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1. Addendum Summary 

An initial vehicle demonstration flight was attempted on February 27, 2021.  During the 

initial flight, the vehicle successfully deployed both the main and drogue parachutes, however the 

recovery piston inside the upper airframe, which was designed to be retained in the airframe, was 

pushed beyond the airframe during deployment.  This resulted in damage to the forward body tube.  

Additionally, the fins had experienced some mechanical cracks.  As a result of the damage, the 

forward airframe was shortened to eliminate the damaged section and the fillet at the base of the 

fins was increased to provide stress relief.  Details of the first flight were covered in the Flight 

Readiness Review document provided on March 5, 2021.  

The purpose of this addendum is to outline the two subsequent attempts to verify that all 

requirements were met and to demonstrate functionality of all vehicle and payload components. 

Unfortunately, both re-flights experienced anomalies and were unable to validate all requirements. 

Primarily, the main parachute was not properly deployed on either flight, thus the impact energy 

was well over the required 75 ft-lbf. All identified errors have been addressed using mitigation 

plans and slight changes to the rocket and payload to prevent these errors on future flights. All 

identified errors are detailed in the demonstration reflight sections of this document along with 

their respective mitigation plans.  

 
Figure 1.1: Current Rocket State 

 

Figure 1.1 shows the current state of the rocket that would be flown in the final competition 

flight. The rocket is 100 in long and weighs 49.9 lbs including the L1390G aeroteh motor. The 

original vehicle demonstration rocket was 116 in and weighed 53.6 lbs. The only changes since 

the vehicle demonstration re-flight 2 detailed in section 3.2 were a change in length from 102 

inches to 100 inches which was a result of some damages experienced during that flight. 

Otherwise, all current systems were flown on that second re-flight.  

 

2. Nominal Sequence of events 

Figure 2.1 shows the vehicle con-ops depicting the nominal series of events for a successful 

flight. The rocket will begin on the launch pad on a 12 ft 1515 launch rail where the altimeters and 

VDS electronics will be turned on and tested. At the launch rail, the launch team starts each 

altimeter and confirms the deployment settings by listening to the sequence of beeps produced by 

the altimeter.  Specifically, the primary altimeter will declare an apogee deployment for the drogue 

parachute and an altitude of 600 ft for the main parachute deployment. Similarly, the backup 

altimeter will declare one second after apogee and 550 ft. The VDS will deploy the tabs and pull 

them back in to signify the system is operating properly.  

After the launch pad has been cleared of all personnel, the motor will be ignited allowing 

the rocket to undergo its powered ascent from the launch rail. The motor will burn for about 2.9 
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seconds until the rocket begins its coasting phase (controlled glide). The VDS detects the drop in 

acceleration at motor burnout and signals the tabs to deploy if necessary allowing the rocket to 

reach a desired apogee by varying the drag coefficient.  

When the rocket reaches apogee, the primary altimeter ignites a 3 gm black powder charge.  

The drogue charge separates the lower airframe from the coupler and deploys the drogue 

parachute. A larger (5 gm) black powder charge is initiated by the backup altimeter one second 

after apogee detection to ensure separation in the event that the primary charge fails. Under drogue, 

the separated vehicle will fall at a terminal velocity of 71 ft/s until reaching the main parachute 

deployment target altitude of 600 ft.  

 
Figure 2.1: Flight Conops 

 

At 600 ft, the primary main charge, 3 grams, is initiated.  The pressure increase resulting 

from this charge pushes the recovery piston towards the nosecone, separating the nosecone with 

attached payload cage from the upper airframe and deploying the main parachute.  When the short, 

1 ft, recovery harness between the nosecone bulkhead and the main parachute becomes taut, it 

subsequently jettisons the payload from the retention cage. In the event that the primary charge 

does not deploy the main parachute, a 5 gram backup main charge goes off at 550 ft.  

As the payload is ejected, both it and its parachute deployment bag fall away from the 

payload cage.  Once free of the body tube and payload cage, the payload spring loaded landing 

legs automatically deploy. When the deployment bag retention harness, which is attached to the 

nosecone bulkhead, becomes tight, the payload pulls its parachute out of the parachute bag 

allowing the payload to fall independently from the rocket.  

With the parachutes deployed, the payload and rocket descend to ground.  The vehicle falls 

at a terminal velocity of 18.4 ft/s and the payload falls at a terminal velocity of 20.3 ft/s.  The 

recovery harness is designed such that the lower airframe will be the first section to touchdown 

followed by the coupler and upper airframe and then the nosecone.  The lower airframe will 

touchdown with a kinetic energy of 72.0 ft-lbf.  The payload will touch down with a kinetic energy 

of 27.1 ft-lbf.  
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3. Vehicle Demonstration Re-Flights 

To attempt a successful demonstration of this concept of operations, two vehicle 

demonstration re-flights were performed. Both flights carried the payload and were planned to 

demonstrate both successful vehicle and payload performance. Re-flight 1 occurred on March 20, 

2021 in Hopkinsville KY with the MC2 rocket club.  The second vehicle demonstration re-flight 

was performed on March, 27 2021 in Samson, AL with the SEARS Rocketry club. The flights, 

post launch analysis and the subsequent resulting changes to mitigate flight risks are described in 

the subsequent sub-sections. 

 

3.1. Vehicle Re-Flight 1 

The first vehicle demonstration re-flight was performed on March 20, 2021 in 

Hopkinsville, KY with the MC2 rocket club using an L1390G aerotech motor. Flight conditions 

were 5 mph winds, 78 F ambient temperature and a rail angle of 1 degree. The vehicle had been 

shortened by 16 inches after the damages sustained to the body tube in the first vehicle 

demonstration flight to an overall length of 102 in. The bulkheads on the coupler and the variable 

drag system were significantly reduced in weight to bring the rocket’s overall weight down from 

53 lbs to 49 lbs when paired with the reduction in length. The payload being flown was the final 

payload design without the cameras attached as the electronics had not been completed at this time. 

The payload was intended to demonstrate the new payload recovery system. Specifically, the 

payload was to properly deploy from the retention cage, its parachute was to pull out of the 

parachute bag and the payload was to descend at less than 20 ft/s. 

 

 
Figure 3.2: Team with Prepped Vehicle Prior to Vehicle Demonstration Re-flight 1 
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3.1.1. Flight sequence 

Figure 3.3 shows the flight data measured by the altimeter with an apogee of 3805 ft, up to 

apogee, the flight went nominally. Launch pad checks of the altimeter and VDS confirmed those 

systems were working nominally.  The burn and coast phases of the flight appeared nominal, and 

post-flight assessment of the VDS data indicated the system worked as intended, providing 

commands for drag tab deployment in a predetermined sequence.  Although the drogue deployed 

near apogee, Figure 3.3 shows a delay in drogue deployment. When the drogue parachute 

deployed, the aft body tube separated from the coupler, but began to descend untethered from the 

recovery harness. While the aft body tube descended unattached to the drogue, the upper body tube 

descended exclusively under drogue. As the falling vehicle passed the main deployment altitudes 

(600 ft for the primary and 550 ft for the backup) It continued to fall exclusively under drogue.  

The nosecone did not separate from the upper airframe, and the main parachute did not deploy.  

As a result, the upper airframe continued to fall under drogue and touched down at a velocity of 

63 ft/s.   

 
 

Figure 3.3: Flight Profile 
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3.1.2. Post Launch Assessment 

Both the upper airframe, which fell under drogue, and the lower airframe, which fell 

untethered to a recovery harness, landed in an accessible recoverable area within the launch range 

and landed relatively close to each other.  On arrival, the team mentor and team educator removed 

the upper airframe from the coupler and confirmed that the main deployment charges did not go 

off during flight.  These charges were then removed from the rocket by the team mentor and the 

rocket was inspected.   

Based on the delay between apogee and the drogue descent terminal velocity it is believed 

that, at apogee, the primary altimeter failed to detonate the primary drogue deployment charge. 

Inspection of the vehicle on the ground revealed that both charges had burned, but it is likely that 

this was the result of a sympathetic deflagration of the primary drogue charge when the secondary 

drogue charge was initiated.  This would have resulted in a deployment charge of 8 grams, rather 

than a 3 gram primary or a 5 gram backup charge deploying the drogue parachute. 

Analysis of the altimeter data revealed that the primary altimeter never detected a launch 

and subsequently never gave the command to fire the deployment charges, either drogue or main. 

The primary altimeter did not have any flight data for this launch.  The backup altimeter detected 

the launch and did give the command which allowed the drogue to deploy.  After careful inspection 

of the altimeter, battery connections, and terminal block connections, there was no obvious cause 

for the failure of the backup altimeter to fire the main charge.   The leading suspected cause 

identified was bad electrical connectivity between the leads connecting the charge and the 

altimeter.  The black powder separation charge is connected to a terminal block on top of the 

bulkhead.  A second pair of wires attach to the terminal block and run through the bulkhead 

connecting to the altimeter. It is possible that these leads were not sufficiently connected and were 

not able to give sufficient power to the e-match to initiate the main parachute deployment charge. 

Ground inspection of the drogue recovery harness revealed that the quicklink connecting 

the aft body tube to the drogue harness was not completely closed. Connecting the recovery harness 

is a procedural step that was followed during launch prep at the field.  The quicklink for the drogue 

harness connects to an eyebolt on the VDS coupler that is recessed 16 inches in the lower airframe.  

Thus to make this connection the operator has to reach into the body tube, put the quicklink around 

the eyebolt, and close the gate on the quicklink by threading it closed.  Further inspection of the 

quick link revealed damaged threads resulting in the quicklink becoming very tight before it was 

fully closed.  

The aft body tube, which fell untethered from the recovery harness, impacted the ground 

at an unknown high velocity.  The airframe appeared to land in a relatively horizontal configuration 

with the 3D printed fins being the first point of contact with the ground.  The impact broke two 

fins off of the airframe.  These fins failed at the flange where the fin is attached to the airframe 

through four ¼-20 bolts.  The aerodynamic surfaces of the fins held up well under the impact with 

no visible damage.  Internally, the impact resulted in shattering of the 3D printed centering ring 

located near the top of the motor case.  This centering ring failed in the standoffs between the outer 

ring and the inner ring.  The airframe suffered damage in two locations:  the forward section near 

the upper VDS bulkhead, and the lower section near the top of the fins. Finally, the lower VDS 

bulkhead which had been re-machined to reduce weight before the flight was bent, but the 

deformation on that part was fairly minor.  Figure 3.4 shows some of the mentioned damage.  
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Figure 3.4: Aft body tube damage 

 

Because the main parachute was never deployed from the body tube, the upper body tube 

landed with excessive kinetic energy. However, very little damage was done on this impact. The 

pitot tube support extending from the tip of the nose cone was the first point of contact with the 

ground for the upper airframe.  This tip, shown in Figure 3.5, was intact with no damage. The 

payload which was inside of the body tube did experience some superficial damage to its 

electronics bay. All payload damages were caused due to the payload slamming against the inside 

of the body tube on impact  
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Figure 3.5: Nose Cone Post-Landing 

 

3.1.3. Mitigations 

Based on the recovery failure and the subsequent damage to the vehicle and payload from 

Re flight 1, the following modifications are proposed to mitigate the risks identified during flight 

(Table 3.1). 

 

Table 3.1: Re-Flight 1 Failures and Mitigations/Repairs/Tests 

Failure Mitigation/Repair/Test 
Damaged forward lower 

airframe 

Replaced airframe to ensure vehicle was not structurally 

compromised. 

Damaged aft lower 

airframe 

Replaced airframe to ensure vehicle was not structurally 

compromised. 

Recovery deployment 

(electronics) 

All recovery electrical connections inspected and reworked. This 

included tinning all braided wires that attach to screw terminals, 

verifying continuity throughout the recovery system, altimeters 

electronics reworked to reduce possibility of an electrical 

connection problem, and screw terminals were tinned. 

Recovery deployment 

(altimeters) 

Checked is a simulated flight using a shop-vac to reduce pressure 

and simulate launch conditions. Data from the tests were 

examined to verify that they registered the launch event and 

signaled a drogue deployment at apogee. This verified that both 

altimeters were functioning nominally and reduced the chance of 

recovery failure due to a faulty altimeter. 
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Recovery deployment 

(continuity) 

An additional continuity check was incorporated into the launch 

SOP during field assembly. Although the altimeters report 

continuity through a series of beeps after startup, this redundant 

check provides additional reassurance that the electrical 

conductivity is good and reduces risk of recovery failure due to 

electrical conductivity problems. 

Drogue harness quicklink 

(fouled threads) 

The drogue harness quicklink was removed from the recovery 

harness and discarded.  This quicklink was replaced with a new 

quicklink. All quicklinks on both main and drogue recovery 

harnesses were inspected by hand threading the gates from open 

to closed to ensure that there were no other quicklinks with 

fouled threads in the vehicle which may give a false indication of 

closure when hand tightening the quicklinks.     

Recovery harness 

(hardware) 

An additional procedural step was added to visually inspect and 

take a picture of all recovery harness quick links as they are 

attached during the field prep.  The visual inspection will confirm 

the gates are fully closed and eliminate the risk of a recovery 

harness separation due to a partially open quicklink. A redundant 

step was added to the flight SOP, before the rocket is taken to the 

launch pad, to inspect the images and check the all quick-links 

are secure. 

 

 

3.2. Vehicle Demo 2 

The second vehicle demonstration re-flight was performed on March 27, 2021 in Samson, AL 

with the SEARS Rocketry club. Flight conditions were 12 mph winds, 75 degrees Fahrenheit 

ambient temperature, and a 2 degree launch rail angle. Like the first vehicle demonstration re-

flight, the vehicle weighed 49 lbs despite the two new body tubes between the coupler and the 

VDS and the aft body tube. The VDS was flown active and intended to predict an expected apogee 

and subtract 50 ft to target a separate apogee to demonstrate performance. The payload flown was 

the final payload configuration with all electronics attached and was intended to demonstrate all 

phases of the payload’s mission.  
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Figure 3.6:  Vehicle Demonstration Re-Flight 2 Launch Photo 

3.2.1. Flight Sequence 

The official altitude measured was 3588 ft as a result of the high winds. Similar to the first 

demonstration flight, everything leading up to apogee went nominally. At the rail, checks for the 

altimeter and VDS were successful, and the boost and coast phases appeared nominal.  Based on 

post flight data analysis, the variable drag system was active and deployed the drag tabs as intended 

during the coast phase.  

At apogee, the primary altimeter separated the lower airframe from the coupler and 

deployed the drogue parachute.  A secondary drogue charge was confirmed audibly from the 

ground after separation.  The vehicle reached a terminal velocity under drogue of 74 ft/s.  While 

falling under drogue, the high winds caused the aft airframe and upper airframe to circulate, 

causing their respective harnesses to wrap around each other shown in Figure 3.8.  

 At 600 ft. the primary altimeter initiated the main charge, separating the nose cone from 

the upper airframe and deploying the main parachute and the payload from the payload cage.  A 

secondary charge was audibly confirmed slightly later as the coupler passed 550 ft.  Although the 

main deployed, the parachute remained bundled and did not open.  In addition, although the 

payload was ejected from the payload cage, the payload did not pull its parachute out of the 

parachute bag.  As a result, the vehicle and payload continued to fall only under the drogue 

parachute. 
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Figure 3.7: Vehicle Flight 2 Data 

 

3.2.2. Post Launch Assessment 

The VDS system was active and functioned as intended and both altimeters functioned 

properly, and the drogue parachute deployed as intended as well.  
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Figure 3.8: Tangled Drogue Retention Harness 

 

Figure 3.8 is an image taken after the main parachute deployed and the bottom of the image 

shows the upper airframe separated. Unfortunately, a combination of the high winds, the short 

connection between the main parachute and nose cone, and the harness connecting the payload’s 

parachute bag to the nose cone, caused the payload harness to wrap around the parachute 

preventing it from opening properly.  
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Figure 3.9: Main Parachute Tangled 

 

Figure 3.9 shows the recovery moments after Figure 3.8. The drogue parachute had 

untangled at this point but the main parachute is clearly being pulled by the payload as it is 

descending further signifying the payload harness wrapped around the main parachute. Figure 3.10 

shows the ultimate result after ground impact. The payload harness is, again, clearly wrapped 

around the parachute. To mitigate this risk, the harness connecting the payload’s parachute bag to 

the nose cone will be removed allowing the bag to connect directly to the nose cone.  
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Figure 3.10: Main Parachute After landing 

 

 
Figure 3.11 Image of Main Parachute with Payload Deployment Bag after landing 

 

On ground impact, because of the high impact energy, some subsystems were damaged. In 

the middle of Figure 3.9, the piston is hanging just below the upper airframe. On ground impact, 

the upper airframe landed on the piston cracking the edges of both the body tube and the piston 

shown in Figure 3.12. The body tube and piston were cut down by about half an inch to remove 

the damaged portions.  
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Figure 3.12: Upper Airframe and Piston Damages 

 

The payload retention cage was bent which is seen in Figure 3.13. Two cages were initially 

built, one specifically designed to reduce weight for stability purposes. The structural integrity of 

the cage was tested during separation tests and had also survived two previous flights. The 

consensus is that, over time, the cage bent more until this last flight caused irreparable damage. To 

that effect, the second cage that was built stronger than the first will be used in subsequent flights. 

The increases weight of the retention cage will increase the stability of the rocket. 

 

 
Figure 3.13: Bent Retention Cage 

 

The payload did, however, land as intended in its upright position shown in Figure 3.14. 

Two of the landing legs were bent on ground impact, but that they were easily bent back into their 

correct orientation. Electronics issues in transport from Huntsville to Samson made the payload 

unable to perform its mission objectives of detaching from the parachute, leveling, and taking a 
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picture. Mechanically, though, it was jettisoned from the rocket as intended, but without the 

impulse of the main parachute opening was unable to pull its own parachute from the parachute 

bag which resulted in the payload coming down attached to the vehicle’s drogue parachute.  

 

 
Figure 3.14: Payload Landing Orientation. 

3.2.3. Mitigations 

Based on the recovery failure and the subsequent damage to the vehicle and payload from 

Re-flight 2, the following modifications are proposed to mitigate the risks identified during the 

flight (3.2).   

 

Table 3.2: Re-Flight 2 Failures and Mitigations/Repairs/Tests 

Failure Mitigation/Repair/Test 

Tangling with drogue 

harness 

The length of harness connecting the drogue parachute to the aft 

airframe will be reduced to 8 ft from 30 ft to discourage tangling. 

This tangling did not affect the rocket’s descent but could have 

caused potential issues so a mitigation plan has been introduced 

to prevent this from happening again. 

Tangling with payload 

harness and main 

parachute 

To prevent tangling of the payload harness with the main 

parachute, the 15 ft length of Kevlar strap will be eliminated and 

the deployment bag will be directly connected to the nose cone 

bulkhead with a quicklink. This will remove all permanently 

attached articles that could cause tangling. The payload parachute 

size was reduced from 36 inches to 30 inches to raise the terminal 

velocity of the payload. This will bring the terminal velocity from 

16.9ft/s to 20.3ft/s, ensuring that the payload will descend faster 

than the vehicle and prevent tangling of the payload parachute 

with the vehicle. 

Damaged retention cage 

The damaged retention cage was replaced with an already 

constructed backup cage design, which uses thicker aluminum 

columns to provide higher strength at the cost of additional mass. 
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The cage is also 0.625 inches longer than before to provide more 

space for the parachute bag to be packed above the payload and 

reduce the probability of jamming or incomplete ejection. 

Payload battery sled 

damage 

Battery sled has been replaced with a backup and the electrical 

connections have been reinforced to ensure continuous function. 

  

4.  Next Steps 

To verify the resilience of the payload electronics, the fully assembled payload will be subjected 

to mission load tests. A mission load test consists of powering the payload electronics, completing 

the standard initialization procedure, checking sensor data, then submitting the payload to lateral 

and vertical vibration, as well as several impacts from a dead blow hammer to the underside of the 

base disk to simulate the most critical shock loads encountered during ejection. The payload then 

completes the remainder of a standard mission and the images and data are transmitted to the 

ground station. After each simulated mission, the data is inspected for corruption or loss, and the 

payload electronics are physically inspected for loose connections or component damage.  

After all mitigations are complete the team will conduct separation testing to confirm 

ejection charge sizing and will re-analyze the flight characteristics through open rocket to confirm 

the stability margin, kinetic energy at landing, and the rail exit velocity still meet the competition 

requirements.   

 


