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Introduction:  The proposed concept is a redesign 

of the Tension Adjustable Network for Deploying Entry 

Membrane (TANDEM) tensegrity rover1 for a low-cost 

mission to Mars. Focus is on the entry, descent, landing, 

and locomotion (EDLL). 

Tensegrity Rover:  The TANDEM concept 

combines a tensegrity rover with an Adaptable 

Deployable Entry and Placement Technology2 

(ADEPT) semi-rigid heatshield to create a 

multifunctional EDLL vehicle. The original TANDEM 

serves as a lightweight landing solution, providing the 

required scientific capabilities on the surface of Venus 

as recommended by the Decadal Survey with a 

combined entry aeroshell and navigation drag plate1. 

Additionally, TANDEM tensegrity rover can traverse 

rough terrains and offer reduced risk associated with its 

landing. The tension network distributes loads during 

landing and protects the payload at omni-directional 

impact. Surface locomotion is achieved by actuating the 

tensile members, causing a rolling motion that enables 

traverse on a variety of terrains3. The payload interacts 

with the environment via the actuated tensegrity frame 

and remains protected even if multiple compression and 

tension members fail. TANDEM is a compact, 

lightweight, and multifunctional system readily 

adaptable for a low-cost mission to Mars. 

Concept of Operation:  TANDEM uses its actively 

controlled tensegrity frame throughout the EDLL 

sequence. Figure 1 shows the EDLL profile of 

TANDEM for a Mars mission. The vehicle reaches 

Mars in its stowed configuration. Before entry, the 

tensegrity frame deploys the heatshield for atmospheric 

entry. Following peak heating and deceleration, the 

tensegrity frame adjusts the shape of its aeroshell for 

lifting/guided entry. Like previous Mars missions, a 

supersonic parachute slows the vehicle, after which the 

heatshield is separated. At this point, the backshell 

rocket is ignited before the tensegrity bridle cord is cut, 

detaching the tensegrity lander from the entry module. 

As the vehicle gets closer to the ground, it reconfigures 

to prepare for an omni-directional landing.  TANDEM’s 

free fall to the surface leads to an impact landing within 

the allowable velocity range consistent with the 

constraints considered for the design of the tensegrity 

frame. The proposed EDL architecture is similar to that 

of the Mars Pathfinder lander, replacing the inflatable 

airbag system with a multifunctional tensegrity rover. 

Once on the ground, the actuated tensegrity frame 

utilized throughout the EDL process is reused as a 

mobility platform to explore the Martian surface. The 

central payload module can support a variety of science 

instruments and sensors, which can benefit from 

TANDEM’s unique access and locomotion capabilities 

across rough terrains. 

Extreme Terrain Mobility:  The traditional rover 

designs limit access to several Martian terrain features 

such as glaciers and volcanos. The TANDEM concept 

can explore a broader range of terrains with its omni-

directional payload protection and versatile locomotive 

capabilities. TANDEM actively controls the tension 

network to produce different gaits such as rolling and 

hopping. It will be trained in simulated Martian 

environments for a variety of efficient locomotion 

strategies. 

Prototype Development:  An articulated tensegrity 

rover is currently under development for a Venus 

mission, funded by the NASA Innovative Advance 

Concepts (NIAC) Program4. The prototype will perform 

the EDL configuration changes as well as rolling 

locomotion. Additionally, scaled EDL prototypes are 

under construction for wind tunnel experiments. 
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Figure 1: CONOPS for a Mars Mission. 
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