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Abstract

One of the main issues in the arrangement of equipment in multi-layered satellites includes placing
the equipment in each layer separately. In the arrangement of equipment on surfaces, the non-
overlap constraint has always been a challenge, especially for parts that do not have a circular cross-
section. This paper presents a robust flexible programming model (RFPM) for placing equipment
in different layers and considering uncertainty for placement of cubic equipment. Comparing the
output of the proposed model with previous studies in this field shows that the efficiency of the
model has increased significantly to meet the limitations of non-overlapping between equipment.
Eventually, it is expected that this research can cover the existing gaps in this field and by observing
other limitations such as stability and thermal limitations, moments of inertia and center of gravity,
it will reduce the design time in the conceptual and preliminary phase and ultimately reduce the
overall dimensions of the satellite, which has always been one of the main goals of designers.
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Teng(2003) | 2611 | 2684 | 2257 | 7553
[7] Huo &
Teng (2009) 268.4 2711 232.7 772.2
[10] Liu et
al. (2016)- 264.4 261.5 222.2 748.1
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[11] Fakoor
etal. (2017) 270 2657 | 2319 | 767.7
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(oekes) sl ~ (oekes) ity Sl o (orkee) sl ~ (Frorkes) dinge Sl
iy, (p 5 skS) (1) o i, (p 5 5kS) o
aifri bi hi mi Xi yi ri hi mi Xi yi
1 150 250 200 22.50 329.47 64.86 n/2 L, 28 100 240 26.62 -1.58 -288.80 L
2 150 250 200 22.50 177.47 82.86 n/2 L, 29 100 240 26.62 -193.90 49.01 L
3 150 250 200 22.50 174.13 -285.90 n/2 L 30 100 180 16.97 -175.93 -95.12 Ly
4 160 250 200 24.00 180.21 -33.62 /2 L 31 100 180 16.97 189.11 65.10 Ly
5 160 250 200 24.00 341.89 -35.46 /2 L 32 100 180 16.97 19.82 199.02 Ly
6 250 180 200 27.00 0.07 391.00 L 33 100 180 16.97 -164.75 113.40 Ly
7 200 200 250 30.00 -0.30 200.34 L 34 100 180 16.97 183.52 -134.83 Ly
8 200 200 250 30.00 200.37 193.88 L 35 100 200 18.85 211.87 -332.71 L,
9 200 200 250 30.00 -229.55 251.01 /2 L 36 100 200 18.85 333.30 -164.84 L,
10 150 150 250 16.88 118.90 302.23 /2 L, 37 100 200 18.85 -61.62 -190.27 L,
11 150 150 250 16.88 -153.95 305.58 /2 L, 38 100 200 18.85 133.97 -148.50 L,
12 150 150 250 16.88 270.27 283.38 L, 39 75 200 10.60 -324.88 -7.36 L,
13 100 150 200 9.00 -250.46 143.29 n/2 L, 40 75 200 10.60 -304.87 293.12 L,
14 100 150 200 9.00 -149.32 150.71 n/2 L, 41 75 200 10.60 -174.88 -6.50 L,
15 100 100 150 4.50 98.32 140.94 Ly 42 75 200 10.60 -230.85 -145.67 L,
16 100 100 150 4.50 153.65 36.60 Ly 43 50 200 4.71 -359.25 112.82 L,
17 200 185 150 16.65 228.81 -111.59 Ly 44 50 200 4.71 67.92 -283.18 L,
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18 185 200 150 16.65 -86.89 -200.66 n/2 Ly 45 50 200 4.71 -16.60 -336.62 L,
19 200 120 200 14.40 2.14 164.48 L, 46 50 200 4.71 -191.98 -264.47 L,
20 120 200 200 14.40 -18.22 325.14 n/2 L, 47 50 200 4.71 -116.38 -329.92 L,
21 160 100 120 1.92 -261.47 -133.58 Ly 48 50 200 4.71 -354.70 -128.75 L,
22 160 100 120 1.92 -35.20 159.98 Ly 49 60 150 5.09 67.08 -148.29 Ly
23 100 160 120 1.92 -165.12 99.19 n/2 Ly 50 60 150 5.09 0.03 273.81 Ly
24 160 100 120 1.92 -186.27 -30.91 Ly 51 45 160 3.05 -168.36 223.99 Ly
25 100 240 26.62 -333.30 -94.41 Ls 52 45 160 3.05 -261.07 68.28 Ly
26 100 240 26.62 -139.40 -143.42 Ls 53 100 180 16.97 -5.59 -199.92 Ly
27 100 240 26.62 -200.18 -334.88 Ls
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(Kg.m?) | (Kg.m?) | (Kg.m?) | (Kg.m?)
[1] Zhang et
al. (2008) 228.7 232.9 185.1 646.7
[8] Wang et
al. (2009) 227.8 226 178.2 632
[9] Teng et
al. (2010)- | 228.2 225.8 171.4 625.5
Ex.2
[12] Cui et
al. (2017) 223.4 220.7 168.4 612.6
[13] Zhong
etal. (2019) 218.2 2155 166.2 600.1
[14] Chen et
al. (2021)- | 224.1 228.1 179.7 631.9
Ex.3

\4d Nf-Y UL».W-O) 9 ).ub ©go e)l.o.»fu ‘P g JLw— Gabaﬁ ‘51.60).3)15 9 «5)9“ ‘l“?'l': d..oU.Laégo




il it i, 4 5 Wyl oyl 1o Sligad 5l ais iz Glankerr o>y

Layera Layer b

35
34
- 36
16 u
g 12
13
+ 21
a6 a7 2
- - ! S
* 4 60 I_._
il l

Layer ¢ Layerd
1 a2
3 39 ‘ 1
41
2 A 14 10
5 .
38 45 2
P | - |
| 8
6 e - 7
43 a4

Wty s 50 0 ylgale alizo Zglaw 0 Ol s (bl og —A JSCB

=——0=0 —fl—0=0.1 =he—0=0.2 0=0.25 e==—RFPM
1400

1200
o
£1000

800
600
400

OBJECTIVE FUNC

200

0.05 0.1

0.2 0.3 0.4
Y- CONSTRAINT VIOLATION PENALTIES

gl a3y llansl gl Joo b yady GSlamil gl Joko Bod ol douns lie —9 JSCi

YY NPT linwo) g 30l <090 0 ylods cpguw Jlw — o lad 5o )5 9 (5,9LS (pole aolliadgy




Y o louds (69590 axdllan 5o Ol jupexd by lasizko g ol -0 Jgue

(Froekes) oo ~ (rorkes) dinge Sl (Froekes) o ~ (Frorkes) dinge Sl o
iy, (p5L5) s o, (p55k5) () s
ri hi mi Xi yi aifri bi hi mi Xi yi
1 100 150 23.56 -157.91 323.04 L3 31 60 150 5.09 152.08 -200.16 Ly
2 100 160 23.56 -162.29 119.59 L3 32 60 150 5.09 254.36 -51.71 Ly
3 100 160 23.56 -334.04 221.00 L3 33 60 250 5.09 214.76 350.94 L,
4 100 200 23.56 -184.43 -86.48 L3 34 60 250 5.09 -39.89 294.17 L,
5 100 200 23.56 -356.04 19.65 L3 35 60 250 5.09 84.65 322.06 L,
6 100 250 23.56 -342.86 -206.04 L3 36 60 250 5.09 174.52 240.14 L,
7 100 120 23.56 -13.61 -200.30 Ly 37 250 150 150 28.13 -70.59 -376.17 L3
8 100 120 23.56 175.10 -123.62 Ly 38 250 150 150 28.13 170.26 -22.27 /2 L3
9 100 200 18.85 -323.04 149.99 L, 39 250 150 150 28.13 277.27 229.48 /2 L3
10 100 150 18.85 182.57 81.65 Ly 40 160 120 250 28.13 138.00 -365.67 L3
11 100 150 18.85 20.57 198.94 Ly 41 250 150 250 28.13 68.61 184.05 L3
12 100 160 15.08 -123.19 157.56 L, 42 250 150 250 28.13 70.52 341.27 L3
13 100 160 15.08 183.14 80.37 L, 43 250 150 250 28.13 22.27 -223.55 L3
14 100 150 15.08 -162.00 117.29 Ly 44 250 150 250 28.13 274.53 -222.49 L3
15 75 160 8.48 -171.11 325.87 L, 45 250 150 250 28.13 323.45 -22.16 /2 L3
16 75 200 8.48 48.39 192.02 L, 46 200 160 150 19.20 -349.98 -48.24 /2 L,
17 75 250 8.48 318.66 206.31 L, 47 200 160 250 19.20 -184.03 -47.62 /2 L,
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18 75 150 8.48 167.27 51.44 Ly 48 200 160 120 19.20 -204.69 -64.54 L,
19 75 120 7.95 -149.11 91.61 Ly 49 160 120 250 15.36 -4.24 -181.12 n/2 L,
20 75 150 7.95 65.57 162.25 Ly 50 160 120 250 8.64 -296.70 -213.45 L,
21 75 200 7.95 357.02 54.73 L, 51 160 120 250 8.64 -155.99 -232.17 n/2 L,
22 75 250 7.95 391.52 -93.06 L, 52 160 120 120 8.64 347.96 -3.84 n/2 L,
23 75 250 7.95 -7.19 424.25 L, 53 150 100 120 5.40 156.39 324.55 Ly
24 75 250 7.95 242.04 -84.42 L, 54 150 100 120 5.40 0.21 319.01 Ly
25 60 150 5.09 -0.03 -268.05 Ly 55 150 100 150 5.40 191.11 197.40 n/2 Ly
26 60 150 5.09 -154.03 -43.30 1 56 150 100 160 5.40 290.63 -220.08 2
27 60 150 5.09 41.05 -154.64 1 57 150 100 160 5.40 138.32 -281.15 2
28 60 150 5.09 137.99 -80.99 1 58 150 100 200 5.40 -16.39 -315.18 2
29 60 150 5.09 -79.94 -138.60 1 59 150 100 250 5.40 151.69 -388.18 2
30 60 150 5.09 -65.87 203.39 1 60 150 100 250 5.40 114.05 -154.64 n/2 2
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