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Über Papier, Ionen, ESA und Anderes
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d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

TRL – Technology Readiness Level
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Breitstrahl - Ionenquelle mit 22 cm Durchmesser

� Beam Voltage 1000V – 2000V
� Beam Current 0.75A – 3A
� Thrust 50 mN -250 mN
� Isp 4.000s – 5000s
� Hohe Strahlgeschwindigkeit
� Hohe Treibstoff – Ökonomie (Antriebsvermögen)

Extraction 
Grid Package

Structure

Discharge 
Vessel

Gas Inlet with 
Isolator

Harness RF-coil
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

RIT-22 Ionenoptik

50 mN <F < 250 mNThrust F

4.000 s < Is < 5.000 sSpecific Impulse Is

Performance

GraphiteAccelerator

MolybdenumScreen

Materials

7149Number of Holes

1.25mmAccelerator Hole 
Diameter

1.0mmAccelerator Grid
Thickness

0.7 mmDistance to Accelerator

1.9mmScreen Hole Diameters

0.25mmScreen Grid Thickness

Ion Optics Layout

Outward DishDish Type

Two Grid SystemGrid Type

General Layout

IOS Grid Set Type A
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Wozu kann man RIT-22 verwenden?

� NSSK Next Generation Telecom Sat
� Interplanetary Mission
� Lunar Mission
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Einen Auftrag bekommen - Angebotsprozess
� Invitation to Tender (ITT)
� Request for Quotation (RFQ) 

� Cover Letter
� Statement of Work
� Requirement Specification
� (Draft Contract)

� Cover Letter
� Technical Proposal
- Technische Beschreibung
- Studienlogik / Projektstruktur
- Tec. Compliance Matrix
� Management Proposal
- Company Experience
- Key Personal
- WBS
- WPD
- Manag. Compliance Matrix
� Financial Proposal
- Validity
- Price
- PSS A..



19/12/2006 Page 8

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f 
A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r 

w
rit

te
n 

ag
re

em
en

t. 
Its

 c
on

te
nt

 s
ha

ll 
no

t b
e 

di
sc

lo
se

d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

Work Break Down Structure (WBS) 
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Projektverlauf
� Angebotsphase
� Auswahl
� Nachverhandlungen (Negotation Meeting)
� Projekt „Kick-Off“ Meeting
� Requirement Consolidation
� PRR (Preliminary Requirement Review)
� Design
� MAIT
� PDR / CDR
� Final Presentation
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

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

Analysen: 
� Structural Analysis
� Thermal Analysis
� …
� FMEA/FMECA
� Reliability Analysis
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d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

���
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� High number of nodes due to 
grid (714 holes)

� Radial symmetry of thruster 
allows to model segment of �¥ /6
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BUSINESS UNIT (Optional, in Folienmaster änderbar)
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� Structural Analysis predicts positive margins for screen and 
accel grid

Screen Grid Acceleration Grid
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d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)
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Thermalanalyse

Standardwerkzeuge
� ESATAN
� Thermica
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d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

Thermalanalyse

Analyse auf Systemlevel
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Thermalanalyse

T03 = 137.0 C 
T03 = 136.6 C 

T01 = 149.3 C 
T01 = 147.2 C 

1143 = 136.8 C
T05 = 136.0 C 
T05 = 142.4 C 

T06 = 317.4 C 
T06 = 316.8 C 
1271 = 304.6 C
1281 = 310.5 C

T09 = 300.7 C 
T09 = 297.3 C 
1351 = 303.7 C

T10 = 311.7 C 
T10 = 312.0 C 
1223 = 287.4 C
1231 = 311.5 C

node number 

measured 30.7.05. 

calculated

calculated

measured 10.5.05. 1251 = 321.4 C
1241 = 321.7 C

1173 = 161.8 C

T08 = defect

T04 = 317.4 C 
T04 = 316.8 C 

1693 = 136.8 C

T08 = 163.7 C 
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

FMEA/FMECA
� Failure Mode and Effect Analysis
� Failure Mode and Critical Efect Analysis

� Funktionen identifizieren
� Mögliche Fehlertypen erkennen
� Auswirkungen der Fehlertypen analysieren
� Mögliche Fehlerursachen erkennen
� Fehlerschwere („Severity“) und – wahrscheinlichkeit

bewerten
� Alle „Single Point Failures“ identifizieren
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Relaibility Analysis
� Relaibility Analysis bestimmt 

Funktionswahrscheinlichkeit 
� Idealfall R=1
� Jeder Einzelkomponente wird 

Überlebenswahrscheinlichkeit zugeordnet
� Gesamtwahrscheinlichkeit wird bestimmt
� SPF werden gelistet
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

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
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Vom Testen, Experimentieren und so…
� Test:

� Experiment:

� Test und Experiment zeichnen 
sich aus durch

� Etwas zum Funktionieren 
bringen

� Dedektierung klarer 
Entscheidungskriterien

� Validierung / Falsifizierung von 
Vorhersage aus Theorie
� Erkennen von Kausalitäten

� Zielgerichtetes Handeln

� Demonstration der Machbarkeit
� Kunde, Chef etc. beeindrucken
� leider häufig weitestgehend 
wertlos
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d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

Tests
� Qualification Tests

- typ. Faktor 1.5 höhere Lasten als im Flug auftreten
- werden mit Flight Qualification Model  FQM / QM 
durchgeführt
- FQM / QM werden nicht mehr als FM eingestzt

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

� Entwicklungstests

� Generell können individuelle Vereinbahrungen über die 
Faktoren für Acceptance und Qualification Tests vereinbahrt
werden
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

RIT-22 Test Programm
� Lebensdauertest

- Gittererosion?
- Performance Degradation?

� Umwelttest I
- mechanische Lasten

� Umwelttest II
- Wärmestrahlung

� Umwelttest III
- Kaltstartverhalten
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BUSINESS UNIT (Optional, in Folienmaster änderbar)
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Thruster and Test-Facility
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BUSINESS UNIT (Optional, in Folienmaster änderbar)
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BUSINESS UNIT (Optional, in Folienmaster änderbar)
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

�$�����+�����*�
������ � ��/�������

Daily Thruster Performance @ Begin of Test
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

�$�����+�����*�
������ � ��/�������
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

%�&�����&�� +�����

RIT-22  EM02 prepared for Vibration 
Test



19/12/2006 Page 28

T
hi

s 
do

cu
m

en
t i

s 
th

e 
pr

op
er

ty
 o

f 
A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r 

w
rit

te
n 

ag
re

em
en

t. 
Its

 c
on

te
nt

 s
ha

ll 
no

t b
e 

di
sc

lo
se

d.

BUSINESS UNIT (Optional, in Folienmaster änderbar)

Umwelttest I – Mechnische Lasten
 
 

T E S T S T E P  A X I S  T E S T  D E S C R I P T I O N  R e m a r k  

1 .   R e s o n a n c e  S e a r c h   

2 .   I n t e r m e d ia t e  S in e  - 6  d B   

3 .   Q u a l i f i c a t i o n  S in e    

4 .   R e s o n a n c e  S e a r c h   

5 .   R a n d o m  V ib r a t io n  - 6  d B   a p p r o x .  2 0  s  

6 .   R a n d o m  V ib r a t io n  - 3  d B   a p p r o x .  2 0  s  

7 .   R a n d o m  V ib r a t i o n  0  d B  6 0  s  

8 .   

Z  

R e s o n a n c e  S e a r c h   

9 .   R e s o n a n c e  S e a r c h   

1 0 .   I n t e r m e d ia t e  S in e  - 6  d B   

1 1 .   Q u a l i f i c a t i o n  S in e    

1 2 .   R e s o n a n c e  S e a r c h   

1 3 .   R a n d o m  V ib r a t io n  - 6  d B   a p p r o x .  2 0  s  

1 4 .   R a n d o m  V ib r a t io n  - 3  d B   a p p r o x .  2 0  s  

1 5 .   R a n d o m  V ib r a t i o n  0  d B  6 0  s  

1 6 .   

Y  

R e s o n a n c e  S e a r c h   
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

%�&�����&���+�����
Random Vibration in z-Direction (Qualification level): 

�����������&&����������#��*
�
��������C���

%�D)���/��,��-
��&(E��4��83
�&&���������E�����@�/!>83

Sensor on Grid Clamp Ring
Duration 180 s

Max. Eigenfrequency: 476 Hz
Acceleration: 41.27 g2/Hz
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

:1FG�
� � ��2����.������������H!I

J ���
������D'���*����
��(..����&�������.������*�	����
�-
�2)�'�	���,�
D��,�K��)4��"

J ���*�2������������'����������
����2��
��

J ���
���2�&����*�2�������L��)�� �c
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Tieftemperaturverhalten

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

��
����������

��
�����3��

J ��::%������*�,���.���������6$�������/������	������ ��!!

J !��%��2����������*������*

J �%�,���N1�
'��*�����O �2�������
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

80�#��������

��*���0��-
��3�#������������0#���
������

 PLL and 
 Protection circuits 

 Input
 Filters  Driver and

 Power Stage 

Resonance
Capacitors

J %�����)C
/
J �1���'
��<�	���K@��P

� �'�&)�%���� � !)�
/>
P
� �'�&)�%�������:��&�.��
�,�������
<�1"�;�.'�������
� %�����,,�&���&(��,��0#���/���������
�1��1�8�/��9����/��1��2�������
�!)�
/>
P�

J ���&���&��,,�&���&(�,���#����''��
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��*�:1�%�������K�@4Q�
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BUSINESS UNIT (Optional, in Folienmaster änderbar)
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

<�1"
0��/���8��*	���E

<�	����
''�(���*�1�������
+�/�&��<�1"�

%���E��C
/$���&�)��	��&���/�
"����,���!��������
����

B��
P���'
��<�	��

Test Power 
Supply

Ca. 150 kg
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

� Output voltage ripple

� Scales and values

� Voutput PHVC1, (10V/Div)=12Vpp
� Voutput PHVC2,  (10V/Div)=12Vpp
� VPHV1+VPHV2 

(20V/div)=24Vpp=1.2%Vout

� Commutation Frequency of 128kHz 
� RFG Frequency of 1MHz

Time base =10µs/div

Test conditions
� Vbus(PHVCinput) = 102V
� Iout =2A
� Vout = 2008V

VPHVC
1

VPHVC
2

VPHVC1+2
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BUSINESS UNIT (Optional, in Folienmaster änderbar) PSCU-RIT22
Coupled test

I (A) 0.77 1 1.27 1.52 1.78 2 2.4

PHV
C1

93.5
4

94.3
2

94.8
3

94.9
9

95.1
8

95.1
2

94.6

PHV
C2

93.1
4

93.8
3

94.4
5

94.5
8

94.6
9

94.6
6

94.4

PHV
C
1+2

93.3
4

94.0
7 94.6

4

94.7
7

94.9
2

94.8
9

94.5

Efficiency

93.00%

93.50%

94.00%

94.50%

95.00%

95.50%

0.5 1 1.5 2 2.5

Iout (A)
E

ffi
ci

en
cy

PHVC1 PHVC2 PHVC3

Efficiency measurements
94.92%,1.78A
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BUSINESS UNIT (Optional, in Folienmaster änderbar)

Wie baue ich eine Testanlage ?


