14.33% 0.02% 0.00% 387.03 7
0.01% 5.29% 0.13% 422.27 8
0.00% 1.66% 9.34% 446.39 9
0.00% 6.22% 3.46% 452.56 10

(4 03ls) 5 Sems (gl ol S50 SlaBga Fs gy 5 55 13 Jyur
Table 13 Effective modes frequency and effective mass of Lighter
Sandwich structure
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0.02% 5.49% 53.66% 68.14 1
0.06% 54.27% 5.51% 70.33 2
61.67% 0.05% 0.00% 127.59 3
10.14% 0.04% 0.00% 231.02 5
20.06% 0.08% 0.00% 232.82 6
0.19% 9.38% 0.07% 259 8
0.00% 0.18% 7.53% 260.91 9
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Fig. 12 Sandwich model third mode (spectrum in m)
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Table 14 Sock Load of Sandwich Structures
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