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Harsh environments, such as that on Venus, preclude the use of existing equipment for 
functions that involve interaction with the environment. The operating limitations of current 
high temperature electronics are well below the actual temperature and pressure found on 
Venus (460°C and 92 atm), so proposed lander configurations typically include a pressure 
vessel where the science instruments are kept at Earth-like temperature and pressure (25°C 
and 1 atm). The purpose of this project was to develop and demonstrate a method for sample 
transfer from an external drill to internal science instruments for a lander on Venus. The 
initial concepts were string and pneumatically driven systems; and the latter system was 
selected for its ability to deliver samples at very high speed. The pneumatic system was 
conceived to be driven by the pressure difference between the Venusian atmosphere and the 
inside of the lander. The pneumatic transfer of a small capsule was demonstrated, and 
velocity data was collected from the lab experiment. The sample transfer system was 
modeled using CAD software and prototyped using 3D printing. General structural and 
thermal analyses were performed to approximate the proposed system’s mass and effects on 
the temperature and pressure inside of the lander. Additionally, a sampler breadboard for 
use on Titan was tested and functionality problems were resolved. 

I. Venus Sample Handling Design 

A. Background 
Between 1961 and 1984, the Soviet Union sent a number of probes and landers to study Venus. While the 

majority of the missions did not drill into the surface, three missions, Venera 13, Venera 14, and Vega 2, drilled into 
the surface to collect samples for analysis. The three landers used the same design for the sample acquisition and 
transfer system.  

The Soviet sample acquisition and transfer system used a series of four pyrotechnic valves (pyros) to transfer 
the soil to a capsule, enclose the capsule in an airlock, depressurize the sample, and fire the capsule to the science 
instruments. When the capsule reached the science instruments it struck a grating and the soil poured out of the end 
of the capsule, through the grating and into a soil receiving cup [1]. 

Although the Soviet’s system was reliable as a result of careful design and extensive testing in simulated 
Venusian conditions, the system is undesirable for use on future missions for several reasons. The reasons include 
the fact that the Soviet pyro system weighed five times what NASA specifies the sampling system to weigh [2]. 
Additionally, pyros consume a lot of electricity to function, which is undesirable because resources are limited on 
landers. Perhaps the most important reason that this system is undesirable is because it can only be used once. Once 
the pyros are fired they cannot be used again. NASA has specified that the sample acquisition system is to transfer 
samples to science instruments on board the lander for as long as the lander is still functioning – at least six times 
during the three hour mission duration. The design process is further complicated by the surface conditions on 
Venus; the atmospheric conditions are 460°C and 92 atm. For reference, the atmospheric conditions on Earth are 
25°C and 1 atm. Current high temperature electronics are not sufficient for operation at Venus ambient conditions, 
resulting in lander configurations where the science instruments are inside of a pressure vessel that is kept close to 
Earth-like temperature and pressure. Furthermore, the extreme conditions on Venus severely limit the use of sensors 
and actuators outside of the lander, necessitating simple designs that rely on passive components. 
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not determined for the third set of tests as the purpose of these tests was to show that the capsule was capable of 
moving through small turns. For the horizontal tests, the tubing was secured to 
aluminum profile stock. The profile stock was marked in 2.5 cm (1”) intervals. 
For the vertical test, the tubing was secured to the side of a tall table. The side 
of the table was marked in 2.5 cm (1”) intervals. The turns both had radii of 
approximately 10.2 cm (4”). The test was performed by slowly opening the 
valve on the air tank until the capsule began to move. A Cannon 1 high speed 
camera was used to capture the motion of the capsules.  

2. Results and Discussion 

For the horizontal straight tests, the data was processed by recording the 
frame number at which the capsule reached each distance mark. The frame 
number was converted to time with a resolution of approximately 0.83 
milliseconds. Each set of position data exhibited two phases of motion of the 
capsule: an acceleration phase and a constant velocity phase. Linear regression 
was used on the constant velocity phase data points to determine the speed of 
the capsule. The regression lines were plotted with the data points to check that 
they were reasonable. Ten data points were used for each regression calculation. 
In general, the Small capsule achieved the highest velocity, followed by the 
Medium, Small XL, and Medium XL capsules. For the horizontal straight tests, 
the minimum and maximum velocities attained were: Small – 4.6 m/s and 9.0 
m/s; Medium – 1.1 m/s and 7.0 m/s; Small XL – 2.5 m/s and 4.2 m/s; and, 
Medium XL – 1.5 m/s and 3.4 m/s.  

For the vertical tests, the position and frame number data was recorded in 
the same way and the capsule’s movement through the turns was disregarded. 
Each set of position data exhibited a constant velocity in the horizontal section 
after the pressure was applied and before the first turn; a short acceleration 
phase after the first turn; a phase of constant velocity in the vertical section 
between the first and second turns; a short acceleration phase after the second 
section; and, a constant velocity phase in the horizontal section after the second turn. The initial acceleration of the 
capsule was not captured by the camera due to limited frame size. The first constant velocity section was typically 
much slower than either of the subsequent two sections. The vertical section was generally slower than the final 
horizontal section, although there are three exceptions in the Small capsule data.  

Both pneumatic capsule pipeline and simple ballistic models were used to try to find an approximate value of 
the pressure applied across the capsule. Unfortunately, neither model resulted in an acceleration phase that agreed 
with the data obtained during the acceleration phase of the capsule’s movement, suggesting that the models are 
insufficient. However, this could also be attributed to neither the applied pressure differential nor the conveying air 
velocity being known, resulting in estimations that could be incorrect being used for the calculations. 

Although an electro-pneumatic transducer that could have controlled the pressure very precisely was available 
for use in this experiment, the transducer did not provide a high enough air flow rate to move the capsule. As a result 
the pressure was controlled via the pressure regulator on the compressed air tank, but the regulator did not allow for 
fine control of the applied pressure. The applied air pressure was not well controlled or measured in either the 
straight horizontal tests or the vertical tests, so the conclusions that can be drawn from their data are limited. 
However, because the needle on the pressure gauge at the regulator never moved it is known that the pressure 
applied across the capsule was less than 5 psig, the lowest pressure marked on the dial. Despite the shortcomings of 
the experiment, it was successful in demonstrating that pneumatic transfer is a viable option for rapid capsule 
transport. 

At the time of this report, a version of the system described was being 3D printed. The purpose of this system is 
to demonstrate the functionality of the configuration. 

 

Figure I.7: (top to bottom) 
Horizontal Straight Test Setup, 
Vertical with Two Turns Test 
Setup, Horizontal with One 
Turn Test Setup (arrows show 
path) 
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1. Sample pulled unfiltered to the liquid collection tank (valves 2 and 3). 
2. Sample pulled through the filter to NMR (valves 3 and 4). 
3. Sample pulled through the filter to GEC EL (valves 3 and 5). 
4. Solvent pulled through the filter to GEC EL (valves 1 and 5). 

Initially, the sampler was not working as intended; water did not flow easily through the filter resulting in 
excessively long (approximately 30-40 minutes) operation times. The long operation times resulted in the valves 
reaching undesirably high temperatures. A fifth demonstration was performed to show that the solvent reservoir and 
valve 1 worked: 

5. Solvent pulled unfiltered to the liquid 
collection tank (valves 1 and 2). 

The lines were drained between each test. 

After creating the initial clips, the filter was 
removed from the system and replaced with a 
filter with a larger frit size. Due to concerns that 
the liquid collection tank/manifold was leaking 
and thereby reducing the effectiveness of the 
vacuum, a new liquid collection tank/manifold 
was made. The new liquid collection 
tank/manifold is a section of 2” pipe threaded at 
both ends. One end is connected to a cross with 
the other three ports interfacing with the 
sampler via approximately 45 cm (18”) of clear 
PVC tubing. The vacuum pump is attached to 
the liquid collection tank/manifold via clear 
PVC tubing secured onto a fitting at the other 
end of the tube. With the new equipment, tests 1 
through 4 were able to be completed 
successfully. 
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