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Abstract (Hayden Turner, Jud DeCew)

TheBuoyless Lobster Trap, BLT is an acoustically triggered retrieval mechanism for deep water
lobster trawls. The system manipulates a rotary solenoid to discharge a buoy, connected to a line,
to the surface from the ocean floor. The electronics, release, and the winding mechanism are the
threeintegrated subsystems which make uptheBLT. Thedesign goalwas to keepthesystem simple
and use an existing trap as a vehicle for all the components.

TheBLT system will replace the current fishing practice indiscernibly. The system will completely
eliminate the needfor fixed gearwhich will minimize marine mammal entanglements. The BLT is a
simple, robust, inexpensive, and reliable means ofaccommodating the ALWTRP supplicated bythe
Department of Commerce. TheALWTRP istheAtlantic Large Whale Take Reduction Plan which
requisitions the reduction of mammal fatalities dueto commercial fishing practices.

Theprototype exploited a Hummingbird Fish Finder to edict as the system transponder which will
project the sound wavefrom the surface vessel to the trap on the oceanfloor. Thehydrophone was
poached from a previous project and the ideal frequency is 160 kilo Hertz. The Hummingbird
transmits a signal at 200 kilo Hertz which does not overlap the hydrophone's frequency band so
amplification andmanipulation ofthe signal isvery inefficient. Thefinal BLTwill demand identical
sensitivity and operating frequencies ofthe transponderand hydrophone.

The seafaring portion of the system is made from a converted lobster trap so that handling oftraps
on deckwill not change. Dysfunctional traps are readily available to the fisherman so that the total
cost of the system can be reduced. The system hydrophone protrudes out of the trap about two
inches dueto its originwhichcreates a stacking problem. Thefinal systemwillbe constructed so that
no portion of the system extends beyond the boundaries of the lobster trap. This will protect the
contents.

The BLT is a simple devicethat can be operatedby anyperson, no matter what their background.
Simply pressingthe button willdispatchthe signal andthentherest is analogousto the present lobster
trawl hauling technique. Maintenance for the system consistsofchangingthe batteries a couple of
times a year. The estimated cost per unit is 315 dollarsand each string oftraps should have at least
two, for safetyreasons. These units willreplaceconventional commercial lobster trawling practices
without creating an undue burden to the industry and virtually eliminate the danger to the ever
decreasing population ofwhales.
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Background/ Introduction (Hayden Turner, Jud DeCew)

The current technique for lobstering in deep water, up to 1200 ft, is proven to be dangerous
to some mammals. The lines run the water column between the traps and the surface buoy,
seefigure 1. The problemwiththistechniqueis that marinemammals have become entangled
in these lines. A whale'sinstictivereaction upon brushing up against the line is to roll. When
the whale rolls, it entwines itselfup in the lineand becomes entangled. The entanglement can
be fatal for the whale and costly for the fisherman due to damaged or lost or damaged gear.

o
Surface Buoy Buoy

O v

Line

Lobster traps

/ n i / j f n n n ? i! n n 111 /1111 / it j 111 /1 / / /1 /
Figure 1: This figure shows the major components and thier relationshipto one-

another for the current lobsteringpractices.

The lobster pot lines have entangled humpback, right, and minke whales. The Marine
MammalProtection Act (MMPA)was passedwitha long-termgoal ofreducingthe incidental
serious injury or lethal take of marine mammals in commercial fishing operations. The
Atlantic Large Whale Take Reduction Plan (ALWTRP) asks for an initiation of a gear
research and development programinto technologies that willreduce the entanglement rate.

Right Whalesare particularlysusceptible to entanglement dueto their migration patterns and
feeding behavior which is known as skimfeeding. The whales swim slowly at or near the
surfacewith their mouths ajar engulfing the zooplankton. Photographic data indicated 57%
ofthe North Atlantic population hasbeenentangled infishing gear at sometimeduringtheir
lives (Kraus, 1990).

The Atlantic Large Whale Take Reduction Plan aims to reduce the entanglement without
creating an undue burden on the fishing industry. There are several alternate ideas that are
currently being researched andtested. Break-away lines, biodegradable lines, andnoisy gear
are three plausible solutions. Although, each of these has its limitations and don't entirely
eliminate the problem. Break awaylines still run the water column. This idea incorporates
a weak linkin the line that breaksif a largeforce is applied. The linkis burlyenoughto pull
the traps from the ocean floor but would be weak enough to fail if a whale should become
entangled. Thismayfreethe whale, but thegearcould alsobe lost or damaged on the ocean
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floor. This results in lost time and money for the lobsterman and doesn't even guaranteethe safety
ofthe whales. Another problem is that the lost line could concoct future problems for other marine
life. Rough seas or an unexpected force could cause the link to fail.

Biodegradable lines and links are safer to whales because the threat decreases over time. The lines
have a weak link, as previously discussed, but also dissolve in water. If a whale became entangled
andbroke the link, the line wrapped aroundthe whale'sbody andthe lost line would decompose over
time. Since the line decomposes in water, the line would have to be replaced after only a few uses.
This results in a greater cost for the lobster fishery and in turn for the consumer and a maintenance
burden. Initial injuries to the whale while the integrity of the line is still intact could still be
devastating.

Surface Vessel

2 V

Auxiliary Trap

Signal

Buoy

Lobster traps £^
Auxiliary Trap

/////////////////////////////////////////////// /

Figure 2: This figure showsthe major components andthierrelationship to one-
another forthe proposedacoustically triggeredbuoyless lobster trap
recovery system.

Sound deterrents, "noisy gear",daunts whales withtheusesound signals setto adecibel range which
whales can hear. Investigation oftheeffects onother sea life has notbeen done. The system could
attract unwanted creatures to the lineswhich could create dissimilar problems. Power suppliedby
batteries to produce these signals can be costly if the signal is constantly broadcasted through the
water.

These alternate ideas may look good on paper, but could create an undue burden on the fishing
industry. Theweaklinks, biodegradable line, and sound deterrents require more money and time for
the lobstermen and won't eliminatethe threat to marine lifecompletely. An acoustic release system
would have an initial capital investment butwould have alowmaintenance cost. It would completely
eliminate the danger to marine life aswell as integrate into thecurrent trapping method. Sometime
will be lostwaiting for retrieval buoyascend to the surface and changing thebatteries a fewtimesa
year, but is a viable solution.

The goal of the acoustically triggered buoyless lobster trap recovery system is eliminate
entanglementswithout disrupting current fishing practice orproductivity. Thesystem consists oftwo
auxiliary traps connected to each endofthe current string (seefigure 2).
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Figure 3: This figure shows the major components and thier relationship to one-
another for the proposed acousticallytriggered buoyless lobster trap
during retrieval.

These unique traps would have a buoy and line confined within the safety ofthe housing.
When the surface vessel approaches, it conveys an acoustic signal to the trap which is
received by a hydro-phone. The auxiliarytrap will release the buoy which is attached to a
retrieval line. The auxiliary trap and the attached lobsterpots can then be hauled up with this
line using the same techniques currently in use, seefigure 3. By eliminating the lines in the
water column except during the short retrieval of the gear, the endangerment to marine
animals will be minimal.

Alternate Releases (Hayden Turner, Jud DeCew)

Several viable releases were examined before the final

decision on the solenoid and key release was finalized.
All ofthese releases use an acoustic signal to initiate
the release of the buoy. The releases have certain
criteria they must satisfy; which are: fob*
1. Simple
2. Minimum amount ofmoving
3. Corrosion resistant

4. Deter biological growth.
5. Durable

6. Battery powered and efficient

Buoy

^

Pin

link

Figure4: ReleaseI

The first release can be seen infigure 4. The pin would be movedby a force generated by an
electromagnet or linear solenoid. The linkaround this pinprevents the buoy from rising prior
to activation. Once the signal is received, the electromagnet pulls the pin out which allows
the buoy to rise to the surface.
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Buoy

Magnet

The advantage of release I is it's simplicity and has few moving
parts. Some of the disadvantages include the large frictional force
between the pin and the link. Any biological growth on the release
could inhibit the movement of the parts. Also, the electromagnet
would have to supply a large force to overcome the friction within
the channel in which the pin slides.

FigureS: Release IL Release II uses an electromagnet to restrainthe buoy until the signal
is received. The current flowing through the wires that created the

magnetic force would terminate when the signal arrives. The unrestrained buoy will be able
to rise to the surface. Figure 5 displays this idea.

The advantages ofthis design are that there areno moving parts
and biological growth would not prevent the mechanism from
operatingcorrectly. Ifthe power supplydeceases, the buoy would
be released thus saving the gear. One disadvantage would be the
large force neededbetweenthe magnets to bulwarkthebuoy. The
magnet would also require a constant supplyof current to keep
the buoy arrest.

The next designwas a hybridofthe first two; whichwill decrease
the magnetic force and the frictional forces as shown infigure 6.
When the signal is received, the magnetwill release the arm. The
arm will then rotate 180 degrees, and the sleeve will slide off

The main advantage to this type ofrelease is the decreased force
required by the magnet. A few reasons for notusing thistype of

release include the numberofmoving parts. The pivot point
could get obstructed by foreign matter and prevent the arm
fromrotating the full 180degrees. There is still a significant
power drain associated with the electromagnet.

These are the designs that make use of a magnet in the
release system. In general, these releases were not
considered for the final design due to their constant current
requirements. Some other designs using magnets were
discussed but only a few appear in the report.

Other possible designs incorporated a filament which would
burnout ashighcurrent passed throughit. Figure 7 displays
a sketch of the filament release mechanism. When the

v Switch system is activated, the switch closes the circuit and current
begins to flow. The filament would then melt due to heat

Figure 7: Release IV produced while the high current passed through a small wire
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Figure 8: Release V

with a low melting point. The buoy would then break free and
ascend to the surface. Biological growth would not affect this
design as it would in previous release ideas, and again it is
simple with no moving parts. But, the filament would require
an ample supply of current and the filament would very likely
be brittle at 4 degreesCelsius. The filament would also have to
be replaced after every use and seawater is fairly conductive
which could hamper the release from operating effectively.

Wire runs through a smallcylinder filled with seawater. The
water is charged with a small current, melting or plating the
wire inside the cylinder away, see figure 8. The wire decays

until the buoyant force exceeds the tensile strength ofthe remaining wire and then the buoy
discharges. The advantages are that the current needed to degrade the wire is only 300 mA.
It is simple with no moving parts. Onelarge disadvantage is the cost of sucha release. The
wire release is costly and has a one time use. Also, it takes approximately 15 minutes to
degrade the wires. This translates into morewaiting for the lobster men andtime is money.

Release VI canbe seen hifigure 9.
An exploding bolt appears to be a
regular bolt with a fuse and small Hkfcw
explosive charge placed inside.
When the signal is received by the
hydro phone, a current is sent to
the fuse and the bolt explodes.
The arm would be made of

buoyant material so it would rise
out ofthe buoy's path.

Arm

Exploding boh or
Timed release7\

Buoy L

Figure 9:ReleaseVI

I

This design hasvery few movingparts, butthe onetimecostofeachbolt is far too expensive.
The smallest and least expensive exploding bolt costs $200. It can hold 1500 lbs, 50 lbs
buoyancy, which is far greaterthan any force expected. The bolts would have to be changed
after every use and canbe very dangerous to the installer. This release is far too costly to
even be considered for the final design.

Galvanic timed releases were also researched. The set up ofthe release mechanism is shown
infigure 9. Galvanic timed releases decomposein seawater. The water slowly breaks down
the surface layers until the tensile strength of the release is insufficient to withhold the
buoyant force. The releases canbe purchased to accommodate anytime frame desired. They
have to be changed after eachuse but arecost effective at $3 a piece. The main disadvantage
ofthis timed release is that the operator ofthe boat hasno control over the release. No signal
is needed, and the release will only go off after a specified time. The lobster men can not
retrievethe lobster pots earlier than the release will allow. Ifhe or she attempts to recapture
the traps laterthan the designated time release then the buoy will be sitting on surfacewith
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the linein the water column. The line would then pose a threat
to the marine life which is what this system attempts to
eliminate. Since weather cannot always be predicted
accurately, these releases will be eliminated from the running v^
even though they are the cheapest thus far.

The next design idea embodied an inflatablebuoy. This design
employs a bladder filled with C02. A signal received from the
surface will trigger a valve which would allow the bladder to
fill with C02 gas from a canister and float to the surface.
Figure 10 displays the release idea.

Regulator

C02

Canutor

^ I

Figure 10: Releaae VII

Bladder

Biological growth would have little effect on this design and there are few moving parts
which could produce a failure. Some problems with this design include the bladder
undergoing drastic volume changes during its ascent through the water column. The bladder
would require an extremely high initial pressure to initiate the system. It could also over
inflate and rupture when encountering the drastic volume changes through the water column.
The C02 canister would also have to be replaced frequently.

Buoy

Key

Ann
Shaft

Solenoid

Release VIII is most comparable to the final design choice
where a rotary solenoid is housed inside a water tight container.
Protruding out of the container will be a shaft turned by the
solenoid actuator. This will rotate a key between 45 and 90
degrees to fit through a slot on the arm. The buoy will pull the
arm free and approach the surface. Figure 11 shows the
configurationofthe parts described above. A distinct advantage
to the design is easy reloading and is reusable.

Container

Figure 11:Release vm

The arm attached to the buoy by a leash will travel with the buoy
to avoid entanglement of the line. One of the major drawbacks

to this design is an increased cost caused by the complexity of parts to be machined. A seal
around the shaft will have to be watertight to 650 psi to protect the electronics inside ofthe
container. Any holes in the container could create potential problems because the electronics
will cease to function in saltwater. The arm will have to be supported laterally to prevent it
from sliding around as well as to ensure that the key and the slot will line up correctly.

This type ofdesign proved to be most feasible becauseofits initialcapital investment and low
long term costs, low maintenance, and ease of use. A canister must be machined to
accommodate the electronics in each prospective design, so this canister could be made to be
slightly larger to make room for the solenoid. Reloading is simple to do; intrusion into the
canister only needs to be done a few times a year to change the batteries.
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Final Design Approach (Hayden Turner, Jud DeCew, Darryn Goldsmith)

The final design of the robust acoustic release system was based on overall cost, simplicity, and
effectiveness of solving the problem at hand. The entire system can be broken down into three
subsystems; the first and most crucial is the mechanical release, then the electronics and acoustics,
and finally the rewinding system, see Appendix E.

Release (Hayden Turner, Jud DeCew)

A solenoid actuator was picked to trigger the release
because it is commonly used on other acoustic release
systems. A rotary solenoid was chosen because of its
simple design and its low power consumption. It has a
spring induced holding torque which can be utilized to
retain a key with no power consumption. A rotary
solenoid uses a ramp to convert a linear motion into a
rotational motion see figure 12. The solenoid will be
used to turn the key.

D-HOLE

«_j

De-EnerjjI/ad Energized

Figure 12: Shows how a rolary solenoid converts a linear
motion into a rotational motion through the
use of a ramp.

The key is simply a rectangular box made a white delrin
which has chamfer on all sides. White delrin is a water lubricated plastic that has a very low
coefficient of friction and resists biological growth. It can be machined easily and is also durable.
The key will fit through a rectangular opening in a retaining arm that will restrain the buoy. The key
will be mounted on a quarter inch stainless steel shaft and then connected to the rotary solenoid with

a quarter inch shaft coupling.

STAINl.HSS RTHKf.

The coupling has to mount statically to the solenoid but allow
some vertical movement due to the nature of the rotary solenoid.
The solenoid uses a ramp to convert a linear motion to a rotary
motion. The total vertical displacement is only about an eighth
of an inch but must be accounted for when dealing with high
pressure seals. Any linear movement within the seal will cause a

Figure 13. This shows the coupling in detail, leak which could be devastating. To eliminate the possibility of
a leak the shaft is constrained using a D shape on the end of the
shaft where it meets the coupling. A small piece of stainless steel

that is one sixteenth ofan inch thick was placedbetween half the coupling. The steel plate separates
the normal circular hole in the coupling to two D shaped holes, shown infigure 13. This design will
allow the shaft to slip in the vertical direction but will still be restrained in the radial direction.

The shaft is made of stainless steel and is held in place by the coupling, a retaining E clip, and a rulon
flange bearing. The shaft has a diameter of one quarter inch to keep the moment of inertia to a
minimum. Minimizing the moment ofinertia will enable the solenoid to accomplish its ultimate goal
unhampered by the bulk of an oversized shaft. The retaining clip simply restrains the shaft from
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Underwater

Solenoid

HYDROPHONE

>^KEY
moving in the vertical direction within the
solenoid canister.

SHAFT

The main canister in the release system is the
coupling larger of the two pressure vessels shown in

figure 14. This is where the electronics will be
contained and protected from the ocean water.
The canister itself can be seen in appendix F.
The pressure vessel has a wall thickness of a
half inch thick and height of six inches. This
size was chosen based on the materials at our

disposal. The canister is based on several pre
existing pressure vessels that are currently in
use for ocean research at the Jerry Chase
Ocean Engineering Laboratory at the
University ofNew Hampshire.

SOLENOID

Electical Coupling

O-RJNGS

-PRESSURE VESSEL

;<—cap.
Figure 14: This is an exploded viewof the canister andthe

underwater solenoid.

Theinternal volume of this particular canister waslargerthan needed but the original designrequired
that the rotary solenoid be housed within this pressure vessel. Thevessel had to be largeenough to
hold eight D cell batteries, an electronic bread board, and a processor which would demodulate
signals received bythehydro phone. Thesolenoid was excluded from thiscanister dueto difficulties
encountered while searching for dynamic seals that can withstand a pressure of 600 psi during 45
degrees ofrotation. Mostoftheseals used for deep seaapplications aremanufactured by a few select
ocean engineering companies. They will make custom seals for a specific application but request
either large sums of money in return or minimum purchase ofa thousand units.

Thepressure vessel capswere machined out ofT6 aluminum alloy. The platesare one inchthick and
each has two o-rings to prevent water from entering the canister. Thiswill further minimize the risk
of a leak which cannot be tolerated, especially when the pressurevessel is to be filled with expensive
electronics. Thecapswill be fastened to the pressure vessel bysix compression spring latches, three
for each cap. This will alloweasy access to the container to change the batteries.

Anunderwatersolenoid was designed andfabricated which canbe seenmfigure 14. Theunderwater
solenoid consists of theuppercanister andallof the internal andexternal componentsshownmfigure
14. The underwater solenoid is attached to the pressure vessel. The canister was made out ofT6
aluminum alloyand attachedto the pressure vessel by six 8-32X1/2 inchcap screws. An o-ring was
placed between thetwofaces to prevent any oil and water mixing at thebase. Awatertight electrical
connector transmits electrical powerfrom the battery pack in the pressure vessel to the solenoid.
The solenoidchamberis filled with a non-conductive incompressible fluid whichrelievesthe dynamic
sealing problem. Vegetable oil will be used for the prototype becauseof its accessability.

The solenoid can cap has one o-ring on the inner mating surface. The o-ring functions as both a
piston and a barrier between theseawater and theoil. Once thecanister isfilled with oil, pressing the
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cap into place will cause excess oil and any airbubbles to be forced out ofthe small areabetween the
shaft and the rulon flange bearing. Once this is done then the cap should be wiped clean and the lip
sealpushed down firmlyuntil it comes intocontactwith the bearing. This will create a tight sealthat
willprevent anyleaks. Thecap wasmade ofT6 aluminum alloy and is attached by six 8-32X1/2 inch
cap screws.

The retaining armis held in place by the key on one sideandby abracket on the other. The bracket
simply prevents the retaining arm from getting knocked off by accident and keep it in the proper
position. The arm is madeofwhite delrin and has a key-waycut into it which is slightly larger than
the key itself. The arm willhave a leash attached to it to avoid losing it on the ocean floor.

Electronics: (Darryn Goldsmith)

Pre-amplificr

ft r-

Amplifier

IF

\ rvj \
^ /

Hydrophone Filter TTLC Logic Solenoid Driver

Figure IS: Block Diagram ofelectrical components.

To Solenoid

The signal source used with the prototype design was a fish finder. The incoming signal to the
hydrophone will beamplified and filtered to eliminate extraneous noise, seefigure 15. The signal
remaining inthe desired bandwidth will then be amplified again and passed to thelogic circuit where
it will lockonto the recognized frequency ofthefish finder. This will initiate the logic blockto turn
on the powertransistor, which in turn activates the solenoid.

There are two main approaches to solving this problem. The first isusing discrete components with
no frequency recognition. The second approach is to combine integrated circuits with discrete
components. The first approach involved the use ofdiscrete circuit components and was considered
for several reasons. A design using individual parts can be separated and recombined providing
maximum flexibility. Modules can be created that perform specific functions and in turn can be
repositioned within the overall system. This allows the designer the freedom to move functional
components to wherever they are needed. For example, if a gain stage performs poorly or is no
longer needed it can be removed and replaced just bydisconnecting the module. In addition, entire
modules can be interchanged with oneanother inmany configurations. The designer could observe
how well thesystem works, with orwithout any module, and could implement these changes onsite.
Unlike integrated circuits, adiscrete modular design could significantly reduce thedowntime should
an unforeseen problem occur.
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An integrated circuit also has manybenefits that outweigh some ofits limitations. First and foremost,
ICs are small and cheap. One IC can perform many functions using small amounts of space when
compared to the impractical size and singular functionality of a discrete module. For the purchase
price ofone discrete component an IC packagecan often be bought at a fraction ofthat cost. They
are also fast, reliable, and require much smaller power supplies than discrete components.

Because the sending station of our link to the traps operates at a high frequency, as well as a low
pulse width, a combination of integrated circuitry and discrete components was chosen. The ICswill
take care of the signal reception and initiate the appropriate logic signal while the discrete
components will drive the solenoid to releasethe float.

The circuit board itself has not been set for testing. Salvaged parts from previous projects will be
incorporated with the new devices and will beworking by May 11th.

Winding System (Hayden Turner)

The winding system is used to rewind the line on board the ship once the lobster traps have been
recovered, see figure 16. It is simply a
belt driven pulley system that gives the
person winding the line an advantage of
5:2 so for every two revolutions of the
winding gear the spool makes five. This
will expedite the winding process.

Once the line is wound onto the spool,
the trap will be ready to be armed. The
pulley system is disengaged by removing
the belt from the pulley. The belt has just
enough tension to avoid slipping and still
be easily removed. This will allow the
spool to spin freely on the ocean floor as
the buoys ascent to the surface. The
crank arm also detaches from the major
drive pulley when the winding is finished. Thecrank arm isfastened to the largepulley through the
use of a threaded coupling.

The spool is a one inch diameter aluminum bar spanned between two delrinflange mount bearings.
Two eleven-inch diameter plywood plates, held there by flange shaft mounts, keep the rope in the
designated area. The small pulley is fixed to the shaft so that the entire spool will spin in the winding
mode. The spool was designed to decrease the possibility of entanglement of the retrieval line by
coercing a predictable escape. If the linewere placed into the trap haphazardly there would be no
envisioning of how it would exit.

SPOOL

SMALL PULLEY

LARGE PULLEY

\
CRANK ARM

Figure 16: This figure shows a simplified representaion of the
winding system.
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Design Verification (Hayden Turner, JudDeCew)

Buov Analysis Using A Depth Step Approach (Jud DeCew)

Anintegral part of theBLT system is the buoy itself. It isimportant to determine the rising velocity,
the time it takes to reach the surface, andthe size ofthe buoy needed. The lobstermen at the surface
needto know how long of a wait to expect before the buoysurfaces and more importantly if there
is a malfunction. The analysis was approached using two methods. The first was a depth step
approach. Several assumptions were made to simplify theanalysis. The waterwasassumed to have
constant density and viscosity. The system is modeled for the
worst case scenario, where the density and viscosity are a
assumed to be equal to that at 1200 feet. Secondly, the buoy is nf BuoyantForce
a spherical and radial deflections ofthe buoy were considered I
to be negligible and could be ignored. This implies that the f *\
buoyant force is constant. The line attached to the buoy is ( JJ ) weight ofBuoy
considered to be neutrally buoyant which is also known as ^j^^
"floating line." I D«g*« to Buoy

Abody rising through afluid has multiple forces acting upon it. I
There is the buoyant force of the body. Acting against the V DngAxetoRope
buoyant force is the weight of the body, the drag of thewater
around the body, and the drag of the line, which the body is Figure i7:Free Body Diagram ofthe rising body
lifting. Figure 17 displays a free body diagram of the rising
buoy.

Equation 1 shows the sum of theforces from thefree body diagram.

F = Fbuqyant + Wbuoy + Dbuoy + Drope [1]

where Fbwvant is the buoyant force, Wbuoy is the weight ofthe buoy, D,^ is the drag ofthe buoy, and
Dropeis the draS oftne roPe- Tne acceleration ofthe buoy can be found by using equation 2.

1*buoyant T Wbuoy T Dbuoy"T Drop*
a = m

m

The equations for the forces can be found in the appendix A as well as a full description of the
analysis. It isimportant tonote that the drag force created by the buoy isdependant upon velocity.
Also, the drag force of the line is dependent upon both the velocity and surface area of the line.
Equation 3 describes the relationship between the drag and velocity. As thebuoy rises, therope's
surface area increases linearly withthe length of the ropetherefore, increasing the drag. Equation
4 describes the relation between the changing surfacearea and the length.

1
Dro^,L)^ -pV1 Ss{L)Cd [3]
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2.5

Ss(L) = 2-7T-rrope' L [4]

where r is the radius ofthe rope, V is thevelocity, g is the gravity constant, p is the density ofthe'rope

fluid, S8is the surface area ofthe line, L is the length of the rope, p is the density, and Cd is the drag
coefficient ofthe line.

~l

The depth step analysis was approached by
breaking up the distance the buoy has to travel
into one meter increments. Then the buoy is
analyzed at each ofthese depths by recalculating
the forces using the average velocity from the
proceeding section. For this analysis to work,
first assume the accelerationofthe rising buoy is
zero. In the "real world" the acceleration would
be negative asthe buoy slowswith anincrease of
drag, but because the acceleration change is so
small over the set distance it can be neglected.
Attempting to runthe simulation considering the
change inthe acceleration resulted in a singularity
because the acceleration became infinitesimally
small. This model is based on the principal of
virtual work. If the acceleration is zero then the

simulation simply recalculates the terminal velocity after each step. The results of this analysis can
be seen in the appendixA.

Using the velocity and the distance traveled, the time
to reach the surface can be calculated. It is important
to note that the buoy never reaches a true terminal
velocitybut very slowly decreases in velocity due to
the drag ofthe rope.

Figure 18displays thevelocity versus distance for the
rising buoy. The distance traveled is 1200-ft (426 m)
whichis the approximate depththe lobster trap system
will be deployed. A graph of the drag of the rope
versus distance is shown below mfigure 19.
The drag islinearly related to the distance because the
drag increases as more lineenters the water column.
With the use of buoyant line the significant force is
due to drag.

100

i—'—r
200 300

Distance (m)

400 500

Figure 18: This plotshowsthevelocity versus distance

200 300

DtaUnca(m)

Figure 19: Thisplotshowthedrag force overthe distance.

A major concern isthe coefficient ofdrag for the rope.
This value is difficult to determine and can greatly change the outcome ofthe analysis. The rope is
traveling through the water column and creates aboundary layer of static water molecules at the
contact surface. The coefficient used is based on empirical data and the exactvaluecould not be
determined. Table 1 displays some numbers used and theresulting data obtained.
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Table 1: Data and results obtained.

Properties SI Units English Units

Density of fluid 1027.7 kg/m3 64.157 lb/ft3

Kinematic viscosity 1.6094 xlO"6 mVkg 2.578 xlO'5 ftVlb

Dynamic viscosity 1.08xlO-3 m3/kg 0.017 ft3/lb

Radius ofthe buoy .152 m .5 ft

Rope Diameter 6.35 xlO'3 m .25 in

Cd(buoy) .1 .1

Cd(rope) .05 .05

Gravity 9.81 m/sec2 32.2 ft/sec2

Volume ofbuoy .0144 m3 .508 ft3

Distance traveled 426.7 m 1200 ft

Peak Velocity 2.33 m/sec 7.644 ft/sec

Time to reach surface 10.3 min 10.3 min

Buov AnalysisUsing A Time Step Approach(HaydenTurner)

Another model was created using a similar approach and assumptions. The model does in fact
account for the acceleration of the buoy. The full procedure can be seen in appendix B. The
equations of motion were solved for the acceleration of the buoy and put into state variable form.
Euler integration was used to solve the differential equations numerically over time inMathCad.

The rope drag force was modeled as a flat plat which may beconceptually hard to understand. If it
were possible to slice the rope along the length and lie itout flat on the surface itcould beconsidered
a flat surface. Another way to look at it would be to take a piece of paper and roll it up into a
cylinder. A boundary layer at the surface ofthe flat plate can beestimated using Reynolds Number
whichis a function ofboth velocity and length. Reynolds number is shown in equation 5;

ReL = #2*41

O

where the velocity and position arein statevariable form:
qx is the position

q2 is the velocity

v is the kinematic viscosity
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The drag coefficient for the rope is a function oftheReynolds number so thatwhenthe flow begins
to becometurbulent the drag increases non-linearly. The model accounts for the acceleration ofthe
buoyover0.1 second time steps. Each iteration recalculates the terminal velocity but willonlyuse
the previous estimation for the velocity if the acceleration becomes negative. The results of this
analysis can be seen infigures 20 and 21.

Position Venus Time

400

S Stoftcc

Time(Mcanfr)

Figure 20: Ibis plot showsdie positionversustime wherethe dottedlto indicatesdie surface.

Velocity VersusTime
10

8

6

4

1

Tirae(Mceadi)

Figure 21:Thisplotshows thevelocity ofthebuoy asa function oftime, theclotted line istheaverage.
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The important results of this analysis are shown below in table 2.

Table 2: These arethe results of thebuoyanalysis using a time stepapproach.

Properties SI Units English Units

Density of fluid 1027.7 kg/m3 64.157 lb/ft3

Kinematic viscosity 1.6094 x 10* m3/kg 2.578 x lO'5 ft7lb

Dynamic viscosity 1.08xlO'3 mVkg 0.017 ft3/lb

Radius ofthe buoy ,102 m 4 in

Rope Diameter 6.35 xlO"3 m .25 in

Gravity 9.81 m/sec2 32.2 ft/sec2

Volume ofbuoy .0044 m3 268 in3

Distance traveled 426.7 m 1200 ft

Average Velocity 1.957 m/sec 6.421 ft/sec

Time to reach surface 3.63 min 3.63 min

Seal Testing (Jud DeCew)

Testing ofthe seals was conducted in hyper baric chamber located in the Jerry Chase Oceanography
Research Laboratory. The canisters were submerged in bucket ofwater and placed in the hyper baric
chamber. A pressure was applied tothe system equivalent to adepth of 150 feet. The seal held fast
and did not permit any water to penetrate into the internal regions of the containers.

Orientation Testing (Hayden Turner)

Acrucial part ofthe entire system is that itwill land on the ocean floor with the proper orientation.
The system was tested by throwing the trap into the Oceanography tank which has adepth of20 feet.
The system was initially unbalanced and more buoyant at one end. Initially the load was balanced by
extra buoyancy placed on the spool side ofthe trap, but the trap became totally buoyant and would
not sink. Then two bricks were strategically placed on the buoy end of the trap to offset the
buoyancy ofthe buoy. The system now lands with the correct orientation each and every time no
matter which way it isthrown into the tank. This iscrucial to the operation of system.

ReleaseTesting: (Hayden Turner, Jud DeCew)

The mechanical system ofthe BLT was tested in the Engineering Tank. A waterproofwire was run
from the container to the surface where a power supply waspresent. Initially, whenthe power was
on, the buoy was not released. This was caused by misalignment of the keyhole and the key. After
slight modifications, the buoy released with ease. This was imperative to ensure the mechanical
systemoperated correctly.
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Finite Element Analysis: (Jud DeCew)

A watertight container is needed to protect the electronic equipment in 1200 feet of water. The
container must be examined for possible modes of failure. This container will be modeled to
investigate the deflections and stresses of the canister. Applying a uniform pressure over the entire
external surface of the container and analyzing the results will help determine the wall thickness
needed. Testing the container for its strength and durability can be done by varying the material and
thickness.

ME&"''

••"••• •'.-•'

Figure22: Forcesacting upon container.

The analysis of the canister was
accomplished using a three-dimensional
modeling program called Marc Mentat. A
shell was designed for the dimensions of the
container: six inches long with an eight-inch
diameter. The final result was a hollow

shell with a cap at one end, consisting of
1,312 elements.

The bottom of the container was fixed. In

the program, some portion of the model
must be fixed so forces can act against it.
All six degrees of freedom were fixed along
the bottom edge of the container. A
pressure of670 psi was placed on every face
of the model, seefigure 22. This simulated
the water pressure that would be
encountered at a depth of about 1,500 ft.
This excess depth is for safety in case the

lobster trap exceeds 1,200ft. Infigure 22, there are two forces present; the pressure forces are 670
psi and the fixed forces. The fixed forces do not apply anyforce but hold the shell in place.

Aluminum and steel were considered for the canister material. Aluminum is lighter, more resistant
to corrosion, cheaper to machine, but more expensive. Steel is heavier and costly to machine but
less expensive. Table 3 displays the material properties for steel and aluminum. These properties
were used in Marc Mentat program model of the canister.

Table 3: Physical properties of materials considered in FEM of Container.

Material Young's Modulus Poisson's Ratio

Steel 30 x 10 .292

Aluminum 10.5x10 .334
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.The thickness of material was picked by perusing the resources available in the school machine
shop. Tubes with a thickness ofa half inch couldeasily be obtained for each material. This initial
thickness was used in the analysis. The displacements of the steel and aluminum can be seen in
Table 4. The negative displacements simply indicate that the container is in compression. It is
important tonote thatthe X-Y plane isperpendicular tothelong endofthecontainer. Perpendicular
to the top of the container is the Z-plane.

Table 4: Displacements in the container of aluminum and steel.

Material Maximum X-Y Displacements Maximum Z Displacement

Aluminum -0.001196 in -0.01351 in

Steel -0.000418 in -0.00479 in

•

•

-

•

I

1 •

Figure 23: Stress in Aluminum Container
(psi)

Neither material had large
displacements in a half inch thick
container. The steel was displaced
less than the aluminum in both

planes. The stresses were analyzed
next. In Marc Mentat, equivalent
stress was used. This is the same as

yielding stress in the structure.
Figure 23 shows the output of the
aluminum container.

The highest stress concentration
occurred in the middle where it is

furthest from the support of the caps.
The stress is symmetrical around the
circumference of the container. This

is to be expected, and thus helps
verify the data from Marc Mentat.

According to the model, neither the
aluminum norsteel failed at this pressure. Theyexperienced the same stress, as would be expected
under identical conditions. The steel has a higher safety factor due to the higher yielding strength
of the material. Table 5 displays the results from the analysis of both materials.

Aluminum was the final material choice due to its higher resistance to corrosion than the steel and
availability. Although the steel is stronger and has a higher yielding point, the aluminum's
performance is sufficientfor the pressures expected to be encountered by the BLT system. A safety
factor used for the aluminum will compensate for any extra pressure that may be applied to the
canister.
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Table 5: Stress in Aluminum and Steel Container.

Material Yield Stress in Container tfyieid f°r Material

Aluminum 3946.17 psi 35,000 psi

Steel 3950.67 psi 45,000 psi

Thick Walled Cylinder Analysis: (Hayden Turner)

The canister was modeled as a thickwalled cylinder to account for subtledifferences betweenthe
actual canister and the FEM model. Some ofthe differences are that the caps are one inch thick and
thecanister is nota rigid container. The FEM model assumes that the capiswelded to the canister
or theentire container is onerigid piece of metal that is a halfinch thick. The thick walled cylinder
calculates the stresses inthe container for thetangential andradial directions. Thetwo equationscan
be seen below.

where;

*V =

^r =

P ~ P
pr2- Pr2-r2r2 ° 'rtri roro rt ro y2

2 2
v — r'o 'i

P - P
Pr}-Pr2\r2rl ° —/'/ •* o' o ' ' i ' o „2

Y__
2 2

T - Y

at is the tangential stress

ar is the radial stress

PQ is the external pressure

Pt is the internal pressure

rt is the internal radius

rQ is the external radius

r is the variable radius
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The canister and plate deflections were also calculated because excessive deflections inthecanister
could causethe sealsto malfunction. The deflection forthe platewas calculatedatthe center because
it isthe furthest point from the supports and expected to bethe greatest. The canister deflection is
in the radial direction at the midpoint for the same reason. Both the canister and the caps are
assumed to be madeofT6 aluminum. The equations usedto find the deflections areshownbelow.

P(rt +0.25//?)2
8 = — — [8]

Et

p.r4
&?= °— [9]
^ 64D

12(1- u2)
where:

Sr is the radial deflection ofthe canister

P is the external pressure

E is the modulus ofElasticity

t is the thickness ofthe canister

tp is thethickness ofthe plate

o is poisons ratio

D is the rigidity ofthe plate

The results ofthe analysis are shown in Table 6 below.

Table 6: Shows the result from the thick walled cylinder analysis of the canister.

Radial deflection ofthe canister 0.0017 inches

Deflection at the center ofthe plate 0.002586 inches

Maximum tangential stress -5203 psi

Maximum radial stress 4359 psi

The data for both the FEM analysis and the thick walled cylinder analysis were conclusive. The
methods showed that the dimensions ofthe proposed canisterwould not implode when exposed to
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an external pressure of600 psi. Theresulting safety factor for the canister is 7.68. A complete copy
ofthe analysis and explanation canbe found in appendix D.

Solenoid Testing: (Hayden Turner, Jud DeCew, Scott Brimlow)

The electro-mechanical torque constant and the resistance torque were the first parameters to be
studied. These parameters canbe found by varying the masson the end ofthe rotaryarm. With the
use of a power source the required currents and voltages to trigger the solenoid for the changing
masses canbe recorded. The resistance torque and the torqueconstant canbe obtained by examining
the plot ofthe current versus mass. The setup shownin figure x was used.

The basic procedure for the first experiment was accomplished in the following manner:

1. Measure the electrical resistance ofthe solenoid.

2. Measure the length ofthe rotational arm.
3. Vary the mass hangingat the end ofthe arm from zero to four ounces and record the current

when the system moves.
4. Activation voltages can then be solved since the

resistance and currents were known

5. The torque constant with respect to current and
voltage can be calculated.

6. Solve for the resistance torque.

To determine the spring stiffness, k, the spring has to be
loaded and unloaded with various weights. A similarsetup
was used but no power was used and the rotational
displacements were recorded. Each mass added createdan
angular displacement which was recorded using dial ^n™^**^^**™^*,***.
calipers and trigonometry.

The procedure for finding the spring stiffness was done by:

1. Load the arm with the various weight used in the previous experiment.
Loading:
2. With the first weight, hold the weight so that no force is applied to the arm, and release gently

until the spring force stops it.
3. Record the displacement from a fixed reference point.
Unloading:
4. Turn the solenoid arm to its maximum rotation angle and release the mass gently until the

spring force stops it; measure the displacement.
Both:

5. Record all data for each mass.
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6. Calculate the angle of rotation for both cases.
7. Find the torque from the weight and the effective torque. The effective torque is the torque

caused by the mass ofthe arm.
8. Find the total torque which is the sum ofthe torques.
9. Plot the torque versus the angle ofrotation for each case. The slope ofthe line is the spring

stiffness k.

The next experiment was used to determine the electrical time constant for the solenoid. The setup
for the experiment consisted ofa one ohm resistor placedin serieswith the solenoid and the power
supply. The current can be measured acrossthe resistorandthe signal stored using an oscilloscope.
The time constant can then be determined. For a full description, see appendix D.

The damping and the mass moment ofthe inertia need to be determined for the mechanical model.
Figure x shows the appendix and the step by step instructions are listed below.

1. Solve for J using the values previously determined.
2. Connect a potentiometer to the solenoid and fix both ofthem to a stationaryobject.
3. Introduce the solenoid with a 5-volt impulse.
4. Read the potentiometer output using an oscilloscope.
5. Find the break voltages and times.
6. Fit a second order function between the two pointsand determinethe damping ratio.

The solenoid data can be seen in appendix D and the information obtained is shown in Table 7.

Table 7: This table shows pertinent information regarding the rotary solenoid.

Mass moment ofinertia S.^xlO-Mbfinsec2

Spring constant 3.089xl0-3 lbf in/deg

Damping ratio 0.171

Damping constant 4.468xl0-5 lbf sec in/deg

Torque due to friction 0.066 lbf in

Torque constant with respect to current 1.321 lbf in/amp

Torque constant with respect to voltage 0.212 lbf in/volt

Resistance 10.6 ohm

Inductance 0.029 henry

Tim constant for the system 24 mili sec
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Cost Analysis: (Hayden Turner, Jud DeCew)

The prototype cost for the acoustically triggered buoyless lobster trap recovery system was much
less than anticipated. Many components of the system were obtained atno cost from old projects
or stockmaterial. The cost ofthe prototype, the costofa single system built from scratch, and a
large scale production unit cost can be seen in Table 8.

Table 8: Analysis of costsof producing a lobster trap recoverysystem.

Component

Hydrophone

Container

Solenoid

Winding System

Electrical System

Lobster Trap

Miscellaneous

Hardware

Excess / Unused

Material

Total

Prototype Unit

$0.00

$136.50

$110.00

$356.00

$18.00

$40.00

$135.30

$175.29

$971.09

Single Unit Production Unit

$1200.00 $75.00

$250.00 $100.00

$110.00 $65.00

$356.00 $15.00

$25.00 $10.00

$40.00 $10.00

$255.85 $40.00

$0.00 $0.00

$2236.85 $315.00

The table displays the main components ofthe BLT. For acomplete listing of all the prices and
components ofthe system see appendix F. The hydro-phone used in the system was taken from an
old project and adjusted to fit with the container. The lowered unit cost ofthe hydrophone is based
upon manufacturing costs ofgill netpingers.

The container component consists of the pressure vessel, latches, seals and o-rings used in the
prototype. In the making ofasingle unit, the pressure vessel's cost increases because ofmachining
and the aluminum material. When produced on alarge scale, it isestimated that the cost will still be
considerable due to the machining process. The unit has tobe watertight and not rupture under the
applied pressures. The rotational solenoid's cost reduces by 40% with manufacturing processes.

The electrical system is composed ofindividual components which can be supplied at alow cost. The
vinyl covered wire lobster trap can be substituted for a wooden one. This allows industry to
construct a BLT from existing or older wooden traps.

The hardware includes construction materials such asfasteners andscrews, the release bar, the buoy,
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line and any tools needed. The buoy used in the prototype was obtained at no cost. A single closed
cell foam buoy is needed to go to the required depths (1200 ft). The single unit cost ofthe buoy is
around $150. The excess materials, shown in Table 8,were originally needed for the system. The
materials were discarded as the systemwas modified.

The final prototype cost for the prototype ofthe lobster system was $971.09. The original estimated
budget to research this project was $2000. The project finished 51% below the intended cost. This
is attributed to the fact that previously used materials were recycled for use in the system and
intensive research was performed on all possible items before purchasing toreduce waste spending.
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Discussion / Future Considerations (Hayden Turner, Jud DeCew)

The final lobster trap system went through many stagesofconstruction and modification. There are
many aspects thatneed to beascertained before theBLTisadopted by commercial fishing companies.
A lobster boatrequires optimal space utilization to carry theirequipment. Currently, the lobster trap
recovery systems are not stackable dueto the protrusion ofthe hydro-phone. The hydro-phone was
acquired from a previous project a few years' prior. Thehydrophone is mounted to a metal shaft 8
inches high. The initial design proclaimed that the hydrophone be contained within the trap so it
would not interfere with the stacking ofthe traps.

Another reason why the current trap is not stackable is the key and release arm. The rotational
solenoid was to be placed inside themain container, according to the original design. A dynamic
shaft seal could notbe found as easily as expected. The riposte was to append an oil-filled container
tothe top ofthe main pressure vessel toaccommodate the solenoid. This container will compensate
for the extreme pressure by decreasing the pressure difference across the seal. The added height of
the solenoid canister caused the key to penetrate the trap boundary.

Various fluids wereresearched forthe interior ofthe solenoid container. The desired fluid hadto be
non-conductive, incompressible, economic, and nontoxic. Silicone Oil would betheideal choice if
it were not so expensive. Vegetable oil was used because of it is environmentally friendly,
inexpensive, and easily accessible. Testing on the vegetable oil should be conducted to investigate
how the integrity of the oil changes over time. Vegetable oil isabiological product which could
promote biological growth after an extended period of time. This could conceivably impair the
performance ofthe solenoid.

Further research of the electronics signal processing, decoding, and modulation needs to be
conducted before thesystem isimplemented into the fishing industry. Each owner would possess a
transponder with an encrypted code that would be integrated into the pre-existing depth sounding
system. This way unexpected release ofthe buoy can be avoided by other signals or sounds in the
water. A sonar pinger would also have tobe attached to the gear for location purposed incase of
equipment failure. Grappling for the lost gear could be done through the use ofthe locating signal.
Testing needs tobedone to determine the life ofthe batteries used to power the system. The exact
current draw bythe electronics isnot known, and needs tobe evaluated so the users know how often
tochange the batteries. The average deep sea ocean temperature is roughly 4degrees Celsius, which
can have adverse effects on battery life.

The analysis ofthe rising buoy has tobe evaluated experimentally toverify the mathematical models.
Deep water testing of the system is the only way to determine the actual rise time for the buoy.
Testing should bedone toverify that the system will behave as predicted by the various models. The
frictional forces ofthe spool were ignored and this could cause the system toreact inan unpredictable
manner.
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The winding mechanism can easily bemodified so that apneumatic drill could beused to rewind the
line. Anotheralternative wouldbe to makethe spool detachable so thatwinding ofthe line couldbe
done on deck. This could savetime during the retrieval. Line testing may prove the spool to be a
useless endeavor. If a separate line container orcoiling ofthe line would work aswell thenthe spool
would become obsolete.

For the prototype system, hard plastic trawl buoys with eight pounds ofbuoyancy were used tobring
up the line. These buoys will implode at a depth of 1,200 ft but would be acceptable for the
prototype. A closed cell foam buoy would need to beused for adepth of 1,200 feet.

A trawl resistant trap was theoriginal intention for the recovery system but, thesystem was modified
to mate witharegular lobster trap for convenience. Therecovered components could be placed into
another trap if the system were destroyed by a fishing vessel. This reduced the cost ofthe system
greatly.

Proprietary Document 26



Appendix A

Buoy Analysis



Appendix A:
Estimation of forces on the buov using a time step approach (Hayden Turner)

FBD

'tv

BUOY-

ROPE

Resulting equations of motion:

Fb_W-FD-Fdr=Ma

Fb=pwg-V W:=llbf FD=37cuV.l

F^-Cd-A-p^U2 M:=— M=0.454«kgui 2 u

Assumptions:

-kinematic viscosity is constant

-density of the seawater is constant

-the buoy is rigid

-the rope is buoyant

Fb Buoyancyforce

w Weight of buoy

FD Drag due to buoy

Ffa Force of drag caused by
the rope
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l := 1400-ft Maximum length of rope

pw=1027.7-^ Average density of sea water
m

*i := 1.08- io"3—!^- Average dynamic viscosity
m-sec

v := 1.6094-io •— Average kinematic viscosity
sec

ra :=4in ra =0.102 «m Radius Of the buoy

V:=lra3-7t V=4.393«10~13 «m3 V=268.083 «in3 Volume Of the buoy
3

r:=6.35io-3m r=0.i25-in Radius of the rope
2

w=4.448 mewton Weight of the buoy

Begin the simulation by finding the terminal velocity assuming the worst case
conditions.

ORIGIN :=1

qt is the position in m q'(t,q) is the accelleration m/sA2

q2 is the velocity in m/s

m
q2 qj-m

ReL(q) :=—5^ Reynolds Number

CD(q):=
0.445 1610

^(ReLCq))258 *L(q)
if iio7<ReL(q)<iio9 Drag Coefficient

0.074 1740

1 ReL(q)
iReL(q)5

if 5-105<ReL(q)<M07

0455 if 2300<ReL(q)<5105
2.58log(ReL(q))

64
otherwise

ReL(q)
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wc := m

\2.4

vel:=5

Given

J_
M

worst case conditions

pw-g-V- W- 3-7C u-2-ravel CD(wc)pwvel -2-Ttrwc ml —
sec 2 \sec

v^ :=Find(vel)

'term:"vt
m

sec

=0

sec
vteim=4-378'mPh Estimated terminal velocity

t. . 1400ft . _,,,. .
time := time =3.634"min

term
time=218.02'sec

Estimated time required by the buoy to
reach the surface.

Since the terminal velocity is not constant, due to an increase in the line drag, the
following simulation will use the preceeded value of q2 (velocity) if it should go
negative.

2 /Kg\ x ' m
Force of drag due to the rope

im

ace =9.8 Acceleration due to gravity

ma :=4.444 Weight of the buoy in newtons

<*2

q'(t.q) := 1

ma

ma

Pw V ,. u ,, ra _, , .——•ace — - 38jc—f—2—q2-Fd(q)
k8\ m3 kg m
m

msec

q2,t-i

Pw V ,0 u - ra „ , N•ace — - 38-71—f—2—q,-Fd(q)
k8\ m3 k8 m

im msec

if q,>0

if q<0
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<1> 1

,000001

At :=o.i Time step in seconds

Initial conditions

t f =250 Final time in seconds

Total number of iterations

n =l..n tn :=n-At Initializes the time step matrix

q<n+i> :=q<h> +q,^q<n> j.At Eu|er integration

Surface =426 Distance from the ocean floor to the surface

N:=ceill— N=2.5M03
lAti

Position Versus Time
soo

Time (seconds)

250

Figure A1: This figure shows how the retrieval buoy will rise to the surface over time.
By looking at the graph at the point where the Surface line and the position curve
intersect we can see that the time required to come to the surface is approximately
220 seconds which is very close to the previous estimation of 218 seconds.
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Velocity Versus Time
10

q2,n

term

£» \sec/

1

SO 100

Si
Time (seconds)

ISO 200 250

Figure A2. This plot shows the velocity of the the buoy as a function of time. The
velocity has a spike in the first ten second but slows down considerably as more and
more line enters the water column. The dotted line indicates the previous estimation
for the terminal velocity of the buoy.

Buov analysis using a depth step approach (Jud DeCew)

:=(l.609410"6)- m

sec

,-3 kg
u:=1.0810

msec

p:= 1025.7"^-
m3

.305
•mbuoy j

Ti

3
vol:=--rbuoy3-*

rrope:=6-3510 m

kinematic viscousity is constant

dynamic viscousity is constant

density is contstant

radius of buoy is constant

Volume of the buoy

radius of the rope
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mbuoy:=4.448kg Weight ofbuoy

g = 9.807-m«sec Acceleration due to gravity

According to the free body diagram, the forces are shown below:

If=o

^=F buoyant+ ™buoy +^ buoy+^ rope="

Newton's second law states:

F=ma

Therefore

_ buoyant+ w buoy+p buoy+D rope
a=

m

Fbuoyant :=Pgvo1

Wu„rt„ :=mbuoy "m buoy 8

Dbuoy(v)=-5P-VSbuoycdl

SS(L) •.-it'2rropeL

Cd2-05

Drope(v»L)=-5Pvss(L>cd2

Buoyant Force

Weight of the Buoy

Drag of the Buoy

Surface Area of the Rope

Coefficent of drag for the
rope

Drag of the Rope
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- dropeVP
KS

u*,=*' buoyant wbuoy

TotalD=DF +Dbuoy+Drope

v=
.^-b+^b - 4-a-c

2a

where

Reynolds Number - Checks the
flow to see if it is laminar or

turbulent

These forces are constant

Total Drag force acting upon
the system

Velocity of the bouy

a=-5PSbuoyC dl + M*'2rropeL)C d2

b=0

C=Fbuoyant" wbuoy

vJ)+Jo2-4{.5-p-Sbuoy-Cdl +.5p^
2-[.5.p-S buoyC dl +.5-p- (^2rropeL)c ^j

AveVs
Vii-v2

distance 2 - distance ]
Dtimes

time

Average velocity of the buoy between two distances

Change in time of the buoy from one measuring
point to the next
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Appendix A:

Estimation of foces using a depth step approach: (Jud DeCew)

distance Renaulds DF Drag rope Drag buoy Total D V elocity Ave Vel Dtime time

m — kg-m/sA2 kg-m/sA2 kg-m/sA2 kg-m/sA2 m/s m/s sec sec

0 0.00E+00 0 0.000 0.00 0 0 0 0.00 0.00

2.5 4.69E+08 -102.04 2.558 14.99 17.549 2.4113 1.2057 2.07 2.07

5 4.38E+08 -102.04 5.116 14.99 20.107 2.2527 2.3320 1.07 3.15

7.5 4.13E+08 -102.04 7.675 14.99 22.665 2.1218 2.1873 1.14 4.29

10 3.91 E+08 -102.04 10.233 14.99 25.224 2.0113 2.0666 1.21 5.50

12.5 3.73E+08 -102.04 12.791 14.99 27.782 1.9165 1.9639 1.27 6.77

15 3.57E+08 -102.04 15.349 14.99 30.340 1.8339 1.8752 1.33 8.10

17.5 3.42E+08 -102.04 17.908 14.99 32.898 1.7612 1.7975 1.39 9.50

20 3.30E+08 -102.04 20.466 14.99 35.457 1.6964 1.7288 1.45 10.94

22.5 3.19E+08 -102.04 23.024 14.99 38.015 1.6384 1.6674 1.50 12.44

25 3.08E+08 -102.04 25.582 14.99 40.573 1.5859 1.6121 1.55 13.99

27.5 2.99E+08 -102.04 28.140 14.99 43.131 1.5381 1.5620 1.60 15.59

30 2.91 E+08 -102.04 30.699 14.99 45.689 1.4944 1.5163 1.65 17.24

32.5 2.83E+08 -102.04 33.257 14.99 48.248 1.4543 1.4744 1.70 18.94

35 2.76E+08 -102.04 35.815 14.99 50.806 1.4172 1.4357 1.74 20.68

37.5 2.69E+08 -102.04 38.373 14.99 53.364 1.3828 1.4000 1.79 22.46

40 2.63E+08 -102.04 40.932 14.99 55.922 1.3508 1.3668 1.83 24.29

42.5 2.57E+08 -102.04 43.490 14.99 58.481 1.3209 1.3359 1.87 26.16

45 2.51 E+08 -102.04 46.048 14.99 61.039 1.2930 1.3069 1.91 28.08

47.5 2.46E+08 -102.04 48.606 14.99 63.597 1.2667 1.2798 1.95 30.03

50 2.41 E+08 -102.04 51.164 14.99 66.155 1.2419 1.2543 1.99 32.02

52.5 2.37E+08 -102.04 53.723 14.99 68.713 1.2186 1.2303 2.03 34.06

55 2.33E+08 -102.04 56.281 14.99 71.272 1.1965 1.2076 2.07 36.13

57.5 2.29E+08 -102.04 58.839 14.99 73.830 1.1756 1.1861 2.11 38.23

60 2.25E+08 -102.04 61.397 14.99 76.388 1.1558 1.1657 2.14 40.38

62.5 2.21 E+08 -102.04 63.956 14.99 78.946 1.1369 1.1463 2.18 42.56

65 2.18E+08 -102.04 66.514 14.99 81.505 1.1189 1.1279 2.22 44.78

67.5 2.14E+08 -102.04 69.072 14.99 84.063 1.1018 1.1103 2.25 47.03

70 2.11 E+08 -102.04 71.630 14.99 86.621 1.0854 1.0936 2.29 49.31

72.5 2.08E+08 -102.04 74.188 14.99 89.179 1.0697 1.0775 2.32 51.63

75 2.05E+08 -102.04 76.747 14.99 91.737 1.0547 1.0622 2.35 53.99

77.5 2.02E+08 -102.04 79.305 14.99 94.296 1.0403 1.0475 2.39 56.37

80 2.00E+08 -102.04 81.863 14.99 96.854 1.0264 1.0333 2.42 58.79

82.5 1.97E+08 -102.04 84.421 14.99 99.412 1.0131 1.0198 2.45 61.24

85 1.94E+08 -102.04 86.980 14.99 101.970 1.0003 1.0067 2.48 63.73

87.5 1.92E+08 -102.04 89.538 14.99 104.529 0.9880 0.9942 2.51 66.24

90 1.90E+08 -102.04 92.096 14.99 107.087 0.9762 0.9821 2.55 68.79

92.5 1.88E+08 -102.04 94.654 14.99 109.645 0.9647 0.9704 2.58 71.36

95 1.85E+08 -102.04 97.212 14.99 112.203 0.9536 0.9592 2.61 73.97

97.5 1.83E+08 -102.04 99.771 14.99 114.761 0.9429 0.9483 2.64 76.61

100 1.81 E+08 -102.04 102.329 14.99 117.320 0.9326 0.9378 2.67 79.27

102.5 1.79E+08 -102.04 104.887 14.99 119.878 0.9226 0.9276 2.70 81.97

105 1.77E+08 -102.04 107.445 14.99 122.436 0.9129 0.9178 2.72 84.69

107.5 1.76E+08 -102.04 110.004 14.99 124.994 0.9035 0.9082 2.75 87.44

110 1.74E+08 -102.04 112.562 14.99 127.553 0.8944 0.8990 2.78 90.23

112.5 1.72E+08 -102.04 115.120 14.99 130.111 0.8856 0.8900 2.81 93.03

115 1.71 E+08 -102.04 117.678 14.99 132.669 0.8770 0.8813 2.84 95.87

117.5 1.69E+08 -102.04 120.236 14.99 135.227 0.8687 0.8728 2.86 98.74

120 1.67E+08 -102.04 122.795 14.99 137.785 0.8606 0.8646 2.89 101.63

122.5 1.66E+08 -102.04 125.353 14.99 140.344 0.8527 0.8566 2.92 104.55

125 1.64E+08 -102.04 127.911 14.99 142.902 0.8450 0.8489 2.95 107.49

127.5 1.63E+08 -102.04 130.469 14.99 145.460 0.8376 0.8413 2.97 110.46
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distance Renaulds DF Drag ropeIDrag buoy Total D V elocity Ave Vel Dtime time

m _ kg-m/sA2 kg-m/sA2 kg-m/sA2 kg-m/sA2 m/s m/s sec sec

130 1.61E+08 -102.04 133.028 14.99 148.018 0.8303 0.8339 3.00 113.46

132.5 1.60E+08 -102.04 135.586 14.99 150.577 0.8232 0.8267 3.02 116.48

135 1.59E+08 -102.04 138.144 14.99 153.135 0.8163 0.8197 3.05 119.53

137.5 1.57E+08 -102.04 140.702 14.99 155.693 0.8096 0.8129 3.08 122.61

140 1.56E+08 -102.04 143.260 14.99 158.251 0.8030 0.8063 3.10 125.71

142.5 1.55E+08 -102.04 145.819 14.99 160.809 0.7966 0.7998 3.13 128.84

145 1.54E+08 -102.04 148.377 14.99 163.368 0.7903 0.7934 3.15 131.99

147.5 1.52E+08 -102.04 150.935 14.99 165.926 0.7842 0.7873 3.18 135.16

150 1.51E+08 -102.04 153.493 14.99 168.484 0.7782 0.7812 3.20 138.36

152.5 1.50E+08 -102.04 156.052 14.99 171.042 0.7724 0.7753 3.22 141.59

155 1.49E+08 -102.04 158.610 14.99 173.601 0.7667 0.7695 3.25 144.84

157.5 1.48E+08 -102.04 161.168 14.99 176.159 0.7611 0.7639 3.27 148.11

160 1.47E+08 -102.04 163.726 14.99 178.717 0.7556 0.7584 3.30 151.40

162.5 1.46E+08 -102.04 166.284 14.99 181.275 0.7503 0.7529 3.32 154.73

165 1.45E+08 -102.04 168.843 14.99 183.833 0.7450 0.7476 3.34 158.07

167.5 1.44E+08 -102.04 171.401 14.99 186.392 0.7399 0.7425 3.37 161.44

170 1.43E+08 -102.04 173.959 14.99 188.950 0.7349 0.7374 3.39 164.83

172.5 1.42E+08 -102.04 176.517 14.99 191.508 0.7299 0.7324 3.41 168.24

175 1.41E+08 -102.04 179.076 14.99 194.066 0.7251 0.7275 3.44 171.68

177.5 1.40E+08 -102.04 181.634 14.99 196.625 0.7204 0.7228 3.46 175.14

180 1.39E+08 -102.04 184.192 14.99 199.183 0.7157 0.7181 3.48 178.62

182.5 1.38E+08 -102.04 186.750 14.99 201.741 0.7112 0.7135 3.50 182.12

185 1.37E+08 -102.04 189.308 14.99 204.299 0.7067 0.7090 3.53 185.65

187.5 1.37E+08 -102.04 191.867 14.99 206.857 0.7023 0.7045 3.55 189.20

190 1.36E+08 -102.04 194.425 14.99 209.416 0.6980 0.7002 3.57 192.77

192.5 1.35E+08 -102.04 196.983 14.99 211.974 0.6938 0.6959 3.59 196.36

195 1.34E+08 -102.04 199.541 14.99 214.532 0.6897 0.6917 3.61 199.97

197.5 1.33E+08 -102.04 202.100 14.99 217.090 0.6856 0.6876 3.64 203.61

200 1.33E+08 -102.04 204.658 14.99 219.649 0.6816 0.6836 3.66 207.27

202.5 1.32E+08 -102.04 207.216 14.99 222.207 0.6777 0.6796 3.68 210.94

205 1.31E+08 -102.04 209.774 14.99 224.765 0.6738 0.6757 3.70 214.64

207.5 1.30E+08 -102.04 212.332 14.99 227.323 0.6700 0.6719 3.72 218.36

210 1.30E+08 -102.04 214.891 14.99 229.881 0.6662 0.6681 3.74 222.11

212.5 1.29E+08 -102.04 217.449 14.99 232.440 0.6626 0.6644 3.76 225.87

215 1.28E+08 -102.04 220.007 14.99 234.998 0.6590 0.6608 3.78 229.65

217.5 1.27E+08 -102.04 222.565 14.99 237.556 0.6554 0.6572 3.80 233.46

220 1.27E+08 -102.04 225.124 14.99 240.114 0.6519 0.6536 3.82 237.28

222.5 1.26E+08 -102.04 227.682 14.99 242.673 0.6484 0.6502 3.85 241.13

225 1.25E+08 -102.04 230.240 14.99 245.231 0.6451 0.6468 3.87 244.99

227.5 1.25E+08 -102.04 232.798 14.99 247.789 0.6417 0.6434 3.89 248.88

230 1.24E+08 -102.04 235.356 14.99 250.347 0.6384 0.6401 3.91 252.78

232.5 1.23E+08 -102.04 237.915 14.99 252.905 0.6352 0.6368 3.93 256.71

235 1.23E+08 -102.04 240.473 14.99 255.464 0.6320 0.6336 3.95 260.65

237.5 1.22E+08 -102.04 243.031 14.99 258.022 0.6289 0.6304 3.97 264.62

240 1.22E+08 -102.04 245.589 14.99 260.580 0.6258 0.6273 3.99 268.61

242.5 1.21E+08 -102.04 248.148 14.99 263.138 0.6227 0.6242 4.00 272.61

245 1.20E+08 -102.04 250.706 14.99 265.697 0.6197 0.6212 4.02 276.63

247.5 1.20E+08 -102.04 253.264 14.99 268.255 0.6168 0.6182 4.04 280.68

250 1.19E+08 -102.04 255.822 14.99 270.813 0.6138 0.6153 4.06 284.74

252.5 1.19E+08 -102.04 258.380 14.99 273.371 0.6110 0.6124 4.08 288.82

255 1.18E+08 -102.04 260.939 14.99 275.929 0.6081 0.6095 4.10 292.93

257.5 1.18E+08 -102.04 263.497 14.99 278.488 0.6053 0.6067 4.12 297.05

260 1.17E+08 -102.04 266.055 14.99 281.046 0.6026 0.6039 4.14 301.19

I 262.5 1.17E+08 -102.04 268.613 14.99 283.604 0.5998 0.6012 4.16 305.34
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distance Renaulds DF Drag rope Drag buoy Total D V elocity Ave Vel Dtime time

m
I, n, kg-m/sA2 kg-m/sA2 kg-m/sA2 kg-m/sA2 m/s m/s sec sec

265 1.16E+08 -102.04 271.172 14.99 286.162 0.5971 0.5985 4.18 309.52

267.5 1.16E+08 -102.04 273.730 14.99 288.721 0.5945 0.5958 4.20 313.72

270 1.15E+08 -102.04 276.288 14.99 291.279 0.5919 0.5932 4.21 317.93

272.5 1.15E+08 -102.04 278.846 14.99 293.837 0.5893 0.5906 4.23 322.16

275 1.14E+08 -102.04 281.404 14.99 296.395 0.5867 0.5880 4.25 326.42

277.5 1.14E+08 -102.04 283.963 14.99 298.953 0.5842 0.5855 4.27 330.69

280 1.13E+08 -102.04 286.521 14.99 301.512 0.5817 0.5830 4.29 334.97

282.5 1.13E+08 -102.04 289.079 14.99 304.070 0.5793 0.5805 4.31 339.28

285 1.12E+08 -102.04 291.637 14.99 306.628 0.5769 0.5781 4.32 343.61

287.5 1.12E+08 -102.04 294.196 14.99 309.186 0.5745 0.5757 4.34 347.95

290 1.11E+08 -102.04 296.754 14.99 311.745 0.5721 0.5733 4.36 352.31

292.5 1.11 E+08 -102.04 299.312 14.99 314.303 0.5698 0.5710 4.38 356.69

295 1.10E+08 -102.04 301.870 14.99 316.861 0.5675 0.5686 4.40 361.08

297.5 1.10E+08 -102.04 304.428 14.99 319.419 0.5652 0.5663 4.41 365.50

300 1.09E+08 -102.04 306.987 14.99 321.977 0.5630 0.5641 4.43 369.93

302.5 1.09E+08 -102.04 309.545 14.99 324.536 0.5607 0.5618 4.45 374.38

305 1.09E+08 -102.04 312.103 14.99 327.094 0.5585 0.5596 4.47 378.85

307.5 1.08E+08 -102.04 314.661 14.99 329.652 0.5564 0.5574 4.48 383.33

310 1.08E+08 -102.04 317.220 14.99 332.210 0.5542 0.5553 4.50 387.83

312.5 1.07E+08 -102.04 319.778 14.99 334.769 0.5521 0.5532 4.52 392.35

315 1.07E+08 -102.04 322.336 14.99 337.327 0.5500 0.5510 4.54 396.89

317.5 1.07E+08 -102.04 324.894 14.99 339.885 0.5479 0.5490 4.55 401.44

320 1.06E+08 -102.04 327.452 14.99 342.443 0.5459 0.5469 4.57 406.02

322.5 1.06E+08 -102.04 330.011 14.99 345.001 0.5438 0.5449 4.59 410.60

325 1.05E+08 -102.04 332.569 14.99 347.560 0.5418 0.5428 4.61 415.21

327.5 1.05E+08 -102.04 335.127 14.99 350.118 0.5399 0.5408 4.62 419.83

330 1.05E+08 -102.04 337.685 14.99 352.676 0.5379 0.5389 4.64 424.47

332.5 1.04E+08 -102.04 340.244 14.99 355.234 0.5360 0.5369 4.66 429.13

335 1.04E+08 -102.04 342.802 14.99 357.793 0.5340 0.5350 4.67 433.80

337.5 1.03E+08 -102.04 345.360 14.99 360.351 0.5321 0.5331 4.69 438.49

340 1.03E+08 -102.04 347.918 14.99 362.909 0.5303 0.5312 4.71 443.20

342.5 1.03E+08 -102.04 350.476 14.99 365.467 0.5284 0.5293 4.72 447.92

345 1.02E+08 -102.04 353.035 14.99 368.025 0.5266 0.5275 4.74 452.66

347.5 1.02E+08 -102.04 355.593 14.99 370.584 0.5247 0.5256 4.76 457.42

350 1.02E+08 -102.04 358.151 14.99 373.142 0.5229 0.5238 4.77 462.19

352.5 1.01 E+08 -102.04 360.709 14.99 375.700 0.5212 0.5220 4.79 466.98

355 1.01 E+08 -102.04 363.268 14.99 378.258 0.5194 0.5203 4.81 471.78

357.5 1.01 E+08 -102.04 365.826 14.99 380.817 0.5176 0.5185 4.82 476.60

360 1.00E+08 -102.04 368.384 14.99 383.375 0.5159 0.5168 4.84 481.44

362.5 1.00E+08 -102.04 370.942 14.99 385.933 0.5142 0.5151 4.85 486.29

365 9.96E+07 -102.04 373.500 14.99 388.491 0.5125 0.5133 4.87 491.16

367.5 9.93E+07 -102.04 376.059 14.99 391.049 0.5108 0.5117 4.89 496.05

370 9.90E+07 -102.04 378.617 14.99 393.608 0.5092 0.5100 4.90 500.95

372.5 9.87E+07 -102.04 381.175 14.99 396.166 0.5075 0.5083 4.92 505.87

375 9.84E+07 -102.04 383.733 14.99 398.724 0.5059 0.5067 4.93 510.80

377.5 9.80E+07 -102.04 386.292 14.99 401.282 0.5043 0.5051 4.95 515.75

380 9.77E+07 -102.04 388.850 14.99 403.841 0.5027 0.5035 4.97 520.72

382.5 9.74E+07 -102.04 391.408 14.99 406.399 0.5011 0.5019 4.98 525.70

385 9.71 E+07 -102.04 393.966 14.99 408.957 0.4995 0.5003 5.00 530.70

387.5 9.68E+07 -102.04 396.524 14.99 411.515 0.4980 0.4987 5.01 535.71

390 9.65E+07 -102.04 399.083 14.99 414.073 0.4964 0.4972 5.03 540.74

392.5 9.62E+07 -102.04 401.641 14.99 416.632 0.4949 0.4957 5.04 545.78

i 395 9.59E+07 -102.04 404.199 14.99 419.190 0.4934 0.4941 5.06 550.84

I 397.5 9.56E+07 -102.04 406.757 14.99 421.748 0.4919 0.4926 5.07 555.92
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distance Renaulds DF Drag rope Drag buoy Total D V elocity Ave Vel Dtime time

m ... kg-m/sA2 kg-m/sA2 kg-m/sA2 kg-m/sA2 m/s m/s sec sec

400 9.53E+07 -102.04 409.316 14.99 424.306 0.4904 0.4911 5.09 561.01

402.5 9.51 E+07 -102.04 411.874 14.99 426.865 0.4889 0.4897 5.11 566.11

405 9.48E+07 -102.04 414.432 14.99 429.423 0.4875 0.4882 5.12 571.23

407.5 9.45E+07 -102.04 416.990 14.99 431.981 0.4860 0.4867 5.14 576.37

410 9.42E+07 -102.04 419.548 14.99 434.539 0.4846 0.4853 5.15 581.52

412.5 9.39E+07 -102.04 422.107 14.99 437.097 0.4832 0.4839 5.17 586.69

415 9.37E+07 -102.04 424.665 14.99 439.656 0.4818 0.4825 5.18 591.87

417.5 9.34E+07 -102.04 427.223 14.99 442.214 0.4804 0.4811 5.20 597.07

420 9.31 E+07 -102.04 429.781 14.99 444.772 0.4790 0.4797 5.21 602.28

422.5 9.29E+07 -102.04 432.340 14.99 447.330 0.4776 0.4783 5.23 607.51

425 9.26E+07 -102.04 434.898 14.99 449.889 0.4762 0.4769 5.24 612.75

427.5 9.23E+07 -102.04 437.456 14.99 452.447 0.4749 0.4756 5.26 618.00

H 1.61E-06 mA3/kg Time to reach surface

P 1025.9 kg/mA3 10.3 min

rope dia. 6.35E-03 m

buoy rad. 0.1525 m

0.05

0.1

Cd (rope)
Cd (buoy)
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Appendix B

Key Forces



Appendix B:

The initial forces on the kev or release mechanism (Hayden Turner)

L := 1400-ft Maximum length of rope

pw:=1027.7.M
m

Average density of sea water

u:=1.0810~3- kg
msec

Average dynamic viscosity

2

v := 1.6094-10"3-—
sec

Average kinematic viscosity

ra:=4in ra = 0.102-m Radius of the buoy

V:=-ra3-7t V=4.393«10^ »m3 V =268.083 «in3 Volume Ofthe DUOy
3

r:=6-3510 m r=0.125nn Radius of the rope

Weight of the buoyW:=4.448- newton

ReL(q) :=

m
q qm

* sec l Reynolds Number

ORIGIN :=1

CD(q):=
0.445 1610

ReL(q))"8 ReL(q)
if i-io7<ReL(q)<M09 Drag Coefficient

wc :=

/L

m I worst case conditions

0.074 1740 \

1 ReL(q)
(ReL(q)

0.455

/

if 5105<ReL(q)<1107

2.S8log(ReL(q))
64

if 2300<ReL(q)^5105

ReL(q)
otherwise

Wm :=— Mass of buoy
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vei=o Initial velocity

M

m

pwg-V- W- 3-tc-p.-2-ravel Cj}(wc)pw-vel ^rcrwc.m-—
sec 2 vsec

pw-g-V- W- 3-j:n-2ravel Cr\(wc)pw-vel ^-Jt-rwc.-m-—
sec 2 Isec

Fm =39.827 mewton Initial force on the key and bar

F m =8.953 -lbf

=0

There will be two sides to the key so we can divide the force by 2. Then we will
assume that the force acts at one point on the side of the key so that we can find
the torque needed by the solenoid.

F-
f :=—- Force is taken up by each side

2

F= 4.477 -lbf

nk := i•io"3 Approximate value for the coefficient of friction for delrin which isa
water lubricated material that resists biological growth.

Key

Ffriction "^key*

Ffriction =0.02mewton

friction = 4.477*10 * -lbf

Sum the moments about the center in order to find the torque needed by the rotary
solenoid.

T"2F friction-^—*0
t=2-ffriction^ Solve for torque

4
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Lkey := j1 +̂)m Lkey -0.038-m Length Qf tpe k@y
Lkey =1.5-in

t -Faction—^+Faction—^ Assume the friction acts at the furthest point
2 2 from the center to be safe.

T= 7.587-10~4 »m -newton

t =6.715- io"3 •Mm Torque needed to overcome friction

Tsafe:=20T A safetv factor of20 was used because ofextremely high
.... ,.f. frictional forces expected in the water seals which need to

Tcoft» = 0.134«lbf-m ... . , r . _-_
sate withstand a pressure of 600 psi.

Decrease the torque needed bv reducing the moment arm on the release bar.

u+1 L 1
Fy Fkey

Fm Free body diagram (FBD)

T =

Sum moments about the pin:

-Fm-x+F j^L arm=0

x :=3,3.oi.. io Range of x values that would be acceptable

Lgnn := 14 in Fix the length (L) to be 14 inches

FkeyssFin—— m Force on the key as afunction ofx Fkey(x) =Fm —
arm a*™
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I Fkey<*>
g Fin 20

x

x (inches)

Figure B1: This plot shows that the force on the key approaches the total force as
the buoy placement approaches that of the key. A reduction in the force actually
supported by the key is desired; so lower x values are desired for the design.

The torque associated with the reduction of the force on the key by varying x was
calculated below.

Fmxin
Fkey(x):=

"arm

Torque on the key is:

(Fkey(xy*friction^ "** key* I—^—

key.u.. . /-v k^.8.851 where 1-newtonm =8.851 •lbf-inTr<x) := Ffriction^)— +Ffriction^)" 2

Trl:=T-8.851 This is the maximum torque required by the solenoid

Proprietary Document B4



% T,(x).20

| Trf-20

0.15

0.1

0.05

10

~~* Torque needed
" * Worst case

Distancefromkey (inches)

Figure B3: This figure shows the torque with a added safety factor of twenty to
garantee that the solenoid can overcame all the friction in the system. The majority
of the friction will come from the bearings and or lip seals which prevent water from
entering the canister.

Estimate the volume that the retrival line will occupy.

1 • Radius of the linerline:=gm

Liine:= 1400ft Length of the line

vlke:=*-rlme2-Lline V^0.477-ft3 Vline =824.668 -in3 Volume of line

Add on thirty percent because a rope cannot be packed perfectly with no gaps.

Vfcrf 1.3 =0.62**
Volume of the line that can be expected

V^1.3 =1072.0685-in'
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The estimated size of the holding spool that is needed for the line.

width := li-in Width of the spool

Dspoo! := n.sin Diameter ofthe the spool

v spool .:=7C' sp°°],width Volume of the spool

Comparing the volume of line and the volume of the holding spool it can be seen that
the spool has to be quite large but should hold the required amount of line.

Vg^ =1142.558 nn3 V^ 1.3 =1072.0685 'in3

"spool>vline'l ••*
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Pressure Vessel Analysis



Appendix C:

Analvsis of the pressure vessel (Hayden Turner)

p:=i026^ density ofseawater d:=i400ft depth
m

p:=p-g-d P=622.719 «psi pressure at depth d

h:=5in height of cylinder

ri:=-in inner radius
2

ro:=-in outer radius
2

k: =l io3 conversion factor

t:=ro - n thickness of canister

Hoop Stress Analvsis for thin walled cylinders

Radial stress
Pr,

>('i):=-r
ri :=ri,ri-HO.iin..ro Range variable

P-r

(T,):=—- Tangential stress
v */ 2-t

•in^1«10

|ar(r j)-(2.158-IO-4)
lo^r^-lilSMO"4)

5000

Proprietary Document

.06 UW U U2 114 1.16 1.18 1.2 1.22

rr12,rr12
ndius(in)

Figure C1: This figure shows the tangential and radial stresses in the canister using
thin walled cylinder analysis. The stress values are no where near the yield strength
of aluminum.
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Thick walled cylinder analvsis

p0 :=p Outer pressure

<h)

.2 2 -2 2 P O P i
Pin -Poro ~n ro —

Fl
2 .2

ro - n

2 L2 2\Po"Pi•2 2 / .2 2\
Pin -P0ro +^n ro /

r(M)- 2 2
ro - n

1

p j:=1•atm inner pressure

•psii—SL-. =i.45-io 4 n>si Conversion factor
2

msec

Tangential stress

Radial stress

sy :=40kpsi Yield strength ofAluminium

50

37.5 -

qr(n)l-4310"4 25
1000

^Sy.(l.45.10-4) a
J. 1000

5 -

lct(ri)l.45.10_4
0 -

1000 -12.5

Sy 1.4510-1

1000
-25

-37.5

.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2

"~ Radial Stress

' * Yield Strength
"" Tangential Stress
" * Yield Strength

rr 12,^-12
radius(tn)

1.22

Figure C2: The plot above shows that the stresses in the canister are well within the
range of yield stress so the canister will not fail.

Safety_factor:=
t(n)

Safety_factor= 7.688
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Check to see if the canister will fail in buckling

e := io.3-io6psi Modulus of Elasticity

v:=o.33 Poisons Ratio

tp := lin Thickness ofthe cap or plate

s p.(ri+o.2S-in) g 17.10-3 #in Radial diflection of the canister
r Et r

Et 3
d :=— p Ridgitity of the plate

12-(l-v2)

8n:=^- 8=2.586* io"3 -in Deflection ofthe plate atthecenter
p D-64 p

ac :=2-Jt-ro-h Ac =125.664 «in2 Area of the cylinder wall

f :=p-ac f =78.253 Hk-ibf Force on the cylinderwall

F t3
p :=——=—-—-— Critical pressure for a unstiffened circular cylinder

cr

4-1 —-vt 2W t^3
n + —

m / \ 2

pcr =i.56i-io4 -psi p^p Therefore the cylinder will not fail in buckling
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Appendix D:

Calculation of solenoid parameters (Hayden Turner, Jud DeCew, Scott Brimlow)

Bronze

Stainless sleeve
shaft bearing

\ \

Armature Armature hub
plate

Case

Stainless
stewl bails

Retaine*
ring

Precision Base

coll

Figure Dt. This picture shows an exploded view of the the rotary solenoid.

Find the mass moment of inertia for the test arm on the solenoid.

La:=2.04-in wfl:=.5-in

Rd: =— dd:=.312in

dn :=.250in
a

Rdi:=.188in

Rp:"Rdi

Areaa: =Lawa

Area,, (sc&/\- (%-Rp2

Aieap:=*Rp

Va: =Areaa-da

Vd: =Aread-dd

Vp:=Areap.dp

in

dp:=.663in

Area _ = 1.02 #in
a

Area d=0.085-in2

Area =0.111 -in

V = 0.255 -in3
a

Va =0.027 -in3

V = 0.074-in3

-3pfl =2.796*\Q -kg-m

Dimensions of each piece

Area of each piece

Volume of each piece
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Pd •• =0.286-^
• 3
in

pd =7.916«103 'kg-m"3

pp = Pd p =7.916" 103 •kg«m~3

ma =vaPa ma=0.012»kg

md =VdPd md =3.453«10"3 'kg

mp =Vp-Pp mp=9.55»10"^ «kg

Volume of each piece

Mass of each piece

V=^(La2+wa2) Ja =2.771.Kf6 -kg-m2

jd:=—. Rd2+Rdi2+_^_ jd=7.i4i«io-8 «kgrn2 Inertia of each piece

mo'^o -n t.Jn:= p p Jn =2.257*10^ •kg«m2
p 12 p

Use the parallel axis theorem to find the mass moments of inertia about the axis of rotation

ha :=204m - .380-in hd := 1.379-in hp := 1.379-in

Jac:=Ja"l_ma'ha Jdc :=Jd"*"mdhd *$c=Jp +mphp

Jtc^ac+Jdc +Jpc Jtc=0.076«lbin2

Moment of inertia

V=^(La-wa3) Iyd:=^(Rd4-Rdi4) I;
*-Rp4

yp- 4

Use the parallel axis theorem to find the mass moments of inertia about the axis of rotation

ha :=204m- .380-in hd := 1.379-in hp := 1.379-in

Iyac:=Iya +Areaaha Tydc :=Iyd-t"Areadhd Iypc:=Iyp"1"A^p*1?
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Iyac=0.439nn4

1yt =*yac +*ydc +1ypc

Iydc =0.164-^

1^ =0.815™

IypC=0.212.in4

Resistance torque caused by the arm

T:=(ma-dai-md-dd+mpdp)g

T =0.023 -lbf- in

Estimate the mass moment of the solenoid

Shaft

Lshaft:=1-45in ashaft :=125in
lbspecificwshaft :=.286 —
in

vshaft:=*ashaft Lshaft Mshaft :=specificwshaft"Vshaft

Jxshaft^^shaft^shaft2 Ixshaft =3-433-10"8 «*«2

Armature Hub

lb

tdiskl =A5in rdiskl :=-875in specificw^^ :=.286 —
in

Vdiskl :=Krdiskl2tdiskl Mdiskl :=specificwdisklVdiskl

Rdiskl :=2Mdisklrdiskl

Mdiskl =8-526.10"6 .lbf-ft-sec2
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J total :"Ixtotal"l"Jtc

total

lb
tdisk2 :=25in rdisk2 =5in ipcaBBWAMa =-2*6~

in

vdisk2 :=7crdisk22tdisk2 Mdisk2 :=sPecificwdisk2vdisk2

Ixdisk2:4M^k2rdisk22 Ixdisk2 =1-515-10"n6 «•«•«'
^otal :=Ixshaft+ ^diskl "•" Ixdisk2 Ixtotal=0047-lbin

The total mass moment of inertia for the system

J^.1^3.577.10"5 -kg-m2
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Electrical model

eo"ei
1rss-

r
1t=-

LD
^R

e0=iRjssi-ci ohm) Voltage is equal to the current

e:=Rti-t-L—
1 l dt

Ei=(Rt-hL-s)-I(s)

Equation of the electrical model

Laplace transform

— Transfer function
Ei(s) Rt +L-s /L^g+1

Ks)=P

•t,

R,

feh"
l I Rti(t)=-Ml-e

Rt
R-p := 1.2-ohm

R s := 10.6-ohm

x:=2410"3sec

L
t=

R *r

L:=x-RT

L= 0.029'henry

l

Give it an impulse input of 5 volts.

Function for the current

Resistance of the circuit

Resistance of the solenoid

Time constant for the system

Time constant

Solve for the inductance

I(s) 1 61-4.927-10_ -s Transfer function
E^s) Rt + L-s

Ks) I(s) 0.167 in standard form

Ei(s) [4.927-IO'3 \ Ei<s> 8.21210'4 s+1
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Spring force test

Mass :=

2+>
8

8

2+5-
8

2 + -
8

3+i
8

<* 3
8

3^
8

3+2
8

4+1
8

Angle of the arm

i:=1..9 ORIGIN :=1

Displacement disjj =

oz Applied mass

0.045

0.098

0.298

0.504

0.617

0.713

0.818

0.844

0.949

in dis

0

0.022

0.041

0.055

0.077

0.176

0.396

0.560

0.710

x := 1.357 in Distance from center of rotation to the
measurement distance

•in

/^U.
arj :=atanl- ol :=atanl aT =

0

0.929

1.731

2.321

3.248

7.39

16.268

22.425

27.619

•cleg aTJ~

1.899

4.131

12.386

20.375

24.45

27.719

31.082

31.88

34.967

•deg

\ x

Tofquema8sL.-cos(oLyMassi-1.375-m-g
- > \ »/ Torque due to the weight

Torquejnaggjj. -cos/citj VMass.-1.375-in-g
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The effective torque is the torque caused by the arm and corrected due to the change in
the rotation angle a.

Torque effective_L.:=Tcos(a L.) Tor(lueeffective_U. -T-cos^otjJ

Torque effectiveL=

0.023

0.023

0.023

0.023

0.023

0.023

0.022

0.021

0.02

•Min Torque eflfective tj-

0.023

0.023

0.022

0.021

0.021

0.02

0.02

0.019

0.019

•lbfin

Tonlue total L.:=Tor£lue effective L. + Tor(lue mass L.
— i — t — i

Tor<lue total U. :=Tor(lue effective U. + Torclue mass U.

The total torque

0.04

0.035

Torque total_Lj
"*" 0.03
Torque totaljjj

0.02S

0.02

,B*
0

#

<

»

tJ

/ o-
.. • • *

.. •
• *B

1 0
# 0

0.1

"*^ Loaded
•Q Unloaded

0.2 0.3

«Li'°Ui

0.4 0.S 0.6 0.7

Figure D2: The plot above shows the torque caused by the spring for both the loaded
and the unloaded case. The torque due to the arm was subtracted. The slope of the
line yields the spring constant.
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TL(a) =3.412-10"3-^5a+ 0.224- lbfin
deg

TTT(a):=(3.641-10-3)^^-a-h0.155-lbf
U deg

in

TL( 12-deg) - T tj( 12-deg) =0.066'lbfin

t ft[cuon =0.066-lbf-in Friction associated with the solenoid

Spring constant for the solenoid

i:=1..7

^spring :=0.02newtonm Spring cc

The current reauirements for the solenoid

0 ' .65'

.5 .69

1 .73

1.5 .75

Mass := 2

2.5

3

3.5

4

•oz Current := .79

.82

.85

.88

.91

•amp Volti Voltage =

6.89

7.314

7.738

7.95

8.374

8.692

9.01

9.328

9.646

m ] :=slope(Mass,Current) m ] =0.064 •—-

M(x) =m rx-t- b Best fit line

b :=intercept(Mass, Current) b = 0.658 #amp

0.8S

0.8

1 Current.

I M(Maraj) 0.75

0.7

0,65 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Mass-

Mass (kg)

Figure D3\ This plot shows how much current is required to turn the solenoid with a specified
mass attatched to a test arm.

oz

m^^0^ r*

_^{^I
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Torque created bv the solenoid

arm :=x Torque :=Mass- arm-g

m3 :=slope(Voltage, Torque) m3 =0.125 •lbfin

volt
m3 =0.014*newton-m

volt

b3 :=intercept(Voltage,Torque) b3 =-0.868•lbfin M3(x) :=m3X+- b 3

0.03

f Torque-

gMs^oltagej)
E"--

0.02

0.01

-0.01

Best fit

Voltage-

Voltage (volt)

Figure D4: This plot shows the amount of torque applied by the solenoid as a function of
voltage.

Power. := (Current.)2*s pwm requjrernentS

4.479

5.047

5.649

Power = 5.962 -watt

6.615

7.127

7.658

b 3 =-0.868'lbfin

Power =

15.281

17.22

19.274

20.345

22.573

24.32

26.132

BTU

hr
Power requirements

The resistance torque of the solenoid and the arm
b 3 =-0.098 "newton-m

Ktorque_a :=sl°^Current,Torque) v n ia<\ newton-m
Ktorquea=0149-———

^ — amp

Proprietary Document
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Mechanical Model for the solenoid (spring.mass.damper svstem)

E(t) KO

Ls+R

Figure D5: This shows the block diagram of the rotary solenoid.

R:=RS G:=4.77-volt

_ IMorque_a(j-x" +Bx' +Kspring"x)=
Gu(t)

Second order differential equation for a
rotational spring mass and damper system.

R

*wtorque_a*—'u
(j-s^B-s+Kgp^g)^ -

K torque_a
x=

s{R-(J-s2+B-s+Kspring)]
^ torque_a

x=-

x=-

RK spnng

, j 2 b ;
S- S H S+l

\*- spring ^ spring ,

K torque_a

RK spnng

,1 2 2-C /
s- s +—^-s+ 1

[CO CO

B=2-C-
spring

Transfer function

K
GO M!5i Natural frequency

total

©n =23.646 «Hz

B ,2-C

Kspring ®n
Damping

mili:=M0'*

t :=30.7867milisec

x:=45-deg

This time t is the time taken for the

solenoid to rotate its full rotation angle of
45 degrees.
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Find the damping ratio:

C=.4 guess or seed

Given

x=

spring)

-1-
cosh IGO

GKtorque_aexP("^G) nx) ^
•n./u?.t

y*> ^ spring)

ans:=Find(Q ans =0.171

Ktoraue a / \ sinhlco n-«j-1 +• Q t

(R-K \°" °K'°^-°CeXP('Cm"')
R-lKspring'>/^

C:=o.i7i Damping Ratio for the mechanical model

B:=2-C-^58
GO

+ 0

b =2.56- io-3 «Min-sec Damping conststant for the mechanical model

Transfer functions for the mechanical and electrical parts

Electrical Mechanical

TTE=* 1

0.029s+10.6 x=-
0.704

(i.78810'3s2+0.014s-hi)
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1

0.8

T 1 1 1 1 1 J 1 I 1

0.6 -

0.4
-

0.2

0

•0.2

-

-

-0.4
- -

•0.6
- -

-0.8

.1 1 1 I I 1 1 1 _l 1

-

•450 -400 -350 -300 -250 -200 -150

Real Axis

(a)

-100 -50 0 50

50

40

1 1 1 1 1

30

! !

~

20
_

10

0

-10

~

- "

•20 -

' !

-30 ~

-4 0

1 1 1

-

(b)

Figure D6: This plot shows the root locus plot for the electrical model of the rotary
solenoid: a) electical b) mechanical
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t

Step Response

1 1 1 1

0.09 —

0.08
-

0.07
-

0.06
-

0.05
-

0.04
-

0.03
-

0.02 - / -

0.01
-

0
i ._ — 1

-

0.004 0.008

Tim e (sec.)

(a)

Stop Response

Time (sec.)

0.016

1.5

(b)

Figure D7: These plots show the step response for the rotary solenoid: a) electrical b)
mechanical
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Bode Diagrams

25

30

35

40

45

50

0

•20

•40

-60

-80

\^

10" 10' 10J

Frequency (rad/sec)

(a)

Bodo Diagrams

5

0

-S

•10

-15

•20

-25

^*.

\^

N

•50

100

150

10"

Frequency (rad/sec)

(b)

Figure E6: This figure shows the bode plot for the rotary solenoid: a) electrical part of
the system b) mechanical part of the system. Both the phase and the magnitude are
plotted against the frequency.
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Solenoid parameters

Mechanical

Mass moment of inertia

Spring constant

Damping ratio

Damping constant

Torque due to friction

Jtotal =3-577-IO"3 -kg-m'

totalJw„, =3.166-10 4 -lbfinsec2

Kspring =3.491.10"4 -newton m
deg

Kspring =3.089-10^ -Ibf-^

C= 0.171

B= 5.049-IO"6 -newton-m —
deg

B=4.468-10"5 -lbf-H^
deg

Tfriction =7457#10 •newton-m

Tfriction =0066-lbfin
Electo-mechanical:

Electical:

Torque constant with respect to Kt0 a=1.321 -lbf-
current " ^P

m

Ktorque_a =0.149-newton-

Torque constant with respect to Kt e v=0.212-lbf—
voltage 4 - volt

Resistance

Inductance

Time constant

Ktorque_v =0024 "newton-

Rs = 10.6-ohm

L= 0.029-henry

x = 24-milisec
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Appendix E

Mechanical Drawings
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Budget



Appendix F:

Budget
Part

Rotational Solenoid

Delrin

Aluminum Plates

Flange

Bearing
Seal

Seal

Compression Latches
Batteries

O-ring
O-ring
Coupling
Aluminum Plate

Shaft Seal

U-cup

Shaft Seal

Flange Mount

V-belt

Ball Bearing
Flange Mount
Flange Mount

Aluminum Tubing

Pulley
Pulley
Ball Bearing

(Jud DeCew)
Part Number

H-2617-026

8741K51

89155K47

DRFOR06-4

R-4-2RS

01-253

01-527

1794A43

261

264

60845K31

8910K152

9281K65

9691K18

9562K41

62645K43

6186K142

6357K33

5912K48

62645K43

8978K76

6274K45

6274K21

6357K11

Company

TestCo

Quantity

1

Cost

110

McMaster-Carr Si i 1 30.31

McMaster-Carr Si i 36.43

Applied Industrial 5.03

Applied Industrial
Applied Industrial

9.8

1.2

Applied Industrial
McMaster-Carr Si i

1.4

5.25

Battery Outlet Inc
Applied Industrial
Applied Industrial

12 0.79

2.5

2.5

McMaster-Carr Si i 22.11

McMaster-Carr Si i 32.88

McMaster-Carr Si i 1 7.6

McMaster-Carr Si i 1 3.07

McMaster-Carr Si i 2.82

McMaster-Carr Si i 1 21.86

McMaster-Carr Si i 1 6.21

McMaster-Carr Si i 47.22

McMaster-Carr Si i 26.93

McMaster-Carr Si i 21.86

McMaster-Carr Si i 11.55

McMaster-Carr Si i 41.15

McMaster-Carr Si i 1 6.19

McMaster-Carr Si i 38.4

Shipping

6.52

Total

116.52

Details

Soleniod

Component

Release Mechanism

4.81

30.31

77.67

5.03

2" square by 1'

Alloy 6061
1\4H shaft

Release Mechanism

Release Mechanism

Release Mechanism

9.8 1/4" shaft Release Mechanism

2.4 1/4" shaft Release Mechanism

4.2 1/4" shaft Release Mechanism

5.06

2.76

31.5

14.54

22.11

65.76

10.36

3.07

Spring Draw Latches
D-Cell 1.5 volt

6-3/4" by 1/8"
7-1/2" by 1/8"
Two-piece

1/4" plate
SS pump shaft seal
Buna-N

Release Mechanism

Release Mechanism

Release Mechanism

Release Mechanism

Release Mechanism

Release Mechanism

Release Mechanism

Release Mechanism

5.64 self adjusting Release Mechanism

21.86 2-bolt Winding Mechanism

6.21 44" Winding Mechanism

94.44

53.86

Flange Mount - 2 bol
.5" Diameter

Winding Mechanism
Winding Mechanism

43.72 1" Diameter Winding Mechanism

11.55 1' Diameter Winding Mechanism

41.15 10" Diameter Winding Mechanism

6.19 3" Diameter Winding Mechanism

76.8 Base Mount - 2 bolt Winding Mechanism

Misellaneous Radio Shack 1 62.5 0 62.5 Many small items Electronics

Misellaneous _.— Radio Shack 1 19.12 0 19.12 Many small items Electronics

Op-amp / Comparitor — EE Dept 2 1.5 0 3 Main Assemble Electronics

Lobster Trap

1/4" line

Construction Accessories

9/32" line

Tap

LB-30-120

CO-01-040

83755A45

NE Marine and In J 1

NE Marine and In J 400'

Various

NE Marine and In j 400'

McMaster-Carr Si i 1

38.95

14.13

18.01

13.75

38.95

14.13

31.94

18.01

18.75

Vinyl Coated

Sinking Line
bolts, screws, etc

floating line
1/4" by 20

Accessories

Accessories

Accessories

Accessories

Accessories

TOTAL 971.09

Proprietary Document
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