
(Trajectory Design with STK/Astrogator) 

 

Mission overview 

In this mission, we will model a mission to Venus. Starting from the earth, we will: 

• Use the target vector outgoing asymptote parameters to specify our outgoing state. 

• Use a trajectory correction maneuver to target Venus approach. 

• Coast to Venus periapsis 

• Perform an impulsive Venus Orbit Insertion (VOI) maneuver. 

• Circularize our orbit at 89 degrees. 

In order to implement these procedures, we need to use a TCM maneuver in a mission control sequence, 

used multiple profiles to achieve our desired parameters, used constraints to help us target and created a 

trajectory that leaves the Earth enters heliocentric space, and then orbits Venus.  

For our mission we need to specify an appropriate time for the launch to make it to Venus’s orbit. So, the 

time period for the mission should be ➔ 25 Aug 2029 to 1 May 2030 

 

 



Building the mission control sequences (MCS) 

• Setting our satellite (VAPE) by using the propagator as an astrogator, in order to let VAPE making 

the needed maneuvers for the mission. 

• To get to Venus, first we need to adjust our satellite parameters and the location of the launching 

(Latitude: 27.6648 deg N, Longitude: 81.5158 deg W). 

• Taking in consideration our Epoch time which is: 25 Aug 2029  

• Adjust the Ascent type to Cubic motion. 

• Adjust the burnout for the launch (time of flight, Azimuth, downrange distance and altitude) and 

(eccentricity and inclination with respect to Earth as a central body) Figure (1 and 2)  

• Adjust the Fuel tank parameters so we can get out of earth orbit (tank pressure, tank volume, tank 

temperature, fuel density, fuel mass and maximum fuel mass), all these factors will help us to 

support our mission in the beginning Figure (1 and 2) 

 

Figure 1,2; showing the values for burnout and Spacecraft Permeameters 



 

 

• As we see above, Figure (3), we have the main orbit around earth (yellow) and then do the push to 

get out of Earth orbit. 

• We add the first maneuver (green) for our mission (TVI) with a Delta V magnitude of 3200 m/sec 

(along velocity vector) 

• The maneuver has a specific parameter to do the Hohmann transfer orbit ➔ 

1. Target Vector: C3 Energy (central body: Earth) 

2. Target Vector: Outgoing Asymptote Dec (corrdSystem: Earth inertial) 

3. Target Vector: Outgoing Asymptote RA (corrdSystem: Earth inertial) 

4. Maneuver: DeltaV integrated along path. 

5. Our propagator is in the Earth full RFK 

• Propagate to TCM1 ➔ (green line) 

1. Our propagator is in the Cislunar 

2. Target Vector: C3 Energy (central body: Earth) 

3. Target Vector: Outgoing Asymptote Dec (corrdSystem: Earth inertial) 

4. Target Vector: Outgoing Asymptote RA (corrdSystem: Earth inertial) 

• Making our second Hohmann transfer orbit by using a new propagate (A new Heliocentric) with 

respect to the sun as a central body (purple line). Figure (4) 

Figure 3; showing the VAPE trajectory 



 

 

• After this part, the VAPE needs to burn a lot of fuel to transfer from an orbit to another. In order to 

achieve that, a thrust vector is applied to the satellite (thrust axes with respect to VNC, sun) 

• We are using VNC (sun) as the VAPE is in the middle of Earth and Venus. And taking the sun as a 

main centre body for VAPE. 

• DeltaV is needed to do the transfer between orbits (maneuvers) 

• We constrain our mission when it reaches Venus, periapsis 

• Periapsis is added to the new propagator (Heliocentric) as a stopping condition (central body: 

Venus) (yellow line) 

• This is considered as the most important part of mission to let the VAPE goes along with Venus 

trajectory and this done by using specific conditions, Figure 5➔  

1. B-Plane B and R vector dot product (target body: Venus) 

2. B-Plane B and T vector dot product (target body: Venus) 

3. Adjust the Epoch time to reach the right path on the right time 

4. Adjust the altitude above central body 

5. Adjust the inclination and the declination of incoming aspides 

 

Figure 4; showing the Hohmann transfer orbit 

Figure 5; showing the trajectory of VAPE 



➢ In order to achieve all these steps above, we will apply some values to the MCS➔ Get out of earth 

orbit and get into Venus orbit. 

 

1. Circularize 

 

 

2. Launch Coast Burn 

 

 

Figure 6; Showing maneuver and propagate  

Figure 7; showing the parameters for the orbit around earth 

Figure 8; showing the values for burnout and launch. 



3. C3 burn 

 

 

4. Time 

 

5. B-Plane: Now we have an impact trajectory, which is close, but we want to get to orbit. The best 

way to do that is target the B-plane. The B-plane is a planar coordinate system that allows targeting 

during a gravity assist or for planetary orbit insertion. It can be thought of as a target attached to the 

assisting body. If you have a trajectory that is close to the encounter planet, the B-plane gives you 

targets that behave very linearly, which is important with the differential corrector targeting scheme 

in Astrogator. [1] 

 

Figure 9; showing the energy to do the push from earth orbit 

Figure 10; showing the values for time conditions 

https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf
https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf


 

6. Altitude 

 

Get into Venus trajectory and Hit Venus orbit➔ 

• In this part, we will need to capture the orbit of Venus and that is done by decreasing velocity 

towards X and Y directions ➔ 

1. Thrust Axes, VNC(Venus). 

2. Adjust the eccentricity 

3. Slowdown the C3 energy 

4. Slowdown the DeltaV 

5. Match with Venus orbit period 

6. Adjust the inclination to be 90 degrees 

7. We constrain our mission when it reaches Venus, periapsis 

Figure 11, 12; showing the method of B-plane and the values for BDotR and BDotT 

Figure 13; showing the values for the altitude applied 



8. Periapsis is added to the new propagator (Venus HPOP) as a stopping condition 

(central body: Venus) (Green line) 

 

 

 

 

 

 

 

 

Figure 14, 15,16; showing the final stage, the new propagator and the steps for Vape mission 



From Trade study results ➔  

• Do some calculations to prove that polar orbit has an inclination of approxiamlty 90 degree 

and this we can cover around 90% of Venus atmosphere. 

 

MCS Summary report➔  

 Our results may be different from our slides (as we adjust our inclination and some parameters) 

 



 

 

Global statistics Maneuver 

Number 

Segment Est./Act. Finite 

Burn Duration 

(sec) 

DeltaV 

(m/sec) 

Fuel 

Used (kg) 

 1 Get to Venus. TVI 4332.667 3922.053569 736.349 

 2 Get to Venus.TCM1 1342.34 423.23 120.52 

 3 Capture sequence. 

Capture maneuver 

5793.425 12279.659237 984.608 

Total Est./Act. 

Finite Burn 

Duration (sec) 

  11468.432 16624.94281  

Total DeltaV 

(m/sec) 

   16624.94281  

Total Fuel Used     1841.477 

 

 

 

Based on our departure time and arrival time for the mission, we found out that the lowest DeltaV will be 

suitable for our mission is within the blue regions (low DeltaV and low cost), Figure 18. 

 

 

Figure 17; showing the final stage of VAPE (parameters) 

Table 1; showing the Mission results through 3 maneuvers 

Figure 18; showing the best time for departing and arriving of VAPE  
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Appendix 

 

Criteria  

 

Criterion Justification 

Ground station access time Crucial to relay the information for analyzing 

Perturbations More corrections to gain an accurate data 

Power generation Propulsion system for satellite in Venus orbit 

Global coverage More areas to cover and more data 

So, we shall apply each of these criteria on each orbit we have and see the most suitable one for our 

mission objectives based on our mission requirements. 

 

GROUND STATION ACCESS TIME 

Low inclination orbit  

 Three Ground stations access times; we shall see how long it takes for the data to be transfer 

going back and forth from the ground stations to the satellite with inclination of 35 deg 

 
 Figure 19; showing the access time between VAPE and the stations 

https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf
https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf
https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf
https://see.com/astrogatorsguild/wp-content/Astrogator_Training/Mars_Mission.pdf


 The access full time duration for D-1 station is 7.8 Hour 

 The access full time duration for D-2 station is 0.66 Hour 

 The access full time duration for D-3 is 5.47 Hour 

Sun-synchronous orbit  

 Three Ground stations access times; we shall see how long it takes for the data to be transfer 

going back and forth from the ground stations to the satellite with inclination of 98 deg 

 

 

 

 The access full time duration for D-1 station is 8.7 Hour 

 The access full time duration for D-2 station is 6.8 Hour 

 The access full time duration for D-3 is 5.8 Hour

Figure 20; showing the access time between VAPE and the stations 



Polar orbit  

 Three ground stations access times; we shall see how long it takes for the data to be transfer 

going back and forth from the ground stations to the satellite with inclination of 90 deg 

 

 

 

 The access full time duration for D-1 station is 8.8 Hour 

 The access full time duration for D-2 station is 6.65 Hour 

 The access full time duration for D-2 is 6.1 Hour 

 

Based on the calculations for the three orbits, we found out that the most appropriate orbit that keep 

sending data with the longest duration is the polar orbit. Which means, more data 

 

 

 

 

 

 

 

 

 

Figure 21; showing the access time between VAPE and the stations 



 

Perturbations  

Low inclination orbit  

 

As we see the perturbations with low inclination orbit is not stable and need a lot of correction, especially 

with y component (displacement) and Vz component (speed) 

Sun-synchronous orbit  

 

Over here, the rate of error is much less than the previous orbit, but we still have some major 

perturbations with Vz component (speed) and y component (displacement). 

Polar orbit  

 

Based on the last two previous orbits, we can see that the polar orbit is the most suitable orbit, which 

needs a little of corrections for Vz component only. That means less observation  less cost  and spend 

more time to focus on the main objective of the mission. 

Figure 22; showing the Vape perturbations over Venus 

Figure 23; showing the Vape perturbations over Venus 

Figure 24; showing the Vape perturbations over Venus 



Power generation  

Satellites can generally receive signals and send them bac to Earth, so to make this possible, a satellite 

must produce its own power, generating electricity from sunlight falling on solar panels. 

Low inclination orbit  

 

As we see here, the power generation (source  panels) provides low rate power, which would cost us 

more money to generate more power 

Sun-synchronous orbit  

 

As we see here, the rate of power generation is high and it should be suitable for our mission, gaining 

more free power, low cost. 

Polar orbit  

 

As we see here, the rate of power generation has similar rate as Sun-synchronous orbit. 

Figure 25; showing the power generation results 

Figure 26; showing the power generation results 

Figure 27; showing the power generation results 



 This time for our mission objective, Sun-synchronous orbit is more suitable for power 

generation as it generates more free power than low inclination orbit. 

 

 

 

Converge access time of the satellite above Venus  

Low inclination orbit  

 

Depends on our simulations on STK, for this orbit, we can see from the figure that coverage time doesn’t 

cover the whole points. Just specific points with specific time. 

Sun-synchronous orbit  

 

Depends on our simulations on STK, for this orbit, we can see from the figure that coverage time covers 

more than 60% which is good for our objective. 

Figure 28; showing the power generation  

Figure 29; showing the coverage access time 

Figure 30; showing the coverage access time 



Polar orbit  

 

Depends on our simulations on STK, for this orbit, we can see from the figure that coverage time covers 

almost the whole points. Which consider the best orbit to cover more points, and that means more 

accurate date. About 90% coverage 

 Polar orbit coverage access time to Venus orbit is higher than the previous two orbits 

 

 

 

Figure 31; showing the coverage access time 


