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4. The Second European Service Module (ESM-2) 
ESM-2 is the second service module and will have the 

full set of capabilities to support EM-2 and the first Orion 
crew on their journey around the Moon. The main 
differences with respect to ESM-1 are the addition of the 
oxygen tanks which were unnecessary for the first 
mission and a number of upgrades to enhance safety, 
reliability and performance. Suppliers are currently 
working hard to deliver the components for ESM-2 and 
the structure is already at the Airbus facility in Bremen, 
where system integration activities have started.  

ESM-2 is primarily a recurring production vehicle, 
therefore the main activities are manufacturing, 
integration, acceptance, delivery, post-delivery activities 
at KSC and operations support to the EM-2 mission. The 
industrial consortium must complete verifications 
waived on ESM-1 and implement corrective measures 
for requirement deviations or waivers only approved for 
the first uncrewed mission. In addition, there are a 
number of changes emanating from recommendations of 
the safety panels and from the need to increase 
performance for on-orbit manoeuvres, reduce mass, as 
well as changes to optimize the integration flow. 

Implementing these modifications, enhancing safety 
and performance, manufacturing and integrating the 
ESM-2, whilst keeping it all within a tight schedule 
represents a challenge in itself. It becomes especially 
challenging when considering ESM-1 is in the final 
stages before delivery to KSC, ESM-2 manufacturing 
had to begin prior to completion of the ESM design 
qualification, and Industry are preparing proposals for the 
next two flight units, ESM-3 and ESM-4. 

 
4.1 ESM-2 Modifications 

There are a number of specific changes for ESM-2 in 
order to enhance the on-orbit manoeuvring capability, 
reduce mass, and to further increase safety for the crewed 
mission. 

At the time ESA and Airbus signed the contract for 
ESM-2, the EM-2 mission was intended to use the new 
Exploration Upper Stage (EUS), therefore EUS 
mechanical loads were incorporated into the ESM-2 
design. The loads mainly affect the solar array wings and 
solar array drive mechanism. The solar array hinges and 
the housing of the solar array drive mechanism have been 
reinforced to support the increased bending loads during 
the trans-lunar injection manoeuvre (Fig. 7).  
 

 
Fig. 7. ICPS TLI burn with wings canted backwards 

 
The on-orbit loads from OMS-E, AUX and RCS 

manoeuvres have resulted in additional heaters on the 
SADM and a SADE. These changes result in additional 
power to the SADMs and better control of the thermal 
environment, both of which contribute to an important 
improvement in the capability of the solar array wings to 
track the sun during on-orbit manoeuvres. 

Mass is a very important factor for the overall ESM 
and Orion performance, and the mass requirement levied 
on the ESM has been a challenge since the beginning of 
the project. Strict mass management is applied and mass 
threats and opportunities are continuously monitored and 
controlled. For schedule reasons there were a number of 
mass-saving opportunities that were deferred to ESM-2. 
Optimisation of the secondary structures, optimisation of 
the brackets for piping and harnesses, and a reduction of 
the number of Kevlar layers for the blankets which 
provide protection against micrometeorites and orbital 
debris, have resulted in significant mass savings for 
ESM-2. 

The majority of ESM-2 changes however, are to 
enhance safety. The main changes in this category are 
the: 
�x upgrade of the CSS redundancy, 
�x adding secondary containment for the PSS pressure 

transducers in the high-pressure lines, 
�x application of advanced measures of robustness for 

the zero fault tolerant bellows of the PSS isolation 
valves, 

�x PSS localized leak detection, 
�x a modification of the SAW latch indicator, and 
�x a modification of the SADE FPGA design. 
 

An additional source of modifications are non-
compliances or non-conformances uncovered during the 
ESM design qualification campaign. The main changes 
resulting from this category are: 
�x modifications to the CSS gas and water isolation 

valves and pressure regulator, 
�x an improved seal design for the water tanks, 
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Exploration Ground Systems (EGS) for fuelling and 
integration with the SLS.  EGS then transports the entire 
vehicle out to the launch pad on the Mobile Launcher 
(ML)  in preparation for launch. 
 

 
Fig. 4. Space Launch System on Mobile Launcher 

 
2.3 Exploration Mission 1 (EM-1) 

The Exploration Mission 1 (EM-1) is an uncrewed 
mission to test Orion�s capabilities in deep space. EM-1 
is the first flight of the ESM and also Orion�s first flight 
on the new SLS. During the mission, the Crew Module 
guidance navigation and control system will command 
the ESM propulsion system to place the spacecraft into a 
Distant Retrograde Orbit around the moon. The nominal 
mission duration is 25 days, but will be adjusted between 
21 and 43 days in order to ensure a landing under daylight 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.4 Exploration Mission 2 (EM-2) 
Exploration Mission 2 (EM-2) (Fig. 5) is the first 

crewed mission for Orion and will take astronauts farther 
into the solar system than humanity has ever travelled. 
EM-2 will also be a historic mission for Europe, as the 
ESM-2 will be the first European spacecraft to be part of 
a human transportation system carrying humans beyond 
low Earth orbit. 

After launch, the SLS and the Interim Cryogenic 
Propulsion Stage (ICPS) will place the Orion spacecraft 
into a high Earth orbit, where the astronauts will remain 
for 24 hours to check out the spacecraft�s systems.  When 
Mission Control gives the approval to initiate trans-lunar 
injection, the ESM-2�s Orion Orbital Manoeuvring 
System (OMS) will fire and send the spacecraft on a free-
return trajectory out toward and around the Moon. The 
ESM-2�s Auxiliary (AUX) thrusters will be used to make 
any needed trajectory corrections along the way.  

NASA and Lockheed Martin will conduct the EM-2 
Critical Design Review (CDR) in late 2018.  In 2015, 
NASA and LM completed the Orion CDR evaluating the 
common aspects of the spacecraft for EM-1 and the 
spacecraft for EM-2. The EM-2 CDR will  confirm that 
the EM-2 unique systems also meet the necessary 
requirements and that the upgrades to the ESM design 
from ESM-1 to ESM-2 are appropriately integrated into 
the overall spacecraft design.  
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3. Overview of the ESM design 
The ESM provides the propulsion, power, water, 

oxygen and nitrogen for the Orion spacecraft as well as 
providing thermal control and protection from 
micrometeorite and orbital debris (Fig. 6). The main 
characteristics of the ESM are: 
�x Launch mass of 13580 kg for Lunar Missions, 

including 8600 kg of usable propellant, 240 kg of 
potable water, 30 kg of nitrogen and 90 kg of oxygen; 

�x Unpressurised cargo accommodation with a 
maximum volume and mass of 0.57 m3 and 380 kg 
respectively; 

�x Height of around 2 m considering the primary 
structure only, but reaches up to 4 m adding the 
protrusions of the main engine toward SA and the 
propellant / gas tanks toward CMA;  

�x Diameter of approximately 5.2 m when solar arrays 
are stowed under the fairing and a wing span in the 
order of 19 m on-orbit; 

 

 
Fig. 6. European Service Module components 

 
3.1 Propulsion system 

The propulsion system consists of three different 
types of engines. The main engine is a heritage engine 
from the Shuttle, known as the OMS-E. The OMS-E 
engine can be gimbaled with an amplitude of ± 7° around 
both axes (pitch and yaw) using the Thrust Vector 
Control (TVC) system. It provides 27.7 KN of thrust. 
There are eight 490 N auxiliary engines which are used 
during spacecraft separation and during ascent abort, as 
well as functioning as a backup for the main engine in 
case they are called upon to perform trans-earth injection 
and for trajectory correction manoeuvres. Translation 
and attitude control manoeuvres are performed by 24 
RCS thrusters, which are mounted on six RCS pods. 

All of the engines are supplied with MON-3 oxidiser 
and MMH fuel. These are housed in four propellant tanks 
that are fed with Helium from two pressurant tanks 
located in the central tube of the ESM. 

The propulsion subsystem is controlled by the 
Propulsion Drive Electronics (PDE), the Pressure 
Regulation Unit (PRU), the Pressure Control Assembly 

(PCA) and isolation valves for the main lines, auxiliary 
thruster lines and RCS lines. 
 
3.2 Power system 

Electrical power for Orion is provided by four Solar 
Array Wings (SAWs). Each wing is 7375 mm long and 
made of three panels (2130 by 1920 mm), providing a 
total power output of 11.2 kW. The wings are orientated 
by a dual axis Solar Array Drive Mechanism (SADM). 
The SADM can swing between –35° and +25° on the 
inner axis and the outer axis can rotate the full 360°. The 
solar arrays are controlled by the Solar Array Drive 
Electronics (SADE), and the Power Conditioning and 
Distribution Unit (PCDU) regulates and distributes the 
power to the ESM and Orion equipment. 

 
3.3 Consumable Storage System 

The Consumable Storage System (CSS) provides 
potable water, oxygen and nitrogen to the CM. There are 
four water tanks (with metal bellows), three gas tanks for 
the oxygen, one gas tank for the nitrogen, water and gas 
on/off valves, gas pressure regulators, gas relief valves, 
filters and temperature, pressure and quantity sensors. 

The crewed EM-2 mission will fly the full CSS 
system, whereas the uncrewed EM-1 mission will have a 
reduced CSS configuration without the oxygen tanks. 

 
3.4 Thermal Control System 

The Thermal Control System (TCS) consists of active 
and passive thermal control. 

The active thermal control subsystem uses cold plates 
to collect heat from the CM and ESM equipment and 
dissipates it via the radiators. The Fluid Control 
Assembly controls the flow of HFE-7200 coolant in the 
two independent loops. 

The passive thermal control system is comprised of 
heaters, thermistors and insulation blankets. The Thermal 
Control Unit (TCU) manages the thermal environment as 
well as the CSS, keeping temperatures within the defined 
thresholds and commanding the CSS water and gas 
valves to open and close when needed.  

 
3.5 Structure system 

The structure subsystem carries the loads during 
launch and supports all of the ESM equipment through 
the primary and secondary structures. It also provides 
protection against meteoroids and orbital debris using 
gap covers, Kevlar blankets mounted behind the 
radiators, and a spider net on the bottom of the ESM. 


