: 'Von der Ionenquelle zum Trlebwerk

Uber Papler lonen, ESA und Anderes
. TP 42 Electric Pro_pulsmn Lampoldshausen .

"

ks

' Ha_ﬁs Leiter // 12. Marz 2007
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

TRL — Technology Readiness Level

"

ies without prior written agreement. Its content shall not

All the space you need
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

Breitstrahl - lonenquelle mit 22 cm Durchmesser

<«———  Extraction
Grid Package

Structure

Discharge
Vessel

Gas Inlet with
Isolator

Harness RF-coil

Beam Voltage 1000V — 2000V

Beam Current 0.75A — 3A

Thrust 50 mN -250 mN

Isp 4.000s — 5000s

Hohe Strahlgeschwindigkeit

Hohe Treibstoff — Okonomie (Antriebsvermogen)

All the space you need EA[E)é: e
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

inicated to third parties without prior written agreement. Its content shall not be disclosed.

This document is the property of Astrium. It shall not be commut

RIT-22 lonenoptik

IOS Grid Set Type A

General Layout

Grid Type Two Grid System
Dish Type Outward Dish
lon Optics Layout
Screen Grid Thickness | 0.25mm
Screen Hole Diameters| 1.9mm
Distance to Accelerator| 0.7 mm
Accelerator Grid 1.0mm
Thickness
Accelerator Hole 1.25mm
Diameter
Number of Holes 7149
Materials

Screen Molybdenum
Accelerator Graphite

Performance
Specific Impulse Is 4.000s<1s<5.000s
Thrust F 50 mN <F < 250 mN

All the space you need
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Wozu kann man RIT-22 verwenden?

| o |
NSSK Next Generation Telecom Sat
Interplanetary Mission

Lunar Mission

EADS L

All the space you need BEsSsEriom
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h

Einen Auftrag bekommen - Angebotsprozess

Invitation to Tender (ITT) Cover Letter

Request for Quotation (RFQ) Technical Proposal

- Technische Beschreibung

- Studienlogik / Projektstruktur
- Tec. Compliance Matrix

Cover Letter
Management Proposal
Statement of Work - Company Experience
Requirement Specification - Key Personal
~ (Draft Contract) - WBS
- WPD
- Manag. Compliance Matrix

Financial Proposal
- Validity
- Price
- PSS A..

.=- T
EADS
All the space you need =25Erium
| '4§j_12_‘/.2006 — Page 7
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NESS UNIT (Optional, in Folienmaster &nderbar)

Work Break Down Structure (WBS)

WP 1300

WP 3300

Astrium FHN Electranics Design

o third parties without

WP 2310

EADS

sEskEriaom
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

b

Projektverlauf

Angebotsphase

Auswabhl

Nachverhandlungen (Negotation Meeting)
Projekt ,Kick-Off* Meeting

Requirement Consolidation

PRR (Preliminary Requirement Review)
Design

MAIT

PDR / CDR

All the space you need
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h

PDR / CDR Data Package

Design Reports
- Analysis
- Drawings
- Justifications
Manufacturing Results
- Handling Procdures
- Measurement Results
- Manufacturing Reports

Test Results
- Test Plan
- Test Procedures
: - Test Reports

All the space you need
. 19/12/2006 — Page 10
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Analysen:
Structural Analysis
Thermal Analysis

FMEA/FMECA
Reliability Analysis

EADS
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

High number of nodes due to
grid (714 holes)

Radial symmetry of thruster
allows to model segment of ¥/6

content shall not be disclosed.

icated to third parties without prior witten agreement. Its

This document s the property of Astrium. It shall not be communi

All the space you need
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Abschluf3ring
Keramikring oben

Beschleunigungs-

elektrode
oberer Molybdanring

Keramikring
unterer Molybdanring

Screen

Fassung

Entladungsgefal

Gehause

=
-

)
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Structural Analy5|s predlcts positive margins for screen and

inicated to third parties without prior written agreement. Its content shall not be disclosed.

Screen Gnd

This document is the property of Astrium. It shall not be commut

All the space you need
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Acceleration Grid
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Thermalanalyse

I-DERS % : Taam Data : Rit22.E30Mod : /hema/hartmann/thermal /RITA/RIT22/Esata 14-Nov=-D& 1D:45:35
Database: Shape hartmann/thecmal PRITA/RITZZ/Eastanitiod/ Gean/ ritd2 B30 Units oMM
Wiew  : Ho stozed Workh View Display : Mo stored Option

Task : Master Asss
Model: <nome on workbenche

Neutralizer

Nodes in Circumference

View on Grids
fe=—— o)
1
2

Groups = Encircled Numbers
Nodes = Bare Numbers

Standardwerkzeuge
ESATAN
Thermica

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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Thermalanalyse

Analyse auf Systemlevel

Epsilon
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Thermalanalyse

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

T04=3174C

1241 =321.7C
1251=321.4C

T03=136.6C
T03=137.0C |
1693 =136.8C

All the space you need
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T04=316.8C |

T10=311.7 C
T10=312.0 C <

+ measured 30.7.05.

1231=3115C

measured 10.5.05.

1223 = 287.4 C+ calculated

calculated

TO1=1472C
TO1=149.3C
\ \

T05 = 142.4 C $82 - g%-g CC3

T05=136.0C :

1143 = 136.8 C 1271 =304.6 C

1281 =310.5C

TO8 = defect T09 =300.7 C

T08 =163.7C T09 = 297.3C

1173 =161.8 c\. 1351 =303.7C

]:Hi

EADS _—
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h
FMEA/FMECA

Failure Mode and Effect Analysis
Failure Mode and Critical Efect Analysis

Funktionen identifizieren

Mogliche Fehlertypen erkennen
Auswirkungen der Fehlertypen analysieren
Mogliche Fehlerursachen erkennen

Fehlerschwere (,Severity®) und — wahrscheinlichkeit
bewerten

Alle ,Single Point Failures* identifizieren

i

4
: L
All the space you need EAQ% Eriom

. 19/12/2006 — Page 16
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h
Relaibility Analysis
Relaibility Analysis bestimmt
Funktionswahrscheinlichkeit

|dealfall R=1

Jeder Einzelkomponente wird
Uberlebenswahrscheinlichkeit zugeordnet

Gesamtwahrscheinlichkeit wird bestimmt
SPF werden gelistet

All the space you need
. 19/12/2006 — Page 17

-

EADS

askEr

\

I rm



BUSINESS UNIT (Optional, in Folienmaster &nderbar)

b

Design Reviews

Preliminary Design Review (PDR)
Critical Design Review (CDR)

Definition of Review Board
- Members and Chair

Delivery of CDR/PDR Package
RIDs

CDR/PDR Meeting

CDR/PDR Close-out

i
= T
All the space you need EAQ% Er ﬁ.ﬁ
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h
Vom Testen, Experimentieren und so...

Test: Dedektierung klarer
Entscheidungskriterien

Experiment: Validierung / Falsifizierung von
Vorhersage aus Theorie

Erkennen von Kausalitaten

Test und Experiment zeichnen Zielgerichtetes Handeln

sich aus durch

Etwas zum Eunktionieren Demonstration der Machbarkeit
i bringen Kunde, Chef etc. beeindrucken
leider haufig weitestgehend
wertlos
; i
EADS i

All the space you need =25Erium
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

h

Tests

Qualification Tests

- typ. Faktor 1.5 héhere Lasten als im Flug auftreten
- werden mit Flight Qualification Model FQM / QM
durchgefthrt

- FQM / QM werden nicht mehr als FM eingestzt

Acceptance Tests
- werden mit jedem Flight Model (FM) durchgeflhrt
- typ. Faktor 1/ 1.2 Lasten

Entwicklungstests

Generell konnen individuelle Vereinbahrungen tber die
Faktoren fur Acceptance und Qualification Tests vereinbahrt
werden

i

EADS

All the space you need =25Erium
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BUSINESS UNIT (Optional, in Folienmaster &nderbar)

ke
RIT-22 Test Programm

Lebensdauertest
- Gittererosion?
- Performance Degradation?

Umwelttest |
- mechanische Lasten

Umwelttest Il
- Warmestrahlung

Umwelttest Il
- Kaltstartverhalten

_:_ T
_/
All the space you need EAQ% Eriom
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

)

* 4+

*

Thruster and Test-Facility

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.

il

THRUSTER
STATION 2

CrRYOS

THRUSTER
STATION 1

-——

CRYOS

DIAGNOSTICS
30°

—307

GRAPHITE PANELS

GRAPHITE/ PANELS

BEAM
TARGET

All the space you need
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SS UNIT (Optional, in Folienmaster &nderbar)

—+ * — :

g

KR i

s | keyh. - |
N
E }

= IR

To8

B—X Valve (solenoid)
[ GAS Flange XXmm (Feedthrough)
I connctorfields TPS

[ Electrical Feedthroughs with connectors Flange XXm
= connector

H Pressure Transducer GND of MAINS

l Pressure display and com puter interface

l Flowmeter / Flowcontroller

L 03

= _e
T0
J RITXT Thruster

Vacuum D
EADS i
sasbEriaom
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BUSINESS UNIT (Optional, in Folienmaster anderbar)
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This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

$ +

*

Daily Thruster Performance @ Begin of Test
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04:00

Data File: 23-January-2005.dat
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Time [hh:mm]
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BUSINESS UNIT (Optional, in Folienmaster anderbar)
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

inicated to third parties without prior written agreement. Its content shall not be disclosed.

This document is the property of Astrium. It shall not be commut
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Umwelttest | — Mechnische Lasten

TESTSTEP A XIS TEST DESCRIPTION Remark
1. Resonance Search
2. Intermediate Sine -6 dB
1 3. Q ualification Sine
é 4. Resonance Search
% 5. ‘ Random Vibration -6 dB approx. 20 s
f 6. Random Vibration -3 dB approx. 20 s
i 7. Random Vibration 0 dB 60 s
Z 8. Resonance Search
% 9. Resonance Search
g 10. Intermediate Sine -6 dB
é 11. Qualification Sine
f 12. Resonance Search
E 13. Y Random Vibration -6 dB approx. 20 s
i 14. Random Vibration -3 dB approx. 20 s
; 15. Random Vibration 0 dB 60 s
i 16. Resonance Search

All the space you need
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

& & +

Random Vibration in z-Direction (Qualification level):

ties without prior written agreement. Its content shall not

&& # Sensor on Grid Clamp Ring
C Duration 180 s
%D) /,- &E 4 83 Max. Eigenfrequency: 476 Hz
&& E @ /1>83 Acceleration: 41.27 g2/Hz ;
All the space you need EAQ% Eriom

19/12/2006 — Page 29



BUSINESS UNIT (Optional, in Folienmaster anderbar)
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This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Tieftemperaturverhalten

Triebwerk in Cryo-Shroud
(Testanlage Uni Giessen
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BUSINESS UNIT (Optional, in Folienmaster anderbar)
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

content shall not be disclosed.
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

80 #

* 0- 3# 0# 1% )C)
- J1'< K@P
' &) % ) />P
Q% &
PLL and <1" : k

Protection circuits \

Input

Filters Driver and
Power Stage
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Supply
Ca. 150 kg



BUSINESS UNIT (Optional, in Folienmaster anderbar)

Output voltage ripple

VPHVC
Scales and values !
. Voutput PHVC1, (10V/Div)=12Vpp VPHVC
i Voutput PHVC2, (10V/Div)=12Vpp 2
I VPHV1+VPHV2
i (20V/div)=24Vpp=1.2%Vout
Commutation Frequency of 128kHz
i RFG Frequency of 1MHz
:  Time base =10us/div VPV

{ Test conditions

i Vbus(PHVCinput) = 102V
i lout =2A

:  Vout = 2008V
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

PSCU-RIT22
Coupled test

Efficiency measurements

25

Eficdency

B
96.00%
3 5% /
1A 077 1 197 152 178 2 2.4 o A //l'
' QL
)
P PHV 935 943 948 949 o951 951 946 | & K0
i Cl 4 2 9 8 2 L / /
B Y
© PHV 931 938 944 945 946 946 94.4 /
c2 4 3 > 8 9 6 9B ‘ | ‘
05 1 15 2
© PHV 933 94.0 94.7 949 948 945 lout
e 4 7 96 7 2 9 A
P o142 4
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BUSINESS UNIT (Optional, in Folienmaster anderbar)

Wie baue ich eine Testanlage ?

This document is the property of Astrium. It shall not be communicated to third parties without prior written agreement. Its content shall not be disclosed.
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