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1.1 Pre-FRR Flight Data 

The first portion of the addendum contains the flight data from the original FRR report that was 
missing due to a misplaced data transfer cable. This flight, described in section 3.4 of the FRR, 
was completed on February 17th in Talladega, AL using an underpowered J295 motor. 
 

1.1.1 Comparisons between Full-Scale and Predicted Results  

1.1.1.1 Apogee Comparison 

 Table 1 below compares the actual and predicted altitude for the full-scale test launch. 

Table 1 – Comparison of Tested and Simulated Apogee 

Parameter Value 

Actual Altitude 2,098 ft. 

Initial Predicted Altitude 2,218 ft. 

Percent Difference 5.7% 

 

This 5.7% difference is within the acceptable margin of error. Furthermore, the predicted 

altitude is greater than the actual altitude, ensuring that the full-powered rocket will not fly 

above the competition waiver. 

The formula for calculating the apogee percent difference is shown below: 

 

Once data was gathered from the Stratalogger CF, a plot was generated using excel showing 

altitude versus time. This plot was overlaid with the initially predicted altitude results and is 

shown below in Figure 1. 
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Figure 1: Plot of Simulated and Actual Altitude v. Time Plots with Data Spikes circled 

 

The data sets displayed in Figure 1 have key differences that led to erroneous assumptions 

made in the FRR paper. For the FRR, it was reported that the maximum altitude was 2163 ft. 

because the altimeter reported this number on the launch field. This was shown to be incorrect 

once the entire plot was inspected and revealed that the altimeter experienced a pressure 

spike when the ejection charges fired for the drogue chute at apogee. A similar spike occurred 

when the backup charges for the main chute fired at 500 ft altitude instead of the main charge 

igniting at 750 ft. The data spikes are labeled in Figure 1 above.  

With the data spike visible in Figure 1, it became apparent to the team that the true apogee of 

the launch vehicle was closer to 2098 ft. This placed the percent difference of the altitudes at 

5.7% instead of 2.5% as reported in the FRR. 

1.1.1.2 Coefficient of Drag Calculation 

The drag coefficient of the rocket was initially determined by RockSim to be 0.623. This was 

found to be inaccurate, and while the true 𝐶𝐷 was not discovered due to several uncertainties, 
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it was determined that the launch vehicle’s drag coefficient was lower than expected and 

needed to be increased by the competition date.  

The major area of uncertainty was located in the launch rail angle. This uncertainty is explored 

further in an attempt to create an accurate model of the flight that could be used to better 

determine the drag coefficient of the launch vehicle. To accomplish this, altitude versus time 

plots of the rocket were created and overlaid with the actual flight data in an attempt to find a 

best-fit scenario. From this best-fit scenario, the drag coefficient estimate was manually 

iterated until the data from the launch was matched, up to apogee, to the best of the model’s 

capabilities.  

Comparisons were simulated where the launch angle varied between 0 and 5 degrees. 

Immediately before launch, the launch angle was changed an unknown amount toward the 

wind. This was assumed to be around 3 degrees, but this estimation left a reasonable 

uncertainty. The team felt it was necessary to see the effects the launch angle would have on 

the apogee. Thus, the angles were varied in the RockSim simulation between 0 and 5 degrees 

with the windspeed imputed as calm and a motor mass of 1.46 lbs. A plot with these 

comparisons is shown below in Figure 2.  
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Figure 2: A Plot of various launch angles displaying their effects on the apogee of the vehicle as 
compared to the actual flight data.  

Observing the plot in Figure 2, it was difficult to come to a conclusive answer. Launch angles of 

2.5 and 5 degrees seem to follow the path of the vehicle. The opinion of the team, however, is 

that the 5 degree flight path seems to best follow the flight data on the ascent toward apogee.  

From the previous plots, the team stipulated that to make an “accurate” simulation for the 

launch, a 1.46 lb. motor mass, a calm windspeed on the ground (equating to 20 mph bursts at 

2000 ft.), and a 5 degree launch angle must be used. These conditions were utilized in RockSim 

to attempt a discussion and exploration on the current condition of the launch vehicle’s drag 

coefficient. The exploration continued as follows; a simulation was created utilizing the 

aforementioned conditions and comparing the apogee and maximum velocity outputs with the 

flight data. With these comparisons, the drag coefficient was manually iterated until a “best fit” 

plot was created. This was accomplished with a drag coefficient of 0.5125 and these plots are 

displayed in Figures 3 and 4 below. 

 

Figure 3: Comparison of flight data and post flight final simulation with a drag of 0.5125. 
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Figure 4: Display of Velocity Flight Data and Post Flight Simulation with a CD of 0.5125 

The necessary coefficient of drag for the competition rocket was then determined to be 0.77 

after rerunning competition day RockSim simulations. This is 50% larger than the determined 

test flight’s 𝐶𝐷. While the data from the test flight consisted of too many uncertainties to 

consider the manually calculated drag a definite value, what can be safely assumed is that the 

drag of the rocket is too low to for the vehicle to accomplish its criteria.  It can also be safely 

assumed that the major differences between these two values is the body finish for the rocket, 

specifically for the fins. About fifty percent of the drag on the rocket comes from the skin drag 

on the fins. As we change the roughness of the fins, it drastically affects the rocket drag. The 

addition of this roughness should carry the fin state between a matte and unfinished finish, as 

defined by RockSim. When utilizing the unfinished fin state, the CD was estimated overall to be 

0.79, which brought the apogee down to 5110 ft. When utilizing a matte finish on the fins, the 

CD was 0.623, and this value was used for our pre-flight predictions. With this information, 

bringing the roughness up on the fins surface will increase the CD value and should place it in 

the correct range, effectively putting the team on target to meet all vehicle criteria.  
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1.1.2 Full-Scale and Subscale Comparison 

Both full-scale and sub-scale tests had acceptable altitude results, but there is a significant 

difference in the vehicles’ drag coefficients. The projected drag of the sub-scale vehicle was 

0.678 and the full-scale was determined to be 0.5125 (while this value is in contention). As 

discussed in the CDR, the higher drag coefficient of the sub-scale had to do with scaling factors 

involving the fin sizing and the surface conditions of the entire vehicle. A comparison and 

percent difference are shown in Table 2. 

Table 2 – Comparison of Drag Between Subscale Test Flight and Full-Scale Predicted 
 

Coefficient of Drag () 

Simulated (Full-Scale) 0.5125 

Tested (Sub-scale) 0.678 

% Difference 24.4% 

 

1.2 Re-Flight 

The original test flight was flown in an under ballasted condition for a low-risk drag analysis. 

The USLI competition requirements necessitate that the Bison Ballistics team fly the rocket in 

its final competition configuration. These re-flights require the submission of this addendum to 

provide sufficient evidence and confidence that Bison Ballistic team’s launch vehicle is ready for 

competition. 

1.2.1 Launch Day Conditions  

The team has completed two full scale test flights since the Febuary 17th launch. These launches 

were conducted on March 17th and 18th utilizing a CTI K660 and a K750 motor, respectively. 

Both flights were completed in Elizabethtown, KY. The launch rail for these launches was a 144-

inch 1515 rail, which is longer than the 96-inch rail that the team plans on using in the 

competition. The effects were reflected for in all simulations.  
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The weather conditions for the two launches are described in Table 3 below and reflected in 
the simulations shown later in this addendum. 
 

Table 3: Compiled Launch Day Data from the 17th and 18th Launches 

Parameter Launch 1 - 17th Launch 2 - 18th 

Relative Humidity 63% 51% 

Temperature 60.8 °F 57 °F 

Wind Conditions 10 MPH 5 MPH 

Cloud Cover Partly Cloudy Clear 

 

1.2.2 March 17th Flight Analysis 

The purpose of the March 17th flight was to fly the launch vehicle in the fully ballasted 

configuration and to determine the coefficient of drag of the launch vehicle with the fins in 

their new rough surface state. The results of this flight would then provide a competition day 

scenario that would guide the team on any changes that would need to be made. 

1.2.2.1 Pre-Flight Simulation 

All simulations were conducted in RockSim with the inputs discussed in section 3.4.2. of the 

FRR. The inputs and outputs of the RockSim model are shown in Table 4.  

Table 4 – Inputs and Outputs of the RockSim Simulation  

Ballast 

(lb.) 

Motor Flight Time   

(s) 

Overall MASS 

(lb.) 

Apogee    

(ft.) 

Max Velocity 

(ft./s) 

2.01 K660 105.36 22.67 5654.10 646.46 

 

This full-scale flight was in the fully ballasted and powered configuration, identical to the 

competition rocket. The motor used for this flight was a CTI K660 motor. The overall weight of 

vehicle was 22.67 lbs., including a 2 lb. ballast. The weight of the rocket was taken immediately 

prior to launching the vehicle to mitigate simulation input error.  
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With these inputs, and RockSim’s predetermined drag coefficient of 0.623, the apogee was 

predicted at 5654.10 ft. This data was outputted to an Excel file and plotted in Figure 5 below.  

 

Figure 5: Pre-Flight Simulation for the March 17th Launch where the CD was outputted at 0.623 

 

1.2.2.2 Comparisons between Flight Data and Predicted Results  

1.2.2.2.1 Apogee Comparison 

Table 5 below compares the actual and predicted altitude for the full-scale test launch. 

Table 5 – Comparison of Tested and Simulated Apogee 

Parameter Value 

StrataloggerCF Altitude 5,526 ft. 

Initial Predicted Altitude 5,654 ft. 

0

1000

2000

3000

4000

5000

6000

0 20 40 60 80 100 120

A
LT

IT
U

D
E 

(F
T)

TIME (S)



   
 

10 
 

 

Percent Difference 2.32% 

 

This 2.32% difference between the StataloggerCF data and RockSim prediction is within the 

acceptable margin of error. Furthermore, the predicted altitude is greater than the actual 

altitude ensuring that the full-powered rocket will not fly above the competition waiver. 

When considering the altitude flight data two altimeters were utilized. The Telemetrum 

sustained an error in which only the initial ascent altitudes and part of the descent were 

recorded. These data points were collected by a barometric altimeter and a GPS. The 

StrataloggerCF was the other barometric altimeter recording data, and there appears to have 

been no error in its records. To create the following graphs, the data from both altimeters was 

exported to Excel and plotted as shown in Figure 6. All of the data was observed to apogee 

since on the March 17th flight, both the main and drogue chute ejection charges detonated at 

apogee, corrupting the descent data post apogee preventing an accurate comparison to the 

simulation and description of launch day conditions. 

 

0

1000

2000

3000

4000

5000

6000

0 5 10 15 20 25

A
lt

it
u

d
e 

(f
t)

Time (s)

Telemetrim Barometric Altitude GPS Altitude Data Pre-Flight Simulation (CD=0.623) StrataloggerCF



   
 

11 
 

 

Figure 6: Altitude Data from Simulations, Telemetrim, & StrataloggerCF  

According to Figure 6, the Telemetrum data (Barometric and GPS) was inconclusive due to the 

gaps in the outputted results. The StrataloggerCF, though, provided excellent data with the 

expected spikes at apogee where the ejection charges ignited.  

1.2.2.3 Coefficient of Drag Calculation 

The drag coefficient of the rocket was initially determined by RockSim to be 0.623. This was 

found to be closer to the actual drag of the rocket since the main change to the vehicle was the 

addition of drag to the fins of the rocket. These changes were discussed in depth earlier in the 

addendum and in the FRR. With less unknowns in the March 17th flight, it was determined that 

the launch vehicle’s drag coefficient was closer to 0.67 using the manual override in RockSim 

and the StrataloggerCF data. A plot was created in Microsoft Excel detailing this comparison in 

Figure 7.  

 

Figure 7: Plot Displaying the StrataloggerCF data and Post Flight Simulation data with a CD of 0.67 
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The major difference in the data seems to be the initial offset, which can be explained by the 

StrataloggerCF altimeter collecting data immediately before launching. With the drag 

coefficient of 0.67, the percent difference between the projected and gathered apogee was 

0.17%. This was with a predicted altitude of 5516 ft and a measured apogee of 5526 ft. This 

newly calculated drag coefficient will be applied to the March 18th launch predictions, and 

results will be compared later in this report.  

 

1.2.3 March 18th Flight Analysis 

The March 18th flight was conducted to verify the validity of the RockSim Simulations utilizing 

the CTI K750 and to garner a better recovery system test. A further study of the RockSim model 

validity was successfully conducted, but during the deployment of the drogue chute the main 

chute shear pins severed, leading to both chutes deploying at apogee again.  

1.2.3.1 Pre-Flight Simulation 

All simulations were conducted in RockSim with the inputs discussed in section 3.4.2 of the FRR. 

The inputs and outputs of the RockSim model are shown in Table 6.  

Table 6 – Outputs and Inputs of RockSim Simulation  

Ballast 

(lb.) 

Motor Flight Time   

(s) 

Overall MASS 

(lb.) 

Apogee    

(ft.) 

Max Velocity 

(ft./s) 

2.01 K750 105.36 22.87 5249.82 643.86 

 

The March 18th full-scale flight was in the fully ballasted configuration but was not identical to 

the competition rocket. The motor used for this flight was a CTI K750 motor. The overall weight 

of vehicle was 22.87 lbs., including a 2 lb. ballast. The weight of the rocket was taken 

immediately prior to launching the vehicle to mitigate simulation input error.  

With these inputs and RockSim’s predetermined drag coefficient of 0.623, the apogee was 

predicted at 5379.82 ft. This data was outputted to an Excel file and plotted in Figure 8 below. 
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Figure 8: Plot Displaying Pre-Flight Simulation Predictions for Altitude  

 

1.2.3.2 Comparisons between Flight Data and Predicted Results  

1.2.3.2.1 Apogee Comparison 

Table 7 below compares the actual and predicted altitude for the full-scale test launch. 

Table 7 – Comparison of Tested and Simulated Apogee 

Parameter Value 

StrataloggerCF Altitude 5,567 ft. 

Initial Predicted Altitude 

(CD=0.67) 
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Percent Difference 5.7% 

 

This 5.7% difference between the StataloggerCF data and RockSim prediction is beyond the 

acceptable margin of error bringing up certain concerns that stem from these results. For 

example, this altitude is over 300 ft higher utilizing a drag coefficient of 0.67, which is 

considered to be the coefficient of drag of the for the vehicle utilizing the March 17th data.  

To further explore the discrepancies in the results, a plot was created in Excel of all the data 

generated from both altimeters and the RockSim Predictions. This plot is provided in Figure 9 

below.  

 

Figure 9: Plot Displaying StrataloggerCF, Telemetrim (Barometric and GPS), and Simulated Data 
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the K750 motor was overpacked by the manufacturer within the acceptable margin of plus or 

minus 10% or that the drag coefficient of the rocket was less than that calculated using the 

March 17th data.  

1.2.3.3 Coefficient of Drag Calculation 

The drag coefficient of the rocket was initially determined from the March 17th launch to be 

0.67. This coefficient of drag did not provide a RockSim model that matched the results from 

the March 18th flight. With the altitude prediction varying by 5.7% it called into question the 

drag of the rocket. Further study in RockSim showed that with a drag coefficient of 0.623, the 

model provided an apogee of 5379 ft., just under 200 ft. less than the actual altitude. While the 

maximum velocity of the model (649 ft./s) was closer to the maximum velocity gathered from 

the Telemetrum (652 ft./s), it was still not precise to all areas of the launch. Considering this 

information and the data from the March 17th flight, the team holds that the CTI K750 motor 

overperformed for this flight, which is a possible outcome.  

 

1.2.4 Implications on Competition Day 

The results from both flights lead the team to believe that the Launch Vehicle in its current 

state will not meet its criteria. While it is in risk of exceeding the waiver limit, it is only at risk if 

the competition motor is overpowered. It was also discovered that the cause of the discrepancy 

between the original and current apogee predictions is that the motor weighed a pound less 

than the vendor advertised. That difference in weight has caused the predicted apogee to 

increase from 5275 ft. to 5490 ft. (depending, of course, on launch day conditions). A 10 degree 

launch angle can decrease this apogee to 5240 ft. if launch conditions are favorable and the 

drag coefficient is the 0.67 that has been determined.  

 

1.3 Deployment Error Mitigation Test 

1.3.1 Potential Causes for the Main Parachute to Deploy at Apogee 

 The main shear pin setup cannot withstand the forces of the drogue deployment after 

the increase in ballast. 

 Gases from the drogue deployment are passing through the coupler tube and into the 

bow body tube, pressurizing the compartment with the main shear pins and allowing 

them to be broken with less force. 
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 Gases from the drogue deployment are reaching the altimeters within the recovery bay, 

providing them with false barometric readings that are causing early deployment of the 

main charges. 

 One or both of the altimeters is malfunctioning or programmed improperly, causing 

early deployment. 

 The wires connecting the igniters to the altimeters may have gotten mixed up, resulting 

in the main parachute deploying at apogee when the drogue would normally. 

 The shear pins had already broken from the force of inserting them into the rocket. 

 

1.3.2 Analysis of the Potential Causes 

Out of the potential causes for the main parachute deploying at apogee, the most likely 

cause is that the main shear pins can no longer withstand the force of the drogue deployment. 

While the main shear pins remained intact until the main deployment at the flight on February 

17th, they broke early at the flights on March 17th and 18th. Since the February flight an 

additional pound of ballast has been added. This additional weight in the nose cone adds 

momentum in the opposite direction of the coupler and bow body tubes upon drogue 

deployment. The additional weight and momentum is increasing the shearing force on the pins 

during drogue deployment and is most likely breaking them. 

While some of the other potential causes are very possible, the data from the testing 

and inspection of the rocket upon recovery proves them to be improbable. Firstly, if the gases 

from the drogue deployment were to pass through the coupler tube with enough force to 

damage the main shear pins, then the pressure would have affected the altimeters and either 

damaged them or triggered a false reading on the altimeters. During post flight inspection of 

the rocket and data, no evidence of damage to the altimeters was found, and the data showed 

that all of the charges were deployed at their programmed heights. The team was also able to 

visually and audibly observe when each of the deployment charges went off during flight, and 

the observations matched the data. This data also proves that the altimeters could not have 

deployed the charges due to false readings, malfunction, or improper programming of the 

altimeters because the data and physical observations showed that everything operated 

correctly. Post flight inspection also showed that all of the electrical connections were properly 

wired. Post flight inspection also showed that all of the shear pins sheared at the head of the 

pin as planned. The remaining pieces of shear pin within the bow body tube were still in one 

piece, but it is difficult to determine whether or not any preflight damage had occurred to the 

pins. Preflight damage to the pins is the next most likely cause for the early deployment of the 

main parachute, however the mitigation for this potential cause aligns with that of the most 

probable cause. 
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1.3.3 Mitigation 

 To compensate for the two most likely causes of main parachute deployment at apogee, 

the proposed solution is to add an extra shear pin and to also increase the size of the shear pins 

used. This solution will add to the force required to deploy the main parachute and will also 

make the thicker shear pins be less vulnerable to preflight damage. To test whether the new 

shear pins will not add too much of a force requirement for deployment, ground tests will be 

conducted to observe and make sure that all of the separations are occurring as planned. 

 

1.3.4 Results 

 On March 23rd a ground test was conducted using three of the new 4-40 ¼” shear pins 

in both the drogue and main parachute compartments. The primary ejection charges were used 

for this test and remained the same size as in previous flights, 3.5 grams for the main and 4.5 

grams for the drogue. During the test, the rocket was set up at an angle in a retention pond, 

and the igniters for the charges were connected to an arming switch that was powered by a 

12V car battery. The drogue charge was ignited first in order to test whether or not the shear 

pins holding the main parachute compartment would break during drogue deployment and if 

the charges would be large enough to break the larger number and size of the shear pins. After 

detonating the drogue charge, the bow section of the rocket was propelled far enough to fully 

extend the 20’ shock cord and deploy the drogue chute without breaking the shear pins holding 

the main parachute compartment together. After inspecting the separation, the rocket was 

repacked and the main ejection charge was then detonated. The second test also showed clean 

separation of the 4-40 ¼” shear pins, full extension of the shock cord, and clean deployment of 

the main parachute. The results of this test showed that the new shear pin setup should 

prevent deployment of the main parachute at apogee but also does not hinder full deployment 

of the parachutes and extension of the shock cords upon ignition of the parachutes respective 

ejection charges. Proof of testing and the results can be seen in the following photos. 
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Figure 10: Experimental setup for the ground test prior to drogue deployment 
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Figure 11: Results of drogue portion of ground test 

 

 
Figure 12: The nose cone and bow body tube assembly shear pins still intact after drogue deployment 
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Figure 13: Drogue parachute deployed and 20’ shock cord fully extended 
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Figure 14: Experimental setup prior to main deployment 
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Figure 15: Successful deployment of main parachute and extension of shock cord 

 


