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Abstract

The SLS Launch vehicle with Orion spacecraft is going to be used for NASA’s Artemis project to send humans
back to the moon’s first after 1972. It has been observed that during the journey to orbit, the spacecraft undergoes
various payload conditions. The outer body of the nose cone and the connecting compartment have to undergo
temperature changes with respect to speed, atmospheric, and pressure conditions. Due to such conditions, the
spacecraft can have a serious impact on the outer surface of the nose cone. When the system is directly integrated
with the Abort origin or payload fairing in both versions of SLS, it is going to have an impact. To avoid the impact
and to standardize the deformation on the spacecraft, there have been changes in the design, and a modified design
is compared with the current existing SLS models. This paper also reveals the study results of the simulation
analysis of the nose cone of the SLS model, which have carried out simulations of the pre-existing materials, such
as metals and alloys, and a new composite material is taken as a review for the analysis under the harsh and
extreme conditions faced by the spacecraft and launch vehicle during the launch sequence, in space, and
atmospheric re-entry. Comparing the results to get an efficient material outcome that makes the design robust,
sturdy, and efficient, considering safety parameters.
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|. Introduction

SLS is space launch system divided into 4 stages. The first stage: this stage provides the majority of the thrust
required for the ascension of the rocket. Then comes the Inter stage, it connects the first stage and the second
stage. After the first stage is jettisoned, the second stage continues to provide thrust so the vehicle reaches orbital
velocity which last the payload fairing which protects the payload from extreme conditions during the launch and
then separates afterwards to release the payload.

IJCRT2407936 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ 1363


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 7 July 2024 | ISSN: 2320-2882

Spacecraft

Second Stage

Faiting

Interstage

Z~—> Augmentation
i Solids

Figure 1:- Expendable Launch vehicle

The SLS currently has three different designs available. Block 1, Block 1B, and Block 2, and each one of them is
divided into crew and cargo. All the blocks are of different sizes and have different amounts of payload they can
carry. Block 1 is the smallest and can carry the least amount of weight, and Block 2 is the largest and carries the
highest amount of mass. [5] Consequently, payload fairing is constructed out of materials that do not deform in
extreme environments.
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Figure 2:- SLS Evolutionary Path

IJCRT2407936 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1364


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 7 July 2024 | ISSN: 2320-2882
Il. Literature review

Orbital insertion of a satellite or spacecraft is the main objective of a space launch vehicle. Space Launch System
(SLS) is being developed by NASA and has been in development since 2011 [7]. SLS is making a big stride in
space exploration as it is one of the only launch vehicles available that can carry large cargo to the moon [1]. SLS
has a flexible and evolvable design, which will help us take giant leaps in traversing our solar system. This launch
vehicle will enable us to carry large and different payload capacities of satellites and rovers, and it can also be
used for robotic scientific missions to the Jovian planets [4].

Aluminum-lithium 2195 was used in the construction of the payload fairing for the Atlas V rocket by the United
Launch Alliance (ULA) [8]. ULA has also employed Ti-3Al-2.5V in its payload fairing for Ti-3Al-2.5V [9].
Other aluminum alloys, such as AA2014 Aluminum Alloy [10], are also used in the aerospace industry. Many of
these aluminum alloys, or aluminum itself, are given configurations such as aluminum honeycomb, aluminum
iso-grid, and aluminum ring [3].

This configuration helps with structure integrity and makes the structure strong enough so it does not deform
under high conditions. Other alternatives to aluminum are composite materials, as they have potential for design
and other calculations as per the outdoor space environmental conditions. Composite materials also have a great
advantage compared to metals, like being available as per convenience, which can provide similar benefits to
aluminum. In addition, it would be flexible on the assembly line of the plant to get the materials. With that, the
manufacturing line will also save time due to predefined materials along with the desired shape of the nose cone.

Composite materials like carbon fiber-reinforced polymer, fiberglass, and other customized materials that have
easy access to changes in their properties and behavior can be accepted for a more efficient process. Since payload
fairing was being used in the first Atlas Centaur launch, it was made of fiberglass [11]. The payload fairing of
Falcon 9 uses Carbon Fiber Reinforced Polymer (CFRP) [12].

As seen there are multiple materials available for a rocket's payload fairing but choosing the correct material with
correct and uniform properties becomes very important. This can be observed in the failure-of NASA’s glory
spacecraft. The Space failed due its payload fairing not separating on the planned moment (176.98 seconds after
the Stage 0 ignition) which caused it to change its trajectory. And one of the potential root causes for the failure
was found out to be inconsistency in the material properties at frangibles joints of payload fairing which could
have formed during manufacturing and have bypassed the manufacturing process controls.
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Figure 3:- Flow chart of the design process
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Figure 4:- SLS Cargo Block 2, 2D drawing with dimensions

Figure 5:- SLS Cargo Block 2, 3D CAD Mode

I11. Materials Study

Aluminum Alloy 7075(AA7075) is a high-performance aluminum alloy that is widely used in the aerospace and
defense industry. It is a very highly strength material that is used for highly stressed structure parts such as payload
fairing. Aluminum 7075 composition includes zinc 5.1-6.1 %, Chromium 0.18 -0.28% Copper 1.2 - 2%
Magnesium 2.1 - 2.9 %, Manganese max 0.3%, Iron max 0.5%, Silicon max 0.4%. The high zinc concentration
of the material assists with the precipitation hardening. It is also said that the zinc enhances strength by partial
dislocation. And the relative high content of chromium helps reduce the crystal growth which increases the
material ductility and toughness.
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Properties Value Unit

Elastic Modulus 7.20 X N/m?
1010

Poisson's Ratio 3.30 x 10" [ N/A
01

Shear Modulus 2.69 x N/ m?
1010

Mass Density 2.81 x kg/ m?
1003

Tensile Strength 2.20 X N/m?
1008

Compressive Strength N/m?

Yield Strength 9.50 x N/m?
1007

Thermal Expansion 240 x100 | /K

Coefficient 0%

Thermal Conductivity 1.73 x10% | W/(m-K

)
Specific Heat 9.60 x10% | J/(kg-K)
Melting Point 6.35 x 10% | °C

Table 2:- Aluminum 7075 Material properties

The AA7075 exhibits a fiber texture with a strong base texture component after extrusion or rolling. This texture
is the reason for the anisotropic mechanical behavior of this alloy. The texture of AA7075 evolves during higher
temperature compression. The texture of AA7075 can be easily influenced by various factors such as,
deformation, recrystallization, alloying elements, and surface modification techniques.  Thus controlling the
texture of the becomes very crucial while the manufacturing of the payload.

Carbon fiber is a material composed of strong crystalline filaments of carbon. Due to its excellent strength to
weight ratio, it becomes an ideal composite material that can be used for payload fairing. So far analysis indicates
that it has stronger, lighter and low cost features as compared to other industry standard metals. The properties
stated in the table represents the best compatibility for the payload fairing to be lightweight yet rigid and enables
it to withstand extreme conditions and aerodynamic force during the launch phase and separation. When used in
payload fairing, the carbon fiber exhibits a smooth layered texture which appears to be cubic in shape.
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Properties Value Unit
Elastic Modulus 2.76 x 10° [N/mm?
3.00 x
Poisson's Ratio 10 N/A
Shear Modulus 1.06 x 10° |N/mm?
Mass Density 1.78 x 10% |kg/m?®
Tensile Strength 5.65 x 10% |N/mm?
Compressive Strength 1.86 x 10% [N/mm?
Yield Strength 0.00 x 10° [N/mm?
Thermal Expansion -6.40 x 10°
Coefficient ! IK
Thermal Conductivity 5.40 x 10° |W/(m-K)
Specific Heat 8.80 x 10? |J/(kg-K)
Material Damping Ratio 1.00 x 10 |N/A

Table 3:- Carbon fiber properties
IV. Simulation process

The first step is to look into the industrial design parameters working with the specific industrial standard we
carried out the dimensions of the SLS cargo category spacecraft i.e. nose cone were the payload is carried above
the second stage of spacecraft in which certain cargo and other satellite are being carried to the space , using the
launch abort system the payload fairing will be open are made which is the major element of the simulation on
which the entire payload is being decided , to avoid high impact on the outer surface and to-improve the result
we have considered the +- 0.01 m tolerances included which can control the expansion and contraction while the
spacecraft is in the space and having certain environment with variable temperature conditions. Based on the
tolerance the cad model is prepared for, post the cad model we have taken the load calculation on the basis of the
payload capacity of the cargo space, we selected the material Aluminum 7075 which has a high potential and has
a good compatibility. We did the FEM (finite element methods) using the FEM. We created the finite mesh of
the 3d part model and then we selected triangular elements then we selected the static analysis in which we are
going to get the results on stress, strain & displacement. Additionally the analysis results include the von mises
criteria which can be used to compare with all the three principal stresses, later the result of the principle stress
can be compared with the yield stress. In the mesh we have also included the factor of safety which will analysis
the material in their boundary conditions
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a) Fixture and Load applied on the model

Aluminum Carbon Fiber
Fixture details Fixture details
Entities: 3 face(s) Entities: 3 face(s)
Fixtures Type; Fixed geometry Type; Fixed geometry
Resulta

Components X y z Resultant X y z nt
Reaction force 25.58 3.17484 x -1.27681 x10° 28.220
I'N 8 3.1748 x107 -15.7851 10’ ° 7 1.68337 x10° 28.2207

Table 4:- Fixture details in 3d model

A
Figure 6:- Fixture detail applied on the nose cone for Aluminum 7075 & Carbon fiber

We have selected 3 faces in the model the selection of the faces are done with the condition that the spacecraft is
flying in the orbit while the forces will be acting on the nose cone surface passing through the entire conical
surface and its body the entire model will be acting with the resultant force in all the direction i.e. X, y and z axis
considering the payload condition inside the spacecraft, the force acting in the counter direction with the trust
impact to the spacecraft flying towards the orbit. While simulation result we have consider two materials on which
the analysis have been performed and with the boundary condition we have applied the fixture detail on the model
to get the result impact. With the impact there are temperatures which will also play a significant role in giving
the analysis result.
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The model undergoes the same boundary condition for the loading effect for aluminum and carbon fiber. The
applied load for the aluminum is -0.045 Mpa and for the carbon fiber the load applied is -4*10® MPa

Load Aluminum Carbon fiber
s 2001 2.1
Reference  Top Plane Top Plane

Type Normal To Plane Normal To Plane
Value -0.045 -4 x10®

Units N/mm”2 (MPa) N/mm”2 (MPa)
Phase Angle 0 0

Units deg deg

Table 5:- Applied load details on the nose cone

Figure 7:- Load applied on nose cone materials, Aluminum & Carbon fiber
b) Finite Element Analysis

Finite element analysis is used to validate the test result before it goes to floor shops , first steps towards working
efficiently is to design and check the various performances prior to manufacturing stage it is common practice to
execute the performance of the cad model. The 3D model is developed in the software with the actual dimensions
and the material properties. After the 3d model is developed it is taken for the analysis mode where the software
will deliver the accurate results by giving the boundary conditions which includes the fixed geometry, force,
pressure and other conditions. The FEA breaks the entire 3D model into numbers elements, this process is called
meshing. It allows the creation of small elements of a 3D model, these elements are connected by node points so
the model will have numbers of nodes. With the coarse mesh the results will be simplified but to obtain the best
accurate results this node point is given boundary conditions, later the external load conditions are applied on the
elements which will give the result study. This process is called Meshing in the process the 3d model is divided
into Solid mesh, with 4 jacobian points. Each element size is 369.42 mm having 49351 total number of elements
with tolerance value as 18.471 mm with fine grain size. Total number of nodes 85827.
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Figure 8:- 3D Mesh Model

Each kind of finite element will have its own structure with a specific shape which is interconnected with the
adjacent element by the nodal point. Each node has its degree of freedom which allows the nodal point to react to
the forces acting on the element. Post to the element the resultant forces which have applied will allow the
simulation to analysis the load and deformation parameters

V. Result and Analysis

The 3D model is given an external load, in which it faces 0.04MPa of pressure. Under these conditions 4
parameters of the model are recorded and compared: The Von mises stress, the URES: Resultant Displacement,
the ESTRN: Equivalent Strain and the factor of safety.

Figure 9:- Stress, Strain, Displacement result on Nose cone for Aluminum 7075
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Figure 10:- Stress, Strain, Displacement result on Nose cone for Carbon Fiber

Material Name
. Aluminum7075 Carbon fiber
Properties
Minimum Value |Maximum Value|Minimum Value |[Maximum
Value
Von mises stress 1.58 x 10* 1.88 x 10° 1.25 x 1072 1.45 x 10
N/m~2 (Node: 60505) (Node: 7686) (Node: 9678)  |(Node: 13203)
URES: Resultant 0.00 x 10° 417 x 10° 0.00 x10° 7.53 x 1010
Displacement /mm (Node: 1) (Node: 3259) (Node:1) (Node:884)
ESTRN: Equivalent Strain ~ |2.41 x 107 1.68 x 10° 3.75 x 10 3.26 x 103
(Element:15531) |(Element: (Element: 5468) |(Element:
15832) 5066)
Factor of Safety 5.060 x 102 6.004 x 103 6.920 x 10% 7.999 x 10%
(Node: 7868) (Node: 60505) |(Node: 13203) |(Node: 9678)

Table 6:- Compare result of Aluminum 7075 and Carbon fiber

V1. Conclusion

The comparison has been done on the basis of four criteria which includes the von mises stress which determine
the value of the yield point were the material start deforming it can see from the Table 6 that the max value of the
carbon fiber material resist the impact load and less deformation can be seen in the carbon fiber. The node of the
minimum factor of safety matches with the node of the maximum stress and the load of the maximum factor of
safety matches with the node of minimum stress. This demonstrates the fact that as the stress increases on the
node the factor of safety decreases.
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