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Scope

In Resolution 62/217 “International cooperation in the peaceful uses of outer
space”, the General Assembly in para 26 endorses the Space Debris
Mitigation Guidelines of the Committee on the Peaceful Uses of Outer Space
and in para 27 agrees that the voluntary guidelines for the mitigation of space
debris reflect the existing practices as developed by a number of national and
international organizations, and invites Member States to implement those
guidelines through relevant national mechanisms.

This presentation outlines relevant process/procedures being under
development at the German Space Agency DLR for the implementation of
these guidelines.
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From Guidelines to Implementation (1/4)

Fundamental principles

Technical Guidelines

Applicable Rules

Nat. Guidelines derived from ECoC

. How shall things be done?

By which means can things be done?

Support documents, tools

_/
*): Inter-Agency Space Debris Coordination Committee
# **): International Organisation for Standardization
Deutsches Zentrum
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From Guidelines to Implementation (2/4)
European Code of Conduct Requirements, Protected Regions

Section No. Section Req.- ID  Keyword
CoC-3 MANAGEMENT MEASURES
Coc- 31 AFPPLICABILITY SORMEQY | Appiicanity
CoC-332 SPACE DEBRIS MAMAGER | SOMALOZ | Space Debrls Manager
CoC-3.3 SPACE DEBRIS SOUEQS | Space Debris Mitigation Plan
MITIGATION PLAN SO-MVEOE | Space Debris Tasks of any Space Propct
SOVEQS | Space Debris Mitigation Pian Descriphion
SOEVEOE | Space Debris Mitigation Cormpliance
Coc-34 FROJECT REYIEWS SOMUEQT | Project Rewviews
SONEOS | Project Reviews Reporting
CoC -4 DESIGH MEASURES
Cao- 41 FREVEMTION MEASURES
CoZ-411 Mission related ohjects SO-0E-07 | Simpledduitiole Payvioadis Launch
SO-0E-02 | Retail Released Parts
SO-OE-03 | Subarbital Space Objact
Caoc-41.2 Fragmentation SO-0E-04 | intentional Destruction
SO-0E-09 | Accldental Destruction
CoC-413 Solid propellants and py- | SO-0E-06 | Salid Prapeilant and Pyrotechnic Use
ratechnics
CoC-414 materials and technalo- SO-OE-07 | Materizis and Technobglies Selection
dies
CoZ-415 Malfunction
CoC-472 EMD-CF-LIFE MEASLUIRES
Coc-4.21 Passivation SO-0E-08 | Passivation
CoC-4272 Ce-orbiting SOROE-08 | De-Crbiting
CoC-423 Re-orbiting SO-OE-10 | Re-Crbiting
CoC-43 IMPACT PROTECTION MEASURES
CoC-44 RE-EMTRY SAFETY MEASLRES
Coc-4.4.1 Safety policy SO-0E-11 | Bafehy Policy
CoC-442 Re-entry SO-OE-12 | Safe Re-entny on Ground
CoC -5 OPERATIONAL MEASURES
Caoc- 81 FREVEMTION MEASURES | SL-0AOT | Sperational Procedunes
CoC-a2 EMD-CF-LIFE MEASURES
Caoc-48.2.1 Passivation SO-0F02 | Passivation
CoC-522 Protected regions
CoC-5823 Disposal SO-QR03 | Disposal (general)
SO0A04 | Disposal of Geostationans Spacecratt
SO-0P05 | Dispoaal Profaibilily Success
Coc-a3 IMPACT PROTECTION MEASURES
CoC-54 RE-ENTRY SAFETY MEASURES
CoC-541 Safety policy SOFQR0F | Muciear Reactor and Power Solrces
CoC-542 Re-entry SO-0R08 | Reendny and Traffic Reguwiations

List of European Code of Conduct Requirements

Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV

Protected Regions

(Credits: Centre National d"Etudes Spatiale, CNES)
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From Guidelines to Implementation (3/4)

Space systems should be
designed not to release debris
during normal operations. If
this is not feasible, the effect
of any release of debris on the
outer space environment
should be minimized.

In all operational orbit
regimes, space systems
should be designed not to
release debris during normal
operations. Where this is not
feasible any release of debris
should be minimised in
number, area and orbital
lifetime. Any program, project
or experiment that will release
objects in orbit should not be
planned unless an adequate
assessment can verify that the
effect on the orbital
environment, and the hazard
to other operating space
systems, is acceptably low in
the long-term. The potential
hazard of tethered systems
should be analysed by
considering both an intact and
severed system.

a) For the launch of a single payload, there should be only one element (for example, stage) of
the launch vehicle injected into orbit, excluding the payload.

b) For the launch of multiple payloads, there should be at most two elements (for example, stage,
adaptation structure for multiple payloads) of the launch vehicle injected into orbit, excluding
payloads.

a) For payloads, mission related components (for example, attachments of electrical wiring,
devices retaining antennas, apogee boost motor heat shields, solid propellant thruster nozzle
blanks, observation instruments protections, explosive bolts, springs, belts) should be designed
so that released parts are retained.

b) Devices, which by design release objects other than payloads into orbit, should be avoided (for
example, "yo-yo" device).

When a) or b) cannot be fulfilled, potential space debris should be identified (number, size, orbit
parameters, orbit evolution, orbital lifetime, etc.) and included in the space debris mitigation plan.

Any suborbital space object (for example, launch vehicle stage, adaptation structure for a launch
of multiple payloads) should not generate long-lived space debris.

Solid propellants likely to generate space debris in the form of particles greater than 10 microns
should be avoided.

The use of pyrotechnics (for example, pyrotechnic cutters) in orbit should not generate any
particle of size greater than 10 microns.

The materials, their application, and the design (structures, tanks, propellant, equipment, surface
materials, etc.) should not generate space debris during the orbital phase of any space system.

Where the generation of space debris due to the materials and basic technologies cannot be
avoided, the number, size, and lifetime of debris generated should be minimized.

The materials and basic technologies selected for space systems should be qualified accordingly
(for example, qualification plans should include tests - radiation, shock, etc. - demonstrating
minimal space debris production).

Deutsches Zentrum
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From Guidelines to Implementation (4/4)

Fundamental principles ‘CODE LEVELS FOR DESTRUCTIVE RE-ENTRY ANALYSIS
i Code
E“‘t Complex- Code \pplicabili
o iy sifok availability
= DAS Free download
Technical Guidelines oo SRS 1 [Verysimple| OSRP | Simple objects Day Self implermen-
ROII01_ETA Fuaview of Space Debris Standards Nuts & Bolts falton
RO31D02_ETA Requirsments considered by the Space Debas End-1o-End Servc = N
T ;
RO311003_ETA End-to-End Service Gude (this s S'ggh cbjects andim?msﬁl':?: By aom.rant,mlh
RO3M004_ETA investgaton of Natona| Needs & Status of Knouledge (Tachnica| 2| - Simple | MORSAT | objects), ground dispersion with Day e b NASAS)
one break-up event, debris
Appllca ble Rules RO31A0E ETA :::;dl:::ouol possibilies for Radar facikbes to support debrrs pn J-ORSAT | casualty area 7
RO31008_ETA Synihess of the DLR Project Space Debns End-1o-Ef = = I up to )
RO31r002_EMI_3310 | Damage Process and of Protection sys{ | Step 1: Re-entry analysis required? | Stap 2: Coda aslaction | leral BY"D"‘{_BG“‘“‘““
RO31r002_EMI_3320 |E i and Fratection System Desiy Inths: g
S/C Construction
Analytical Optimization of Protection Systems (Techn
P ea: FTH WP 3330) * SIC Mass m>240kg | ——> ysis
| How shall things be done? RO31:001_OHB Proluctve Measuses for Saelites agams! o Gitboal ilidariels i T W00 K
-~ RO31r002_0OHB ift Design Measures for the Avodance of Sg ¢
By which means can things be done? RO31r003_OHB System Requirements Matehing
Support documents, tools RO31I004_OHS Des IE'
| ign Synthesss Report Capabiity of Code
— RO311005 OHE Operational Measures for the Avoidance of Space Dy WY sk and type of
RO31ON_HTG Revitra: of Ro-eniry and Related Analys| o analysis “,M’m o
ROMI2_HTG Criteria for C-Design and Re-entry with Minimized
RO3O0_ILR Long Term Analysts
RO31A02_ILR CostBeneht Analyss of Debes Miigabon Measures
PR I The principle of the 2 step code selection procedure I
RO31006_ETA Dedsres: el Merbaroad Resk Anabysas for e pilol o]
RO31r007_ETA Debais ive Measures and .
RO31003_EMI Shielang Goncept for the pilot profest Figure 3-1: Principle of the analysis code selection procedure
= RO31r006_OHB D of exemplary Mission and Satellite Desgn
1.7.3 Supporting Documents —
a The supporting documents aim to direct those involved in the - ST, OHE: Svﬁhm! Chsge ol W - -
management, design, operation, and mission control to appropriate RO31rd8_OHB COperational Measures far the pilot project
sources of information and tools to assist in implementing the ROMrd09_OHB Inputs to Measures and Recommendations for the pilot project
reguirements for space debris mitigation (para 5.3.2.2) Table ISDETES reference documentation
Toc-10 _ Title _ ) )
b CoC_v1.0[040628] European Code of Conduct for - \
Space Debris Mitigation, lssue 1.0,
28 June 2004
support to implem ofthe CoC_wT.0 | Support to mplementation of the
[040628] European Code of Conduct for
Space Debris Mitigation, lssue 1.0, -
25 June 2004
ESAMRC2000)14 European space debris policy =
7151 WAGA-ET0-5718. 14, Process for I CoC Work Instruction Technical
Lirmiting Orbital Debris
IADC Mitigation Guidelines rev 1 IADC Space Debris Mitigation Guidelines CoC3 Resources
September 2007 Guidelines, Revision 1, September -
2007
[ADC.5D.AI20.53.10.2004 Support to the JADC Space Debris I en
Mitigation Guidelines, lssue 1,5 Work Instruction
October 2004 CoC3 ° 3 gf:cto
IADC.PM.+3.3.04.04.2004 Inter-Agency Space Debris - o
Coordination Committee,
PROTECTION MANUAL, Version CoC 4 How and when What resources
3.3, Revision April 04, 2004 l are they
ACT05_BI0E-T Report af the Scientific and A Work Instruction are available?
Technical Subcommittee on its COC 5 applled?
forty-fourth session, held in Wienna L] CoC5.1
from 12 to 23 February 2007, 6 CoC 5.1
March 2007, Annex IV Space debris ; .
rSniUgal_iT_nﬂ gﬂd;\iﬂss_nflma I CoC 5.2 eD ;:gtg:zilni
cientific and Technical
Subcommittee of the Committee on - CoC5.3 Work Instruction documents
the Peaceful Uses of Outer Space CoC 5.2
I Step 1
Step 2

|
Today SDETES: Space Debris End-to-End Service
Deutsches Zentrum
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Product Assurance Requirements Tailoring Process (1/5)

Deutsches Zentrum

DLR-RF-PS-001

European Cooperatio Tailoring Catal
Space Standardizatio - a o

European Space
Components
Cooperation

Space Station & Shu
Safety
Product — Assurance &

Safety — Requirements for
LR - Space Projects

DLR  fur Luft- und Raumfahrt &.V.

Military Standards

FOR SPACE STANDARDIZATION

Issue 5.0
May 2005

DLR-RF-PS-002

Issue 5.0
May 2005

Document Requirement Definition (DRD)

)
E
m
3
9
2

European CoC
Space Debris

NASA STD 8718.14

i DLR fiir Luft- und Raumfahrt eV,

Product — Assurance &
afety — Requirements for
DLR - Space Projects

# Deutsches Zentrum German
DLR fir Luft- und Raumfanrt .. Aerospace Center j
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Product Assurance Requirements Tailoring Process (2/5)

DLR-RF-PS-001

Tailoring Catalogue

|

T
EADS

ASTRIUM

|

EADS

SPACE
TRANSPORTATION

Product — Assurance &
Safety — Requirements for
DLR - Space Projects

2 TESAI e
r‘ Document Requirement Definition (DRD)

FUCHS GRUPPE

LTI Y paduawe

s

Issue 5.0; November 2004

Based on the previously applicable issue of the Product Assurance and Safety
Requirements for DLR Space-Projects, the new issue has been prepared by a
f prime

Deutsches Zentrum

DLR fiir Luft- und Raumfahrt ..

ESESTEMENT OF COOPERATION

Product Assurance and Safety Requirements for DLR Space-Projects

ar
yspace C

from

working group

of
aerospace contractors and DLR Product Assurance experts.
The purpose to revise the previous issue was to achieve a harmonisation with
the current valid ECSS standards under consideration of DLR specific space
activities, and to get a common approach with industrial policy.
The new issue is the result of keeping to these principles.
In order to determine the extend to which the are made
to a specific project in the most cost-effective manner, the content of this
document has been designed to enable tailoring by DLR based on identified
specific project objectives and constraints.

Bonn, 18 November, 2004

——————————
_Quality Expert Working Group

Cuality Director

Cuality Manageamant & Services
Tesat-Spacecom GmbH & Co KG

4 L
5. Rizmann
Head of Quality Assurance

Astro- u, Feinwerktechnii
1 GmbH

W/ Jobi
Head of Préduct Assurance
Projects
DLR

= /

I 7z +

i A EADS

A T - SPACE

. Miller ~TRANSPORTATION

Quality & Process Managemsant
EADS Space Transpodtation

“ ASTRIUM

Mafiagament Projects, Guality
EADS Astrium GmbH ,aw

J| Mathes
Head of Product Assurance FUCHE SRUPRE
OHE System AG
g e A
A e o -
X Actarahof Gt

W. Tgick
Head of Quallly Management
Kayser-Threda GmbH

ll( (guw ‘k':’\"i.‘f:'(-
M. Scheusr-Leesar
Head of Qualty & Product Assurance
DLR DLR

KAYSER-THREDE Product — Assurance &
Safety — Requirements for
/ DLR - Space Projects
Astro-
und Feinwerktechnik
Adlershof GmbH

Deutsches Zentrum
DLR fir Luft- und Raumfahrt e V.
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Product Assurance Requirements Tailoring Process (3/5)

Content of the DLR Standard Product Assurance Requirements Catalogue

Subject

Product Assurance
Management

Quality Assurance &
Verfification

Dependability

Safety

EEE-Parts Procurement

Mechanical Parts,
Materials & Processes

Software Product Assurance

Mission Operation

@ Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV

Source
ECSS-Q-00 ECSS-Q-20 ECSS-Q-20-09 ECSS-M-00 ECSS-M-20 ECSS-M-30
ECSS-M-30-01 ECSS-M-40 ECSS-M-50
ECSS-Q-20 ECSS-Q-20-04 ECSS-M-40 ECSS-E-10 ECSS-E-10-02 ECSS-E-20
ECSS-Q-30 ECSS-Q-30-02 ECSS-Q-30-01 ECSS-Q-40-12 3
ECSS-Q-60-11 ECSS-E-10-05 -
ECSS-Q-40 ECSS-Q-40-02 ECSS-Q-70-29 ECSS-M-20
ECSS-Q-40-12 ECSS-Q-70-36 ECSS-E-30-01
ECSS-Q-60 ECSS-Q-60-01 ECSS-Q-60-05
ECSS-Q-70 ECSS-Q-70-04 ECSS-Q-70-10 ECSS-Q-70-21 ECSS-Q-70-28 ECSS-Q-70-36
ECSS-Q-70-01 ECSS-Q-70-06 ECSS-Q-70-11 ECSS-Q-70-22 ECSS-Q-70-29 ECSS-Q-70-37
ECSS-Q-70-02 || ECSS-Q-70-07 | ECSS-Q-70-18 || ECSS-Q-70-26 || ECSS-Q-70-30 | ECSS-E-30-01
ECSS-Q-70-71 ECSS-Q-70-08
ECSS-Q-00 || ECSS-Q-80 ECSS-E-40
ECSS-Q-20 ECSS-E-70

7 MIL
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Product Assurance Requirements Tailoring Process (4/5)

Stage-1) Request for Proposal
Project Tailoring Project Request for
Requirements A-Requirements )PA-Requirements Proposal

DLR PA-Requ. Catalogue

Stage-2) Proposal
I

I
Response Proposal Winner
Compliance Matrix Assessment

# Deutsches Zentrum
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Product Assurance Requirements Tailoring Process (5/5)

Stage-3) Contract

Consolidation of \ Consolidatet
PA-Aktivities PA-Requirements

=

Stage-4) Contractor
Resp, Comp.Matrix PA-Planning
. Contractor
Project PA-Requ. PA-Plan
Stage-5) PA-Controlling

= =

] Reviews
Consol, Comp.Matrix Reports
ﬁ Inspection
Audits
Project PA-Requ. ﬁ
PA-Plan

Consol, Comp.Matrix
Project PA-Requiremnets

# Deutsches Zentrum
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (1/7)

EnMAP (Environmental Mapping and Analysis Program)

Payload
Electronics
Radiator

Bus Modified OHB Bus

Instrument New Design

S/C Weight 740 kg
S/C Dimension 1,3m x 1,7/m x 3,1m

SWIR Cooler
Radiator

Payload ]
Optical path

Orbit altitude 643 km Payload

boxes

Orbital period ca. 98 min XBand  Lanen  S-Band

Bus
Radiator

Antenna Adapter Antenna
Orbit inclination | 97.96°, SSO

Mission lifetime | 5 years

# Deutsches Zentrum
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (2/7)
Under Investigation: Impact/Penetration Risk Analysis

Time span (in year) between collisions with a space debris/meteoroids

Particle size

Particle class

1mm-1cm 1cm-10cm 10cm—-1m 1Tm-10m
Space Debris 14.85 737 17,230 55,503
Natural meteoroids 8.05 2,632 N/A N/A

Particle size
Particle class
1mm-1cm 1cm-10m
Space Debris 29% 0.7%
Natural meteoroids 46% 0.2%
Requirement 1% 0.1%

e

Deutsches Zentrum

DLR fiir Luft- und Raumfahrt eV,

Probability (%) of collisions with a space debris/meteoroids over 5 years

Impact on HST solar array
(Credits: European Space Agency, ESA)

Impact effect on aluminium plate
(Credits: European Space Agency, ESA)

5,268 impacts per year for debris in the range of [1 um, 1 mm], contribute mainly to surface
degradation

16 >
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Space Debris Mitigation Measures — Examples upon

Subjects of Analysis and Implementation (3/7)
Under Investigation: Impact/Penetration Risk Analysis

# Penetration to # impact ratio of the spacecraft external walls

Particle size

<1 mm

[1Tmm, 1cm]

>1cm

Penetration / Impact

~1

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt e V.

Penetration probability (%) with respect to incoming particles flux

S

@

Ps

‘ [y
/ L
' v
7 ftw

Modelisation of the Honeycomb structure

Penetration Probability

Particle size

[1mm, 1 cm]

[1cm, 10cm]

[1mm, 1 cm]

[1cm, 10cm]

External Walls

External Walls + Housing
Space debris 41.2% 0.09% 1.29% 0.07%
Natural Meteoroids 15.7% 0.00% 0.17% 0.00%
Requirement 1% 0.10% 1% 0.10%

Note: Equipment housing between 2 to 4 mm (aluminium)

17 >
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (4/7)
Under Investigation: Re-entry Safety

Study frame

> Altitude at re-entry 120 km altitude

7 Re-entry date 1st January 2031 — Maximum 25 years de-orbiting

7 Re-entry type Natural orbit decay — Uncontrolled

7 Scenario Break-up altitude 78 km — “Shadowing” effect neglected

= Software DRAMA" for Re-entry analysis — Survivability and Risk analysis
Survivability

*> No component reaches the surface Ah =60 km Detisestaact aLestuses o1 o1 05jemte

= Minimum altitude reaches by a S/C component 60 km ~[ °% o., oom , Tevise tmndes O

=7 Last component to demise in the atmosphere Prism ™ MR O o

ol “s e

Casualty risk on ground
= No component reaches the surface

5@

48

Altitude Ckml

3@ -

za -

18

Aircraft flight level

*): Debris Risk Assessment and Mitigation Analysis, European Space Agency, ESA s Py — e p— — p— g oo

Distance L[kml
# Deutsches Zentrum
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (5/7)
Under Investigation: Re-entry Safety, Contamination Aspects

Substance Hydrazine (N.H,)

O,+ OH
Risk Highly toxic
Measure ACS Hydrazine propellant burnout [1.5 kg residual] - NH, —¥» N, + NH,
\—> - Disposal Maneuver Lower perigee altitude - Orbital lifetime < 25 years
- Passivation Release of onboard stored energy
- Re-entry Prevention of potential contamination

Substance Lithium ion battery (Li-ion)

Risk Explosion
Measure End of life passivation - Demise at minimum 60 km altitude
\—» - Passivation Release of onboard stored energy

Disconnection of power lines

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV, 19 >
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (6/7)

7 TET-1 (Technology Test Carrier)

satellite mass

110 kg

satellite envelope

550 x 650 x 880 mm

communications /S —band

uplink: 4 kbits/s
downlink: 2200 kbits/s

Orbit

LEO

average height

450 — 850 km

inclination

53° - sun-synchronous

stabilisation

3-axis stabilisation

System

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV,

Payload segment

payload segment

460 x 460 x 400 mm

payload mass capacity

40 kg

power consumption

0-20 W

peak power consumption

160 W / 20 min (5 times per
day)

nominal oper. voltage

20,DCV

max. current

8 A

20 >
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Space Debris Mitigation Measures — Examples upon
Subjects of Analysis and Implementation (7/7)

=7 End-of-life Measures / Disposal (European CoC-Requirement SD-OP-03): the current baseline for TET operational orbit is
820km. In order to to limit the permanent or periodic presence of TET in the protected regions to a maximum of 25 years, TET
should be de-orbited to a 550 km orbit. Measures under investigation comprise following options:

7 Rising of drag coefficient by enlarging cross section

7  Application of a tether, both conductive (electro-magnetic drag) and non-conductive (momentum exchange)
under consideration

Application of a propulsion system

> 4
=7  Application of a mechanical interface for cooperative docking witin the frame of a recovery mission.

7 Prevention Measures / Mission Related Objects (European CoC-Requirement SD-DE-02): on both satellite bus and
payload level verification is ongoing to ensure that no mission related components (e.g. attachments of electrical wiring,

devices retaining antennas, apogee boost motor heat shields, solid propellant thruster nozzle blanks, observation instruments
protections, explosive bolts, springs, belts) will be released.

=7 Prevention Measures / Fragmentation (European CoC-Requirement SD-DE-05): the accidental destruction probability due
to an internal origin of any stored energy element (AOCS, propulsion, pressurised parts, energy storage elements - batteries,
fuel cells, etc.) which should be lower than or equal to 10 for the operational phase is under investigation within the frame of
the System-FMECA.

=7 Prevention Measures / Materials and technologies (European CoC-Requirement SD-DE-07): analysis of materials, their
application, and the design (structures, tanks, propellant, equipment, surface materials, etc.) not to generate space debris
during the orbital phase is ongoing.

=7 End-of-life Measures / Passivation (European CoC-Requirement SD-DE-08): processes/ technical solutions to eliminate all
stored energy to reduce the chance of break-up (e.g. venting or burning excess propellant, discharging batteries, relieving
pressure vessels) are under investigation.

Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV, 21 >
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Conclusions

7 The General Assembly endorsed the Space Debris Mitigation Guidelines of
the COPUOS and invited Member States to implement those guidelines
through relevant national mechanisms

7 This presentation outlined the process for the implementation of these
guidelines being under development at the German Space Agency DLR

7 The conversion of Guidelines to implementation mechanism/s is not a
trivial task

7 Substantial resources on different levels upon supporting documents and
tools for assistance in the implementation of technical measures for space
debris mitigation exist

7 Implementation of Guidelines at DLR is carried out by a dedicated sub-
process within the frame of the Product Assurance Requirements Tailoring
Process.
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