“Straw man” Dock Design and Operational Sequence

Description of Dock

Dock is a “pole dock” design implemented with a cable as the “landing area” with the power and communication dock being in lower on the cable than the “landing area”.  Above the “landing area” will be additional mooring points for additional AUVs that are not being serviced.

Anchor is any suitable hold fast point.  Holding power must be sufficient to handle maximum possible number of docked AUVs of typical size during maximum expected current and / or storm events.

Cable to underwater power and communication system comes to a wet pluggable connector.  Connector needs to be operable by ROV.

Acoustic release can be triggered by sonar modem or cable command or ???.  Allows entire dock (minus anchor) to float to surface with flooded AUV.

Docking Interface provides mechanical alignment and connection for power and communication.  This needs to be designed for maximum robustness and reliability.  Few to no moving parts. Mechanical alignments should be wiped clean by mating action, should discourage bio fouling and “marine snow”.  Docking interface will presumably have all intelligent elements of system contained in it.

Docked AUV.  Can be in a variety of states ranging from “Deep Sleep” to “Wide Awake”.  For docking, all (most) moving parts will be in the AUV.  Minimum number of moving parts.

Landing Zone on cable is nothing more complex than durable cable sized appropriately to handle wear of expected number of docking events.  Ideally, cable is not conduit for other conductors due to wear considerations over years (???) of service.

Moored AUV is able to latch up on cable and shut down propulsion (and other?) systems to conserve power while waiting for turn at dock or next deployment order.

Float needs to be able to lift flooded AUV and all dock components (minus anchor).  Tension from float on cable also needs to be loose enough to allow cable to flex when catching AUV on Landing Zone.  Tension on cable also needs to be tight enough to provide stable tie point for moored and docked AUV.  






Sequence of docking event

1. AUV initiates docking sequence.

a. This can be internally generated by mission profile (completed, aborted)

b. This can be externally generated

2. AUV determines direction to dock

a. Ideally this is already localized to no more that half the compass rose by navigation process.

b. AUV “pings” Dock

i. Until Dock responds, AUV needs to proceed to region of Dock using all navigational tools available potentially even including GPS fix?

c. Dock “pings” AUV

i. Pings can include status information regarding charge state of AUV, availability of Dock and Mooring, possibly even environmental factors at Dock (current speed and direction ?)

3. Ping exchange allows for rough estimate of range and direction allowing AUV to initiate course and speed that will close on Dock.

a. AUV and Dock exchange ranging pings periodically as required to bring AUV “close”

4. AUV deploys arm(s) for docking

a. This may also include a change in speed for the AUV

i. Slower 

1. allows control loop more time to react but 

2. increased effects of current and flow discontinuities

3. lessens impact on Landing Zone cable

4. less chance of bounce on latch

ii. Faster 

1. less time for control loop to respond

2. reduces effect of current and flow discontinuities

3. increases impact on Landing Zone cable

4. increases chance of latch (slam the door)

5. AUV utilizes appropriate navigational cues to home on Landing Zone until either

a. Miss is determined by some combination of

i. increasing range

ii. no change in propulsion power requirement 

iii. no change in attitude, orientation, ???

iv. AUV initiates re-approach sequence

b. Latch is determined by some combination of

i. Constant range

ii. Increased propulsion power for lower speed

iii. Change in attitude, orientation, ???

6. AUV initiates “Docking” or “Mooring” sequence

a. This will be determined by state of AUV charge and open status of Dock and Mooring

b. This can be at different speed than cruising or landing.  Less speed will presumably mean less wear on rubbing components.  Less speed will also potentially not be enough handle loading by current.

7. “Docking” sequence

a. AUV deploys “trailer hitch”

i. This may be best deployed prior to approach on Landing Zone ???

b. AUV tilts for down angle and commences “spin down”

c. AUV determines “engagement” has occurred when orientation, attitude rate of change changes…?

d. AUV initiates mechanical alignment

i. This maybe facilitated by cycling of propulsion power and thrust angle while attempting to engage mechanical stop.

ii. Once mechanical engagement has occurred AUV can back off on propulsion until engines are at “All Stop” while monitoring attitude, orientation to determine if mechanical engagement will hold.

e. AUV initiates power / comms engagement

i. This is physically inside mechanical alignment plug and extends beyond mechanical alignment plug

ii. Extending this plug will “wipe” dock mating surface, pushing any bio fouling / snow / etc out of socket

iii. Plug is fully extended and engaged

f. AUV initiates comms to verify latch

g. Dock acknowledges comms, 

h. Dock requests data down load, (data will be recovered regardless of power situation)

i. Dock initiates low power connection (less than ideal but checks circuit and carries “hotel loads”)

j. AUV begins data download, regardless of power situation

k. AUV accepts low voltage, low power connection and shifts hotel loads to Dock power if possible.

l. AUV determines if charge is needed and requests additional power if needed.

m. Dock confirms power transfer is OK and initiates high power transfer to charge batteries.

n. Dock downloads next mission to AUV (go to Mooring, go to Surface for recovery, go on another mission)

o. AUV stays on dock until some combination of following is met

i. Charge is continued to completion

ii. Data download is continued to completion

iii. Next mission requires undocking

8. “Undocking” sequence

a. AUV shifts hotel loads to internal power

b. AUV informs Dock of intention to get underway

c. Dock secures power transfer

d. Dock and AUV exchange final comms handshake

e. AUV slowly cycles between All Ahead 1/3 and All Back 1/3 while disengaging power / comms plug, mechanical alignment plug and then puts propulsion in up angle All Ahead 1/3 and spins back up into Landing Zone.

f. Once in Landing Zone

i. Either continue up to Mooring

ii. Retract arms and launch off dock.

9. Mooring Sequence

a. AUV spins up cable until clear of Landing Zone

b. AUV powers down non-essential loads and “Sleeps”

c. AUV is awakened by 

i. Dock when needed for mission

ii. Self when battery needs charging (gotta pee reflex)

d. AUV initiates propulsion at down angle and spins down to Landing Zone

e. Once in Landing Zone either 

i. retracts arms and power off the Landing Zone

ii. continue spin down to Dock

Design Elements

Docking portions of AUV all are engaged and disengaged by single motor (worm gear?).  As motor drives it:

1. Extends arms from aft (stowed) to forward position.  Arms have spring loaded latch on forward edge that “grabs” cable.







2. Pushes mechanical alignment plug out of hull





3. Pushes power / comms plug out of center of mechanical plug
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