
XA04N2837

8th International Logistics Congress 29

ESTUDIO RAMS DE LA RED DE COMUNICACIONES DEL CENTRO
ESPACIAL DE KOUROU

ARMS APPLIED TO THE COMMUNICATIONS SYSTEM AT THE KOUROU
SPACE CENTRE

L. Gérez Martín
(IBERESPACIO)

R. García de la Sen
(EMPRESARIOS AGRUPADOS)

ABSTRACT

The REMUS (Roseau d'Entreprise MultiService) has been designed to cover
present and future communications needs which are associated with daily
operation of the Guyanese Space Centre (GSC).

This communications network will facilitate data exchange, contain the data
(RSD) and voice network, and paging (RRP), convoy (RCV) and telephony (RSV)
systems.

The main objectives of the study were:
1. To assess system availability.
2. To dimension spare parts of the renewal equipment and define the logistic
delays to be observed in order to achieve an availability target of:

- 99.9% for the RRP, RCV and RSV networks.
- 99.9% for the RSD network.

The RAMSES program developed by Empresarios Agrupados was used in
these calculations, to evaluate system behaviour by means of a Monte Carlo
simulation.

NOMENCLATURE

CCTP Cahier de Clauses Techniques Particuliéres [notebook of technical
specifications].

CNES Centre National d'Etudes Spat i ales [national centre for space studies].
CSG Centre Spatial des Guyanes [Guyanese space centre].
MTBF Mean Time Between Failures.
MTTR Mean Time To Repair.
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MTTS Mean Time To Substitute.
RCV Roseau Convoi[convoy network].
REMUS Réseau d'Entreprises MUltiServices [general service company net

work].
RRP Réseau Recherche de Personnes [paging system].
RSD Réseau de Données [data network].
RSV Réseau Voix [telephony network].
URAD Unite de Raccordement á Distance [remote connection].

INTRODUCTION

THOMSON-CSF, in the role of project manager, entrusted IBERESPACIO with
the development of ARMS jobs related to the REMUS project.

IBERESPACIO's task was to verify whether the configurations proposed by JS-
TELECOM (TELENORMA group) for the RRP, RCV and RSV networks, and by
OLIVETTI for the RSD network, fulfil the objectives set by the client, CNES.

Once the objectives (listed in the abstract) were established, the ARMS activities
were divided into the following tasks:

- Performance of a functional analysis which defines the following for the
different system phases:
• Main and secondary functions.
• Constraint functions.
• Interfaces between the system and its environment.
• Interfaces between the different system equivalent items.

- Performance of a failure modes analysis (FMEA) on the system, based
on the functions established in the previous functional analysis.

- Obtainment of system availability from the results of the FMEA and optimi-
zation of dimensioning of spare parts.

All the networks have been projected in two phases:

- Phase I Constitution of a provisional configuration to include all the base
equipment necessary to ensure future communications.

- Phase II Constitution of the final configuration of the communication net-
works which should be operable during the next fifteen (15) years.

Phase I will begin to function in 1992, and Phase II in 1993. Therefore, although
the models constructed provide the results of the two phases, only the re-
sults of the study for Phase I will be described below.
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The figure above shows the general schema of the telephony network (RSV) and
data network (RSD) as well as their interfaces with the paging (RRP) and convoy
(RCV) systems.

FUNCTIONAL ANALYSIS

The functional analysis is performed on systems as it systematically presents
all the relationships between equipment functions, performances, constraints
and characteristics and, at the same time, identifies the failures correspon-
ding to a rupture or degradation of these relationships.

The main function defined was that of covering the communications needs
of the ARIANE-HERMES launching pad.

This function was subdivided into two (2):

a. Voice switching and transfer which, in turn, involved:
- Availability of a telephony network, RSV.
- Availability of a convoy network, RCV.
- Availability of a paging system, RRP.

b. Data switching and transfer.
- The functional tree was developed according to the RELIASEP metho-

dology, taking into account the following hypotheses:
- The RRP analysis was carried out starting from the REMUS subscribers

towards the paging device.
- The RCV analysis was done from the mobile units towards the REMUS

subscribers. However, it must be assumed that communication in both
directions is possible.

- The RSV analysis was carried out from the URAD towards the self-acting
switch.

- The RSD analysis was carried out on the buildings connected to the token-
ring. The connection of the token ring local networks was considered as a
constraint function of the computer data capture function for each of the
buildings connected to the token-ring.

Data communication is two-way, except in the case of computer terminals which
are connected to the self-acting switch, and on which only information from the
AS-400 and MV-1400 can be looked up.

The figure below shows the development of some of the analyzed functions:
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FAILURE MODES ANALYSIS (FMEA)

The purpose of this analysis was to establish, on the basis of functions deve-
loped in the functional tree, potential failure modes, internal or external causes
of failure, and the impact of these on the system and success of the mission.

The most important conclusions of this analysis were as follows:

RCV
- Provision of a preventive maintenance policy at the end of each mission

(Between two consecutive missions a period of three [3] weeks is allotted to
carry out maintenance).
• Calibration of mobile units at the same time and with the same prototype

equipment.
• Calibration of permanent station units with the same prototype used

for the mobile units.
• Functional test.

RRP
- Functional test by each user to verify correct functioning of the entire network

(from the paging device connection console).

RSV
- Provision for climatization of the premises in which the self-acting switches

or the URAD are located.
- Provision of fan failure alarms.
- Distribution of subscribers in such a way that the failure of a JAB, JAN,

INT or HDB card does not lead to loss of communication between two
adjacent blocks of subscribers.

RSD
- Availability of the MA V in cabinets.
- Availability of a cabinet ventilation system and provision of ventilation fai-

lure alarms.
- Provision of a MAV replacement procedure, if in stock or, if not, reconfi-

guration of the local network.
- Provision of a replacement procedure for the MAV and P4100 units of the

token-ring in order to make the system available as quickly as possible.

Other recommendations of a general nature are:
- Preventive maintenance of connections.
- Preventive maintenance of the power supply system.
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- Protection of permanent equipment against inclement weather conditions.

A standard FMEA card is shown below:
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Table 1.

AVAILABILITY ANALYSIS

The following models have been generated to calculate availability of the
REMUS system:
- 1 model for the RCV.
- 1 model for the RRP.
- 4 models for the RSV.

• 1 model for the URAD SPPI.
• 1 model for the URAD URANUS.
• 1 model for the MERCURE self-acting switch.
• 1 model for the CDL-3 self-acting switch.
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-. 3 models for the RSD.
• 1 model for the NEPTUNE local network.
• 1 model for the URANUS local network.
• 1 model for the PLUTON.

The most important results for the RSVare given below:
Modelling was based on the following hypotheses:
1. Results of the failure mode analysis.
2. Necessary input data, MTBF, MTTR and MTTS given by the system su-

pplier (JS-TELECOM, in this case).
3. Availability criteria. The use of the RSV should take into account 100% of

the self-acting switches and the URAD, 100% of the MIC, and distribution of
subscribers in racks.

4. The original number of spare parts has been derived from the document
"Clauses Techniques Particuliéres".

5. The maximum number of calls to be controlled by a self-acting switch
is 120 simultaneous communications, which correspond to the 4MIC of
connection between the connection network and the central unit of the
self-acting switch.

6. On the basis of these considerations and as a function of:
- the number of subscribers per building.
- internal/external ratio of calls: 2:1.

a model has been developed which represents the average flow of calls
between buildings.

The model is illustrated below:

For the voice network, the availability objective is 0.999. Bearing in mind
that the system comprises 3 elemental networks, RCV, RRP and RSV, it was
primarily considered that the three networks have the same weight and there-
fore the availability objective for the RSV was 0.9996.

The results of the analysis were:

- As regards the spare parts mentioned in the project CCTP, the availability
value obtained was 0.9914, very much lower than the original objective.

- After analyzing the results, the INT card and the self-acting switch cabinet
fan were identified as the most critical components.

- Following several attempts to modify the number of spare parts it was found
that, in order to adapt to the required availability, it was necessary to add 2
INT cards and two fan units to the original stock. The result is that availability
in these circumstances is much higher than the established objective.
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Figura 3. Modelisation par Blocs du Batiment CT Mercure (RSV.Phase 1)(1/3,)
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Figura 3. Modelisation par Blocs du Batiment CT Mercure (RSV.Phase 1)(2/3;
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Figura 3. Modelisation par Blocs du Batiment CT Mercure (RSV.Phase 1)(3/3)
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Bearing in mind that the stock quantity obtained was ideal for the confi-
guration modelled, a sensitivity analysis was performed a posteriori in order
to study the impact of a modification of repair time from 45 to 120 days (taking
into account customs problems and other types of logistic delays). The result
was that, in these circumstances, to maintain the availability level, it would
be necessary to further increase the number of cards in stock (1 INT card and
one ALJ02T card).

ATTACHMENT

RAMSES-GRADE PROGRAM
The RAMSES-GRADE program developed by Empresarios Agrupados has been
in use since 1990.

This program is oriented to reliability, availability and maintaintability (RAM)
analysis of the System model by means of Montecarlo dynamic simulation.

Model definition can be obtained either by means of alphanumeric input through
interactive panels, or graphic input based on model construction (display similar
to the flow diagram) with the integrated GRADE package on a CRT.

The program allows random model variables to be defined by selecting up to
fourteen standard probability distribution functions and simply defining their
parameters.

The model can include relations between components associated with flow
and relations relative to operating control and logic.

The different system functions and corresponding operating modes can be
defined on the system drawing constituting the model. Different analyses can
thus be performed on a single model.

Through simulation, in addition to the different failure modes of each com-
ponent, it is also possible to define the corrective and preventive maintenance
policy to be applied, the corresponding locations, and the material and human
resources required.

The following are some of the most significant results obtained with simulation:
• Mission reliability.
• Operational availability.
• Failure-repair incidents by components.
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• Component criticality based on reliability.
• Component criticality based on availability.
• Spare parts consumption per stage.
• Man-hour consumption for maintenance.

The program also offers the option of system reliability analysis by the Boolean
method or by Montecarlo simulation.
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Results of Modelling Corresponding to an MTTR of 120 Days

RAMSES. RELIABILITY AND AVAILABILITY STUDIES
CASE: RSVF1

LAST MISSION STUDIED: 500
SIGNIFICANT RESUL TS

IMMEDIATE OVERALL AVAILABILITY:

AVERAGE OVERALL AVAILABILITY:

STOCK DATA

Component 1

HDB
JAB-2
JAB-4
VENT
POSTA-2
POSTA-4
INT
POSTN-4
JAN-4
ALI
MIC

0
3
1
0

48
16

0
8
1
0
0

Levels
2

1
1
1
2
3
3
2
1
1
1
1

3

0
0
0
0
0
0
0
0
0
0
0

.9998

.9997

RAMSES. RELIABILITY AND A VAILABILITY STUDIES
CASE: RSV561

LAST MISSION STUDIED: 500
SIGNIFICANT RESUL TS

IMMEDIATE OVERALL AVAILABILITY:

AVERAGE OVERALL AVAILABILITY:

STOCK DATA

Component 1
HDB
JAB-5
JAB-6
VENT

0
5

14
0

POSTAS 80
POSTA-6 224
INT
MUE
ALI
TST
JAN

0
0
0
0
0

Levels
2
2
1
1
1
1
1
1
1
2
1
1

3
1
1
1
1
1
1
1
1
1
1
1

1.0000

1.0000




