LV2 Inter-module coupler design criteria:
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The following is a general outline of the design requirements for the couplers that will be used to join the airframe modules of the LV2 rocket together.  The primary concerns are to develop a system that is safe, easy to manufacture, strong, lightweight, and inexpensive. When completed the modules should be self-contained, stand-alone systems that can be easily fitted together at vehicle integration time. These systems must also be able to handle the flight environment defined for LV2.


The following illustration shows the initial conceptual layout of the internal framework of the LV2 rocket.  The vehicle will be designed to be flexible enough to accommodate two different flight configurations depending on the particular mission profile.
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Definitions:
Configuration 1:
The payload module will remain onboard the rocket through the entire flight cycle. In this configuration the recovery module will be stacked onto of payload module. The recovery module will contain both the drogue parachute and the main parachute whose deployment will be sequenced via the flight computer's operation of pyrotechnic line cutters.

Configuration 2:
The payload module will be ejected/extracted at apogee or some fixed time there after. In this configuration a drogue parachute will be packed on top of the payload module to facilitate the extraction of payload module.  The payload module will be stacked on top of the recovery module that will house the main parachute.


AMB
=
Avionics module base


AMT
=
Avionics module top


RMB
=
Recovery module base 


RMT1
=
Recovery module top (config 1)*


RMT2
=
Recovery module top (config 2)


PMB1
=
Payload module base (config 1)


PMB2
=
Payload module base (config 2)


PMT1
=
Payload module top (config 1)


PMT2
=
Payload module top (config 2)


*
This coupler will most likely not be necessary and would only add to the weight and complexity of the vehicle.

Considerations:

The design of the module couplers should be in keeping with the primary goals of the LV2 project set forth in the OSG grant request.  Some of the primary considerations being:

- Simplicity of design

- Ease of manufacturing (minimize machining and specific tooling)

- Cost




- Weight




- Reproducibility

Criteria:
1) All module couplers must bolt, screw, or rigidly attach to one another in such a manner that the vehicles flight environment (i.e. vibration, roll) will not be capable of separating them.

2) All couplers must be welded, bolted, screwed, or rigidly attached to the module frames in such a manner that the vehicles flight environment will not be capable of separating them. Consideration should be given to the possible need of removing the coupler from the module frame.

3) The attachment method should be made as simple as possible.

4) The module couplers should be able to be attached and unattached to one other without the tools passing (i.e. wrenches, Allen keys) through to the inside of the modules. That is, all fasteners should be externally accessible from the outside of the module/coupler but not necessarily the outside of the fiberglass aero-shell skin.

5) Once fully assembled, there should be no perturbations outside of the maximum diameter of the airframe that would hinder the installation of the fiberglass aero-shell skin.

6) All couplers need to be keyed to allow proper alignment of the modules.

7) All couplers need to be fitted with appropriate connectors for electrical, data, and control signals. (Consult with avionics team).

8) Connectors should be placed in such an orientation that the wiring harnesses coming from them will cause minimum obstructions to other components inside of modules.

9) Coupler keys and keyways should be semi self –aligning and make contact to assure proper alignment before the electrical connectors make contact.

10) All couplers need to have the ability to be retrofitted at a later date with the necessary plumbing pass-throughs to accommodate a secondary LITVC system  (liquid injected thrust vector control).

11) Couplers should be made as symmetrical as possible to ensure center of gravity remains near z-axis.

12) AMB must securely couple the avionic module to the smaller diameter propulsion module. (Consult with propulsion team).

13) AMB must shield avionics from any possible motor exhaust blow-by but still pass through appropriate connectors to allow collection of data from propulsion module and future control systems (i.e. plumbing lines for LITVC, liquid injected thrust vector control)

14) AMT must securely couple the top of the avionics module to RMB or PMB1 depending on module configuration.

15) RMB must securely couple the base of the recovery module to AMT or PMT1 depending of module configuration.

16) RMB must have sufficient strength to handle opening loads generated my main parachute.

17) RMB must have appropriate mounting hardware for main parachute.

18) RMB must consider environment created by pyrotechnic line cutters operating in recovery module (i.e. gas discharge, cutter placement)

19) RMT1 should not be necessary since the nose cone assembly should be able to mate with the recovery module frame directly and would only act as an obstruction to recovery system deployment by restricting the opening.

20) RMT2 must securely couple the top of the recovery module to the base of the payload module (configuration #2) but must not bolt or screw together.

21) RMT2 could be disregarded altogether if a method for sufficiently attaching PMB2 to recovery module frame could be found.  This would eliminate obstructions in recovery module.

22) RMT2 must be capable of rigidly holding the payload module during flight then actively or passively releasing payload module at appropriate time signaled by flight computer.

23) RMT2 must consider hazard to recovery system of hot gases if pyrotechnic system is used to separate payload module.

24) RMT2 should be designed to either be removed before main parachute deployment or should be designed to minimize obstruction to recovery system upon deployment.

25) PMB2 should securely couple the base of the payload module with the top of the recovery system module (configuration #2) but must not bolt of screw together.

26) PMB2 must be capable of rigidly holding onto the recovery module during flight then actively or passively releasing recovery module and extracting main parachute at the appropriate time signaled by the flight computer.

27) PMB2 should have appropriate hardware mounted to extract main parachute from recovery module one the payload module itself is extracted from rocket itself under the pull of the drogue parachute.

28) PMB2 may want to consider secondary mechanism to remove RMT2 from recovery module once PMB2 and RMT2 are actively disengaged.

29) PMB2 should shield payload module from exhaust blow-by if pyrotechnic release mechanism is employed.

30) PMT2 must have appropriate mounting hardware to accommodate drogue parachute.

31) PMT2 must have sufficient strength to handle opening loads generated my drogue parachute.

32) PMB1 must securely couple the base of the payload module with the top of the avionics module (configuration #1).

33) PMT1 must securely couple the top of the payload module with the base of the recovery system module (configuration #1).

34) Consider design that would allow AMT and PMT1 to be identical.

Apparent problems:


a)
In flight configuration #2 once the payload module is deployed and the main parachute is extracted, the main parachute bridle will need to span the distance from the base of the recovery module to the top of the fiberglass aero-shell.  This leaves approx. 1 meter of exposed thin walled fiberglass that the bridle will pass through (were the payload module was prior to extraction).  Any pendulum effect of the vehicle under full canopy may cause damage to the aero-shell by the bridle.
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