Venus Seismic Instrumentation

p N - N .. A
Background Order of Determination

Drop Test Perfomance
Crushed Charcoal Surface

Mass Spectrometer
Gas Chromatograph

The U.S. National Aeronautics and Space Administration

Behind Antenna Spherical Package Cubic P ] Saucer Package
(NASA) is planning an unmanned mission to Venus to - I . e - e e
. . +/-5 degree deviation to
figure out what its crust is made of and to learn more about 02 L 1 10 s 50 s &
0.1 datum 5 50 3 30 2 20
the extreme conditions and desolate landscapes of this solar 05 upronienang e » 10 10
System,S hottest planet. (e atanonay RS sphancal;oReuabmy Slcceet cumcr%Reliainty Succesful SaucarP;czlgi]:bmy
Camera I = fit;r;e:ree deviation to i - ! u y 1
.. . . SOll Drill ‘ \ - 5 Zj zz:{t‘:degree deviation to : :Z : :Z : :Z
The conditions on Venus are challenging for a design to Spectrometer S e : & — “ 0 " o0 u 10
. . 5 | Figure 7: Saucer Package Figure 8: Spherical Package Figure 9: Cubic Package Cinder Block Surface
withstand temperatures approaching 900°F, pressures 90 — YRR ol R A 8 1 ¢ Hydrometer 8 g &t 8 Sohorica Package Gt Pacage SaucerPacae
> ) | Y Al 2l ' Facter of Anomoly I:I;rl:ls out:”_ot_dl’otps Succesful % Reliablity Succesful % Reliablity Succesful % Reliablity
times greater than on Earth, and clouds to form sulfuric ' The Saucer focused on a low The internal Spherical The Cube allows the package . e 2 2 0 0 : 1
. . .3 atum 8 80 0 0 5 50
acid precipitation. Previous missions to Venus have been center of gravity and a small geometry of the package is to land on any side or angle, RN i 0 . | ] N
M M * M . °1° 0.5 Upright landing 10 100 0 0 6 60
conducted with varying success. Most notably, a few of the wind cross-section. Inside the 1g]tjenQed to(;lehv;ar se1;mlc chsuring ad;ptablhtzll.tg ol Poreant Ry 6% % verai ity =300 % Oversi Rty S % veral Rty
. 1 . . Mechanical Advantage
Russian Venera landers could land on the surface to . protective dome in the middle, a v rat1on§ 1re.ct. yto t. © VAryIng SHiace Eon itions Sabrica Peckage i package S e
vig vi:ﬁfeﬁtmfzsrpgeg‘lrc /Detsbc?m d during EDL 2'aXIS glmbal SUSpCIldS the Sensor Wlth mlnlmal dlStortlon The glmbal levellng SyStem Venus Vibe Check g:emr::r:;:’;ssions G 1 Operatin:fP;ssions - 5 Operatingo:;’ossions - 1
SRR R e . . . Feautures requirin Feautures requirin Feautures requirin
successfully take measurements and photographs. sensors, allowing them to be that any springy components inside ensures that the sensors T T T
o , held level regardless of surface may influence. A concern to remain level regardless of the Design Determinate [z
The Seismic and Atmospheric Exploration of Venus B —— o conditions. The design is this design is a large body landing orientation. Note: The R B T e ote Package Golumn [ Saucer Package Column
' Afterturn on, landers [N S . . e eqe . 1gure 14: Order of Determination
(SAEVe) mission is an innovative endeavor because e e R top-to-bottom symmetrical to may dominate the sensibility photo above depicts the . . . _ . . _
during descent to Y . . . . T+ ta1hils .
conventional techniques, such as insulation or cooling D \ account for possible flipping known as transmissibility. system opened for visibility. To detc::‘rmme Wthh. features best ?u‘e suited fqr an iterated version; a. tabulated method is derived from the
, , , o , - durine the final dro A final product would be fully analysis conducted in the proceeding. The series of tests was determined by sets of 10 drops per surface per
equipment will not be implemented. These missions aim to o g p- : : » : L
. ” v | Y smalszmn enclosed. design. Each interval of 10 drops per surface condition, has a record kept by tallies based on landing in the
develop hardware to operate at local ambient conditions. ™ Laners s Proceeding intended operating position. Another grouping of tallying is listed above the landing orientation is for the
The seismometer package will require a mechanism to level — angle of deviation to each mechanism. Graphical analysis was done based on a datum line to represent level
the sensors to optimize data collection. Figu Landor descent to Vors The process involved in testing the seismometer prototypes was done systematically under a variety of conditions and compared to the final placement of the leveling mechanism. Listed beside each placeholder
different surfaces. Testing in a controlled environment using a bin filled with tamped-down sand, which was 1s a percentage of reliability out of the 10 drops. An overall percent reliability 1s determined after
leveled with cinder blocks overlaid to create a stable testing surface. The main goal is to identify what completing all of the tests and processing the graphical analysis. The overall reliability has an accumulation
Objectives worked best in each of the three prototypes and to proceed with interpreting the experimental data to describe of all of the tests for each design to average together all of the qualities observed based on the data. A factor
The objective of this project is to design a seismometer package that will resist environmental conditions the features of each design. This process will aid in the recognition of which features may or may not of anomaly i1s included in the calculations to be assigned to each category, in an account for the results of
enhance a future iteration. interest as opposed to undesirable results. For instance, a higher factor of anomaly is assigned to a final

like wind and high temperatures, hold the sensors in an appropriate orientation, and transmit motion from o et o . e
position within a degree of deviation to increase the percent of reliability, whereas a lower factor of

anomaly is assigned to a higher angular deviation to decrease percent reliability. The mechanical advantage
section on the bottom region of the analysis is designed to provide any further details such as potential
situations each geometry may influence based on the series of tests.

the ground to the sensors. The scope of this project will ignore the high tech instrumentation used by o
Surface Variations:

e Three different surface conditions were tested:
flat cement, ¥ inch gravel, and a crushed assortment of
charcoal.

e Six cement blocks were arranged to simulate a flat
terrain for the initial testing phase.

e (Gravel and charcoal were chosen to simulate rough and
rocky terrain.

NASA for its SAEVe missions, but will focus on deployment of a correctly oriented seismic package.

The seismometer package must meet the following requirements:

e Dropped from the lander in its desirable orientation
Instantaneous leveling to the sensor upon touchdown ) @iam .

Metal Prototype

Out of the three prototypes, the team decided to manufacture the saucer
design because it is the simplest to manufacture. The spherical design would

[
e Transmit vibrations from the ground to the sensor
e Minimize parasitic noise from the environment including

lander . B L require very precise manufacturing due to its intricate sliding surfaces, while
Photographic Documentation: ] | S the cubic will be challenging to shape metal to the desired form. The
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Design within the scope of following constraints: 214em WO p : gically p p three-legged feature in the saucer design will provide a test subject to
e The seismometer package must fit within a 10 cm cube rig to capture side and front views, post-dropped. compare the post and pre-iterations.
_ .p & . ! e The phones were securely fastened at consistent heights to
e Materials must withstand 500°C (surface temperature) Figure 3:Proposed SAEVe Venus Lander view the sensor leveling mechanism. Each phone lens is 13

e Weight limit of 2.5 kg inches from the drop pin location, forming two perspectives.
e Markers using green tape designate placeholders for
Designh Concepts equipment to ensure repeatable data collection.

Each team member developed their unique design concept for the seismometer prototype. One member

Next Iteration

The next iteration of the seismic package will include
features from all of the designs. The gimbal mechanism
will enable degrees of freedom in synchronous with the
spherical surface at the base of the package. Resembling a
3 dimensional internally acting pendulum, to range within
40 degrees in any direction. The next iteration has I ) S
micrometer scale accuracy for calibrating the gimbal

Data Collection:
e FEach prototype underwent a series of ten drop trials on each
: . . , . . . o surface condition to assess its performance.
with a cubic shape to incorporate a gimbal leveling system for varied terrain adaptability. e A datum line on the backdrop facilitated a reference to a level
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proposed a saucer-shaped design with a gimbal suspension system for stability and sensor leveling. Another

suggested a spherical shape mechanism to minimize vibration distortion. The third member experimented
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