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Executive Summary A remotely operated vehicle was raised out of the graveyard and deemed necessary to roam the surf zone by the SPROVER (Surf Profile Remotely Operated Vehicle) team. Instrumentation and motor housings were designed and manufactured. Tether and controls were implemented and SPROVER roamed the surf zone bathymetry during two ocean tests. In conjunction with creating an operational ROV, purpose was given to SPROVER. Instrumentation was created, an inclinometer, to aid in the construction of a beach profile. The second ocean test provided a beach profile using SPROVER.
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1. Introduction The task presented to the SPROVER team was one of two parts; the first task consisting of making the existing ROV operational for ocean use, and the second half was to give some purpose to its operation. The second half of the task was contemplated by the group and a decision was arrived at to obtain a beach profile with SPROVER. The beach profile was originally intended to be constructed by designing an inclinometer and corresponding GPS unit to give an exact profile, but as the project progressed, a profile was obtained by a slightly altered method. The first task involved constructing new housings for the electronics and motors and obtaining a usable tether. Problems existing with the old ROV mainly entailed mechanical issues where the controls were already operational. Motor shaft problems existed with the keyway where only set-screws were used to handle all of the torque from the motor to the wheel hub. The screws stripped the keyway and ruined the shaft. Motor housings used for the previous design were also faulty. They were PVC encased and pressure compensated, but they leaked. Instrumentation housing was also unusable. The tether selected was also of the wrong selection as well as the tower mounted on the ROV in general. The constraints placed our design can be summarized by the robust nature of the previous design. The high center of gravity and limited traction surface area of the wheels limits the range of terrain that SPROVER can operate over. Electric motors had to be used running AC current into the ocean. Also the tower tie downs and the lead weight slipped into the legs had never been tested together; as a result, once the lead weights were inserted, the tie-downs could not be used. Constraints also came in the form of budget, extensive knowledge of electronics of our group members, and time.
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Objectives of the report are to enlighten the reader in the process that was undertaken in getting SPROVER to where it is know, provide insight into how the results of a beach profile were obtained, and to recommend further improvements that create SPROVER to operate to its full potential. These are the primary importance issues and allow the reader to fully digest and understand SPROVER. Besides the issues of the previous design that had to be worked around, the ROV was designed in a tripod fashion with a rear steering leg and the front two legs for power and uni-direction control. Framework was constructed out of aluminum, the motors were electric, and the tower was a PVC shell with wood core. Controls for the motors were completed (thanks to Mikhail Dembeki). This is the background which was being worked with. Included in this report is the design, procedure undertook to manufacture the design, the impact of SPROVER on several aspects of engineering standards and realistic constraints, and the results and recommendations obtained and arrived at. Excluded is any lengthy description of the problems faced; only relevant problems in regards to our design, manufacture process, and testing will be addressed. Sources of information useful in achieving an operational SPROVER would have to start out with Dr. Thosteson for the aid in the circuitry. Other sources would be John in the machine shop for aiding in ideas of manufacture simplicity of the instrument housing, Bill Baton, Parker Brothers Handbook for O-ring selection, and Mikhail Dembeki.
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2. Procedures



2.1 Mechanical division The methods used to plan and design parts for the ROV were difficult due to the existence of an already manufactured vehicle. The team first tested the existing vehicle to detect the flaws that need to be corrected in order to get it operational under water. The first test exposed the first major problem of the vehicle which was the driving mechanism. The shaft had a major torque transmission problem that needed to be solved. Motors present with the vehicle were also exposed to ambient air and needed to be encased in protective housings. One of the motors was also damaged near the gearbox area and needed to be repaired for optimum performance. The wheel hub connections were also visibly weak and other vehicle surfaces needed to be grinded for mating of parts.



The first step to achieve this goal was to model the entire vehicle in 3-D to visualize the problems in details. This also helped the team to perform finite element analysis (FEA) on critical parts of the vehicle. The modeling of the entire vehicle took a lot of time since measuring parts that have already been manufactured, welded and assembled was a tedious process and the correct disassembly process was unknown. The vehicle was broken down to the smallest part for this purpose. Once this was conducted, most parts were marked up and drawn to their physical measurements. The team selected Autodesk Inventor as the CADD software since it was very user friendly and had a great rendering package for presentation purposes. The team noticed the drive mechanism was
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identical for both the left and the right wheel but the parts on each side were not identical. The parts were therefore separated and categorized accordingly. The team also realized that they will have to design and manufacture parts around these parameters or modify exiting parts to make them identical.



2.1.1 Drive Shaft Design Once the 3-D model was completed, it was shown to experts such as John Lee and Bill Bailey for further advice. Design ideas were also presented to him to make sure that they are feasible and machinable at our facility. Mr. Lee commented on our design ideas and referred us to some resources that have expertise in that area.



The most important element of the vehicle at that point was the drive shaft. In order to get the vehicle moving on land, the team proposed a temporary fix and implemented it to identify other flaws. The team then realized that the hub connections on the shaft was extremely weak and would shear under severe loading.



One of the motors used for transmission was damaged due to mishandling by the previous team. The team searched for replacement parts from the supplier but it proved to be very expensive and the lead time on its availability was longer than the time the team could afford. Since the damaged part of the motor was made from cast aluminum, the team was able to permanently repair it using aluminum putty and steel re-enforcements. Once the repair was conducted, the team was able to perform test runs on ground.
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The drive shafts of the vehicle were then designed to transmit torque effectively and drawing was then shown the Mr. John Lee and Apex manufacturing in Melbourme for a review. Due to manufacturability issues with female key-ways, it was proposed that we used male key-ways on the shaft and make the motor to shaft connection using a torque coupling. Niraj Patel researched into these couplings and found that flexible couplings would be the most suitable for this application. It was later determined that flexible couplings are not designed to transmit large amounts of torque and the team had to settle for rigid couplings which did not allow any room for error due to alignment issues. These coupling were also only available in hardened or stainless steel and the team selected the least corrosive stainless steel 316 material since it would be directly exposed to salt water. A standard size was selected to make machining, fitting and installation simple.



Background information on motors provided with the vehicle was also not presents and installation guides and technical data sheets were then requested from the manufacturing company. It was found that the motors would be able to produce a maximum of 500 lbs/in torque. Based on this data, a minimum shaft diameter was then calculated using the ultimate shearing stress formula shown below. The only unknown factor was the radius required and the ultimate shearing stress of Aluminum 6061 was used. This material was selected to ease machining time and cost. It was also the least corrosive material that could have been used for this application.



Ultimate Shearing Stress = (Max Torque * Radius of member)/Mass moment of inertia.
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2.1.2 Motor Housing Design The motor housing design was the most challenging part of the vehicle. It had to have the following capabilities -



Allow rotation of shaft while maintaining water tight conditions



-



Allow easy access to motor parts for repairs and maintenance



-



Allow harnessing of electric cables without any hazard



-



Withstand strong wave forces and absorb impact underwater



-



Fit on existing vehicle



The team designer came up with a design that was reviewed by the team and experts in this area. Mr. John Head who is the design engineer at Sub-Sea Housing Corporation gave technical aid in this area. After further review, it was decided that a new design had to be conceptualized to eliminate possible flaws in the first drawing. The team went through a series of ideas and drawings before one was finally approved to be machined for the vehicle. Safety features were also added to the housing to make sure that the housings would function despite of a failure in critical areas. Detail information on the current and previous designs are explained in the discussion section.



2.1.3



Wheel hub and shaft housing modification



It was found that the hub connections that connected the wheel to the shaft was held in position using a 1/4” stainless steel bolt. It was used a pin and the team feared that it would shear off under excessive stress. Stress analysis was performed using 8



ProMechanica and it was found that the stress on that bolt would exceed its shearing strength under full torque and the team had to re-design or modify this connection to meet motor specifications. It was decided that 3 threaded bolts were to replace the existing pin fit to increase strength and reduce impact on the connection due to the tight fitting of a threaded component. Strong stainless steel 316 was selected for this application to give the drive mechanism a factor of safety of 3.



Shaft housings that allowed rotation of the shaft were also found to have a small amount of taper which causes vibration of the shaft during rotations. These vibrations would eventually damage the motors and their housings and the team had to correct this part. It was decided that shaft housings were to be re-bored to discard the taper in the bored cylinder. Drawings in the discussion section show details of this correction.



2.2 Instrumentation Housing Procedure Preceding the development of the instrumentation housing, a set of parameters was defined. In order to have a successful housing, all of these parameters needed to be accounted for. The parameters were as follows: 1. A waterproof casing around all submerged electronics to withstand surfzone water pressure variances. 2. Easy and convenient access to electronics such that there is no mess (wires), headaches, or problems. 3. A secure fasten be made where there is no movement of the housing due to vibrations or buoyancy issues.
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4. Instrument housing constructed where there will be ample room for future electronics. The steps taken to ensure the success of these parameters are as follows: 1. Several designs were created. 2. The most efficient design was selected and implemented. 3. Materials were chosen and purchased. 4. The instrumentation housing was manufactured. Relevant formula used in the placement of housing relative to SPROVER consisted of a buoyancy calculation of the housing to consider how much weight needed to be added to achieve a level of neutral buoyancy. The level of certainty of the completed housing from the start was relatively high; an approximate 90 % success rate due to the confidence in the selected design and materials used.



2.3 Procedure for Using SPROVER to Obtain a Beach Profile 1. Check that all systems work before heading to the beach 2. Upon arriving at the beach unload all items and assemble the vehicle 3. Attach survey stick to the mast of SPROVER and set up survey scope 4. Hook up tether, two motor cords, television, computer, and power cord to generator 5. Start generator 6. Check to see if data is running, video is running, and motor controls work 7. Obtain inclinometer readings for level ground 8. Start survey
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9. Keep SPROVER in a straight line and Record inclinometer data and scope reading every ten feet. 10. When desired distance is achieved head back to shore and analyze the data.



When the inclinometer is used with a GPS a survey scope may not be needed based on the precision of the inclinometer. Also the vehicle will not have to travel in a straight line since the inclinometer and the GPS will give the heading of the vehicle



3 Results 3.1 Mechanical division It was found that most of the mechanical components machined for the ROV had to be modified to perform or fit on the vehicle due to variations in older design and tolerances. 3.1.1 Drive shaft mechanism After design and manufacturing, it was found that the shaft was slightly longer than the required length and it had to be modified to fit in the vehicle. This lead to a slight delay in schedule since it required re-measuring of critical dimensions. It was later found that this error came as a result of tolerance stack-ups in the entire shaft design. The team was able to rectify the error in a day.



3.1.2 Motor housing design The motor housing that was machined was fitted on the vehicle and was found to fit around the motor just right. The team discovered that the rotary shafts in the seals were being damaged due to a keyway slow in the motor shaft. As a result of the safety
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parameters incorporated in the design, a secondary o-ring and gaskets in the housing were able to keep the housing water-tight. The housings were then tested individually in a pool to make sure that they are safe to use with electrical power.



3.1.3 Shaft and hub design This was a key part of the wheel connection and parts could not be machined according to drawing due to the existence of holes from the previous design team. The use of existing holes was then implemented to achieve goals. This however led to variations in parts of the same type. The team then marked the parts accordingly since they now had to be paired correctly to achieve perfect fitting.



3.1.4 Instrumentation Housing



Table 1 : Specifications of the Instrumentation Housing downward force (housing) upward force (water) total length Body ID OD L Flange ID OD L Acrylic end caps OD L Bolts and Heli-Coil Inserts D Pitch



21.5 lbf 48.37 lbf 24.875 in 6 in 6.625 in 23.625 in 5.9375 in 10.5 in .5625 in 10.5 in .708 in 3/8 in 16



Table 2 : Raw Materials of Instrumentation Housing



12



Body



Flange O-ring End caps Bolts



PVC (pipe) carbon fiber epoxy PVC (sheet) Stainless steel inserts PTFE Cast Acrylic Stainless steel



Table 3 : Dimensions of Instrumentation Housing Casing



h w d c



14 in 2.125 in 6.75 in 10.61 in



Overall, the instrumentation housing and casing were a success.



The housing is



completely waterproof submerged in the surf zone, and the casing, with the aid of a strap, holds the housing steady and secure. The housing is easily accessible; the connectors can be easily removed and inserted—along with the end caps—and the electronics can be removed and worked on with no hassles of tangled wires from twisting or turning.



3.3 Survey results The results of the final beach profile were obtained using a survey scope and relative slope of inclination based on the assumption that between each point there was a
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continuous slope. The theory behind this concept will be discussed in section 4.5. The following graph show the measured values of the survey scope compared to the corrected values. Profile of Beach 1 Mile South of Melbourne Beach Depth relative to waterlevel (ft)
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Figure. Beach Profile Obtained by SPROVER This graph shows that it may not be necessary for the use of corrected data since the profile is rather similar, only for the situation that a detail profile is not needed. 4. Discussion 4.1 Motor Housing Design Alternatives



4.1.2 Motor Housing design A total of 3 designs were drawn and updated to make sure that the final product was structurally sound and meet the teams specifications



4.1.2.1 Design #1 The picture below shows the first design and advantages and disadvantages of this design will be discussed later
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Housing tube



Threaded cap Weld seal Figure 4.1: Motor housing design # 1



This was a 2 piece design that was very simple to visualize and adapt. It involved a end cap that mounted on the gear-box of the motor and a tube that would tread on the end cap to form a perfect seal Advantages: -



Two piece design did not involve requirement of additional bolts and sealants



-



Permanent welding eliminated the need to use sealants of o-rings



Disadvantages:
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-



Permanent welding did not allow later modifications incase of failures



-



Threading pieces larger than 6 in OD was close to impossible in local machine shop



-



Access heat during welding would damage rubber parts in the motor



-



Twisting of cables during assembly might cause cuts and short circuits.



The team then decided to come up with another idea that involved welding of the tube in a different area that was away from rubber components.



4.1.2.2 Design # 2 The picture below shows the second design that was conceptualized and drawn.
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Welding joint near solenoid



End-cap design on other end for cable access.



This was a 4 piece design that also had manufacturability issues due to welding constraints near solenoid area. Two mating parts also had to machined symmetrically to attain a water tight weld. This design n was also eliminated despite its advantages due to manufacturability issues.



4.1.2.3 Design # 3 The picture below shows the third and final design and advantages of this design are discussed later.
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Figure 4.3: Design # 3 This was the final design that was machines and assembled on the vehicle. It was a successful design and is the most efficient out of the 3 versions. It has static O-rings that allow easy assembly and disassembly without twisting the elastomers. It also allows maintenance and repair of the motor while assembled to the vehicle. The design allowed the team to use material from existing parts in the Underwater Technologies lab. This design also incorporates the safety features shown below.
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Gasket to prevent water leaks



Static secondary O-ring



Dynamic Shaft seal



Figure 4.5: Design # 3 and its safety features. The success of this design is evident from the drawing shown above. The design incorporates 3 different methods adopted to make it water tight and each of them are able to sustain the pressure exerted in the surf zone even if the one method was functional.



4.1.2 Shaft design
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The shaft was designed using standard shaft parameters so that it allows fitting of standard couplings and fasteners. The picture below shows the drawing of the shaft design that was implemented after small modifications discussed earlier



Bearing free housing to eliminate lubrication needs



St Coupling connection



Stopper design to prevent axial movement



Wheel hub connection



The shaft design shown above had the following advantages



-



Allows the team to use standard couplings and fasters



-



Allows free rotation without the use of lubed bearings which could damage sea water 20



-



Allows secure wheel-hub connection



-



Prevents axial movement of the shaft which could damage motor and housings



-



Longer length reduced vibrations in the shaft to be transmitted to the motor housing



-



Allows shaft to motor connection without the use of a key-way



-



Shaft diameter ensures a factor of safety of 3 that it would intern make the ROV robust



4.2 Instrumentation Housing Discussion Concerning the problem with keeping all of the electronics dry that need to be with SPROVER, instrumentation housing needed to be constructed. Parameters of the design were discussed in the procedure, but just to highlight them, the housing needs to be strong, accessible, convenient, apt to handle long term use, and able to handle more instrumentation in the future. The first step was to come up with some initial designs. The base of all the designs was a cylindrical tube to place the electronics in. This minimizes the amount of corners and point defects along the surface and allows a more even pressure distribution of the water column along the bodies surface. Essentially, there are no weak points. A PVC plumbing pipe was selected as the skeleton tube to work off of. Two designs were made to seal the ends of the tube. The first design, and the one that eventually was discarded, involved male and female pipe ends. They would be threaded ends and the male end would be hollow; a cast acrylic piece would be adhered the hollow male end for transparency and somehow an o-ring would be incorporated. After looking for the materials, nothing could be found that would be 21



compatible with the design. The next design involved the manufacturing of the two elements to create a watertight seal at the ends of the piping. A flange and acrylic ends were selected and drawings were fabricated (see appendix B). In the design of the flange, the following considerations were made: •



Aesthetics—flange extended over width of PVC piping to provide a clean appearance



•



Flange adherence to PVC piping—step constructed on backside of flange for more surface area for the carbon fiber to attach to



•



Longevity of threaded bolt holes



•



O-ring groove



The initial design for the 6 bolt holes on each flange went through a couple stages. At first the drawings were done with counter-boring small holes in the backside of the flange large enough to sink a nut into. The nut was then going to be fiberglassed into the backside of the flange. After some consultation, that complex design was crossed out and the flange was threaded with clearance through the acrylic ends. However, the threads of the PVC flange would wear done and fail over time. Some stainless steel 3/8”-16 helicoil inserts were added into the flange bolt holes instead of just having the PVC threaded alone. This instrumentation housing was constructed to last long term. During the design of the acrylic ends and the flange, an o-ring had to be placed to prevent water leakage. Initially, a rubber gasket was going to be used, but that was crossed out for the more efficient design. In selecting an o-ring to be used, research had to be done into the specifications and considerations of the o-ring groove that was going
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to be manufactured and the material of the o-ring. Parker Brothers online handbook was read.



According the Parkers Brothers O-Ring Handbook, the dimensions that were



Figure 1 : O-ring # 425 to 475 Required Dimensions required for the static, flat-faced seal being used fit under o-ring # 425 through 475; figure 1 illustrates those parameters. The dimensions in figure 1 were obtained after the inside diameter requirement of flange restriction for the o-ring was met—7.225 inches corresponding to o-ring 2-442. After determining the material to use, the o-ring selected to use was 2-442/N0674-70. Unfortunately, this o-ring was unattainable from Parker Brothers distributors (50 or more had to be bought). So McMaster had the same o-ring, only the material was different. PTFE was selected for the material due to its high abrasion resistance, durability under pressure, and sustainability to saltwater. Cast acrylics ends each had a slight difference in design (see appendix B). One end was a solid ‘window’ to see into the housing. The other end had 3 holes threaded into it so the waterproof connectors could be screwed into the housing. The connectors themselves had an o-ring on them that prevented leaking. The ease and accessibility of the water housing becomes apparent here; all that has to be done to connect the
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electronics to the tether is to open the end with the connectors screwed in, solder on some wires, and close the housing back up. The clarity provided by the acrylic also allows one to see what is going on inside and allows for the application of a camera. The manufacturability of the instrumentation housing involved constructing two flanges and cast acrylic ends, flattening the PVC pipe ends, cementing the flanges to the PVC body, carbon fiber wrapping the body and flange/body interface, and inserting metal inserts into the flange bolt holes. Since the designs of the flanges and ends were done on Inventor, the design file could be exported in .dxf format. This allowed the file to be directly opened in Bobcad—which is the running program for the CNC machine. A 12” x 24” x 1” sheet of PVC and 12” x 24” x .708” sheet of cast acrylic was the raw material used. The CNC cut out the flanges and ends right out of the raw material. The o-ring grooves had to be done on the lathe. Once the flanges and acrylic ends were completed and the PVC pipe ends were faced, the flanges were then cemented to the PVC pipe piece with PVC primer and cement. However, once this was completed, a preliminary pool test of the housing proved it was leaking through the flange/pipe interface. PVC piping is mass produced, the outer circle is not a perfect circle like the inside face of the flange, thus creating areas of weak bonding and leaking. In order to solve this problem and add strength to the body of the housing, the body was wrapped in carbon fiber up to the back side of each flange. The step on the backside of the flange provided a better and stronger bond between the wrap and surface of the housing. Stainless steel inserts into the flange bolt holes were added last to ensure the longevity of the housing. A slide tray was manufactured out of some plastic and the electronics slid right in (after another pool test).
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After the success of the instrumentation housing, a casing had to be designed and constructed to guarantee stability and security of the housing underwater. At first, there was a thought of just strapping the housing to the underside of SPROVER. But this is not a secure design and the inclinometer has to remain in a fixed position relative to SPROVER in order to get accurate data (along with any other instrumentation). So a second design (see appendix B) was implemented that was used. Table 3 illustrates the one axis dimensions and figure 2 shows how the housing and casing come together.



Figure 2 : Housing In Casing In order to get an idea of what the housing would be doing underwater in the casing, a buoyancy calculation was performed: V = { [ π (5.25²) 24.875 ] – [ π (5.25-1.9375)² 23.625 ] }* ( 1 / 12³ ) = .7752 ft³ ∆ = V * γ = .7752 * 62.4 = 48.37 lbf upward The downward force of 21.5 lbf from the weight of the housing together with strap fastening the housing to the casing created a neutrally buoyant affect. This allowed the
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instrumentation housing to stay in place while submerged underwater. Error in the buoyancy calculation existed in the specific weight of seawater in concordance with the varying temperature of the ocean—random error. The manufacturability of the casing for the instrumentation housing started with two 3” x 72” x .125” sheets of aluminum. Sections were cut in accordance to the dimensions in table 3. The semi-circle was done by cutting a 13 in. section (just a little larger than c in table 3) and putting it through a roller. The other pieces were welded together, then welded to the underside of SPROVER. With the complete assembly of the assembly and the instrumentation housing, SPROVER’s cranium was secure and all of the electronics are waterproof and ready for the ocean.



4.3 Control systems: The control systems were given to us by the previous teams. Anyway, we had to work on them because of several problems.



4.3.1 Power supply The first one concerned the power supply which was connected to the motors through the data cable. It appeared that the data cable was not meant to be used for this since the cross section of the wire is too small for an 110V supply. We thus bought 500 feet of a 10 gauge tether, with 2 stranded conductors to increase the strength of the tether.



4.3.2 Connections
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As the previous instrumentation housing leaked and the power supply cable was not properly used, we had to redo all the connections between the new tether and the new instrumentation housing. 3 waterproof male connectors were screwed into the acrylic end caps of the water housing. 2 of them were used by each of the 2 motors and the last one was used by the tether and data cable. Both cables were plugged into a female connector cable. In order to keep the connection between these 3 cables waterproof, we epoxied them at their junction point. Within the epoxy is a ring which enables to attach the epoxy part to the ROV and thus relieve stress from the cables. It also avoids the cable from getting disconnected from the instrumentation housing.



4.3.2 Generator The 2 electric motors need 110V to be run. We obtained this voltage by using a gas powered generator. The 7000 watts generator Florida Tech lent us was actually powerful enough to run the motors normally.



4.3.3 Ground As we operate the vehicle in the water, it is important to be aware of the risk of electric shock. In fact, it can happen that the cable gets cut in the water or simply that the cable gets disconnected from the water housing; this should make the breaker pop up. In case the breaker does not work, the energy needs to be evacuated to the ground. As a result, the generator should be connected to the ground and a grounded plug should be used to avoid electric shocks.
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4.4 Instrumentation 4.4.1 Camera We installed a black and white video camera at the front of the instrumentation housing, right behind the acrylic end cap. The camera is simply supplied by a 9V voltage and is connected to 2 conductors of the data cable. The 2 conductors are then directly connected to a TV set.



4.4.2 Inclinometer The inclinometer circuit is the key component of determine the slope and position of the vehicle at all time. In order to make an accurate beach profile that would be a near perfect model of a given beach the slope and position of every measurement must be known. The inclinometer is composed of a two axis accelerometer and a three axis inclinometer. The inclinometer is the primary instrument for obtaining the heading and the tilt of the vehicle. The each axis of the inclinometer measures a vector relative to the Earths magnetic field. The x and y axis measure the rotation in the plane of the magnetic field, whereas the z axis measures the rotation orthogonal to the plane of the Earth’s magnetic field. In order to determine the heading of the instrument the x and y axis must be looked at. The instrument is design to read from 2.5 volts. This means that as the sensor moves in a given direction it should start at 2.5 volts and change either negatively or positively from this value. So when the instrument moves it should give a the magnitude of the x and y vectors. By taking the tangent of these two vectors an angle can be determined. However the main problem with this is that the tangent function isn’t
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continuous, thus at each of the cardinal direction the tangent function will head go to infinity or zero. This problem can be solved be understanding which axis is approaching zero magnitude when reaching a specified direction. The tilt is determined by using the magnitude of the x and y axis and compare that to the magnitude of the z axis. By taking the tangent of the magnitude of z and dividing by the magnitude of the vector along the x-y axis will result in the angle of inclination of the instrument. Using simple trigonometric functions all of the angles that are needed can be determined. The accelerometer is a great part of the instrumentation package. Since the accelerometer is digital it is extremely precise. The best way to use this instrument would be to calibrate specific angle of inclination and obtain a calibration curve for the values display. Next step would be to program this particular curve into the Pic device. The accelerometer will pick up any small amounts of acceleration to the vehicle, thus a suggestion to obtain the average reading for the entire interval measurement would be sufficient to dampen out the effect of wave action to the vehicle. This instrument may be the most precise way to obtain the ROV’s slope since the accuracy of the accelerometer is very precise.



4.4.3 Computer Connection The inclinometer was not the only circuit we had to do. In order to transfer the data from the microcontroller to the computer, we had to design an RS485 to RS232. The circuit was put inside the control box so that you only need to plug the serial cable to the box and to the computer COM port.
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4.4.4 Amplification When first testing the inclinometer, it appeared that the signal wanted was not enough amplified, the values of the compass did not change significantly enough to be studied correctly. Dr. Thosteson thus recalculated the resistors values and amplified the signal by a factor of 20.



4.4.5 Rewiring - Components Replacement A few errors were done during the design of the board on Eagle 6.1, 2 wires were not connected where they were supposed to. 2 of the capacitors that we put on the board had wrong values; they were thus replaced by the right ones. One of the semiconductors was actually put the wrong way on the schematic; the error had thus been repeated on the board. This error induced a too high voltage distribution to the compass which may have fried during our first tests. Dr. Thosteson thus gave us a new compass and replaced it.



4.5 Theory on Testing The vehicle was designed to obtain efficient and accurate beach profiles. There are many ways of completing this task using this ROV. The first is to simply use the survey stick that is located on the mast to obtain our profile. This method would provide measurements that would be about as precise as a manned crew attempting to battle the wave to obtain this profile. However there is a way to improve the profile, based primarily on the knowing the inclination of the vehicle. In order to determine a rough
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measurement of the slope of the vehicle all that would need to be known is the rise over run. The rise would be the distance the vehicle went down in the water from one point to the next, and the run would simply be the distance between these two points. Then to determine the angle in inclination the tangent of the slope can be taken. This type of analysis is assuming that the slope of the vehicle is exactly that of a straight line from each measured point; however this is not always the case.



As of now the vehicle is ready to do a survey of this type. However to in order to get an exact angle the inclinometer, when calibrated correctly, will provide an exact angle + 1 degree. Using this angle the slope of beach is known exactly at any given point. Using the inclinometer along the survey scope a fairly accurate beach profile can be obtained, however this is assuming that the ROV stays in a perfectly straight path. The key to being able to interpret the data is being able to know the position of the vehicle at all times. If the inclinometer is working correctly the position could be determined quite precisely. Know the distance the ROV travels and the direction it travels is all that is need to pinpoint the ROV. Know the heading of the vehicle between
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each measurement and the distance it travels from shore, one could use trigonometry to determine the position after each reading. Then by putting each piece together a map of the direction and movement could be made. The exact way to go about this would be to know an exact starting place for the vehicle. After this is obtained record the heading and the distance traveled from the point. With this data a new position it know and a new measurement can be taken a given heading and distance away. By constructing a map of this the position at each spot can be obtained. The easiest way to perform these calculations is to run a simple logarithm that would be able to map every thing out. The exact same theory can be applied to obtaining the beach profile, based solely on the slope of the vehicle. However there is one small problem that is encountered when only using an inclinometer and this is called magnetic drift. Since the magnetic poles are not aligned with the geological poles the position obtained from the inclinometer will begin to drift. In order to correct this drift a GPS is used to get a heading correction factor from point to point. Since most GPS systems rely on geographical movement for heading reading, a correction factor can be obtained by using the two heading in conjunction. By perfecting this system the location of the vehicle can be positioned within plus or minus one foot. This precision would be necessary in completing a thorough beach profile, which would be more accurate and obtained much faster than conventional methods.



4.6 Economic considerations Economic stimulation arises when SPROVER’s potential could benefit coastal surveying companies and various studies on the continental shelf. SPROVER makes it a
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lot easier to obtain a beach profile at greater distances from the water’s edge than conventional methods. Surveys of coastlines can be done more efficiently, thus studies could be done prior to renourishment projects to foresee the impact of added structures and sand. Coastal engineering companies can benefit from such a vessel by putting other instruments in and collecting a vast array of data along the coast.



4.7 Environmental Considerations Environmental issues only become prevalent when driving over delicate bottom, such as reef, or if the cable comes undone and fish get fried. The reef could get damaged and SPROVER could get stuck. As far as leakage of any kind, there is no fluid to be leaked out any of the housings. The motor housings are not pressure compensated and there is no fluid in the instrumentation housing.



4.8 Sustainability Considerations Sustainability of SPROVER is high. SPROVER is a robust vehicle with a rigid structure and is easily assembled. It can sustain harsh longshore currents and various underwater environments close to the shoreline. The only factors that hinder its sustainability are the tower and the tether, which will be addressed in the recommendations.



4.9 Manufacturability Considerations SPROVER can be manufactured again if it needed to be. But a definite procedure would need to be laid down. More efficient bottom crawlers could be manufactured that
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have a lower center of gravity, lower center of buoyancy, more traction along the ocean floor, powered more efficiently, and are of a less robust nature. SPROVER’s use comes at an experimental level and its manufacturability is limited to numerous materials and the presence of a machine shop.



4.10 Social Considerations: Society as we know it is dependent on being able to get through the daily grind, and when that is finished all everybody wants to do is relax. Since 80 percent of the world’s population lives within 50 miles of a coastline, we should expect that a relaxing vacation spot would be at the beach. There are some people would spend all their free time at a local beach. The reason that this design is so important is that there are so many beaches that are in jeopardy of disappearing. Using this vehicle an entire coastline could be surveyed twice as fast as conventional methods, thus allow for more extensive surveys of coastlines. SPROVER can be used to understand how coastal erosion is effect the beaches that people love to enjoy, in order to assure that these beaches are going to be around for a long time to come, conservation must be a top priority. This vehicle provides researchers a steady platform for studying the surf zone, which allows for a better understanding of the process that govern surf zone. In all respect, in order for our society to continue to have and enjoy local beaches, conservation effort must be made, and SPROVER could be a key item in the battle for gaining back the beach.



4.11 Political Considerations:
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All over the United States there is a big movement to the restoration of local beaches. In order to understand how much sand is needed to replenish a beach a profile of the surf zone must be taken. From this profile engineers are able to know exactly how much sand is currently on the beach, and how much sand is going to be needed to replenish the beach. Hand survey crews are able to obtain fairly accurate surveys of the beach. However a major draw back that is encountered is the speed of a hand crew to perform such beach profiles. Starting at the beach a two man crew can complete the survey out to about a depth of 5 ft, then a boat must be brought out to complete the rest survey. This becomes a very expensive task for the government. SPROVER is a cheap efficient vehicle that could be operated by a three man crew and could obtain a beach profile to 500’ from the shore, as of now. The ROV is a high speed low cost way of obtaining beach profiles, and is not affected by wave or currents. This would provide for an accurate and efficient beach profile. The design that was completed would be a great way to reduce the cost of hand surveying the coastline of Florida’s beaches.



5. Conclusions The two part objective stated in the introduction was met. SPROVER went into the ocean twice for two different tests. Both the instrumentation and motor housings proved to be successful as well as the controls and the various other aspects of operation. As far as the purpose of SPROVER is concerned, a beach profile was constructed. There was thorough understanding of constructing a profile with the inclinometer as well as the operation and procedure of the circuitry. All obtainable data was used in the construction
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of a beach profile. The inclinometer is ready to be calibrated and used in conjunction with a GPS.



5.1 Motor Housings and Drive mechanics The final design of the motor housing proved to be very efficient and easy to use once fabricated. The housings also were entirely made from scrap metal recovered from the Underwater Technologies lab which helped the team’s budget. The safety features in the housing worked well without the need to pressure compensators and have the capability to be oil filled and pressure compensated if the vehicle was to be driven into deeper waters. The current design also has room for bigger motors if more torque was desired. The housings are also able to tackle wave forces during entry and exit in to ocean and also impact during assembly or operation.



The drive mechanism was also very efficient and did not need any form of underwater repair or adjustment. The design can easily be duplicated without much knowledge in that area. Both the motor housing and the drive mechanism are very simple to understand, assemble and disassemble and it will be the key element during full operation.



5.2 Instrumentation Housing The final design fabricated to the instrumentation housing used in SPROVER is of the most efficient and aesthetically pleasing nature. It can withstand surf zone pressure and is completely waterproof. The casing provides a rigid structure for the housing to
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attached itself to. The carbon fiber shell provides strength and durability that the PVC shell could not provide. There is access room for other electronics as well as an easily accessible interface. Overall, the housing was a success and is capable of future use.



5.3 Electronics The instrumentation that was designed for the vehicle is a very powerful piece of equipment. The ability of positioning an object within a foot on the Earth is amazing considering most general GPS systems are good within about six feet. The inclinometer currently needs some work to be operating correctly, but for the most part it is ready to be calibrated and used. The control systems for the vehicle work great set up as they are, however the addition of a joystick would improve steering capabilities. The entire system in full working order and has successfully showed that all the hard work that has been done is worth while.



6. Recommendations The generation of the beach profile deviated from the original objective in that the differential GPS posed some unforeseen problems. It was not able to be used. Data from the inclinometer was not able to be used both due to lack of calibration and understanding of readings. Ideally, a GPS should be located in the instrumentation housing with the differential GPS sitting up on the beach. An antenna hole with a waterproof connector needs to be drill next to the other connectors in the acrylic end. The antenna can run up along only one link of the tower—because their will be no tower in the future—where a device is attached at the end. A stiff cable is run up to the surface, which provides the same vertical alignment (never to deviate from the same plane) where a buoy sits at the
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surface. The antenna is attached to the GPS inside the housing and gets its position. The data collected by the GPS in the housing is put on the same temporal pulse as the inclinometer by a circuit and together the data is sent back through the tether. At the computer at the beach, Matlab (or some other program) takes the data in and plots a beach profile instantaneously while SPROVER is operating. The tower has to be removed. It provides to large of a moment when SPROVER submerges deeper and deeper into the ocean. The center of buoyancy rises closer and closer to the surface as more and more of the tower gets submerged. This makes SPROVER susceptible to leaning and eventually tipping over. Longshore currents and wave action will almost always topple it when the tower is completely submerged. The center of gravity is too high to begin with to counteract the toppling action of the ocean— a lot more weight with larger motors or no tower. SPROVER toppled twice on the first ocean test once it got out too far. The second ocean test, the tower was removed (except for one unit) and it did not topple. Another major recommendation comes from the last experience of SPROVER in the ocean. There was not enough buoyancy added to the tether in the form buoys to counteract the longshore current. As SPROVER got farther and farther out, the drag on the tether increased which increased the stress on the tie down holding the tether on SPROVER. Eventually the stress became too much and the tether ripped right out the housing. There needs to be large amounts of buoyancy (large crap buoys and such) added to the tether with someone on the beach allowing the tether to go into the ocean with minimal friction along the beach. Once 200 or 300 feet of that tether uncoil and is dragging on the beach and in the ocean, it is definitely a force to be reckoned with.
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Maybe SPROVER could just be made wireless with batteries on board. That would be crazy. The last recommendation would be to redesign the whole ROV. Make it one unit with tank wheels and traction, an extremely low center of gravity, lots of weight, and the body of the ROV is where the electronics are stored—kind of like an overweight ladybug with tank tread.
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