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Abstract

Concurrent Engineering is a modern and effective discipline of the systems engineering process.
During Concurrent Engineering sessions, an interdisciplinary team negotiates optimal configura-
tions of the intended space system. The Space Suppliers And Manufacturers (SSAM) database
was created with the goal to support engineers during the design process. The CE engineer can
search through SSAM by using an interface to specify the right subsystem or component resulting
in a list of companies with each listing including the company profile as well as available product
sheets. The Java based system consists of seven main subsystem categories (e.g. structure,
power, thermal, etc.) and 61 component categories (e.g. batteries, solar cells, reaction wheels,
patch antennas, etc.). Over 200 companies are currently listed with over thousands of different
products related to space industry. Long-term scope of SSAM is the active involvement of the
space industry (the supplier side). Here, the companies shall be animated to maintain their product
portfolio via an online portal and add new products once they are introduced to the market. So CE
engineers and project teams have always the latest update on the available subsystems and prod-
ucts.

1. INTRODUCTION o adescription of the CE process

o the classification of related sub-
systems and the categorization of
product groups

o the initial, Microsoft Access based
solution

o the advanced Java and MySQL
based successor, enabling access
via web-browser

When designing a (Pre-) Phase-A space
system or mission, subsystem engineers
need access to a component database
providing them with initial information
regarding the parts they plan to use. This
usually involves resorting to products the
engineer has already used before or de-
mands searching through catalogues

from space related companies. While the
former limits the range, so that a mis-
sion-depending/conform optimal choice
might not be made, the latter takes a lot
of time and effort. Especially in a Concur-
rent Engineering scenario [Ref 1], where
specialists from different disciplines sit
together to design space systems simul-
taneously, information regarding compo-
nents needs to be on-hand and easily
accessible.

This paper presents the software solu-
tion, which was developed during a stu-
dent intership, for the described problem
including:
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o the questionnaire with which com-
panies were contacted

o an outlook for future
ments

improve-

2. CONCURRENT ENGINEERING

Spacecraft Design is an iterative process
which generally needs much time, cost
and effort due to the complexity of sub-
system interaction and the challenging
conditions in space.

To ensure highest efficiency for system
and mission design regarding quality,
time and cost, the DLR-Institute of Space
Systems in Bremen, Germany, com-
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pleted the build up of its Concurrent En-
gineering Facility (CEF) in early 2009.
The installation contains 20 work stations
for specialists of several disciplines and
additional positions for customers, visi-
tors and experts. The implementation of
modern tools and communication tech-
nologies allows running the engineering
and design processes efficiently.
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Fig. 1: The Spiral Model [Ref 1]: converging de-
sign

After definition of Mission and System
Requirements and initial Mission Analy-
sis the CE-process with all experts sitting
in one room starts with a first configura-
tion and estimation of mass budgets on
subsystem level (compare Fig. 1). This
leads to a summarized overview which
identifies the deviation to the desired
mass target. Next tasks are either to re-
vise the data or to define the different
S/C budgets on more detailed equipment
level. This depends on the conclusions of
the first iteration and its analysis.

Presently the process as well as the cor-
responding software is extended and
adapted to the special conditions of DLR.

3. SCOPE OF SOFTWARE

As already stated the given task was to
support the engineer during the CE stu-
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dy, described in chapter 2, by making
required information easier accessible to
accelerate the design process.
In this case the basic idea was to estab-
lish a “who delivers what’-directory of
space companies. The most obvious in-
formation needed of a company is its
address as well as the webpage and
contact-data like the telephone number
and contact-person. In the case of space
technologies it is also important to know
what a company is specialized on.
As the database was set to concentrate
on space related hardware, software so-
lutions are not implemented so far. Other
exclusions include:

o Payloads/Instruments

o Human Spaceflight Equipment

o Consulting Services

o Exploration Technologies
As a final requirement, the software had
to provide datasheets for company port-
folios - if available - to enable direct ac-
cess to the information the user is look-
ing for.

3.1 System Analysis

In analogy to the different engineering-
fields of feasibility-studies, the following
categories of specialization were defined
during a workshop-meeting at DLR Bre-
men:

Structure/Mechanism

- Mechanisms - Primary Structure
- Separation Mechanisms - MS' “Aircraft”

- Al Material - MS “Military”

- Ti Material - MS “Space”

- Composite Material - Analysis

- Design

Thermal

- Multi Layer Insulation - Radiators

- Phase Change Devices - Coolers

- Thermal Control Units - Coldplates

' MS : Military Standard
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- Heat Reservoirs - Heatpipes

- Design - Analysis
Data Handling

- Telemetry En-/Decoders - HMS/Sensors

- FPGA Programming
- Core Avionics - SW
- Core Avionics - HW
- Board Production

AOCS

- Propulsion Control Units
- Fuelling System
- Trimming Systems

- Data Storage
- Plates/Interfaces
- Board Computers

- Star Sensors
- Sun Sensors
- Magnetic Coils

- Piping Systems - Magnetometers
- GPS - Gyro Units

- Thrusters - Reaction Wheels
Propulsion

- Tanks - Valves

- Pipe Lines - LIQUID

- Thrusters (or constituent) - SOLID

- Progulsion Control Unit - ELECTRICAL

- P/A” Pressure Systems

Power

-Batteries (NiH2/Li) - Harness

- Solar Cells - Power Control &
- Solar Arrays Distrib. Units

Communication (TM/TC)

- Antennas (S- / X-Band)
- High Power Amplifiers

Ground Station Equipment

- EGS Equipment
- Baseband Modu-
lator

- Transmitters

- Ground Station Antennas
- Communication Equip-
ment

Categorizations may always miss certain
elements or fail detailing them enough
thus additional “Others” and “References
/ Comments“-fields for each subsystem
are intended to cover these cases.

4. SCOPA - THE MS ACCESS BASED
SOLUTION

The original program - called SCoPa
(Space Component Parts) - was devel-

2 P/A : Passive/Active
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oped using Microsoft Access®. Access, a
database management system, is part of
Microsoft's Office Suite and therefore
installed on DLR Bremen’s Windows-
based computers. The big advantage of
Access is that it offers an easy way to
design a graphical user-interface by pro-
viding basic elements like text-fields,
check-boxes and buttons. Using these, a
form was designed translating the afore
described data-model. The following ex-
amples give an impression of how the
SCoPa MS Access solution looks like
(includes German denotations):

Space Component Parts (SCOPA) Suppliers Database

 _ Bemerkungen

Supplier-Mr

Firmna

Adresse

Postleitzahl

Ot Subsysteme:

I— Power
l— Data Handling
l— Communication
l— AOCS
l— Stucture / Mechanism
I— Thermal
[ Ground Station Equipment

Fig. 2: SCoPa Logo & Company Info

Land/Region
Email-Adiesse

Vomanne

w W W W

Machname

Telefonnummer

= W

Faxnummer
Webseite:

W

Fower Subsystem

.......................

.......................

[ Power Contral + Distribution

[E Hammesz [ Solar Arays

Others: |

Feferences ¢ Comments:

Fig. 3: Power Subsystem Category

Fig. 2 and Fig. 3 depict the information
for the selected company while Fig. 4

® Microsoft Access, see:
http://office.microsoft.com
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shows how available datasheets where
displayed.
Technical Sheet 1

ST obat
Domumeank

Technical Sheet 3

B cbat
Doeumank

Batt_CPY Batt_SPY

Technical Sheet 2 Technical Sheet 4

a.n;-r Frobat
[ Loument
Mickel Hydrogen Cells_CPY
[MiHZ2] Battenies

Independent

Fig. 4: Technical Datasheets

Utilizing Access’ database management
background, searching through company
profiles was easy to implement. All the
software needs is a keyword or the in-
formation whether or not a check-box
should be ticked to then match it against
the entries. An example: Searching for
‘ltaly’ with a tick in ‘Batteries’ (as can be
seen in Fig. 3) would minimize the data
pool to companies from ltaly, producing
batteries.

After the initial data input campaign, 91
company profiles could be found in the
database.

5. SSAM - THE SPACE SUPPLIERS
AND MANUFACTURERS DATABASE

Before starting a new campaign, i.e. con-
tacting more companies, the next task
was to improve the program. The Access
solution was sufficient enough when us-
ing the tools once in a while but as stated
at the beginning, the software was
planned to be implemented into the Con-
current Engineering process. Therefore
the presentation and navigation capabili-
ties needed to be improved. It was also
observed that the Access .mdb-file, con-
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taining the program itself as well as the
datasheets, with its 91 entries had grown
to over 300 MB so that it took quite a
while to open it from the network-drive it
was stored on.
This led to the following requests for the
new software:

o a more comfortable and profes-

sional user interface
o externally saved data to minimize
loading-time

To match these two requirements it was
decided to use a combination of Java®,
an object oriented programming lan-
guage, and MySQL®, as the new data-
base management system. Both have
the advantage of being Open Source,
thus free of charge, and both support
web-usability.
Programming the final tool took about
four months and the result is described in
the following.

Ee— —
Campary Pt IC ran

Advanred pare Py Fipapmess
Al

b e 14

Fig. 5: The SSAM Database

Fig. 5 gives an overview of the graphical
user interface as a whole. This includes
the company profile, its product range,
existing technical datasheets and the
search section which will be all described
in more detail, now. The right side of the
window includes the three search op-
tions, which can be selected separately
or in combination:

* Java, see: http://java.sun.com
® MySQL, see: http://www.mysql.com
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Filter Options:

Select a Subsystem or S/5-Categorny

[Products =
=-Power

-~ Batteries

~Solar Arrays

~Solar Cells

~Power Control & Distribution
~Harness

#-Data Handling
H-Communication

=-AOCS

~-Star Sensors

L-Bun Sensors

GPS [

" Exclude / Include only &
Companies fram

[{Countries -
----- Alstria

----- Belgium

----- Canada
S e rmark:
----- England
----- Finland

[T Text Search

Search in: Product Bange &
Company Profile =
Availahle Data-sheets T

Fig. 6: The Search Options

At the top the user has the possibility to
select the relevant subsystem or compo-
nent he is searching for. The part in the
middle gives the user the option to con-
fine the search to certain countries (mul-
tiple selections possible) and at the bot-
tom he can start the classic search for
keywords.

Finally, the ‘Perform’ button starts the
search:
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A_ Search
) (_:] E] L: | ‘J Perform |
- o b
\ \w ,Sn:e_-a suPDplle-r;CIan_a_ MeDnuFeeiulera Reset I

Fig. 7: Search Buttons (next to the SSAM Logo)

The company profile informs about the
currently selected company - including its
address, contact person, website and
additional ‘Comments / References’.

Search result

j 8 of 176 Ll

Company Profile

MetaCortex

Address

14 M. Moore St.
Manhatten, Mew York
LISA

Contact Person

Thomas A. Anderson

Telefon-Hr ; +48 (031701 424242
Faz-MNr : +49 (031010 0100

e-Iail : t.andersonE@metacortexs. com

Wehsite
waanr metacorex. int

Last Update: 2009-01-09

Comments / References

class 100.000 cleantootn awailable, IS0
A000:2001 certified; Techiical Data awvailable
on webzite

Fig. 8: The Company Profile

It also states when the data was updated
last. Blue colored, underlined text marks
hyperlinks which directly open either the
web-browser or the e-Mail program when
clicked with the mouse. When there is
more than one search result (in this case
there are 176) scrolling the mouse-wheel
over the profile section or clicking the
buttons in the upper right corner will
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open the next/previous profile. This will
also update the next two sections.

Advanced Space Power
Equipment's product range:

Subsystems -
EmPuwer —
; i.Power Control & Distributico:
-Data Handling
}anrE Avionics - Hardware
}anrE Avionics - Software

}mFPGA Programmireg

i.Board Production

=-AOCS —

L.8tar Sensors

=-Structure f Mechanism
© L.Analysis

e ot

Fig. 9: The Product Range

Giving an overview of the selected com-
pany, the product range (Fig. 9) displays
all subsystem categories the company
has a product for.

To complete the available data, the fol-
lowing section shows all existing techni-
cal datasheets (a double-click will open
the file):

Available Data-sheets:

Technical Sheets
EI'"T_*Array Power Remilation Module

"“?EHeater Diztribution Module
:; Power Conditioning Tnit
E&";:Pawer Management & Distributi
L.on

.q—
- AzBpacecraft Control Systens
-fr__“ Gtar Tracker HE-543

.q—
- 2Terma In Apace

Fig. 10: The Technical Datasheets

Not depicted in this paper is another im-
portant part of SSAM: the supporting
website. It includes a link to start the
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program, the User Manual as well as
references to similar databases.

6. THE QUESTIONNAIRE

The first questionnaire was created using
the OpenOffice.org® suit. In its design it
was quite similar to the Access form de-
picted in Fig. 2 and Fig. 3. As OpenOf-
fice.org supports interactive form-
elements like check-boxes and also in-
cludes a PDF-exporter the questionnaire
comprised the functionality to be filled
out on the computer. Once that was
done, it could be printed and then mailed
back to DLR Bremen where the data was
entered into the SCoPa database by
hand.

To improve on this process of typing in
the data manually the questionnaire was
updated during the SSAM development
as well. Here the request was to keep
the ability of filling out the questionnaire
on the computer but also to be able to
send the completed questionnaire back
via e-Mail.

Two solutions emerged meeting the new
demand: a JavaScript-aided webpage or
a newer version of the PDF file format. It
was assessed that companies would be
more familiar with PDF files so the latter
option was chosen. As OpenOffice.org
(at this point) only supports older PDF
versions, the new questionnaire had to
be created using Acrobat 9 Pro’ for
which a license had to be bought.

The design followed its predecessor with
the addition of the Propulsion category
and a ‘Submit by Email’-button at the
end:

6 OpenOffice.org, see: http://www.openoffice.org
” Acrobat 9 Pro, see:
http://www.adobe.com/products/acrobatpro/
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Space Suppliers and Manufacturers # Deutsches Zentrum
DLR fir Luft

(SSAM) Database Questicnnaire i Haumbapr ¢

7. POWER suesysTem [

[ Batteries (NiH2 /Li) [] salar calls
[] Power Control and Distribution Units [] Hamess
Other |

[] Solar Arrays

|

Asiin password === Login Change |  Remove | Addrew | Import |
Company-data Subaystem categeras
Mame Thamal | Geound Staton Equemen il I Proputsion
Power r'" Handling | ¢ | w068 | Stuchires (Mpchanisms
{2851 Gpars Progucts =]
F Power
Address
Street Tipcode F Bamines ™ Eosar Ceils ™ Sotar Amays
[idtng s, Cuan, sbangdos, [cocrs ™ Powsr Control and Distributien Units ™ Hamass
ciy Country others

CommentsReferences |

8. GROUND STATION EQUIPMENT suesystTem 0

[ Baseband Modulators [] Communication Equipment [] EGS Equipment
[ Ground Station Antennas
Other |

Commen ts/References [

9. COMMUNICATION (TM/TC) sussysTem [

[] Antennas (S-Band / X-Band)
Other |
Commen ts/References [

[] High Power mplifiers [] Transmitters

Add any further notes / comments here...

Please send the completed form back to us by prassing the "Submit by Emai” bution balow:
Submit by Email

Your email will automatically be sent to soam-database@dlr de

Aiternatively you can print the completad form and then send it to us by fax:
FAX +40 42124420 150

You may also wish to save/print this for
Again we thank you

r own future records.

yor
DLR HE-RY SARA 10-2008

Fig. 11: Questionnaire - Example Page

Clicking the button will allocate the in-
formation the user filled in the form and
send them as a XML-file to the functional
address ssam-database@dlIr.de.

As a precautionary first step the XML-file
is then imported back into the question-
naire and saved as PDF.

Within the SSAM administration-area
(see Fig. 12 and Fig. 13) an additional
function was included to allow accessing
the XML-file to extract the data and auto-
matically upload it to the MySQL data-
base.

Admin Area |

Fig. 12: Button to Open the Admin Area
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[outerses [\t ey

L L e————
Contact Perscn

First name Last name
[catrons [otser

E-Mal | arora wstsondisbaipaer com Folder to Ioad Data-sheets from - |

Comments/Referances Tle 1 [ Thie 2 | Ttk 3

Fig. 13: SSAM Admin Area

As a final step and still to be done manu-
ally the datasheets, which are also asked
for in the questionnaire and send sepa-
rately, have to be uploaded.

During the initial phases of data acquisi-
tion, the focus was primarily on German
companies whose business is related
with small and medium sized satellite
subsystems and component manufactur-
ers. As the database progressed, howe-
ver, a broader approach was considered,
with space suppliers and manufacturers
included from all over Europe and with a
wider scope of specialisations.

7. OUTLOOK

Besides updating the database through
future campaigns an additional extension
is envisioned as well. The experience so
far has shown that in most cases the
datasheets sent by the companies in-
clude product lines with multiple compo-
nents and more information than actually
needed in the Concurrent Engineering
process. So even though the SSAM da-
tabase already disburdens the engineer
by supplying him with products he might
use, there is still some effort finding the
exact information he needs. This is why
another section is already included which
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was not introduced so far. It is called the
“Concurrent Engineering Interface”:

Concurrent Engineering
Facility information

Performance Yalue

Cimension/Shape

Mass

Awailability TEL

Caosk

Power {avrg/peal)

Thermal {avrg/peak)

Fig. 14: The CE Interface

As it is not yet implemented, the text-
fields are still disabled. But what they will
display in the future are the (so far)
seven most important values of a com-
ponent for a CE study. While the lower
fields are self-explanatory regarding their
content, ‘Performance Value’ will contain
component-specific values like thrust or
data rate.

Increasing the complexity by accounting
for single components will also increase
the work that has to be put into the main-
tenance of SSAM. This is why it is
planned to give the companies access to
the software to be able to update their
components themselves. It will be in their
best interest to do so as making their
data available would result in others be-
ing able to use them.
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This idea will also be supported by the
plan to make the database (space-) pub-
licly accessible. Thanks to its Java-roots,
SSAM is already started through a
browser and runs platform-independent
on all computers which have the Java-
Runtime installed. MySQL on the other
side also already runs on a separate,
external server. At the moment, both are
only accessible from DLR Bremen’s
Intranet but it would be quite easy to en-
able internet access.
Currently it is planned to realize the ab-
ove described advancements in coopera-
tion with the Bremen Institute of Metrol-
ogy, Automation and Quality Science
(BIMAQ). Within the scope of a two se-
mester spanning student project five
Systems Engineering students will then
implement the following features:

o extension of the program (CE In-

terface)
o implementation of user-accounts
o enhancement of the search-
functions

8. CONCLUSIONS

Websites like the European Space In-
dustry Directory® [Ref 2], operated by
ESA, or the UK Space Directory9 [Ref 3]
offer an easy way to search for space
related companies or products. What
they miss and the reason why the SSAM
database was developed is making
product details, needed during the de-
sign process, especially within CE stud-
ies, available to the engineers. Due to
the web-based accessibility it will be
possible to extend the reach beyond
DLR Bremen’s CEF and make it avail-
able to everyone in the space industry.

8 ESID, see: http://www.esidirectory.com
° UK Space Directory, see:
http://www.ukspacedirectory.com
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[Ref 1]

[Ref 2]

[Ref 3]
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