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Abstract

This report is a summary of the group design project of the MSc in
Astronautics and Space Engineering at Cranfield University for the year
1996/97. The project was a feasibility study of a European unmanned
mission to the lunar south pole to carry out scientific study.

The mission proposed uses two spacecraft: (1) an orbiter to take
images of the proposed landing site, to measure the Moon's
gravitational field, and to act as a communications relay, and (2) a
larger lander which carries a small rover and a crate probe. The orbiter
is launched first (if gravity and image data are not already available) so
that the lander's landing site can be selected. The main goal is
scientific study of the permanently dark craters at the lunar south pole.

The baseline design (developed to the depth of a feasibility study)
meets the stated requirements and is comparable to ESA’'s medium
class missions (cost ~€ 300 M).

© Copyright Cranfield University 2003. All rights reserved. No part of this publication
may be reproduced without the written permission of the copyright holder.
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1. Introduction

This report gives a brief summary of the MSc in Astronautics and Space Engineering
group design project for 1996/97, the Lunar South Pole Mission (LSPM). It is based on
presentations given during the project (see Appendix A). Detailed reports by each
student describing their contribution to the project are available from the School of
Engineering, Cranfield University.

The presentation slides (Appendix A) form the main part of this report and give a

summary of the whole project, its background, some subsystems, and the main design
decisions.

Mission Objectives
The primary mission goal is
e Scientific study of the lunar south pole region.

To enable this and to maximise the probability of success for the mission as a whole,
the mission comprises a simple lunar orbiter for imaging the lunar surface and to act as
a communications relay, and a lander (which includes a rover and a crater probe). The
main lander mission is preceded by the small orbiter which has the task of imaging
proposed landing areas in detail so that the best landing site can be chosen for the
lander. The orbiter also has the task of carrying out gravity field measurements so that
reliable long-term orbit predictions can be made.

The mission is sized as a medium-sized mission in current ESA terminology, i.e. a cost
of ~ 300 MAU (= € 300 M).

Report Structure

Following this introduction, there are brief summaries of the project's organisation
(chapter 2) and a discussion of the technical work of the project (chapter 3). A full list of
all the report titles is in the Bibliography. Appendix A contains copies of the slides given

at the project presentation, and contains a structured list of all the slides to act as an
index.



2, Project Organisation

The group project runs from October to March and accounts for 25% of the MSc course.
Each student contributes about 500 hours. The project is directed by staff (Tom
Bowling, Stephen Hobbs) and supported by other staff and by research students.
Educationally, the project is a key element of the MSc course in that it demonstrates in
a relatively realistic environment much of the material taught on the course and gives
students training in the sort of project work that, for many of them, will be their working

experience on graduation. The project can also be very rewarding for the real progress
that is made by the students on a realistic design task.

In broad terms, the period from October to December is used to determine the top level
system design, and from January to March most of the detailed design work is carried
out to refine the mission baseline. Students are given responsibility for particular work

packages within the project as shown in the following table.

Student Report title
Afonja, Ayo Lunar South Pole Mission: Science requirements
Carta, Salv Lunar South Pole Mission: Attitude and control system

Coletti, Emmanuel

Lunar South Pole Mission:

Electrical power system

Fahy, Will

Lunar South Pole Mission:

Crater descent

Giannoulis, Tim

Lunar South Pole Mission:

Configuration and structure

Inoue, George

Lunar South Pole Mission:

Mission operations

Jagger, Louise

Lunar South Pole Mission:

Scientific payload definition

Larrauri, Teresa

Lunar South Pole Mission:

Thermal control system

Lelong, Laurent

Lunar South Pole Mission:

Lunar orbit analysis

Maroothynaden, Jason

Lunar South Pole Mission:

pole region

Planetary robotic exploration of the lunar south

Patterson, David

Lunar South Pole Mission:

Descent strategy and landing site selection

Pearson, Chris

Lunar South Pole Mission:

system

Mission requirements and Lander main propulsion

Piffard, Sylvain

Lunar South Pole Mission:

Communication and data handling

Russel, Nick

Lunar South Pole Mission:

Launch vehicle strategy

Sides, Roger

Lunar South Pole Mission:

Lunar transfer trajectory: analysis and evaluation

Watson, Robert

Lunar South Pole Mission:

Systems analysis

Table 1. List of individual report titles showing the individual roles within the project.




Background to the Project

LSPM builds on previous work from several areas. The group project for Astronautics
and Space Engineering in 1995/96 was ELI (European Lunar Initiative), and so in
several ways LSPM builds on this project. Other projects which provided information

were

e MORO (Moon Orbiting Observatory) - ESA proposal

e LEDA (Lunar European Demonstration Approach) — A proposal for an ESA

programme of lunar research

e EPSPEX (European Lunar South Pole Expedition) — Proposal developed at the

1996 Alpbach summer school sponsored by ESA

Table 2 lists the student reports available from the 1995/96 group project.

Student

Report

Anifantis, George

ELI Phase |: Descent Strategy and Landing

Bastin, Alec

ELI: Electrical Subsystems of a Lunar Rover

Bradford, Andrew

ELI Phase . Lander Mechanical Subsystem: Structural Design, Landing
Mechanism Design, Thermal Design

Ghafoor, Nadeem

<EL! Phase II; ELI Phase I: Imaging and Landing Guidance System>

Kalsi, Nav

(ELL: Lunar Rover) Vision, Guidance, Navigation and Hazard Avoidance

Kingston, Jenny

ELI: Rover System Engineering, Rover and Lander Operations

Kondryn, Andrew

Propulsion and Reaction Control Subsystem for the ELI Lunar Lander

Loizou, John

ELI Phase |: Lander Systems Engineering

Medley, Alec

ELI Phase I: Lander Power Supply

Nejatbakhsh, Hoss

<ELI Phase I: Launch vehicle evaluation and definition>

Seynat, Cedric

ELI Phase I: Mission Requirements, Configuration Options, Trade-off Analysis

Smith, Richard

<ELI Phases il and V>

Thomson, Laura

ELI Phase |: Data Handling and Telemetry Subsystem

Turner, Darren

ELI: Lunar Transfer and Orbit

Warwick, Steve

ELI Stage I: Mechanical and Thermal Subsystems of the Rover

Wu, Chih-Chen

ELI: Communications Subsystem

Table 2. Student responsibilities for the 1995/96 group project, European Lunar
Initiative. Braces <> indicate the area of responsibility rather than formal report title.




3. Discussion and Conclusions

The project achieved a good solution for the initial project specification. The approach
taken is on the whole conservative but could be simplified if other lunar missions have

taken place by the time of LSPM to provide the necessary gravity field and surface
image data.

The most challenging part of the project was the design of the crater probe. Many
alternative solutions have been proposed to allow useful investigation of the contents of
the permanently dark (and cold) craters at the lunar south pole without damaging what
could be a unique record of the solar system’s history. The crater probe is probably the

most original part of the project and is worthy of further study so that the costs and
benefits of the different options can be better understood.

The project’s main conclusion is that a European, science-led mission to the lunar south

pole region is feasible. The cost of the mission is expected to be comparable to that of
other medium-sized ESA missions (~€300 M).

Full details of the study are reported in the individual group project reports written by the
students (available from the School of Engineering, Cranfield University). The

presentation slides in Appendix A give an overview of the mission and show the various
system-level options considered.
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Appendix A. Lunar South Pole Mission Presentation Slides

These slides were prepared for a presentation given at the end of the first phase of the
project (system design) in December 1996. The remainder of the study period was
largely devoted to development of the individual study areas and is documented in the
individual group project reports submitted by the students.

A.1

ab 0w =

A.2

~

A.3

Mission introduction

TITLE PAGE
BACKGROUND
OBJECTIVES

MISSION OVERVIEW
PRESENTATION FORMAT

Scientific Background

SCIENTIFIC THEMES - Origin of the Moon
SCIENTIFIC THEMES ~ Origin and evolution of the lunar crust

SCIENTIFIC OBJECTIVES - High resolution topographical and geochemical
mapping
SCIENTIFIC OBJECTIVES — Heat flow and temperature measurements

Design overview

10. ENGINEERING OBJECTIVES
11.ORBITER

12.LANDER

13.ROVER

14. CRATER PROBE _
15.PRELIMINARY MASS BUDGET
16.LANDER MASS BUDGET
17.ORBITER MASS BUDGET

A4

Launcher options

18.OPTIONS: ARIANE (AR44L)



19.COST $90-110M
20.COST $60M
21.COST $50-70M
22.COST $18-20M

A.5 Transfer orbit options

23.LUNAR TRANSFER

24. HOHMAN TRANSFER
25.BIELIPTIC TRANSFER
26.WEAK STABILITY BOUNDARY
27 . LIMITED POWER ENGINE

28. SUMMARY

A.6 System baseline tradeoff

29. SPACECRAFT CONFIGURATION
30.SYSTEM BASE LINE CONFIGURATION
31.SUB-SYSTEM CONFIGURATION

32. TRADE OFF ANALYSIS

33. TRADE OFF CONFIGURATION — OPTION 1
34. TRADE OFF CONFIGURATION — OPTION2
35. TRADE OFF METHODOLOGY

36.REVIEW OF TRADE OFF CONFIGURATIONS
37. TRADE OFF PARAMETERS

38.SYSTEM TRADE OFF ANALYSIS

39. PARAMETERS/WEIGHTING

40.SYSTEM LEVEL TRADE OFF ANALYSIS - SPACECRAFT CONFIGURATION

41.SYSTEM LEVEL TRADE OFF ANALYSIS - COST BIAS SPACECRAFT
- CONFIGURATION

42.SYSTEM LEVEL TRADE OFF ANALYSIS — SPACECRAFT CONFIGURATION

43.SYSTEM LEVEL TRADE OFF ANALYSIS — COST BIAS SPACECRAFT
CONFIGURATION

A.7 Baseline power budgets

44 . PRELIMINARY POWER BUDGET
45.1/0ORBITER POWER BUDGET

10



46.2/SUB-SATELLITE POWER BUDGET
47.3/LANDER POWER BUDGET
48.4/ROVER POWER BUDGET
49.5/CRATER PROBE POWER BUDGET

A.8 Communications link budgets

50. PRELIMINARY LINK BUDGET
51.ORBITER-EARTH

52. LANDER-EARTH via ORBITER - 1
53. LANDER-EARTH via ORBITER -2
54. LANDER-EARTH via ORBITER -3
55.ROVER - LANDER

56. PROBE - LANDER

57.ROVER - ORBITER

A.9 Crater descent options

58. CRATER DESCENT
59.MICRO SPACECRAFT

60. CABLE ASSISTED DESCENT
61. DROP FROM ORBIT

62. PROJECTILE

63.PROBES

64. ABSEILING

65. METHOD INFLATABLE BALL

A.10 Conclusions

66. CONCLUSION
67. CONCLUSION - SINGLE SPACECRAFT
68. CONCLUSION — NEXT STAGE OF WORK TO BE DONE
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