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The MAGAT vehicle is designed to be a hypersonic lifting body able to contain 

an unmanned spacecraft similar to the Galileo satellite having a mass of 1300 kg. It is 

also assumed that a total ∆V of 1400 m/s will be required to perform corrective 

maneuvers at Mars and during interplanetary orbit (ref. Project Galileo, Table 3).  The 

AGA vehicle is comprised of an aeroshell structure, a thermal protection system, a 

propulsion system, and various essential subsystems, such as guidance and navigation, 

electrical power, communications, science packages etc.   

For this preliminary study the MAGAT vehicle consisted of a combination of 

geometric shapes that would produce acceptable hypersonic flight characteristics.   A 

diagram of the vehicle and the coordinate system used can be seen in Figures 1 -3 

below.  The geometry consists of five separate components, a wedge, cone frustum 

sides, cylindrical leading edge, spherical segment caps, and a flat plate for the control 

surface.   

 

 
Figure 1: Top View of Vehicle 

 



    
Figure 2: Side View of Vehicle 

 

 
Figure 3: Front View of Vehicle  

 
 All of the parameters necessary to declare the vehicle dimensions can be seen in 

the previous figures.  The six parameters are the nose radius rn, base radius rb, length L, 

width of wedge b, wedge half angle δ, and the flap chord lflap.   The set of final 

parameters can be seen in Table 1. 

 

MAGAT final vehicle design parameters 
rn   (m) rb   (m) L  (m) b  (m) δ  (deg) lflap  (m) 
0.01 0.71 20.0 3.0 2.0 1.0 

Table 1:  Final vehicle design parameters. 

 



The primary force behind the design of the vehicle is to obtain a high L/D of at 

least 5 to  maintain a flight path that provides the proper exit trajectory without losing a 

great deal of energy due to drag while in the Martian atmosphere.  The advantage is that 

the amount of heliocentric ∆V gained and the reduced time of flight greatly outweigh 

any drag energy losses during the AGA maneuver.   

 

The final vehicle parameters, seen in Table 1, provided the best flight 

characteristics to successfully maneuver through the Martian atmosphere. 

Unfortunately the final vehicle’s performance still produced an excessive amount of 

drag and resulted in a final velocity that was approximately 1 km/s below the desired 

exit velocity.  The final vehicle did however satisfy all other aspects of the mission.  

  

 

 

 

 

 

 

 

Table 2: Final Trajectory 

 

Although the trajectory requirements for the AGA RFP were not completely 

met, other areas’ design specifications were met more successfully. The TPS for the 

MAGAT vehicle used the SLA-561V ablative material to provide adequate thermal 

protection for the mission. This material demonstrated superior performance over other 

ablative, and non-ablative TPS materials. Additionally a UHTC nose was utilized to 

provide the small (1 cm) nose radius required to achieve the desired L/D ratio of 5. 

For the finalized trajectory, the ablation depths along the windward surface are 

shown below: 

Conditions Expected Actual 

Altitude (km) 3233.875 3232.827 

Latitude (deg) 10.268 9.999 

Longitude (deg) -97.791 -96.756 

Velocity (km/s) 9.583 8.139 

Fl. Path angle (deg) 56.746 55.667 

Head. Angle (deg) 186.459 187.777 



 

Figure 3: TPS Ablation Depths 

 

The finalized TPS mass can be found in the following table. 

  Windward Side Upper Side Nose Total 

Mass (kg) 300.96 75.2404 1.61 377.8104 
 

The geometry of the MAGAT vehicle was chosen to maximize aerodynamic 

performance. Internal components were placed within the structure to maintain a cg 

location within the desired range for optimal performance provided by the 

aerothermodynamics. Fuel and oxidizer tanks were place near the cg along the width of 

the vehicle to minimize cg shift as propellant is consumed. A pair of pressure tanks was 

placed similarly. The MAGAT vehicle systems are composed of the systems of the 

Galileo. Figure 4 displays a mass break down of the total vehicle. 

 

 

 



 

 

 

 

 

 

 

 

Figure 4 : Mass Breakdown for MAGAT 

 

 The MAGAT propulsion system will be utilized during planetary and 

interplanetary maneuvers. From historical estimates, it was determined that 1300 N 

thruster would be required to achieve a delta V of 1400 m/s. MAGAT utilizes a single 

engine OME located in the rear and centerline of the vehicle. The engine provides 1335 

N of thrust with an ISP of 294s. The OME uses MMH/NTO liquid propellant and is 

capable of several restarts. The single engine configuration enables the vehicle to perform 

required flight maneuvers without compromising the location of the cg.  

A pressurization system was designed to operate the propellant tank system. Two 

spherical tanks composed of graphite epoxy with a 0.5 mm aluminum lining are used. 

The total volume of the tanks was based on the total volume of the fuel and oxidizer 

required. Helium was chosen as the pressurant gas due to its inertness and molecular 

properties. 

A reaction control system (RCS) is needed to perform flight maneuvers as well as 

contingency burns in the event of an emergency. MAGAT uses 24 thrusters to provide 

Propellent
Tanks, Engines, Pressurent
TPS
Power Unit
 Structural Weight
Avionics

52 %

4%
6% 

21 % 

17 % 



the necessary torque to rotate the vehicle. Each thruster provides 10N thrust with an ISP 

of 274 s. The thrusters are located on the vehicle in pairs of four thrusters per plane in 

each axial direction. The locations of the thrusters were chosen to achieve the maximum 

amount of torque. Figure 6.2 displays the components of MAGAT. 

 

 

 
 
 
 

Figure 5: MAGAT Components 
 

   

The RFP provides for no structure-specific design requirements. All design 

requirements for the structures team were imposed by the Aerodynamics, Systems, 

Thermodynamics and Trajectories requirements. Additional structural constraints were 

imposed by the consideration of launch. 

Preliminary conceptual analysis indicated that the largest masses would need to 

be placed as far forward as possible, in order to balance out the larger amount of 

structural mass aft of the desired CG location. Vehicle analysis carried this assumption 

forward through the design and verified the assumption near the end of this preliminary 

design study. 

The four vehicle structural models highlighted herein showed the trends which 

would be expected from the structural system: increasing the length of the model 

increased the mass when the half-angle was held steady, while decreasing the half-

angle while holding the length constant decreased the mass of the model. Changing the 
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structural model from the concept vehicles Carbon-Carbon skin structure to a columnar 

titanium model decreased the structural mass by a more than factor of two.  The 

beginnings of an iterative approach showed that as mass decreased, so too did 

propulsion system loadings, and with the reduced loadings the amount of structure 

required decreased. The process tended to drive the total system mass towards a 

reasonable minimum value of slightly over 3000 kg, with a structural mass of about 570 

kg.  

The final structural mass was found to account for approximately 18.5% of the 

total vehicle mass. There was room left for improvement in the depth of the structural 

design in the vehicle. With additional investment in time a design could likely be 

created which would account for 12% or less of the total vehicle mass. 

There were no significant issues which arose that Structures team believes could 

block the creation of a workable structural model for the MAGAT project. With 

additional investment of time, the MAGAT vehicle should be able to provide the aero-

gravity assist maneuver with in the specifications provided by the RFP.   

 

 




