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1. INTRODUCTION

This document is a guideline for the PL Sub-Aggregator to perform the safety analysis of the
PL, specific GSE (if existing) and ground operations. This safety analysis shall cover safety
aspects during the following phases (chronological order):

e Ground phase: Launch preparation campaign.

e Flight phase: Launch vehicle flight.

e Flight phase: SRS mission flight.

e Ground phase: SRS mission post-flight operations at landing site.

ESA PL Safety requirements are reported in [AD1].

The customer shall replace the text in grey with its own assessment.
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2. APPLICABLE DOCUMENTS

Iltem Reference Title

SRS - payload safety, space debris and collision avoidance

AD1. ESA-STS-SR-ST-2022-0001 requirements

AD2. ESA-STS-SR-PL-2022-0001 Safety process for space rider re-entry module payloads

3. REFERENCE DOCUMENTS

Iltem Reference Title

RD1
RD2
RD3

4. ACRONYM LIST

ACS Attitude Control System

AOCS Attitude Orbit Control System
AOM Avum Orbital Module

AZ Approach Zone

CAM Collision Avoidance Manoeuvre
ExO Experiment Owner

GSE Ground Support Equipment
KOZ Keep Out Zone

LSSA Landing Site Safety Authority
MEOP Maximum Expected Operating Pressure
MPCB Multi-Purpose Cargo Bay

P/L Payload

PLA PayLoad sub-Aggregator
PLCC Payload Control Center

SRS Space Rider System
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VCC-OC Vehicle Control Center — Orbital Control
VCC-LC In-Orbit Control Center— Landing Control
VTL Verification Tracking Log

5. DEFINITIONS

Payload mission:

The Payload mission is assumed to start from its unpackage in the launch facilities until its
retrieval after landing.

MPCB Operator:

The MPCB Operator is in charge of the definition, development and management of the MPCB
PL Aggregate, throughout the overall payload lifecycle, mission preparation, in-orbit follow-up
and retrieval, in particular according to the acceptance process described in [AD2].

NOTE: For the SRS Maiden Flight preparation, this role will be covered by ESA IPT.

Payloads sub-aggregator (PLA):

The Payloads sub-aggregator is in charge of the payload acceptance process. The PLA can
be responsible of one or more payload (that can be located in different VLS).

Experiment Owner (ExO):

The Experiment Owner is the design authority of the Experiment to be embarked on the Space
Rider System.

Multi-Purpose Cargo Bay (MPCB):

For the multiple payload configuration, the SR MPCB may offer different compartments as well
as different payload sizes (i.e. small, micro and nano).

MPCB is divided in different virtual lockers whose destination is a function of the experiment to
be performed (see following definition).
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RM CARGO BAY

Figure 1 — SR MPCB central door

Virtual Lockers:

A virtual locker is a technical specification of the allocation of services, interfaces and budgets
in the MPCB and toward a sub-aggregator.

In the MPCB 8 Virtual Lockers are identified, each of which has specific interfaces and
characteristics:

- 2 aft lateral VLs to provide late access before launch/ early access after landing;
- 2 forward lateral + 2 bottom VLs for microgravity payloads

- 2 top VLs for larger payloads or payloads that require direct exposure to the space
environment or field of view.
Late access/early retrieval

Late access/early retrieval Lateral AFT +Y -X
Lateral AFT =Y -X

Top AFT -X

Lateral FW +Y+X

Top FW +X
Bottom AFT -X

Bottom FW +X k
Lateral FW -Y+X

X

Figure 2 — Virtual lockers 3D model
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Payload categories:

For the definition of the flight-only safety requirements it is necessary to define three classes
of PL embarked on Space Rider:

e Fixed Payload: any Payload which does not separate from Space Rider MPCB and
remain fixed in the virtual locker.

e Deployable Payload (D-PL): any Payload, which can separate from Space Rider MPCB
into its own free-flying mission, divided in three sub-classes:
o Payload deployable with no manoeuvre capability (D-PL (NM))

o Payload deployable with manoeuvre capability (D-PL (M))
o Payload deployable with operations within the Space Rider Keep Out Zone
(retrieval/re-visitation) (D-PL (KZ))

e Movable Payload: any Payload which does not separate from Space Rider MPCB but
perform movement inside it (i.e. robotic arm)

P/L Keep Out Zone (KOZ):

Zone inside which the Deployable Payload operations are considered dangerous for Space
Rider. The Space Rider KOZ is 200 m (TBC) radius sphere centered at the Space Rider vehicle
center of mass.

P/L Approach Zone (AZ):

The Space Rider Approach Zone (AZ) is the zone around Spacer Rider in which it is necessary
to measure the relative position between the Payload and Space Rider to avoid collision.

The Space Rider AZ is a 1 km (TBC) radius sphere centered at the Space Rider center of
mass.

P/L Approach Corridor:

The Approach Corridor is the spatial envelope to be followed by the Payload in the Keep Out
Zone (KOZ). The notion of corridor, generally understood as a cone originating from the target
in which the Payload makes its approach, is extended to address at least:

e Relative trajectory including margin (the relative trajectory might not be a linear

translation)

e Range-rate profile (profile of the relative rate versus the relative distance)

e Relative attitude (angles and rates) profile
The qualitative parameters (e.g. reference frame) and quantitative parameters are mission
specific.
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The Space Rider Approach Corridor is a 10° (TBC) cone centered to the docking port axis
(Space Rider MPCB) within the KOZ.

P/L Abort Corridor

The Abort Corridor is the spatial envelope, which if exceeded, in case of Payload GNC loss,
creates hazardous collision between the Payload and Space Rider. The Abort Corridor, it
addresses at least:

e Relative trajectory

e Range-rate profile

e Relative attitude (angles and rates) profile
The qualitative and quantitative parameters are mission specific. The Abort Corridor typically
is larger/around the Approach Corridor although some parameters might be different (e.g. a
too small relative range rate might not be part of the Abort Corridor whereas it might part of the
Approach Corridor).
Violating the Abort Corridor results in an Abort.
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7. GENERAL DESCRIPTION

7.1. Mission

7.2. PL Description

7.2.1. Characteristics

7.2.2. PL s/s

7.3. GSE description

7.4. Interfaces

7.4.1. Interfaces with LV
No direct I/F with LV.

7.4.2. Interfaces with Ground equipment

7.4.3. Interfaces with RM

7.4.4. Interfaces with Ground Segment
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7.5. Qualification Plan
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8. SAFETY ANALYSIS

8.1. Hazard classification

Scale

GOA

GOB

G1A

G1B

G2

G3

8.2. Hazardous subsystems

Impact

Safety
Catastrophic

Safety Serious

Dependability
Catastrophic
Dependability
Serious
Dependability
Major

Minor or Negligible

esa

Definition

Immediate or delayed loss of human life

Permanent disability

Irreversible damage to public health

Serious injury not causing loss of life or permanent invalidity
Reversible threat to public health

Significant property damage: total or partial destruction of
public or private property-total or partial destruction of a launch
operations facility in CSG

Significant damage to the environment

Failure propagation (to the MPCB PL or SRS vehicle)

Loss of PL
Major mission degradation

Minor mission degradation or
any other effect

The following table define the risk-related subsystem

Potential hazardous sub-system

Applicability
to the PL

Foreseen
Compliance

Verified
Compliance

Propulsion, AOCS, ACS systems

+ Command and control circuits

+ Propulsion system GSE, Operations

Electrical systems, batteries, Heaters

+ Umbilical Electrical interfaces

+ Electrical system GSE and ground operations

Non-ionizing RF systems, Optical system Laser systems,
other RF sources

+ RF-system ground operations

Pressurized systems with fluids and gas other than
propellants, including biological materials

+ Pressurized systems Command and control circuits

+ Pressurized systems GSE and ground Operations
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Mechanical / Electro-Mechanical systems, Transport /
Handling

+ Other systems and equipment

+ Linked GSE, ground operations

Hazardous material not previously covered

lonizing systems

Electro-Explosive Devices, Solid Rocket Motor or other
pyrotechnical devices

NB: It is recalled that ionising system and pyrotechnical systems (at the exception of pyro
valves or similar pyro-devices) are forbidden by [AD1].

NB: please when missing indicate if a dedicated GSE is foreseen for a potential risk-related
system (of course not the one provided by the Launch or Landing services).

Hazardous material, as identified in chapter 8.1.1 of [AD1], shall be accompanied by MSDS.
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8.2.1. Propulsion, AOCS, ACS system

Propulsion system, depending on their nature, may depend on chapter 8.1.1, 8.1.2 or 8.1.4 of
[AD1].

8.2.1.1. Liquid Propulsion system

Describe the liquid propulsion system with functional diagrams and schemes showing position
in the satellite.
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8.2.2. Electrical systems

Diagram of the PL’s electrical architecture

Identification of risk related items:

Conformity of the connectors, cables and distribution (strong and weak currents, grounding):

Batteries:
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Heaters:

Risk related items analysis.

EMC compatibility:

Operations
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8.2.3. RF Sources

8.2.3.1. Non-lonizing radiation

Safety analysis
Operation:
EMC compatibility:

8.2.3.2. Optical systems

Description:

Operation:

Analyse
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8.2.3.3. Laser

Description:

Operation:
Analyse

8.2.3.4. Other
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8.2.4. Fluid, pressurized system and biological material

8.2.4.1. Pressurized system

Nature of the fluid Container (vessel) Piping
P> 0.5 bar
and P> 0.5 bar
gﬁaoﬂwm%rmm V> 1 litre and
exceeds nomal atmospheric pressure | 219 DN =32
by 0.5 ber. St PV > 50 bar x 1 and
or PxDM = 1000 bar
P > 1000 bar
P = 10 bar P = 10 bar
IJQL:IIDEMmevapmrprem.reatHz and and
aimum  acceptable - temperature Px\V = 10000 bar x 1 DN = 200
less than or equa to Dﬁlebal' above or and
R e e P > 1000 bar PxDN > 5000 bar
A" s internal volume of the vessel in litres

P :gauge pressure in bars

DN @ nominal bore in mm. - Numerical designation of the nominal bore size common to all components of a piping
system, other than elements designated by their outer diameter or thread size. The DN value is rounded for reference
purposes and has no strict relationship with manufacturing dimensions. "DN" followed by a number indicates nominal

bore size.

Page 20/24

+ THE EUROPEAN SPACE AGENCY



ESA UNCLASSIFIED — For ESA Official Use Only @

8.2.4.2. Hazardous fluids and biological material
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8.3. Hazardous Materials

8.3.1. Genetically Modified Organisms (GMOSs)
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8.4. Mechanical, transportation and other
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8.5. Flight-Only safety analysis

8.5.1. Failure propagation Avoidance

8.5.2. All P/L category requirements

Report compliance to the requirements applicable to all P/L categories.

8.5.3. Deployed P/L category requirements

Report compliance to the requirements applicable only to Deployed P/L categories.

8.5.4. Movable P/L category requirements

Report compliance to the requirements applicable only to Movable P/L categories.
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