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About Network Analysis

36 year history with SINDA
¢ Associated with SINDA (CINDA) since 1963

« Started selling and supporting a proprietary version of SINDA
(now called SINDA/G) in 1982.

e Commercial & Govt. Customers Worldwide
e UK, Europe, Japan/Asia, Israel, Argentina
* NASA, JPL, Los Alamos, Argonne, NASDA, ISAS,
CAS/CAST, CONAE, CONIDA, DRA
 Provides experienced thermal engineer tech support, on-site

training, comprehensive s/w maintenance program °
@ @

« Staff . .

— Highly experienced thermal engineers
— Marketing, Sales professionals with engineering backgrounds
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Tech Support via Web Conferencing

-
Anyone in conference can share documents, such as Taim =it
PowerPoint training slides or Word documents. 2w SINDA/G'
e wisction bo KINTMA 05 Nummerioal Aeshods

Live video (not too useful, but at least we can wave . |
and say hit) o et

Share an electronic whiteboard among all the
participants (anyone may draw), or watch us draw
on our wall sized whiteboard.

Share any application, such as SINDA/G,
SINDA/ATM, or THERMICA.

Anyone in the conference can become the presenter
and share their applications with us or even allow us
to help fix problems in their models, or installation
problems on their machine (with them watching of
course!)

Record both the computer screen and voice (both
sides) in a movie that you can playback - pause -
rewind and watch at your leisure.
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The SYSTEMA Family of
Spacecraft Design Tools

(;W\SINDA/G

Family of Spacecraft Design Tools

THERMICA is part of a comprehensive set of spacecraft design
tools that use a common model for all analysis

¢ Thermica — comprehensive spacecraft-oriented modeling system

e Perturbation — Orbit perturbations due to the sun and planets effects

¢ Mass — monitors the mass and inertia of different entities

¢ Plume — Predicts dynamics effects, thermal flux and contamination on spacecraft

* Radiation Dose — computes the radiation dose received by electronic components
e Atomox — computes atomic oxygen flux and cumulated flux

» Contamination — computes surface contamination

¢ Maxsim — Used for EMC problems, RF analysis of antenna/structure interactions or antenna
modelling.

e SMART2 — Space Mission Analysis Reference Tool) A tool for the modelling, the simulation
and the analysis of low earth orbit observation missions.
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Thermica

e Geometry building using true geometric shapes
and curved meshes

» Comprehensive mission planning with orbit
maneuvers

» Ray-tracing thermal radiation and orbital
heating involving specular diffuse and
transparent surfaces

» Moving bodies, such as articulating solar panels
and antennas, along with spacecraft maneuvers

» Creating a SINDA/G thermal model that can be
launched and the results viewed graphically
from within Thermica

3 INDA/G"
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Mass

» Mass property generation of primitive shapes

» A listing of data showing current mass, the center of mass and
principle moments of inertia for each system object

» Mass budget reporting, for a given system configuration,
showing a detailed mass breakdown of each subsystem and of
the overall system

 Static and dynamic balancing analysis
» Mass property analysis

» Mass sensitivity analysis
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SMART2

SMART?2 (Space Mission Analysis Reference Tool) is a computer tool for the modelling, the
simulation and the analysis of low earth orbit observation missions.

SMART? include a satellite component (orbit characteristics, platform and instrument data), a ground
component (characteristics of ground stations dedicated to command data uplink and images downlink:
number, location, data on transmission and reception beams), as well as information about the Earth
zones where analyses are to be performed (point targets, areas).

1 INDA/G*
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Perturbation

e Gravity gradient - Gravitational perturbations mainly caused by non-spherical, non-
uniform mass distribution of the Earth.

« Magnetic moment — Torque affects caused by the Earths magnetic field
e Air Drag — Air drag affects due to the Earth atmosphere

¢ Solar Radiation Pressure & Earth Radiation Pressure — Solar radiation pressure caused
by light fluxes incident on the spacecraft, including albedo and Earth infrared pressure.
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Plume

* Predicts dynamics effects, thermal flux and contamination on spacecraft

« Forces and torques of the gas plume producing dynamic perturbations and loss of
thruster efficiency

* Analyzes thermal constraints due to the convective and radiative heat flux

« Analyzes the erosion caused by particles and the impingement of unburnt droplets

PLUMFELOW : thruster flow field (Navier-Stokes computation)
k _ et 3 \ =T \
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Radiation Dose

Uses Monte-Carlo ray tracing

methods to determine radiation )
doses which results from incident )
flux of particles in space, mainly .

protons, and electrons which then
propagate through the spacecraft

material, generating secondary )}
radiation (mainly X-rays) and i
depositing dose.
1 RADIATIONS | EQUIVALENT THICKHESS 1
| FRCE| lrady | (Storadiomy |THICK. Qwm | THIGK. O |
Computes the radiation dose = == == S
. . 1 1 | 1
received by electronic components I e s T
- . 1 +Y 1665.8 2.09 ] 12.90 12.90 1
located within the spacecraft bt wons s | 1er wer |
1 1 | 1
Accounts for the geometrical o A o
B R R N 1 =Y 1 83452.2 2.09 ] 3.59 3.99 1
shielding and mission dose depth i 2 i w0718 2.08 i 5.04 5.04 i
1

curve e BT e =

ITOTAL| 115263.5  12.57 I HoCA e a0 00000
1 1
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AtomMox

» Computes atomic flux and cumulated flux on spacecraft
surfaces

+ Evaluates the total surface erosion

» 3-D displays of flux, cumulated flux (fluence) and erosion
on spacecraft surfaces.
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MAXSIM

MAXSIM-F is used for several types of applications : EMC
problems, RF analysis of antenna/structure interactions or
antenna modelling. In the solving of the Maxwell's
equations, four kinds of problem can be distinguished
according to the time analysis (time varying or time
harmonic) and also according to the type of space modelling
in term of geometrical environment and boundary
conditions.

MAXSIM-F is based on the Method of Moments in the
frequency domain and is applied to surface geometries in
3D. MAXSIM-T is based on the Method of Moments in the
time domain and is applied to surface geometries in 3D.
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Outgassing

< Computes surface contamination as a function of time — taking into account
— Surface outgassing of contaminants
— Surface re-emission kinetics
— Ambient scattering

e Calculation is performed with a Monte-Carlo Ray-tracing method

pwm2INDA/G
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Thermal Modeling Approaches

® Network (symbolic) Approach
® Text based tools
® Graphical tools
® Geometric
® FEA meshing tools
® Radiation shape tools
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Example of Network Approach
Typical detail of a hand build
Network or symbolic model
S | . [ =1 S
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Network Approach Using a Text Based Tool

The Text Editor Spreadsheet
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Network Approach Using a Graphical Approach
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Thermal Modeling Approaches

® Geometric
® FEA meshing tools
® Radiation shape tools

10
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Geometric Model Builders

» FEA Meshing Based Modelers

— Create 3D solids geometry or import from CAD and divide
geometry into finite elements using a mesher.

— These model builders are general purpose and are frequently used
by many different analyzers (thermal, structural, CFD).

» Radiation Shape Based Modelers

— Create model using several geometric shapes that are supported by
the thermal radiation code.

— These model builders are usually tied to one thermal radiation code,
and will not easily work with another.

INDA/G"
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Two General Types of Geometric Model Builders for SINDA/G

Shaped Based FEA Meshing Based
Model Builder Model Builder

11



»woINDA/G™  Commercially Available

Geometric Modelers for SINDA/G

Shape Model Builder Meshing Model Builder
THERMICA SINDA/ATM (based on FEMAP)
TSS SINDA 3/D
ESARAD PATRAN using P/Thermal
NEVADA (SPARKS) PATRAN — SINDA/G (3" qgtr 2003)
Thermal Desktop I-DEAS/TMG

MSC/NASTRAN for Windows
(Based on FEMAP)

23
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o newori anavas, me.AOVaNtages & Disadvantages of the Two

Types of Geometric Model Builders

® FEA Meshers

Good connection to CAD

Good connection to FEA structural/fluid programs

Flat plat connection to radiation/orbital heating programs
Usually use corner node method

Models solids, orthotropic materials and laminate materials

® Shape based Model builders

Poor connection to CAD
Poor connection to FEA programs

Excellent-full shape) connection to radiation/orbital heating
programs

Usually element node method, but can be either
Usually not models surfaces only with isotropic plates

12
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"'FEA Meshing Based Tools

CAD Model FEA Meshed Thermal Model

puINDA/G™ SINDAJ/ATM Model are
Independent of Radiation Code

Linditled G ke
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Radiation Surfaces Created by Graphical Modelers

FEA Mesher Shaped Based Modeler
SINDA/3D (THERMICA)

(end disk removed)

Hydrazine Tank Modeled with Hydrazine Tank Modeled with
112 Flat Plates 4 True Geometric Surfaces

Produces 6000+ radiation conductors Produces 6 radiation conductors

INDA/G"
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Typical Detail Level of Thermal Model

14
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THERMICA-SINDA/G

*SOHO Spacecraft

3 INDA/G"
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THERMICA-SINDA/G

*MMS Telecom Spacecraft

15
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Required Inputs for Spacecraft Thermal Design

Systems
engineers &
mission planners

Designers Electrical

engineers

Thermal Model

Design Parameters
- MLI

- heaters

- Radiators

2w2INDA/G"

Spacecraft Thermal Design Process

Spacecraft Model building
— Geometry
— Thermal protection

Mission Planning
— Orbits
— Orientations, maneuvers and moving bodies

Thermal Model Generation
— Thermal Radiation and Orbital Heating
— Powers
— Computation of Temperatures

Results Postprocessing

16
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Physical Model Building Phase

Geometry building
Material library
Hierarchical assembly of parts

Automatic generation of nodes and
conductors

pwm2INDA/G
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Geometry Building

THERMICA

IMPORT DATA

GRAPHIC EDITOR
CREATEMODIFY OBJECT
SURFACES

nnnnn

4 CONE

17
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Shapes

RECTANGLE
TRIANGLE
QUADRANGLE
DISC

CONE
CYLINDER
SPHERE
PARABOLE
BOX, BOXCG
BEAM

NODE
ANTENNA
SURFACE
HYPERBOLOID
ELLIPSOID
REVOL

PRISM
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Material Library
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Hierarchical Assembly of Parts

HEAMICA Y1216 Windsms — Copys 1

o]
Progagats ta Oescendaney T
Oty on ubgect DT I|
Pk, | T VAt a pememt, please.
Loadisg the sodel. Vait a woment, plesse.
Loading the modsl, Usit & soment, plesss.
nor | Do | Interactive Graphics Tool rwnisq, Type *H for help and *g° be quit.

[
sl |20 0 e e | ana D e [N L a7 e e T 0T MOM aman
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Color Code by Material Properties

e |

e JEUBLADOERVECOSE | Urevecsve | Mo L [ttt FUEEIDL ALIESOE sum
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Automatic Generation of Nodes and Conductors

Define mesh of objects Edge to edge contact Surface to surface
contact

pwm2INDA/G

by Network Analysis, Inc.

Automatic Generation of Nodes and Conductors

20



Main Orbit Definition Menu
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Orbit Definition

ORBIT DEFINITION

ORBIT DEFINITION

| d Save

Oriit mewme deep_sp EPOCH
d Orbital arc - A Enter dayfseas | ON
Current are -> |1 o Enter Sun decl. OFF 1
F Orbit parameters -
A Date off 1
F Epoch -
A Season ON
4 Computation steps -
o Duration b d Year 19860
4 Orhit generator b= = Spring ON
A Summer OoFF 1
4 Display parameters =
A Autumn off 1
4 Orhit plotting =
o Wnter ofFf 1
A Edit listing =
OK PLOT | CANCEL

ORBIT DEFINITION

ORBIT PARAMETERS

F Reference line

=
4 Geostationary orbit =
4 Sunsynchronous orhit =
d Geost. Transf. orbit -
F General ellip. orbit =
A Hyperholic orbit 1=

ORBIT DEFINITION

ORBIT PARAMETERS

Date or Season

Orbit Types

GEHERAL ORBIT

F Ellips parms oFF 1

A Perigee f2r 1000
A Inclination ey |30

4 S.tme.asc.ndes|15
A Ary.perigee deg |0
A True anom. deg |0

PLOT | CAMCEL

F Altitudes OH

A Apoyee ko 10000

General Orbit Type

INDA/G’

by Network Analysis, Inc.

Full Features Orbita

THERMICA

MISSION

RUNGE-KUTTA GEN.

F Air drag

| Modelin

AIR DRAG

ORBIT

ORBIT DEFINITION

ORBIT GEHERATOR

A Kepler e
F Runge Kutta =
A Kozai -

Sol rad. pressu ll:l—
Zonal ham. gr lB—
Tesseral harm. l3—
Sun effects l()N—
Moon effects ION—
Ecc. anomaly s II—

F Ephemerides comput =

A Condensed prin | ON
PLOT | CANCEL

L kb E Lk k k

SOLAR ACTIVITY

o extremely low  OFF

A very low oFf |l
o low ofFf 1
o between low a OFF 1
o mean ION—
A bet.meanand OFF |l
o lower levelof OFF 1
o upper levelof OFF 1
|
r

wvery high oFf 11

extremely high OFF 1
PLOT | CANCEL

21
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Complex Orbits and are Graphically Setup and Displayed

Arc #3 Combination of 3 Arcs

> SINDA/G
L et Radiation Shape Model Builders Orientated
Towards Spacecraft Thermal Design

H Example of mission planning screens from THERMICA “

Ground Track Plots Orbit setup and visualization

Orbit : SATEM { 3arcs)

2D Orbital Plots

22
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Pointing, Moving Bodies and Orbit Maneuvering

»¢{ THERMICA ¥3.2.16 Windows - [}

QuiT | HELP | POINTING DEFINITION
POINTING DEFINITION POINTING DEFINITION
THERMICA SYSTEM REFERENCE
ATTITUDE LAW ATTITUDE LAW
MISSION DIRECTION
F Attitude law OH ANGLE VALUES
POINTING o Angutar momen OFF I .
F As a function of - o Linear function ION
POINTIMG DEFINITION H Anti Earth ON
F Angle values = o User file ofFf |1
i 4 Earth oFf 1l
FPoirding Name |degpr sp F Options I~
4 Pointing sequence I~ o Ecliptic Horth  OFF I o Yaw II]
Cearent seq —» |7 4 Equat.proj.of OFF | | OK | CANCELl o dawfdt II]
A System Reference - 4 Horth Pole ofr 1 4 Pitcho |n
A Attitude law = 4 Star ofFf 1 A dPitch/dt Il]
o Moving bodies f=-. o Sun ofFf 1 o RollD |1
o Velocity OoFF 1 o dRollfdt |u
4 Save .
o Vemnal point ofFf 1l
CANCEL
d Other el |
£}
4 File el |

> SINDA/G'
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Moving Bodies

T —— _ il
s [ —
o | o — POINTING
-— e — Lo
e — oo | —| POINTING DEFINITION
—— = v sovies
aa] o] e ooV oermion
e e Hame [+ B
—__T o Mumbuer uf B [1 e
] Elesixion etz >
S g | |
P T T r— | ROTATION AXIS
: L F Pointing direction I~
0K I CANCEL
Select a part from the assembly tree,
and all connected parts move with it.

Define Number of DOF, rotation axis,
constraints and pointing vectors
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Visual Verification with Plots and Animations

SATEM

AR ENEEOSOCOEEEN

SUMNLIGHT

Are number 1

i
:i§:

siagks 2o

siis
eand

Orbital & Orientation 3D Plots

Shadowing & Orientation Animated Plots

INDA/G"
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Thermal Model Generation

aiHoa

o Garwerale Skaluton

o Duplicate skbeton -
4 Select skaloton -
4 Fdit sketaton -
FRTTLEYE -

o Filit SINDA files -

4 Fapaesion [oN
4 Prepmcessor le
FE fon

P =
4 Uistings =
4 Encte

[oe] swen

auir HELP

THERMICA W2 Windsws — Copisaht 1931

|J Simuslation nam [SATEM

4 Modty prameters
4 Save as ..

4 Dutate
4 st parmmetors.

4 Hodal description -
4 Conductan -
4 Internal deyipation -
4 Rasation -
4 Temperaturs =
o Diaplay. -

&
=
H
i

HODAL DESCRIPTION
F Gen. netwaork desc.

F Edit description -

RADIATION

o R.E.F.comput. OFF |

o Aux comput. OFF |

4 Run mode -

———2 sglecle | Inferach (T

Execute

| [ cwel

INTERNAL DISSIPATIONS.

DISSIPATION WLUES

F Constant ore_ |

[ cctmoy, moro_or_u]

F heemosat o

DEFINTION

wawpy [0

F F{Tine) L |
F F(Tomperature 0FF 1]
My (W)

mmml

P Lower temp. F
P Upper teeng, [25
v upperdss. ow [s0
P oLower diss. W[50

F Act. from node | 1001]

B ElE

[ Ok ] rLoT IO\N&I.

THERMAL CONDUCTION

o Thresh.edge(m [0.01
o Thresh.surf.(m [0.01

4 Contacts definition L
4 Generate couplings
4 Edit couplings -

4 Reset Contacts

ok cance

24



r 4

INDA/G"

by Network Analysis, Inc.

Documented SINDA/G File Built-in Editor and Ability to use Skeleton files

SDOA Sleton file geeratios

Unnr directory ©
date : (F-fag-96
Yina | 09:23053
£) WE-F

BiAThermica

19931996

L EEE R

i

|2l

DESCKIFTIIN 0F INTERNAM. PowiRs g
IN SINWEE BATA BLOCK

Il agaga

INDA/G"
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SINDA/G or ESATAN

L

OUTPUT FILES

F ESATAN file ON

F SINDA file ofFf 1

4 File name

A Time translat { |0.000000

o Mi

um R.E.F [0.000000
o Filt. cpl wfspa OFF I|

A Var. REF tol. { |10.00000

Flux storage tables

o Direct 3,A,E  OFF |
o Direct 3+A,E  OFF 1
das. 8,86 fon
dabs. S+a,E  OFF 1

o phs. S+a+E OFF 1

A Oplions -

Do cance|

$NODES

D 1000 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 4.2525E+02,
A= 3.0000E+00, ALP= . 250, EPS= . 810;

D 1001 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 4.2525E+02,
A= 3.0000E+00, ALP= .250, EPS= .810;

D 1002 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 4.2525E+02,
A= 3.0000E+00, ALP= . 250, EPS= . 810;

D 1003 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 4.2525E+02,
A= 3.0000E+00, ALP= . 250, EPS= . 810;

D 1004 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 3.1894E+02,
A= 2.2500E+00, ALP= . 250, EPS= . 810;

D 1005 = '<1> CENTRAL BODY / BOX1', T= 0.000E+00, C= 3. 1894E+02,
A= 2. 2500E+00, ALP= . 250, EPS= . 810;

D 2000 = '<1,1> ANTENNA / PARAL', T= 0.000E+00, C= 6.3379E+03,

A= 2.4972E+00, ALP= .600, EPS= .855;

D 3000 = '<1,2,1> 1ST PANEL / RECl', T=
A= 4.5000E+00, ALP= . 845, EPS= . 860;

D 3001 = '<1,2,2> 2ND PANEL / REC1', T= 0.000E+00, C= 2.1263E+02,
A= 4.5000E+00, ALP= . 845, EPS= . 860;

D 3100 = '<1,3,1> 1ST PANEL / RECL', T=
A= 4.5000E+00, ALP= . 845, EPS= . 860;

D 3101 = '<1,3,2> 2ND PANEL / REC1', T= 0.000E+00, C= 2.1263E+02,
A= 4.5000E+00, ALP= . 845, EPS= . 860;

B 999 = 'SPACE', T= -269;

o
o
<]
S
T
S
e

C= 2.1263E+02,

°
°
3
7
i
S
s

C= 2.1263E+02,

BCD 3NCDE DATA

1000, 0.000E+00, 4.2525E+02 $<1> CENTRAL BODY / BOX1
1001, 0.000E+00, 4.2525E+02 $<1> CENTRAL BODY / BOX1
1002, 0.000E+00, 4.2525E+02 $<1> CENTRAL BODY / BOX1
1003, 0.000E+00, 4.2525E+02 $<1> CENTRAL BODY / BOX1l
1004, 0.000E+00, 3.1894E+02 $<1> CENTRAL BODY / BOX1
1005, 0.000E+00, 3.1894E+02 $<1> CENTRAL BODY / BOX1
2000, 0.000E+00, 6.3379E+03 $<1, 1> ANTENNA / PARAL
3000, 0.000E+00, 2.1263E+02 $<1,2,1> 1ST PANEL / RECL
3001, 0.000E+00, 2.1263E+02 $<1,2,2> 2ND PANEL / RECL
3100, 0.000E+00, 2.1263E+02 $<1,3,1> 1ST PANEL / RECL
3101, 0.000E+00, 2.1263E+02 $<1,3,2> 2ND PANEL / RECL
-999, -269., 0. $ SPACE NODE

25
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Thermal Results Postprocessing

.....

e

TTTT RN

: P AEEREEBOOC

. mEmEEEEEODE

PNV

Flux Budget Report

B
TOOLS
 FLUX BUDGET
4 Result data =
-3 spdocte | satem I

L Sals:lasmlm I
F Selectgroup  OFF l|
F Seact node OFF l|_

4 Aesserblies =

o Al tinw: steps rﬁ'ﬂ'_'
Hraftmestp[20
tnitet time 2000000

it time [6307.062

F Exec. budget
4 EXC, avar, rajac.

o Edit budgot =1

o] canca

5 THERMICA 5 o - Coppight 19511338 Hatia Mavcers Space IF)
L00r | e | ot ssmmsbes (e i ot momaty

THERNAL 15T PANIL ]
TOOLS CINTIRAL BODY | T L 1

Sink Temperature Computation to
facilitate interfacing

26
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Transient Flux Budget Report on Entire Spacecraft

I
|
|
+
+
|

|
+ +
| Area | 3.4597E+01 ne |
| Equivalent emissivity | 8.8955E-01 |
| Thermal rejection | 0000 W 2 |
| Mean radiative tenperature | 14.214 C |
| Anbient tenperature | -133.255 C |
| Thernal node tenperature extremes | [ -174.352 C, 86.520 C | |
| at present | [ -65.152 C, 48.688 C ] |
| | |
+ +

|

| | |
|Sun + Alb. + IR | 1. 1128E+04| | 99.11| | |
| Internal dissip. | 1. 0000E+02| | .89 | |
| CENTRAL BODY
| | | | | | |
| space | | 1. 1228E+04] 100. 00| - 1. 123E+04| |
| 1ST PANEL
| 2ND PANEL | | 5.1962E-01] . 00| | |
| ANTENNA
| 2ND PANEL | | 5. 0000E-01] . 00| | |
| Ot her assenblies | | 2. 4245E- 01| . 00| | |
| - Y DEPLOYED SCLAR PANELS
| 1ST PANEL
| +Y DEPLOYED SCLAR PANELS | 1. |

0000E-01] . 00|
|

|
| |
| -Cp.dT/dt | | | | | |

+
- 1. 123E+04| - 2. 682E- 07|

‘> SINDA/G’
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Orbit Average Flux Budget Report on +Y Deployed Solar Panel

O e [ [ [ e e S E m
+

Results fromfile : satem NTP

Type of conputation : Average rejection budget for
: assenblies or nodes group

Conp. date & tinme : 24-Feb-99 at 11:21:17

Budget on assembly or group

|
|
|
e B ———T——_———"—— +
| Area | 9.0000E+00 n2 |
| Equivalent emissivity | 8.63E-01 |
| Average thermal rejection | 6.91E+00 Wne |
| Average rejected flux | 6.22E+01 W |
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr B N—————
e e e +
| | |
| Budget on assembly or group | 1ST PANEL |
|
e s B T T EEEL T T +
| Area | 0.0000E+00 n2 |
| Equivalent enissivity | 0.00E+00 |
| Average thermal rejection | 0.00E+00 Wne |
| Average rejected flux | 0.00E+00 W |
e e e e e e +
e e +
| | |
| Budget on assembly or group | 2ND PANEL |
LT A |
| Area | 0.0000E+00 n2 |
| Equival ent emissivity | 0.00E+00 |
| Average thermal rejection | 0.00E+00 Wn2 |
| Average rejected flux | 0.00E+00 W |
.................................... e it

27



2w2INDA/G

by Netwerk Analysis, Inc

THERMICA User

EXxperience
Lessons Learned

pwm2INDA/G

by Netwerk Analysis, Inc

Lessons Learned by Major Spacecraft Company

» Five to Ten Times More Product Produced (time wise) -
Compared to other tools that were previously used

» Multi-discipline Design Support — provides insight on CONOPS, Star
Tracker Viewing, Solar Collection

» Very Responsive To Proposal Activities
» Set New Standards For Quality & Timeliness

» Fifteen Major Satellite Programs Supported in Last 18 Months.
(Teledesic, Ellipso, @Contact, Discoverer 11, ReFly, GPS Il F, Mars
Sample Return, GE*, etc.)

» Easy to learn — requires no formal training budget

* Runs on a PC - eliminates costly Unix workstations
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Successful Use of THERMICA at a Major Aerospace Company

» A user friendly interface and easy to use geometry model building tools
allow for rapid design concept model generation

» This permits thermal considerations to have an impact on the system
design, mission planning and the concept of operations

» Key trades are also performed early on to produce a more optimal design

» THERMICA was used successfully on 14 different programs in the last
two years and 4 major contracts were awarded as a result

» All this was accomplished by two analyst, demonstrating a productivity
increase of more than 5 times greater than previously experienced

pwm2INDA/G

by Network Analysis, Inc.

THERMICA Permits Rapid Generation of Complex Thermal Models

These Models were built in 3 to 5 Days
I e [ [ [ e e

GPS MOD

Mars Sample Return Mission
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THERMICA Was Used for Problem Solving, Trades and Mission Planning

SUN VIEW

[ ]
[ ]
[ ]
[ ]
[ ]
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L]
[ ]

CONOPS for Min Radiator
Heat Load And Max Solar
Energy Collection
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Summary of the THERMICA System

 Incorporates graphical model building with mathematical surfaces not just
flat plates.

» Specular and diffuse radiation modeling.

» Complex spacecrafts can be modeled using a hierarchical assembly of
parts.

* Numerous 2D, 3D and 3D animations are available to visualize almost
input or calculated parameter.

» Design changes such as orbits, orientations, radiator sizes, powers, heater
locations, can be easily made and the results displayed graphically.

« Software available for Windows 95/NT and most Unix workstations.
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