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Introduction
MRASR system starts to be studied in recent years to support the 

aerospace station [1]. It studies neutral buoyance, understand ze-
ro-gravity ergonomics, and validate simulated mission duration usage. 
Computer-aided modeling and engineering design has been brought 
to the forefront of the scientific and technological renovation for some 
fields, including NASA and US aerospace frontier exploration [2]. The 
research of MRASR system seeks to conduct fundamental research 
with mathematical modeling, computational simulation and technical 
renovation in order to understand the current issues and determine 
future scientific and technological endeavor [3]. The engineering de-
sign methodology and prototype proposed in this research filed can 
be served as the fundamental element for developing of renovated 
science, technology and engineering research that integrates electrical 
engineering, mechanical engineering, material science, and manufac-
turing technology [4,5]. The current researches address the novel en-
gineering design and analysis techniques to understand, characterize, 

and identify the critical factors to facilitate MRASR system for analysis 
in a microgravity environment [6]. 

Significance
The goal of this research is to design and develop MRASR system 

for future aerospace station applications. The interdisciplinary nature 
of this research will offer research opportunities at the intersection of 
mechanical engineering, material science, nanotechnology, electrical 
engineering, chemistry, and manufacturing technology. 

Computer Aided 3-D modeling and Analysis of 
MRASR System

This research proposes the fundamental research with 3-D design 
modeling, computational simulation and technical renovation to 
understand current problems and determine future scientific and 
technological space endeavors. The design modeling and analytic 
methodology proposed in this project can be served to develop new 
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scientific, technological and engineering research that integrates ma-
terial science, mechanical engineering, and manufacturing technol-
ogy. Computational simulations can also verify and determine the 
strength of structural MRASR system.

Nanoparticles are applied in various applications including materi-
al coatings, severe temperature environment, and property enhance-
ment. The nanoparticles are typically 10 to 30 nanometers and specific 
surface area ranges from 30 to 70 m^2/g[7] (Figure 1 & 2).

Figure 1: Nanoparticle micrograph and particle size distribution [7].

Figure 2: Mechanical properties of Al Nanoparticles [7].

The following Figure 3 & 4 show the preliminary prototype of 
MRASR system and its moving mechanism. This renovated system 
design will build an accessible corridor with flexibility to be applied 
to horizontal or vertical habitats and also be used for workstations re-
quiring power, data, gases, and fluids. This system can be controlled to 
move towards the left and right by motorized sliders to automatically 
adjust flexible storage spaces for different operations. In addition, to 
save room in limited space of aerospace station, the workstations can 
be folded away by moving to the back of storage/rack system when not 
being used. 

Figure 3: Concept of full MRASR system.

To study the electrodeposition process on MRASR system, the nano-
particle coating functionality can be simulated and identified based on 
following equations to improve the nanocoating operation on materi-
als in MRASR system:

•  Nernst-Planck equation: {D_i [∇^2 C_i+(Z_i F)/RT ∇(C_i 
∇∇)]+R_i=(∂C_i)/∂t=0} 

•  Electroneutrality [∑(ZiCi)= 0]

•  Hall Petch Relationship: σ_y=σ_o+K_y/√d

 Hall–Petch theory of analyzing Nanocrystalline AL shows a high 
frictional stress of 168MPa and a high positive slope of 0.125MPa√m 
as compared to pure Al that has a frictional stress range of 14–31MPa 
and a slope range of 0.055–0.088MPa √m [8].

Figure 4: Prototype of MRASR mechanism.

In Figure 5 & 6, A is the experimental strength of bulk nanocrystal-
line Al, B is the grain size effects, C is the yield strength of pure Nano-
Al, and D is the yield strength of Al. The following computer-aided 
modeling and simulations show the simulated results to this MRASR 
system.

Figure 5: Stress and yield strength of nanocrystalline Al.

Figure 6: Computer modeling of nanocoating on MRASR system.
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Figure 7 displays that dispersive ratio of molecules C0/C is reduced 
as nanocoated volume ratio is increased since more Nano-elements 
appeared in the materials can help reducing the material loss due to 
the strong material bond. 

Figure 7: Dispersive ratio of molecules C_0/C.

Figure 8 shows the coated material separation in three different 
coatings versus cyclic time duration. It indicates that the corrosion-re-
sistant performance in nanocoated material is significantly improved 
compared with regularly coated materials due to the decreased grain 
size and increased grain boundary ratio that prevents the external 
moisture from penetration.

Figure 8: Coated material separation vs time duration.

Figure 9 &10 show the computational simulations on structure and 
deflection of MRASR system. The above computational simulation 
and analysis validate the normal material coating process, reliable 
mechanical structure and good function in this preliminary MRASR 
system.

Figure 9: Computational structure analysis on MRASR system.

Figure 10: Computational simulation of deflection on MRASR system.

Mechanisms for Integration
The above study and analysis will lead important theoretical findings 

based on current research, in which the evidence has been collected 
and verified to determine the dimensional geometry of MRASR sys-
tem and conditions that stabilize and enhance the structure of this sys-
tem. It helps to establish the future theoretical foundation of compre-
hensive and fundamental restructuring of MRASR system and aims 
to identify nanoscale material structure stabilization, atomic growth, 
improved strength and intensified strain effect, which are not well 
explored from a scientific and engineering perspective. There is still 
little understanding of all the above fundamental theories that directly 
influence the mechanical, electrical and thermal properties of this ran-
dom-access stowage/rack system. The continuous research will use an 
interdisciplinary approach, integrating product design, nanotechnol-
ogy, material science, mechanical engineering, manufacturing tech-
nology, and chemistry, to apply computational modeling and simu-
lation software of COMSOL, failure mode error analysis (FMEA) and 
Finite Element Analysis (FEA) techniques to the NASA and aerospace 
products. The computer aided engineering (CAE) model is applied to 
design and model the MRASR system, the COMSOL model is used 
to analyze the nanomaterial and anti-corrosion coating performance, 
the FMEA model is utilized to identify the impact of process variables 
on nanomaterial and coating processes, and the FEA model is applied 
to verify the structural and functional properties of MRASR system. 
These approaches can help to design this stowage/rack system, pre-
dict future performance of nanocoating operations, and verify the 
operation’s risk or vulnerability in nanomaterial and coating processes 
through the FMEA analysis model.

Conclusion
The preliminary MRASR system has been studied and simulated 

in this research. The objective of this research is to design, develop 
and build the 3-D model and prototype of MRASR system for future 
NASA and aerospace explorer applications. The prototype of MRASR 
system has been tested and the experiments show its flexible storage 
access and reliable function. It will help astronauts, researchers and 
engineers working in no-gravity space environment to perform scien-
tific research and engineering projects. This newly proposed MRASR 
system can also be applied for international space workstations that 
require power, gases, fluid and information data. The workstations in 
this system is flexible to be folded away when not being used in order 
to give more free space in space station. This simple system design 
can also ease the manufacturing and maintenance processes. The ex-
pected outcome from this research is to understand the ergonomics, 
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zero-gravity function, and efficiency of MRASR system. The computa-
tional simulation and analysis of this system shows its reliable mech-
anical/structural design and normal function.
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