RANGER Product demonstration prop building instructions

Regional competitions may build product demonstration props out of materials other than PVC pipe.
Your regional coordinator will inform you of any changes to materials for your regional competition.
NOTE: Look for a regional information document posted on your regional website. This document will
list any changes to the product demonstration props.

Companies should be aware that tolerances in lengths of cut pipe and length of pipe inserted into joints
can change the overall dimensions of product demonstration tasks. Except where noted, companies
should expect tolerances in all product demonstration props and should build their ROVs and tools
accordingly. In no case should the dimensions given in this document for a product demonstration prop
be used to calibrate a measuring device.

Online links and Home Depot part numbers are given for certain construction items. However, some
Home Depot stores may not carry the listed items or Home Depot may not be available in your area.
MATE recommends checking other local hardware stores or online sources, such as those listed below,
for the required component.

https://www.pvcfittingsonline.com/
https://pvcpipesupplies.com/pvc-fittings/schedule-40-pvc-fittings/

SolidWorks files will be available soon for all product demonstration props. SolidWorks Student Edition
is free for MATE competitors. The eDrawings Viewer is a free download that allows the Solidworks files
to be viewed dynamically.

See last page for update notes.

Task 1: Dam Inspection and Repair

Foundation of the dam:

The foundation of the dam is simulated by a corrugated plastic sheet. Check sign stores for corrugated
plastic sheeting. The sheet will be suspended vertically in the water column on a framework of %-inch
PVC pipe. The corrugated plastic sheet will be set at a distance of 1.25 meters +/- 0.25 meters from the
pool wall.

During the competition, the %-inch PVC pipe will extend approximately 1.25 meters from the surface,
side of the pool then turn at a right angle and descend into the pool at least 0.5 meters. This pipe is
attached to the %-inch PVC framework. Weights on the surface, side of the pool will secure the PVCin
place. Flotation at the 90° bend into the pool will stabilize the sheet. The lengths of the pipe will vary
depending on the distance from the side of the pool and depth of the corrugated plastic.
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https://www.marinetech.org/regional-contest/
https://www.pvcfittingsonline.com/
https://pvcpipesupplies.com/pvc-fittings/schedule-40-pvc-fittings/
https://www.marinetech.org/internet-resources--software/
https://www.solidworks.com/sw/support/edrawings/e2_register.htm

The PVC framework is attached to the one side of the corrugated plastic sheeting. The lengths of %-inch
PVC pipe of the framework will vary depending on the size of the corrugated plastic. The framework
should be 1 cm to 2 cm inside the corrugated plastic sheet and attached to the sheet with screws.
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Sixteen rectangles arranged in a 4 x 4 grid are located on the side of the plastic sheet facing the pool
wall. The rectangles will be 25 cm to 35 cm in each dimension and drawn with black markers. A red line
transects all sixteen rectangles. One end of the red line has a red circle approximately 4 cm in diameter.
The other end of the line has a red square approximately 4 cm in size. The red line, circle, and square
are created with red electrical tape.
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https://www.homedepot.com/p/3M-Scotch-75-in-x-66-ft-35-Electrical-Tape-Red-10810-DL-2W/100210612

Three to eight blue lines on the grid represent cracks. The blue lines are created with blue electrical
tape. One blue line will be 12 cm to 35 cm in length, while the remaining lines will be less than 12 cm in
length. This example (photo above) shows 5 cracks, with crack #5 being the longest crack (12 cm to 35
cm in length). Cracks 1 and 5 transect the red line. Crack 2 and 4 are above the red line. Crack 3 is left
of the red line.

Grout:
Grout is simulated by %-inch to 1-inch Black Mexican Beach Pebbles. Note that rocks listed as %-inch to

1-inch may be significantly larger than 1-inch in size.

Void:

The void is constructed from a red plastic cup (check grocery and other stores) attached to a small
corrugated plastic sheet attached to a %-inch PVC framework. A black line is drawn with a marker on
the inside of the cup, 4 cm to 5 cm from the bottom.

2019 RANGER prop building instructions 4


https://www.homedepot.com/p/3M-Scotch-3-4-in-x-66-ft-35-Electrical-Tape-Blue-10836-DL-10/100140100
https://www.homedepot.com/p/3M-Scotch-3-4-in-x-66-ft-35-Electrical-Tape-Blue-10836-DL-10/100140100
https://www.homedepot.com/p/Butler-Arts-0-50-cu-ft-1-2-in-1-in-Unpolished-Black-Mexican-Beach-Pebble-BP-BK12-40/205149863

Design note: The void is identical to the agar container from the 2017 MATE ROV Competition.

Trash rack:

The trash rack is constructed from %-inch PVC pipe. One 2-inch tee cut lengthwise acts as a cradle for
the bottom edge of the trash rack screen. A 2-inch to %-inch reducer bushing connects the 2-inch tee to
the %-inch framework.
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Design note: A cradle section of the 2018 I-AMP is used for the 2019 cradle on the trash rack.

Trash rack screens:

Both the damaged trash rack screen and the new trash rack screen are the same with the exception of
the center length of PVC pipe. The screens are constructed from %-inch PVC pipe with a #310 U-bolt on
top. The center vertical section of PVC pipe is shorter on the damaged trash rack screen. Flotation may
be added inside the top pipes to achieve the desired weight in water.
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https://www.homedepot.com/p/Everbilt-1-4-in-x-2-1-16-in-x-3-7-16-in-Zinc-Plated-Coarse-310-U-Bolt-806826/204273753?keyword=%23310+U-bolt
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Left: New trash rack screen.
Right: Damaged trash rack screen.

Left: Damaged trash rack screen on trash rack.
Right: New trash rack screen on trash rack.
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Drain pipe:

The drain pipe is constructed out of a 10 foot length of 6-inch Corex drain pipe. The Corex drain pipe
will be perforated. Note: the Corex pipe link provided in the manual links to solid 6-inch Corex pipe, but
perforated Corex pipe will be used. Corrugated plastic sheeting covers one end of the 6-inch pipe. Itis
secured in place with cable ties. 19 cm x 9 cm x 5.5 cm red bricks and/or %-inch PVC pipe is used to keep
the drain pipe from moving on the pool bottom.
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The muddy water flow is simulated by 7 cm long strands of brown foam sheeting placed inside the pipe.
The muddy flow will be less than 30 cm from the end of the pipe and secured inside the pipe with a
screw.
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Photo on right note: In water, the ends of the foam sheeting will float up in the water column.
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https://www.homedepot.com/p/Advanced-Drainage-Systems-6-in-x-10-ft-Corex-Drain-Pipe-Perforated-06010010/203298661
https://www.homedepot.com/p/4-in-x-2-in-x-8-in-Red-Concrete-Brick-100003009/100321940
https://www.michaels.com/foamies-brown-foam-sheet-12-x-18-inches/D056155S.html

Task 2: Maintaining Healthy Waterways

Temperature sensor:
Companies are required to provide their own sensor to measure temperature. The MATE ROV
Competition will not provide one.

Water sample:

The water sample is constructed from a 10 cm length of 1 %-inch PVC pipe with end caps on both ends.
Do not use glue or screws to secure the end caps. A 40 cm length of rope (colors may vary) is used as a
grab point to collect the water sample. An overhand knot on each end of the 40 cm length of rope and
plastic tape will secure the grab point to the PVC pipe.

Note: The competition manual states the water sample is constructed from 1-inch PVC pipe with a
screw on end cap. The design has been updated to 1 %-inch pipe.
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https://www.homedepot.com/p/Everbilt-1-8-in-x-50-ft-Black-Paracord-Polypropylene-Rope-72402/205804755

Two 10 ml plastic test tubes are located inside the 1 ¥:-inch PVC. One tube will be labeled pH, the other
will be labeled phosphate. Companies will remove an end cap to obtain the plastic tubes inside the PVC
pipe. The water inside each test tube will be mixed with other substances to achieve a certain pH or
certain phosphate levels.
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https://www.amazon.com/10ml-Graduated-Plastic-Tubes-16×105mm/dp/B07GJHFQJV/ref=sr_1_19?s=industrial&ie=UTF8&qid=1544478567&sr=1-19&keywords=10+ml+test+tubes

pH Test:
Jellas Universal pH Test Kit With Paper Strips Roll

Companies will need to open the sample tube labeled pH and use the Jellas pH test kit to measure the
sample inside. If your regional competition is using a different brand of testing kit, your regional
coordinator will let you know and provide information on the kit.

The process for using the Jellas Universal pH Test Kit is as follows. Unroll approximately 4 cm from the
pH paper strip and cut/tear it off. Alternatively, your regional coordinator may have 4 cm strips pre-cut
for you. Take the strip and dip one half of it into the sample liquid. The strip will change colors in just a
few seconds. Compare the color on the strip to the color code on the side of the test kit and inform the
station judge of the pH.

Consider practicing pH measurements with some of the following substances mixed into the water
sample:

e Baking soda or baking powder

e Lemon juice

e \Vinegar

e Cream of Tartar

Phosphate Test:
Lamotte Insta-Test Phosphate Test Kit

Companies will need to open the sample tube labeled phosphate and use the Lamotte Insta-Test
phosphate test kit to measure the sample inside. If your regional competition is using a different brand
of testing kit, your regional coordinator will let you know and provide information on the kit.

The process for using the LaMotte phosphate test kit is as follows. Take one phosphate test strip from
the bottle and gently bend the strip in half with the pads facing inwards. Place the strip inside the test
tube cap. Cap the test tube with the strip inside, and slowly invert (turn upside-down) five times (allow
the bubble to from the top to bottom and bottom to top). Remove the cap and test strip. Place the
bottom of the test tube on the white boxed area of the color chart. Look down through the OPEN test
tube and compare the sample to the color chart.
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https://smile.amazon.com/Strips-Jellas-Universal-Paper-Measure/dp/B07FQMHYBS/ref=smi_www_rco2_go_smi_1405964225?_encoding=UTF8&ie=UTF8&keywords=jellas%20universal%20ph%20test%20strips&pldnSite=1&qid=1539277024&sr=8-4
https://www.amazon.com/Lamotte-3021-G-6-Insta-Test-Phosphate-Strips/dp/B00S72OPQ8/ref=sr_1_1?ie=UTF8&qid=1539903054&sr=8-1&keywords=insta+test+phosphate&dpID=41fO6k1qv8L&preST=_SY300_QL70_&dpSrc=srch

Left: The test strip inside the test tube cap with pads facing inwards.
Right: Looking down through the OPEN test tube to compare color to the sample color chart.

Simulated rock:

The simulated rock is constructed from %-inch PVC pipe and a 32 cm x 20 cm square of corrugated
plastic sheeting. The corrugated plastic sheet is attached to the PVC framework with screws.
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28 cm x 18 cm

Benthic species:

The benthic species are located on a 22 cm x 19 cm square of corrugated plastic sheeting attached to a
PVC framework. The corrugated plastic sheeting is attached to the PVC framework with screws. Rebar
inside the %-inch pipe adds weight and helps to hold the benthic species to the pool bottom. The
benthic species are printed on white paper, laminated, and attached to the corrugated plastic sheeting
with clear packing tape. More information on what shapes represent what benthic organisms can be
found in the RANGER Benthic Species Handbook. A benthic species template can be used by companies

to create their own collection of benthic species to print and attach to the corrugated plastic for image
recognition tests.

22cmx19cm
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https://www.marinetech.org/ranger_2019/
https://www.marinetech.org/ranger_2019/

The simulated rock will be positioned on top of the benthic species.

Trout fry:
The trout fry are simulated with rubber fishing lures whose hooks have been removed. Use needle nose

pliers to open the split ring holding the treble hook. Remove and discard the hook. Use heavy duty wire
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https://www.amazon.com/Goture-Fishing-Freshwater-Salmon-Include-Crankbaits/dp/B014CQBTBQ/ref=sr_1_1_sspa?ie=UTF8&qid=1539722489&sr=8-1-spons&keywords=Goture+soft+bait&psc=1

cutters to cut the hook on the top of the fish as close to the rubber body as possible. Be safe and wear
safety glasses and gloves when removing the hooks.
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Degraded tires:

The degraded tires are simulated with 3-inch Corex drain pipe. The Corex pipe is 180 cm long and
connected with a 3-inch external cap coupler. Weight inside the drain pipe will achieve the desired
negative buoyancy.
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https://www.homedepot.com/p/Advanced-Drainage-Systems-3-in-x-10-ft-Perforated-Corex-Drain-Pipe-03010010/100576671
https://www.homedepot.com/p/Advanced-Drainage-Systems-3-in-Polyethylene-Slip-External-Snap-Coupler-0312AA/100568058?MERCH=REC-_-SearchPLPHorizontal1_rr-_-NA-_-100568058-_-N

Reef/fish balls:
The reef/fish balls are simulated with %-inch PVC pipe. A #310 U-bolt will act as a grab point on the
fish/reef ball.

Design note: The reef/fish ball is similar to the Cubesats from the 2017 MATE ROV Competition. An
extra 15 cm length of pipe and a U-bolt is added.

Trout fry and reef/fish ball designated area:

Both the trout fry designated area and the reef/fish ball designated area are constructed from %-inch
PVC pipe. Each square designated area is 40 cm x 40 cm. The designated area for trout fry is painted
green. The designated area for the reef/fish ball is painted orange.
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Task 3: Preserving History

Cannon:
The cannon is constructed from various sizes of PVC and/or ABS pipe and connectors/caps. A #310 U-
bolt approximately halfway down the length of the pipe acts as a grab point.
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https://www.homedepot.com/p/Everbilt-1-4-in-x-2-1-16-in-x-3-7-16-in-Zinc-Plated-Coarse-310-U-Bolt-806826/204273753?keyword=%23310+U-bolt
https://www.homedepot.com/p/Everbilt-1-4-in-x-2-1-16-in-x-3-7-16-in-Zinc-Plated-Coarse-310-U-Bolt-806826/204273753?keyword=%23310+U-bolt
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In the above photos, the cannon is constructed from a 4-inch end cap, a 4-inch to 3-inch reducer
bushing, 3-inch ABS pipe, a 3-inch to 2-inch ABS adapter, 2-inch pipe, and a 2-inch to 1 %-inch reducer
bushing. Cannons will differ in the sizes of pipe and connectors used.

Cable ties are used to attach weights inside the cannon.

2-inch black letters on the side of the cannon designate the foundry where the cannon was made.
Companies will consult the EXPLORER cannon handbook to determine the composition of the cannon.

Cannon shells:
The base of the cannon shell isa 19 cm x 9 cm x 5.5 cm red brick. A cannon shell is simulated by a %-
inch diameter, 12.5 cm (5-inch) length of galvanized steel pipe. The non-metal debris is simulated by a

%-inch diameter, 12.5 cm (5-inch) length of PVC pipe. %-inch PVC elbows are attached to each end of
both the metal and PVC pipes. The pipes are completely covered in black plastic tape. Cable ties are
used to secure the pipe to the brick.
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https://www.homedepot.com/p/Everbilt-2-in-Black-Die-Cut-Letters-and-Numbers-Set-39092/303975019
https://www.marinetech.org/explorer_2019/
https://www.homedepot.com/p/4-in-x-2-in-x-8-in-Red-Concrete-Brick-100003009/100321940
https://www.homedepot.com/p/Mueller-Global-3-4-in-x-5-in-Galvanized-Steel-Nipple-564-050HN/100139158

Design note: The cannon shells are from the 2012 competition.

Cannon shell grid:

The grid is constructed from %-inch PVC pipe. All pipe lengths are 40 cm.
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Cannon shell markers:

Markers are constructed from %-inch PVC tees painted red and black. A 40 cm length of rope (colors
may vary) is attached to each tee as a grab loop. Attach a small amount of flotation to the rope to
ensure that the rope floats in the water.
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https://www.homedepot.com/p/Everbilt-1-8-in-x-50-ft-Black-Paracord-Polypropylene-Rope-72402/205804755

The red marker is successfully marking a metal object. The black marker is outside the PVC square, so
has NOT successfully identified a non-metal object.

RANGER class product demonstration set up:

The following is a potential underwater set up for the RANGER class product demonstration.

Cannon

D
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void fry
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Trash rack

Cannon shells
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Pipe inspection
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O
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The RANGER blank grid map, benthic
species handbook, data sheet, and
cannon handook are on the surface.

The new trash rack screen, grout, trout
fry, reef ball and cannon shell markers
are on the surface.
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Update Notes:

Updates are highlighted in yellow.

December 20, 2019:
Updated photo of water sample on pg. 10. 1 }-inch end caps were labeled as %-inch end cap.
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