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An economic model generally describes the mechanisms used to
generate revenue from a business. If it fails to generate income, its
failure is inevitable. Therefore, decisions regarding missions are not
based solely on technical specifications; economic profitability is also
a crucial factor in decision-making and is a primary consideration for
commercial investments. This consideration becomes particularly
important in high-cost and long-duration projects, such as space
missions, where the return on investment and economic justification
are more complex. Lunar mining projects are no exception and require
a comprehensive financial and technical feasibility assessment
approach. To analyze the economic feasibility of any project, it is
essential to evaluate its economic model. This paper conducts an
economic valuation of lunar mining, focusing on materials available
on the Moon, using fuzzy analysis and sensitivity analysis to identify
suitable materials for exploitation. The materials are categorized into
oxides, metals, and fuels. Using an appropriate economic model for
space mining, the study evaluates the economic potential of selling
these materials on Earth. Based on the economic feasibility analysis,
each group identifies SiO,, Mg, and helium-3 (3He) as high-priority
materials. SiO, and Mg are expected to be profitable in conservative
scenarios with increased mission duration and frequency. In
optimistic scenarios, all three materials could be profitable.
Ultimately, SiO; is selected as the target material for lunar mining.
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Table 2. Percentage and geographical location of available
elements on the Moon [16].

Approximate Appr ogdmate
Atomic Percentage Weight
Element & Percentage
Lunar : Lunar | Highlands
Maria Highlands Maria J
Oxygen 60 60 45 45
Silicon 175 17 21 21
Aluminum | 45 10 5 13
Calcium [ 45 5 8 10
Magnesium
Iron 6 2.5 15
Titanium - . ~ ~
and Sodium | 25 =05 ~1 =0

ol o

Julo glice .ol ous 1)l (6ol pime (oLl oo yisy opl o
@olatdl Lo lsie cos Lo ol .l [F] cple alio ol
JeboS ) oo BB g 0392 JSgw 35809 1 (a5 sl (5915 (pne
Syl Jl 3 g 3,09, usl 55 ole (5ol e (o3l
@ bl § (8 gla el bl cax bl o pelie bl
O S3S me Cajgale S (sl L g 3,509y sl ;0
dagi g 35 A g e e & ClSSL dje (5 Blod
o Bld 5 ol (siludie jslaiods yigw 359y ol pl (ol

W5 00l Ay pdla dlas Sl (00],8) lawgi <550 (sl il il oled

Obj 9 dgw dmwlone
laselyd j aan 3o yuS Juols (b b dgm duwlxe o3l & ygods
3 ol 2l b (508 e o pgale S (392 y9lagm sl el

st 090 ol loaizsn Gl lbe (298
P = Ryat . — C (V)
! 3 Canl 04 ol 0L 9 39w dsslne 0925 (V) e 8 5
b9 3 ol 2ol ine Ry <0l b 29w e P 302
Lol yd S5 b ple ol 48,5 O oo gladl s e C g mlis
Joop dodijo SS9 (Sine 03lo > g (SB9)5 Cuoid (poll
03 drwgi (V) Jgo 8 ©ygor ]y b b sge
PfOf
= N[MscCpricenq ST .

— my.ceil (s-l-Ll) (cpmdl [p. ceil (s-i-Ll)] )

Cdev

+ Ctransport) - Cops] — My

olo (:g‘.:.a )‘ d)‘-’)-}")-@f. d)l..a.’.’él J“'l’“

2wl ole CoSy paw )3 polie plu g poals )59, cubls]
(o) aw 59y g SleeS g olo v 59y 3 29290 polie I S0
Sy 3 by 55 paie (pl &S 039) (poale C39l) Y- pgda
Olgieds olo Y=psuda 5l oslazl [L\‘] Cuwl 038" Cgusy oo pdaws (59
03] 53 (05 89y 2t Sl ooy (lp CE s g S
ilygld glaags gladllas jo aSGl oy dalgss sl 5l 50 « o35
Y-poale gl 5l Slles S5 obnl b b e (655 5 s 5 ()l
wlo b zlyzcul s il & g oy I3 Loy 3y50 1y olo
9 e W 90 IS alew ()bv sl Juily
b3 ple (V] Cosl 4oy olaofgy otz pSodiz Jlo <yl
(555 e Ko plgiet oo Fpols i (sl Jpusly 5 25T
ol 31353 (5551 Gl ol o 4 2l Sl 5 0230
) 8 oMo g S (0 (g2 ) (8 ol adllas gl 3 o
&5 2 Topode Jowily 3 cudgiome 3929 b Ll WS oo ol
IYA] 3)ls 08T (65,00 Sl slasls

el glaie o gblie 15 ole dlga atims i yolic 2oy
rais ppoll g oSt gblie aon )3 Jb (ol b3 ] (olite
0l JuSii o aanST 3l oo dlge doyd Fo 5l i g 009y olo gl jo
o9 ol 0 (S 5 K0 polis b lias 5 51 o aen Lo
sl Slald 8oy3 WIB BV b s olo )3 lsld i
oS ol (lold puaie pagur 2o yd Ve 5 F/O 3905 b posiseg)]
1y olo Slgo 3 4oy B b F/D 390 5 0l S &y Loy mjeio
ablo jd 1) olo dlge I aoys & JIY/D 35 ol ed o S
203 Ly 35 ke 5 ol slopate amd oo S e
2oy (¥ g V) sla g 5 [V Jamd oo S5 ) olo dlge sile B
slasly olélas odgie (gl olo )0 35350 yolics 5 bS]
ol 0 03y s Lol 4 ol

[T oko 13 39290 polic (slasnnST Ll 035450 5 dop> =Y Jgia

Table 1. Percentage and geographical location of available
elements oxides on the Moon [16].

Oxide Lunar Surface Maria Highlands
Sio, 50 45.4 45.5
Alyo03 15 14.9 24
Tio, 5 3.9 0.6
Feo 5-10 14.1 5.9
Mgo 10 9.2 7.5
Cao 10 11.8 15.9
Na,o - 0.6 0.6
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Table 3. Fuzzy analysis of material selection.

Decision Coefficient

Moon

Poles

Parameter
1 2 3 4
. . The Surface of the
Location on the Far Side the Moon, Maria Heights Moon Facing the

Earth

Communication

Interface with High

Interface with

Interface with Low

Directly Facing The

Pressurized System

Thermal System

Pressurized System

. Altitude Orbiter Lagrange Point Altitude Orbiter
i (B System Orbiter System System Moon
Energy Supply Solar Cell and Energy Solar Cell and Solar Cell,
Method Nuclear Reactor Storage Energy Storage Continuous (Poles)
Processing Rate 0-15 15-30 30-45 45-60
(Percent)
b T Condensation Solid Separation
Separation Vapor Separation Separation (Screer?]in ) Without Separation
Method P g
Specialized - - . .
Storage Method Thermal & Specialized Control Specialized Without Special

System

Surface and Deep

Extraction Surface and Deep Drilling in Elevated Surface Drilling and Surface Drilling in
Method Drilling in Mare ?Areas Deep in Flat Areas Flat Areas
Transport to Specialized Specialized Thermal Specialized Without Special

Thermal & )
Earth - System Pressurized System System
Pressurized System
Material Value 0-5000 5000-500000 50000-100000 100000-300000
Material
Abundance on >100 PPM 10-100 PPM 1-10 PPM <1 PPM
Earth
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Table 4. Selected materials for Moon mining.

. Minimum Material Precise Material
Material . .
Separation Separation
Oxides Silicon Oxide Silicon Oxide
Fuel Helium-3 Helium-3
Metals Magnesium Magnesium

Jsi slasiably ) gl o calys Sl (F) Jpir ol
Jubos ) enlizanl b el 5 lueb) caga sl oal candas (¥)
s (5l 5«38 Jebos sl el ly b calpd (59 2 ol
2 posl ST dnipnST dtws > 5 Bl (g Clilh g e
S & 5 b Sl 45 glnal Gan osle olsisa Jgo S
odle lgisds o3l )l Caslus o )3 masnslons 3punST (YL Sl
A oled ST dtwd CBua

o (i9; olsl 52 35 9 39 dpulma
G odle S Lo 3l eolaiw] 548 pizods 5 sl (slaosle 4y x5 L
g &l aladlows il yoos b dw odlo ja (gly (5o ixe Cax
P IF] ol ool 335 45,5 J55 > 55 5 3 gl 3 ol i
bl a8 035" oolatl 1) &l Saladloce 5 il i > 90 295 dldo
poo > dlio cpl )3 ol o (598 o Ay 4 9) 5 S Ll
Wl 5l0y55 51 (65 Camol 1o il B0 Llod 55 el poolie

cCaygole (loj pod gyl (6l o ST 03lo (B335 (g s —0 Jgia

Table 5. Profitability analysis results of silicon oxide material for the second scenario of the mission.

100 Days 100 Days
Parameter - — - —
Conservative | Optimistic | Custom | Conservative | Optimistic | Custom
Specific Production Cost (USD/kg) 1000000 10000 10000 1000000 10000 10000
Specific Transport Cost (USD/kg) 20000 20000 20000 20000 20000 20000
Material Value (USD/kg) 20000 20000 10000 20000 20000 5000
Operational Cost (USD) 5700000 100000 100000 5700000 100000 100000
R&D Cost (USD/kg) 5453333 500000 500000 5453333 500000 500000
Mining Duration (days) 100 100 100 100 100 100
Purification to;artcigessed Material 04 0.47 0.47 04 047 047
Operational Throughput 2.46e-6 2.46e-6 2.46e-6 9.85e-6 9.85e-6 9.85e-6
Spacecraft Mass (kg) 1500 1500 1500 1500 1500 1500
Number of Missions 10 10 20 10 10 20
Reuse Rate per Spacecraft 2 2 2 2 2 2
Learning Parameter -0.234 -0.234 -0.234 -0.234 -0.234 -0.234
Number of Spacecrafts per Mission 10 10 3 10 10 3
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100 Days 100 Days
Parameter - . ; . ..
Conservative | Optimistic | Custom | Conservative | Optimistic | Custom
Results
The Mass of Produced Materials in | 15750 61 | 1498435 | 1498435 | 510624 | 59998.32 | 59998.32
each Mission
Payload Mass of Each Spacecraft 1275.264 1498.435 | 1498.435 5106.24 5999.832 | 5999.832
Total Mass of Produced Materials in | 17506 4 | 1498435 | 1498435 | 510624 599983.2 | 599983.2
the entire Mission (kg)
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Fig. 1. Conservative scenario, 1500 kilograms mass, 100-day
scenario, material value $20K.
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Fig. 2. Arbitrary scenario, 1500 kilograms mass, 100-day
scenario, material value $10K.
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Table 6. Sensitivity analysis of the profit evaluation parameters.

Scenario | Biriion | Gperations | Mase.
0 0 0 0
G +20% +20% +20%
N -20% -20% -20%
o] +20% +20% -20%
P +20% -20% +20%
Q -20% +20% +20%
R -20% -20% +20%
S -20% +20% -20%
T +20% -20% -20%
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Fig. 3. Conservative scenario, 6000 kilograms mass, 100-day
scenario, material value $20K.
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Fig. 4. Arbitrary scenario, 6000 kilograms mass, 100-day
scenario, material value $5K.
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Table 10. Operational capacity of mining the selected materials.

Row | Scenario %')'(,ng‘ Magnesium | Helium-3

365 Days,

1 1500 kg 6.75e-7 5.76e-6 3.17e-3
365 Days,

2 6000 Kg 2.7e-6 2.3e-5 1.26e-2
100 Days,

3 1500 kg 2.46e-6 2.1e-5 1.15e-2
100 Days,

4 6000 kg 9.85e-6 8.42e-5 4.62e-2

olo (:gl.:.a )‘ d)b)-r")-éf. d)l..a.’.’él J“'l’“

S N0 e b gy Ver gyl Cumlus Jlod s —Y Jgua

Table 7. Sensitivity analysis results for the 100-day scenario
with a mass of 1500 kilograms.

Scenario | Conservative | Optimistic | Custom
0 -8.34 2.1 0.6
G -8.66 4.1 1.51
N -6.98 0.85 0.08
@) -5.79 2.73 1.01
P -9.47 2.42 0.69
Q -10.13 2.38 0.65
R -10.45 1.27 0.12
S -6.77 1.58 0.43
T -6.33 1.61 0.46
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Table 8. Sensitivity analysis results for the 100-day scenario
with a mass of 6000 kilograms.

Scenario | Conservative | Optimistic | Custom

0 -0.68 11.1 2.1

G 4.58 19.66 411
N -3.06 5.45 0.85
0 3.03 13.11 2.74
P -0.64 12.79 2.42
Q -1.3 12.75 2.38
R -4.56 8.18 1.27
S -0.89 8.5 1.59
T -0.44 8.53 1.61

Caygele d Colun Jlow O el bl Jloel -4 Jgua

Table 9. Application of results from case O, sensitivity
analysis in the mission.

Parameter Value Unit
Mission Duration 120 Day
Number of Continuous 12 =
Missions
Payload Mass 1200 Kg
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This study explores the control of a space capsule during the re-entry
phase. Spacecraft re-entry is a critical phase of a mission because, as
the spacecraft enters Earth's atmosphere, aerodynamic forces and
moments can disturb the angles of attack and sideslip, potentially
leading to instability. If left uncontrolled, these disturbances can cause
significant damage to the spacecraft and jeopardize the safety of its
passengers. To mitigate these disturbances, moving mass controllers
(MMC) are employed as efficient actuators. MMCs control the
spacecraft by altering its center of mass and generating internal forces.
The primary advantage of MMCs over other control methods, such as
aerodynamic surfaces and thrust jets, is that they do not produce
turbulent aerodynamic forces, which can impair the controller's
performance. A vital aspect of this research is the design and analysis
of the moving mass controller mechanisms. In addition to examining
the more standard cross mechanism, this study also investigates the
radial mechanism. The radial mechanism offers advantages over the
cross mechanism, such as increased load-carrying capacity. Under the
same conditions, the radial mechanism can reduce the mass of the
actuators by half. Due to the nonlinear relationships governing the
radial mechanism, a nonlinear controller is necessary. This study
employs a nonlinear proportional-integral-derivative (PID) controller,
demonstrating high efficiency.
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the reentry stage (bottom)[2].
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This paper presents a novel approach for designing a reconfigurable and
steerable antenna utilizing plasma dielectric slabs along the aperture of a
pyramidal horn antenna. The antenna provides electronic control over the
radiation gain and the direction of the main beam. The proposed
configuration consists of four plasma slabs aligned perpendicular to the horn
aperture along the horn axis, supplemented by four diagonally connected
plasma slabs. Each plasma slab can be independently switched on or off,
enabling dynamic adjustment of the radiation gain and steering of the main
beam. Numerical investigations demonstrate that toggling the plasma slabs
or controlling the plasma frequency allows precise control over the
pyramidal horn antenna's radiation gain and beam steering. Selecting
appropriate dimensions and angles for the plasma slabs is crucial in
achieving the desired beam steering angle and radiation gain control. To
validate the concept, the proposed antenna configuration is designed and
numerically simulated at a frequency of 10 GHz. The results indicate that the
radiation gain of the antenna can be significantly enhanced, reaching up to
6.5 dBi, and the main beam direction can be steered within a range of +12°.
This research presents a promising approach for achieving reconfigurability
and beam steering capabilities in antenna systems by utilizing plasma
dielectric slabs. The proposed design offers enhanced performance and
flexibility, making it suitable for various applications in antenna technology.
The ability to control beam steering and radiation gain without mechanical
devices is essential in satellite and space communications.
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Fig. 2. Distribution of the electric field in the proposed antenna

in two modes : (a) all the plasma slabs are OFF (b) all the plasma
slabs are ON.
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Fig. 4. Comparison of the simulated radiation characteristics of
the proposed antenna in different modes of excited and
unexcited plasma slabs: (a) radiation gain (b) impedance
matching.
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Fig. 3. Comparison of the simulated radiation gain of the
proposed antenna in E-plane at the frequency of 10 GHz in
the cases of the unexcited (solid line) and the excited plasma
slabs.
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Fig. 6. (a) Comparison of the effect of the length of the plasma

slabs on simulated E-plane radiation gain of the proposed
antenna at 10 GHz, when all the perpendicular plasma slabs to
the aperture are excited and four oblique plasma slabs are OFF,
(b) the effect of the length of the plasma slabs on the cross
polarization, (c) comparison of the effects of the length of
plasma slabs on the aperture efficiency.
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Fig. 5. Structure of the proposed antenna when all perpendicular
plasma slabs to the aperture are excited, and the four oblique
plasma slabs are OFF.
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Fig. 8. Comparison of the simulated radiation gain of the
proposed antenna in the E-plane at the frequency of 10 GHz and
in three modes: (a) all the plasma slabs are OFF ( the solid black

line), (b) the slabs 1 and 3 are OFF (dashed line), (c) the slabs 2
and 4 are OFF (dotted line).
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Fig. 7. Snapshots of distribution of the electric field in the
proposed antenna: (a) the slabs 2 and 4 are OFF, (b) the slabs 1
and 3 are OFF.
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Fig. 10. (a) Comparison of the simulated E-plane radiation gain
at the frequency of 10 GHz in three modes: 1) all plasma slabs
are OFF (solid line), 2) the slabs 1, 3, 5 and 7 are excited and
the others are OFF (dashed line), 3) the slabs 2, 4, 6 and 8 are
excited and the others are OFF (dotted line), (b) variations of
the aperture efficiency of the antenna at different operating
modes of plasma slabs.
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Fig. 11. Distribution of the electrical field in the proposed antenna: (a) the
plasma slabs 1, 3, 5 and 7 are excited and the others are OFF, (b) the slabs
2,4, 6 and 8 are excited and the others are OFF.
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Fig. 9. The proposed antenna structure in two modes: (a) the
slabs 1, 3, 5 and 7 are excited and the others are OFF, (b) the slabs
2,4, 6 and 8 are excited and the others are OFF.
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Fig. 13. Comparison of the effect of the slab lengths on the
simulated radiation gain in E-plane of the proposed antenna at
10 GHz, when the slabs 1, 3, 5 and 7 are excited and the others
are OFF and the opening angle is 15 degrees.
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Fig. 12. Parametric analysis of the slab configuration when the
slabs 1, 3, 5 and 7 are excited and the other slabs are OFF: (a)

variations of the slab lengths, (b) variations of the angle of the
oblique slabs.
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Fig. 16. Variations of the aperture efficiency versus the angle
of the plasma slabs.
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for this study. A redesign process was undertaken to determine the
geometry of the combustion chamber based on existing scientific and
technical literature. The geometric ratios of the D30K engine were
used for validation, demonstrating satisfactory adaptation. The Gas
Turb software was employed to determine the flow entrance
conditions for a combustion chamber applied in a ramjet engine.
Subsequently, the Fluent software was used to perform simulations of
combustion using a non-premixed liquid phase method. The results
indicated that, in this configuration, the induced vortices were not
strong enough to stabilize the flame, making the usage of a flame
holder essential. Additionally, a parametric study was conducted to
investigate the effects of the flame holder's size, number, position,
and distance on parameters such as pressure loss, maximum
temperature, Mach number, and flame stability. The results
demonstrate that a multi-flame holder setup positively impacts
performance, while more oversized flame holders are not
recommended due to undesirable effects.
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Table 1. Pressure loss for various types of combustion chamber [9].

Type of AP3_4 | AP3_4 | 103T30°
chamber Ps Qref ArerPs
Tubular 0.07 37 0.0036
Tubular - 0.06 28 | 0.0039
Annular

Annular 0.06 20 0.0046
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Table 2. Pressure loss for various types of combustion chamber

3.

Type of AP;_, APy_y | myT,%°
chamber Py Qref AperPs
Tubular 0.053 40 0.003
Tubular - Annular 0.054 30 0.0035
Annular 0.06 20 0.0045
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Fig. 1. The flowchart of chamber designing.
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Table 3. Inlet flow division suggested by some references.

Mass flow
rate . . . .
Mmpz | Mgz mpz | Mcon
Reference
[5] 40 10 10 40
[6] 40 20 50 -

[10] 48.05 | 20.6 15.35 16

[13] 473 | 203 | 169 | 155

[14] 31.67 | 15.83 | 53.63 | 14.71
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Table 4. Data obtained by Gas Turb to design chamber.

Variable Value
Inlet correlated flow 2.3 kg/s
Outlet temperature of the chamber 1880 K
Inlet mach number of the chamber 0.14
Inlet mass flow rate of the chamber 19.937 kg/s
Inlet temperature of the chamber 640.51 K

Inlet pressure of the chamber 1270.241 kPa

Net thrust force 13.09 kN

Diameter of the chamber 230 mm

1. GasTurb
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Table 6. A comparison between the designed chamber
geometry and the D30K engine.

Length-to-| Length o Dilution
diameter | ratio of Diliren hole
Diameter- ; ir hol .
ISt ratio of the alrnole 1 yiameter
to-length diameter
Chamber 5 the secondary to
diameter il o rimal zone to to seconda
the P ry chamber ry
zone to the . hole
chamber diameter | .
the chamber . diameter
ratio .
chamber | length ratio

Designed| 0.3632 | 0.752 | 0.1822 | 0.0163 | 0.923

Motor

D-30K 0.2883 | 0.749 | 0.1113 | 0.0177 | 0.952

5 edel Cumdas glaodly S8 4 die S oiwle]

@l g oad pbl [P by (inghs 9 [10] ohSen 5 hgalis] sing
IS e oS el cwl o by awle sl
pole (hagh )3 0dd )b pgdge 4 Lot (i slaiRg}
(o 2 JSaes g1 g copy o A Gll daixe )y)
Cyeme Singh ol Sl egose ul o 5 BB

3. Sukhoi Su-47
4. Mikoyan-Gurevich MiG-31

lad (s 5 pole
¥ alad WV 550 OF-T Lo /oY

4 Al g gl glop o & IS glor 5l sy Yoo ddbl o
Wl daioe dwiin g odd 48)S iy gile s, sl plgie
5 alaosts ol st Olusbre gl Dgd o dwbxo yolio oyl
ol 013 03,51 (8) S

@ 9 Vb Cop 3 Glnl) Cap) Hpige Hle L 4
gl 4l @ 3909 Gl Iyt e b (L) (o2
O Silesy 9 4l lom gl (g 5eS o 9wl olais]
bulpd il @d) 5 49l lon (02 (23 3b5 polie S22
5o Capy iz Lulul &S] e LS o pald |y e Sl
295 Ogh Silwdnd | pladigel g S (SIS 4 Sl
ol 015 010l ([5] g po 15Ls) glye )3 (6 5SS (slom &,

@wauﬁdéawm@l)b%o_wwbmmm—& Jg-\é

Table 5. The designed geometry of the combustion chamber.

Variable Value m)
Chamber diameter 0.2880
Primary zone length 0.2168
Secondary zone length 0.1445
Dilution zone length 0.4336
Secondary air hole diameter 0.012
Dilution air hole diameter 0.013
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Fig. 2. The contours of temperature when injection is from
entrance center without flame holder.
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Fig. 4. Temperature contours while using flame holder.
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Fig. 7. The difference between two types of designed flame
holder.
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Fig. 11. Pressure loss for various flame holder distances.
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Fig. 12. Maximum exit temperature for various flame holder
distances.
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Fig. 15. Various numbers of flame holder and their difference
from the original one.
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Fig. 16. Pressure loss for various flame holder positions and
shapes.
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Fig. 14. The flame position for flame holder with 25cm distance
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Fig. 17. Maximum and exit temperature for various flame holder positions and shapes.
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Fig. 18. Streamlines around the flame holder.
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Table 1. Monitoring of satellite payload malfunctions,
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Frequency | Domain Malfunctions
MHz V/m
Seen Unseen
Simulation 2000 10 _ v
8000 10 . v
137 10 _ v
Test 2000 10 _ %
8000 10 _ v
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Exposure to ionizing radiation in space can potentially destroy
electronic devices due to single-event effects (SEEs). Developing
modern space technology requires high-voltage devices to supply
demand for the increased electric power. A widely recognized problem
for power electronic devices in space is single event burnout (SEB),
which is a destructive form of SEE. SEB is a catastrophic failure in a
high-voltage device initiated by the passage of high-energy particles
during the device's OFF state (reverse bias). Consequently, these
devices may lose their performance in space applications. This research
investigates the occurrence of SEB in a high-voltage PiN diode through
simulation using the Silvaco TCAD tool. The necessity of this
investigation stems from the increased use of high-voltage components
in spacecraft. To achieve this, a PiN diode with a breakdown voltage of
3.3 kV was simulated in the Silvaco TCAD tool, considering the
appropriate physical models. Subsequently, the diode's characteristic
curve was obtained. In the next step, an incident beam with varying
values of linear energy transfer (LET) related to carbon ions was
irradiated onto the diode. The variations in carrier concentration,
current, and electric field were studied. The results indicate that when
ions strike the diode, the electric field increases up to five times, and
the concentration of carriers rises significantly, leading to a sharp
increase in device current and a temperature rise to 1800 K, beyond the
melting point of silicon. This condition suggests failure due to burnout
from local heating caused by the multiplication of ion-generated
carriers in the simulated PiN diode, which is consistent with earlier
research experiments. Based on these results, the capability of the
Silvaco tool to simulate SEB has been confirmed.
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Table 1. The used parameters in simulation of the diode structure.

Region Length (um) Doping (cm)
n* 20 1x10%8
n- 300 3x10%®
P* 20 1x10%8
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Clinostat Loss of E-cadherin is one of the initial events in metastasis and tumor
Breast cancer invasion. In the present study, the expression of the E-cadherin gene
MCF-7 cell line in the MCF-7 breast cancer cell line was examined under simulated
E-cadherin gene microgravity conditions using a clinostat for one and three days,

utilizing real-time PCR with GAPDH as a reference gene. The effects
of weightlessness on cell proliferation and metabolic activity were
evaluated using the MTT assay. MTT data indicated that microgravity
for one and three days had no significant effects on cell proliferation
and metabolic activity. However, exposure to microgravity for one
day led to a doubling of E-cadherin gene expression. Continued
exposure to microgravity for three days resulted in a further increase.
These findings suggest that microgravity conditions may reduce the
invasive phenotype of breast cancer, potentially decreasing breast
cancer invasion and metastasis. Studying cancer cells in a
microgravity environment can enhance our understanding of the
mechanisms underlying cancer progression and may lead to the
development of new treatment methods.
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