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Vehicle 
 

 
Vehicle Design 

 

 
Figure 1:  RockSim drawing of our rocket, showing center of gravity and center of pressure as determined by 
the RockSim Stability Method. The stability margin of our rocket is 2.79 calibers. 
 

The center of pressure is 92.6 inches from the tip of the nosecone.  The center of 
gravity is 81.4 inches from the tip of the nosecone.  The rocket has a stability 
margin of 2.79 calibers at liftoff. The rocket stability and robustness was verified 
both by a scale model flight and a full scale vehicle flight.  
 

 
Figure 2: Three dimensional view of the vehicle showing in green the payloads, in blue the e-bays, in gray 
the parachutes, and in red the motor mount. 
 
 
 

The following table shows weights of principal components and the total weight 
of the rocket (not including the motor). 

 

Component Weight [g] 

Nosecone 365 
Hive Parachute Housing 278 
Hive Parachute 611 
Hive Shock Cord 164 
Hive E-bay 891 
Bee Housing  943 
Bee 1 with Parachute 1440 
Bee 2 with Parachute 1385 
Booster Drogue Parachute  229 
Booster E-bay  727 
Booster Main Parachute 236 
Booster Main Shock Cord 183 
Booster 1664 
TOTAL 9116 
 

Table 1:  Component weights 
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Figure 3.  Expanded view of the rocket, payload 
and recovery subsystem. 
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Flight Data 
 

 
Figure 4.  Altitude profile for booster and payload section, as recorded by on-board altimeters. 

 
 
 
FIight Description 
 
The liftoff of our rocket was flawless. The rocket did not weathercock and flew to 
an apogee of approximately 4200 feet. The ejection charge ejected 
approximately 3 seconds after apogee and deployed the common drogue and 
the pollen collectors. At an altitude of 300 feet, the booster main parachute 
deployed returning the booster safely to the ground. Both of the pollen collectors 
exited the payload bay smoothly.  

One of the pollen collectors descended under parachute until it reached 
ground level approximately 170s after liftoff. Atmospheric data were recorded 
and pollen samples collected by this module. The module was undamaged. 

The other pollen collector suffered moderate damage after suffering a 
separation and descending separately from its parachute. The electronics board 
in this module still functions. However, the mechanical components and housing 
need replacement. 
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 Flight Sequence 
 

 
 
 
Figure 5:  This figure shows our desired flight sequence, including the deployment scheme. 
 
1. Rocket is launched and coasts to an apogee of one mile,  
2. At apogee, the payload section, or hive, deploys the common drogue parachute, 
3. After descending to an altitude of 4200 feet, the hive deploys the two bees, separating from the booster 

section in the process,  
4. The booster descends under its own drogue until 300 feet, where it deploys a main parachute. 
5. The bees after deployment continue to descend under own parachutes. The hive then continues at a 

safe landing rate under the same parachute, as it is now much lighter. The Bees sample each altitude 
range (R1, R2, R3, R4) into a different pollen sampler (Rotorod device) and then rotate to an all-closed 
position before landing, 

 
In reality, we have not reached the target altitude (recorded apogee was 4,200ft). The two pollen collectors 
were still deployed at desired altitude, however one pollen collector separated from its parachute and 
suffered significant damage (though not a complete destruction) upon impact. The other pollen collector 
functioned perfectly, recorded atmospheric data and collected pollen samples.  
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Payload 
�

Introduction/overview 
 
Our payload is designed to collect pollen particles using a sampler system based 
on the Rotorod, a commercial pollen collection device. The sampler is 
constructed specifically to function during the descent of our payload through four 
altitude ranges.  

 
Rationale 

 
Pollen collection is a worthwhile experiment for various reasons. First of all, 35.9 
million people in the U.S. suffer from pollen allergies. Pollen distribution patterns 
related to altitude, temperature and wind speed could be useful in determining 
allergy occurrence patterns. Secondly, the experiment will provide more 
information on the patterns of cross-pollination in plants. Lastly, this study will 
show patterns in the spread of invasive.  
 
The experiment process is depicted in the picture below. 
 

 
 
Figure 7.  Pollen Journey: Pollen released by plants (1) enters the pollen collector (2) and is 
trapped by a rapidly spinning fork (3) coated with adhesive. After the flight, the collecting forks are 
examined (4) under a microscope and the pollen grains are counted for. Data are tabulated and 
graphed (5) and entered into the final report (6). 

 
Hypothesis 
 
We expect that pollen will be most concentrated at the highest altitude range and 
will be less concentrated at lower altitude ranges. 

�

Procedures 

Preparation for flight 
 

1. Check electronics for functionality. 
2. Connect the servo, fan, and switch to the control board (Bee Brain).  
3. Place tape strips on collection tines. 
4. Place the sampling core and the electronics into the pollen collector (Bee). 
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5. Attach end caps to Bee.  
6. Repeat steps 1-5 for the other Bee. 

�

������� �

Figure 8.  Sampling core of a pollen collector in top and side view. Note the rotating sampling forks (each 
with four tines). 

�

Post flight procedure 
 
After removing the sampler from the rest of the Bee, we proceeded to remove the 
tape from the tines in order to place the tape on systematically labeled slides (in 
preparation for pollen grains counting under a microscope). First, we removed 
the tape with forceps and cut it into four equal pieces. Then, we oil mounted each 
piece of the tape on individual slides. Last, we placed a cover slip over each 
slide. The slides were then ready to be examined under a microscope.  
  
At the lab we used a microscope with 40x lens and 10x eyepiece (400x 
magnification) to count the pollen particles on the slides. The pollen counts were 
tallied, compared and graphed.  
 

Pollen Analysis Procedure 
 

1. A microscope with DIC (Differential Interference Contrast) was used to 
view the pollen samples. A 40x dry lens with a 10x eyepiece was used to 
provide 400x magnification. 

 
2. Sample Preparation 

a. Each strip of tape was divided into four sections of equal length 
labeled A, B, C, and D (A= topmost section, D= bottom-most 
section). 

b. Each section was then individually oil mounted on microscope 
slides. 
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Figure 9.  Division of tape with pollen grains into sections for pollen grain counting. 

 
3. Statistical approach to pollen counting: examining all 64 tape sections 

under a high magnification microscope would be time prohibitive; however 
a quicker statistical approach can be used. We assume that the ratio of 
pollen grain between S1-T1-A and S2-T2-A tape section will be similar as 
a ratio of total pollen count in sampler S1 to total pollen count in sampler 
S2. Same assumption is taken for all corresponding tape sections and 
also for partial sums.  We also expect that most of the pollen grains will be 
trapped on the bottommost section of each tape and only few pollen 
grains will avoid being trapped until they reach the topmost section. 

 
 
Figure 10.  Expected distribution of pollen on the tape sections (D section is closest to the air intake and 
thus is likely to trap most of the pollen grains). S1, S2, S3 and S4 are samplers (each sampler collecting 
pollen at different altitude), T1, T2, T3 and T4 are tapes inside a sampler and A, B, C and D are section 
of the tape. 
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4. Before examining each tape section under a microscope, an opaque mask 

with center cutout was placed over each slide to assure that the same size 
area was taken into account. This is to eliminate size differences between 
different tape sections. 

 

Figure 11.  Slide with a tape section and mask (ready for counting). 
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Collected Data 
 
Atmospheric Data 
 
Atmospheric pressure, temperature and relative humidity were measured by the 
on-board sensors. Altitude was calculated from atmospheric pressure. 
 

 
 
Figure 12.  Measured atmospheric data vs. time (counted from the payload deployment).  
·  Altitude (top-left):  calculated from measured atmospheric pressure (top right). Sampling started at 

4000ft AGL and ended around 1000ft AGL, thus each range spanning about 750ft and lasting for 30s. 
·  Atmospheric pressure (top-right) increases as the rocket approaches the ground. 
·  Relative humidity (bottom-left):  the highest humidity was recorded at the highest recorded altitude 

(4000ft) which confirms our observations of low cloud cover on the launch day.  
·  Temperature (bottom-right): only a slight variation in temperature was recorded, however we find it 

interesting that the higher temperatures were observed at higher altitudes. This might have been 
caused by heat accumulated in the vapor clouds or by heat from ejection charges. 
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Pollen Count 
 
Using the statistical approach we have counted pollen grains on two tape 
sections from each pollen sampler (8 sections total, 2 sections per each altitude 
range). The pollen grain counts are summarized in Table 3. Counting took about 
1hr per tape section, 8 sections were counted. 
 
Range Length [ft]  From [ft] To [ft] Count 1 Count 2 Total 

1 730 3921 3191 7 8 15 
2 769 3191 2422 10 9 19 
3 741 2422 1680 14 18 32 
4 713 1680 967 15 14 29 

 
Table 3. Pollen counts at specific altitude ranges. 

 
The graph below shows the visual comparison of pollen grains counts: 
 

 
Figure 13.  Pollen counts: blue columns show the counts in each tape section, the mauve columns represent 
the total count in each sampler (altitude range). Range 1 is the highest altitude range, range 4 the lowest. 

 

    
 

Figure 14.  Collected pollen grains (images 1, 2 and 3) and a red soil particle (image 4). All objects are about 
10µm in size and were found using 40x dry lens (objective) with 10x eyepiece (ocular), 400x magnification. 
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Analysis 
 
Match with Hypothesis 
 
We hypothesized that we would find amounts of pollen that mirrored the Leon, 
Spain findings until 600 meters, then the amounts of pollen would increase or 
stay the same higher in the atmosphere. As can be seen from the chart above 
we found the most pollen in the third sampling range, 2327-1580 feet. This 
matches the Leon findings, where they found the most pollen at 600 meters, or 
1,950 feet. This correlation was interesting because although the locations of our 
experiment and the one in Spain were different, the highest concentration of 
pollen was still found within the same altitude range.  

At the two higher altitude ranges, however, we found that there was much 
less pollen than we expected.  

We counted two samples from each altitude range to ensure the accuracy 
of our results. Our average margin of error was 7.5%, which is less than the 
differences between sampling ranges. Thus we have detected a statistically 
significant difference between sampling ranges.  
 
Discussion 

Sources of Possible Error 
 
·  Contamination of collection tapes:  Because the tapes were attached to the 

tines at the launch site, the tapes may have been contaminated by pollen 
grains or other particles before the launch.  

·  Miscount of pollen samples:  Due to human error, the pollen samples may 
have been miscounted. 

·  Misidentification of pollen:  Other particles may have been mistaken as 
pollen during the count or pollen grains may have been mistaken for other 
objects and not counted. 

 
Possible Improvements 
 
·  Assemble payload in a cleaner environment. 
·  Photograph slides under microscope for a more accurate pollen count. 
·  Become more familiar with the appearance of pollen under a microscope prior 

counting, collect samples of pollen at the launch location.  
 
Further Questions  
 
In order to have found more correlations between atmospheric data and the 
concentration of pollen, we think that we should have launched our rocket 
multiple times during different weather conditions in order to collect pollen with 
different atmospheric data and compare it.  


