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Abstract

Beyond Gravity develops separation systems for launch vehicles and space crafts. One type of
separation system is the Payload Adapter System (PAS), it is used to separate space crafts from
launch vehicles. The two stages the separation system holds together must be able to transmit data
between each other, this is done by cables and connectors. The structure on the PAS that holds
these connectors is called the umbilical tower, this structure allows for movement of the connectors
to prevent them from taking damage from shocks that occur during the launch sequence. This
movement ability is called oat.

The aim of the project was to redesign the umbilical tower of the PAS to increase its oating
capabilities, as well as optimizing the load path and material selection for the construction.

An acclaimed methodology for concept development and product design was used to guide the
project forward in a structured fashion. The current design was analysed from which needs and

requirements were established. This led to the development of new concepts which were ranked
based on the stated requirements. Some concepts were similar to today's design while others were
more experimental and unconventional. This approach was used in order to explore alternative

perspectives and gain fresh insight into the design process. The exact dimension, overall setup and
material used were determined through calculations to ensure the design's strength and endurance.

A few di erent solutions were examined, but the resulting concept consisted of an interface with
larger dimensions and an improved setup of washers in a material better suited for the function. The
results this project presents should be regarded as an initial step toward the continued development
of the umbilical tower.
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Nomenclature

Abbreviation Meaning

CAD Computer-Aided Design
PAS Payload Adapter System
I/F Interface

S/IC Space craft

L/vV Launch vehicle

urT Umbilical tower

u/s Umbilical support

u/P Umbilical plate

General Symbols

Description

a

b

o
Qa
M ra

Outer radius washer

Inner radius washer

Radial location of line load

Shear force washer outer radius
Bending moment washer outer radius
Line load

Plate constant

Poisson's ratio

Modulus of elasticity

Vertical de ection of washer, case 1
Vertical de ection of washer, case 1b
Yield strength

Ultimate strength

Knock Down Factor

Margin of safety

Sheer stress

Stress
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1 Introduction

In this chapter the background, purpose and aim are explained. The research questions at hand
and the delimitations of the project is also introduced.

1.1 Background

The space industry is a rapidly growing industry. More and more space crafts are being launched
into orbit by more and more actors. The rockets that are used for these launches are usually
divided into stages, which can be seen in Figure 1.

Figure 1: Rocket stages. Picture from NASA [1].

The rst stage usually only consists of boosters and a large fuel tank. Once the boosters have used
up all the fuel and carried the rocket to an altitude of a few hundred kilometres, the stage is no
longer needed. It is then separated from the rocket and falls back down to Earth. The other stages
of the rocket work by the same principal. After performing their designated functions, they are
separated one by one from the rocket until the satellite is in orbit.

Beyond Gravity has worked with a large number of the companies in the space industry for over 40
years, providing them with separation systems. They mainly make the separation systems between
the rocket and the satellite but also those between the rocket's stages.

One type of these separation systems is the Payload Adapter System (PAS). It is used to separate
the satellite from the rocket. A vital part of this PAS is the so-called umbilical tower, see Figure
2.



Figure 2: Active side of a PAS with an umbilical tower in blue [2].

These are structures for the connection of important cables between the satellite and the rocket.
These cables are for example used provide the satellite with vital data such as location information.
In order to not damage the cables or the connection between them from shocks that occur during
launch the plate they are mounted on is allowed a certain movement which is called oat. This
makes it so that both lateral and axial forces are absorbed through the allowed movement.

Currently the plate is allowed to oat XX mm. The task assigned by Beyond Gravity is to
expand the oat by 100 %, optimizing the load path for the plates fastening elements as well as
analysing material choices for reduced wear.

1.2 Purpose

This project is carried out with the aim of further developing the umbilical tower to meet new
customer requirements and requests.

1.3 Aim

The aim at the end of the project is a generated concept that increases the oatto YY mm, as
well as optimizing the load path and material selection. This will be documented and presented
in a written report and a presentation.

1.4 Research Questions

The questions the project will address are:
~ How can the umbilical tower be redesigned to achieve the requested oat?

How can the load path of the design be optimized?

" Which material can be used to reduce wear on the design?



1.5 Delimitations

To better de ne the scope of the project the delimitations are listed in Table 1.

Table 1: Delimitations

Number Delimitations

1 The project does not include any production, so the result will
be represented only by a modelled concept

2 The analysed load cases are based on loads that occur durin
assembly and separation.

3 Only umbilical towers with 61 pin connectors will be examined.

4 The project is limited to 10 weeks.




2 Theory

This chapter explains the theory behind the relevant systems and parts for this project.

2.1 PAS

The purpose of the Payload Adapter System (PAS) is to keep the space craft and the launch vehicle
together until the moment of planned separation. The interface between the space craft and the
launch vehicle consists of a passive side which is connected to the space craft, and an active side
that is connected to the launch vehicle. The passive side of the interface consists of a ring and
the active side consists of an adapter to that ring. The ring and the adapter hold the two stages
together with the help of a so-called Clamp Band. This interface is shown in Figure 3.

Figure 3: Clamp Band. Picture from Arianespace [3].

When these two stages are assembled, springs on the active side are mounted in a compressed
state against the ring on the passive side. These springs try to launch the space craft away from
the launch vehicle but because of the clamp band holding the ring and adapter together they stay
compressed until the desired moment of separation. The clamp band is also held in a compressed
state by the so-called Clamp Band Opening Device (CBOD). This device as hinted in its name
also has the function to open and release the clamp band at the moment of separation. When
that time has come, the Clamp band is released by the CBOD and shoots outwards radially. To
ensure a controlled separation the clamp band is caught by catchers, this protects parts outside
the clamp band like the umbilical tower from being hit by the now loose clamp band. Now there is
nothing keeping the ring and adapter from separating so the springs can nally launch the space
craft away from the launch vehicle. Mentioned parts can be seen in Figure 4.
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