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Introduction: Venus is Earth’s sister planet and 

unlike Mars which lost most of its atmosphere, the Ve-

nus atmosphere is extremely dense and hot (95% CO2, 

>90 bar pressure, T~462 °C). For a spacecraft on Ve-

nus, the high pressure environment can be dealt with by 

placing critical components within the pressure vessel. 

Components that need to be outside of the pressure 

vessel can be designed with pressure compensation 

features. Temperature sensitive components (e.g. elec-

tronics) need to be placed inside the spacecraft and 

surrounded by the Phase Change Materials (PCM) to 

soak up the heat.  

Unfortunately not all components can be placed 

within the thermally controlled interior of the space-

craft. Robotic systems with moving parts (e.g. robotic 

arms, drills, camera gimbals) need to be placed outside 

and in turn these systems require stringent design that 

takes into account materials, processes, and lubricants.  

Funded under SBIR and currently HOTTech, Hon-

eybee Robotics and NASA JPL have been developing 

Venus sample acquisition drill and Venus motors. The 

drill has been designed for New Frontiers class mission 

currently under development at NASA JPL in partner-

ship with Honeybee Robotics. The requirements for the 

VISE drill are to capture sample from approximately 5 

cm depth. The drilling and pneumatic sample delivery 

must occur in approximately 10 minutes because of 

stringent time constraint for the entire mission.  

Venera and Vega: To date, only Venera 13, 14, 

and Vega 2 successfully landed and performed surface 

operations on Venus (see Figure 1).  

 

Figure 1. Venera drill with a BLDC motor captured 

sample from 3 cm depth
 
(USSR A. of Sciences). 

These missions demonstrated that it is possible for 

an electric motor to function properly at the Venus 

surface. The Venera/Vega motor was a 90 Watt BLDC, 

and it was powered from a 27 V spacecraft bus. The 

operating rpm was 50. No other information related to 

the design, manufacturing process, or assembly can be 

found [1, 2]. This means that for any Venus missions, 

similar technology needs to be designed with no prior 

knowledge of materials or methods used in the past. 

TRL 5 VISE Drill: The VISE drill is based on the 

Icebreaker and LITA rotary-percussive planetary drills 

[3]. The drill consist of two actuated Z-stages (one to 

place the drill on the ground - Deployment Stage, and 

the other to penetrate below the surface - Feed Stage), 

a rotary-percussive drill head, and a sampling bit. The 

drill head uses two actuators: for rotating the bit (Spin-

dle) and for actuating hammer system (Percussion) - 

see Figure 2 (the Deployment and Feed stages are not 

shown). The design includes a hollow drill stem exten-

sion through the bit and hammer drive assemblies up to 

the top of the drill body, where it interfaces with the 

pneumatic sample transfer system. The sample flows 

directly from the bit, through the hollow transfer tube 

into the rest of the sample transfer plumbing (not 

shown).  

 

Figure 2. Main subsystems of the VISE drill. De-

ployment and Feed stages are omitted here.  

To capture the required sample volume to 5 cm depth 

and allow for pneumatic transfer, the bit is hollow and 

uses a full faced cutter (Figure 3). The VISE bit does 

not need flutes (since it uses pneumatics to transport 

the cuttings). The hollow bit was designed with an ex-

ternal diameter of 1.75 cm and an internal diameter of 

1.26 cm. This bit can generate approximately 2 cc 
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sample for each 1 cm depth, assuming a fluff factor of 

2, and up to 50% sample loss. 

 

Figure 3. Custom Venus drill bit. 

VISE Actuator: VISE actuator is a second genera-

tion Brushless DC Motor (BLDC) with Pulsed Injec-

tion Position Sensor (PIPS) for commutation [4]. The 

first generation actuator was designed as proof of con-

cept. It was fabricated and tested in 2010 and reached 

TRL4. This 30 Watt (continous), 24 V actuator was 

successfully tested at 30 V at High Temperature (HT) 

of 460 °C and at High Temperature and High Pressure 

(HTHP) of 82 bars and 350°C. The second generation 

BLDC actuator was designed specifically for the VISE 

drill system. As such its power rating has been in-

creased and a two stage planetary gearbox has been 

designed and fabricated. A gearbox is needed to con-

vert high speed, low torque output from the motor into 

either higher speed, lower torque, or lower speed, 

higher torque. Thus, the same motor can be used for 

Spindle, Percussive, Feed, and Deployment stages just 

by employing different gearboxes.  

To characterize the torque-speed curve of the motor 

and measure its temperature rise due to self-heating, 

the actuator was placed in an oven at 462 °C and con-

nected it to a dynamometer via an extension rod 

(Figure 4).  

 

Figure 4. Venus actuator dynamometer tests. 

Performance characterization curves were captured 

at Room Temperature (RT), 100 °C, 200 °C, 300 °C, 

400 °C and the target operating temperature of 482 °C, 

representing the surface temperature of Venus plus a 

20 °C test margin. The tests have shown that the maxi-

mum power output (current-limited) dropped from 200 

Watt at RT to 130 Watts at 482 °C. The drop is at-

tributed mainly to an increase in wire resistance (3x 

higher resistance at HT). The output power of 130 

Watts is more than sufficient for each of the Drill’s 

four degrees of freedom. A continous power output is 

70 Watts for at last 10 min. The actuator will be tested 

in Venus chamber at NASA JPL in January of 2017 to 

reach TRL5. After this test, a TRL 6 28 V actuator will 

be designed, fabricated and tested in 2017 under 

HOTTech program.  

Venus drill tests: In December of 2016, functional 

tests were conducted at RT in 120 MPa Saddleback 

Basalt [5]. The setup was designed to fit within NASA 

JPL’s Venus chamber and as such, the Deployment and 

feed stages were not included (Figure 5). Instead the 

drill was attached to a carriage that could freely move 

up and down the two rails. The drill’s Weight on Bit 

(WOB) was provided by the mass of the drill itself.  

 

Figure 5. Drill test setup. 

The drill successfully penetrated to 4.5 cm depth in 9.5 

minutes and captured 25 g of sample (~25 cc). Since 

during this test no pneumatic suction was used a bit 

with flutes was employed. Drilling efficiency will im-

prove when pneumatic sample transfer is employed.  

The drill will be tested in Venus chamber in January of 

2017.  
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