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ABSTRACT:

The aim of this project is to show the work carried out by the author during his work
experience at the company Tecnobit-Grupo Oesia, where he has been in charge of the
design of the test equipment that will be responsible for verifying the operability of the
distribution electronics developed at the company for the SPAINSAT NG I and SPAINSAT
NG II satellites.

During the development of this document, we will start by explaining how a space system
is developed, followed by the requirements agreed with the different companies involved
in the project, and later, with the design of the EGSE developed at the company by the
author. Once finished, the implementation process will be shown, as well as the budget that
accompanies this part of the project.
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Glossary

Airbus Defence and Space Airbus Defence and Space is a division of Airbus
responsible for defence and aerospace products and services. The division was formed
in January 2014 during the corporate restructuring of European Aeronautic Defence
and Space (EADS), and comprises the former Airbus Military, Astrium, and
Cassidian divisions.[6] It is the world’s second largest space company after Boeing
and one of the top ten defence companies in the world..

Altium Designer® 19 EDA software used to design PCB from schematics. It allows 3D
Design, as well as electronics simulation.

Celestia STS company established in 1985 that provides ground-based solutions in the
domains of satellite simulation, testing, communication, and data processing..

CubeSat Miniaturized satellite normally for space research, with dimensions of 1 dm3 and
mass lower than 1.33 kg per unit.

Electrical Ground Support Equipment are tools used by satellite and sub-system
manufacturers and integrators to test and validate electrical functions of the satellite
on the ground before launch. EGSE consists of hardware and/or software elements
that perform satellite testing, by simulating the interfaces of missing (sub-)systems to
assure full compatibility once integrated within the overall platform..

European Cooperation for Space Standardization is an initiative established to
develop a coherent, single set of user-friendly standards for all European space
activities..

European Space Agency ESA is an intergovernmental organisation of 19 Member States,
established in 1975 with the mission to coordinate the development of European space
capabilities and to ensure that investment in the space sector translates into benefits
for the citizens of Europe, and the world at large..
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Keysight Technologies is the world’s leading electronic measurement company,
transforming today’s measurement experience through innovations in wireless,
modular, and software solutions..

PROA is a software developed inside the company, in order to be able to work with a
ticketing and versioning system..

SAP is one of the world’s leading producers of business process management software,
developing solutions that facilitate the efficient processing of data and the flow of
information between organisations..

Solidworks is the world’s leading electronic measurement company, transforming today’s
measurement experience through innovations in wireless, modular, and software
solutions..

SolidWorks® CAD Software from Dessault Systèmes for 3D Mechanical Design.

Tecnobit-Grupo Oesia is a company based in Valdepeñas, which designs, develops and
maintains electronic engineering systems and products for the Security, Defence and
Aerospace sectors, as well as for civil society, with the aim of providing services and
equipment at the forefront of modernity and technology..

Thales Alenia Space Thales Alenia Space in Spain has more than 30 years of experience
in the design and delivery of innovative solutions for the space market. Leader in the
satellite segment in Spain, it has contributed to more than 600 satellites, probes and
spacecraft in telecommunications, navigation, Earth observation and solar system and
universe exploration missions for space agencies and satellite operators worldwide..

Tortoise SVN TortoiseSVN is a really easy to use Revision control / version control /
source control software for Windows. It is based on Apache™ Subversion (SVN)®;
TortoiseSVN provides a nice and easy user interface for Subversion. It is developed
under the GPL. Which means it is completely free for anyone to use, including in
a commercial environment, without any restriction. The source code is also freely
available, so you can even develop your own version if you wish to..
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Acronyms

ADS® Advanced Design System.

COTS Commercial Of The Shelf.

EDA Electronic Design Automation.

ESA European Space Agency.

GCC GNU Compiler Collection.

GUI Graphical User Inteface.

IDE Integrated Development Environment.

MCU Microncontroller Unit.

PCB Printed Circuit Board.

SDCC Small Device C Compiler.

USB Universal Serial Bus.

Test Equipment Design for a Space System xxxv



0 xxxvi Acronyms

Miguel Romero Garcia



Chapter 1
Introduction

The following document presents the Final Project of the Degree in Telecommunication
Technologies Engineering at the University of Granada. The objective is to expose the
work done by the author in the company Tecnobit-Grupo Oesia during the 6 months that
he has been doing an internship. During his internship, the author collaborated in the
design, construction and verification of the radio frequency distribution and control
electronics for the Spanish Government and Ministry of Defence’s satellites SPAINSAT NG
I and SPAINSAT NG II, with the collaboration of major companies in the sector such as
the European Space Agency (ESA), Airbus Defence and Space and Thales Alenia Space.

(a) Tecnobit logo (b) Spanish Government logo (c) Airbus Defence and Space logo

(d) Thales Alenia Space logo (e) European Space Agency logo
Figure 1.1 – Project partner companies
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1.1 State of the art: Spainsat NG Proyect

In 2005, the Xtar-Eur satellite was launched into space, and in 2006, the SPAINSAT
satellite was launched, both geostationary satellites located at the 29ºEast and 30ºWest
orbital positions respectively. The SPAINSAT satellite is the main satellite, and can operate
in the X and Ka bands for use by the Ministry of Defence. The Xtar-Eur satellite, which
only has X-band capacity, is the redundant satellite and provides the same coverage as the
main satellite in the event of a total failure of the latter. In addition to military use, both
satellites are also used for communications by the Spanish government and other allied or
friendly governments. These satellites were designed to have a life expectancy of 15 years,
that is, until 2020 and 2021, but their life has been extended to 2023 and 2024.

This is where the need arises to replace both satellites with new ones using the latest
technology. This is how the SPAINSAT NEW GENERATION (SPAINSAT NG) project
was born, which will have two new satellites, SPAINSAT NG I and SPAINSAT NG II. The
first is expected to be launched at the end of 2023, to become operational in 2024, and the
second will follow in its footsteps 12 months later, in 2025. Both have a life expectancy of 15
years, so they are expected to operate until 2040, and contain significant changes compared
to their predecessors. These two satellites, in addition to working in the X and Fa bands,
will have the capacity to operate in the military UHF band, placing Spain at the forefront
of the few countries in the world with national systems in this band. The development of
this project will be a major step forward for the Spanish industry, as it will provide the
communications payloads for both satellites. The range of coverage of these satellites will be
2/3 of the planet, covering regions ranging from North and South America, Africa, Europe,
and even Asia as far as Singapore, and they will have the latest technologies to prevent
intrusion, interference or identity theft in communications, as well as being protected against
nuclear phenomena at high altitude. The satellites will have active antennas with in-orbit
reconfiguration capabilities, allowing electronic reorientation of the coverage beams.

The development of the satellites is supported by the Ministry of Industry, Tourism
and Trade and the Centre for the Development of Industrial Technology (CDTI), based on
a public-private agreement between the European Space Agency (ESA) and the satellite
operator, Hisdesat. The latter company is the owner and operator of the satellites, and
selected Airbus Defence and Space companies in Spain and France, and Thales Alenia Space
in both countries, to build the satellite. Several Spanish companies in the sector will be
responsible for providing the communications payloads for both satellites, and this is where
Tecnobit-Grupo Oesia comes in, which is the company that will be in charge of supplying
the distribution electronics and radio frequency control for the antennas of both satellites.
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1.2 Motivation

1.2.1 Personal motivation

Since the beginning of the academic year, I had been trying to find a topic that I thought
would be interesting for my Final Year Project, I looked at the topics offered and, although
there were several that made me curious and made me want to choose it, I didn’t feel that
they were exactly what I was looking for. In October, wanting to decide as soon as possible
my TFG topic, I found in an email from the University three internship offers in different
companies, two in Granada, my city, and one in Valdepeñas, Ciudad Real. Although all the
offers were good options and in two of them, I had the possibility of staying in my city, as
soon as I saw the opportunity and the project that Tecnobit-Grupo Oesia was offering me, I
didn’t hesitate at all. I took everything I had, and within a month I was living in Valdepeñas
and developing a project that really excited me.

The aerospace sector is a totally innovative sector in which we always work with the latest
technologies, which means that I am learning a little more every day, and I am excited to be
able to develop my working life in this field. Through this Final Degree Project, I will try to
expose all the knowledge learned in these fantastic 6 months in the company, the different
difficulties and decisions that we have encountered along the way and how we have managed
to overcome them to build the test equipment necessary to verify the supply of distribution
electronics and radio frequency control of the antennas.

1.2.2 Proyect motivation

On the battlefield, there is no doubt that communications are a critical factor in
determining the chances of victory. Communications help you gather information on the
position of allies or enemies, as well as monitor the various variables that could alter a
conflict. Over time, communications systems have become more sophisticated and
technologically advanced. Nowadays, and with the joint work of so many armies from
different countries, the areas of action will never be fixed, which will mean that
communications will have to be maintained in different points of the planet far apart and,
because of this, the need to develop a satellite capable of changing its radiation zones to
maintain good communication at all times. In addition, having our own satellites is always
an advantage in the event of conflict, as we would be relying on ourselves and not on
foreign governments.

This is where the motivation for the project to create a Spanish satellite capable of
meeting the maximum demands that may arise during a conflict comes from. For this
reason, Spanish industry has been mainly involved in the manufacture of the aforementioned
satellite, and Tecnobit-Grupo Oesia in the development of the distribution electronics and
the radio frequency control of the antennas. This project will open up the space sector
in the company and will represent a major step forward in its position compared to other
companies in the sector.
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1.3 Objectives

As mentioned above, the company will develop the distribution electronics and the radio
frequency control of the antennas. Tecnobit-Grupo Oesia is a company contracted by the
Airbus Defence and Space division in Spain, and will therefore be in charge of developing
the product with the help of the latter.

The electronic distribution is the set of PCBs and EEE components that are close to the
radiating elements, distributing power, control and monitoring signals from the elements.
Active antennas are divided into two groups of electronics, Transmission Electronics (TX)
and Reception Electronics (RX).

In the following, it will be shown the basic concepts to know in order to understand the
work done.

Figure 1.2 – Antenna sketch

In the figure above we can see an example of a receiving or transmitting antenna, and we
can see how the electronics associated with it (lower part in brown) is divided into parallel
lines and columns with different numbers of elements each.

The central element in charge of controlling the radiating elements is called the Multi-chip
control Module (MCCM). These MCCMs are mounted on PCBs called RF Control Boards
(RFCB). The minimum PCB assembly where the MCCMs are mounted is the Dual RFCB,
which contains two MCCMs and consists of a Rigid-flex-Rigid-flex PCB, the rigid part of
which is called RFCB and mounts an MCCM.
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Figure 1.3 – RFCB detail

In order to distribute the power and control signals through all the RFCBs, PCBs are
used, which are placed in parallel and are called Distribution Line (DL).

The first of these PCBs is called DL HEAD, and the adjacent PCBs are called DL TAIL.
The DL HEAD always connects two Dual RFCBs, while the DL TAIL can be DL TAIL
DUAL if it connects two RFCBs, or DL TAIL MONO if it connects only one RFCB.

(a) DL line example (b) DL line mount
Figure 1.4 – DL line details

The connection between the RFCBs and the DLs will be made via signal connectors that
are capable of withstanding high levels of vibration and shock in the harshest environments
in space and air, which are manufactured by Smith interconnect and correspond to the MHD
series.

The distribution of the different PCBS along the satellite is shown in the following
pictures:
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Figure 1.5 – Rx antenna disposition

In the image above it is possible to see the distribution of the different boards that make
up the receiving antenna, and we can see that it will be formed by 12 lines of boards, 6
lines of the RIGHT type and another 6 of the MIRROR type; and each of these lines will
be formed by 6 Dual RFCBs, so there will also be 3 DLs (1 of the DL HEAD type and 2 of
the DL TAIL DUAL type) for each of the lines.
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Figure 1.6 – Tx antenna disposition

In this other image, however, we see the layout of the boards in the transmission antenna,
which has 4 lines of 6 RFCBs each one, 2 RIGHT lines and 2 MIRROR lines with 3 DL
boards each one with the same distribution as in the RX ANTENNA; and it also has 8 lines
of 5 RFCBs each, 4 RIGHT lines and 4 MIRROR lines, whose distribution of the DLs is
going to be different from the ones we have seen so far, since they have a DL HEAD, then
a DL TAIL DUAL, and finally a DL TAIL MONO.

The company will develop the RFCBs and DLs necessary for the operation of the satellite.
In order to be able to develop them correctly, different interfaces and test boards will be
provided by Airbus Defence and Space or manufactured by the company. It should be made
clear that the work carried out by the RFCBs and DLs, distributing the signals and power
from the electronic units to the MCCMs, could be done by means of a cable, but the use of
PCBs implies that the signals can arrive with greater integrity through the use of buffers,
or that the elements are more robust and compact to withstand the different circumstances
that may be encountered in space or at launch.
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1.4 Methodology

The methodology to be followed for the development of the project will be as follows:

• System requirements.Final requirements agreed with Airbus for the project, both
hardware requirements (working temperature, durability, resistance, ...) and software
requirements.

• Analysis and design. Having the necessary requirements, analysis and assessment
of the different options available on the market, and selection of one of the alternatives
for the design of the equipment.

• Implementation. Reception of the necessary parts for the assembly of the test
equipment, and step-by-step construction of the equipment.

• Testing and verification of the system. Once all the equipment has been
assembled, the tests carried out and the different results obtained to check that it
complies with the proposed requirements.

Throughout the development, we will work through a versioning process, in which we will
use programmes such as SAP, the world leader in business management software; PROA,
software created in Tecnobit-Grupo Oesia for the verification and version control process,
and Tortoise SVN, for the management of development and software documents.

(a) SAP logo (b) Tortoise SVN logo

Miguel Romero Garcia



1.5. Project Structure 9

1
1.5 Project Structure

The Final Degree Project has seven chapters in which, within the development of each
one, the general information of the project will be shown, and the part corresponding to that
carried out by the author within the company will be specified. The chapters are as follows:

• Introduction. The context and organisation of the Final Degree Project and the
associated project will be explained, the motivation of this document will be explained,
and the reader will be introduced to the understanding of this document.

• Space Systems. The methodology to be followed during the development of a space
system of the European Space Agency will be explained, focusing on the stage
developed within the company.

• System Requirements. The requirements agreed with Airbus or the participating
companies for the correct functioning of the system will be explained, which can be
mechanical, software, hardware or operational requirements.

• System Analysis and Design. The different possibilities to be chosen during the
analysis process, the choices made for the design and some of the software used will be
shown. In this part I will focus mainly on the mechanical and hardware parts, which
are the ones I have become more familiar with during my internship in the company.

• Implementation. The final result of the test equipment will be shown with photos.

• Project Budget. Estimation of the costs associated with the project and explanation
of the cost of some of the components.

• Conclusion. Evaluation of the work carried out and forecast of what the project can
contribute.

1.6 Time management

A success project does not only relay on the the final product and results, but also on the
development process. Two essential facts that must be taken into consideration during this
process are tasks identification and time management. Indeed, drafting a realistic working
schedule at the commence of the project might influence the rest. For that purpose, a Gantt
Chart has been prepared.
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Chapter 2
Space Systems

During its life in space, any system will have to operate in working conditions that do not
exist on our planet, such as temperature ranges, pressure, cosmic radiation, micrometeorites,
etc. These conditions, together with the fact that any system once in space cannot be
modified, mean that the components and materials used in these systems must be more
expensive than those we are used to, in order to ensure a high degree of reliability and
performance. Logically, the cost of these materials does not allow for continuous work with
them, since due to the possible problems that could be encountered during the development
of the system, the budget associated with the project would rise rapidly. For this reason,
in order to optimise costs and time, space projects follow a working method established in
the ECSS-M-ST-10C document of the European Cooperation for Space Standardization
(ECSS) in which, depending on the phase of the project, we must work with certain types
of materials or others. Starting with COTS (Commercial off-the-shelf) materials and ending
with the materials that will finally travel to space, thus obtaining maximum efficiency of the
time and money invested.The different phases indicated in the above-mentioned document,
are the following ones:

• Phase 0. Mission analysis/needs identification

• Phase A. Feasibility

• Phase B. Preliminary definition

• Phase C. Detailed definition

• Phase D. Qualification and production

• Phase E. Operations/utilization

• Phase F. Disposal
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Each phase has at least one review date associated with it, which will make it possible
to monitor the status of the activities corresponding to each phase and to evaluate the
development of the project. The relationship between the phases, activities and their review
dates in this methodology is shown below:

Figure 2.1 – Phases, activities and review dates

It is necessary to clarify that during the development of a project, this path does not have
to be strictly followed, but a similar structure does. Now, each of the phases of this work
method will be summarised, focusing on phase C, in the section on the definition between
the dates of PDR and CDR, since this interval was the one that was worked on during the
author’s stay in the company.

2.1 Phase 0: Mission analysis/Needs identification

In the first phase of this model, work will be done to identify the needs that the project
will have, the scientific barriers that will be encountered, the first technical requirements
that will have to be faced or the planning of costs and schedule. This phase ends after the
Mission Definition Review (MDR), in which the overall mission concept will be defined.
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2.2 Phase A: Feasibility

This is where the first technical designs are made and their feasibility and risks are
assessed along with possible limitations. It ends with the Preliminary Requirements
Review (PRR), where the requirements to be taken into account in the system design are
specified.

2.3 Phase B: Preliminary definition

Further specification of the system begins, hardware models are decided upon, the
schedule and costs are defined, and the chosen solutions are assessed, while design
development begins. This phase has two key dates, the System Requirements Review
(SRR), which establishes the characteristics of the system based on the technical
requirements previously established, and the Preliminary Design Review (PDR),
which defines the characteristics of the system based on the technical requirements and
design constraints as well as its verification conditions.

2.4 Phase C: Detailed definition

During this phase, the detailed design of the system is completed at all levels, and the
production and development of the critical elements and components begins, along with the
various models needed to verify the system. The key date associated with this phase is
the Critical Design Review (CDR), which will be aimed at launching the final design,
assembly, integration, test plans and user manual. In this phase, different hardware models
will be used depending on how closed the system design is, these models can be the following
according to the ESA:

– MU : Mock-up model
– DM : Development model
– SM : Structural model
– ThM : Thermal model
– STM : Structural-Thermal model
– Suitcase model
– EFM : Electrical and Functional model
– EM : Engineering Model
– EQM : Engineering Qualification model
– QM : Qualification model
– LTM : Life Test model
– PFM : Proto-Flight Model
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– FM : Flight Model
– FS : Flight Spare

Although there are many different models with different objectives, we will focus on the
models used during project development within the company, which are the EM, EQM,
PFM and FM.

• EM: The engineering model is similar to the flight model, as it has the same dimensions
and similar functionalities, although not total, but it differs from the flight model in
that its components are not as reliable, and therefore cheaper. This model is mainly
used to test basic functionalities and for final validations.

• EQM: The engineering qualification model is very similar to the previous one, with the
small difference that this one fulfils all the functionalities that the system must have
and includes military components, which, although they are not flight components,
fulfil many of the necessary conditions, but at a much lower price. This model will
undergo several qualification tests to verify that the model can withstand the conditions
indicated.

• PFM: The Proto-Flight model is almost identical to the flight model in that it includes
space-ready components and fulfils all the system’s functionalities. This model is used
to verify that the system will be able to pass the qualification tests, stressing the system
as much as possible to check that it is still useful.

• FM: The flight model is the final product, it includes all the functionalities and
components with which the system was designed, and it will be the model that goes
into space. For this reason, this model will only undergo acceptance tests, which will
not be so stressful and will allow the components to function normally, once the tests
have been completed.

As a practical example, two components of the EM and PFM models are taken. Both are
placed in the same position in the models and perform the same functions without stressing
them. The difference is that, under high levels of stress, the PFM model will continue to
work under high performance, and the EM model will not.

These models will have to be tested under different conditions of temperature, pressure,
vibration, etc. These will stress the components of each of the models to a greater or lesser
level. Depending on the purpose, duration, or conditions of the tests we want to perform on
the system, these can be divided into the following groups:

• Qualification Tests: These tests seek to demonstrate that the design and
implementation of the hardware and software is correct and that the system has a
much larger working range than expected. In order to verify this, the model is
subjected to conditions that exceed the range in which it will work in space in order
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to ensure that there will be no future problems. These tests are not applicable to
flight models because under these tests the model is subjected to high stress
conditions that can cause system failures, and therefore the correct functioning of the
system cannot be ensured.

• Acceptance Tests: These tests must be performed with the objective of
demonstrating that the system can be sent to space without altering its functionality,
so the tests included in this section must not exceed the conditions and tolerances
that the system will encounter in space. Tests should be performed on all flight
models, except protoflight models, and should be performed after the qualification
programme has been completed.

• Protoflight Tests: These are both qualification and acceptance tests performed on
the first flight model to verify that it can operate under the conditions of the
qualification tests, and to ensure that after this, it can continue to meet the
requirements of the acceptance tests.

The differences in both the working ranges and the duration of the tests can be seen in
the following tables:

Figure 2.2 – Ranges and duration of qualification tests
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Figure 2.3 – Ranges and durations of acceptance test

2.5 Phase D: Qualification and production

This phase corresponds to the end of system development and is where qualification testing
is completed and both space and ground systems are checked to ensure that they work equally
and meet the agreed requirements and margins. During this phase, there are three key dates:
the Qualification Review (QR), which serves to demonstrate that the final design meets
all requirements and that verification has been completed; the Acceptance Review (AR),
which aims to confirm that there is no human intervention in the final product to avoid
any human error and includes the acceptance report; and the Operational Readliness
Review, which aims to verify that the procedures are compatible for both the flight and
ground systems.

2.6 Phase E: Operations/Utilization

This phase will depend on the type of project to which it applies, but in general, its
objectives are related to the launch, such as performing orbital operations, support activities
for the ground and space teams and verifying the correct functioning of both systems. This
phase has four key dates such as the Flight Readiness Review (FRR), which serves to
verify that the ground and flight equipment, and all communication and tracking systems, are
ready for launch; the Launch Readiness Review (LRR), whose objective is to verify that
the rocket is ready to be launched and to proceed to its authorisation; the Commissioning
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Result Review (CRR), where in-orbit tests are performed to verify that all systems are
working as expected; and the End of Life Review (ELR), which ensures that all in-orbit
elements are configured to maintain safe operation.

2.7 Phase F: Disposal

This phase serves to ensure that all activities have been carried out correctly through a
final Mission Close-out Review (MCR).
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Chapter 3
EGSE Requirements

Due to the complexity and work involved in designing and building a space system such
as a satellite, as mentioned in previous chapters, it will be divided into different parts that
will be designed and manufactured by different companies. For this purpose, the overall
system is divided into several subsystems that must comply with the requirements that have
been agreed upon, so that, when all of them are put together, the correct functioning of the
system is ensured.

In order to ensure that the subsystem meets the requirements, and to verify that it is
functioning correctly, an Electrical Ground Support Equipment (EGSE) is used, which is a
device that simulates the different electrical functions of the satellite before launch.

These equipment are usually racks divided into different segments that assume different
functions. There are different companies that are responsible for commercialising the
different components of the rack, and there are even some companies such as Celestia STS
or Keysight Technologies that directly commercialise these complete pieces of equipment,
as we can see in the following images:

Figure 3.1 – Rack examples
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(a) Celestia STS logo (b) Keysight technologies logo

Although there are good options on the market for equipment that functions as an
EGSE, the project will work with an EGSE designed entirely within the company and
which will be made up of elements of its own design and manufacture, and commercial
elements purchased from other companies. This EGSE can be divided into two large
groups, the EGSE_MAINFRAME, which will correspond to the entire Rack and the
equipment necessary for the control of the tests; and the Unit Under Test (UUT),
which will be the units to be tested. In the same way, in order to establish connections
between the EGSE components, different cable units will be used, which may be purchased
from other companies or designed and manufactured within the company. These cables can
also be classified in CABLES_EXT, if they are in the UUT section, or CABLES_INT,
if they are in the EGSE_MAINFRAME group. In order to establish a connection between
the EGSE_MAINFRAME and the UUT, we will use an internally designed and
manufactured cable named W01_EXT, which will be discussed later.

3.1 Use cases

The objective of the EGSE designed in-house is to be able to verify the different boards
manufactured by the company, in order to check their adaptation to the rest of the satellite
system. For this, the EGSE will need to be able to test each of the configurations of the power
distribution and signal transmission lines agreed in the requirements with Airbus Defence
and Space (ADS), which are as follows:

• RFCB_RX

Figure 3.2 – RFCB_RX case
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• RFCB_TX

Figure 3.3 – RFCB_TX case

• RFCB_SC

Figure 3.4 – RFCB_SC case
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• RFCB_GEO

Figure 3.5 – RFCB_GEO case

• RFCB_GEO_MONO

Figure 3.6 – RFCB_GEO_MONO case

Miguel Romero Garcia



3.1. Use cases 23

3

• 5xRFCBs_DUMMY

Figure 3.7 – 5xRFCB_DUMMY case

• 6xRFCBs_DUMMY

Figure 3.8 – 6xRFCB_DUMMY case
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The following cases will be needed for the Engineering Models:

• EM1

Figure 3.9 – EM1 case

• EM2

Figure 3.10 – EM2 case
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• EM3

Figure 3.11 – EM3 case

• EM4

Figure 3.12 – EM4 case
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For the qualification models, an EQM case will be defined, which can be tested in
a thermal vacuum chamber, using for this purpose two cables that will be attached
to the W01 and will be used only for these cases, namely W60_EXT_TVAC and
W61_INT_TVAC.

• EQM

Figure 3.13 – EQM case

For the proto-flight models, two cases will be defined, PFM1 and PFM2, which can
also be tested in a thermal vacuum chamber:

• PFM1

Figure 3.14 – PFM1 case
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• PFM2

Figure 3.15 – PFM2 case

And for flight models, and deliverables, the cases that will be needed will be as follows:

• FM_RX_A

Figure 3.16 – FM_RX_A case
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• FM_RX_B

Figure 3.17 – FM_RX_B case

• FM_RX_C

Figure 3.18 – FM_RX_C case
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• FM_RX_D

Figure 3.19 – FM_RX_D case

• FM_RX_E

Figure 3.20 – FM_RX_E case
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• FM_RX_F

Figure 3.21 – FM_RX_F case

• FM_RX_G

Figure 3.22 – FM_RX_G case
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• FM_RX_H

Figure 3.23 – FM_RX_H case

3.2 Requirements for the functions and performance of the system

The resources to be used for testing should be selected from commercially available items,
ideally from different suppliers, and the measurement equipment and sources used should
be identified with the model, serial number, calibration and expiry date, and should be
standardised at national and/or international level. For the correct functioning of the system,
the EGSE must be able to evaluate each RFCB and DL individually, and to have the
capability of test all UUT functional blocks.

3.2.1 EGSE BOARDS

These boards will be the ones designed at the company, but they are not deliverable, they
will be used only for testing. In the cases of the DB DUMMY BOARD and the MCCM
DUMMY BOARD they are test boards that must simulate the real boards manufactured by
ADS.

• EIM BOARD
The EIM BOARD must be able to establish SPI communications ranging from 500
KHz to 1 MHz with each of the MCCM DUMMYs boards. It must be able to drive the
SPI bus for the indicated MCCM of each test, and check that the response corresponds
to the chosen MCCM. This board must also be able to generate 5MHz beam hopping
signals and the nDBUFF, nDBUFF_SC, nACT and RESET signals.

• DB DUMMY BOARD
This test board must be able to distribute all signals and power from the
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EGSE_MAINFRAME to the DL HEAD BOARD, and must have a connector that
matches the J1 connector on the DL HEAD BOARD.

• MCCM DUMMY BOARD
These boards must have the ability to measure the six different power voltages inside
the MCCM DUMMY (VDD_MCCM, VDD_SC, VCC2, VSS, VG_SSPA,
VDD_LNA), must be able to measure the SPI signals inside the board between the
frequencies indicated above, and must be able to measure all the control signals
inside the board. In addition, these boards must emulate all the internal loads that
are present in the MCCM, and must be able to connect to the RFCBs connection
interface.

3.2.2 SPAINSAT NG BOARDS

• RFCB
The EGSE must be able to test the RFCBs individually, meaning even if the other
RFCBs are not connected, and must be able to perform the tests for each of the
different use cases listed above (RFCB_RX, RFCB_TX, RFCB_SC, RFCB_GEO).

• DL
They shall be responsible for routing the signals from the DB to each of the RFCBs
and the following DLs. The EGSE shall be able to perform the tests for the use
cases described above for the DL HEAD, DL HEAD MIRROR, DL TAIL, DL TAIL
MIRROR, DL TAIL MONO and DL TAIL MONO MIRROR.

3.2.3 EGSE SW

The EGSE software shall have the capability to pause and shall allow select continuously
tests by default. It must have the ability to schedule test start and stop hour, and must
allow for cyclic testing.

The reports generated by the software must be in real time and reloaded at the end of
the test sequence. All results should be displayed in the test report, even if it has several
iterations, which should be less than 3 minutes. It shall be able to display the errors and
iterations counted, and to display the voltage drop on the GCCs of each of the MCCM
DUMMYs. The acceptance test report must be able to be displayed while the test is being
performed, and must have the ability to add tools to it. In addition, the software must have
the ability to recover from a failure in one iteration if the unit under test recovers.

3.2.4 REPORTING

The reports generated must be saved in .xml format and in non-volatile memory and
must show the measurements and results indicated in the test to be performed, the number
of iterations and failures, and the time taken to perform the test. It must be able to stop
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and continue the test at any time, and it must have a tool capable of filtering and displaying
the reports generated by the system.

The ATR shall display information about the Part Numbers and serial numbers of the
cables and items used in the test, the version of the software used, and the instrumentation
used and its calibration.

3.3 External system interface requirements

3.3.1 RFCB

The RFCBs are the PCBs responsible of connecting the DLs to the MCCMS, there are
five types of RFCBs (RX, TX, SC, GEO, GEO Mono), and all of them will mount a J1
connector, which will connect to the DL. However, the RX and TX type RFCBs will also
mount J2 and J3 connectors, which are not present on the other boards. The layout of these
connectors on the RFCBs is given in the picture below:

Figure 3.24 – RFCB interface detail
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The connectors corresponding to each of these references shall be able to connect to the
corresponding connectors of the DLs and MCCMs, and shall be as follows:

RFCB REF. TO/FROM CONNECTOR CONECT TO RFCBs

J1 DL
MHD1005731114
MHD Male Connector
PCB 152 ways

MHD1004631122
MHD Female Connector
PCB 152 ways

ALL

J2 Antenna
340102901B15PFR139
MDM Male Connector
PCB 15 ways

MDM Female Connector
PCB 15 ways RX,TX

J3 Antenna
340102901B15PFR139
MDM Male Connector
PCB 15 ways

MDM Female Connector
PCB 15 ways RX,TX

As can be seen, connector J1, as it is connected to the DL, it will be known which
connector it will be connected to, however, for J2 and J3 they will have to be searched for
during the design phase.

In addition to these connectors, the RFCB BOARD must have an interface to connect to
each of the MCCMs via two interposers of 70 pins each.
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3.3.2 DL

In order to be able to carry out the tests, the EGSE must be able to reach all interfaces
of the DLs, which will depend on which type it is:

• DL HEAD
In a row of DLs, the first one is always a DL HEAD or DL HEAD MIRROR, which,
as they are the first ones, must have more connectors, which will be J1, J2, J3, J4
and J5. J1 is the interface that connects to the DB, J2 and J3 connect to the RFCBs,
J4 connects to the DL TAIL and J5 is a test connector. The distribution of these
connectors inside the board will be as shown in the following image:

Figure 3.25 – DL HEAD interface detail

The connectors of this board must be able to maintain connection with the interfaces
of the other boards to which they are connected, and shall be:
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DL_HEAD
INTERFACE TO/FROM CONNECTOR CONECT TO

J1 DB
MHD1005731114
MHD Male Connector
PCB 152 ways

MHD1004631122
MHD Female Connector
PCB 152 ways

J2 RFCB
MHD1004631122
MHD Female Connector
PCB 100 ways

MHD1005731114
MHD Male Connector
PCB 100 ways

J3 RFCB
MHD1004631122
MHD Female Connector
PCB 100 ways

MHD1005731114
MHD Male Connector
PCB 100 ways

J4 DL_TAIL
MHD1004631122
MHD Female Connector
PCB 152 ways

MHD1005731114
MHD Male Connector
PCB 152 ways

J5 Test
340102901B15PFR136
MDM Male Connector 90º
PCB 15 ways

MDM Female Connector
PCB 15 ways

As with the RFCBs, we know the connectors where the DB interfaces fit, because they
connect to boards whose interfaces we also know. This is not the case with J5, and if
we want to connect it, we will have to look for the corresponding connector.

• DL TAIL DUAL / DL TAIL MONO
These boards will follow the DL HEAD, and, in case of the DL TAIL DUAL, it may
be followed by another DL TAIL DUAL or a DL TAIL MONO. Their interfaces will
be the same as those of the DL HEAD, but without the J5 connector in the case of
the DL TAIL DUAL, and without the J3, J4 and J5 connectors in the case of the DL
TAIL MONO. The distribution of the interfaces on both boards will be as shown in
the following image:
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Figure 3.26 – DL TAIL DUAL and DL TAIL MONO interface detail

These interfaces will all be connected to known connectors, and therefore no new ones
will have to be found. The connectors will be:

DL_TAIL
INT. TO/FROM CONNECTOR CONECT TO DL_TAIL

J1 DL_HEAD /
DL_TAIL

MHD1005731114
MHD Male Connector
PCB 152 ways

MHD1004631122
MHD Female Connector
PCB 152 ways

BOTH

J2 RFCB
MHD1004631122
MHD Female Connector
PCB 100 ways

MHD1005731114
MHD Male Connector
PCB 152 ways

BOTH

J3 RFCB
MHD1004631122
MHD Female Connector
PCB 100 ways

MHD1005731114
MHD Male Connector
PCB 152 ways

DUAL

J4 DL_TAIL
MHD1004631122
MHD Female Connector
PCB 152 ways

MHD1005731114
MHD Male Connector
PCB 152 ways

DUAL

3.4 Safety requirements

The EGSE shall be designed in such way, that personnel in charge of operating the system
will not be exposed to moving mechanical parts such as gears, fans, and belts. During peak
performance of the EGSE, its temperature should not exceed 50°C, and as a method of
prevention, the EGSE must have appropriate bonding and earthing. It too must have a
circuit breaker and differential to avoid electrical risks, as well as an emergency stop button
on the main frame.
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3.5 Security and privacy requirements

All documentation must be classified as TECNOBIT CONFIDENTIAL. Access must be
controlled through the use of users and all documentation must be uploaded to SAP, in the
case of documentation related to configuration control; and in Tortoise SVN, for development
documentation, software documentation, etc.

3.6 Human-factors engineering requirements

The EGSE must have a computer that is in charge of controlling the equipment tests and
that has a graphical interface to manage these tests. Regarding the tests, the EGSE must
provide vibration tools to support the UUT tests and cables to connect the equipment, as
well as a special one for the vacuum chamber.

3.7 Operations and maintenance requirements

The EGSE must be designed to operate for a minimum of 8 hours per day for a full year
without maintenance and must have its own calibration plan.

3.8 System interface requirements

The EGSE must have savers on the connectors of the UUT to prolong its maximum
performance.

3.8.1 System external interfaces

EGSE shall require one-phase 230 V +/- 10%, 50-60 Hz input to power the Test
Equipment, and must have an electrical interface to each of the UUTs.

3.8.2 Egse communications interface

EGSE shall provide an external Ethernet connection for general purposes, and shall
provide logical interfaces with the different UUTs in accordance with their ICDs.

3.8.3 Egse mechanical interface

The EGSE must have a mechanical interface between the test equipment and the RFCBs,
between the test equipment and the DLs, and between the test equipment and the DB.
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3.8.4 Egse electrical I/O interface

EGSE shall provide an electrical I/O interface with each one of the UUTs according to
its electrical ICD

3.9 System environmental requirements

The EGSE RACK must be designed to operate under standard laboratory environmental
conditions, and both the DB DUMMY BOARDs and MCCM DUMMY BOARDs, and the
cables and tools used for the various connections of the UUT must be capable of operating
in temperature conditions between -40ºC and 85ºC, and ambient pressure conditions less
than or equal to 1.33mPa.

3.10 Internal data requirements

The data generated by the EGSE should be stored in reports whose numerical data should
be given in the International System, and with two decimals where possible. The operating
system used for the EGSE must be Windows 10.

3.11 Physical requirements

The colour RAL7035 should be used on the EGSE where possible, and the external
facilities to power the EGSE should comply with IEC 60309.

(a) RAL7035 colour (b) IEC60309 connector

3.12 Personal-related requirements

EGSE should be designed to have minimal human intervention. The tester should only
be involved if there is no other possible way, and the connectors should have polarisers where
possible to avoid any errors when connecting them.
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Chapter 4
EGSE DESIGN

Once the various requirements agreed with ADS® have been obtained, it is possible to
move on to the design phase. To carry out this phase, the EGSE will be divided into three
different parts, the EGSE boards, which will be the boards designed at the company that
will be used to perform the tests but will not be delivered to ADS®; the EGSE
MAINFRAME, which will be the Rack that will be in charge of performing and
controlling the tests; and the EGSE CABLES, which will be the cables used to connect
the different parts of the EGSE.

The focus of this chapter will be mainly on the design of the EGSE MAINFRAME
and the EGSE CABLES, which will be the parts on which the author has focused his
work during his time at the company, as the design of the EGSE boards corresponds to
other people.

4.1 EGSE boards

The boards that will be delivered to ADS® will be the RFCBs and DLs mentioned above,
which will be responsible for the distribution of the control and power electronics between
the DBs and the MCCMs manufactured by ADS®. To verify the correct operation of the
boards manufactured by the company, and their adaptation to the satellite, they will have
to be tested with the DBs and MCCMs. But because this is a test equipment and we will
be working on a development phase, the DBs and MCCMs used at the company will have
to be test boards that simulate the functionalities of the boards designed at ADS. As these
boards will be for testing purposes, they will be called DB DUMMY and MCCM DUMMY.

In addition to these two boards, the EGSE will have the EIM BOARD, which is the board
that will provide the electrical interfaces to the DB DUMMY and will be located inside the
main frame.

Test Equipment Design for a Space System 41



4

42 Chapter 4. EGSE DESIGN

Since the design of these three boards does not correspond to the author, this section
will focus on the characteristics of the boards that will help in the design of the EGSE
MAINFRAME and the EGSE CABLES, such as their dimensions or the position of
their connectors.

4.1.1 EIM BOARD

The EIM BOARD, as previously mentioned, is the board that will provide the electrical
interfaces to the DB DUMMY. This board will be able to test two lines of UUTs at the same
time, the RIGHT line and the MIRROR line. For its operation it will need 3.3V and 5V
power supply, and it will have to provide the following signals through its outputs:

• 4x Serial Peripheral Interface (SPI) (Only 1 simultaneously)

• 48 discrete select lines of the RFCBs

• 4x BUS discrete select lines

• 4x nDBUFF digital lines

• 4x nDBUFF_SC digital lines

• 4x NACT digital lines

• 4x Reset digital lines

• 4x BH clock signals

• 4x Control signals of the EIM BOX sources

The dimensions of this board shall be based on a PCB with dimensions 200mm wide and
200mm long and with the position of its connectors in the following layout:
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Figure 4.1 – EIM BOARD interfaces detail

The J1 and J2 interfaces are the 321YL120F44H model connectors from the French
company NICOMATIC, known for the development and manufacture of connectors for
space or defence use, such as this connector, which belongs to the series of high-performance
microconnectors. From the name of the model, we can obtain the characteristics of this
connector, for this purpose we will have to divide it into different parts:

• 32: Indicates that the connector will have three rows and will have jackscrew to fix
them.

• 1: Indicates that it is male, if it were female, it would be 2.

• YL: Indicates the method of fixing the pins, in this case, through hole straight to the
PCB and with a length of 4.5mm.
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• 120: This is the number of contacts that the connector will have.

• F44H: Indicates how the connector will be fixed to the PCB.

Figure 4.2 – NICOMATIC logo

These interfaces will be used to transmit the control signals to the DBs. Each of the
connectors will go to one line of the UUTs, J1 will go to the RIGHT line, and J2 will go to
the MIRROR line.

The J3 interface will be responsible for supplying power to the EIM BOARD, and therefore
make it work. The 3.3V and 5V signals that supply the EIM BOARD will enter through
this connector, and the signals that control the 3.3V and 5V sources of the EIM BOARD,
as well as the 12V and -12V signals that supply the MCCM DUMMYs, will exit through
this connector. This connector, part number 83614-9016, is manufactured by US-based
company MOLEX. The connector is similar to D-type connectors, such as those commonly
used in computer peripherals, but with the feature that this one is high-density and therefore
micro-D series, with more contacts in less space. It has 25 male type contacts and jackscrew
for attachment to the PCB. The connector will be the same as shown in the image below.

(a) MOLEX logo (b) 83614-9016 connector

The J4 interface will also be from NICOMATIC, but the model will be the 102Y02,
which is a different series to the previously seen connectors from the same manufacturer, and
has a row of only two female contacts. This connector will be the one for the cables going
to the thermal camera, and one of the contacts will be for the input signal and the other for
the output signal.
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Figure 4.3 – 102Y02 connector

The J5 interface will be the model 09 18 540 7324 from the company called HARTING,
and it will be a male connector with 40 pins, which is where the signals will be connected to
the NI USB-8452 unit, which will be a master SPI interface that will generate the MOSI
and SCLK signals and will be in charge of reading the MISO signals coming from the MCCM
DUMMYs cores.

(a) HARTING logo (b) 09 18 540 7324 connector

The connector corresponding to J6 will be manufactured by the Swiss company Tyco
Electronics, and will have 100 female contacts that will be used to transmit the digital
control signals from the EIM BOARD to the NI USB 6509 DIOs, which will be a module
from which the EIM BOARD will generate different control signals such as bus selection
signals for the different boards. The connector is the one you can see in the following
picture, which, like the D-type connectors, has a polariser so that there are no problems
when making the connection with the cable.

(c) TE CONNECTIVITY logo (d) J6 interface connector
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The last interfaces, connectors J7 and J8, will be used to connect to a voltmeter, and, in
this way, check that the sources that feed the EIM BOARD are working correctly. They will
be male connectors with 4 pins each, two input and two output, it will be manufactured by
the company HARWIN and the connector will be as follows:

(e) HARWIN logo (f) J7 and J8
interface connector

4.1.2 DB DUMMY

This board will be in charge of distributing all the signals from the EIM BOX of the
rack to the DL HEAD and vice versa, and therefore it must be able to fit in with the DL
HEAD. The DB DUMMY will have dimensions of 168mm by 270mm and its interfaces will
be distributed as follows:

Figure 4.4 – DB DUMMY interfaces detail

The interfaces from J1 up to and including J5 will all be from the same manufacturer,
HARTING, which has been mentioned earlier in the EIM BOARD. These connectors will
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all be Sub-D connectors but with different numbers of contacts. In addition, they will all
have a trought-hole connection to the PCB with a 90° connection, except for J5, which will
be straight to the PCB.

J1 will be a 62-pin male connector and J2 will be a 62-pin female connector, thus avoiding
the possible human error that could be produced by having two identical connectors, and
complying with EGSE requirements.

Figure 4.5 – DB DUMMY J1 and J2 interfaces detail

The same goes for J3 and J4, both being 78-pin, J3 has male pins, and J4 has female
pins, like is possible to see in the following picture:

Figure 4.6 – DB DUMMY J3 and J4 interfaces detail

J5, however, is a connector that has 26 male-type pin contacts and will be arranged on
the PCB straight to the board, as has already been clarified above.

Figure 4.7 – DB DUMMY J5 interfaces detail

All these mentioned interfaces will be connected to a cable, the W01_EXT, which has
already been mentioned at some point throughout the document, and which will be discussed
later in the EGSE CABLES section.

J6 is the interface that will connect the DB to the DL HEAD. In the EGSE requirements, it
could already be seen that in the DL HEAD section, the DL HEAD connector that connected
it to the DB was a connector manufactured by Smiths Interconnect from the MHD series
and with reference number MHD1005731114, which had 152 male pins. Therefore, the
connector on the DB to connect the two boards will be the same connector, but with 152
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female pins, which has a part number of MHD1004631122. These connectors have high
performance under high stress conditions, and are therefore recommended by ESA as suitable
for use in space systems. This connector will look like the one shown in the photo below:

(a) SMITHS INTERCONNECT logo (b) MHD1004631122 connector

4.1.3 MCCM DUMMY

This board will be in charge of simulating the functions of the flight model MCCMs
manufactured by ADS®in order to test all the functionalities of the RFCBs and DLs. It
will be 162mm by 120mm and will be connected to the RFCBs via two 70-pin interposers.
Some of the functionalities of the boards manufactured by the company should be: being
able to monitor the power delivery rails, connections to the different loads on the board that
simulate the real ones, monitoring the interfaces or maintaining communications via SPI.
For this purpose, the board will be designed with four ATMEGA 2560 cores that will
have a connector on the board so that they can be programmed. In order for the board to
operate, it will need to be powered by 12V and -12V through one of its connector interfaces.
The layout of the connectors on the MCCM DUMMY shall be as follows:
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Figure 4.8 – MCCM DUMMY interfaces detail

The areas coloured in yellow correspond to areas where the different mechanics of the
board will have to be located, and, therefore, no component may be located in that area.
In the centre you can see the four ATMEGA 2560cores, and at their sides, in blue, the
position of the B1 and B2 interposers, which establish the connection between the RFCB
and the MCCM DUMMY, and which will look like this:

Figure 4.9 – MCCM DUMMY interposer detail

As for the rest of the connection interfaces, J3 will be a male connector manufactured by
SAMTEC that will have 40 pins distributed in two rows and will be used to connect the
NI USB-8452 programmer to the MCCM DUMMY, in order to configure each of the four
cores. The connector located on the board will be the one we can see in the following image:
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(a) SAMTEC logo (b) J3 connector

The J5 interface connector will be responsible for supplying power to the board for
operating, and it will be manufactured by NICOMATIC, with serial number
221Y10F21, which as we have already seen indicates that it has two rows of male pins
with through hole soldering and 10 pins in total. The connector will have jackscrews to be
able to be attached to another connector and to the PCB, and will look like in the
following picture:

Figure 4.10 – MCCM DUMMY J5 interface detail

The J6 and J7 connectors will be the same and will both go to the J2 and J3 interface
of the RFCB respectively, to measure signals on the RFCB. Both connectors will also be
manufactured by NICOMATIC and will have a reference of 221Y06F21, which as you
can see is the same as the previous connector, but changing the number of pins it will have,
which in this case will be 6.

Figure 4.11 – MCCM DUMMY J6 and J7 interfaces detail
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The last connector, the J8, will only be used in case of mounting a RFCB DUMMY
instead of a RFCB, and although they are also from NICOMATIC and have 6 female
contacts, their reference will be 222Y06F21 and they will have a rectangular shape, as you
can see in the following picture:

Figure 4.12 – MCCM DUMMY J8 interface detail

4.2 EGSE mainframe

As mentioned in other chapters, the EGSE MAINFRAME will be the rack that will be in
responsible for performing the necessary tests to verify the electrical operation of the UUTs
under the corresponding requirements. For this purpose, the EGSE rack will have to be able
to generate the power distribution and control signals of the UUTs and the necessary power
to operate them. The design of this Rack cannot be started from the outside, just as we do
not start building a house from the roof, so we will first analyse the amount of elements that
will be necessary for the correct operation of the rack, and later we will decide on the size
of the rack.

In the requirements section, the different use cases that will have to be tested by the rack
can be seen. It can be seen that the case where more elements are used will be the one
corresponding to the use of 3 DLs, one DL HEAD and two DL TAIL DUAL; with all the
corresponding RFCBs and MCCMs, six RFCBs and twelve MCCMs. As these lines have
a mirror model, the rack will be designed to have the capability to test both RIGHT and
MIRROR models at the same time.

For the distribution and control signals we will use the EIM BOARD, board that has been
previously named, and that for its installation inside the rack will have to be placed inside a
box that will be named EIM BOX. For this board to work, it will be necessary to install two
power supplies, one 3.3V and the other 5V, which, depending on their dimensions and the
dimensions of the EIM BOARD, can be installed inside or outside the EIM BOX. In reference
to other EGSE boards, the MCCM DUMMYs will need a 12V and -12V power supply, so
they will have to be installed with two other power supplies that meet these characteristics,
which, like those mentioned above, can be installed inside or outside the EIM BOX.

As can also be seen from the requirements, the MCCM DUMMYs of the UUTs have to be
able to measure the voltages of the power that is transmitted through the DLs and RFCBs
and that correspond to the signals whose names were:

• VDD_MCCM
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• VDD_SC

• VCC2

• VSS

• VG_SSPA

• VDD_LNA

Therefore, for the generation of these different power signals, six sources per line will have
to be installed in the Rack, meaning a total of twelve sources.

For the correct operation of the rack, the elements mentioned above would be sufficient,
but the EGSE safety requirements indicate that the rack must have a Power Protection Unit
(PPU) with a circuit breaker, a differential, and an emergency button.

Even so, these will not be the only components in the rack, as space will still have to
be found for different components that are essential for the operation of the rack, such as
a switch that takes the information from the computer that controls the equipment to any
of the elements in the Rack, or a power strip to supply all these elements. In addition, for
the EIM BOARD to work properly, we will have to install a NI USB-8452 module and a NI
USB 6509 DIOs module, as we have seen in the design part of this board. As these modules
are small, they will not be fitted in the rack, but we will have to assess their installation
by inserting them in the EIM BOX, or, as it is normally done, in any DIN rail we want to
install. Therefore, we still don’t know what the size of the rack will be, but we can start
sketching it now.

Racks are widely used in any sector related to communications or electronics, which
means that their manufacture is standardized to make it easier for manufacturers to design
the modules that will be integrated into them. Racks have three measurements that we
are already familiar with: width, height and depth. These three measurements are given in
units that do not correspond to the international system, and therefore, we are not used to
working with them. The width refers to the distance between the internal profiles of the
rack, which will hold the modules. This distance is given in inches, and it is possible to find
racks with measurements of 10, 13, 19 inches, etc. on the market. The most commonly used
in the telecommunications field, and the size that will be chosen for this rack, is 19 inches.
The height refers to how tall the rack is going to be, but not in metres, but in units. A unit
or U is going to be the equivalent height of 4.445cm, what happens is that the modules of
the Racks are standardised to measure that height or multiples of it. Therefore, from now
on, the height of the rack will be measured in Us, which will help us to better understand
the number of modules inside the rack, and the size of the rack that we are going to need.
The depth of the rack is measured in centimetres, and varies depending on how deep the
modules are. In addition, it is important to consider that a space must be left so that the
cables connecting the different modules at the back can be bent without forcing them too
much.
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In conclusion, it is possible to obtain that, for the design of a Rack, the first thing that
has to be defined is the width that we want it to have, as the modules are manufactured
according to this standardized measurement. The height is not initially the biggest problem,
as this will be determined by the number of modules we are going to use and their heights,
as well as the depth which, at first sight, is not a blocking factor.

Once the width of the rack has been chosen, 19 inches, it is possible to start choosing
the modules of the rack according to the selected width, and start designing it. First, an
approximation of the design will be made by choosing all the modules to be used and their
order within the rack, and then once these modules have been chosen and the cables have
been designed, different parts of the Rack will have to be mechanised so that everything can
be well connected.

For this initial approach to the design, and with everything that has been explained
previously, the EGSE MAINFRAME could be divided into these large groups:

• EIM BOX

• EGSE BOARDS POWER SUPPLIES

• UUTs POWER SUPPLIES

• DIN RAIL

• LAPTOP

• PPU (Power Protection Unit)

• POWER STRIP

4.2.1 EIM BOX

This Rack module will contain the EIM BOARD and will be the physical interface to which
the W01_EXT is connected, the cable which, as mentioned above, will connect the Rack
with the UUTs, and which will be discussed in more detail in the section EGSE CABLES. For
this Rack module, the possibility of installing the power supplies that feed the EIM BOARD
and the MCCM DUMMYs will also be studied. To obtain the physical characteristics of this
module, we will start by knowing the physical characteristics of the EIM BOARD, which
is the board that will be inside. As we have seen previously, the EIM BOARD will have
dimensions of 200mm by 200mm. As we know that the case is going to be 19 inches wide,
the width of the case is going to be 482.6 mm, which means that there is going to be plenty
of space in the case when the board is placed.

The EIM BOX will also be the physical interface of the rack, as mentioned above. On
the front of the EIM BOX there must be the connectors with which the W01_EXT fits, as
much for the RIGHT line as for the MIRROR line. On this front side there will also be
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space to connect other future ports that we are going to need, or the voltmeters of the EIM
BOARD that have been previously mentioned. As a preventive measure for heat dissipation,
and seeing the space left over when installing the board, we will look for a large rack box,
in order to be able to install inside some of the elements that will not be rack modules, but
will be essential elements for its operation, such as the power supplies that feed the EIM
BOARD and the MCCM DUMMYs. In order to meet these conditions, we will look for Rack
boxes with a height of about 5U to guarantee the maximum possible space.

A high-performance rack box will be sought so that there is no mechanical failure during
the life of this Rack. Therefore, we will work with the company RS Components, which
is not only a manufacturer, but also the largest international supplier of industrial products
and high-quality electronic components.

Figure 4.13 – RS Components logo

At https://es.rs-online.com/web/ it is possible to find a wide range of useful elements
for any industrial or electronic application. Tecnobit-Grupo Oesia makes weekly orders to
this company, which guarantees high performance components for a long period of time.

Using the search bar, it is possible to insert the key words that help to filter the
elements in order to find the right one. In this way, typing "19-inch rack box" will bring up
all the available models of 19-inch-wide rack boxes, and the option to filter by their
characteristics. Filtering by height and selecting the 5U option, the following models
appear with the following characteristics:

CODE 188-1324 665-7731 188-1323 665-7649

DIMENSIONS
L: 425
W: 425
H:217.3

L: 425
W: 482.6
H: 221.5

L: 425
W: 335
H: 217.3

L: 483
W: 466
H: 222

COLOUR Black Black Black Grey

MATERIAL Aluminium
Die cast aluminium Steel Aluminium

Die cast aluminium
Aluminium

Die cast aluminium
PRICE 184.35 112.10 172 80.03

PHOTO

In terms of dimensions, the four boxes have more or less similar dimensions, especially in
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terms of height and width, although for example the box with RS code 188-1323 is smaller
in depth than the box with RS code 188-1324, as they are the same model, but with this
small difference. In terms of materials, all the cases are made with an aluminium front panel,
and with the body made of extruded aluminium or steel, and although aluminium is cheaper
than steel, steel provides greater reliability as it is more durable and more resistant.

Colour is not a determining factor, but it should be remembered that in the EGSE
requirements it was made clear that as far as possible the colour RAL7035 should be used,
which is a range of grey, however, only the last box, RS code 665-7649, is of a similar colour
to the one required.

The determining factor in this case will be the price, since as we have seen, they are boxes
with very similar characteristics, with the main difference in the material in which they are
made and in their price. This is why the box chosen will be the last one, RS code 665-7649,
as it is the one made of the best material, it meets the colour requirements, and it is also
the one with the lowest price.

As the dimensions of the box base are 483mm by 466mm, the surface area of the box will
be 225.078 mm2. The EIM BOARD had dimensions of 200mm by 200mm, and therefore a
surface area of 40,000 mm2. As the EIM BOARD will be installed horizontally inside the
box, this means that there will be 185.078 mm2 left over in the EIM BOX to install the
power supplies for the EGSE boards or any of the other Rack elements mentioned above.

Knowing the available space in the EIM BOX, we will proceed to find the power supplies
for the EGSE boards, looking for, if possible, some whose dimensions make them suitable
for installation inside the EIM BOX.

4.2.2 EGSE BOARDS POWER SUPPLIES

The EGSE boards are the DB DUMMYs, the MCCM DUMMYs, and the EIM BOARD,
but only the latter two need power to operate. The MCCM DUMMYs will need two power
supplies, one 12V, and one -12V; while the EIM BOARD will need 3.3V and 5V in order to
fulfil its functionality. Since the EIM BOARD has the capacity to control the on/off of these
sources, and, in addition, it needs two of them to be able to work, we will look for these
sources of the smallest possible size to be able to install them close to the EIM BOARD.

In the previous section, it was calculated that the remaining space of the EIM BOX will be
185,078 mm2, which, divided between the 4 power supplies, means an approximate surface
area of 46,270 mm2 per power supply to be installed inside the EIM BOX, although it is
clear that, for correct operation, there must be plenty of space inside the box.

Currently, there are two main groups of power supplies on the market: linear power
supplies and switched-mode power supplies. Both are capable of transforming alternating
current input into direct current output. Linear power supplies work by transforming the
input voltage into lower voltage values, and then rectifying and filtering it to convert it into
direct current; while switched-mode power supplies are responsible for this transformation

Test Equipment Design for a Space System



4

56 Chapter 4. EGSE DESIGN

through the use of switching transistors. Linear sources are very robust to noise, but their
size is much larger than switch-mode power supplies and their price is higher. Switch-mode
power supplies, on the other hand, generate a lot of electronic noise, but have a very high
power factor. Due to the size required and taking into account the price of these power
supplies, which will not power any of the boards that can be delivered to ADS, but will only
power the EGSE boards, it was decided to look for switch-mode power supplies that fit well
in the EIM BOX case.

To obtain these power supplies, we will search in the repertoire of power supplies
manufactured by the company MEAN WELL, which is a Taiwanese company founded in
1982 and which is the fourth most important in the world in the manufacture of
switched-mode power supplies, specialising above all, in the manufacture of enclosed power
supplies, which are the type of power supplies that will best adapt to the Rack, as they will
have an aluminium casing that will act as shielding and will protect the EIM BOARD from
the noise created by this power supply.

Figure 4.14 – MEANWELL logo

On the company’s official website,www.meanwell.com , it is possible to find a wide
catalogue of different types of power supplies for various uses. In the products section,
selecting the AC/DC tab, and clicking on ENCLOSED, all the series of power supplies of
this type manufactured by the company will appear. Each of the series will have different
models for the required output power, being the nomenclature of the power supplies as
follows:

XXXX-YYY-ZZZ

XXXX: Series of enclosed sources it belongs to

YYYY: Amount of output power that the power supply can achieve

ZZZ: Output voltage of the power supply.

The different series available are as follows:

• UHP

• EHP

• RS
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• LRS

• SE

• PSP

• RSP

• HRPG

• MSP

In order to make the installation of the power supplies easier, and to simplify the software
that is used to switch them on and off, the 4 power supplies will be chosen from the same
series and model, meaning that the 4 power supplies will have the same XXXX and YYYY
part of the name, only changing the ZZZ part that indicates the voltage of each one.

As previously mentioned, the EIM BOARD will be in charge of controlling the switching
on and off of the power supplies, so one of the requirements when looking for these is, that
they can be switched on and off remotely. To check which series have this function, it will be
necessary to open the datasheet of the lowest power model of each of the series, and see in
that document if that function exists, since, if the lowest power model does not have remote
control, a higher power model will not have it either. Once it is verified that it has the
remote-control function, we will see if there are models of power supplies with the necessary
voltages, which are: 3.3V, 5V and 12V. It should be noted that, although a -12V supply
is required, this is achieved by reversing the polarity on a 12V supply when connecting the
output. For this reason, two 12V supplies will be purchased, even if one supplies the boards
with +12V and the other with -12V.

By analysing the datasheets of the lower output power models of the above power supply
series, it is possible to create a table like the following:

REMOTE-CONTROL 3.3V 5V 12V ADEQUATE
UHP NO NO NO
HEP NO NO NO
RS NO NO NO

LRS NO NO NO
SE NO NO NO

PSP
RSP

HRPG
MSP

Looking at the table, it can be seen that the first 5 series of power supplies do not have
the possibility of remote control in their lower power model and that is why we discard them
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directly. Next, we look at the datasheets of the 4 remaining power supply series to see the
output voltage possibilities they have. The PSP series is the only one that has models with
a 5V and 12V output, but not a 3.3V model, so we also discarded it directly.

Now there are only 3 series of power supplies that have fulfilled all the conditions, which
are the RSP series, the HRPG series, and the MSP series. To make this initial analysis,
we had taken the models with the lowest power output for each series, assuming that, if the
model with the lowest power output did not have these characteristics, a model with higher
power output would not have these characteristics either. But these models are not known
to be the ones that will be used, as the power delivery required from each source has not
been calculated.

For this reason, we will now make an analysis of the power consumption of the boards
and determine the power output required from the power supplies.

The 12V power supplies will be the ones that will be providing power to the MCCM
DUMMYs, and to make an analysis of the required power to be supplied by the power
supplies, we will have to calculate the current that passes through each of the components of
the board. This analysis can be found in the CED (Consumption Estimation Document) of
the MCCM DUMMY, but, as the design of this board does not correspond to the author, only
the final results will be shown. Obtaining for the 12V supply a total current of 312,37mA.

Figure 4.15 – MCCM consume

This data corresponds to a single MCCM DUMMY, but knowing that, in the worst
case, 24 MCCM DUMMYs will be used, the current is calculated for all the boards. This
calculation is simple, as we will only have to multiply the current obtained by 24, thus
obtaining the following result:

312,37 * 24 = 7496,88 mA

This value can be approximated to 7,5A, and from here, we can know the power that the
supply will have to be able to provide. We apply the power formula below, and we obtain
the power supplied by the source.

P = V * I
P = 12 * 7,5 = 90W

The 12V supply will then need to be capable of providing 90W.
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Next, the calculation is repeated for the 3.3V and 5V supplies. These supplies will be
responsible for powering the EIM BOARD, so as before, an analysis of the board currents
is made. We open the CED file, and we get the analysis made by the person who was in
charge of designing the board. The sum of the currents flowing through each of the board’s
components will be as follows:

Figure 4.16 – EIM BOARD consume

It can be seen that the 5V supply will have to withstand a current of 523 mA, and
the 3.3V supply will have to withstand a current of 1505 + 81 = 1586 mA. Repeating the
calculations made for the 12V source, the following power ratings are obtained:

– 5V SUPLLY: 0.523 * 5 = 2.615 W.

– 3.3V SUPPLY: 1.586 * 3.3 = 5.23 W.

Of the three sources that have been calculated, it can be seen that the limiting one is the
12V source, which will require the most power. As explained above, we will choose the three
power supplies from the same series and model, so we will look at the models of the three
series of power supplies that were left, which are the ones that meet the power and intensity
requirements, without forgetting that they must be able to be controlled remotely.

Starting with the RSP series, you can see the different models on the website:

Figure 4.17 – RSP series
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As can be seen, this series has models from 75W to 500W output. As we have seen that
the 12V supply will need 90W of output power, the first model, the RSP-75, is discarded.
Then, we read the datasheet of the next model, the RSP-100, and check that it meets the
requirements.

Figure 4.18 – RSP-100 models

This model of power supply still has the function of switching on and off by remote
control, and seeing the current and power limits, it could be said that they are sources that
will serve us for our rack, however, although the sources with 3.3V and 5V outputs more
than meet the requirements of power and current, the 12V source has the limit very close to
the calculated, being only one amp above, and therefore, to ensure that there are no possible
problems in the future, we discard this model and check with the next model, the RSP-150.

Figure 4.19 – RSP-150 models

In this case, it can be seen that all three power supplies meet the current and power
requirements, which ensures correct operation avoiding errors. For this purpose, the RSP-
150 power supply model can now be considered valid for the rack.

The next series, the HRPG series, is then evaluated using the same procedure as the
previous one. Starting with the models from this series, which are as follows:
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Figure 4.20 – HRPG series

This series of power supplies ranges from 75W to 1000W, and as in the previous case,
the 75W models are automatically discarded, as 12V power supplies need 90W to ensure
they always work. So we begin to analyse the 100W model, the HRP-100, by analysing its
datasheet and checking that it meets the requirements.

Figure 4.21 – HRP-100 models

As with the previous series, the RSP series, this power supply model fulfils the power
and current requirements, but the 12V model is close to the calculated value, which is why
we discard this model and move on to the next one, the HRPG-150.

Figure 4.22 – HRPG-150 models

It is possible to appreciate that this model of the HRPG series fulfils the power and
current requirements correctly, ensuring at all times the correct operation of the power
supply.

Finally, we analyse the models of the missing series, the MSP series, which has models
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ranging from 100W to 1000W as can be seen in the following image:

Figure 4.23 – MSP series

As with the previous series, the datasheet of the lower power model should be analysed
to check whether it meets the requirements. The operating conditions of the first model, the
MSP-100, shall be as follows:

Figure 4.24 – MSP-100 models

As with the previous series, the 100W power model with 12V output has a working range
very close to the calculated one, and is therefore discarded, having to analyse the next model,
which is the MSP-200:

Figure 4.25 – MSP-200 models

This model also satisfies the power and current requirements that we have calculated, and
will therefore also be a possible model for the rack.

After the analysis of the three series, it is possible to state that the model of power supply
we are looking for the rack will be one of the following:
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– RSP-150
– HRPG-150
– MSP-200

As we have seen, the three series satisfy the functionality requirements established, and
will work correctly in the rack, therefore, in order to choose one of the series of power supplies,
we will have to evaluate other characteristics, such as seeing if any of these is capable of being
installed inside the EIM BOX. For this purpose, we will first have to make a small analysis
of the EIM BOX, by locating where the EIM BOARD will be, and then, we will see the
available dimensions for each power supply. In order to carry out this analysis, we will work
on a sketch made in Solidworks, the industrial design programme of Dassault Systèmes, from
which the necessary measurements can be taken with great precision. Screenshots will be
used to show the development of the sketch in order to calculate the space required for the
supplies.

Figure 4.26 – Solidworks logo

The EIM BOX base is a steel panel with dimensions 483x466mm, as shown in the picture
below:

Figure 4.27 – EIM BOX plan
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The EIM BOARD, so that all cables can be connected without any problems, will be
placed in the centre, with dimensions of 200x200mm, coloured green in the picture:

Figure 4.28 – EIM BOARD placed into the EIM BOX
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As different connectors, voltmeters and other elements will be located on the front panel
of the EIM BOX, nothing can be placed on the part of the base panel that connects to the
front panel, because otherwise the connectors would not be able to be placed. That’s why
we keep a space of about 40mm in the lower part, and thus, we ensure the correct connection
of the components in the front panel:

Figure 4.29 – EIM BOX space for the front connectors

The space in grey will be then the space available to place the fonts. Since the back
of the EIM BOX will probably have some cables coming out as well, the placement of the
sources will be two on the left side of the EIM BOARD, and two on the right side of the
EIM BOARD.
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The space available for each source will be then a space like the one marked in red in the
following image:

Figure 4.30 – EIM BOX space for power supplies
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Thanks to the SOLIDWORKS program, different lines can be drawn to indicate the
dimensions of these spaces of the same size, in order to check which series of power supplies
fit in the EIM BOX.

Figure 4.31 – EIM BOX measures for power supplies

It can be seen that the space available for each power supply will be 221.50 mm long,
133mm wide, and the height, which will be the height of the EIM BOX, which being 5U,
meaning 222mm.

The power supplies will have mechanical attachment to the base on only two of their sides,
which are made of aluminium panels. The other sides will be uncovered or will have a grille
to protect them from knocks, and, in addition, as they do not have an insulator, they will be
the sides through which the electronic noise created by the passive components of the power
supplies will be transmitted. As it is important that this noise is as far away as possible
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from the EIM BOARD and the internal signal cables of the EIM BOX, the power supplies
will be installed in such a way that the side closest to the board is one of the aluminium
sides, so that it acts as a shield.

If one of the two aluminium faces will be the one holding the source to the base, and
the other will be the one closest to the EIM BOARD, there are only two possible ways to
place the sources. In the first way, the sources would be lying on the base of the box, and,
therefore, their measurements with respect to the base would be:

RSP-150 HRPG-150 MSP-200 ESPACIO DISPONIBLE
LARGO 199 159 199 221,5
ANCHO 99 97 98 133
ALTO 30 38 38 222

Analysing the measurements, it can be clearly seen that the height is not an impediment,
as it is more than enough. As for the width, all the power supplies have the same width, and
although they comply with the available space, it only leaves 30mm of space, which means
3cm, and this could cause some problems if a cable has to pass through this area.

To solve this problem, the source can be placed on its side, as there is enough height, so
the measurements would be readjusted as follows:

RSP-150 HRPG-150 MSP-200 ESPACIO DISPONIBLE
LARGO 199 159 199 221,5
ANCHO 30 38 38 133
ALTO 99 97 98 222

In this new form, it can be seen that there is still plenty of space in terms of height, and
in terms of width there is now almost 100mm left over. The last measurement to observe is
the length, which as we can see, for the RSP-150 and MSP-200 series is almost 200mm,
which means a free space of only 20mm, meaning 2cm. This measurement would not allow
any maneuver to be able to connect the cables to the power supplies, and for this reason,
knowing that functionally the three series are the same, it was decided to discard them,
choosing then the HRPG-150 series of power supplies to be installed inside the EIM BOX,
and in this way save space.

Once the HRPG series and the 150W model have been chosen, the official distributors
of the company in Spain are searched in the MEANWELL web page, which are identified
as ELECTRONICA OLFER S.L.

On this company’s website it is possible to use the search engine to find the power supplies
we want to buy, and by entering ’HRPG-150’ we can find the three models of power supplies
we want to use, the HRPG-150-3V3 model, the HRPG-150-5 model, and the HRPG-

Miguel Romero Garcia



4.2. EGSE mainframe 69

4

150-12 model.

Figure 4.32 – HRPG-150-3v3 power supply price

Figure 4.33 – HRPG-150-5 power supply price

Figure 4.34 – HRPG-150-12 power supply price

All of them with a price of €53.78, would mean an after-tax cost of €259.52 for the four
sources.
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Figure 4.35 – Power supplies price
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4.2.3 UUTs POWER SUPPLIES

These sources are responsible for generating the power to be transmitted through the
DLs and RFCBs to the MCCM DUMMYs. As these signals will have to be measured in the
MCCM DUMMYs and will be monitored during the tests performed, it is essential that they
are not affected by the electronic noise of the passive components, for this purpose, linear
sources will be chosen instead of switched-mode sources, which are more expensive, but are
better insulated against noise, giving more robustness to the transmitted signals.

Before choosing the power supplies, an analysis of the power consumption of the boards
will be made, since, as in the previous section, the current and power provided by the power
supply will be a key factor in the choice of the power supply.

Provided by ADS®, the consumption of each type of MCCM in the satellite is obtained,
with the results shown in the following table:

Figure 4.36 – MCCM consumption

Knowing the number of MCCMs used for each of the distribution line configurations,
the maximum consumption of each of the sources can be obtained. For example, for the
first type, there will be one RFCB GEO, with two MCCM GEO; four RFCB RX, with two
MCCM TXs each; and one RFCB SC, with two MCCM SCs. By analysing the lines passing
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through each of the boards, a table like the following can be made:

Figure 4.37 – Line type 1 consumption

As the consumption given by ADS® is calculated as a function of the MCCMs, to obtain
the total, the consumption of the line is multiplied by the number of MCCMs in that
configuration, that is, two if it is a normal RFCB that has two MCCMs, or one if it is an
RFCB MONO. As in most cases there is only one rail per MCCM, to calculate the
consumption it is enough to multiply by the two MCCMs that the RFCB has, but, for rails
like VDD_LNA, which has two rails per MCCM, the value obtained by ADS® will have to
be multiplied by 4. Adding the data obtained for each RFCB, the maximum consumption
per configuration is obtained, and repeating this same analysis for each of the
configurations we obtain the following tables:

Figure 4.38 – Line type 2 consumption
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Figure 4.39 – Line type 3 consumption

Figure 4.40 – Line type 4 consumption

Figure 4.41 – Line type 5 consumption
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Figure 4.42 – Line type 6 consumption

Figure 4.43 – Line type 7 consumption

Figure 4.44 – Line type 8 consumption
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Once the analysis of each of the configurations has been done, the maximum values of
each rail are studied:

Figure 4.45 – Maximun consumption per line

After the analysis, we obtain that, for each of the following lines, the following voltage
and current values will be required:

VOLTAGE (V) CURRENT(A) POWER(W)
VDD_MCCM 4,2 9,076 38,12

VDD_SC 4,2 4,66 19,572
VDD_LNA 5 2,664 13,32
VCC (VSS) -3,3 0,612 2,0196

VCC2 -1,5 0,756 1,134
Vg_SSPA -10 0,396 3,96

With the current and voltage limitations in place, the next step is to find the sources to
supply this power. As the rack has to be designed to work with two lines at the same time,
but these two lines do not have to have the same configuration, we will have to look for
sources for both lines; and since there are 6 different types of voltage, this means that we
will have to look for 12 sources to be able to supply the whole system.

For this task, we will work with the company KEYSIGHT TECHNOLOGIES, which
is the leading company in the development and manufacture of instrumentation used in the
technology sector, and whose measurement and signal generation tools are among the most
reliable on the market.

Figure 4.46 – Keysight Technologies logo
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On the company’s website, https://www.keysight.com/es/en/home.html , you can find
out about the different technologies offered by the American company and the projects they
are working on. At the top, in the PRODUCT+SERVICES tab, you will find all the
products that the company has, and by selecting Generators, Sources + Power, you
will find the DC Power Supplies section, which is where you will find the resources that are
necessary for the rack.

In this section of the page, KEYSIGHT provides a catalogue of all the types of power
supplies available and their characteristics, so that you can choose the model that best suits
the parameters of the rack. Depending on the intended use of the power supplies, there are
three types: BENCH POWER SUPPLIES, DC POWER SOLUTIONS, and ATE
SYSTEM POWER SUPPLIES. The first two are power supplies to be used for bench
testing and for use in different systems, while the last one, however, are power supplies that
are designed to be installed in racks. Within ATE SYSTEM POWER SUPPLIES there
is also a wide variety of series depending on the power that needs to be distributed, which,
as can be seen on the website, are as follows:

Figure 4.47 – Power supplies series

Of the available series, it can be seen from the description that they all reach very high-
power ranges and have only one output, with the exception of the first series, the N6700
series, which is the one that can provide the least power, but has the advantage of having
four outputs instead of one. This series has models of power between 400W and 1200W, or
in other words, an average of 100W to 400W per output.
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In the analysis that had been done previously, it could be seen that the power that will
be needed in this case will not exceed 100W at any time, so these power supplies will be able
to work perfectly with the needs of the rack.

Going back to the KEYSIGHT document where you can find all the power supply
models, and looking at page 17, you can see all the models of the N6700 series. This page
specifies a little more about the characteristics of this series of power supplies, such as the
size of the power supplies, which is 1U; the capacity to be controlled by a computer and to
be programmable, or that this series is made up of a mainframe with 4 slots where you can
place power supply modules to suit the needs of each one.

Depending on the total power to be dissipated by the mainframe, there are three types
of mainframes to choose from:

Figure 4.48 – Mainframes models

As mentioned above, as it does not exceed 400W in any of the cases, the N6700C model
will be chosen.
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The following document lists all the models of modules that can be installed in the
mainframe and the characteristics of each one. As none of the modules will have to exceed
100W of power, only the first 12 models will be of interest:

Figure 4.49 – Power supplies models

For each of the powers studied above, the most suitable module will be analysed.

• VDD_MCCM: 4.2 V / 9.076 A
Looking at the list of available module models, it is possible to see that the N6731B
model, which is 50W, satisfies the voltage and current limits, but both are very close
to the limit, so it is discarded, and we are looking for one of the 100W models that
fulfils the limits without any problems. The model chosen will be the N6742B, which,
as can be seen, has a large margin with respect to the calculated values.

Figure 4.50 – N6742B module specifications
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• VDD_SC: 4,2 V / 4,66 A
In the list it is possible to find several models that comply with the limits, but the one
with the highest range of compliance is the 50W model N6732B.

Figure 4.51 – N6732B module specifications

• VDD_LNA: 5 V / 2,664 A
As with the previous voltage, although the N6731B model meets the calculated limits,
it does so very closely, and so we selected the N6732B model which meets the limits
more comprehensively.

• VCC(VSS): -3,3 V / 0,612 A
At this voltage, we can consider the same models as in the two previous ones, and on
this occasion they both fully comply with the power limits, but the N6732B model is
chosen, as it complies with the voltage limit more extensively.

• VCC2: 1,5 V / 0,756 A
For this voltage, all 50W models, with the exception of the last one, satisfy the
calculated limits, but the model that satisfies both limits most uniformly is again the
N6732B model, which is why we chose it for this voltage as well.

• Vg_SSPA: 10 V / 0,396 A
This voltage no longer meets the limits of the previously used model, so we are looking
for a new one that does, such as the N6733B model, which meets the voltage and
current limits by a large margin.
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Figure 4.52 – N6733B module specifications

Once you have selected the models of the mainframes and modules, on the KEYSIGHT
TECHNOLOGIES page you are asked to select the distributor through which you want to
make the purchase, one of these distributors is RS technologies, which has been mentioned
in previous chapters.

To facilitate the purchase, by accessing the website https://es.rs-online.com/web/
and typing in the search engine each of the components we have selected in this chapter, we
obtain the total price to be paid for them.

The list of items to buy will be as follows:

– 3x 4 slots Mainframe with reference: N6700C
– 2x Power modules with reference: N6742B
– 8x Power modules with reference: N6732B
– 2x Power modules with reference: N6733B

In addition to this, the website offers the possibility to buy a universal kit for mounting
KEYSIGHT power supplies in the rack for the price of 62,83€ each. This kit will help the
correct installation of the power supplies in the rack, and will ensure the full performance of
these.
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The price of all the elements in total will be 18277.64€, as shown in the image below:

Figure 4.53 – Power supplies final price
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4.2.4 DIN-RAIL

As we have seen, most of the modules that are installed in a rack have a standardised
size for easy installation; they are usually large and heavy modules that fit perfectly into the
rack dimensions.

However, there are some elements that are indispensable for the operation of the rack,
but which do not have a standardised size for installation in the rack because they are not
commonly used, or because they are simple elements whose size is very small.

For the installation of these elements, DIN-rails are usually installed, which is a metal
bar with a standardised size, where electrical protection elements, such as circuit breakers
or magneto-thermal circuit breakers, are usually placed.

In fact, for the rack’s power protection unit, which we will see later, rails of this type will
also be used, as it facilitates the installation and replacement of elements in the rack.

Before choosing the DIN rails to be used, the elements that remain to be chosen for the
operation of the rack must be analysed and selected, which are as follows:

– USB-SPI: To be used for the control of the EIM BOARD and has been mentioned
previously.

– USB-DIOs: Like the previous one, it will be used to control the EIM BOARD.
– SWITCH ETHERNET: A switch will be needed to distribute the commands

from the computer to the rack components, and vice versa.
– HUB USB: necessary for communications from the computer to the USB-SPI

and USB-DIOs.
– POWER SUPPLY: To power the SWITCH ETHERNET and the HUB

USB.

4.2.4.1 USB-SPI

This rack module will be the interface between the computer and the EIM BOARD during
SPI communications, and, as mentioned in the section on the design of the EIM BOARD,
will be a model manufactured by the American company National Instruments (NI), and
will have a reference of USB-8452.
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This model is available with a casing to ensure its durability, and will be the one shown
in the following image:

Figure 4.54 – USB-8452 model

This model has dimensions of 7.26 × 9.19 × 2.03 cm, and because of its small size, it
has the advantage that it can be installed inside the EIM BOX. To check this, the sketch of
the base of the EIM BOX, which was used during the design of the supplies inside the EIM
BOX, is used again, and the dimensions of the space where the USB-SPI would be placed
are entered:

Figure 4.55 – Space of the EIM BOX for the USB-SPI
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In the picture above you can see that there is enough space for the USB-SPI to be
installed inside the EIM BOX, without disturbing any of the other components. On the
National Instruments website you can buy the USB-8452 with the possibility of adding
hardware and software accessories, but in this case you will not need any kind of accessories
apart from the case that protects it, obtaining a price as shown below:

Figure 4.56 – USB-8452 price

4.2.4.2 USB-DIOs

This module will control external digital devices such as the solid-state relays of the EIM
BOARD, and, like the USB-SPI, will be manufactured by National Instruments. This
device has the ability to be programmed as an input or output port and will have 96 ports.
The serial-number is USB-6509, and it looks like the one in the image below:

Figure 4.57 – USB-6509 model

The dimensions of this device according to its datasheet are 17.78 x 10.30 x 3.34 cm, so
because of this, it cannot be installed inside the EIM BOARD. Therefore, this device will
be the first to be installed on the DIN rail, and it will be placed vertically, which will make
it more stable, occupying a space on the DIN-rail of 10.3 cm.
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Checking the availability of the device on the NI website, you can see the possibility to
buy it for the price indicated below:

Figure 4.58 – USB-6509 price

4.2.4.3 SWITCH ETHERNET

A switch is a device that is responsible of routing the data traffic between the ports of
the switch. The ethernet switch that will be installed in the rack will be responsible for
connecting the different modules that can be controlled from the laptop with it, and also
connect all these devices to the network so that the rack has an internet connection.

The main characteristic that defines an ethernet switch is the number of ports it has,
and by analysing the modules that will need an ethernet connection to work, the following
results are obtained:

• 1 port that is connected to the computer, which will be the one that communicates
with the modules.

• 3 ports for the three mainframes of the supplies, so that they can be controlled remotely.

• 1 port connected to the internet network that is responsible of providing connection to
the computer.

With this, a total of 5 ports are calculated for the Ethernet switch. As in this case,
no sensitive information will be transmitted through the switch for testing the boards, and
the amount of information to be transmitted through it is not very large, a 5-port switch
available in the company’s stock and manufactured by the Taiwanese company MOXA will
be used.

This switch will be the EDS-205A model, which has already been used in other projects
of the company and which presents an optimum performance for the needs of the rack,
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operating in temperatures ranging from -10ºC and 60ºC, and with an easy installation on
DIN-rail by using some clips on the back. The switch looks like the one in the image below:

Figure 4.59 – EDS-205A model

It has dimensions of 3 x 11.5 x 7 cm, occupying a space of 3 cm on the DIN rail, and for
its operation, the switch requires a 24 V supply with a current of 0.1 A, which is connected
to the switch through a terminal block located at the top.

The switch is available at the page of the company, with a price of 88.17€.

Figure 4.60 – EDS-205A price
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4.2.4.4 HUB-USB

A hub is a device that connects multiple devices to one device at the same time. In this
case, its function will be to connect via USB the PC that controls the rack, with the two
devices that work via USB, which are the USB-SPI and the USB-DIOs. For this element,
we will be working with the Canadian company STARTECH, which specialises in the
manufacture and development of interconnection equipment, and with whom the company
has worked in the past.

Figure 4.61 – STARTECH logo

On the STARTECH website, https://www.startech.com/ , you can filter according to
your needs. In this case, select the additional boards and peripherals tab under the products,
and click on USB 3.0 boards and USB 3.0 hubs. Once you have chosen the USB 3.0 hubs,
filter by the industrial ones, which will be those that have been designed for business use.

Once this is done, it is possible to view six different models, in which there are two 4-port
models, two 7-port models, and two 10-port models. All models include a mounting bracket
with screws to attach it to the wall, but the one of interest for the rack is the DIN rail
mount, which is only included in the 7-port and 10-port models. This leaves only 4 models
available, which are as follows:
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Figure 4.62 – HUB-USB models

For this rack only 3 ports are needed, so the number of ports is not a key factor in this
case, as there will be enough in all cases. The transmission speed can be seen to be the same
in all models and therefore will not be a determining factor when choosing the model. As can
be seen, the four models are very similar to each other, and therefore, the only determining
factor when choosing them would be the price, which can be seen to change a lot from one
model to another.
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That is why, the model ST7300USBME is chosen, which requires a voltage ranging
from 7V to 48V for its operation, and has dimensions of 14.5 x 5.4 x 4.5 cm, occupying a
total of 5.4 cm on the DIN rail. It is also priced at €105.74 on Amazon, which is one of
STARTECH’s distributors in Spain.

Figure 4.63 – HUB-USB price

4.2.4.5 POWER SUPPLY

In order to supply power to the HUB USB and the SWITCH ETHERNET, it will be
necessary to have a power supply that is small in size and can be installed on a DIN rail. As
seen in the previous sections, the HUB USB in the rack will need a voltage between 7V and
48V to work, and the SWITCH ETHERNET will need 24V to work. Since the voltage of
the SWITCH ETHERNET is the one that limits both components, we will look for a source
that has 24V, which will make both of them work without any problem.

Now, we will have to make an analysis of the amount of current that the power supply
must be able to supply. As we have seen in the SWITCH ETHERNET section, it will need
0.1A to be able to work. In the case of the HUB USB, it works with USB 3.0, and, as they
are not ports for powering devices, but for data transfer, in the worst case, it will have a
consumption of 900mA per port, or 0.9A. Taking into account that only 3 ports of the HUB
USB will be used, it can be assumed that in the worst case, the maximum consumption of
the HUB USB will be 0.9A x 3 ports = 2.7A. Adding the consumption of both devices, the
minimum current that the power supply will have to provide will be 2.7 + 0.1 = 2.8A.

The power supply that is going to be needed will have to be able to supply 24V and
2.8A, and for this purpose we will work with the French company SCHNEIDER
ELECTRONICS, which is a leading company in the sector of power control accessories
for racks, such as circuit breakers, differentials or power supplies that are installed in these.

Figure 4.64 – SCHNEIDER ELECTRIC logo
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Inside the SCHNEIDER ELECTRONICS website, it is possible to find an infinite
number of useful elements for a rack and DIN rail installation, but to search for the power
supply, it is necessary to click on the products tab, and, once opened, to select the option
"power supplies for industrial use" inside the "Automation and industrial control" section.
Using the filters on the left, it is possible to work with the conditions that we consider
necessary, and, introducing an output voltage of 24V, and an output current of 3A, which
is the closest value to 2.8A, all the models that are not useful are then filtered out and the
one that best fits our conditions appears.

Figure 4.65 – Available models on the web site

This model, the ABL8RPS24030, fulfils the established requirements, and its
dimensions according to its datasheet will be 12.5 x 12.5 x 4.5 cm, occupying a space of
4.5cm on the DIN-rail. For its operation, it will need to be connected to a normal power
socket through some terminals on the top of the device. Its price will be 193€, and it will
be distributed through the company’s different distributors in Spain.

Figure 4.66 – ABL8RPS24030 model
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4.2.4.6 DIN-RAIL

By analysing how much space each of the modules occupies on the DIN-rail, the following
calculations are obtained:

MODULE OCCUPIED SPACE (cm)
USB_DIOs 10.3

SWITCH_ETHERNET 3.0
HUB_USB 5.4

FUENTE_ALIMENTACION 4.5
TOTAL 23.2

The DIN rail must have a length equal to the width of the rack, so, as this is a standardised
measurement and is 19", the length of the DIN rail will be 48.26cm, giving plenty of space
for all the elements to be installed without disturbing each other. This means that you will
only need to buy a 19" DIN rail to fit these elements.

Regarding the height that this rail will occupy, it will be given by the maximum height
of its components, which, being in a vertical position, will be as follows:

MODULE OCCUPIED HEIGHT (cm)
USB_DIOs 17.78

SWITCH_ETHERNET 11.5
HUB_USB 14.5

FUENTE_ALIMENTACION 12.5
MAXIMUM 17.78

The height of the DIN rail will then be 17.78cm, which is 7 inches, which, when converted
to rack height units, is 4U.

As a DIN rail is standard, and the difference between one and the other will be minimal,
we will look on the RS Components website for one that is 19" long, which is the only limiting
feature. On the website you can find an infinite number of types of DIN rails for racks in the
"DIN Rails" section of the " Components for Enclosures and Racks" section in the "Boxes,
Cabinets and Enclosures" section. With the possibility of filtering by length, by choosing
483mm, which is the width of the rack, you will get a single article.
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Figure 4.67 – DIN-CARRIL price

This is a DIN rail manufactured by the German company SIEMENS, and which meets
the rack length conditions. Two such DIN rails will be ordered, one for all the elements
discussed above, and one for the power protection unit, which will be discussed below. This
gives a total price for both of them of 110€.
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4.2.5 LAPTOP

Although this module will not be located inside the rack, it will be the element that
controls it and will be connected to the inside of the rack. Due to the wide range of computers
available, and knowing the use that will be given to it, which is only for testing, it will be
chosen for this module a model that has been used in other projects with similar tests, and
which is known inside the company.

This model will be the Satellite Pro C50-E from the Japanese company Dynabook,
formerly TOSHIBA. This model has 8Gb of RAM and 256Gb of SSD memory, running
under an 8th generation i5 processor, more than enough specifications for the work the
computer is going to do.

Figure 4.68 – Satellite Pro C50-E photo

The price of this computer in the official TOSHIBA shop in Spain is 689€ as can be seen
in the following picture:

Figure 4.69 – Satellite Pro C50-E price
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4.2.6 POWER PROTECTION UNIT (PPU)

This part of the rack will be responsible for protecting the rack in the event of overvoltage
or short-circuit through the use of circuit breakers, differential switches and an emergency
stop button.

This rack module will be designed based on the design of previous projects, since, although
the rack elements change from one project to another, the protection unit will be similar in
all of them as it is responsible for protecting the rack as a unit, and it is independent of the
system under test.

First, an analysis of the power consumption of the entire rack must be performed. For this
purpose, the consumption of each of the rack elements connected to the electrical network
must be analysed, which are:

• EGSE BOARDS POWER SUPPLIES

• UUTs POWER SUPPLIES

• DIN-RAIL POWER SUPPLY

• LAPTOP

These four elements are basically those that are connected to the electrical network, and
through which the power is distributed across all the elements of the EGSE.

An approximate analysis of the power that will be consumed by each of the above elements
is performed.

• EGSE BOARDS POWER SUPPLIES
To know what these supplies consume, we will have to see the power that they will
distribute to the rest of the equipment, and we will have to see the efficiency with
which they work. By collecting the power to be supplied by each source, we obtain a
table like the following:

SOURCE POWER(W)
HRPG-150-12 90
HRPG-150-12 90
HRPG-150-5 2,615

HRPG-150-3.3 5,23

Now we will have to observe in the datasheets of each of the power supplies the power
efficiency with which we are working, in order to obtain the real power consumed by
the power supplies. This is because the power supplies do not convert all the input
power into output power, because it is dissipated through different passives or as heat.
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As all power supplies have the same datasheet, it is only necessary to look at the
datasheet of the HRPG-150 series, and by looking at it, the efficiency of all power
supplies can be obtained:

Figure 4.70 – HRPG-150 series efficiency

In the picture it can be seen that the efficiency obtained from the sources is 78.5% for
the 3.3V source, 84% for the 5V source, and 87% for the two 12V sources.
Knowing that the formula for efficiency is:

EFFICIENCY = OUTPUT POWER / INPUT POWER

You can clear and obtain the equation as a function of the output power and efficiency,
which are the two elements that are known, obtaining then the following formula:

INPUT POWER = OUTPUT POWER / EFFICIENCY

Completing the above table with the values obtained from the datasheet, and operating,
the following table is obtained:

SUPPLY OUTPUT POWER(W) EFICIENCY INPUT POWER(W)
HRPG-150-12 90 0,87 103,45
HRPG-150-12 90 0,87 103,45
HRPG-150-5 2,615 0,84 3,11
HRPG-150-3.3 5,23 0,785 6,67

In total, the sources inside the EIM BOX consume 103.45 + 103.45 + 3.11 + 6.67 =
216.68W.
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• UUTs POWER SUPPLIES
As with the previous supplies, an analysis of the power to be distributed should be
made, and then the efficiency formula previously used should be used.

SUPPLY POWER(W)
VDD_MCCM 38,12
VDD_SC 19,572
VDD_LNA 13,32
VCC (VSS) 2,0196
VCC2 1,134
Vg_SSPA 3,96

Now, it is necessary to analyse the datasheets of the sources, but, as in the previous
case, it is a single datasheet for all the models in the series, and looking at this one,
it is not clear what the efficiency is, but the power factor indicates that it is the ratio
between the input and the transmitted power, so we take the power factor as the
efficiency in this case, and we obtain the following:

Figure 4.71 – UUTs power supplies efficiency

With an efficiency of 99%, and adding it to the above table as done previously, we
apply the efficiency formula and obtain the following result:

SUPPLY INPUT POWER(W) EFICIENCY OUTPUT POWER(W)
VDD_MCCM 38,12 0,99 38,51
VDD_SC 19,572 0,99 19,77
VDD_LNA 13,32 0,99 13,45
VCC (VSS) 2,0196 0,99 2,04
VCC2 1,134 0,99 1,15
Vg_SSPA 3,96 0,99 4,00
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The total power consumed by all the supplies in a line is 78.92W, but as the rack
has to be prepared to support two lines at the same time, both together will consume
78.92 * 2 = 157.84W.

• DIN CARIIL POWER SUPPLY
As in the previous sections, the datasheet of the power supply should be consulted in
order to know how much power it consumes.

Figure 4.72 – DIN CARRIL power supply efficiency

In the datasheet it says that the efficiency of the power supply is between 87% and
100%, and to prevent future problems, an efficiency of 87% is assumed, which will
prevent unexpected consumption.
In the analysis of the power supply, it had already been seen that the power
consumption of the components that are connected to it was 24V and 2.8A, which
means a power consumption of 67.2W. Applying the efficiency formula used in this
section, it is obtained a power input like the following one:

INPUT POWER = 67,2 / 0,87 = 77,24W

• LAPTOP
The laptop with which it is going to work will have a different consumption depending
on the use it is given, and therefore the datasheet of the laptop will not show the
efficiency of the energy it consumes.
Searching in several datasheets and official reports, no relevant data appears, but
researching on the internet, it is possible to find the website
www.notebookcheck.org, which performs complete analysis of computers, and is
responsible for checking where the limits of each of these are. In the link
https://www.notebookcheck.org/
El-Dynabook-Satellite-Pro-C50-E-en-review-Un-portatil-de-negocios-con-un-equipo-bien-montado.
500202.0.html, all the characteristics of the laptop that will be used for the rack are
specified, including the consumption of the computer while it is charging or at rest:
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Figure 4.73 – Laptop efficiency

According to the study, the time when the laptop consumes the most power is when it
is charging, consuming up to 38.5W. As this is the worst-case scenario, it will be used
to calculate the total power consumption of the rack.

A table can now be made showing the consumption of each of the parts, and the sum
total of all parts:

MODULE POWER (W)
EGSE BOARDS POWER SUPPLIES 216,68
UUTS POWER SUPPLIES 157,84
DIN-RAIL POWER SUPPLY 77,24
LAPTOP 38,50

TOTAL 490,26

The total consumption of the rack will be 490.26 W, and, taking into account that the
Spanish electricity grid works with 220V voltage, the maximum current that the rack will
consume can be obtained using the power formula, and, clearing the current and substituting,
the following result is obtained:

POWER = VOLTAGE * CURRENT → CURRENT = POWER/V OLTAGE

CURRENT = 490.26 / 220 = 2.28A

Once you know the power, current and voltage limits with which it is going to work, it
will be necessary to look for the components that meet these requirements. As mentioned
at the beginning, the design of the PPU will be based on previous projects, and therefore,
in addition to the circuit breaker, differential switch and emergency stop button, which are
the components included in the ADS® requirements, another differential switch will also be
added to act as the main switch for the rack. These rack components will be installed on
one of the DIN rails already purchased in the previous section.
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4.2.6.1 CIRCUIT BREAKER

A circuit breaker is a device that cuts off the current of a circuit when it exceeds the limits
of the circuit breaker. For this fundamental module of the rack, it will be trusted in the
company SCHNEIDER ELECTRIC, which has already been seen in previous sections,
and which has a large repertoire of different models. On the company’s website, www.se.com,
looking in the Thermomagnetic Circuit Breaker Protection section, in the Acti 9
iC60 category, you can filter by the latest generation of circuit breakers manufactured by
the company. Then, the filters for the working conditions necessary for the rack are added,
which will be, in terms of rated current value, the upper value closest to 2.28A; and in terms
of the number of poles of the module, the value 2, as this device will be connected to the
electrical grid.

Once all the filters have been applied, the list of circuit breakers is reduced to 9
elements, whose only differences are the current cut-off curves and the cut-off capacity.
The SCHNEIDER ELECTRIC website explains the difference and the use given for
each of the current cut-off curves:

Figure 4.74 – Current cut-off curves types

As can be seen in the image, the Z cut-off curve is the best for the protection of electronic
circuits, and it is also the one that produces the cut-off earlier, activating at a current 2.4
times greater than the rated current. If this type of filtering is selected, only one model of
circuit breaker remains:
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Figure 4.75 – A9F92203 model

The A9F92203 model has a price of 348.85€ and meets all the requirements that had
been calculated for the rack, having dimensions of 8.5 x 3.6 x 7.8 cm, and occupying a space
of 3.6 cm on the DIN rail.

4.2.6.2 DIFFERENTIAL SWITCH

The differential switch is an element that is responsible for protecting the circuit from
current leakage, such as, for example, the electrocution of a person. To choose this
component, we will also use the calculations made in previous sections, and we will also
work with the SCHNEIDER ELECTRIC company, but this time we will look in the
Acti9 differential protection section of the page, in the series of models for iC60.

In this section you can filter according to the needs of your rack as in the previous section.
The first filter set will be the number of poles, which, as we have already seen, is 2. The
rated currents available are 25A, 40A, and 63A. The rated current options are much higher
than the current that will be used in the rack, so, rather than this characteristic, the first
filter will be based on the sensitivity of the circuit breaker and then the one with the lowest
rated current will be chosen.

According to Spanish standard UNE 21302, a residual current circuit breaker that
guarantees adequate protection for people must have a sensitivity of less than or equal to
30mA, so, applying this filter to the list of circuit breakers, this is reduced to 15 models.

Next, you filter by the type of earth leakage differential switch you are looking for. The
SCHNEIDER ELECTRIC website explains each of the types and their functionalities:
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Figure 4.76 – Differential switch classes

Class A is the one that matches the differencial switch which is being searched for, as
it is designed to work with corrective devices such as the power supplies used in the rack.
Filtering by this class, the list is reduced to only two models

Figure 4.77 – Differential switch models
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Of these two available models, the A9Q21225 is the one with the lower rated current,
which is also cheaper, with a price of 370.61€, and dimensions of 9.1 x 2.7 x 7.3 cm,
occupying a space of 2.7 cm on the DIN rail.

Figure 4.78 – A9Q21225 model

4.2.6.3 EMERGENCY STOP BUTTON

The emergency button is an element that will manually cut off the power supply to the
rack, in case it is necessary. This button does not have electrical characteristics that define
it, as is the case with magneto-thermal and differential switches. The characteristics that
can come to define it are colour, shape, space occupied, etc. For this purpose, for the rack,
the same model of emergency stop button that has been used for other projects will be used,
as it is a model with DIN rail fastening, and its dimensions, 4.7 x 4 x 8.2 cm, fit perfectly
with those of the rack, occupying only 4 cm wide.

This model is the XB4BT842 from SCHNEIDER ELECTRIC, and on the website,
it is possible to find it for the price of 51,51€.

Figure 4.79 – XB4BT842 emergency stop button model
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4.2.6.4 RELAY

To enable the emergency stop button to work, a relay must be installed in the PPU
to cut off the power supply to the rack. For this purpose, we will work again with the
company SCHNEIDER ELECTRIC, with the Acti 9 series relays, like the rest of the
PPU components from this company. Filtering by the number of poles, which will be 2, and
filtering by the models with the lowest amperage, which is 6, 3 models will be available:

Figure 4.80 – Relay models on the website

Of these three models (the first one is the generic one and that is why the price is not
shown), the first two are remote controllable, and the last one is manually controllable. As
in this project, we want to control it by means of the mushroom pushbutton that has been
selected in the previous section, we will choose between the first two models.
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Figure 4.81 – Relay models after filters

The only difference between these two models is the disposition of the two contact poles,
in the first model, the A9C22712, the poles are both NO, normally open; while, in the
second model, the A9C22715, one pole is NO and the other NC, normally closed.

The emergency stop button is NO, meaning that when it is not pressed, the circuit
between the output and the input will be closed, and will open when pressed. As the normal
state of this will be closed, it will be like a short circuit as long as it is not pressed.

In the relays, the state of the poles indicates how they work when they do not receive
current, meaning that, if a relay has NO poles, the circuit will remain open until it receives
current, when they will be closed. In the models to choose, when current circulates, and
taking into account the poles of the emergency button, the poles of the first model will
remain closed, thus making the current circulate through the system, however, in the second
model one would remain closed but the other would remain open, so the whole system would
not be closed and it would not work correctly.

This is why we chose the first model, the A9C22712, which has a price of 75.52€ and
dimensions of 8.1 x 1.8 x 6.8 cm, occupying a space of 1.8cm on the DIN rail.

Figure 4.82 – A9C22712 model
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4.2.6.5 GENERAL SWITCH

For this part of the PPU, a differential switch will be used as a general switch, meaning
that it will be used to switch the whole rack on and off. As with the other elements of the
PPU, the same element used in other racks will be chosen, but with the current corresponding
to the consumption of this rack. For this purpose, we will work with the company ALTERA
TECH. On their website https://www.altechcorp.com , in the breakers section, you can
find a wide catalogue of UL 489 series circuit breakers, where, looking at the models with C
curve, and with two poles, you can choose the model according to the current it will support,
that in this case will be 2.28A, and so the 3.0A model will be selected.

Figure 4.83 – 2CU3L model

The chosen model will be the 2CU3L, and it will have a shape like the one shown in the
image above, with dimensions of 10.9 x 4.95 x 6 cm, occupying 4.95cm on the DIN rail.
Looking for the indicated model on the MOUSER ELECTRONICS website, which is
one of the official distributors of ALTERA TECH, the following price is obtained:

Figure 4.84 – 2CU3L price

The switch will come in packs of 6 units with a total price of € 255.36, meaning an
individual cost of 42.56€ per switch.
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The sum of the space occupied on the DIN rail by the components gives the following
calculations:

MODULE SPACE OCCUPIED (cm)
CIRCUIT BREAKER 3.6
DIFFERENTIAL SWITCH 2.7
EMERGENCY STOP BUTTON 4
RELAY 1.8
GENERAL SWITCH 4.95

TOTAL 17.05

The DIN rail must have a length equal to the width of the rack, therefore, as this is
a standardised measurement and is 19", the length of the DIN rail will be 48.26cm, giving
plenty of space for all the elements to be installed without disturbing each other. This means
that it is only necessary to buy a 19" DIN rail to fit these elements.

The height that this rail will occupy will be given by the maximum height of its
components, which, being in a vertical position, will be as follows:

MODULE HEIGHT (cm)
CIRCUIT BREAKER 8.5
DIFFERENTIAL SWITCH 8.2
EMERGENCY STOP BUTTON 4.7
RELAY 8.1
GENERAL SWITCH 10.9

MAXIMUM 10.9

The DIN rail will then have a height of 10.9cm, which is 4.29 inches, and when converted
to rack height units, this would be about 3U.
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4.2.7 POWER STRIP

Once you have finished choosing all the components that will consume power from the
rack, you can move on to choosing the size of the power strip to be used. Of all the
components in the rack, the ones that consume power directly from the electrical grid are
the ones listed in the PPU design section, which are:

– EGSE BOARDS POWER SUPPLIES
– UUTs POWER SUPPLIES
– DIN-RAIL POWER SUPPLY
– LAPTOP

Not all the items listed need the same number of sockets, so a table is made to list how
many will be needed:

ITEM SOCKETS
EGSE BOARDS POWER SUPPLIES 1
UUTS POWER SUPPLIES 3
DIN-RAIL POWER SUPPLY 1
LAPTOP 1

TOTAL 6

As the number of sockets required is less than 7, the power strip selected for other projects,
which has a space of 7 sockets, can be used. This power strip is model DK 7240220 from
the company RITTAL, with easy installation in a 19’ rack occupying 1U in height, and its
price on the internet is as follows:

Figure 4.85 – DK 7240220 price
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4.2.8 RACK SIZE

Now that the number of modules needed to make the rack work is known, the most
important thing to know is the final size of the rack. Counting the height occupied by each
of the components of the rack, we obtain the following:

– EIM BOX: 5U
– UUTs POWER SUPPLIES: 3U
– DIN-RAIL: 4U
– PPU: 3U
– POWER STRIP: 1U

As the DIN rail and the PPU will have almost no depth, both will be placed at the same
height, one at the back and one at the front, so that, between them, they will only occupy
4U instead of 7U. After this, adding all the heights together, a total of 13U is obtained.

The company has two models of racks depending on the number of units that will be
needed, a large 42U, for projects that have the computer integrated in the rack, and need
much more space, and another 15U, which is used for projects with more compact racks and
that are manageable from laptops. As 13U will be needed for this project, it is possible to use
without problem the 15U model that is normally used in the company, which is the model
SMA20024 of the company VERTIV, and which has external dimensions of 74.5 x 60 x
80 cm, has a glass door, and connections of the modules by means of hole extrusion. This
model is available on www.sig.es,and the price of it can be consulted by calling 918898961:

Figure 4.86 – SMA20024 price

By calling the number mentioned above, a price of 747,84€ is offered.
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4.3 EGSE diagram

Now that all the modules needed to run the rack have been chosen, a diagram can be
drawn showing which modules there are, and the cables that will be used to connect them.

This diagram, that is shown on the next page, shows the different connections made
between the rack modules and the UUTs. It can be seen how the 230V electrical socket
enters from the outside, and when it passes through the PPU, it arrives at the power strip,
from which the different components that require the electrical socket are plugged in, and
which distribute the power obtained through them. The internet connection can be seen to
be made via an Ethernet cable, which arrives at the Ethernet switch, which is responsible
for switching internet connections and communications between different devices.

Regarding the EIM BOX, it can be seen how the power is distributed from the socket to
the internal power supplies, and from there, to the EGSE boards. The internal power supplies
will be passed through voltmeters to check that the voltage they are delivering is correct,
and the 12V supplies will be passed through a fuse for extra precaution. The voltmeters
and fuses will be selected from the company’s in-house stock, and will be explained in the
section on the front-end design of the EIM BOX.

All signals to be transmitted to the UUTs, both power and control signals, will be
transmitted from the EIM BOX through a cable, the W01. This cable must be connected
to the front of the EIM BOX, which will be the physical interface that allows the
connection to the rack. For the design of this front panel, first we will have to know the
connectors that W01 will have, and then the aluminium front panel of the EIM BOX will
be mechanised, distributing the space as it is most convenient. This part of the design will
be the final one, as first we will have to design the necessary cables for the connection of
the rack modules. Then, in the part of the UUTs, it is possible to see the connections
between the boards through different cables and interfaces that have already been
explained before.

Test Equipment Design for a Space System



4

110 Chapter 4. EGSE DESIGN

Miguel Romero Garcia



4.3. EGSE diagram 111

4

F
ig

ur
e

4.
87

–
EG

SE
di

ag
ra

m

Test Equipment Design for a Space System



4

112 Chapter 4. EGSE DESIGN

4.4 EGSE CABLES

These cables are the ones that will be used to connect the different parts of the EGSE,
and will be all the ones that can be seen in the diagram above. They can be classified
into two main groups: COTS and TBT. COTS cables, or Commercial Off-The-Shelf, are
cables that are purchased from suppliers, as they are cables already on the market, such
as an Ethernet cable. Tecnobit-Grupo Oesia’s cables, TBT, are the ones that have to be
manufactured by hand at the company, due to the complexity of these cables.

An example for better understanding would be a VGA cable, the typical cable that was
connected from the computer to a projector or screen to reproduce on this one the same
as on the computer. These cables are pin-to-pin cables, at each terminal they had a 15-pin
connector, in which pin 1 of connector A corresponds to pin 1 of connector B, as well as all
the pins of the connectors. But if you wanted to get the information from this cable on three
connectors with fewer pins to make a separate analysis of the integrity of the signals, for
example, pin 1 of connector A would not have to correspond to pin 1 of connector B, C, or
D. Then, all COTS and TBT cables will be explained by dividing them into two sections.

4.4.1 COTS

These cables will be those bought from external companies, and whose price is cheaper to
buy from outside than to manufacture them inside the company. The EGSE’s COTS cables
will be as follows:

– W14
– W16
– W17
– W18
– W19
– W20
– W21
– W22
– W23
– W24
– W25
– W26
– W27
– W28
– W35
– W36
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4.4.1.1 W14

This cable will connect the USB-DIOs to the J6 interface of the EIM BOARD. Checking
the EIM BOARD and USB-DIOs sections, you can see that the connection interfaces are
the same, and therefore the cable will be a pin-to-pin cable. This cable is available from the
NI shop, for a price of 231€, and will be one metre long:

Figure 4.88 – W14 cable

4.4.1.2 W16

This cable will simply be a cable with a SCHUKO male connector at one extreme and
stripped wires at the other end for plugging into the PPU. In chapter 3, the requirements,
it is specified that one of the requirements is that the rack must be connected to the socket
through a connector that complies with IEC 60309. As it is not very common to find cables
with such a connector at one extreme and stripped wire at the other end, a cable with the
connector that is being searched for at one extreme will be purchased and the wires will be
cut and stripped by hand.

On the internet, it is possible to find through the German distributor THOMANN, a
cable whose ends are both IEC 60309 compliant connectors, but one is male and the other
is female.

Figure 4.89 – W16 cable
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This cable can withstand up to 16A of current, which is much more than needed by the
rack, and is 5m long, which would be enough to keep the rack plugged in, even if it is far away
from the socket. The price would be 18,90€ plus 15€ shipping, making a total of 33,90€
for this one.

4.4.1.3 W17

This cable will connect the HUB USB to the USB-SPI located inside the EIM BOX. On
the HUB USB, all the connection ports will be USB Type A 3.0 female ports, so one end
of the W17 will be a USB Type A male. Regarding the USB-SPI, the connector that does
not go to the EIM BOARD is a USB Type B 2.0 female connector, so the other end of the
W17 cable will have to be a USB Type B 2.0 male connector. As the end connected to the
USB-SPI is USB Type B 2.0, the other connector will also have to be 2.0.

At RS Components website it is possible to find such a cable with a price of 2,19€.

Figure 4.90 – W17 cable

With a price of only 2,19€ and a length of 0.8m, that will be more than enough to connect
the HUB USB with the USB-SPI without any problem.

4.4.1.4 W18

This cable connects the USB-DIOs to the HUB USB. This is included with the USB-
DIOs, and is already connected to it, having a USB Type A 2.0 cable on the other side, so
there would be no problem connecting it to the HUB USB.
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4.4.1.5 W19

To connect the HUB USB to the computer, it will be necessary to first go through the
front of the EIM BOX, which is the interface between the inside of the rack and the UUTs
and the computer. For that reason, what would be a USB type A pin to pin cable is divided
into two, the W19 cable and the W20 cable, which will be connected through a connector
on the front of the EIM BOX.

The connector that will be used for this rack will be the same as the one used for other
projects, which is a panel mount connector, and has a USB Type A 2.0 female port on
one end, and a USB Type B 2.0 female port on the other end. It is available from RS
Component and is priced at 20.19€.

Figure 4.91 – USB front panel connector

As can be seen in the image above, the back of the connector, the one inside the EIM
BOX, is the extreme with a USB Type A 2.0 female connector, so the W19 cable will be a
pin-to-pin USB Type A 2.0 male cable.

Such a cable can be found at RS Component at a good price and with a length of 1.8m,
which is enough to connect the HUB USB to the front connector, and is priced at 4,25€.
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Figure 4.92 – W19 cable

4.4.1.6 W20

This cable will be the one that connects the above-mentioned connector to the computer.
As it has been seen, the front side of the connector is a USB Type B 2.0 female, so the end
of this cable will be a USB Type B 2.0 male. The other side, as it will be connected to the
computer, will be a USB Type A 2.0 male connector.

Searching through the filters on the RS Component website, it is possible to find a
multitude of cables. Among them all, there is one that can be seen in the following photo,
which is 2m long, which would allow us to move the computer with the certainty that it will
not disconnect from the rack, and its price is only 4.02€.

Figure 4.93 – W20 cable
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4.4.1.7 W21

The W21 will be the cable through which the current will circulate to the power supplies
inside the EIM BOX. Once inside the EIM BOX, the current will be distributed through
another cable, the W15, which will have five ends, four to supply each of the sources, and
one which will be a panel mounting socket with a switch that will be located on the front of
the EIM BOX, and through which the W15 will be connected to the W21.

This panel mount socket will be chosen later during the design of the W15. However,
this type of socket always has an input terminal in the form of a rectangular male SCHUKO
plug, or technically speaking a male C13 connector. So one terminal of the W21 will have
the shape of a C13 female connector, and the other terminal, as it is connected to the power
strip, will have to have a normal SCHUKO plug, or technically speaking an F-type plug.

At RS Component there are many different models of power cables, and by filtering
for the needs mentioned above, it is possible to find a cable with a length of 2m, which is
perfectly adapted to the needs, and has the necessary length to be able to go from the power
strip to the front without the need for the cable to be taut. The price of this cable is 17,22€,
and it is like the one in the following image.

Figure 4.94 – W21 cable

4.4.1.8 W22

This cable will be responsible for supplying power to the 24V source on the DIN rail. At
one end it will have a male F-type connector, as it will be plugged into a power strip, and
at the other extreme it will go to the power supply.

In the datasheet of the 24V power supply it is possible to see that the input and output
connection is made by screw terminals, with cable that can go from AWG22 to AWG12:
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Figure 4.95 – 24V power supply datasheet

As the connection type is screw terminals, the end of the W22 cable will be stripped wires
with an AWG thickness between AWG22 and AWG12.

Searching on the RS Component website it is possible to find a cable with the
characteristics of both ends as the ones required, with a length of 2m and with a price of
9,08€.

Figure 4.96 – W22 cable

To see if it is thick enough to fit into the terminals of the power supply, the datasheet is
analysed and the cross-section of the inner cable is checked.

Figure 4.97 – W22 seccion
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The inner cable will have a cross-section of 0.75mm2, which, looking at the AWG to mm2
conversion tables, corresponds to a measurement between AWG 19 and AWG 18:

Figure 4.98 – AWG table

Therefore, the cable that is available in RS Component is valid for use as W22.

4.4.1.9 W23

This cable will be in charge of powering the HUB-USB, which has jackscrews as input
terminals. As we have seen before, the 24V supply also has output jackscrews terminals, and
therefore, this cable will simply be a conductor wire that will connect the output terminals
of one module with the input terminals of the other.

Analysing the datasheet for the thickness required for the HUB-USB input terminals, it
can be seen that two wires for this terminal are included in the box. So, since the 24V power
supply and the HUB-USB will be located next to each other, these two wires will be used
as W23 cables.

Figure 4.99 – HUB-USB datasheet
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4.4.1.10 W24

The W24 cable will be the one that supplies power to each of the UUTs’ power supplies.
These power supplies have a C13 plug as a power connector. Therefore, these three cables
that will be in charge of powering the three power supply modules will be the same as the
W21.

The difference between the W24 and the W21 is that the three W24 cables are included
in the power supply boxes, so there is no additional cost.

4.4.1.11 W25

This cable will connect the SWITCH ETHERNET to the 24V supply on the DIN rail, and
as with the HUB USB, the input terminals of the SWITCH ETHERNET will be jackscrew
terminals.

In the datasheet it is not indicated if there are cables included in the box as in the case
of the W23, and therefore, this time they will be purchased. As previously indicated, this
cable will have stripped wires at both ends, and therefore it will only be necessary to buy a
single AWG wire that allows connection to both modules.

In the case of the SWITCH ETHERNET, it does not indicate the wire that allows the
input terminals, but as in the 24V supply it indicates that it has to be between AWG 16 and
AWG22, copper wire of AWG22 will be selected, which is the thinner wire that the 24V
supply accepts, and it is also the one that is usually used for power transmission. Remember
that on the AWG scale, the higher the number, the smaller the wire thickness.

As AWG22 copper wire will be used during the design of the cables, and the W25 will
be a short cable, instead of buying copper wire for this cable, the price will be calculated
once all the cables have been designed, and it will be possible to know how many metres of
AWG22 will be used.

4.4.1.12 W26 / W35 / W36

All these cables are going to be the same, the difference in their nomenclature is the
connection points between them.

The W26, will be the cable that will be in charge of connecting the SWITCH ETHERNET
with the sources of the UUTs. Like all ETHERNET cables, this cable will be a pin-to-pin
cable with an RJ45 connector at both ends.

As with the USB cable, the computer in charge of the tests must also have a connection
via ETHERNET with the external network and with the modules that can be controlled by
this way. For this purpose, an ETHERNET panel connector will have to be selected to serve
as an interface between the ETHERNET cable coming out of the computer and the one
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coming out of the SWITCH ETHERNET, meaning between the W26 and the W35 cable.

In the same way that the USB connector was chosen for the panel, looking on the RS
Component page, it is possible to find a connector similar to the one selected for the W19
cable, but with a female RJ45 input and output connector, and with a price of 53.69€.

Figure 4.100 – ETHERNET front panel connector

As both ends of the panel connector are RJ45 female, the connectors that fit into this of
the W26 and W35 cable will be RJ45 male.

The W35, which connects the front panel connector to the laptop, will also be a pin-to-pin
cable with both ends having RJ45 male connectors.

The W36, is the cable that will connect the SWITCH ETHERNET, and therefore the
whole rack, to the external internet network. Logically, this cable will also be the same as
the W26 and W35.

Therefore, 4 W26 cables, 1 W35 cable, and 1 W36 cable will be needed. This makes a
total of 6 ETHERNET cables, which can be found on the RS Component website with
high performance for the following price.
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Figure 4.101 – W26 price

At a price of €23.41 each, that would be a total of €140.46.

4.4.1.13 W27

This cable is the one that will supply power to the computer, and it will be connected
to the power strip inside the rack. Of course, this cable is included in the computer box, so
you don’t have to buy it.

4.4.1.14 W28

This is the cable that will connect the PPU to the power strip. For this cable, you will
have to cut the cable that supplies power to the power strip, which is included in the power
strip, and strip the wires so that they can be inserted into the switches of the PPU and so
that they can carry out their protective function.
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4.4.2 TBT

The TBT cables will be those that are manufactured by hand in the company due to their
complexity, either because of connectors with different pins at the ends, due to ramifications
towards other modules or because there are no cables with these characteristics available on
the market.

The process for designing these cables will be similar for all of them, although there may
be differences from one to another. First of all, we will start by knowing what is being
connected, so that, in this way, we will know where the connectors of the cable have to
fit. Then, a drawing of these will be designed using the Draftsight tool from the company
Dassault Systèmes. In this representation, the male connectors will be represented with
the male contacts of the connector in black, and the female connectors with the contacts
as circumferences. The small circles with numbers on the drawing will represent the item
number by which each component is identified in the company’s list of materials for each
cable. Finally, the rectangles containing a pad and a number inside correspond to the label
that has to be placed in that position.

Figure 4.102 – Draftsight logo

Once the measurements have been designed, the next step is to select the quantity of
cable to be used, the protection it must have, and other complements that vary from one
cable to another.

During this process, there will be two main types of connectors, and, in order not to be
repetitive and explain the same thing several times, it will be explained what these types are,
and how to find the connectors that are needed. The two main brands we will be working
with are NICOMATIC and HARTING.

These two companies have already been discussed in the board section of the EGSE, so
there is no need to introduce them.

To find the NICOMATIC connectors, first it is necessary to go into their official website,
www.nicomatic.com, and within their product offer, select the HIGH PERFORMANCE
MICRO-CONNECTORS section, where it will be possible to select the type of connector
that is more necessary.
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Figure 4.103 – Nicomatic connector’s series

In each of these sections, it is possible to choose the connector that is being searched
for, progressively adding the filters that appear, until a serial number is created whose
nomenclature is easy to understand. In this way, if we have a male connector, and we want
to find a female connector that fits with it, we only have to change some of the numbers of
the serial number to find the connector that fits with it.

Once you have the serial number, search the NICOMATIC shop,
https://www.nicomatic.store/, for the connector to be found.

For HARTING connectors, look on the RS Component page
https://es.rs-online.com/web/c/conectores/
usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/
?applied-dimensions=4291690521,4291637516,4294391203,4294374343, where the
HARTING Sub-D connector filter is established, and where it is only necessary to filter
by the number of pins and if it is male or female.

Regarding the conductor wire, as already mentioned in the previous section, for each
cable, we will say approximately how many metres are going to be used, and at the end, it
will be added up all the metres of each of the thicknesses that exist. As the conductor that
will be used is very commonly used in the company, as cables are a fundamental part of any
system; when ordering the quantity of conductor to be used, the necessary metres will be
requested from the warehouse through SAP. Where, for example, each of the conductors has
the following price per metre.
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Figure 4.104 – Conductors prices

All the cables to be used in the project will be flexible, meaning that there will not be
a single conductor core, but multiple thin copper wires that will allow the conductor to be
non-rigid. In most cases, the insulation will be white Teflon, as Teflon is a flexible material
with a melting point of 350º, which makes it possible to work with soldering irons without
melting the insulation covering the wire.

Depending on the type of signal the conductor is carrying, a wire of one width or another
will be chosen. If the signals to be transported are communications signals, thinner wires
are usually used, meaning, with a higher AWG value, such as AWG 24 and AWG 26. For
wires that transmit power, however, thicker wires are usually chosen, normally AWG 22, as
the current is divided between several wires, and if all the power is going to be transmitted
through one or two wires, AWG 16 or AWG 14.

Once you have the connectors and the amount of wire needed, depending on the cable,
it will be chosen a coating that allows keeping all the wires together along the entire length
of the cable. Also, a label will be found to identify the ends of each cable, and the cable
number it is.

The coating, if it has one, will always be polyester braided sleeve, which has the advantage
that it is flexible and has a wide range of diameters, since, depending on how closed the sleeve
is, it will have a larger or smaller diameter. The labels, however, will be retractable, meaning
that they will have an initial diameter, but once they are in position, they will be heated
with hot air, and their diameter will decrease until they are adjusted to the total diameter
of the cable.

As these nets and labels have different sizes, the models will have to be chosen according
to the diameter of the cable. For this purpose, approximate calculations will be made for
each of the cables, calculating the approximate area that the cable section will occupy, and
extrapolating it to a larger circle that allows the approximate diameter of the sleeve or label
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to be extracted. For this purpose, the following calculations must be made for each of the
cables.

First, it is necessary to know the area occupied by each wire, using the tables available
in the wire´s datasheet, according to its AWG:

Figure 4.105 – AWG table for wires

The table shows the area of the conductor, but does not include the insulation protecting
the conductor. Regarding the total diameter of the whole conductor, two columns are
included which indicate the maximum and minimum diameter that it can have. For this
reason, in order to make the corresponding calculations, a new table will be created with
the average values of the maximum and minimum diameter:
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AWG \DIAMETER MINIMUM MAXIMUM OVERALL RADIUS
32 0.63 0.84 0.74 0.37
30 0.71 0.91 0.81 0.41
28 0.79 1.00 0.90 0.45
26 0.89 1.10 1.00 0.50
24 1.04 1.22 1.13 0.57
22 1.17 1.37 1.27 0.64
20 1.42 1.62 1.52 0.76
18 1.67 1.92 1.80 0.90
16 1.92 2.27 2.10 1.05
14 2.3 2.66 2.48 1.24
12 2.89 3.24 3.07 1.54

Now, the area occupied by the entire wire must be calculated, using the radius obtained
in the previous calculations. Once the radius is obtained, the area of the circle that contains
the radius is calculated, and with this the approximate area occupied by the wire is obtained.
For this purpose, the following formula is used:

Wire’s area = pi * radius * radius

Once the area of a wire is obtained, it is multiplied by the number of wires that the cable
will have. If the cable is pin to pin, it will have as many wires as the number of pins in the
connectors, but for these cables this will not always be the case. In this way, the approximate
total area that the entire cable will occupy is obtained. It must be taken into account that
this value is not going to be the exact value, since, as they are circular shapes, there will be
air spaces between some wires and others, so the value obtained is the minimum space that
the whole cable is going to occupy, and an approximate value of the total cross-section of its
area.

Cable’s area= Wire’s area * nº of conductors= nº of conductors * pi * radius * radius

Once the total area of the cable is known, the radius of the circle with the area obtained
is calculated, and the diameter is obtained from this:

Cable’s area= pi * Radius * Radius = nº of wires * pi * radius * radius

Radius = sqrt(nº of wires * radius * radius)

With the total radius of the cable, a sleeve and a label can be chosen to cover the cable.
The list of sleeves to work with will be the one shown in the following photo, which will be
chosen according to the smallest and largest diameters of the sleeves:
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Figure 4.106 – Braided sleeves models

As for the labels, they shall be chosen in the same way as the sleeves, but from the
following list of retractable labels:

Figure 4.107 – Labels models

Depending on which cable it is, it will be necessary to choose some complements or others,
but for practically all the cables it will be necessary to follow the steps mentioned above.

Miguel Romero Garcia



4.4. EGSE CABLES 129

4

During this phase, one unit of each cable will be designed, and later, at the time of the
budget, the necessary units of each of the cables will be specified in order to know the total
material required.

The next step is to design the TBT cables, which can be divided into two large groups,
the external cables, CABLES EXT; and the internal cables, CABLES INT.

4.4.2.1 CABLES EXT

These will be the cables outside the rack. As they are external, they will be more exposed
to constant handling, and for this reason, they will have to have a sleeve, to keep all the
wires together, and, in some cases, protections such as backshells, which will prevent the
solder joints from wearing out. The cables belonging to this group are the following:

– W01
– W03
– W05
– W06
– W08
– W50

4.4.2.1.1 W01

This cable, which has already been mentioned in several previous sections, is the cable that
will connect the rack to the UUTs. This cable will transmit all the power and communication
signals supplied by the rack, and will connect the front of the EIM BOX with the DB
DUMMY and the W08. The extreme of the cable that is connected to the EIM BOX will
be P1, and the one that is connected to the DB DUMMY and W08, will be P2.

Of all the components it connects, the DB DUMMY is the only one that has defined
connectors, which, as we have already seen in the section about this board, are HARTING
connectors, which will be distributed in the interfaces of the DB DUMMY in the following
way:

• J1: 62 pins PIN

• J2: 62 pins SKT

• J3: 78 pins PIN

• J4: 78 pins SKT

• J5: 26 pins PIN
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In order to make the cable production easier, the connector that goes to the W08 will
also be manufactured by HARTING, and will have 44 pins.

As can be seen in the diagram, the signals arriving at interfaces J1 and J2 will be the
communication signals between the EIM BOARD and the UUTs, and the signals arriving
at interfaces J3, J4 and J5 will be the power transmission signals arriving from the rack
sources. As P2 of the W01 will be connected to the DB, it means that in this cable will be
the connectors that fit with the above-mentioned interfaces. As P2 will be several connectors,
it will be divided into different sections from P2.a. to P2.f., each one corresponding to one
of the interfaces of the DB or W08. These shall be divided as follows:

• P2.a. -> J1 of DB

• P2.b. -> J2 of DB

• P2.c. -> W08

• P2.d. -> J3 of DB

• P2.e. -> J4 of DB

• P2.f. -> J5 of DB

Once you know where each part of P2 is going to fit, the connectors are selected, which
will be the same as in the DB, but in reverse, meaning that if a connector is male in the DB,
it will be female in W01, and vice versa. As J1 on the DB is a 62-pin male connector, P2.a.
will be a 62-pin female connector, and filtering on the RS Component page indicated by
the number of pins and the type, the following connector is obtained:

Figure 4.108 – W01_P2.a.
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Doing the same thing with the next one, as J2 in the DB is a connector with 62 female
contacts, we change the gender filter on the page and we obtain the model we are interested
in for P2.b.:

Figure 4.109 – W01_P2.b.

For the third connector, P2.c, a female connector will be chosen, since, as a precaution,
the cables that supply power are usually female, and those that receive it are usually male,
avoiding in this way unintentional contacts that cause short circuits. Therefore, a 44-pin
female connector will be sought, and the following is available from RS Components:

Figure 4.110 – W01_P2.c.

P2.d. will be the connector that fits the 78-pin male connector of the DB DUMMY, and
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therefore, applying the filters for a 78-pin female connector, the following result is obtained:

Figure 4.111 – W01_P2.d.

In P2.e., the same model as above will be used, but with male pins. Although power will
be transmitted through this cable, an exception is made in this case, and a male connector
is used, so that there is no confusion later when connecting them in the DB DUMMY. By
setting the required filters on the RS Component page, the following price is obtained:

Figure 4.112 – W01_P2.e.
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To finish with P2, the P2.f. connector, will have to fit with a 26-pin male connector, so
by setting the filters on the page, it will give the following connector:

Figure 4.113 – W01_P2.f.

Now that P2 is finished, the next step is to choose the connectors for P1. To make the
cable simpler, it will be made pin by pin, so that the cable W01 will be made up of 6
individual cables, which will be joined in the centre by a flexible label, or some kind of rope.
For the P1 connectors, the opposite of P2 will be chosen, in other words, the same as those
of the DB DUMMY, but with cable mounting; in this way, the W01 will be like an extension
of the DB DUMMY that will allow the mobility of the rack or the UUTs, without affecting
each other.

As in the P2 design there are several connectors that have the same number of pins but
are opposite, there will be no need to look for them again, as they have already been found
before. In this way, there will be a correspondence between the following connectors:

• P2.a. -> P1.b.

• P2.b. -> P1.a.

• P2.d. -> P1.e.

• P2.e. -> P1.d.

For P1.c., however, if it will be necessary to search for a model opposite to the one found
for P2.c., and by adding the 44-pin male filters, it is possible to find the following connector:
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Figure 4.114 – W01_P1.c.

With P1.f. it is the same as with P1.c., it will be necessary to look for the opposite of
the one found for P2.f., and, for this reason, looking on the RS Component website for a
connector with 26 male pins, the following model appears:

Figure 4.115 – W01_P1.f.
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Therefore, the following connectors are required for the W01 cable:

• 2x 78-pin male connector

• 2x 78-pin female connector

• 2x 62-pin male connector

• 2x 62-pin female connector

• 1x 44-pin male connector

• 1x 44-pin female connector

• 1x 26-pin male connector

• 1x 26-pin female connector

Once you have all the connectors, the cable plan is drawn, but for this purpose it is necessary
to know the length of the cable first. When the UUTs are under test, they may be located
in thermal or vacuum chambers, where the rack cannot be, so the cable length must be long
enough to be able to separate the rack from the UUTs without tension between the cables.

In order to be able to work without problems, a length of 3m was chosen for the W01
cable. A length that will allow full manoeuvrability without affecting the performance of
the tests. The plan will then be as follows:
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Now it is calculated how much wire will be needed for the cable W01. As not all signals
will be the same, different wire thicknesses will be used.

For the sections of the cable that will carry communications signals (P1.a. to P2.a. and
P1.b. to P2.b.), an AWG26 conductor will be used, and for the sections that carry power,
AWG22 will be used. As this cable will be pin to pin, the number of conductors to be
used will be the same as the number of pins in the cable, so adding up all the pins of the
connectors on one side, we get a total of:

TOTAL WIRES = 62 + 62 + 44 + 78 + 78 + 78 + 26 = 350

The number of conductors that will be used in total will be 347, of which 124 will be for
the transport of communication signals, and therefore AWG26; and the other 223 will be
for the transport of power, and therefore AWG22. Multiplying the number of conductors
of each type by the length of the cable, the following quantity of conductors is obtained:

AWG26 CONDUCTOR: 124 wires x 3m = 372m of AWG26.

AWG22 CONDUCTOR: 226 wires x 3m = 678m of AWG22

Once all the connectors and quantity of cable required are in place, the necessary
complements for the cable are calculated. As it is an external cable, all the sections will be
protected by a polyester sleeve, but in this case, as the two communication signal sections
are very long cables and will be exposed to environments with possible noise, they will also
be protected with a copper sleeve, which will act as a Faraday cage, and will guarantee the
integrity of the signal along the entire route between the EIM BOX and the DB DUMMY.
The other sections, as they are not sensitive signals for the correct communication of the
system, will not have to carry this additional protection.

Applying the formula seen in the section of the TBT cables for the calculation of sleeves
and labels, the following calculations are made, knowing that the thickness of the wire of
AWG 26 is 1.00 and that of AWG22 is 1.27:

SECTION RADIUS W01.A. = sqrt (62 * 0.5 * 0.5) = 3.93
SECTION RADIUS W01.B. = sqrt (62 * 0.5 * 0.5) = 3.93

SECTION RADIUS W01.C. = sqrt (44 * 1.27 * 1.27) = 8.42
SECTION RADIUS W01.D. = sqrt (78 * 1.27 * 1.27) = 11.21
SECTION RADIUS W01.E. = sqrt (78 * 1.27 * 1.27) = 11.21
SECTION RADIUS W01.F. = sqrt (26 * 1.27 * 1.27) = 6.47

Multiplying the obtained radiuses by two to obtain the diameters, the following
measurements are obtained:
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RAMAL RADIUS DIAMETER
W01.A. 3.93 7.86
W01.B. 3.93 7.86
W01.C 8.42 16.84
W01.D 11.21 22.42
W01.E. 11.21 22.42
W01.F. 6.47 12.95

With this diameter, it is possible to search now in the tables where the thicknesses of the
sleeves are given, for the one that best suits each of the sections of the W01. These models
will be the following:

RAMAL DIAMETER BRAIDED SLEEVING LENGTH
W01.A. 7.86 GRP-110-1/2 3
W01.B. 7.86 GRP-110-1/2 3
W01.C 16.84 GRP-110-3/4 3
W01.D 22.42 GRP-110-3/4 3
W01.E. 22.42 GRP-110-3/4 3
W01.F. 12.95 GRP-110-1/2 3

To find the cooper sleeve that will protect W01.A., and W01.B., it is necessary to look
at the following table of sleeves:

Figure 4.117 – Cooper sleeve models
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In this table, and looking at the diameter measurements for the selected sections, the
model 2172 is chosen, which has a price of 1.42€ per meter. This price per meter suppose
a total price of 6 * 1.42€ = 8.52€.

Figure 4.118 – Cooper sleeve price

For the labels to be used, as can be seen in the cable plan identification table, there will
be three types, the ITEM 20, the ITEM 22, and the ITEM 34. These will be chosen
according to the cable diameter, as the same as the sleeves, but looking at the table of the
label models:

LABEL MODEL QUANTITY
ITEM 20 TMS-SCE-2X-1K-1/2 4
ITEM 22 TMS-SCE-1K-1-2.0 8

The ITEM 34 will be a label that will be placed around the whole cable harness, and
will be responsible for holding them together. It is made up of a white part where the label
code is printed, and a long transparent adhesive part.

This cable will also have backshells, which are pieces that are responsible for holding
the connector, and protect the cable from possible damage. This piece is placed in this
cable because as it is responsible for connecting the whole rack with the UUTs, it will be
continuously plugged and unplugged, and without the backshells, it would most likely cause
stress on the soldering, which would lead to a malfunction of the cable.

Each model of backshell indicates the pins that the connector must have to fit in it, but
as the connectors to be used are of high density, to choose the model of backshell, it will be
necessary to look at the measurements between the screws of the backshell and between the
external holes of the connector, and the height of each one of these.

Starting with the 62-pin connectors, according to their datasheet, they have an outer hole
spacing of 63.50mm, and a height of 12.55mm.
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Figure 4.119 – 62 pin’s connector dimensions

On the RS Component website, under D Sub housings, filtering by number of pins, and
selecting 37W, it is possible to find a backshell from the company MH Connectors whose
measurements match with those of the connector.
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Figure 4.120 – 37W backshell dimensions

The height of the connector and the backshell are not exactly the same, this is because
the height of the backshell, as you can see in the drawing, has to be reduced by the thickness
of the material, which would mean a value much closer to the 12.55mm that is being looked
for. This backshell, being valid for 62-pin connectors, will have to be purchased 4 times, and
its value on the RS Component website will be as follows:

Figure 4.121 – 37W backshell price

The same action is now repeated for the two 44-pin connectors, and looking at the
datasheet, the following measurements are obtained:
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Figure 4.122 – 44 pin’s connector dimensions

Looking at the datasheet of the previously selected backshell, it is possible to see that the
25W model has the measurements that are being searched for this connector:

Figure 4.123 – 25W backshell dimensions
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Looking for that model on the RS Component website, the following price is obtained:

Figure 4.124 – 25W backshell price

As this backshell will be used for 44-pin connectors, it will be purchased twice, for P1.c.
and P2.c. For 26-pin connectors, the same is done, by first looking at their datasheet:
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Figure 4.125 – 26 pin’s connector dimensions

Looking for a backshell for this connector, it is possible to see that it matches also one of
the already chosen models, namely the 15W model:
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Figure 4.126 – 15W backshell dimensions

Looking for it on the RS Component website, it is available for the following price:

Figure 4.127 – 15W backshell price

This connector will fit the 26-pin connectors, and therefore you will also have to buy two,
one for P1.f., and one for P2.f.

For 78-pin connectors, the following dimensions are available:
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Figure 4.128 – 78 pin’s connector dimensions

For these connectors there is none of the previous backshell models that fit with them,
but filtering on the RS Component page by pin numbers 50W, there is a model from the
same company that meets the requirements of the measurements:
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Figure 4.129 – 50W backshell dimensions

For this model it would be necessary to buy 4 units, which would be responsible for
protecting the four 78-pin connectors that will be used in this cable. The price in RS
Components web is as follows:

Figure 4.130 – 50W backshell price

This completes the design of the W01, and the next cable is designed.
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4.4.2.1.2 W03

This cable will be used to make measurements inside the DL HEAD, to check that the
signals are arriving correctly, and that there are no problems during the transmission of
these.

The extreme of the cable connected to the DL HEAD will be connected to the J5 interface
of the DL HEAD, and, looking at the requirements chapter, in the DL HEAD section, it is
possible to see that this interface corresponds to a 15-pin connector of the MDM type with
male pins. MDM connectors are military and aerospace connectors that are able to work
under extreme temperature and pressure conditions. They are manufactured by various
companies in the electronics industry, and within Tecnobit-Grupo Oesia usually rely on the
company GLENAIR to manufacture them. These connectors are available on the RS
Component website in the Micro-D connector category. Applying the filters GLENAIR
manufacturer, number of contacts 15, and female type, the following model is obtained:

Figure 4.131 – W03 connector

This will be one of the extremes of the cable W03, the other extreme of the cable, as it
will be used to make measurements of the signals that reach the DL HEAD, will have to be
able to introduce sensors or measuring tools. For this purpose, a breadboard and male and
female connectors will be used, so that the sensors can be inserted into the contacts and a
correct measurement can be ensured.
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The first step is to select the breadboard. As there are no requirements for its operation,
a normal breadboard will be found on the RS Component website.

Figure 4.132 – W03 breadboard

This model has individual sockets, meaning that they are not connected to each other,
and their spacing is 2.54 x 2.54 mm. To find the connectors, go to the Cable housings and
PCB connectors section of the RS Component website and look for both male and female
connectors.

In the case of female connectors, look for 3-contact connectors, to leave the middle contact
empty, and to be able to measure on the two contacts at the extremes without the risk of
an accidental short.

In the case of male connectors, however, two consecutive pins should be selected, as
a jumper may be used in the future to allow an intentional short-circuit, changing some
characteristic of the circuit.

Searching the RS Component website, as usual, and, filtering by a 2.54mm pitch and
the number of contacts required, it is possible to find the following models of male and female
connectors:
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Figure 4.133 – W03 female connector

Figure 4.134 – W03 male connector

Miguel Romero Garcia



4.4. EGSE CABLES 151

4

Once the connectors have been chosen, the next step is to draw the cable, which will have
a plan like the following one:

Figure 4.135 – W03 plan

Figure 4.136 – W03 label
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The length of the cable is so short because, since it is a measurement cable, it will not
always be connected, and when it is, it will be to measure close to the board in case of
possible errors. The wire for this cable will be AWG26, because the P1 connector, as it is
a high-density connector, will not accept wires thicker than AWG26, and, although at first
sight it could seem a problem because power signal measurements are made too, the distance
is so short that it will not affect the signal, and therefore not the measurements either.

So, in order to calculate the amount of wire to be used, it is necessary to know at which
extreme more connectors are used, left or right. As mentioned above, 2 of the 3 female
contacts will be used, and as there are 7 connectors, this gives a total of 14 contacts in use.
For the male connectors, it has been seen that both pins are used, and therefore, all 4 pins
are used, which means that 18 contacts will be used on the breadboard. On the right side,
P1, the 15 contacts of the connector will be used.

During the manufacture of the cable, soldering will have to be done between different wires
so that these 15 contacts become 18. These instructions are indicated in the PINOUT of
the cable, which will not be shared for confidentiality reasons. But this means that eighteen
100mm cables will have to come out of the breadboard to the P1 connector. Multiplying
now, we get the amount of AWG26 cable to be used:

AWG26 WIRE = 18 * 100mm = 1800mm of wire.

As this cable is so short, and will not be used so frequently, there will be no need to use
a sleeve to protect it, and at most, if it is needed, it will be tied with rope to keep it more
rigid.

Due to its size, and the fact that most of the labels are located on the breadboard,
adhesive labels belonging to the company will be used for this cable, the cost of which is
always estimated to be zero as it is not a major expense.

4.4.2.1.3 W05 y W06

W05 and W06 are the cables that are responsible for connecting the RFCBs to the two
MCCMs that are connected to it. Both cables will be explained together, as they are exactly
the same, but with the difference of the interfaces they connect. In the case of W05, it is
responsible for connecting the J2 interface of the RFCB to the J6 interfaces of the MCCM1
and MCCM2, while W06 is responsible for connecting the J3 interface of the RFCB to the
J7 interfaces of the MCCM1 and MCCM2.

Interfaces J2 and J3 of the RFCB are the same, and interfaces J6 and J7 of the MCCMs
are the same. In addition, interfaces J2 and J3 are symmetrically located with respect to
the centre of the RFCB, and interfaces J6 and J7 of the MCCMs are also symmetrically
located with respect to the centre of the boards. Therefore, both cables will be the same
and have the same dimensions. The connector that fits the interfaces that are connected to
the RFCB, J2 and J3, will be called P1. The connectors of the RFCB interfaces J2 and J3
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are 15-pin male MDM, so P1 will be a 15-pin female MDM connector, the same as P1 on
W03.

The other two connectors will be the same, as they fit the same interface, but on different
boards. On the MCCM, both J6 and J7 are NICOMATIC connectors, whose serial number
is 221Y06F21. This connector is made to be placed on a PCB, so in addition to changing the
gender value in the serial number, you will also have to change the value for the termination.
Filling in the values on the NICOMATIC website, you get the serial number 222S06M16,
which is not available on the NICOMATIC online shop, but is available on the website
of FUTURE ELECTRONICS, which is one of the official distributors of the French
company.

Figure 4.137 – W05 and W06 connector

Once the connectors are in place, the plan can be drawn. Knowing the measurements of
the MCCMs, and knowing that for each RFCB Dual there are two MCCMs, it is possible to
make an approximate estimation of the distance between each of the connectors that form
the cables W05 and W06. Between the RFCB connector and the MCCM1 connector, there
will not be a large distance, so 200mm between them is chosen so that the cable does not
have to be tense and can be easily fitted. The MCCM2 connector will be at a distance from
the MCCM1 connector that is slightly longer than the length of an MCCM board, as both
will be next to each other and separated only by a small space. For this purpose a distance
between both connectors of 300mm is chosen, as the length of an MCCM board is 120mm,
and the cable cannot be tense to guarantee a correct connection.
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Figure 4.138 – W05/W06 plan

Figure 4.139 – W05 and W06 label
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The labels on the left correspond to those of the W05, and the labels on the right
correspond to those of the W06.

Once the distances and connectors are known, the next step is to choose the amount of
wire. In this cable, the PINOUT will not be placed either, but it is known that the signals
coming out of P1 will be distributed between P2 and P3, so, from the 15 pins that P1 has,
it will end up in 12 pins of the sum of P2 and P3. Therefore, the amount of conductor will
be calculated, counting that there will be 15 wires, 7 of which will go to P2, and 8 will go
to P3.

The type of wire to be used will be AWG26, since, as mentioned before in W03, the
connector of P1 accepts the maximum thickness of this wire. Moreover, the information
transmitted on this cable will be all communication signals, and not power signals, so there
should not be any problem. Doing the corresponding calculations:

AWG26 CONDUCTOR: 7 * 200mm + 8 * 300mm = 1400 + 2400 = 3800 mm

This cable is going to be the first one designed whose sleeve is not unique, as the cable
has branches, three sleeves will have to be bought for each of the cable’s sections. The first
section, P1, will be the thickest, as it is the one that contains 15 wires, then the P2 section
will have 7 wires, and the P3 section will have 8 wires. Applying the above formula used for
the calculation of the sleeves, the following radiuses are obtained:

P1 section radius = sqrt (15 * 0.5 * 0.5) = 1.93
P2 section radius = sqrt (7 * 0.5 * 0.5) = 1.32
P3 section radius = sqrt (8 * 0.5 * 0.5) = 1.41

With the obtained radiuses, the sleeves to be used can be calculated in the same way as
calculated for W01:

RAMAL DIAMETER BRAIDED SLEEVING LENGTH
P1 3.87 GRP-110-1/4 0.1
P2 2.64 GRP-110-1/8 0.1
P3 2.82 GRP-110-1/8 0.2

This radius will also be used to choose the labels used on the cable, and therefore the
following dimensions are chosen for each of the labels:

LABEL MODEL QUANTITY
ITEM 7 TMS-SCE-2X-1K-1/8 2
ITEM 8 TMS-SCE-2X-1K-1/4 2
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4.4.2.1.4 W08

The W08 cable will be responsible for powering the MCCM DUMMYs in a line, and will
connect them to W01. As this cable will be responsible for powering the MCCM DUMMYs,
it should have one connector for each board, and as there are 12 MCCM DUMMYs in a line,
W08 will have 12 connectors that will be responsible for powering the boards. At the other
extreme, there will be the connector that is going to get the power from W01, and distribute
it through the wires that will supply it to the connectors on the boards.

The extreme of W08 that is connected to W01 will be P1, and it will be easy to find the
corresponding connector, as it is the same as the one chosen for the P1.c. connector of W01,
which was the opposite of the P2.c. of W01, which is where W08 has to fit. Therefore, this
connector will be the next one:

Figure 4.140 – W08 P1 connector

The extremes that go to the MCCM DUMMYs will be numbered from P2 to P13, and will
all be the same connectors. These connectors will fit the J5 interface of the boards, which
corresponds to the 221Y10F21 connector. Searching the NICOMATIC website, and
setting the filters by gender, clamping, and mounting, the model 222S10M16 is obtained,
which has the following appearance, and whose unit price is the following one:

Miguel Romero Garcia



4.4. EGSE CABLES 157

4

Figure 4.141 – W08 P2 connector

Once the connectors are found, the design of the plan is started, which will be an initial
section leaving from P1, and at 400mm it will divide into 6 sections, one for RFCB, from
which two other sections of 300mm and 150mm each will leave, depending on whether it
goes to the first MCCM DUMMY, or the second one. At the end of each of these sections,
the connectors that will go to the boards will be located. The plan would be sketched as
follows:
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To calculate the quantity of wire, it starts by calculating the section from the intersection
to connector P1. This section will be 400mm long, and will have 44 AWG22 wires, one for
each pin. This will give 400mm x 44 = 17600mm of AWG22 wire for the first section.

To calculate the remaining quantity of wire required, it will be calculated the quantity
of wire required for a single section, and multiplied by six, which is the number of sections
from the intersection to the MCCMs. Each section, in turn, will have two sections, one of
150mm, and one of 300mm. Ten AWG22 conductors will run along each of these small
sections, giving a quantity of wire per section of (10 x 300mm) + (10 x 150mm) = 4500mm.
Multiplying this figure by the six sections of the cable gives 4500mm x 6 = 27000mm.

Adding the quantities of wire AWG22 from the sections going to the MCCMs, and the
section going to P1, gives the following quantity: 27000mm + 17600mm = 44600mm of
AWG22 wire.

The next step is to calculate the sleeves and labels that will go on each of the sections.
As the PINOUT is not going to be shown, and, following the drawing, the cable would go
from 44 pins of P1 to 120 pins of the sum of the connectors of the MCCM DUMMYs, it
will be assumed that the soldering corresponding to this increase in pins will be done near
P1. In this way, the 120 wires that reach the connectors of the boards will pass through the
section of P1. To the rest of the sections, as 10 wires will arrive, only these will be taken
into account to calculate the sleeve. Making the corresponding calculations:

P1 RADIUS = sqrt (120 * 0.64 * 0.64) = 7.01
EVEN CONNECTORS RADIUS = sqrt (10 * 0.64 * 0.64) = 2.02
ODD CONNECTORS RADIUS = sqrt (10 * 0.64 * 0.64) = 2.02

From these measurements, the sleeves and labels to be used are obtained by looking at
the tables in the annexes.

RAMAL DIAMETER BRAIDED SLEEVING LENGTH
P1 14.02 GRP-110-3/4 0.4

EVEN CON. 4.04 GRP-110-1/8 0.15
ODD CON. 4.04 GRP-110-1/8 0.3

With the radiuses calculated above, the labels are also chosen, which, as seen in the label
identification table of the cable plan, will be of two types:

LABEL MODEL QUANTITY
ITEM 9 TMS-SCE-2X-1K-1/4 12

ITEM 10 TMS-SCE-2X-1K-3/4 2

For this cable, in addition, as can be seen in the drawing, a backshell for P1 will be
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included, since as it is connected to the W01, it will be constantly connecting and
disconnecting. This backshell was already selected during the design of the W01, so the
same model will be included.

Figure 4.143 – W08 Backshell

4.4.2.1.5 W50

This cable will be the last of the external cables, and its function will be to program
the cores of the MCCM DUMMYs. This cable will only be connected when it is necessary
to change some of the code stored in these cores, and therefore it will not be permanently
connected.

The extremes of this cable will be two, one of them will be a connector that will fit with
the J3 interface of the MCCM DUMMY, and will be named P1; and the other extreme, will
be 4 connectors, one for each core, and numbered from P2 to P5, which will be connected
to a programmer of the company.

As the extreme P1, will have to connect to the J3 interface of the MCCM, it means that
it will have to fit with the 40-pin, two-row male connector manufactured by SAMTEC.
Therefore, P1 will be the 40-pin, two-row female connector manufactured by SAMTEC,
which can be seen in the picture below:
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Figure 4.144 – W50 P1 connector

The connector comes with the cable and with another connector at the opposite extreme,
so what will be done, will be to buy it complete, and cut it in half. This way, by measuring
the cable 180mm, there will be two connectors like the ones wanted with a 90mm cable
included. The price of this cable through the distributor DIGIKEY is 17.97€ as can be
seen in the following picture:

Figure 4.145 – W50 P1 connector price

At the other extreme, there will be the connectors that fit the programmer, which is an
ATMEL model with an interface compatible with JTAG cables. The JTAG cables have at
each extreme a rectangular connector with a polariser, and whose contacts are distributed
in two rows. These cables can have different numbers of contacts, but the ones that will be
used for this cable will have 10 contacts, like the one shown in the following image:
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Figure 4.146 – W50 P2-P5 connector

As a pin-to-pin cable is included in the purchase, what will be done with this cable is
the same as with the previous one, it will be cut in half, and in this way, it will be possible
to obtain two connectors like the ones wanted. This cable, which is 150mm long, meaning
75mm per connector, can also be purchased from the distributor DIGIKEY for 11.69€:

Figure 4.147 – W50 P2-P5 connector price

Now the distance between both connectors is calculated, and, as with the W03, as it is
a cable that will be used in specific situations, it will be a short cable. Taking advantage of
the fact that the connectors come with a cable included, this will be used to manufacture
the cable, and therefore, a distance between connectors of 150mm will be chosen. Drawing
the plan corresponding to the cable, the following drawing is obtained:
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Figure 4.149 – W50 labels

As already mentioned, there is no need to buy more cable, as the one included in the
connectors is sufficient. This cable, in spite of being external, will not have a sleeve either,
as, in addition to being too short to use one, it is made up of a strip of wires that are all
joined together, so the function of the sleeve would not be necessary.

As for the labels, the conventional labels that are used on all cables will not be used, as
the PVC covering of the cables, and the use of heat guns to retract the labels, can damage
the cable. In addition, the flat shape of the cable strip means that it does not conform to
the cylindrical shape of the labels. Therefore, for this cable, adhesive labels like the ones on
W03 should be used, as they adapt better to any surface and are ideal for this type of case.
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4.4.2.2 CABLES INT

The internal cables will be all those that are inside the rack, and therefore will be
responsible for connecting the different parts that compose it. These cables, once they are
installed, will not be manipulated, so it will not be necessary to look for sleeves to keep the
wires together, but it will be necessary to look for labels to identify where each cable has to
be installed. In the event that some of the internal cables are very long, and it is difficult
to keep the wires together, black string can be used to tie them at some points of the cable,
and in this way keep it a little more compact. These cables, also, will not always have a
defined length, since, being inside the rack, and not knowing where they will have to pass
through, the exact length of these cables will not be known, and this will be defined at the
time of manufacturing them. Meanwhile, in the cables that are not defined, the length will
be TBD (To Be Determined), and it will be decided later. The cables that belong to this
section are:

– W09
– W10
– W11
– W12
– W13
– W15
– W34

4.4.2.2.1 W09

This cable will be responsible for transmitting and receiving information from the EIM
BOARD to the climatic chamber in case it is used for testing. The cable will connect the J4
interface of the EIM BOARD to the front of the EIM BOX.

The J4 interface of the EIM BOARD is a NICOMATIC connector with serial number
102Y02, so it will be necessary to search on the website for one that fits this one. Applying
the necessary filters, the 101C02L model is obtained, which would fit the J4 interface of
the EIM BOARD.

Figure 4.150 – W09 J4 connector
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The other extreme of the W09, which will have to fit with the cable coming from the
thermal camera, will be the IMC24-1602X connector from the company DEUTSCH,
which is available from RS Component at the following price:

Figure 4.151 – W09 P1 connector

Once the connectors have been chosen, the next step is to calculate the distance, and,
although it had been said that for most cases of internal cables there would not be a defined
distance, in this case, as it is a simple cable that goes from the EIM BOARD to the front
panel, it will only be necessary to estimate the distance between these two points.

By looking at the skecth made during the selection of the EIM BOX sources, where the
lengths of both the base of the EIM BOX and the EIM BOARD are delimited, and, knowing
that the J4 connector of the EIM BOARD will be on the left side of the board, a little above
the middle of the board, it can be deduced that 300mm of cable length will be enough to
keep the cable without it being tense, and without having so much cable that it bothers.
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Figure 4.152 – W09 plan

Figure 4.153 – W09 labels

Looking at the datasheets of both connectors, it is possible to observe that both accept
AWG22, so this type of cable will be chosen for the manufacture. As there are only two
wires, whose length will be 300mm, the calculations will be easy, as only 600mm of AWG22
wire will be needed.

As stated at the beginning of this section, this cable will not have a sleeve over it, but
it will have labels. Knowing that AWG22 has a radius of 0.64mm, the corresponding
calculations are made:

W09 RADIUS = sqrt (2 * 0.64 * 0.64) = 0.9mm

The radius of 0.9mm assumes a diameter of 1.8mm, and looking at the tables, three labels
are chosen from the smallest size model, which is TMS-SCE-2X-1K-3/32.

Miguel Romero Garcia



4.4. EGSE CABLES 167

4

4.4.2.2.2 W10

The W10, will be the cable that is responsible for transmitting the communication
signals between the EIM BOARD and the front end of the EIM BOX. The extreme of the
cable that goes to the EIM BOARD, P1, could be connected either to the J1 interface, or
to the J2 interface. As seen in the board design section, both interfaces are fitted with a
NICOMATIC connector whose model is 321YL120F44H. Searching on the French
company’s website, a compatible model is available, whose serial number is 322C120H01.

Figure 4.154 – W10 P1 connector

The other extreme of the cable, will be placed in the front of the EIM BOX, and will
fit with the W01, specifically with the P1.a. and P1.b. interfaces. As the W10 connectors
must be able to fit with those of P1.a. and P1.b. of the W01, the opposite connectors are
searched for, which match with the P2.a. and P2.b. interfaces of the W01. In this way, the
following connectors are obtained, for interfaces J1.a. and J1.b. of W10 respectively:

Figure 4.155 – W10 J1.a. connector
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Figure 4.156 – W10 J1.b. connector

Now that the connectors have been selected, the next step is to draw the plane, which
will not have a fixed measurement, since depending on the interface of the EIM BOARD,
the cable will measure more or less. In this way, it is defined as TBD, and the measurement
will be chosen later, when the appropriate length can be accurately measured.

Figure 4.157 – W10 plan
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Figure 4.158 – W10 labels

Since the length of the cable will not be defined, it is not possible to calculate precisely
how much cable will be needed. Therefore, an estimate will have to be made at a high level,
so that there will be no shortage of cable. As seen in the design of the W01, the cable used
for the transmission of these signals will be AWG26, and, making an approximation of the
necessary length of the cable so that it can be connected without tension, a length of 300mm
is assumed, which should be sufficient distance for the cable to be able to arch and stay
connected without stress, since the connectors J1 and J2 of the EIM BOARD are no more
than 150mm away from the front of the EIM BOX.

The quantity of wires needed for this cable will correspond to the extreme with the highest
number of pins. At the P1 end, there is only one connector with 120 pins, while at the J1
end, there are two connectors with 62 pins each, meaning 124 in total. Therefore, the cable
will be considered to have 24 wires, and making the appropriate calculations:

AWG 26 CONDUCTOR = 124 * 300mm = 37200 mm of AWG 26 wire.

Now, it only remains to find the labels that fit the width that the cable will have, which
will be different according to the section. For sections J1.a. and J1.b., the same labels will
be used, while for the P1 section, possibly larger ones will be used. Taking into account the
use of wires of AWG 26 with thickness 0.5, the following diameters will be obtained:

P1 RADIUS = sqrt (120 * 0.5 * 0.5) = 5.47 J1 RADIUS = sqrt (62 * 0.5 * 0.5) = 3.94

LABEL DIAMETER MODEL QUANTITY
ITEM 9 10.94 TMS-SCE-2X-1K-3/4 12

ITEM 10 7.87 TMS-SCE-2X-1K-1/2 2
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4.4.2.2.3 W11

This cable will be responsible for distributing the power from the rack sources to the front
of the EIM BOX, where it will connect to the W01. It will also have two extremes, the left
extreme, with connectors numbered P1 to P6, and the right extreme, with three connectors
numbered J1.d., J1.e., and J1.f.

The right extreme will be the one that will be fitted to the front of the EIM BOX, and
therefore, the one that will be connected to the W01. The W01 interfaces to which it will
be connected are P1.d., P1.e., and P1.f., and as we already know, the connectors that fit in
these are the same as the ones already selected for P2.d., P2.e., and P2.f. Therefore, the
connectors for interfaces J1.d., J1.e., and J1.f. of the W11 cable will be the same as those
for interfaces P2.d., P2.e., and P2.f. of W01.

At the other extreme, the interfaces will correspond to the rack power supplies, which
distribute power from a removable connector, where the cables are connected from a screw.
The connector for these power supplies is a model like the one shown below, which has two
contacts to supply the power and its return, and two other sensing contacts that will help
to maintain the voltage and current at the set values.

Figure 4.159 – Power supplies connector

As there will be 3 source mainframes, with 4 source modules each, there will be a total of
12 connectors as the one shown in the picture, of which 6 will be for one line, and 6 for the
other. Therefore, the W11 cable will distribute the power transmitted to the DB from six
4-pin connectors to two 78-pin connectors and one 26-pin connector. As these cables will go
from the front of the EIM BOX to the sources passing through the inside of the EIM BOX,
and through the back of the rack, the exact length of the cable will not be known, so, in this
case, TBD is used again, leaving the plan as follows:
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Figure 4.160 – W11 plan

Figure 4.161 – W11 labels
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As can be seen in the drawing, not all the connectors on J1 will have the same number
of source connectors. This is because, as the sources will not supply the same amount of
current, they will need different numbers of wires to be distributed without burning the
conductor, and therefore different numbers of pins for the connectors.

Repeating what has been said before, the power supply connectors will have 4 contacts,
of which only 2 will be for supplying the power. In these contacts only one wire will be
able to enter, therefore, all the conductors through which the power from one of the sources
circulates will have to be joined together in a single wire, and as mentioned at the beginning
of the TBT section, for these cases, an AWG 16 or an AWG 14 will be used, obtaining
the following conductors:

• VDD_MCCM = 9.076 A : AWG14

• VDD_SC = 4.66 A : AWG16

• VDD_LNA = 2.664 A : AWG16

• VG_SSPA = 0.396 A : AWG16

• VSS = 0.612 A : AWG16

• VCC2 = 0.756 A : AWG16

Although it is not possible to know the exact length of the cable, it is possible to estimate
the length of the cable in the same way as has been done for other cables. It is known that
this cable will start at the front of the EIM BOX, go through the entire box, and connect at
the back to the rack sources, so it can be assumed that the cable will necessarily be longer
than the length of the EIM BOX, which is 483mm, which could be rounded up to 500mm.
Once it leaves the EIM BOX, the distance to the sources will depend on which of these it
goes to, so it is not possible to know exactly what the total length will be. For this purpose,
in order to guarantee the correct length of the cable, and knowing that it should measure
at least 500mm, all the necessary soldering will be done before this distance, and from this
distance onwards the cable will be formed only by the corresponding wire with a length of
300mm that will go to the sources. This will make the cable 800mm long, with the possibility
of cutting the last wire until the cable is 500mm long. In this way, the cable is allowed to
adapt to the length needed to be able to connect to each of the sources, without being too
tight or too baggy.

Therefore, before 500mm of cable, all the wires will be AWG22, which is the wire that fits
the J1 connectors, and after 500mm, the wires will be AWG16 or AWG14, as appropriate.
It should be noted that for each source connector there will be two sensing wires, so these
will be given a length of 800mm directly.

As the VDD_MCCM source transmits so much current through J1.d., it will have to be
divided into 78 AWG22 wires, which will be 38 for the positive pole, 38 for the negative
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pole, 1 for the positive sense, and 1 for the negative sense. As it is very difficult to make
a solder that converts 38 AWG22 wires into one AWG14 wire, this will be done in two
steps.

First, these conductors will be divided into two groups of 19 AWG22 conductors, which
will each be converted into one AWG16 conductor, and then the two AWG16 conductors
will be soldered to one AWG14 conductor. The AWG22 part will be made to match the
rest of the cable, meaning 500mm, and then the AWG16 conductors will be cut to a length
of 100mm, leaving 200mm for the AWG14 conductor.

Making the corresponding calculations for each of the cable thicknesses, the following is
obtained:

POWER SUPPLY AWG 22 WIRES QUANTITY(MM)
VDD_MCCM 76 wires * 500 mm + 2 wires * 800mm 39600

VDD_SC 40 wires * 500mm + 2 wires * 800mm 21600
VDD_LNA 24 wires * 500mm + 2 wires * 800mm 13600
VCC (VSS) 10 wires * 500mm + 2 wires * 800mm 6600

VCC2 12 wires * 500mm + 2 wires * 800mm 7600
Vg_SSPA 8 wires * 500mm + 2 wires * 800mm 5600
TOTAL 94600

AWG22 WIRE = 94600 mm

POWER SUPPLY AWG 16 WIRE QUANTITY (MM)
VDD_MCCM 2 wires * 100mm 200

VDD_SC 1 wires * 300mm 300
VDD_LNA 1 wires * 300mm 300
VCC (VSS) 1 wires * 300mm 300

VCC2 1 wires * 300mm 300
Vg_SSPA 1 wires * 300mm 300
TOTAL 1700

AWG16 WIRE = 1700 mm
AWG14 WIRE = 200 mm

Now, focusing on the labels, the ones from 4 to 9, item 17, will be responsible for grouping
only 4 cables. Labels 1 and 2, item 15, will be responsible for grouping 78 wires of AWG22.
And 3, item 16, will be responsible for grouping only 26 wires of AWG22. Calculating the
radiuses for these labels:

ITEM 15 RADIUS= sqrt (78 * 0.64 * 0.64) = 5.65
ITEM 16 RADIUS= sqrt (26 * 0.64 * 0.64) = 3.26

ITEM 17 RADIUS= sqrt ((2 * 0.64 * 0.64) + (2 * 1.05 * 1.05)) = 1.74
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LABEL DIAMETER MODEL QUANTITY
ITEM 15 11.30 TMS-SCE-2X-1K-3/4 1
ITEM 16 6.52 TMS-SCE-2X-1K-3/8 2
ITEM 17 3.48 TMS-SCE-2X-1K-3/16 6

4.4.2.2.4 W12

The W12 will be a cable that will be responsible for connecting the EIM BOARD to the
control interfaces of the sources inside the EIM BOX, and will also connect the 5V and 3.3V
sources to the EIM BOARD to power it for it to operate. This cable will have an extreme,
P1, which will be the one that connects to the EIM BOARD, and from which the different
ramifications that go to the sources inside the EIM BOX will be formed.

P1 will be the connector that fits into the J3 interface of the EIM BOARD, whose
connector is a type D, micro D which has 25 male type contacts. To make it fit properly, it
will be necessary to look for the opposite connector to this one, which will be a 25-pin
female connector. Looking at the DIGIKEY website, it is possible to find the model
MMDS-025-N00-SS-RH, which, as can be seen in the following image, would fit perfectly in
the connector of the board.

Figure 4.162 – W12 P1 connector

This connector will have the following price on the DIGIKEY website

Figure 4.163 – W12 P1 price
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The rest of the terminals will be of two types, those that go to the control interface of the
sources, and those that go to the voltage outputs of the sources. Those going to the source
control interfaces will be numbered P2 to P5, one for each of the sources, and the connectors
to be looked for will be, according to the datasheet, CN100 connectors.

Figure 4.164 – HRPG-150 series datasheet

These connectors are available from the RS Component website, and are priced as follows:
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Figure 4.165 – CN100 connector price

To insert the conductors of the cable into the connector, it will be necessary to purchase
pins which are available from the RS website, and which will have to be crimped to the ends
of the conductors.

Figure 4.166 – CN100 pins price
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As only the RC- and RC+ signals will be used out of the 6 possible signals, only two pins
per connector will be purchased, meaning a total of 8 pins.

The other terminals that have to be found are the ones that will go to the outputs of the
5V and 3.3V sources, which, as it can be seen in the datasheet image, correspond to interfaces
4, 5, 6, and 7 of the sources. These interfaces are formed by a screw that is responsible for
holding the terminal to be inserted. These terminals can be of different types and sizes, but
the one that will be used in this case will be fork terminals whose width will be a maximum
of 8.2mm, which is the separation between the walls of the interfaces. In RS Components
website is possible to find forks that fit perfectly, such as the following one, whose width will
be 5.7mm, and whose price will be as follows:

Figure 4.167 – Fork terminals

For this cable it will be necessary to buy 8 forks of this type, 4 per source, and this model
will also be used later for other cables.

Once the connectors are ready, the next step is to design the drawing, in which the cable
length will be TBD, because it will not be possible to know the exact distances until the
whole EIM BOX is assembled.

Test Equipment Design for a Space System



4

178 Chapter 4. EGSE DESIGN

Figure 4.168 – W12 plan
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Figure 4.169 – W12 labels

As mentioned above, the length of the cable will not be known until the EIM BOX with
the sources and the EIM BOARD is assembled, and as each ramification will go to a different
location, it will be much more difficult to estimate. For this purpose, in order to calculate
the amount of cable that will be needed, all distances will be assumed to be equal. As the
EIM BOARD connector is located in the top left corner of the board, the worst case will be
the wire going to the source on the right-hand side of the EIM BOX which is closest to the
front of the EIM BOX. For this purpose, to estimate this distance, the length of the bottom
of the EIM BOX, plus the distance from the sidewall, will be calculated, and this distance
will be assumed for all wires. Adding the two distances together gives 483 + 466 = 949mm
distance per wire. In this cable, as low current and low voltage power and communication
signals are transmitted over such a short distance, AWG24 will be used as the conductor,
which will allow high performance using a thinner conductor.

Now, the number of wires is calculated by looking at which of the two extremes has the
most pins. At the extreme end going to the sources, adding two pins per CN100 connector
plus the fork terminals gives a total of 16 pins, while at the other extreme, P1, the connector
will have 25 pins. Therefore, the number of wires that should be present will be 25, and
making the corresponding calculations, the following calculations are obtained:

AWG24 WIRE = 25 * 949mm = 23725mm
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The next step is to find the labels that are going to be put on the cable. For the labels
ranging from 2 to 13, the label model will be the smallest, as they will only have one or
two wires of 1.13mm diameter, and, therefore, the model TMS-SCE-2X-1K-3/32 will be
used. However, for both labels 1 and 14, it will be necessary to find a label that is capable
of grouping 25 cables of AWG24. So, making the necessary calculations as well:

RADIUS LABELS 1 AND 14 = sqrt (25 * 0.57 * 0.57) = 2.85

With the radius obtained, the following models will be chosen for these labels:

LABEL DIAMETER MODEL QUANTITY
ITEM 8 5.7 TMS-SCE-2X-1K-3/8 2
ITEM 9 1.13 TMS-SCE-2X-1K-3/32 12

4.4.2.2.5 W13

This cable will be responsible for connecting the EIM BOARD with the voltmeters on
the front panel, in order to check that the 3.3V and 5V power supplies are working correctly.
In the cable two extremes can be distinguished, the one on the left, P1, will be the one
connected to the EIM BOARD, and the one on the right, composed of two terminals, will
be the one connected to the voltmeters on the front panel. The interface to which P1 is
connected will be the J7 and J8 of the EIM BOARD, depending on whether it is going to
measure the 3.3V or the 5V source. This interface will be a male connector with 4 contacts
in a row manufactured by HARWIN, and searching the HARWIN website for a connector
with the same characteristics, but female, the model M80-1010498S is obtained, which is
available on the RS Component website for the following price:

Figure 4.170 – W13 P1 connector
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The other extreme of the cable will be formed by two terminals and will be connected
to a voltmeter that will be located in the front of the EIM BOX. This voltmeter will be
a model commonly used within the company for use in racks, and its serial number is the
DMS-20PC-3-DCM-C from the company MURATA POWER SOLUTIONS, which
is available from RS Component for the following price:

Figure 4.171 – Front panel voltmeter for W13

Analysing the datasheet of the voltmeter, it can be seen that the terminals that fit in the
positive and negative poles of the voltmeter will be fixed using a M4 measuring screw, so,
in order to find these terminals, it was decided to look for eyelet-shaped terminals of these
dimensions. Looking at the RS Component website, it is possible to find the following
model that will fit the characteristics required:

Figure 4.172 – Eyelet-shaped terminal for W13
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Now that the connectors have been chosen, the next step is to draw the plan, which will
come with defined lengths, because in this case it is easier to calculate. As the interfaces J7
and J8 of the EIM BOARD will be located in the centre of the front side of the board, these
will be close to the front of the EIM BOX, and, knowing that from the board to the front of
the box, there is about 150mm, it is decided to establish a length for the cable of 200mm,
allowing the cable not to be tense.

Figure 4.173 – W13 plan

Figure 4.174 – W13 labels

As the signals transmitted by this cable are low power, a conductor of AWG24 will
be selected. And as the drawing indicates at what height the soldering will be done, the
quantity of wire will be easy to calculate:

AWG24 CONDUCTOR = 2 * 200mm + 2 * 50mm = 500mm.

The labels for this cable will not be difficult to calculate, since, as there are only 1 or 4
conductors for each label, the same model will be chosen for all of them:

RADIUS LABELS W13 = sqrt (4 * 0.57 * 0.57) = 1.14mm

This measurement assumes a diameter of 2.28mm, and therefore, the label chosen will be
TMS-SCE-2X-1K-1/8.
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4.4.2.2.6 W15

The function of this cable will be to provide power to the sources inside the EIM BOX,
therefore, it will have two extremes, the one connected to the electrical grid, which is where
the power will enter, and which will be named P1; and the other extreme, which will be
responsible for supplying the power to the sources, and will be made up of different terminals.

The connector corresponding to P1 must be able to obtain the power from the mains
through the input, and distribute it through the output. As seen in the section on COTS
cables, this type of panel connectors, which also function as a filter to clean the power
signal, have a C13 type plug at the input, and male plugs at the output to be able to
connect terminals. These sockets are fitted with a switch to cut off the current if necessary,
and a fuse as a safety measure. By searching for suitable models of two-pole IEC plugs, the
following model can be found, which will be selected for the cable:

Figure 4.175 – W15 panel connector

As can be seen in the picture, and more clearly in the datasheet of the connector, the
output pins are prepared to fit fork sockets connectors to them.

Therefore, looking on the RS Components website as well, it is possible to find the
following model:
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Figure 4.176 – Fork sockets connectors

The IEC connector will have three output pins, phase, earth and neutral, and for that
reason, it will be necessary to buy three of these terminals.

At the other extreme, where it goes to each of the sources, it is necessary to put fork
terminals like the ones selected for the W12 cable. As can be seen in the datasheet of the
power supplies, each of the power supplies will have three power pins, which will be 1, 2,
and 3, corresponding to AC/L, AC/N, and FG respectively. As there will be 3 of these
power interfaces per supply and there will be 4 power supplies to work with, 12 connectors
will be needed as the following one:

Figure 4.177 – Fork terminal
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Once all the terminals that are going to form the cable are in place, the design of the
cable, whose length, as with most of the cables within the EIM BOX, is not known yet, will
be defined as TBD

Figure 4.178 – W15 plan

Figure 4.179 – W15 labels
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For this cable, a special wire will be used, since, when carrying power from the electrical
grid, it will be possible to use prefabricated cables such as those for domestic use. These
cables have three wires, each with a different coating, which indicates which type of cable it
is. The colour code of these cables is as follows:

• BROWN: This colour indicates that the wire is the one containing the phase.

• BLUE: This colour indicates that the wire is the one that contains the neutral.

• GREEN AND YELLOW: This represents the earth or ground of the cable.

These cables, usually PVC coated, can be purchased anywhere, and it is available at RS
Component for the following price:

Figure 4.180 – Cable price for W15

As this cable comes in reels of 50 metres and its use is going to be limited to this cable,
it will not be necessary to estimate the number of metres of cable to be ordered, as the
whole reel will be ordered and later in the manufacturing process it will be seen how much
is necessary.

In the case of labels, as the material covering the cable is PVC, it will be decided not to use
heat-shrinkable labels, to avoid possible damage to the cable, and, therefore, an adhesive
label will be used, like those used on other cables, which will indicate where each of the
branches of the cable goes. At the extremes of the cable, labels will not be necessary, even
if they are marked on the plan, as the colour of the cable clearly shows the function of each
one of them.
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4.4.2.2.7 W34

This cable will be responsible for transporting the power that will be responsible for
supplying the MCCM DUMMYs, from the 12V sources to the front panel of the EIM BOX.
On the way between these two extremes of the cable, fuses and voltmeters will be used to
prevent possible failures.

The extreme of the cable that goes to the front of the EIM BOX, will be connected to
the J1.c. interface of the W01, whose connector has 44 male pins. The connector that will
fit here will be the opposite, 44-pin female connector, which is the same as the one used for
P2.c. on W01.

Figure 4.181 – J1.c. and J2.c. connector price

At the other extreme, as it is connected to the output terminals of the internal sources,
it will be purchased fork terminals that have already been used on the other cables.
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Figure 4.182 – Fork terminals price

Now, the two extremes of the cable are in place, but, as mentioned before, this cable
will pass through fuses and voltmeters as a method of prevention. These elements will be
located on the front panel of the EIM BOX, and will be models used in previous projects
of the company. The voltmeter model is the DMR20-10-DCM-R-C from the company
MURATA POWER SOLUTIONS, and which can measure voltages from 6V to 75V,
and the fuse holder model is the FX0455/S from the company BULGIN, both of them
are available at RS Components website, with the following prices:

Figure 4.183 – Voltmeter panel connector
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Figure 4.184 – Fuse panel connector

On the voltmeter, the connection interfaces are located on the rear side, and the
connection is made using screws which are responsible for fastening the inserted cables.
Therefore, in order to connect the W34, only the stripped wire must be used.

The fuse holder, as can be seen in the picture, has two perforated metal sheets, which
will function as connection interfaces, and through them, the corresponding wire will be
introduced to keep the cable connected.

The connections from the cable to these terminals will be made in a different way, since, as
it is known, voltmeters have to be connected in parallel to be able to measure the difference
of potential between two points; and fuses, as they work as current cutters, will have to be
placed in series with the cable.

As this cable will be responsible for feeding all the MCCM DUMMYs, and there is only
one source per rack, this cable will be designed for the two lines instead of making one per
line as it happens with other cables.

Once all the elements have been chosen, the plan that will shape this cable can be drawn:
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Figure 4.185 – W34 plan

Figure 4.186 – W34 labels
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As can be seen on the plan, the distances will be undefined for this cable, and therefore,
as with most internal cables, the quantity of wire will be undefined. In this particular case,
the distances will be much more difficult to calculate due to the number of connections along
the cable and the position of the sources. However, as the 12V sources will be located on
the right side of the EIM BOX, the cable distance will be calculated by assuming that the
connectors on the front of the EIM BOX are located at the furthest point from the sources.
This would be approximately the same distance as the width and length of the EIM BOX,
which is 949mm as seen on the W12.

As in all terminals, except for J1.c. and J2.c., a single wire will have to be connected,
the necessary soldering will have to be done in order to go from 11 pins, 44 pins divide
between the 4 different sections of the voltages, to a single wire. The path made with a
single conductor, will be made with a thickness of AWG16, while, the path that comes out
of the front conductors, will be made with AWG22. To avoid future complications, it will
be assumed that the soldering to change from 11 cables to one will be made at 150mm, so
that the margin of error is greater for the quantity of wire of AWG16 and less for that of
AWG22, which is better for the use of a smaller number of wires in the first one. Therefore,
performing the corresponding calculations:

AWG 16 WIRE: 799mm * 8 = 6392mm AWG 22 WIRE: 150mm * 88 = 13200mm

For the labels that are responsible for identifying the cable, the following models will
be chosen depending on which ones are used. For labels ranging from 3 to 16, the model
corresponding to item 10 will be used, as it will group a single AWG16 wire. However, for
labels 1, 2, and 17, a different model, item 10, will be used, as each one is responsible for
grouping forty-four AWG22 wires:

LABELS 1, 2, 17 RADIUS: sqrt (44 * 0.64 * 0.64) = 4.24

LABEL DIAMETER MODEL QUANTITY
ITEM 8 8.48 TMS-SCE-2X-1K-1/2 3
ITEM 9 2.1 TMS-SCE-2X-1K-1/8 14

This completes the design of the cables, both external and internal, and moves on to the
last part, which is the design of the front panel of the EIM BOX.
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4.5 EIM BOX front design

Now that all the elements that will compose this fundamental part of the rack are found,
it will be necessary to find the way to distribute them along the front of the EIM BOX. The
measurements of each of the components of the rack can be obtained from their datasheet,
and, after that, it is only necessary to think about the distribution to be given.

To make the distribution of the EIM BOX connectors more organized, all the components
corresponding to the W01, which will be the only EGSE cable connecting the rack with the
UUTs, will be placed on the left side of the front panel.

This will leave the right-hand space for the IEC connector of the W15 cable, keeping
on that away the W15 apart from the cables that transmit the communication signals, the
W10s. Placing it on the upper right-hand side will also help to distribute the W15 along the
upper sides of the EIM BOX.

On the right side, but in the lower part, the connectors containing the cables that are
connected to the Laptop and which will transmit EGSE control signals will be located, such
as the ETHERNET and USB panel connector. and the vacuum chamber connector in
case it is necessary to use the vacuum chamber.

In the central part, therefore, space will be left to place the voltmeters used on the rack
to check that the sources are working well, and at the lower part, there will be placed the
fuses and the vacuum chamber connector.

The aforementioned distribution would then be as follows:

Figure 4.187 – Front panel design
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In the image, it is possible to see the final distribution as mentioned above, and with
this, the EGSE design chapter is finished, although it should be clarified that there may
be changes as the implementation process progresses, and these will be explained as they
happen.
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Chapter 5
EGSE Implementation

Once the EGSE design process has been completed, the next step will be the reception
of the materials and the implementation of all of these to form the test equipment together.

This last part corresponds to the work done by the company’s technicians, who do all
this kind of work in clean rooms with the necessary tools, and are used to working on rack
assemblies. Because of this, this chapter will be more focused on showing the process by
which the rack has been built, rather than explaining how it has been assembled.

Because many of the cables in the rack will depend on some of the rack modules, the first
part to be designed will be the EGSE MAINFRAME. Once all the components have been
selected and are sorted in SAP lists, the next step is to launch them, which means that the
purchasing department of the company is responsible for making the necessary arrangements
for the shipment of these components to the company’s headquarters. These shipments will
not be the same for all components, as depending on the distributor and the company that
is responsible for manufacturing them, it will take more or less time.

As soon as the design of the EGSE MAINFRAME is finished, and while all the components
of the EGSE MAINFRAME are arriving, the next step is the design of the cables, which will
consist of the drawing of the plans, the recommended assembly instructions, and the design
of the PINOUT between the extremes of the cable. As with the EGSE MAINFRAME, as the
cables are designed, lists of materials are drawn up in SAP with the necessary components
for each one, and once they have all been designed, the shopping lists are launched, and the
materials are awaited.

Fully defined cables, such as EXT CABLES, can begin to be manufactured as soon as the
material is received, as the dimensions of these are indicated in the drawings, however, for
those that are not defined, such as many of the INT CABLES, it will be necessary to wait
until the EIM BOX is assembled, and measure the necessary lengths inside it.

As the different rack components are received, the software team will be responsible for
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configuring the computer-controllable modules, and will carry out various tests before the
installation, to check that they work correctly.

Once all the rack components are ready, the company’s technicians will assemble the
different parts that make up the rack. At the same time, from the cable section of the
company, the technicians will be responsible for assembling the fully defined cables, following
the steps marked on the drawings.

The layout inside the rack will start with the lower part occupied by a drawer included
in the rack at the front, and the rack-mounting strip at the rear. Above this level will be
the 3U occupied by the rack power supplies, and above these, the EIM BOX. At the top of
the rack, and leaving 1U of space with respect to the EIM BOX, the PPU will be placed at
the front and the DIN RAIL with all its components at the rear.

All the rack and cable assembly will be done under the supervision of the author, so that,
in this way, it is possible to have under control that all the modules and components of the
rack are being assembled and installed in the correct position.

While the strip and the rack power supplies are installed inside the rack, the EIM BOX
will be assembled in order to analyse the lengths and spaces available inside the rack. For
this purpose, the fixed modules, which are the EIM BOARD and the power supplies for the
EGSE boards, will be installed in the EIM BOX. Once they are in position, the appropriate
distance from each of the interfaces of the EIM BOARD to the necessary connectors will be
measured by means of a string.

During these measurements, the most problematic cables will be W12 and W15, which
are the cables that go from the EIM BOARD to the power supplies inside the EIM BOX,
and from these power supplies to the front panel of the EIM BOX. Making the corresponding
measurements, and applying them to the indicated cables, they will be tested inside the EIM
BOX, in order to check their correct installation.
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Figure 5.1 – EIM BOX plant

In the image above, it is possible to see the final result of the installation of the EIM
BOARD and the power supplies of the EGSE boards, and how the W12 and W15 cables are
checked. It can be seen that the correct measurements have been taken for both cables, as,
once installed, they are neither too tight or too loose.
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Figure 5.2 – EGSE boards power supplies connection detail

In the images above, you can see a detail of the connection of both W12 and W15 to the
internal sources of the EIM BOX, specifically to the 3.3V and 5V sources. The W12 will
be connected by a white conductor to the 4 lower terminals of the power supply, and it will
also plug in the CN100 connectors of the power supplies. The W15 cable, however, will be
the one to be connected through the first three terminals of the sources, and as indicated in
the section of this cable, it will be connected through a black PVC cable whose terminals do
not need a label, as their colour clearly indicates the position of each one.

This same process is now carried out for cables whose measurement is not defined, but
whose length has been estimated with greater precision, such as W10, W11, or W34.
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Figure 5.3 – W10, W11 and W34 checking

In the image can be seen the process of checking the cables mentioned above, where the
front panel of the EIM BOX has already been mechanised, and some of the components that
integrate it have started to be installed. It can also be seen that a rectangular hole has been
drilled in the back of the EIM BOX through which the cables connected to other modules
in the rack will pass.

Now the rest of the INT CABLES of the rack are installed and placed inside the EIM
BOX.
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Figure 5.4 – EIM BOX with all the cables

It is possible to see how the USB-SPI has been installed inside the EIM BOX without any
problem, as it had been calculated during the design phase. It is also possible to observe the
fastenings given to some of the cables, such as the W11, which goes along the left side of the
EIM BOX and is attached to this wall with cable ties. Once the front panel components have
been installed, and the cables inside the EIM BOX have been installed, the box is closed
and checked for correct operation.
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Figure 5.5 – EIM BOX close

Figure 5.6 – EIM BOX working
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As can be seen, the internal supplies of the EIM BOX are working properly, and it can
be seen how they are powered through the connection between the W15 and W21 on the
IEC front panel. Below this are the two computer connection ports, one USB and one
ETHERNET.

While the EIM BOX is being assembled, the PPU is also installed inside the rack, which
once finished will look like this:

Figure 5.7 – PPU frontal detail

An external metal plate has been added to this section of the rack, to make it look more
elegant, and to identify it by means of adhesive labels. All the components of the PPU are
clearly visible, as well as the emergency button, which, although it is located away for better
visibility, is connected to the relay. These connections are not visible thanks to the metal
plate inserted, but the connections, seen from the rear, would look as follows.
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Figure 5.8 – PPU rear view detail

In the same way, the DIN rail components are installed, which will be located at the rear
of the rack.

Figure 5.9 – PPU rear view detail
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Here it can be seen how the USB HUB, the ETHERNET SWITCH, and the 24V power
supply are installed on the DIN rail. The other module that should be installed on this rail
is the USB-DIOs, but it was decided to place it on the EIM BOX, as, due to its size and
weight, it could be unstable on the DIN rail.

Once the EIM BOX is finished, it is installed inside the rack, between the rack sources
and the DIN rails, leaving the rack as follows.

Figure 5.10 – Rack front view
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Figure 5.11 – Rack back view

Once all the rack modules have been installed, the rack is closed and some basic tests are
carried out on the boards to check the correct operation of the rack and the EGSE cables.
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Figure 5.12 – Rack working
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With these basic continuity and short-circuit tests between the cables, the correct
operation of the EGSE is verified, and therefore its correct design.
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Chapter 6
Budget

In this section the total price will be divided into the different sections dealt with
throughout the project, and then all of these will be added together.

Starting with the MAINFRAME EGSE, adding up all the costs of the modules that make
it up, the following price is obtained.

Figure 6.1 – EGSE mainframe budget
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The cost of all the COTS cables is now analysed, whose total price is:

Figure 6.2 – COTS cables budget

The following one is the total price of the differents components from the TBT cables,
without count with the wires, labels, and polyester braided sleeves:
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Figure 6.3 – CABLES EXT components price
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Figure 6.4 – CABLES INT components price

Now, with all the components from the frontal panel of the EIM BOX selected, the price
is calculated, as the following one:
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Figure 6.5 – EIM BOX frontal panel components price

Then, all the prices from the wires, labels and braided sleeves are calculated, like in the
following pictures:
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Now, all the prices calculated are sum, and it is obtained the following total price.

Figure 6.12 – Total EGSE price
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7.3.5 Laptop
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500202.0.html

– https://www.tiendatoshiba.es/portatiles/
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7.3.6 PPU(Power Protection Unit)

– Circuit breaker:
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– Differential switch:
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– Emergency stop button:
∗ https://www.se.com/es/es/product/XB4BT842/paro-de-emergencia%

2C-metal%2C-seta-roja-%C3%B840%2C-%C3%B822%
2C-bloqueo-del-gatillo-push-pull%2C-1-nc/

– Relay:
∗ https://www.se.com/es/es/product-range/7563-acti-9-ict/

12143453995-contactor-modular/?N=4037966061+3366283877
∗ https://www.se.com/es/es/product-range/7563-acti-9-ict/

12143453995-contactor-modular/?N=4037966061

– General switch:
∗ https://www.altechcorp.com
∗ https://www.altechcorp.com/breakers/Altech-Breakers-ONLY.pdf
∗ https://www.mouser.es/ProductDetail/Altech/2CU3L?qs=

%2FFEc2opwX%2FVakaujeabHxg%3D%3D

7.3.7 Power strip

– https://www.conrad.com/p/
rittal-dk-7240220-socket-strip-7x-with-switch-1-pcs-524370?insert=
CJ&WT.mc_id=affiliate_cj&utm_source=affiliate_cj&cjevent=
823f6875f50811eb83c5020b0a18050f

7.3.8 Rack box

– https://www.sig.es/shop/rack-smaract/51-rack-smaract-knuerr.html

– https://www.vertiv.com/globalassets/products/
facilities-enclosures-and-racks/racks-and-containment/
small-enclosures-accessories/vertiv-smaract-uk-emea.pdf

7.3.9 EGSE cables

– W14
∗ https:

//www.ni.com/es-es/support/model.sh100m-100m-flex-cable.html

– W16
∗ https://www.thomann.de/es/stairville_cee_blue_cable_16a_25mm_

5m.htm?glp=1&gclid=
CjwKCAjwmK6IBhBqEiwAocMc8vwPnJyLKdfnggLwlBnJHOAjb9fkCs-t8jztg_
zOnyq8LJhQQisPjBoCuJgQAvD_BwE

– W17

Test Equipment Design for a Space System

https://www.se.com/es/es/product/XB4BT842/paro-de-emergencia%2C-metal%2C-seta-roja-%C3%B840%2C-%C3%B822%2C-bloqueo-del-gatillo-push-pull%2C-1-nc/
https://www.se.com/es/es/product/XB4BT842/paro-de-emergencia%2C-metal%2C-seta-roja-%C3%B840%2C-%C3%B822%2C-bloqueo-del-gatillo-push-pull%2C-1-nc/
https://www.se.com/es/es/product/XB4BT842/paro-de-emergencia%2C-metal%2C-seta-roja-%C3%B840%2C-%C3%B822%2C-bloqueo-del-gatillo-push-pull%2C-1-nc/
https://www.se.com/es/es/product-range/7563-acti-9-ict/12143453995-contactor-modular/?N=4037966061+3366283877 
https://www.se.com/es/es/product-range/7563-acti-9-ict/12143453995-contactor-modular/?N=4037966061+3366283877 
https://www.se.com/es/es/product-range/7563-acti-9-ict/12143453995-contactor-modular/?N=4037966061
https://www.se.com/es/es/product-range/7563-acti-9-ict/12143453995-contactor-modular/?N=4037966061
https://www.altechcorp.com
https://www.altechcorp.com/breakers/Altech-Breakers-ONLY.pdf 
https://www.mouser.es/ProductDetail/Altech/2CU3L?qs=%2FFEc2opwX%2FVakaujeabHxg%3D%3D 
https://www.mouser.es/ProductDetail/Altech/2CU3L?qs=%2FFEc2opwX%2FVakaujeabHxg%3D%3D 
https://www.conrad.com/p/rittal-dk-7240220-socket-strip-7x-with-switch-1-pcs-524370?insert=CJ&WT.mc_id=affiliate_cj&utm_source=affiliate_cj&cjevent=823f6875f50811eb83c5020b0a18050f
https://www.conrad.com/p/rittal-dk-7240220-socket-strip-7x-with-switch-1-pcs-524370?insert=CJ&WT.mc_id=affiliate_cj&utm_source=affiliate_cj&cjevent=823f6875f50811eb83c5020b0a18050f
https://www.conrad.com/p/rittal-dk-7240220-socket-strip-7x-with-switch-1-pcs-524370?insert=CJ&WT.mc_id=affiliate_cj&utm_source=affiliate_cj&cjevent=823f6875f50811eb83c5020b0a18050f
https://www.conrad.com/p/rittal-dk-7240220-socket-strip-7x-with-switch-1-pcs-524370?insert=CJ&WT.mc_id=affiliate_cj&utm_source=affiliate_cj&cjevent=823f6875f50811eb83c5020b0a18050f
https://www.sig.es/shop/rack-smaract/51-rack-smaract-knuerr.html
https://www.vertiv.com/globalassets/products/facilities-enclosures-and-racks/racks-and-containment/small-enclosures-accessories/vertiv-smaract-uk-emea.pdf
https://www.vertiv.com/globalassets/products/facilities-enclosures-and-racks/racks-and-containment/small-enclosures-accessories/vertiv-smaract-uk-emea.pdf
https://www.vertiv.com/globalassets/products/facilities-enclosures-and-racks/racks-and-containment/small-enclosures-accessories/vertiv-smaract-uk-emea.pdf
https://www.ni.com/es-es/support/model.sh100m-100m-flex-cable.html 
https://www.ni.com/es-es/support/model.sh100m-100m-flex-cable.html 
https://www.thomann.de/es/stairville_cee_blue_cable_16a_25mm_5m.htm?glp=1&gclid=CjwKCAjwmK6IBhBqEiwAocMc8vwPnJyLKdfnggLwlBnJHOAjb9fkCs-t8jztg_zOnyq8LJhQQisPjBoCuJgQAvD_BwE 
https://www.thomann.de/es/stairville_cee_blue_cable_16a_25mm_5m.htm?glp=1&gclid=CjwKCAjwmK6IBhBqEiwAocMc8vwPnJyLKdfnggLwlBnJHOAjb9fkCs-t8jztg_zOnyq8LJhQQisPjBoCuJgQAvD_BwE 
https://www.thomann.de/es/stairville_cee_blue_cable_16a_25mm_5m.htm?glp=1&gclid=CjwKCAjwmK6IBhBqEiwAocMc8vwPnJyLKdfnggLwlBnJHOAjb9fkCs-t8jztg_zOnyq8LJhQQisPjBoCuJgQAvD_BwE 
https://www.thomann.de/es/stairville_cee_blue_cable_16a_25mm_5m.htm?glp=1&gclid=CjwKCAjwmK6IBhBqEiwAocMc8vwPnJyLKdfnggLwlBnJHOAjb9fkCs-t8jztg_zOnyq8LJhQQisPjBoCuJgQAvD_BwE 


7

226 Chapter 7. Bibliography

∗ https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=
ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_
-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:
pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_
-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&
gclsrc=aw.ds

– W19
∗ https://es.rs-online.com/web/p/cables-usb/1828546

– W20
∗ https://es.rs-online.com/web/p/cables-usb/1828832

– W21
∗ https://es.rs-online.com/web/p/

cables-de-alimentacion-para-equipos/1230958
∗ https://es.rs-online.com/web/c/cables/

cables-industriales-para-alimentacion/
cables-de-alimentacion-para-equipos/?applied-dimensions=
4294838453,4294861327,4293265061

– W22
∗ https://es.rs-online.com/web/p/

cables-de-alimentacion-para-equipos/0490239/?cm_mmc=
ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_
-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&
matchtype=&aud-828197004210:pla-299280787158&gclid=
Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_
wcB&gclsrc=aw.ds

∗ https://docs.rs-online.com/c163/A700000007878844.pdf
∗ https://www.hogar.mapfre.es/bricolaje/electricidad/

conversion-awg-mm2/

– W26
∗ https://es.rs-online.com/web/p/cables-cat6/9034465

– W01
∗ https://es.rs-online.com/web/c/conectores/

usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230516
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230540
∗ https://es.rs-online.com/web/p/conectores-d-sub/6662887
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230522
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230547

Miguel Romero Garcia

https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828864/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+USB-_-1828864&matchtype=&aud-827186183886:pla-306637913429&gclid=CjwKCAjwmK6IBhBqEiwAocMc8i-4A_-BU8GwgziwaWtlEQRH0-WZtoOsf2-RBLfYD_3Idts8uP14khoCrvMQAvD_BwE&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-usb/1828546 
https://es.rs-online.com/web/p/cables-usb/1828832 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/1230958 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/1230958 
https://es.rs-online.com/web/c/cables/cables-industriales-para-alimentacion/cables-de-alimentacion-para-equipos/?applied-dimensions=4294838453,4294861327,4293265061
https://es.rs-online.com/web/c/cables/cables-industriales-para-alimentacion/cables-de-alimentacion-para-equipos/?applied-dimensions=4294838453,4294861327,4293265061
https://es.rs-online.com/web/c/cables/cables-industriales-para-alimentacion/cables-de-alimentacion-para-equipos/?applied-dimensions=4294838453,4294861327,4293265061
https://es.rs-online.com/web/c/cables/cables-industriales-para-alimentacion/cables-de-alimentacion-para-equipos/?applied-dimensions=4294838453,4294861327,4293265061
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://es.rs-online.com/web/p/cables-de-alimentacion-para-equipos/0490239/?cm_mmc=ES-PLA-DS3A-_-google-_-PLA_ES_ES_Cables_y_conductores_Whoop-_-(ES:Whoop!)+Cables+de+alimentaci%C3%B3n+para+equipos-_-490239&matchtype=&aud-828197004210:pla-299280787158&gclid=Cj0KCQjwu7OIBhCsARIsALxCUaPeF9HlPFdCVIQqKKDXVOOsAqfLlTQmEezPExMQmqf5wLeCN7qZni8aAriQEALw_wcB&gclsrc=aw.ds 
https://docs.rs-online.com/c163/A700000007878844.pdf 
https://www.hogar.mapfre.es/bricolaje/electricidad/conversion-awg-mm2/ 
https://www.hogar.mapfre.es/bricolaje/electricidad/conversion-awg-mm2/ 
https://es.rs-online.com/web/p/cables-cat6/9034465 
https://es.rs-online.com/web/c/conectores/usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/ 
https://es.rs-online.com/web/c/conectores/usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/ 
https://es.rs-online.com/web/p/conectores-d-sub/9230516 
https://es.rs-online.com/web/p/conectores-d-sub/9230540 
https://es.rs-online.com/web/p/conectores-d-sub/6662887 
https://es.rs-online.com/web/p/conectores-d-sub/9230522 
https://es.rs-online.com/web/p/conectores-d-sub/9230547 


7.3. Chapter 4 227

7

∗ https://es.rs-online.com/web/p/conectores-d-sub/9230525
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230531
∗ https://es.rs-online.com/web/p/conectores-d-sub/9230538
∗ https://docs.rs-online.com/b794/0900766b8109bd22.pdf
∗ https://es.rs-online.com/web/p/carcasas-d-sub/0454946
∗ https://es.rs-online.com/web/p/carcasas-d-sub/0460979
∗ https://es.rs-online.com/web/p/carcasas-d-sub/0454930
∗ https://docs.rs-online.com/b17c/0900766b81567cba.pdf
∗ https://es.rs-online.com/web/p/carcasas-d-sub/7203023

– W03
∗ https://es.rs-online.com/web/c/conectores/

usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/
?applied-dimensions=4294966315,4291468935,4294373980

∗ https://es.rs-online.com/web/p/conectores-d-sub/7195900
∗ https://docs.rs-online.com/709d/0900766b8140494f.pdf
∗ https://es.rs-online.com/web/p/placas-matriz/2068648
∗ https:

//es.rs-online.com/web/p/conectores-macho-para-pcb/2518086
∗ https:

//es.rs-online.com/web/p/conectores-hembra-para-pcb/2518187

– W05/W06
∗ https://www.futureelectronics.com/es/p/3011289?utm_source=

octopart.com&utm_medium=cpcbuynow&utm_content=nostock&utm_
campaign=Octopart_nostock

∗ https:
//www.nicomatic.com/product_configurator/part_builder?id=3

– W08
∗ https://www.biscoind.com/nicomatic-222s10m16/p
∗ https://www.futureelectronics.com/es/p/

interconnect--connectors-pcb--socket-plug-board-mount/
222s10m16-nicomatic-C022455499

– W50
∗ https://www.digikey.es/product-detail/es/samtec-inc/

SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/
9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&
utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=
&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_
Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE

Test Equipment Design for a Space System

https://es.rs-online.com/web/p/conectores-d-sub/9230525 
https://es.rs-online.com/web/p/conectores-d-sub/9230531 
https://es.rs-online.com/web/p/conectores-d-sub/9230538
https://docs.rs-online.com/b794/0900766b8109bd22.pdf 
https://es.rs-online.com/web/p/carcasas-d-sub/0454946 
https://es.rs-online.com/web/p/carcasas-d-sub/0460979 
https://es.rs-online.com/web/p/carcasas-d-sub/0454930 
https://docs.rs-online.com/b17c/0900766b81567cba.pdf 
https://es.rs-online.com/web/p/carcasas-d-sub/7203023 
https://es.rs-online.com/web/c/conectores/usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/?applied-dimensions=4294966315,4291468935,4294373980 
https://es.rs-online.com/web/c/conectores/usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/?applied-dimensions=4294966315,4291468935,4294373980 
https://es.rs-online.com/web/c/conectores/usb-conectores-para-ordenadores-y-d-sub/conectores-d-sub/?applied-dimensions=4294966315,4291468935,4294373980 
https://es.rs-online.com/web/p/conectores-d-sub/7195900 
https://docs.rs-online.com/709d/0900766b8140494f.pdf 
https://es.rs-online.com/web/p/placas-matriz/2068648 
https://es.rs-online.com/web/p/conectores-macho-para-pcb/2518086 
https://es.rs-online.com/web/p/conectores-macho-para-pcb/2518086 
https://es.rs-online.com/web/p/conectores-hembra-para-pcb/2518187 
https://es.rs-online.com/web/p/conectores-hembra-para-pcb/2518187 
https://www.futureelectronics.com/es/p/3011289?utm_source=octopart.com&utm_medium=cpcbuynow&utm_content=nostock&utm_campaign=Octopart_nostock 
https://www.futureelectronics.com/es/p/3011289?utm_source=octopart.com&utm_medium=cpcbuynow&utm_content=nostock&utm_campaign=Octopart_nostock 
https://www.futureelectronics.com/es/p/3011289?utm_source=octopart.com&utm_medium=cpcbuynow&utm_content=nostock&utm_campaign=Octopart_nostock 
https://www.nicomatic.com/product_configurator/part_builder?id=3 
https://www.nicomatic.com/product_configurator/part_builder?id=3 
https://www.biscoind.com/nicomatic-222s10m16/p 
https://www.futureelectronics.com/es/p/interconnect--connectors-pcb--socket-plug-board-mount/222s10m16-nicomatic-C022455499 
https://www.futureelectronics.com/es/p/interconnect--connectors-pcb--socket-plug-board-mount/222s10m16-nicomatic-C022455499 
https://www.futureelectronics.com/es/p/interconnect--connectors-pcb--socket-plug-board-mount/222s10m16-nicomatic-C022455499 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 
https://www.digikey.es/product-detail/es/samtec-inc/SFSDT-20-28-G-07.00-D-NDX/612-SFSDT-20-28-G-07.00-D-NDX-ND/9708598?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_Product_Zombie%20SKUs&utm_term=&productid=9708598&gclid=CjwKCAjwx8iIBhBwEiwA2quaqw3Xnaa_Slo2Mt53En7p112dt9SKCQjV8q8IusNEj8XoNy8L9zQeRRoC3EkQAvD_BwE 


7

228 Chapter 7. Bibliography

∗ https://www.digikey.es/product-detail/es/samtec-inc/
TCSD-05-D-06.00-01-N/SAM8531-ND/1106669?utm_adgroup=General&
utm_source=google&utm_medium=cpc&utm_campaign=Smart%20Shopping_
Product_Zombie%20SKUs&utm_term=&productid=1106669&gclid=
CjwKCAjwx8iIBhBwEiwA2quaq102peCVuPARgCddeXLWjtaAAVjE5X9Qt7YuNaQmLho7Z8TF92m8-xoCttIQAvD_
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∗ http://suddendocs.samtec.com/catalog_english/sfsd.pdf
∗ https://www.mouser.es/ProductDetail/Microchip-Technology-Atmel/

ATATMEL-ICE-BASIC?qs=KLFHFgXTQiAG498QgmqIdw==&mgh=1&vip=1&
gclid=
CjwKCAjwx8iIBhBwEiwA2quaq9vTUkHkbfvjgvYoGllS9ykhowBqWcwOceAWMWtQ1uqoyo8LHcb-YRoCsxYQAvD_
BwE

∗ https://www.mouser.es/datasheet/2/268/Atmel-42330-Atmel-ICE_
UserGuide-1368684.pdf

– W09
∗ https://es.rs-online.com/web/p/

conectores-circulares-industriales/3146799/

– W11
∗ https://es.rs-online.com/web/p/bloques-terminales-para-pcb/

8024978/?cm_mmc=ES-PLA-DS3A-_-google-_-CSS_ES_ES_Conectores_
Whoop-_-(ES:Whoop!)+Bloques+Terminales+para+PCB+(2)-_-8024978&
matchtype=&aud-827186183886:pla-342320694130&gclid=
Cj0KCQjw6s2IBhCnARIsAP8RfAgDSzptuQiETrYljJgr8f_
gwuLMLFXKONJfn1nZM6eyUMbyeU3EjjcaAre_EALw_wcB&gclsrc=aw.ds

– W12
∗ https://es.rs-online.com/web/p/

carcasas-de-cables-y-conectores-macho/6889095/?cm_mmc=
ES-PLA-DS3A-_-google-_-CSS_ES_ES_Conectores_Whoop-_-(ES:
Whoop!)+Carcasas+de+cables+y+conectores+macho+(2)-_-6889095&
matchtype=&aud-827186183886:pla-476223194559&gclid=
Cj0KCQjw6s2IBhCnARIsAP8RfAjF-gPLihyloaWie4GES-WaVNvwNbtVut-6sLG1yHsSyoBqZNNtH08aAsyEEALw_
wcB&gclsrc=aw.ds

∗ https://es.rs-online.com/web/p/contactos-de-crimpado/1113621/
∗ https://es.rs-online.com/web/p/terminales-de-horquilla/8046962/

?cm_mmc=ES-PLA-DS3A-_-google-_-CSS_ES_ES_Conectores_Whoop-_
-(ES:Whoop!)+Terminales+de+horquilla-_-8046962&matchtype=
&aud-772940708119:pla-329921638962&gclid=
Cj0KCQjw6s2IBhCnARIsAP8RfAje19xsSuL7-wRYxiJFBJ2rxobT5HeMFrUdY69zpMjcQ-tLHVzCg3IaAiFSEALw_
wcB&gclsrc=aw.ds

∗ https://docs.rs-online.com/33ad/0900766b812c0b9a.pdf
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∗ https://www.digikey.es/product-detail/es/omnetics/
MMDS-025-N00-SS-RH/2262-MMDS-025-N00-SS-RH-ND/11697618

– W13
∗ https://www.harwin.com/products/M80-1010498S/
∗ https://es.rs-online.com/web/c/conectores/

carcasas-de-cables-y-conectores-para-pcb/
carcasas-de-cables-y-conectores-macho/?applied-dimensions=
4294966278,4294546434,4294500911

∗ https://es.rs-online.com/web/p/
carcasas-de-cables-y-conectores-macho/6809096

∗ https://es.rs-online.com/web/p/terminales-redondos/8046953/?cm_
mmc=ES-PLA-DS3A-_-google-_-CSS_ES_ES_Conectores_Whoop-_-(ES:
Whoop!)+Terminales+redondos+(2)-_-8046953&matchtype=
&aud-821594433763:pla-462967079500&gclid=CjwKCAjwjdOIBhA_
EiwAHz8xm4NuLPSzEKUyKaIyOnDUjyhyti_
UKesc1JJACWyuJbXcCWI9NvdfSRoCBIUQAvD_BwE&gclsrc=aw.ds

– W15
∗ https://es.rs-online.com/web/p/filtros-iec/8826172
∗ https://es.rs-online.com/web/c/conectores/

conectores-de-alimentacion-dc-y-red/filtros-iec/
?applied-dimensions=4294369759,4294369758,4294965202

∗ https://es.rs-online.com/web/p/conectores-de-horquilla/2674170
∗ https://es.rs-online.com/web/c/conectores/

empalmes-y-terminales-de-cable/conectores-de-horquilla/?pn=2&
applied-dimensions=4294373854,4291537470,4294860099,4294866408

∗ https://www.efectoled.com/blog/es/colores-cables-electricos/
∗ https://es.rs-online.com/web/p/cables-de-alimentacion/8179006/

?cm_mmc=ES-PLA-DS3A-_-google-_-CSS_ES_ES_Cables_y_conductores_
Whoop-_-(ES:Whoop!)+Cables+de+Alimentaci%C3%B3n-_-8179006&
matchtype=&aud-827186183686:pla-382486334053&gclid=
Cj0KCQjwu7OIBhCsARIsALxCUaM82VA2Nw74id5lsNX0R0gSB_
OegcsAVtr2gxPpbn9ciTaI_UxsLsUaAr8REALw_wcB&gclsrc=aw.ds

7.3.10 NICOMATIC datasheets

– https://www.elimec.co.il/_Uploads/Stock/Spec/322CnnnH01_cl.pdf

– https://www.datasheets360.com/pdf/1874778153414563850

7.3.11 Frontal pannel connectors

– https://es.rs-online.com/web/p/conectores-ethernet/4686232/
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