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INTRODUCTION

The present laboratory practice on discipline «System Analysis of Space
Missions» urged to give practical skills in carrying out of the complex analysis of
almost any typical missions in a circumterraneous space.

Problems in a practical work represent a complex of the interconnected
problems under the analysis of feasibility of space mission, beginning from a stage
of space vehicle launching to a stage of de-orbiting and landing.

Practical work main objective is fastening of theoretical knowledge on
discipline and mastering by pupils of the basic engineering techniques used at the
system analysis of space missions.

The practical work also promotes quantitative estimations of design-ballistic
characteristics for typical operating conditions of space vehicles, and can be used
at final master thesis works.

The laboratory practice supports almost all questions reflected in the lecture
courses on given discipline.
The laboratory practice consists of three parts and two appendices.

In the first part the laboratory practice concept is described, the sequence of solved

problems, structure of the initial data describing space mission is in details stated.
The initial data at practical work performance are design characteristics of the
carrier rocket of space appointment, the requirement to the space vehicle, defining
its special-purpose designation and technical characteristics (including parameters
of a working orbit), the basic design characteristics of the space vehicle and its
onboard systems.

In the second part the description, and also the instruction on application of

program complex START for the analysis of use of the chosen type of the carrier
rocket of space appointment (CRSA) for delivery of the set useful loading (space
vehicle) to a launching orbit is resulted. Program complex START is written in

language of high level JAVA. This language allows to create the convenient



interface and effectively to organize educational process not only in internal, but
also in the remote form.

In Appendix1 settlement techniques and models for the analysis of feasibility of
deducing of the set useful loading chosen CRSA are short stated and the sequence
of performance of various types of tasks are described.

In the third part the instruction on application of a specialized license package of

applied programs STK (Satellite Tool Kit) for the system analysis of space mission
is resulted.

This package is used for the analysis of following stages:

- The analysis of the ballistic scheme of flight in a regular mode of functioning of
the space vehicle,

- Estimations needed stock of fuel onboard the space vehicle,

- The analysis of the ballistic scheme of flight in emergency operation.

At the analysis of orbital stages following problems are solved:

- A substantiation of a choice of type of a working orbit,

- An estimation of an orbit evolution from action of Earth atmosphere (including
calculation of the space vehicle existence time and etc.) and from Earth non-central
gravitational field,

- Calculation of space vehicle transfer maneuvers from a initial orbit into a
working orbit,

- Calculation of working orbit maintenance maneuvers (maintenance of the set
height of flight, movement maintenance in the set range of heights, a correcting of
elements of an orbit) on an interval of time of active existence in an orbit,

- Calculation of a line of flight and the auxiliary ballistic information (conditions of
mutual visibility of the space vehicle and land point, operability of areas of a
terrestrial surface from a board of the space vehicle, conditions of light exposure of
the space vehicle),

- Calculation of a brake impulse, a point of its appendix and the characteristic of an
extra-atmospheric site of the flight previous descent of the space vehicle in

atmosphere,



- A choice of demanded conditions of an input and movement calculation in
atmosphere.

In the Appendix 2 the basic theoretical positions are short stated and the sequence
of performance of the various typical tasks connected with the analysis of separate
stages of space mission is described. The especial attention is given skills of check
of possibilities of flight control, planning of sessions of the telemeter information
reception, an estimation of visibility conditions and light exposure of various areas
of a terrestrial surface.

In laboratory practice the materials prepared earlier by professor I.Timbai and

post-graduate student V.Travin were used.



1. The concept of a laboratory practice

1.1. The task and initial data for laboratory practice k performance
under the analysis of space mission
1.1.1 Special-purpose designations and key parameters of space
mission
Space vehicle special-purpose designation (the companion meteorological,

researches of natural resources of the Earth, communication navigating etc.)

Full mass of the space vehicle after separation from the carrier rocket m, in kg

Mass of payload m,, in kg

The middle square of space vehicle Sy, in m*

The middle square of recovery capsule S, in m?

Ballistic coefficient of the space vehicle C,

The maximum of aerodynamic quality for recovery capsule K,

Specific impulse for maneuvering engines £y in km/s

The angle of the visibility for onboard equipment &,

The operating time of onboard equipment Ty, in days

1.1.2 Parameters of the realized orbit

Task variant through orbit elements:

Perigee height Hgnj' in km

Apogee height H” in km

Orbit inclination ‘%

Argument of a perigee

Longitude of the ascending node of an orbit (%




The angle of true anomaly in a orbiting point ¥(® (during the initial moment

of time)

Task variant through characteristics of the end of an active step of launching:

Co-ordinates of a orbiting point in the initial orbiting time in starting co-

ordinates system

X CK mn km
Ve n km
z n km

CK

Projections of a vector of speed in starting coordinates system

Vi in km/s
V. in km/s
V. in km/s

1.1.3 Parameters of a final orbit and additional requirements to
movement

Parameters of a final orbit:

Apogee height H% in km

Perigee height HIEP:' in km

Orbit inclination i‘?’

Argument of a perigee @™

1.1.4 Additional requirements for frequency of carrying out of
trajectory corrections
For a circular orbit:

Admissible change of a longitude of the ascending knot of an orbit An*

Admissible falling of height of flight AH™ In km

For an elliptic orbit:



Admissible change of a longitude of the ascending knot of an orbit

A" in deg.

Admissible falling of perigee height AH; in km

Admissible change of argument of a perigee Aw”

1.1.5 Additional restrictions on orbital movement:

Time period of stay in an initial orbit At,, in days

The maximum time of transition from a initial orbit into a final orbit

Atpep in hours

1.1.6 Data for calculation of the auxiliary ballistic information

Geographical width of land point ¢, _

Geographical longitude of land point 4,

The minimum corner of an eminence of the space vehicle for its

visibilities from land point ¥,,,,,

Corner of declination of the Sun &,

Geographical width of start point for the carrier rocket ¢

Geographical longitude of start point for the carrier rocket 4.

1.1.7 Data for calculation of maneuver of rapprochement with an
orbiting station

Initial angular distance between the space vehicle in an initial orbit and

an space station in a working orbit v

Projections of a position vector of the space vehicle concerning an
orbiting station after finishing of distant rapprochement (a miss by position)
Ty Inm,
7o In m,
Z, In m.
Projections of a speed vector of the space vehicle concerning an space

station after finishing of distant rapprochement (a miss on speed)



V.o in km/s,
Vyo in km/s,
v

o 1n km/s.
1.1.8 Parameters of a prerelease orbit and restriction on controllable
characteristics of movement in atmosphere

Inclination (")

Flight height #(™ in km

Geographical width of a point of descent ¢_

Geographical longitude of a point of descent A_

The maximum admissible value of an thrust-to-weight n’.,

The maximum admissible value of a specific thermal stream in a critical

point of the recovery capsule Q. In %

The maximum admissible temperature in a critical point of the recovery

capsule a T/, In °C.

1.2 Sequence performance of the space mission analysis

1.2.1 Preparation of the initial data

Before the beginning of performance of the space mission analysis it is
required to familiarize with the initial data attentively.

If parameters of a working orbit are not completely set, for example, the
orbit inclination, it is necessary to choose them independently on the base of a
purpose designation of the space vehicle using mentioned below
recommendations.

The intermediate orbit of launching can be set by a set of elements or
characteristics of the end of an active flight site in starting coordinate systems.

On occasion it is required most to be calculated.



If the second form of the task of the initial data it is necessary to settle an
invoice by the resulted technique movement entry conditions in absolute
geocentric coordinate system is accepted and to find elements of an launching

orbit.

1.2.2 Analysis of the ballistic scheme of flight in a regular mode of

functioning of the space vehicle

Calculation of movement of the space vehicle on the set interval in a launching

orbit

1) the evolution of launching orbit, caused non-central gravity attraction
fields (A0, Aw) on time interval At

2) the evolution of an orbit caused by influence of atmosphere
(Ar,AlL AT, AV,, AV, ) on time interval At .

3) the correction maneuver on maintenance of an launching orbit (for
circular and near circular orbits - maintenance of flight height) and full

expenses of characteristic speed are defined M;ET"

4) the flight trace of the space vehicle and the standard ballistic
information (a zone of mutual visibility and light exposure of the space
vehicle) ;

- on an interval At with use of program STK, thus coordinates of land
point get out of the initial data;

- on an interval of two turns of flight - manually, thus as launching point
gets out and geometrical characteristics of the review of a terrestrial surface
are in addition calculated.

1.2.3 Analysis of maneuver of transition from a launching orbit into a

working orbit (without phasing)

Transition maneuver is determined in a class of two-pulse and three-

pulse energetically optimum maneuvers. In a case three-impulse maneuver the



apogee of a transitive elliptic orbit is limited from above from a condition not

excess of time of transition of the set size Atq,p.

In case the working orbit is elliptic, transition is carried out or in apogee,
or in perigee. Thus settlement formulas of definition of impulses are deduced
independently with use of integrals of energy and the areas.

Full expenses of characteristic speed and time of flight for each variant

of transition are calculated.

1.2.4 Analysis of maneuver of rapprochement with an space station

In the beginning maneuver of distant rapprochement (transition from a
deducing orbit into a working orbit with phasing) is considered. The given
calculation is carried out only for a transition case between circular orbits.

If two-impulse flight the demanded corner of phasing is defined it is
chosen as optimum. At the task of initial angular distance between the
maneuvering space vehicle in an launching orbit and an orbiting station in a
working orbit the waiting time to an establishment needed phasing corner on
also is calculated.

If it is chosen as optimum three-pulse be-elliptical flight the apogee of a
transitive elliptic orbit from a condition phasing for the set initial corner of a
mismatch between space vehicles is defined needed velocity.

Assuming that as a result of maneuver of distant rapprochement the
space vehicle passes in a small vicinity of an orbiting station, finishing
maneuver of a stage of rapprochement pays off. It is considered that duration
of rapprochement does not exceed a cycle time on an orbit. There is an
optimum duration and parameters of maneuver from a condition of a

minimalist of size of needed characteristic speed.



1.2.5 Analysis of correcting maneuvers for maintenance of a working

orbit

For a case of a circular orbit of deducing maneuver of maintenance of
movement of the space vehicle in the set range of heights and longitudes of
the ascending node of an orbit in the set range of values pays off.

For a case of an elliptic orbit of deducing correction maneuvers (in the
assumption of their incoherence) separately for maintenance of height of a
perigee, argument of a perigee, a longitude in the set interval of values
according to the requirements formulated in the initial data. Frequency of
carrying out of correction by calculation of evolution of an orbit is thus
estimated, the quantity of maneuvers of correction and demanded expenses of

characteristic velocity on an interval of time of active existence Ty,

Results of calculations are represented in the form of tab. 1 for a circular

orbit and in the form of tab. 2 for an elliptic orbit.

Table 1
Correction | Conditional Expenses of Quantity of | Expenses of
of an frequency of | characteristic | corrections | characteristic
element of | correction per | speed for 1 on an speed for an
an orbit 1/days correction in | interval Ty, | interval Ty, in
km/s km/s
0
H
Full expenses of characteristic speed in km/s
Table 2
Correction | Frequency of | Expenses of Quantity of | Expenses of
of an correction per | characteristic | corrections | characteristic
element of | 1/days speed for 1 on an speed for an
an orbit correction in | interval Ty, | interval T, In
km/s km/s
0
H
Full expenses of characteristic speed in km/s




1.2.6 Analysis of maneuvers at a stage of delivery of payload to the Earth

Maneuvering at a stage of delivery of the information to the Earth
includes maneuver of transition of the space vehicle from a working orbit into
a initial orbit and maneuver of braking for input realization in dense beds of
atmosphere with the set conditions of an input.

The maximum angle of entry on the module |f_ | Approximately it is

possible to estimate for the set type of the capsule, substituting instead of

My Omaxs TH’P max 1helr maximum permissible values. Thus speed of an

input is necessary equal ~8 km/s.

The initial orbit is considered circular. If height of a initial orbit ™ it

is set, parameters of transition maneuver. Then maneuver of a descent from a
initial orbit pays off.

If the height of a initial orbit is not set, it gets out of a condition of
minimization of full expenses of characteristic velocity on maneuver of
transition to a initial orbit and on maneuver of a descent from a initial orbit.
The optimum height of a launching orbit can be in any image, for example,

searching in the chosen range of heights.

1.2.7 Analysis of a de-orbiting stage to the Earth

For chosen of a brake impulse of velocity AV, and a corner of its

orientation and speed and an angle of entry in dense atmosphere, angular
range and flight time on an extra-atmospheric site are defined.

Further on the set conditions of an input in atmosphere the decrease
trajectory, considering that movement is carried out in a plane of a initial orbit
at the maximum aerodynamic quality.

Performance of all restrictions on controllable characteristics of
movement is thus checked, and also rough co-ordinates of a point of
achievement by the landing of an Earth surface (without a movement site on a
parachute). In case restrictions on a descent trajectory are not carried out; it is

necessary to offer the measures providing their performance.



1.2.8 Calculation of full expenses of fuel on realization of considered

space mission

On the basis of results of calculation of characteristic velocity on all
kinds of maneuvering received in the previous sections, tab.2 .

The found full expenses of fuel m_ on realization of the ballistic scheme
of flight are compared to a fuel stock m,, available onboard the space vehicle:

Myp = Mg — My

If my = My, then the considered ballistic scheme of flight is realizable

also a fuel part it would be possible to translate in useful loading or to
increase time of active existence of the space vehicle. In this case it is
necessary estimate on how many days active existence of the space vehicle

can to be prolonged.



Table 3

Expenses of characteristic velocity . Fuel expenses | Duration of
XAF
in kg. engine works
in km/s ,
in sec.

On maneuver of maintenance of

an orbit of deducing

On maneuver of transition from
2 | a deducing orbit into a working

orbit

3 | On rapprochement maneuver

On maneuver of maintenance of

a working orbit

On maneuver of transition from
5 | a working orbit into a pretrigger

orbit

Pas braking maneuver at a

descent from a prestarting orbit

Full expenses

If m_=m_,that the given ballistic scheme is not realizable and it is

necessary to offer variants of performance target mmauum, for example, to
estimate time of active existence of the space vehicle proceeding from
available onboard fuel stocks, or to define weight of useful loading for which

the accepted ballistic scheme of flight can be realized.

1.3 Analysis of supernumerary variants of realization of space mission
In a practical work the pupil should estimate two possible emergencies.
1. After branch of the space vehicle from the carrier rocket it is not possible to
establish communication with it (or correcting impellent installation) has

failed and the space vehicle makes no directional passive movement.



In this case it is necessary:

- To count up time of existence of the space vehicle for the minimum,
average and maximum indexes of solar activity,

- To define height of a critical orbit,

- To calculate and construct schedules of change of height of flight from
time before achievement of critical height.

After achievement of critical height which practically coincides
conditional border of dense atmosphere, the space vehicle begins movement
on a flat trajectory in atmosphere where there should be its destruction.

For the analysis of process of destruction it is necessary to know
overloads and thermal streams at movement. (Space vehicle movement
therefore pays off with not separated lowered part) in atmosphere till the
falling moment to the Earth. Thus it is necessary that there is a ballistic

descent (K=0), and the angle of entry is accepted equal ~-0,1 .

2. At the final stage of flight after a descent of the capsule from an orbit
the movement control system has failed. In this case the capsule rotation
concerning a longitudinal axis and ballistic descent in atmosphere is carried
out.

Trajectory and controllable characteristics of movement (overloads and
specific thermal streams) also calculated and movement entry conditions
(input conditions in atmosphere dense beds) get out on the basis of
recommendations.

As a result of calculation of emergency operation requirements to a
design of the space vehicle and its lowered part from the point of view of their
self-liquidation should be formulated at a supernumerary situation

(compulsory destruction or self-damage).



2. The description and the instruction on application of the START program
complex for the analysis of a launching space vehicle into an intermediate
orbit
2.1 Block diagram of a START program complex

acvrb.ssau.ru/dinpol/
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2.2. The description of the interface of the START program complex
The START program complex (personal computer) supposes placing on the

Internet for convenience of its use by pupils. As a result of any pupil can have
access to modules of calculation of a launching trajectory. Besides the personal
computer allows establishing traditionally in a computer class on one computer,
connected in a local network with other computers. At home page loading, the
window for calculation of an atmospheric step opens, the screen copy is resulted in
drawing 1. The left column contains the menu of the user with which help it is
possible to choose an interesting kind of calculation, or to use additional functions
such, as viewing of a full trajectory of the rocket, a choice flowing
paketonocurens and viewing of a projection of a trajectory of flight of the rocket
on card Google Maple. To see a full trajectory of flight, it is necessary to walk
consistently on all modules of calculation of missile stages. At calculation of
atmospheric steps the final data is automatically transferred to the initial data for
calculation of an intermediate step (if the three-stage rocket) or in the initial data of
a finishing step (for the two-level rocket).

Trajectory calculation begins with button ""Modeling" pressing.

Pacuyer nnporpaMmMHoii TpaeKTOPHH pAKeTbI-HOCHTE. 1N

MoAenHpOBaHKE->
Pacuer crynereit . -
C JamaHHe MAPAMETPOB PellleHHA KPAeBoH 3agata:

ATmoccbep. CTyTEHN Illar nETErpHPOBAHHEAL 0.1

[ (P — lar BapeHpoBaHEA IO FTIIY ATAKH, AN, 1

JeIyCTHMAaR ToTpRIIHOCTE TP 0.1
Hepeas 1 BTopad Hawanenoe mpubIHKeHEEe MAKCHMYMa YTIa aTakn,rpag:  0.898

KoHeHEI yT0JI HAKT0HA TPASKTOPIHILIPAT: 25
BHe aTMochep. CTYIEHH
TIpoeRTHBIE AP AMETPBI CTYIEHH

IpoMesyTouEaT CTYNEHE 4
CrapToRas MaccaKr:

310000.0
IpoMesyTouEaT CTYNEHE
C TCCHBEEIM FHACTEOM

Macca Tonm®a, Kr:
181800.0
ZaBepIalolHe CTYTISHH ILmomame meypre,ml:
- 218
JaBEpUIEIONad CTYNEED Tara IV (e mycrore) H:
4774020.0
Paxera Vnemsuas tara IV (e oycrote), m'c:

Ionnan ThaekTopua SIS

HevxcTyneHyaras

Comz

Ko ¢ dirprent er1cotHOCTH coma:
1.175

CropocT: Ha4ada aIpof. pazEopoTa:
s0.0

CKOpoCTE 0KOHYAHIA AP0, PAIBOPOTA:
270.0

Asp [eCKHE TEAp TPBI

Max 0 0.2 04 0.e 08 1.0 1.2 14 1.6 18 20 22 2.4
Cra: 0215 | 0215 | 0.214 |0.212 | 0.218 0263 | 0466 0524 0516 D476 0461 D0.429 0.408

Figure 1 Main window of a program complex



The interface illustrated on an example of the analysis of possibility of deducing of
useful loading of the set weight three-stage Rocket "Soyuz" (fig. 2)

PH "Coros-¥V" OCHOBHBIe MPOEKTHbIE MAPAMETPbI

IlepBoil cTVHEHH

Haua/mmHaa Macca, T: 304
Tara apurareseil (B mycrore), KH 4093
VIe ILHELI HMIIVIEC (B IVCTOTE), M/c 3100
Macca TOILIHMEA, T 157
Koy. BEICOTHOCTH COILOA: 1.218
Ilmomaxe MHTeIa, M2 11.282
Bropoli cTyIleHH
. HavameHaA Macca, T: 131.8

I Tara gearareeil (B mycrore), KH 9907
VIeIbHBLIH HMIIVJIBC (B IyCcTOTe), M/c 3100

’ Macca TOILIHMEA, T 03

Tperbell CTVIIEHH

HavaabHaAA Macca, T: 32.3
Tara aeuraremeil (B mycrore), KH 297

VIemEHBLIT HIMITVIEC (B IVCTOTE), M/c 3300

Macca Tormea, T 22.9

Figure 2 Input of design parameters of carrier rocket

By pressing the reference «First step» there will be a window of calculation
of a trajectory of movement of a step in atmosphere dense beds. As input
parameters for calculation of the program of management and a flight trajectory it
1s necessary to set the initial data:

- Parameters of the decision of a regional problem;

- Design parameters of a step;

- A final angle of slope of a trajectory.

The screen copy is shown in Figure 3:
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310000.0

Macca Torwmea, KT
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Ilnowane vormea nil:

21.5

Tara 1Y (g mycrote) H:

4774020.0

Voemuaa tara V(e mveroTe), m'c:
3100

KosdmpreHT BBICOTHOCTH ¢0ILTA:
1.175

CropocTe HAYAJA AP0, PATBOPOTA:
o0.0
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270.0

;‘-t'ilfl OTHHAMHY¢CHHE ITaDaMeTPhRI
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Cxa 0.215 0215 0214 0212 0218 0269 0466 0524 0516 0476 0461 0429 04058

Meaz 26 28 3.0 3.2 3.4 3B 3.8 4.0 4.2 4.4 4.6 4.8 5.0
Cxa 0367 0376 0354 0339 033 0321 0313 0306 0299 0292 0285 0279 0274

Cya,rpag:0.173

Figure 3 Task of the initial data for calculation of an atmospheric stage

Results of calculation:
- Parameters of rocket flight at the moment of start,
- Parameters of rocket flight at the moment of the termination of a vertical

site,



Parameters of rocket flight the at the moment of achievement of a maximum
of an angle of attack,

- Parameters of rocket flight at the moment of the termination of a site of an
aerodynamic turn,

- Parameters of rocket flight at the moment of achievement of a maximum of
a high-speed pressure,

- Parameters of rocket flight at the moment of the termination of work of a
step,

- Schedules of a trajectory of an angle of attack and speed.

The copy of the screen reflecting results of calculation is shown in figure 4.
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Figure 4 - Results of modeling of movement for an atmospheric stage



As variant of the rocket has three stages we pass to calculation of an intermediate
stage, the screen copy i1s shown in figure 5. For calculation it is necessary to set the
following entrance data:

- Parameters of the decision of a regional problem,

- Design parameters of a stage,

- Flight entry conditions.
The end result of modeling of an atmospheric stage will automatically be

transferred to entry conditions of flight for an intermediate stage.
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Figure 5 Entrance data for modeling of movement of an intermediate step

Copy of the screen of the received results it is shown in figure 6.
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Figure 6 Result of modeling of movement of an intermediate step

In figure 7 the copy of the screen of the task of initial parameters for

calculation of the third (finishing) stage is resulted.
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Figure 7 Initial data for calculation of a finishing stage

In figure 8 the copy of the screen of results of modeling of flight of a finishing
stagep is shown, and in figure 9 the full trajectory of flight is shown.
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Figure 8 Results of modeling of flight of a finishing stage



TpaekTopuAa CTyneHen

85 000
80 000
¥5 000
0 000
G5 000
60 000
55 000
50 000

45 000

¥,

40 000

35 000

30 ooo

25 000

20 000

15 000

10 000

5000

] 250 000 500 000 750 000 1000 000 1250 000 1500 000
KM

— MNepead — MNpoMexyTOUHAA Jaeepwanwan

Figure 9 Full trajectory of flight of the carrier rocket "Soyuz"

For reception of the information on used terms, techniques and models it is

necessary to address to the Appendix of 1 given practical work.



3 Instruction on application of program complex STK

for the space missions analysis

The present instruction allows users to get skills, skills for creation and
management of objects in personal computer STK. The pupil will get acquainted
with structure of static and dynamic elements of a database of personal computer
STK and will learn to keep and take objects from this base. After creation of
various objects in personal computer STK the pupil will learn to "recover" the
project to receive the information, time-dependent in a window «Map». In addition

forms of reception of reports in static and dynamic forms are described.

3.1 Initial skills of work by STK

The folder in which it is established STK, contains a subdirectory «Tutorial» in
which the information received during independent work of the pupil at mastering
of the personal computer remains all.

The first basic step is creation of the educational scenario.

As the scenario is called the object of the highest level in STK it includes a card
and comprises all other objects (companions, navigating equipment etc.). This
section of the program of training acquaints with process of creation and saturation
by the scenario information.

When for the first time it is started STK, in a separate window opens «Startup

Wizard».



Start Up for Apphcation - 5TK
e

Load a zoenarnio from one of the selection liste or create a new scenznio.

— Dema Scenariosz — Lagt Loaded Scenarioz

Basic - Scenarniol
GOESHOAS
EarthRes

Shuttle
Comm
Chainz

Multitdap LI

Create Mew Scenarno

¥ Displey on startup

] 4 | Cancel |

For creation of the new scenario it is required to press the button which is to the
left of a field «Create a New Scenario» in «Startup Wizard» as a result the card
window opens. For scenario renaming it is necessary to press an icon to the left of
a name, appropriated to the scenario by default, then addressed to Scenario# in the
main window. After that it is typed «Tutorial40» in the allocated text and button

Enter is pressed. The main window is updated for display of a new name.
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File Edit Properttiez Toole window Help

- STK
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Before carrying out any problems in STK it is necessary to establish parameters
Tutorial40 which will influence all aspects of the scenario, after its creation. For
performance of the problems put at the initial stage, it is expedient to use the
parameters described further.

There is a possibility to change parameters of the scenario in program work.

First of all it is necessary to install parameters of applications STK as a whole.
These parameters of the highest level influence any object in the appendix,
irrespective of the open scenario. For installation of parameters of the appendix it
is necessary to be convinced that the main window of the program actively. Click
on the menu «Properties» and choose «Basic» in the emerged window. As a result
there will be a window of base parameters.

Important often to keep the project for prevention of loss of the information. It is

possible to use an option of the Car of preservation.

Er! STE - Basic Properhies

Sawve Prefz | IPC: I I:Inlinel

— Ephemeriz Acceszes _
W Save Vehicls Ephemeris I Eave horesess Quick Save |
[ Binary Farmat

—Auto Save
¥ Enabled

Directon: ID:"xstk"'.useﬂ

Save Peniod [min]: 5.000

k. I Cancel | Apply | Help |
I | | | I |

For convenience it is necessary to be convinced that the auto preservation period is

equal to 5 minutes, points «Auto save» and «Save Vehicle Ephemeris» are



included, and points «Binary Format» and «Save Accesses» are switched off.
Press key OK for acceptance of changes and window closing «Basic Properties».
It is important to establish parameters not only at appendix level, but also in the
scenario. It is necessary to establish the units of measure used throughout all work
and as to establish necessary parameters of a drawing for convenience of display
and perception of objects and schedules on the screen.

Units of measure get out by allocation by a mouse of scenario Tutorial40 in the
main window and pressing Bkiajaku Basic in the appeared window of properties.
For test change time of the beginning of the scenario on 1 Nov 1997 00:00:00.00
and time of its termination on 1 Nov 1997 04:00:00.00. Then press on

“Animation”.

g2 Tutonial40 - Basic Properties M= I

Time Period |.ﬁ.nimatinn| [Ihitz I D atabaze Erwir-:unmentl Terrainl Descriptiu:unl

Period
Start: I'I Mo 1957 00:00:00.00

Stop: I'I MNow 1937 04:00:00.00

Epoch: I'I Mare 1997 00:00:00.00

ak. I Cancel | Apply | Help |

\deg |UTCG [km kg \zec




25 Tutorial40 - Basic Properties

Time Period  Animatian l Uriits ] Databaze Erwir-:unment] Terrain] Descriptiu:un]

Start Tirne: 1 Moy 1337 00:00:00.00
| 2l |
|Time Step | - [50.000 sec
|High Speed j : |

v

deg

[anrel Annly Heln

UTCG | km kg

FEC

To make sure that the period is set correctly, check up field Start Time on

Animation 1 Nov 1997 00:00:00.00, then press on Units.

2 Tutonaldl - Basic Properties

Time F'eri-:u:l] Animation  Units lDatabase Erwir-:unment] Terrain] Dezcription

Inits Change Unit Walue
Marne | Walue Hertz [Hz]
Distancelrit Earth Fadi (Fie) Kilchertz [KHz]
Tirmel nit Seconds [zec) Megahertz [MH2
[ ateFormat Gregonan UTC [UTCG]
i glel it Degrees [deq) lesheali
b4 azzLnit Kilograms [ka]
Fowerl nit dBw [dBE'Ww]
Frequencylnit Gigahertz [GHz]
SmallDistancellnit  Meters [m]
Latitudel nit Degrees [deq]
Lonaitude nit Deqrees [deal
( | 2]

o |

Carncel

apply

Help

deg

UTCG km

kg

SEC




For convenience, establish all units of measurements how it is shown in the table.
To change values by default, allocate an element interesting you, then choose
correct value in a window «Change Unit Value».

To choose an element from the list, allocate with a mouse this element. To remove

allocation, once again click it with a mouse.

Field Setting

Distance Unit (distance) Nautical Miles (n miles)
Time Unit (time) Hours (hours)

Date Format (a date format) UTC Gregorian (the Gregorian calendar)
Angle Unit (corner) Degrees (degrees)

Mass Unit (weight) Kilograms (kgs)

Power Unit (force) dBW

Frequency Unit (frequency) GHertz (I'ural ep1ib)
SmallDistanceUnit () Meters (metres)
LatitudeUnit (width) Degrees (degrees)
LongitudeUnit (longitude) Degrees (degrees)

After the installation termination it is necessary to press the button APPRX.
Drawing parameters operate information display to the screen and the possibilities
accessible in window Map. To establish parameters of a drawing for own scenario,
press the button of the panel of tools of a window of Mar.

Properties of a card are responsible for information display: orbits, names of
objects, lines KA and other information on the companion.

In the table shown here, the option «Show Tool Bar» is included, and the option
«Show Elevation Regions» is disconnected.

For convenience, be convinced that options «Show Tool Bar», «Show Status
Bar» and «Show Scroll Bars» are included, and the option «Show Elevation
Regions option» is disconnected.

After the termination, press on Bkiagky Details.




Further it is necessary to fill the scenario with various objects. It is expedient to
begin with a choice and the task of placing of land stations, starting platforms and
tracking stations.

Press an icon «Facility icon» in the bottom part of the main window (when the
cursor is directed at an icon in the bottom part of a window its value is
highlighted). Change the object name, for example, on «Baikonury.

At first it is necessary to allocate with double click of the mouse the old name, and
then to enter the new name in the allocated place.

Pressing Enter carries out installation of a new name.

As a result the Main window will be updated to display new object.

In a window of the Card it will appear in a place with co-ordinates of 0 degrees of
width and 0 degrees of a longitude.

Further it is necessary to choose «Basic» from the menu «Properties» (or to press
the right button of the mouse for menu occurrence in which it is possible to choose
properties and tools for object).

Installation of co-ordinates of object is carried out in the first Bkianke Position
windows Basic Properties.

Coordinates set object position on a card.

mnaiknnur - Bazir Properhes

Fasition I.-'-‘-.zEIMaskI .-’-'-.tml:uspherel Dreszcription

T_IrIpE: IGEDdEtiC j
Latitude: |4E.IIIIIIEIEI deg
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Altitude:; IEI.EIEIEIEIEIEIEI rim ™ Use temain information

| OF. I Cancel | Apply | Help |

deg  |UTCG |nm kg hr




For mastering check establish values on Position how it is shown more low, and
be convinced that options Local Time Offset from GMT and Use Terrain

Information are switched off.

Field Setting
Position type | Geodetic
Latitude 48.0
Longitude 55.0
Altitude 0.0

Further it is necessary to press Description.
At any moment to receive the information on object it is necessary to use BKIaaKy

Description where it is possible to describe object independently.

Bl Baikonur - Basic Properties [ 2]

F'l:usiticnnl .-'-‘-.zEIMaskI Atmozphere  Description |

Shart Description: ILaur‘n::h Site

Long Description:  [Fussian launch site Iu:uc:Eteu:I in Siberia ;I

-
4 K

| k. I Cancel | Apply | Help |
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Following stage of development of possibilities of the personal computer is
addition of new objects.

For an example it is possible to add four more new objects, specified in the table.
For this purpose it is necessary to execute the steps described above for addition of

new objects, in details to describe objects unessential.



Name

Latitude

Longitude

Altitude

Short

Perth

-31.0

116.0

0.0

Australian
Tracking

Station

Wallops

37.8602

-75.5095

-0.0127878

NASA Launch
Site/Tracking

Station

After definition of parameters of each object it is necessary to press the button

APPRX.

For addition of two more objects in the scenario we will use the Database.

For this purpose in the main window it is necessary to allocate the created scenario,

and then in menu Tools choose Facility Database.

Facilitr Database for Scenario - Tutorialdd

Databaze |stha|:iIit_l,l.fu:|

Site Marme: I

Latitude  Min: [-90.000 deg

M ax: 90,000 deq

Longitude  Min: [0.000 deg

M ax: | 360000 deg

Alttude  Min: |-53.955 nm

M ax: 53,996 nm

RELI M ASA DS

Perfarm Search. ..

Cancel

Help

It is necessary to include option Network and to choose, for example, NASA DSN,

and further to press button Perform Search ...




Facility D atabase Search Results I

Site Name | Metwork | Latitude (deg)| Longitude [deg) | Altitude [m) | |
Goldstone345TD NASA DSH 35.1186 2431544 0,00
Goldstone 70 MASA DSN 35.2444 2431106 0,00
Guamdf MNASA DSN 136025 144.8508 20860
K ausidf NASA DSN 215669 -158.2513 317.90
b adrid 26 NASA DSN 40.2403 355,746 0.00
Madrid34HE F MASA DSN 402372 355, 7456 000
Madrid345TD MASA DSN 402389 55,7511 000
M adrid70 MNASA DS 40.2414 55,7519 0,00

b earitt] sland NASS DSH 28.4247 -80.6E46 -18.54

Select Al Deselect Al tatches Found 18
Unique : 18
Selected : 2
Croate Canatcllation
Creation Clazs  [Facility j [~ Create Constellation |

k. I Cencel | Apply | Help |

After occurrence in a window of search results, find in the end of list Santiago and
WhiteSands, then press APPRX. In window Facility Database press Cancel.

In the main window allocate Baikonur, and then press and hold button Shift, in
passing allocating all remained four objects, then press the right button of the

mouse and choose Graphics in the appeared menu.

B Baikonur, ... - Graphics Properties

Attibutes | AzEMask | Display Times

Colar: INDtEqUEﬂ vl ™ Inherit Settings
Marker Style: I_ vl I# | ShovlLatel
d

ak I Canhicel | Apply | Help |

|deqg |UTEG  [km [kg |sec

On Bkiagke Attributes change Marker Style so that it has displayed an object
icon. Press APPRX.
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When objects are added in the scenario from a database, for them the description is
automatically created. For description viewing, for example, object Santiago it is
necessary to open menu Basic Properties for this object and to choose option

Description.

m Santiago - Basic Properhies [_ [5]

F'usitiu:unl .&zEIMaskI Btmosphere  Description |

Short Dezcriphion: ||

Long Description: |Site Mame Santiago ﬂ
Matworl: MASA DSM
Latitude -3315137 dea

Eazt Lonagitude <70 BE83 deg -
A F I

Ok I Cancel | Apply | Help |

| |deq  [UTCG |rm ko [br

Field Long Description contains except the information on a site and other data,
concerning the allocated object.

Creation of the purposes of supervision is an important stage of script writing. Let
the supervision purpose is the glacier in the North America. It is necessary to press
icon Target in the bottom part of the main window, then to designate purpose

Iceberg and to press Enter.



Further it is necessary to press on Bkianky Basic in menu Properties for the
purpose of the task of co-ordinates of the purpose and its description.

The first Bxiragka in window Basic Properties is called Position.

Eﬁﬂlceherg - Baszic Properties M= 3 I

Position I."-\.:EIM-:I;:I&I Alnozphiene | Descipliong

Type:
Latitude: |?4.91 00 deg

Longitude: |-74.5000 deg I™ Local Time offset from GMT: |-5-UDD hr

Altitude:; IEI.EIEIEIEIEIEIEI rim [™ Use temnain information

| k. I Cancel | Apply | Help |

| \deg UTCG | nm kg hr

It is necessary to define a longitude, width and height above sea level for the new
purpose. On Bkiagke Description the short description is entered. It is necessary to

change Position Type on Geodetic.

Name Latitude Longitude Altitude Short

Iceberg 74.91 -74.50 0.0 Only the tip

After the termination to press the button APPRX. That it is better to see object on
the Card, it is necessary to open its graphic properties and to change Marker
Style for an object icon.

Creation of the scenario for mobile object is shown for the ship.

In the beginning it is necessary to add the ship in scenario Tutorial40. It needs to
press an icon of the ship and to change the name of new object on Cruise. Then it
is necessary to press Enter to accept a new name.

Further window Basic Properties for the below.




ﬁ[ﬁruise - Basic Properhes

Foute I Attitude I Atmosphers I D escription I

Start Time: |1 Meow 1997 00:00:00.00 Step Size: I':'-':":":' hr
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L atitude | Longitude | Altitude | Fate | Tum Radiuz | ¥ Update Map Graphics
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52100 40100 0000 4.900 0.000 :
0200 -55.000 0.000 4,900 0.000 & Add New Paint
Ga200 55000 0000 4.900 0.000 r .
72200  -70.100 0.000 4.900 0.000 Change Cunert Foint
74900 74500 0000 4.900 0.000

Inzert Paint |
Nelete Print |
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0k I Cancel | Apply | Help |
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It is necessary to be convinced that start time on Bkiaake Route is established on 1
Nov 1997 0:00:00 AM and Propagator on Great Arc.

Coordinates of movement of the ship are entered noctpouno. When input of a line
comes to the end button Insert Point (the point through which will take place the
ship is put) is pressed.

Latitude Longitude Altitude Rate Turn radius
44.1 -8.5 0.0 4.9 0.0
51.0 -26.6 0.0 4.9 0.0
52.1 -40.1 0.0 4.9 0.0
60.2 -55.0 0.0 4.9 0.0
68.2 -65.0 0.0 4.9 0.0
72.5 -70.1 0.0 4.9 0.0
74.9 -74.5 0.0 4.9 0.0




Further definition of a site of the ship is carried out. It is for this purpose pressed
BKiagka Attitude in window Basic Properties and it is checked that in point

Attitude Type it is established ECI velocity alignment with nadir constraint.
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Further at scenario drawing up it is necessary to add companions and space
vehicles. For example, are added ERS1, Shuttle, TDRS East and TDRS West.
Throughout all exercise time will be displayed in seconds. In window Basic
Properties choose Bkmaaky Units, change measurement of time for seconds and
press APPRX.

Now companions are added in the scenario. For example, at first in the scenario
two transferring geostationary companions (TDRS) are added. In the main window
it is necessary to press the companion image. As a result will open Orbit Wizard

(the master of a choice of an orbit).



Orbit Wizard - Introduction - 1 of 4

URBIT WIZARD
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Key Next is pressed. Option Geostationary gets out and is again pressed Next.

Orbit Wizard - Geosynchronous Definition - 3 of 4
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It is necessary to be convinced that in a window of the Master of geostationary
orbits the longitude (Longitude) matters-100 (a longitude of standing of the
companion on equator), then it is necessary to press Next.

Further change time of start of viewing of the scenario and the viewing termination
on 1 Nov 1997 00:00:00.00 and 2 Nov 1997 00:00:00.00, accordingly. Further it is
necessary to change the companion name on TDRS.

Now it is necessary to enter one more companion TDRS into the scenario. For this
purpose it is necessary to make active a scenario window, to choose in menu Files
point Insert. After opening Bkmanku Insert it is necessary to choose the concrete
companion from the list of accessible expansions. Further key OK is pressed to add
the companion.

Lines of both companions are displayed in the form of lines. That it is better to see
companions, it is necessary to click on companions serially and to choose in
appeared menu Graphics. The icon of the companion as Marker Style Further gets

out.
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Addition of companions is carried out by pressing an icon with the companion

image. When there will be a window of the master of a choice of an orbit is

pressed Cancel and the companion name on ERS1 changes.

EQEFIS1 - Basic Properties

Orkit |Attitudc| MNass Drcakl Mass I Dcscriptionl

Start Time: I'I Mow 1997 00:00:00.00
Stop Time: I'I Mow 1997 04:00:00.00

Step Size: IED.DDD sec

Propagator:  [ETSETRTEE ey

Orbit Epach: I‘I MNow 1397 00:00:00.00

IS emimajar Axiz

j |388?.?84BDDE nm

Coord Epoch: I'I Jan 2000 11:58:57.82

Coord Type: ICIassicaI vI
Coord Systen: |J2DUD vI

IE coentricity

j ID. 00000000

Inclination ISB-EDDD deg
Argument of Periges IU- 0000 deg

Prop Specific;  Spedial Optians. . | ILon_ Asen. Node = |33.3300 deg
|True Anomaly j ID. 0000 deg
Ok I Cancel | Apply | Help |
|deg |UTEG |nm |kg |sec

Further parameters of an orbit for ERS1 are entered. Before entering the values

resulted in the table, it is necessary to press the button to change value RAAN on

Lon Ascn Node (a longitude of the ascending knot).

Orbital Element Setting

Start Time 1 Nov 1997 00:00:00.00
Stop Time 1 Nov 1997 04:00:00.00
Step Size 60.00

Propagator J4 Perturbation

Orbit Epoch 1 Nov 1997 00:00:00.00
Coordinate type Classical

Coordinate System J2000

Semimajor Axis 3867.7846




Eccentricity 0.0
Inclination 98.50
Argument of Perigee 0.0
Lon Ascn Node 99.38
True Anomaly 0.0

After the input termination it is necessary to press the button APPRX.
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On ongoing educational scenario should be added to the spacecraft. To do
this, again click on the icon with the satellite. When the wizard appears select the
orbit should click Cancel and enter the name of the Shuttle. You must open the
basic settings for the Shuttle and enter the settings shown in the table, similarly as

was done for ERS1.




E’.’!Shuttle - Basic Properties

kit |.t’-‘-.ttitude| Pass Bleakl Mass I Diescription

Start Tirne: |‘| Mow 1937 00:00:00.00

Stop Time: I'I Moy 1957 03:00:00.00

Step Size: IEU.UUU FEC

Fropagator: IJ 4Perturbation j

Orbit Epoch: |1 o 1997 00:00:00.00

I.-’-‘-.pngee Altitude

j |2nn_nnnnuun nm

Coord Epoch: |1 Jan 2000 11:58:57.82
Coord Type; IEIassicaI j
Coord Systen; |J2UEIEI j

IPeligee Altibude

j |2uu.uuunuuu nm

Inclination |28-EDDD deq
Argument of Feriges IU-DDUU Uey

Frop Specific: ~ Special Options. .. |

ILDn. Agcn. Mode

j |-151.0c|deg

ITrue Anorialy

j |n_uunn deg

o |

Cancel | Apply | Help |

|den |UTCG [nm [k |sec

Before entering the values resulted in the table, it is necessary to press the

button to change RAAN on Lon Ascn Node and Semimajor Axis (the main shaft)

on Apogee Altitude (apogee height).

Orbital Element Setting

Start Time 1 Nov 1997 00:00:00.00
Stop Time 1 Nov 1997 03:00:00.00
Step Size 60.00

Propagator J4 Perturbation

Orbit Epoch 1 Nov 1997 00:00:00.00
Coordinate type Classical

Coordinate System J2000

Apogee Altitude 200.0 nm

Perigee Altitude 200.0 nm

Inclination 28.5

Argument of Perigee 0.0

Lon Ascn Node -151.0

True Anomaly 0.0




After finishing, press the OK button.

Once you enter the parameters Shuttle, you can change the properties of an
object, such as the type and color lines to indicate his line on the Earth's surface, to
distinguish the road from other moving objects. To do this, select Shuttle in the

main window, click on it, right-click, select Graphics from the menu,

:."A;]Shullle - Graphics Properties

Attributes | Pass I Display Times | Contours

Color: I VI ¥ Imherit Settings

IV | Show Latel

Lirie Sy, ILung Dazh vl ¥ | Show Ereund (rack
. ) I | G Okt
Line twidth: |1 vl
| St Pass Latels

b arker Style: IF'Ius - l

ok I Cancel I Apply | Help |

[ |deg |uTCe [ im [kg |sec

on tab Attributes change Line Style (line style) on the Long Dash (long dashed
line), Marker Style (marker style) on the Plus and click Apply.

Then choose the tab Contours.

!.'gshullle - Graphics Properties

Attributesl Pazs I Display Times ~Contours |

[w Show Elevation &ngle Contours

Adding Levels———————— -~ Level Attribute:

Add Methad: IStart, Stop, Step vl
Start: ID.DDD deg Remove |
Stop: ISD.DDD deg Add

| Femove all |
Step: |1D.DDD deg

Color: DETEEECEE ~

Line Style: ISoIid vl
Line Width |1 'l

[~ Label

oK I Cancel | Apply I Help |

[ | deg |uTce [ [k |sec

Now, should set a place at which the angle can be observed Shuttle. You
must make sure that the tab Contours Add Method cursor on Start, Stop, Step.
Next, enter a value of 0, 50 and 10 are, respectively, and click Add. In the Level
select the first level (0.00) and disable the Label. Then do the same for the other



levels. Enable Show FElevation Angle Contours and click OK.

Here's an example view of the map
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You can watch satellite orbits in 3-D. In the main window should be allocated
and choose Tutorial40 in the Tools menu, click New Window. When you see the
map window, click on the last button in the top row - will appear Graphics

Properties. Select the tab Projection. Put the values shown in the figure below.

=]

Adtributes | Dotale  Projection Ilmagcsl Tcut Annotation Flceolutionl

Type Center

Projection: IParspective j Lat: |-3.41 Sceg
3D Drbit: | vI Lon: |54.99|J deg
Field of Wigw: |35-UUU deg Al |2UUUU.[DD nm

ak. I Cancel | Apply | Help |

When the scenario is important needed to select the monitoring of the surface
(visibility) from satellites. They clearly represent the boundary areas of interest in
the Earth's surface.

Consider the situation when the ship ran into an iceberg. Create a scope that
defines the boundary of the surviving passengers and search the whole of the
remaining equipment. Should click on the icon of Area Target at the bottom of the

main window, and then call zone - SearchArea, open the Graphics Properties for



SearchArea. Further Attributes tab to change the thickness of the lines (Line
Width) at 3, choose None for the Marker Type and disable option Inherit
Settings and Show Label. Then click OK.

Now you must specify the purpose of observation. You must open a window

to set the Basic Properties of the coverage,

] SearchArea - Basic Properties

Boundary | I:urll.luidl DI:,':'::L:IiI.IliLIrII

— Paints
L atitude | Longitude | Edit Mode
4393 SV E1ZG & Add Mew Point
FR78F 71157
45730 630714 " Change Current Paint
¥1.6091 -63.1316
700291

71.9851
|hzert Paint

Delete Paoint

il

¥1.95851 deq I-?E. 3036 deg

2F, I Cancel | Apply | Help |

| \deg UTCG  |rm kg \zec

enter the longitude and latitude, as shown in the figure. Once the values have been
introduced longitude / latitude, press the Insert Point.

We have to go to the tab Centriod.

Fijﬁeamhﬁ.ma - Basic Properties = 7] =] |

Boundary  Centroid I Descriptinnl

— Positian
Type: ISPthiCEI' j [ Auto Compute Centroid
Latitide: |?4.9533 deg
Longitude: |-74.5482 deg ™ Local Time offset from GMT: 120000000 <=0
Radius: |3443.'I 462143 nm

k. I Cancel | Apply | Help |

|deg UTCG  |rm kg |zec




It should disable the Auto Centroid Compute, modify Position Type to
Spherical and the latitude 74.9533 and longitude -74.5482, as well as the radius of
3433.1462149. After graduating from OK Press.

Next, open the window for the Graphics Properties of the iceberg, change the
Marker Style to X and click OK.
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Suppose we want to find out whether satellite ERS1 see the collapse and
whether it can assist in finding and rescuing people. In the main window should be
made ERS1, click the right mouse button and select Access from the menu. Then
choose from a list of SearchArea objects, press successively Compute, Access ...

Reports in the field to see the report of the review of the satellite.

i Report: Satellite-ERS1-To-AreaT arget-SearchArea - Access =] E3
Filez  Edit Help

15 Jul 1997 18:47:50
Satellite-ERS1-To-AreaTarget-SearchfAirea: Access Summary Report

Access Start Time (UTCG) Stop Time (UTCG) Puration (sec)
1 1 Hor 1997 00:20:56.79 1 Hor 1997 00:38:04.79 1028.000
2 1 Hor 1997 02:00:48.36 1 Hor 1997 02:17:22.96 994.605
3 1 Hor 1997 03:40:20.63 1 Hor 1997 03:56:09.26 948.622

Global Statistics

Min Duration 3 1 Hor 1997 03:40:20.63 1 Hovr 1997 03:56:09.26 948 .622

Max Duration 1 1 Hor 1997 00:20:56.79 1 Hovr 1997 00:38:04.79 1028.000

Mean Duration 990.409

Total Duration 2971.226

To use the satellite ERS1 for such purposes, it should have on-board scanner
and aerial surveillance, to transfer data from the satellite to the Earth.
In the main window should be made ERS1, click on the icon with the image sensor

and its name is Horizon. In the class of satellites ERS1 will be a subclass of the



sensor. Now you need to set the properties of the object definitions for the sensor

on the tab Basic Properties.

Hnliznn - Basic Properties [ _ ] l

Definition |F'0inting| Hesolutionl Drescription

Sensor Type: I Conical j

Half dngle——————— Clock Angle

Inner: |U-DDD deg Minimum: IU.DDD deg
Duter: |90-DDD deg - |3sn.000 deg

] I Zancel | Apply | Help |

| |deg |UTEG |nm |kg |sec

Enter the values as shown in the figure, and then click the Pointing.

Hulizun - Basic Properties M= E3 I

Definition  Fointing | Hesolutionl Descriptionl

Pairting Type: h

Orientation Method: IAZ-EI hd I

Azimuth: IEI.DEIEIEI deg
Elewation: [90.0000 deg

About Boregight: IHotate 'I

Ok I Zancel | Apply | Help |

[ | deg |uTCG [rim [ka | 2o

Should be sent to our satellite sensor strictly on Earth. To do this, you should
check that the options Pointing Type was pressed Fixed Elevation and values equal
to 90 degrees, and after that, click OK.

What follows is to describe the properties of the transmitting antenna mounted on
the satellite ERS1, using the steps described above. To set up an antenna, set the

Basic Properties for her. It should set the values as shown below.



annlink - Bazic Properties

Definitian |F'0inting| Resdution | Description

Senzor Type: IHaIfPower j

Half Power
Frequency [GHz); |0.250

Diameter: I1 000 m
Half Angle: |1 2.3529 deg

] I Cancel | Apply | Help |

|deg |UTCG |nm |kg |sec

Then go to the tab Pointing.

annlink - Bazic Properties

D efinition PDintianHesdulion Descriptionl

Painting Type:

Boresight Type: I'racking vl Awailable Targets Azzighed T argets
Facility /B zil.orwr
I riertation i ethed: I.i-\z-EI 'I

Facility /Perth
Facility /S antiago
SEmth: |-132.EIEIDS deq
Elewvation IZ?.BSSD deg

Facility w allops
About Baresight: IH.;.tate j

!

g WhiteSands =
_ |
TargetTimes. .. |

] I Cancel | Apply | Help |

| |deg |UTCG |nm |kg |sec

———— [Facility M\ hiteS ands

We need to ensure the antenna to the specified ground stations. To do this,
change Pointing Type in Targeted and Boresight (reference direction) Type for
Tracking (Monitoring).

Next, select the Baikonur in the list of available objects and click on the arrow
to the "right" to add it to the list of existing objects. In the same way, add the
remaining objects. Click on OK.

To display the new information is necessary to "revive" the scenario. To do

this, click on Play. Below the picture shows the result.
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Of their choice modeling and visualization of the script can be interrupted.
Sensors purposes and objects can be added. For example, if you want to add an
object with the name of Wallops sensor FiveDegElev to open its Basic Properties
to set the parameters. Definition tab in the tab, choose Conical and set the Inner
Half-angle equal to the value of 0.0 and Outer Half-angle 85.0, leaving the values
for the Clock Angles by default. Then select the tab Pointing.

On this tab, you should make sure that the options Pointing Type set to Fixed
and Elevation value is equal to 90.0. Click OK.

Now, open the Graphics Properties window for the sensor and select the tab
Projection. On this tab, set the Maximum Altitude at 424.0 nm and Step Count
is equal to 1, click OK.
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In order for this sensor could be used for another object WhiteSands, should
highlight FiveDegElev sensor in the main window, then select Save from the menu
Files.

Now add a sensor to an object WhiteSands, highlighting the main window
WhiteSands, and then press the Insert ... menu, Files. Should change the File
Type for Sensor and choose FiveDegElev.

“ Tutonald0 - Earth Yiew 1
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3.2. Analiz orbital missions

In this section, students will acquire skills in analysis of orbital missions
(satellite orbits), master control component script for more information and
graphical display. In the process of implementation of the student acquires the
skills to create the orbit, display tracks the spacecraft imaging scenarios, changing
the way the map display and documentation of results.

1. Changing the parameters of the orbit.

If you want to receive information on the height of the perigee and apogee
instead of the major axis and eccentricity, it is necessary to click on the icon with
an arrow "down" to the right of Semimajor Axis and choose Apogee Altitude in

the list that appears.



PJERS1 - Basic Properties !EIE

Orit |.&ttitude| Pass Break | Mass | Description |

Start Time: |1 Moy 1997 0C:00:00.00 Step Size: IEU-DUU FEC

Stap Time: |2 Moy 1997 OC:00:00.00 Propagator: I.J 4Perturbation j
Orbit Epoch: |1 Mov 1937 00:00:00.00 I,&pngee Altitude j |423.8551 235 nm
Coord Epach: |1 Jan 2000 - 1:58:56.82 |pe,igee A ltitude j |423.8551 335 nm

Coord Type: ICIassicaI j Inclination ISBEDDD deg
Coord System; IJ2UUD j Arqument of Periges IU-UUDD deg

Prop Specific; ~ Special Dptions. .. | ILon, Asch, Mode j ISS.EBDD deg

ITrue Anomaly j ID.EIEIDD deg

0k, I Cancel | Apply | Help |

[ |deg [UTCG  [hm

ka |sec

2. Create a report.
Ability to create reports in STK and facilitates data analysis. In STK provides
several standard report templates. To create a report in the main window should be

made ERS1, right click and select Report from the menu.
STK Report Toolfor Satelite -ERST |

Stples — Report
Active Congtraintz .
Shthtude Huaternions F ﬂl
B1950 Pogiion Welocity
Beta Angle Time Period... |
Clazzical Ohit Elements
ECF Aczceleration
ECF LLR Pozition —Shle————
ECF Pazition Yelocity -
Eclipze Tim=z Properties. .. |
Euler Anglez
J2000 EC! Acceleration fdd...
J2000 ECI Posgition Welocity
LLé& Pogition
LOP Mean =lementz | Mew
Lifetime
Lightirig Times
METE Posiion Velacity —lH S
MOD Position Yelocity
Pagz Data Make Copy |
Solar AER hd
Attitude Duatemions Change |

Cancel | Help |

If you need to document information about the orientation of the satellite
ERSI1, for example, through kvaretniony should be choose Attitude Quaternions

in the list of templates and click Create to get information.



R T |

Filez Edi Help
07 Jul 1997 18:38:51 3

Satellite-ERS51: Attitude Quaternions

Time {(UTCEG} al a2 o3 e

1 Hov 1997 00:00:00.00 0.686327 -0.170161 0.633662 0.313803

1 Hovr 1997 00:01:00.00 0.706376 -0.178537 0.612376 0.306845

1 Hovr 1997 00:02:00.00 0.725711 -0.186838 0.590532 0.299513

1 Hovr 1997 00:03:00.00 0.744310 -0.195062 0.566148 0.291823

1 Hor 1997 00:04:00.00 0.762153 -0.203207 0.545243 0.283794

1 Hovr 1997 00:05:00.00 0.779220 -0.211272 0.521836 0.275442

1 Hovr 1997 00:06:00.00 0.795491 -0.219250 0.497944 0.266788

1 Hov 1997 00:07:00.00 0.810948 -0.227139 0.473586 0.257851

1 Hovr 1997 00:0&:00.00 0.825576 -0.234931 0.448783 0.248650

1 Hovr 1997 00:09:00.00 0.839357 -0.242619 0.423553 0.239206

1 Hovr 1997 00:10:00.00 0.852277 -0.250197 0.397916 0.229540

1 Hovr 1997 00:11:00.00 0.864323 -0.257655 0.371893 0.219672

1 Hov 1007 00:12:00.00 0.875482 -0.264083 0.345504 0.200623

1 Hovr 1997 00:13:00.00 0.885744 -0.272170 0.318770 0.199415

1 Hov 1997 00:14:00.00 0.895099 -0.279204 0.291714 0.189067

1 Hovr 1997 00:15:00.00 0.903538 -0.286073 0.264356 0.178599

1 Hor 1997 00:16:00.00 0.911053 -0.292764 0.236719 0.168033

1 Hovr 1997 00:17:00.00 0.917640 -0.299262 0.208827 0.157385

1 Hovr 1997 00:1§:00.00 0.923293 -0.305552 0.180702 0.146677

1 Hovr 1997 00:19:00.00 0.928009 -0.311619 0.152369 0.135924 j

To close this window, select the menu item Files Close, to print the report in

the menu Files should choose

Print.

3. Getting information in graphical form.

To view the same information in graphical form in the main window should

be allocated satellite ERS1 and click Graph on the menu Tools.

STK Graph Tool for Satellite - ER51 I
Styles — Graph

Beta Angle
Clazszical Obit Elements ﬂl
ECF Poszition Velocity
Eclipze Timzs Time Period... |
Euler &ngle:
J2000 ECI Position Welocity
LLe Pozition —Style—————
Lighting Timesz -

Properties... |
Salar Az El
SunVectorECF
“'aw Pitch Rall Add.

MHew

MMake Copy |

Solar AER &I
Cancel | Help I

Next in the dialog box to choose Solar AER in the style list reports and press

Create.



i Graph. ERS1 - Solar AER I S

Filez Edit Help

Satellite-ERS1: BCIYWYLH Solar AER - 07 Jul 1997 15:41:349

Argle Drizzlictt e

e 148450000

50 148470000

/\-f\./\

~ 143460000
[ WA U A % o e —
1 R 1 99?1]0:00:00.00 1 Moy 1937 %2:00/00.60 2 No\v’1 S 10433%00088
Time (UTCGE)
Azimuth (deg)
Elewvation [deg)
Range (k)
=l A
r~ Clicked At
S Y2
—Mearest Paoint
H Y2

You can click on any point on the graph to obtain numerical information on

its coordinates.

4. Dynamic display of information.

You can follow any change in parameters such as azimuth, the longitude of

the ascending node and the distance to the object's dynamics. To do this, select

ERSI1 in the main window and select Dynamic Display in menu Tools.

S5TK Dynamic Display Tool for 5atellite - ER51 E3 I
Styles — Dizplay
Attitude Quaternions -
E1950 Pastion Yelosity = Hlgrsii-. |

Beta Angle

Clazzical Obit Elements
ECF Acceleration

ECF LLR Pozition

ECF Pozition W elocity —Shle———
Euler Angles -

J2000 ECI Acceleration Froperties. .. |
J2000 ECI Pasition Welagity

LL& Position Add.

LOP Mean Zlemants

Litetime

METE Posilion Yelocity New |
MOD Position Velncili

Sun“ectorECF | ﬂl
SunVectar 2000

SunVector TOD b ake Copy |
TOD Paosition Yelocity hd

Solar 2aER Change |

Cancel | Help |




In the window that appears, select Solar AER from the list of available

templates and click Open , then you should run an animation script.

i Dynamic Display: ERS51 - Solar AER

File=

Help

Time [UTCG]

Azimuth [deq]:
Elevation [deg]:

Range [km]:

1 Nov 1997 01:01:00.00
63.698

3.445
148483584.996324

5. Analysis of satellite communication environment with an object or purpose.

To display these processes should be in the main window, select an object and

click Santiago Access to the menu Tools.
Acceszs for Facility - Sanhago E
—Associated Objects——————— [~ Graphics
-l Batkonur ¥ Show Line
il Perth ¥ Arimate Highlight
-l Wallops v Static Highlight
-l WhiteSands
- ERS1
4 Shutlle
¥ TORS — Reparts —Graphs
TDRS_4 AGEESS, . | BGGESS,. |
lceberg
se. | R |
Lk Bdget.. |
| Cornpuite i [Ezton. . | [Sustam.. |
Remove Access Remowe Al I [ orariE:.. | =l = |
Cancel | Help |

In the Associated Objects should be selected ERS1 and make sure that the

option Show Line, Animate Highlight and Static Highlight included. Next, press

Compute.

* Tutorial40 - Earth View 1
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6. Analysis of the conditions of communication between satellites.

An example of analysis and planning capabilities between the two satellites:
Shuttle and TDRS 4. To do this, open the Access to Shuttle, select from the list
TDRS 4 Associated Objects and press Compute.

7. To analyze the ability to support interplanetary missions is possible to
analyze the possibility of communication between the satellite and the planet /
interplanetary spacecraft.

To add a planet or interplanetary spacecraft in the script should click on the
icon in the world and name the new planet, like Jupiter. To do this, open the Basic

Properties for the new object.

=.i Jupiter - Basic Properties ; a |[|

Definit on | Description |

Ephemeris Source

4 JPL DE403:

Jupiter .l|
v Analytic:

« File: | . |
Radius: I 0.0000 nm

(0].9 | P.pplyl Cancell Help |

T

Definition tab, select the JPL DE-403, then select Jupiter on the menu and
click OK. Now add in the script, for example, the telescope Hubble. To do this,
choose Insert menu in Files, change the File Type and select the Satellite Hubble.
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This is followed by openning window Basic Properties for the sensor and the

option to enter Pointing.

Since the sensor telescope must be sent to Jupiter to be changed Pointing
Type in Targeted and Boresight Type for Tracking. Next on the list to choose
Jupiter Available Targets, click the arrow to the "right" to add it to the Assigned
Targets, then click OK.

Everything is now ready to establish a link between the telescope and the
Hubble Jupiter. It should open the Access to the telescope, Jupiter choose in the list
of Associated Objects and click Access. Reports in the field to check the time of

communication.




8. Analysis of the survey the Earth's surface.
To display a swath from the satellite as an example of selected Hubble. It

should be in the main window, right click and select Swath menu that appears.

Ground Elevation i I ISE.DDD e

Options

+ Mo Graphics

+ Edgz Limits

“* Filled Limits

Ok, I Spply I CanceII Help I

Next, you need to change the Ground Elevation at 35.00 ° and enable the

option Filled Limits, click Apply.

=.i Tutor? - Earth View 1 =10
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9. Analysis of movement in the long interval of time (Long-term Orbit
Predictor)

To analyze changes in the orbit for example, two years, you should perform
long-term prognosis. In the main window, select the icon with the image of the
satellite. When you see the master orbit selection, press Cancel. Next, specify the
name of the new satellite, for example, LOPSat and open the Basic Properties to

specify the data to the satellite.



—| LOPSat — Basic Properties (=10 E

Orbitl .-’-‘-.ttitudel Fass Breakl Massl Description

Start Time: I 1 Mow 1937 00:00:00.00 Step Size: 1.000 day
Stop Time: I 1 Moy 1393 00:00:00.00 Fropagator: LOP = I
Orhit Epoch: I 1 Mow 1997 00:00:00.00 Semimajar Axis ﬂl 22T7ER.GZ158462 nm
Coord Epoch: I Touien ZEEED D OBSEH B2 Eccentricity ﬂl 0.00700000
Inclination | 28.5000 de
Coord Type: Classical =i I I -

Argument of Perigeel SE0.0000 deqg

Coord System: Jzooo =i I
Laon. Ascn. Mode ﬂl 260.0 deq
Prop Specific: Force hodels.. I
True Anomaly ﬂl S00.35 deqg
- Ok I Ay | Cancel | Help |

Enter the numbers shown in the picture.

Once values are set, you can click Force Models on the same tab.

=.§ LOP Force Modeil - LOPSat ;

— Earth Gravity ————————— — Drag

Il Use
kaximum Degree: I G
tlaximum Crder: I G

— Third Body Gravity ————— — Solar Radiation Pressure

7 Use
7 Use Solar Gravity Zp: | 1.500000

I Use Lunar Gravity Atmosphere Height:l 90.000 km

Physical Data

Drag Cross-Sectional Area: | &

SRP Cross-Sectional Area: I 20.000 m~2
Yehicle kass: I 1000.000 kg

- Ok I Bpply | Cancell Help |

In the window that appears, change the Earth Gravity Maximum Degree and

Maximum Order at 6. Make sure the option Use Drag off, and the option Use Solar
Radiation Pressure on. Then click the OK button and then click OK on the

Advanced tab Orbit.



