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development tests of the hybrid propulsion system, and the 
data from these tests will be analyzed by TVC experts. Any 
adjustments to the LITVC concept due to this testing and 
analysis will be incorporated into the 2019 studies described 
in Section 6.  

Vehicle Structures Considerations 

Structural analysis, to date, relies on several assumptions 
including constraints and detailed characteristics of features 
on the lander interface. The JPL team charged with designing 
the lander provided a geometric model of the current concept 
for the interface, which was replicated in a finite element 
model. The primary load cases for structural design are the 
15 G lateral load imparted by parachute deployment during 
lander descent at Mars, and the 9 G load in any direction 
during landing on the Mars surface. The lander supports must 
be sufficient to carry these loads and support the MAV during 
these events.  

Additionally, the launch guide structure is a critical 
component to be considered in relation to the MAV vehicle 
structure.. Not only must the mass be minimized, the launch 
guide structure must be sufficient to guide the MAV during 
ignition and initial phase of launch. The current concept for 
launch guidance involves two rails on a series of structural 
rings. The MAV would reside inside the structural rings and 
upon launch initiation, be guided by the rails away from the 
lander.  

Hybrid MAV Challenges 

To date, the development testing for the hybrid propulsion 
system has used low-percentage MON. Because the concept 
design for the flight vehicle uses high-percentage MON, it is 
important to perform further testing of the hybrid propulsion 
system using high-percentage MON in order to reduce risk 
and properly characterize performance.  

Additionally, aerodynamic stability and RCS control 
authority are important areas to be addressed for the hybrid 

MAV. Because the TVC does not provide trajectory control 
during the approximately 500-second coast period between 
MPS burns, the RCS must be robust enough to maintain 
trajectory during this time.  

4. SOLID MAV  DESIGN OVERVIEW  

Figure 3 illustrates the configuration of the solid propulsion 
MAV design. The solid MAV is a two stage vehicle that uses 
solid rocket motors derived from heritage designs used for in-
space missions. Each solid rocket motor would contain its 
own electro-mechanical TVC system and controller. A 
hydrazine monopropellant RCS with thrusters packaged 
above the second stage motor would provide the finer 
adjustments needed during the estimated 500-second coast 
period.  

Mass 

Table 4 summarizes the total Gross Lift-Off Mass (GLOM) 
and subsystem masses for the hybrid MAV . Some of the 
subsystems, including avionics and structure, are derived 
from a previous test program and therefore represent some 
uncertainty with regard to mass required for the MSR 
architecture. These vehicle subsystems require further 
analysis and maturation to reduce the mass risk to the MAV.  

Table 4. Mass Summary for Solid MAV Concept 

Element Mass (kg) 

Solid MAV GLOM  
Reserve Mass 

Payload 

Avionics & Telecom 

Power 

Vehicle Structure & Thermal 

Propellant 

Propulsion Dry Mass 

374 
5 

18 

10 

0.5 

31 

263 

47 

Figure 3. Solid MAV Concept Design 




