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Abstract

This is the third project for ASU Polyte
name of this yeards ROV. Kunto transl ate
third ROV, the name was fitting. Keeping
was important to give the robot a female name because according the British any-

thing of high value is referred to as a
name. 0
This technical task is an opportunity to

engineering studies in a practical and purposeful application. The overarching goal

of the team this year was to get the club started by establishing a robot to compete
with. W th that said, this yearo6s goal f
ROV to compete with.

Improving our ideas from last year, the team has taken on a whole new direction for
Kunto. She has been the center of attention for the last eight months. With upgrades
to her frame, the ballast system, and overall design plan, she will be the highlight of

t he SunDevil ROV teambés projects. Usi ng
facturing processes, Kunto will be the culmination of our engineering and design
practices at ASU.




Design Rationale

For the 2009 NURC competition, we wanted to use some of last years ideas from

our Future I mprovements section. AThe ne
board computer that would be directly in the ROV. The computer will communicate

with the surface though industry standard network communications using a simple

wired or possibly wireless connections. This will give use the ability to control the

system through a simple web interface. This web interface then would allow for the
possibility for controlling the ROV from anywhere in the world and also allows any-

one with an internet connection to see wl

We are using Phidget controllers and a VIAN&nd X boar d to contrc
ROV. The two combined allow us to control the ROV through a computer via multi-
ple USB ports and the tether. Through this way, we N

communicate with the ROV using network protoc _ S
The surface will be able to give commands to the F Sl

by running a single CAT6 network cable. This sir =
cable will not only allow us to control the ROV, but
will also be able to see the cameras through the saic
system. This will allow us to broadcast and control the ROV from anywhere there is
an internet connection.
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Kunto lacks a ballast system. Due to the fact that we are using 12.7 mm acrylic we

are slightly negative, but with the air inside the case, we are almost neutral. This al-
lows for virtually no ballast system to be required. In past NURC competitions, we
have had trouble with ballast and hope t
ROV.




Challenges Overcome

The challenges overcome during the building of the ROV were essential items for
our robot to function the way it was intended. The first challenge that the team faced
was how to seal the shafts that will be driving the propellers of ROV. The overall
construction of the ROV allows for only shafts to extrude from the frame. With the
exception of our communication link, the team had to stop water from entering the
water tight box through the shafts. The solution that the team decided after some re-
search was to use precision shafts and precision bearings. With the combination of
both, we could achieve a smaller surface area at the opening. The majority of the
seals that were on the market are for larger shafts as opposed to our 9.53 mm and
6.35 mm shafts. Also the majority of rotary seals that where found required the use
of multiple orings which we could have used but with the size restrictions that we
placed this method was not feasible.

The second challenge the team faced was how to get our ROV frame/shell to be wa-
tertight and still have a removable lid to be able to do maintenance on the ROV. For
the previous ROV, this wasndét a Hingge i
was still within a standard size and n
ROV. With us incorporating all the components into the water tight compartment, it
requires a larger space. This was the problem; tryi
find an oring large enough to span the entire
needed without having to custom order one. The
tion that the team agreed was on a gasket seal. It
be easy enough to make not have the need to
the frame/shell with an-dng groove. The alternati
solution was to create the groove and use ati
gasket every time we needed to open the box/sell. The problem with thenene
gasket is the set time, the material has a long set time before its fully cured and
ready for use and we needed something less time consuming to use.
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Frame/Shell

This yeard6s ROV is constructed from one ¢
ing our vital systems in sealed areas. We have undergone a reconstruction of ideas

for the construction of this box/shell design. The goal of this design is to not worry

about having multiple cords extruding from compartments that may lead to potential
leaking. By centralizing all the components to one location, it makes it possible to
replace parts without having to change the overall structure of the ROV. The ROV
structure does have a space allocated for a grabber/claw. The space is located in the
bottom of the robot allowing for the claw to be level with the bottom of the ROV

and have the ability to pick up objects from the floor.

We initially had trouble selecting a mat
structure; we looked at different materials from metals to plastics. We decided on
plastics for the ease of manufacturing compared to metals, more specifically we
chose acrylic. Acrylic was the material the fit within our budget and was the easiest

to manufacture. When we researched the material for the application, acrylic is
widely used to construct aquariums in various ways and we planned to use it in a
similar way.

The overall structure of the ROV is composed of 17 parts that make the box/shell of
the ROV. The structure is divided into two major parts; the box and the shell, each

serving a distinct purpose. The box is then made from the inner structure; its purpose
is to act as our watertight enclosure for our electronic and mechanical systems. The
box will have shafts extruding from it that will dri
our propellers and our tether line, all of which
be properly sealed to restrict water from enterin
compartment. The second part of our ROV stru
is referred to as the shell and is in place for two
sons. One being to help support the prop
cowling structure and the second reason for the
is it provides a location for future ballast system that
will be integrated at a later date.




Temperature Probe

The goal of this section is to develop a method to measure the temperature of the
water in relationship near the serum. After some brainstorming by the team, it was
noted that there was a relatively simple solution to this problem. A thermistor is a

device that changes resistance due to changes in temperature.

By placing a thermistor in a voltage divider circuit, the voltage change across the
thermistor is directly related to the resistance. The voltage divider circuit developed
by the team is shown in Figure 1.

Lo

4.7k

Pin 13 of Basic-X

V1
5Vde—=— Rg\ R2 AquaSense variable thermistor

10k at 25 C

Ground of Basic-X

Figure 1: Schematic for the Temperature Probe

The voltage divider circuit inputs the voltage drop across the thermistor to aXBasic
microcontroller. The BasiX microcontroller can perform the necessary calculations

to convert this voltage to a temperature. To calculate the resistance from the voltage
read by the BasiX controller, can be accomplished using the following formula.

< 84700*volt

gee 1- volt

The thermistor is produced by Spectrum Sensors and the team was supplied wigh the
data shown in the Appendix A. From this data the following information in

(Continued on pagé)




Temperature Probe Cont.

(Continued from pagb)

Resistance vs Temperature
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Figure 2: Graph displaying the changes between Resistance and Temperature

Figure 2 was developed. This allowed the team to develop a formula to determine
the temperature of the water using the voltage drop across the thermistor.

The formula obtained from applying an exponential regression using Excel can be
manipulated as follows to determine the temperature of the water in Celsius. Ma-
nipulating the formula the temperature in Fahrenheit can be found from resistance
determined from the voltage divider circuit.

o

& res
TempF= —Q—é 1038
-0.0268
This can then easily be converted to temperature in Celsius by the following for-
mula. .
TempC:% 3( TempF-32.0)
g -

All of these calculations can be performed by the BXsmicrocontroller and the
code is shown in Appendix B. The Ba2{cmicrocontroller then outputs the tem-
perature to a remote laptop computer using the Béasicftware.




Hydrophone

We have had little previous experience in dealing with hydrophones. An effective
hydrophone device would be able to detect and clearly transmit sound emitted un-
derwater. In addition, it would have to be used to locate the source of that sound.

A brief search on the internet revealed that hydrophones were very expensive, thus
reducing them to an undesirable option. Further research unveiled two more options.

1. Buy an existing microphone, waterproof it and connect it to an amplifier

2. Custom build a hydrophone using readily available materials and by following
instructions found on the internet.

Option #2 was chosen because of its flexibility and apparent- cost
effectiveness over option one, despite the increased amount of work involved.

The internet provided multiple plans for homebuilding hydrophones. It took a bit of
searching to find what we needed. One plan had a feasible design for the housing of
the hydrophone, but used an amplifier of a voltage other than what the ROV was
using. Another plan used an amplifier of the correct voltage, but used a housing
technique that utilized vegetable oil to counteract water pressure. While this was an
innovative idea, the use of oil would have complicated things for the project, as we
would have had to prove that we did not leak oil. The better features of these two
plans were combined to build the hydrophone.

A piezo transducer was sandwiched between two circular pieces of Lexan with an o
ring in the middle for waterproofing. A coaxial cable is then connected the piezo to a
homemade circuit that amplified the signal received from the piezo to levels high
enough to be hea : = 2
over an earpiece.

(Continued on pag8)




Hydrophone Cont.

(Continued from pageé)

Initially, the device did not function properly. Although some sound was transmit-
ted, the response was very faint. It was concluded that something had been done
wrong on the circuit. Unfortunately, the first prototype was fried when power was
connected the wrong way, so a new amplifier was built the same way. This time, the
amplifier was made to fit in a nice housing with mounted switches, knobs, and
power connections to eliminate the need for alligator clips and the likelihood of re-
versing polarity again. Review of the circuitry used to create the device revealed that
everything has been assembled correctly to the extent of our knowledge, so a peer
was consulted. A professor at ASU, Dr. Morrell, helped us out and within a few
minutes, pointed out that a pull up resistor had been attached to ground instead of
the source voltage. The way the circuitry had been presented made it difficult to re-
alize that this was a pull up resistor. Upon this discovery, a quick soldering job was
applied to the device. The end result was a highly sensitive, reliable waterproof
hydrophone. Two pictures of this device are shown to the right.

The amplifier has a terminal block in the front so that any pickup can be attached. In
this configuration, the amplifier can be operated on the pool deck with the rest of the
controls while the pickup is monitored over an extended cable which goes through
the tether to the ROV. The amplifier is powered by a 12V battery back. The figures
below show the power distribution of the hydrophone. No power is supplied to the
ROV.

Figure 3: Closed amplifier housing Figure 4: Open amplifier housing




Claw

Simply put, claws which can be purchased are either expensive or they need to be
waterproofed. The team was on a low budget, so buying a waterproofed claw was
unlikely. The process of waterproofing a less expensive claw was feasible but time
consuming, as the motor or servo driving the claw had to be completely sealed.
There was some curiosity as to whether there was an easier way to handle the water-
proofing. While brainstorming, the team came across a picture of a-dorem

claw design on the internet. This image is shown below:

Figure 5:http://aquaticus.info/manipulator

The operation of this claw was simple. By turning the screw shaft in the middle, the
reddish drive block moved forward or backward, pulling the claws open or closed
with metal linkages which connected the claw to the block. The claws turned on
fixed pivots next to the motor. An expansion on this idea moved the claw assembly
away from the motor. This concept is illustrated below:

Water Proof Box

.
®
O
WWScrewil) Motor
oy,
-

Figure 6: Modified Claw Concept

There are two main differences between the original design and the concept qgaw-
ing. One is that the driving motor has been distanced from the claw assemblygiand

(Continued on pag#0)
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Claw Cont.

(Continued from pag®)

enclosed in a waterproof box. The wavy lines indicate abbreviated shaft length. The
other difference is that the jaws of the claw have been placed on the other side of the
pivot joints (shown in grey), and are now opposite of the drive block (shown in red).
This was done so that the jaws of the claw could extend beyond the assembly.

In this configuration, the only seal needed for the motor would be a dynamic seal for
the shaft penetrating the waterproof box. By placing the screw on a keyed shaft, and
anchoring it to the pivot points with another (grey) block, the assembly could be
made mobile, and could slide up and down a shaft and still operate. This idea was
developed into the final design, a rendering of which is shown below:

Figure 7: SolidWorks Rendering of Final Design

By adding an additional shaft which is threaded, the claw could be made to extend
for use and then retract for storage. In this rendering, the lower shaft represents the
keyed shaft used to turn the screw and drive the claw. The upper shaft represents the
threaded rod used to drive the entire assembly forward and backward.

The lengths of the sway arms and the back leg of the claw were calculated sq_ that
the claw would be open when the drive block was moved forward (toward the jgvs)
and closed when the block was moved backward. This was accomplished by efsur-
ing that two simple equations were satisfied (see drawing on page 11).

(Continued on pag#l)
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Claw Cont.

(Continued from pag#0)

C Al X A
Figure 8: Model for calculating appropriate lengths

This drawing shows the back leg of the one of the jaws of the claw as lenTie
length of the corresponding sway arnBisAccording to this picture, the drive block
would be located at poirA. In this configuration the claw would be closed. The
point A Gepresents the position of the drive block when the claw would be open.
The lengthX represents the range of travel of the drive block, and le@g#pre-
sents the closest that the end of the sway awncan get to poinP, the pivot point

of the jaw. This minimum distance constraint is caused by the thickness of the
mount of the pivot and the thickness of the drive block.

For a given length aX, the lengths oB andL could be found by solving the follow-
ing two equations:

Where:
Equation 1 Equation 2 L,X,C, andB are as previously
L2 =(X +C)* + B? B=L-C+7 definedZis partof the length
of B.

The first equation embodies the first requirement, that the claw be closed when the
drive block is atA. The second equation embodies the second requirement, that the
claw be open when the drive block isfabThe lengthZz was a small arbitrary value
chosen to ensure thBtwas two long for the back leg to become parallel with t

line betweenA and A 6This was to prevent the claw from locking up. Appropriat]
lengths were chosen by incrementiXgntil one of the size constraints of the cla

was breached.
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Electronics

The electronics inside of this yeards RO
creating an alln-one computer that will give us control and flexibility never before

seen. The heart of the control system is a small form factor computer. This board is

made by VAI and has the new C7 processor

and chip set. This CPU runs at a solid 1.0

GHz with 1.0 GB of memory. Having a full

fledged computer gives us a nearly infinite

ability to expand our controls and monitoring

of the ROV through expansion modules.

One of the most daunting things that teams must contend with is the transition of
video back to the surface. Because of the main board that we are using we are able
to use simple CCD cameras connected to a video processing module allowing us to
digitize the video signal. The video module is connected to

the mintpci port on the main board. The video module al-

lows us to connect, process and transmit four video signals at

once because of the powerful GPUs built directly onto the

module. The main board will then send the video digitally to

any computer we have on the surface over our network inter-

face.

The network interface is also on of the new and most freeing additions to the ROV.
For years the only way to let the a ROV communicate with the surface was through
a large bundle of cumbersome wires. Once again the new main board will process
any and all signals that will go to the surface into a digital form that will be transmit-
ted over a single Ethernet cable. This will also allow us to control the ROV and see
what the ROV sees anywhere over the internet.

One of the largest benefits to the new control and communication system is itflex-

pandability and modularity. We are able to use many different controls and intergace
(Continued on pag#3)
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