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Abstract

- A modular orbital transfer vehicle for both, scientific and
cargo transportation missions - called MESCATS - has for the secondary (OMS/AQCS) propulsion
been investigated. in particular for advanced transporta- system.
tions between operational bases as well in a geostationary >
orbit as in a lunar orbit. A cluster of electrical ion-thrusters

(RIT 35) recently under development tests, has been con- of MESCATS are presented for a typical launch mass of
sidered as the main propulsion system. MESCATS is due 5.5 Mg and compared with a chemical (cryogenic) orbital
to its high specific impulse (up to 38 000 Nsec/kg) an inter- transfer vehicle (C - OTV).

esting candidate providing not only high delta velocity in-

crements (relevant in particular for scientific missions). but

will be especlally economic also for cargo missions (Earth/

Moon) concerning its lower propellant demand - com-

storable bi-propellant reaction control system

The modular concept and the performance capabilities

pared to chemical orbital transfer vehicles. 2. Mission Objectives

As the analysis has shown, it appears feasible to develop The MESCATS-missions could be grouped in principle
an E - OTV like MESCATS - which could meset a wide into two classes (Fig. 1)

range of operational requirements (such as payload mass.

orbital transfer time, velocity increment) - with key ele- (a) Cargo Missions

ments assumed to be available in Europe in the medium cargo lransportation between a man-tended GEQO-

term future. BASE and a Station or Platform for example in a

Low Lunar Orbit (LLO). which facilitates lunar
operations (landing. communication, launch) con-
1. Introduction cerning the supply of a Lunar Base and to exploit
lunar mining,
The objectives of this investigation deals with the presenta-

tion of ¢ (b) Sclentific Missions
MESCATS: exploration of asteroids/comets (fly-by, rendez-
vous missions or sample return missions) or exploi-
a synonym for Modular Electric Scientific and Cargo tations of asteroid resources (asteroid mining).
Transportation System. an electrical orbital transfer vehicle
(E - OTV) and its possible application as an selectrical or- Typical velocity requirements are listed in TABLE 1.

bital propulsion module (E - OPM). The name MESCATS
has been selected as a working title for an in-house study.

——
Typical missions for MESCATS have been identified as P R N .
o - | €O - asTERCD
/ e | Cargo o
* lunar orbit cargo delivery missions (E - OTV) A e
* scientific missions (asteroid/cometary orbits) e

(E - OPM).
The general assumptions applied are

- unmanned orbital transfer vehicle (OTV) based
at a station in GEO,
- reusable (OTV) for multiple reuses and flexible
missions adaptations,
- hybrid propulsion system
electrical ion-thruster for the main (cruise) Fig. 1: Mission Goals
propulsion system,
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TABLE 1: Velocity Requirements (km/sec)
(plus chemical secondary propulsion in

addition)
Missions Electrical

n Propulsion
(a) Cargo Transport | 0 GEO Low Lunar Orbit 4- 5
(E=OTV) 1) o GEQ Asterocids 20-24

(b) Scientific o Planetary
Mission - Orbiter 10-12
(E-OPM) 2) - Sample & Return 12-268

0 Asteroid/Cometary

- Rendez-vous 10~ 14
- Fly-by & Return 14 -17
- RdV & Sample Return| 10~ 14

1) forward and return
2) plus e.g. Voo 2 km/sec provided by AR.44L or AR.5

This paper is focussed to mission group (a).

3. Rationales for the Investigation of

MESCATS

The goals and the reasons for implementation of an E -
OTV like MESCATS are:

The propellant mass is considerably reduced
conceming the electrical propulsion system by
a factor = 10, compared to chemical system,
dus to its higher specific impulse - reducing
consequently the transportation cost (propel-
lant mass, vehicle mass) at least from Earth to
the Space Launch Site,

MESCATS will be propeiled by a cluster of lon
Thruster (RITA-35 with Mercury as propeliant)
under development at MBB/Ottobrunn and the
University of GieBen (Prof. Loeb),

A chemical (storable) propuision system e.g. for
orbital/rendez-vous maneuvers will supplement the
hybrid MESCATS propulsion system.

The bi-propellant system will be similar to the
existing Gallleo-RPM.

The higher specific impulse of the electrical main
engines will provide a high velocity increment,
which enables more demanding scientific missions
on a European launcher compared to pure chemi-
cal propuision.

Assuming as a mission scenario to transfer 20 Mg payload
into a lunar orbit by about 10 flights a 2 Mg, Fig. 2. it yields

E - 0TV Cc - 0TV
Launch from GEO-BASE LEO-Station
‘|- Mass to be 36 Mg 190 Mg
transported
~Transpor- 555 MAU 1 083 MAU
tation Cost

OISTANCE FROM GEO - BASE (hm)

384

Fig 2: Reasons To Investigate Electrical Transfer Vehicles

LEQ - Mase Requirement for TRAMSFER OF 20 Mg NTO LLO
(Payloed mass per fight = 2 Mg )

(ARANE S )
assuming specific transportation cost of 5.7 MAU/Mg for
ARIANE 5 to LEO and 0Of 15.3 MAU/Mg to GEO.

The shown remarkable benefits had initiated the following
analysis.

4. Lunar Misslons

For a selected lunar example-mission it had been as-
sumed

- launch site:
- target:

Space Base at GEO
Lunar Space Station at 200 km
altitude

whereby an inclination change up to 28.7° at the Lunar
capture maneuver has been considered for the trajectory
analysis.

The spacs launch site at GEO instead at LEO has been
selected concerning the low initial launch acceleration and
to avoid multiple passes through the Van-Allen-Beit.
Ascent trajectories are shown in Fig. 3 for

-F=08N (28 kW of electrical power)
transfer time 164 days

-F=2N (69 kW)
transfer time 68 days

based on an assumed launch mass of 5540 kg (compa-
tible with AR.5 escape orbit capabilities also).

The influence of thrust level on the transfer time (GEO-
Moon) is shown in Fig. 4

C . 'I 'f /J ‘l_
4 ‘.'7'4—-4 E'7
- Y

: / Y 7
LN

FLIGNT TIaE GEQ ~ MOOW (DAYS)

NFLUENCE OF THAUST LEVEL ON TRANSFER TME
GEQ - MOON

Fig. 3:



Fig. 4:

MESCATS |ASCENT | TRAJECTORY FROM

GEO-BASE TO LOW LUNAR ORBIT (200 km)
BY ELECTRICAL PROPULSION + Biprop. Secondary System

M Lounen = 5.5 Mg

M aunch = 55 M

F= 08N (28kW)
Ty 164 days

400 300 200 100 O 100 200 300 400
$/C RADIUS (103 km)
P/L 24 Mg

The outage effect on trip time by the electrical propulsion
system during eclipse passages has not been considered
for this previous rough trajectory calculation.

For the return flight back to the GEO-BASE, it could be
distinguished between

- E - OTV - return
- payload round trip mission
- payload return/refuelling at Lunar Station.

In order to safe transfer time. a chemical propulsion sys-
tem (4 x 400 N) has been implemented as well for the
injection into circular orbits around Moon as for the lunar
escape, moreover for plane-change maneuvers and for
final orbit corrections. In addition a lunar departure orbit at
10 000 km altitude has been assumed, to which the E -
OTV may be transferred by a lunar C - OTV.

Return trajectories are shown in Fig. 5 for two thrust levels

(0.8 N and 2 N). A summary of the characteristic data for
the considered lunar missions are given in Table 2.

TABLE 2: Summary Data for Lunar Cargo Mission

E~-OTV |Payload Refueliing

return round-trip at LO
MP/L (deliv.)| 2.4 15| 2 $2. 01527 19 Mg
Tt (forward) | 163 68 | 163 68 163 68 days
Mo (LO) 1.8 27| 419 42| 554 554 Mg
MP/C(return) | - = 2 1.2 |31 2.3 Mg
Tt(return) 86 85 200 132 | 264 174 days
F (N) 0.8 2 0.8 2 0.8 2
Pel (kW) 28 69 28 69 28 69

S/C RADIUS (10% km)
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F=2N(63kW)
T'““YI

$/C RADIUS (10% km)

100

200

300

400 300 200 100 O

100 200 300 400
$/C RADIUS (107 km)

P/L15 Mg

As mentioned above, a secondary (bi-propellant) propul-

sion system is required for injection and lunar escape ma-

neuvers, in order to avoid time consuming transfer maneu-
vers or to avoid much higher thrust levels (=~ 20 N). which

requires to cluster 100 x RIT-35 engines Instead of 10 units

and to increase the electrical power to about 700 kW,

which appears unrealistic, because it is t0o0 expensive and

voluminous.

The resulting hybrid propulsion system reduces, however,
considerably the a priori advantages of a pure electrical
propulsion system. The stored impulse of the secondary
propulsion system amounts to about a quarter of the elec-
trical main propulsion system.

Propulsion Main/Cruise | Secondary Remarks
System (electrical) (Bi-Propellant)
o Isp 37 965 3150 Nsec/kg
oAV 3 920 1150 m/sec

. forward 2 000 700 LLO 200 km

. return 1820 450 LO 10 000 km
o Stored

impuise 20 E6 5-6 E6 Nsec

For the sake of this analysis exercise Mercury has been
chosen for the electrical propellant regarding the un-
manned cargo/scientific missions due to its good power/
thrust- and thrust/weight-ratios. However, poisonous and
contamination considerations concerning space center
operations could change this selection to use an inert gas
like Xenon. The concluding study results would be quite
similar.



Fig. 5: MESCATS TRAJECTORY FROM
LUNAR ORBIT TO GEO-BASE
BY ELECTRICAL PROPULSION + Biprop Secondary System

F=08N, Md = 5540 kg, Hem = 10000 km

F=2N, Md = 5540 kg, Hem = 10000 km
400
200
MOON
0
L 0
DISTANCE FROM EARTH CENTRE (107 km) 200
Ty 264 days
600 400 200 0 200 400 600
Md = $/C deperture mass leaving 10000 km MOON orbit DISTANCE FROM EARTH CENTRE (10%km)
Ty 174 days
8. E - OTV Spacecraft . Specific Impulse 37 965 Nsec/kg (Mercury)
. Velocity increment range 5 to 20 km/sec
For the MESCATS design approach the following guide-
lines and considerations have been applied:
: * Chemical (storeable) Propuision System
- multiple reusable E - OTV, based at a GEO-sta- (application for OMS- and AOCS-operations)
tion, in order to reduce considerably inter-orbital . 4 x 400 N- and 24 x 10 N-thrusters
transfer cost compared to expendable OTVs sta- . Specific Impulse < 3 150 Nsec/kg (MMH/
tioned at the Earth, h NTO)
. Velocity increment range 100 - 1400 m/sec
- modular configuration/subsystem (number/size of
propellant tanks, number of EPS-engines, subsys- - design point
tems accommodated in dedicated ORUs) to faci- o launch mass 55Mg
litate easier maintenance and fuel resupply at the 0 payload mass . =~ 2 Mg Lunar missions
GEO-BASE (and/or Lunar Space Port), ~ 850 kg Scientific mis-
sions.
- the E - OTV version is an autonomous/automa-
ted space transfer vehicle, comprising a complete
set of standard subsystems (+ docking elements), A 3-dimensional view of the MESCATS-configuration is
including a photo-voltaic solar generator (deploy- presented in Fig. 6. showing
able, sun tracking) up to ~ 70 kW electrical power
(1 AU) in case of a 2 N-thrust-level, 0 a hexagonal body
4.5 m ¢ envelope diameter x 4.5 m lenght
- the E - OPM version is designed for direct injec~ three-axis stabilized with adapters for a launch
tion into an escape orbit by ARIANE 5 (8.9. Veo Of vehicle (AR.5) respectively the payload at both
2 km/sec), comprising at least the propulsion part ends,
using electrical subsystems form the attached pay-
load if applicable, 0 the two large solar generator wings extending
normal to the orbital plane,
- hybrid propulsion system, comprising clusters of
electrical engines and chemical thrusters: 0 two high-gain antennas to be deployed within the
orbital plane.
* Electrical Propuision System (EPS)
. 12 RIT-35M engines 0 clusters of electrical and chemical thrusters,
(10 out of 12, operating at 0.2 N nominally
each at 1 AU) 0 a number of ORUs and external RCS-tanks.
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/' Fig. 6: MESCATS, 3-Dimensional View
(6 respt. 12 RITA-35 Main Engines)

The cross-sections of MESCATS as given in Fig. 7 pro-
vide an indication about the accommodation and location
of the elements, like the stowed solar generator, the
stowed high gain antennas, the internal EPS- and RCS-
tanks, the external RCS-tanks and the subsystem ORUs,
moreover the gimballed EPS-thruster cluster and the RCS-
thrusters.

A summary of the features of the considered subsystems
is as following:
- Structure Hexagonal, doubie wall primary
structure, subsystems housed in
ORUs (12 container, up to 30 units)
- Solar Generator Photo-Voltaic, deployable double
wing, sun-tracking by BAPTA, Super
ULP - | configuration up to 25 kW, T-
configuration up to 100 kW, or SARA
> 25 kW (160 W/m® at 1 AU; 78 W/
kg)

- El. Power Supply Maximum Power Point Tracking Assy
plus battery system

Passively, plus heat pipe radiators
and louver system for ORUs

- Thermal Control

- GNCS GPS-trp., IMU, Star Sensor System.

GNC-Processor
- RVD RVD-sensors, standard, unpres-
surized docking/berthing adaptor

4+20r10+2a0.2 NRITA-35
engines —  applying Mercury
for 0.8 N respectively 2 N thrust

- EPS

- RCS storable, bipropellant MMH/NTO
OMS (4 x 400 N + 4 x 10 N), AOCS
8x3a10N)

- DMS autonomous/automated control
system interspace and ground com-
munication links.

The MESCATS configuration allows a very flexible accom-
modation of propellants for both electrical and chemical
propulsion within internal and/or external tanks, Table 3.
Depending on specific mission requirements, the distribu-
tion of the propellant storage mass can be selected, up to
=~ 2 Mg for each kind are allowable.

TABLE 3: MESCATS - TANK CAPACITY RANGE
Deampie 550 kg Mg. 1800 kg MMHATO

EPS-Tanks Internal Extermnal
Di(mm) 35 447 503 728 2 4orBtanks a0 mme
WP kg) 290 880 2600 600, 1200, 1800 kg
replacing Ext. ACS-tanks
RCS-Tanks Internal External
2x1100 mm ¢ 1 500 kg 2 4or6tanks a 500 mm ¢
4x 914mm o 78k 144 / (288) or 432 kg

For an OTV propelled by electrical thrusters, the economic
generation of electrical power is very important. A sum-
mary of the MESCATS-power budget is given in Table 4
with examples for solar generators using either the deploy-
able hybrid panel Super ULP (Si-cells) or the unfoldable
SARA (GaAs cells on louver blades with concentrators).

A summary of the mass budget (without the EPS- and
RCS-tank mass figures) is compiled in Table 5.

Considering the tank mass figures are functions of the
stored propellant for the EPS ranging from 5 kg (290 kg) to
24 kg (2600 kg). respectively for the RCS ranging from 46
kg (420 kg) to 180 kg (2135 kg). it has been derived an
(averaging) analytical function for the MESCATS dry mass

Mdry = 1 394 kg + 633 (F - 0.8 N) +
+ 0.0082 (MP/EPS - 290 kg) +
+ +0.078 (MP/RCS - 420 kg).

LGS Thewster
Camter

. NCS
Bt Tonts

= Arrangement, Subsystem ORUs
o

HGA
e

EPS - Theusser
Cimter (8)

| pmbetied |
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Fig. 7: MESCATS, Modular Design Approach, Tank



TABLE4: E-OPM/E - OTV - POWER SUMMARY TABLE 5: MESCATS MASS BUDGET (kg) SUMMARY
Cruise Engines RIT-35 M

T Main Engines 6 EPS 12 EPS
> Opan il 4x02N=QSN :Gengnes | 10x02N=2N : 12engnes 0.8 N/27.6 kKW 2 N/6S kW
- S Engnes 2 2 ' :
- Thruster Power 2300W (3 WmN) 66 000 W
e Pl iy 1350 W Primary Structure 180 200
- Owsw. Losses (2 %) 540 W 1650 W Second Structure 70 100
< Total Power 27 800 W 000 W Thermal Control 76 80
o Power Supply (SARA) 212 458
L Operat, Engines 2x0075N=01SN :2ongnes | 4x0.105 N=0.42N : 4 engnes EPS (w/o tanks) 379 740
- Stcd Engines 4 8 RCS (w/o tanks) 31 31
-~ Thruster Power S500W (33 Wmw) 13800 W GNC 60
- Bus + Payl. Power 0 W sow 24
- Der. Losses 2 % 100 W _mow_ o . S .
~Toul Power (EOM) | 0RO W 15000 W omMs 4 45
(S + & yoars) TT4C 38 38
Hamess 40 60

Sotar Generator
8 (T-type) Margin (108) 122 191
mm! mm* (160 wm"*) @m*

SG-Mass Wa kg (78 Wig) 85 kg Dry Mass (w/o tanks) 1343 2103
&so 144 mE (190 wim*) ®am*

SG-Mass 175 kg (160 Wig) a1 kg

Because in general the specific MESCAT set up is influ-
enced by the choice of the

o EPS - thrust level (electrical power) 6. Comparison of Orbital Transfer Vehicles
o EPS - propellant mass
o RCS - propellant mass 6.1 Lunar Missions

(defining the dry/net mass)
The electrical OTV has been compared with chemical
which in turn provides a variety of performance data like OTVs (bi-propellant and cryogenic propulsion) in terms of
payload mass and transfer tims.
0 payload mass

o EPS-delta V The following specific impulses (Nsec/kg) have been ap-
o RCS-deita V plied:
a performance capability chart is shown as a selected ex- Engines Main Secondary
ample for F=2N, MP/RCS =1780 kg in Fig. 8. In case there
are chosen a payload mass of 2000 kg and MP/EPS = 600 Electrical 37 965 . -
kg - resulting in a dry mass of 2262 kg and a launch mass (4to 10a02N)
of 6642 kg - the achievable velocity increments will be RITA 35
A VEPS ~ 3.6 km/sec and A VRCS = 980 m/sec.
L 1s Bi-Propellant 3 149 2 800
= (4 x 27,5 kN) (4 x 400 N)
Lo AR5 - L5 RPM-Galileo
o Hapiaans) Cryogenic 4 700 4 365
(2 x 83 kN) (4 x 500 N)
AR - HM7" MBB-developm.

For a LLO-cargo delivery mission, launch from and return
of the E - OTV to a GEO-BASE, the payload mass func-
tion versus its launch mass is shown in Fig. 9. Out of the
two parameters, the thrust level (electrical power) and the
transfer time, the latter is the more determining factor.

Assuming for explanation of the chart a

0 4 000 kg payload as example moreover
2 N (69 kW) and a forward transfer time
of 110 days
a launch mass of 9.25 Mg is required.

Fig. 8: MESCATS - Performance Ca1pabil' Range
mcs

for F2N (69 kW), M,, 780 kg const.
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In case a slightly slower transfer is accepted (206 days),
and some propellant is added. a payload mass of 5 000
kg is achievable for a launch mass of 9.25 Mg.

For the purpose of comparison, however, a payload mass
of 2 Mg will be considered, leading for the E - OTV to a
launch mass from GEO of 4.9 Mg - with a transfer time of
156 days for 0.8 N (28 kW).

Fig. 10 presents the Payload/Launch mass functions for
chemical OTVs. A cryogenic OTV would need for the
same payload mass of 2 Mg a lift-off mass of 21 Mg, for a
launch from a LEO-Space Station (transfer time 6 days.
thrust 126 kN, electr. powser =~ 1 kW).

Sl ! J k) 1 : : T A \,‘:—' A comparison summary is given in Table 6 (1) and 6 (2).
i N - SR Ve I Y - .The longer flight time for an E - OTV will not be important
| T Tt Towe I | ey | for a moderate mission model in a lunar exploration pilot
| Pacametens \ i
et = | — phase (e.g. 20 Mg/10 y — 1 LpA a 2 Mg). In case of a
i ’ /‘ | \/" | regular more frequently supply of a lunar base (e.g. 200
. / b i
L',;'_':'" | il Mg/10 y — 10 LpA a 2 Mg) the flest size of E - OTVs has
T to be increased (but with the benefit of a lower number of
b b = re-uses):
| Inim) ]
= 1 1 e
i
Low Lunar Orbit
— = e yFov ol
ne | GEO - BASE (2 N) (2 x 683 kN)
0z ! ; :
w/e | 1§ H H | turn-around time | 126 days 33 days
DG | o ¥ e
Ll ‘ e 1 ' ' " n n n "o ;
LAUNCH MASS % GEO possible LpA/OTV| =~ 3 = 11
Fig. 9: Performane Diagramme for Electrical (Hybrid)
Orbital Transfer Vehicle fleet size
operat. + spare 441 141
The same payload could be transferred in
178 days with 0.8 N (28 kW) g°w°/'1g°“s°3 per -
demanding a launch mass of 7.8 Mg only. y 100

or the payload mass has to be increased to ~ 7 Mg and
the thrust level accordingly to maintain the acceleration.

TABLE 6: COMPARISON SUMMARY (1)

* E-OTV: -~ Increase of tfrust level (slectrical power) could be expioited
o afther 10 recuce the transfer time
(for & gven lsunch mass - Dut reducing In tum the
paylosd mass)

©  Or 10 NCrease the paylosd mass
(for & gven ransier tme ~ Dut INCreasing the launch
mass)

= Launch and retum is feasbie from and 1o & GEO-BASE

return to Earth and/or refuslling at lunar space station (at
least for LOX) could be assumed.

PAYLOAD MASS GE0 - b |74 B * C-OTV: - Thvust Level variation has no drect iNfluence on ansler time
o B o A - Launch and retum is feasiie from and 10 8 LEO-Station aiso for
/1 1z A e mwn‘ proputsion, for bi-propelant onty & GEO-BASE is pract-
I ,l , ;;-m:oluu,n Trre s
S0ee. oo ek Mes g
= 4 // 2 TABLE 6: COMPARISON SUMMARY (2)
S / i i
A o _*L_‘I,._ T e Payload Mass
2 4 i Gore Do Mmmn | Lo - 0TV (umawwTO)
- T Toewm 126 AR —r" e T —
72 el s s WS [ s
..J_Er .'IE 13 = f=fE | - i [‘J:. l'-o‘w C - OTV (biprop) C-oTy Cryo)
» LAUWCH MASS
MeA (wg) 2 000 2 000 2 000
Fig. 10: Performance Diagramme for Chemical Orbital L
Transfer Vehicles (cryogenic, bi-propellant) e ":u 1’5’; =t =
MP/Cryo (g) 16 800
Some options are shown in Fig. 10. e.g. if the C - OTV is
launched also from a GEO-BASE, moreover f storable bi- Lo i g 21 000
propellant is used instead of cryogenic ones. The situation m %) ‘4317 :‘ 1:;; :z
for C - OTVs could be improved. if aerobraking during
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The infrastructure in orbit (assumed to be operational
available). which will be used for the distinct Orbital Trans-
fer Vehicle comprises for

E - 0TV Cc-0TV
(LEO-Station) LEQ-Station
GEOQ-BASE
(LEO/GEO-0TV)

LLO-Station LLO-Station
LLO/LO-0OTV

Concerning the development status of the OTV-candi-
dates, some areas have been identified for specific devel-
opments:

E-OTV: - long-life tests for electrical propulsion
systems
- flight tests for large solar generators
C-0TV: - re-ignitable, throttable cryogenic

engines

- storage of cryogenic propellant for
long-duration missions

- refuelling in space of cryogenic
propellant.

In conclusion the E-OTV could be made available in
Europe by a medium term development.

6.2 Scientific Missions

For a modified MESCATS used as an expendable OPM for
scientific missions, e.g. a sample & return asteroid/com-
etary mission, direct injection into an escape orbit by
ARIANE 5/H10 has been assumed. The achievable pay-
load mass is listed in Table 7.

In this case the E - OPM is clearly superior to an C - OPM
in terms of mass and velocity increment capabilities.

TABLE 7: PAYLOAD MASS (kg) COMPARISON
SCENTFIC MISSIONS

{v. (xmvs) | VS fows) VRCS (mv3) E-OPM C - OPM
2 63 120 150
728 s
1148 s
1810 | 880
17.5 72 83s
24 72 |i4s
e 83 () s
58 11.88 128 540
Thrust L) 0.8 2 2263k
Srmwer W) 278 ) 48

7. Conclusions

MESCATS (E - OTV) appears as an interesting orbital
transfer vehicle for lunar cargo delivery missions
(launched from a GEO-BASE) concerning its lower pro-
pellant mass - compared to chemical OTVs. Moreover
MESCATS could be used in a modified expendable version
(E - OPM) for scientific missions launched by ARIANE 5
with wide performance capability ranges.

In case high performance electrical engines could replace
the bi-propellant secondary thrusters of the hybrid MES-
CATS propulsion system, the advantages of the electrical
propulsion would become more evident.
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Abbreviations

AOCS Altitude & Orbit Control System

C-0TV Orbital Transfer Vehicle, propelled
by chemical propulsion

E-OTV dto., propelled by electrical propul-
sion

EPS Electrical Propulsion System

GEO Geosynchronous Orbit

LEO Low Earth Orbit

LO Lunar Orbit

LLO Low Lunar Orbit

LpA Launch per Year

OMS Orbital Maneuvering System

OPM Orbital Propulsion Module

ORU On-orbit Replaceable Unit

RCS Reaction (Chemical) Control System

RITA Radio Frequency ION Thruster
Assembly

SARA Solar Array with Radiating Mirror

ULP Ultra Light Panel





