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Previous SeaPerch build control boxes have used momentary-off-momentary DPDT 
(double pole-double throw) toggle switches, as shown, to control the ROV thrusters. These 
switches have proven very convenient and easy for students to use, since they don’t stay in 
the “on” position when released, a benefit for those kids who forget to move the switch into 
the off position and then they can’t figure out why their ROV keeps going around in circles. 
 
 
 
 
 
 
 
 
 
 
 

 

Unfortunately, when ordering SeaPerch build materials this year we could not find the 
momentary-off-momentary switches in anywhere near the quantity needed (2,400). Instead, 
we have opted for on-on DPDT toggle switches to control the forward/backward thrust of the 
motors. We have also added a pushbutton single pole-single throw switch to provide power 
to the toggle switch, so an operator must depress the pushbutton AND move the toggle in 
the correct position to make the motor run forwards and backwards. Using this 
configuration, a student will not inadvertently leave a motor energized and run their ROV 
around in circles. This change requires a bit more wiring and hole drilling, but we have tried 
it out with one group of students and it works just fine, both in building and operating the 
ROV. And, it adds just a small amount of time to the build, about 15 minutes. 
 
You will be following the instructions and procedures in the SeaPerch Build Manual for 
assembling the control box with the following changes (as described in the following pages): 

 You will be drilling three additional holes for the three pushbutton switches, 

 The locations of the holes are different, and 

 Additional wiring is needed. 
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Additional Materials Needed 
¼”   Drill Bit (for the toggle switches and power cord/tether holes) 
9/32” Drill Bit (for the pushbutton switches) 

 

Procedure 3.2 -- Prepare the Control Box & Mount the Switches 
1. Locate the control box (project box). Be careful not to lose the small lid screws 

during the assembly process – tape them to the lid of the box! 

2. Using the marker, or a pencil, mark 
the locations of the holes on the 
control box, as shown. There 
should be one hole in the back for 
the power cord to come in, one in 
the front for the tether cable to go 
out, three others on the front for the 
pushbutton switches, and three on 
top (note: this is not the box’s 
cover: the cover is the bottom of 
the control box) for the toggle 
control switches. Plan the layout 
carefully so that the switches (and 
their wires) don’t interfere with 
each other or with internal parts of 
the box.  

3. Secure the control box in a vise or clamp (but not too tightly), and drill holes in the 
locations marked using a ¼” (or other appropriate size) drill bit. Don’t drill while 
holding the box in your hand!  After drilling, clear the holes of any burrs or loose 
plastic debris from the drilling process. Use a ¼” drill bit for the toggle switches and 
the power and tether cables; use the 9/32” bit for the pushbutton switches. 

 
NOTE: In order to stabilize the switches during the wiring process, when a bench vise is not available, the 
control box may be used as a temporary switch holder, by mounting the switches “inside-out,” as shown 
below. The following steps in Procedure 3.3 are optional, but they will help you to complete the wiring 
quickly and easily and help to keep the wiring well organized, which will simplify any later repair work, if 
needed.   

4. Remove the mounting hardware from 
each of the switches, taking care not to 
misplace the small nuts and washers.  

5. Temporarily install the toggle switches in 
the top of the control box, and the 
pushbutton switches in the front, all in 
their intended locations but with the 
switch bodies on the outside of the box. 
Secure the switches with just one of 
their respective mounting nuts, placed 
snugly on the inside of the box. Use 
pliers (standard type, not needle-nose 
pliers) to tighten the nuts enough to 
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prevent the switches from spinning in their mounting holes as the box is handled and 
during soldering activities (having stable switches is important for easy soldering).  

6. Place the remaining switch-mounting hardware items onto the adhesive side of a 
piece of electrical tape, and then stick the tape onto the side of the control box, to 
keep the small parts from getting misplaced during the wiring process.  

 
Procedure 3.3 – Assemble the Power Cord 
 
 Tools:     Materials: 
 Soldering Iron and Solder (Rosin Core) 10’ #18 Lamp Cord or Speaker Wire 
 Flush-cut Wire Cutters    2   Slide Terminals 
 Wire Stripper     36” #22 Stranded Hook-up Wire, Red 
 Pliers      18” #22 Stranded Hook-up Wire, Black 
        3   DPDT Momentary Toggle Switches 
        3   SPST Pushbutton Switches 
       Electrical Tape 
 

Construction Steps:  
7. Cut the #22 red hook-up wire into 6- 6” pieces and set 3 aside for later use. Cut the 

black wire into 3- 6” pieces. 

 

8. Strip just ¼” (6 mm) of insulation 
from one end of each piece of 
wire and about ½” (13 mm) from 
their other ends. Twist the inner 
wires (strands) on both ends of 
each wire to prevent fraying or 
breaking. 

  

9. Gather the ½” stripped ends of 
the three red wires and twist 
them all together, as shown. 

 
10. Do the same with the three black wires. These spliced wire bundles will distribute 

power in your control box. Solder the twisted ends together. Set this aside for now. 
 

11. Find the power cord wire (#18 speaker wire or lamp cord), and determine which of its 
two conductors will be positive and which will be negative. To do this, note that each 
conductor has its own insulation, and that the two are attached to each other with a 
thin web of insulation material. Usually the insulation on one conductor is ribbed (like 
corduroy), and the other is smooth. Sometimes, one conductor's insulation is instead 
marked with white or black stripes, printed information, or other polarity indicators. 
For some power cords, the insulation is clear but one conductor is silver and the 
other is copper. For this project, we will call the ribbed, marked, or copper side the 
positive (+) side, and the smooth, unmarked, or silver side the negative (–) side.   

12. On each end of the power cord wire, carefully separate the two conductors for about 
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1” (2.5 cm). This is best done by snipping the thin web of plastic between the wires 
with a small pair of scissors or a small pair of wire cutters. Be careful not to nick the 
insulation on either of the individual conductors.   

13. On one end of the power cord wires leave the separated section only 1” (2.5 cm) 
long. On the other end, pull or cut the two conductors apart for about 8” (20 cm). On 
the end of the wire that you just separated, find the positive (ribbed or marked) side, 
and cut off 7” (18 cm) of that conductor. This section will be replaced with the fuse 
holder.  

14. Strip 1/2” (13 mm) of insulation off both of the fuse holder wires. The fuse holder 
does not have a positive and negative side; it will work either way.   

15. Strip 1/2” (13 mm) of insulation 
off of all four ends of the power 
cord wire. Twist the strands 
together on the ends of each 
conductor to prevent fraying and 
breaking.   

 
16. Attach the fuse holder wire to 

the positive (ribbed / marked / 
copper) side of the power cord 
wire, where you previously cut 
off the 7” (18 cm) piece. Twist the wires tightly together (in-line, as shown in Figure 
3.3-4), solder the connection, and cover it with electrical tape. 
 

17. Slide the “+” quick-disconnect terminal onto the loose end of the fuse holder wire, 
and crimp it firmly using a crimping tool or pliers. You may solder this connection if it 
appears to be loose after crimping; however, try not to overheat the terminal’s 
colored, identifying insulation.  

18. Slide the “–” quick-disconnect terminal onto the negative side of the power cord, and 
crimp it (and optionally solder it) as above. Use a black permanent marking pen to 
color the insulator (usually pink) of this terminal black, indicating negative polarity. At 
this point, the end of your power cable should look like the picture above. Set aside. 

 

Procedure 3.4 – Wire the Vertical Thruster Control Switch 
 

 Tools:       Materials: 
 Soldering Iron and Solder (Rosin Core)  Control Box with Power Cord 
 Small Needle Nose Pliers    Tether Cable 
 Flush-cut Wire Cutters    1  DPDT Toggle Switch 
 Wire Strippers     1 Pushbutton SPST Switch 
 
Switch Soldering Tips:  
 When soldering the switches, be very careful to avoid shorting out the many wires which end up in close 
proximity at the backs of the switches. Always check the wiring for correctness before soldering; although 
possible, it is not easy to make corrections later. When connecting wires to switch terminals, make sure 
that the individual wire strands are well twisted together, to avoid having frayed strands that may short out 
against other wires or terminals. Solder quickly, so that the wires do not get too hot and melt their 
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insulation (or parts inside the switch!). Waiting about a half minute before soldering another terminal on 
the same switch will allow the switch to cool down. Keep the stripped part of the wires short (~1/4”). Bend 
the wires through switch terminals carefully and squeeze them into place with needle-nose pliers. Make a 
good mechanical connection before you solder. Use just a little solder. Using too much solder can cause 
the excess to stick out and touch other connections. Always wear safety glasses when soldering!  

 

Construction Steps:  
Examine the vertical (center) toggle switch. Note that there are six terminals, three on each 
side. (Each side operates like a separate “single-pole, double-throw” (SPDT) toggle switch, 
but the two sides are “thrown” at the same time when you flip the switch.)  You will be 
attaching the “+” and “–” power wires to the center terminals of the switch, and attaching the 
motor wires (from the tether cable) to the bottom two terminals (you can select either end of 
the switch to be the “bottom”). When the switch is thrown to make connections between the 
center two terminals and the bottom terminals, the motor will run to apply thrust in the 
“down” direction. In order to reverse the polarity (and thus the direction of the thruster), you 
will also install two “crisscross” wires from the two terminals on the bottom end of the switch 
to the two on the top end (crossing them to reverse the polarity). Thus, when the switch is 
thrown to make the opposite connections, the motor will run in the other direction, applying 
“upward” thrust.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note the “crisscross” wires on the switch which reverse polarity to the motor 
 

1. Secure the whole control box (if it is being used as a switch wiring fixture, which can 
also be taped down on a tabletop for stability) in a clamp or a vise so that it will be 
held in a stable position while you connect and solder the wires.  

2. Pick any one of the three red (+) wires from your power cord and insert it through the 
hole on one of the terminals on the center pushbutton switch, being careful to have 
all of the small strands of wire pass through the hole in the terminal. Then bend the 
strands around the terminal and squeeze them tight using needle-nose pliers to 
make a good mechanical connection in preparation for soldering. Take a 6” piece of 
red hook-up wire, and insert it into the hole in the other terminal, as above. The other 
end of this wire is inserted through the right center terminal on the vertical (center) 

Toggle 

Switch 

Pushbutton 

Switch 
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toggle switch, being careful to have all of the small strands of wire pass through the 
hole in the terminal. 

3. Similarly, insert one of the black (–) power wires into the left center terminal on the 
vertical (center) toggle switch, and again bend and squeeze the wire tightly to the 
terminal.  

4. Once you have attached both wires to the switch, STOP and ask your teacher or an 
adult classroom assistant to check your connections, as it’s much easier to make 
corrections before you solder. 
  

5. Using a well-heated soldering iron with a clean, freshly “tinned” tip, solder just the 
red-wire (left, center) terminal on the switch being careful not to use too much solder 
(use just enough to flow over the connection) or to overheat the switch (which could 
melt internal components, permanently damaging the switch). For this and all other 
soldered connections also be careful not to create any solder bridges between the 
terminals, and make sure to snip off any frayed pieces of wire sticking out toward 
other terminals on the switch.  

6. Wait at least 30 seconds for the switch to cool, and then solder the black-wire (right, 
center) terminal on the switch. Also solder the two wires on the terminals of the 
pushbutton switch. (See Appendix I –attached- for a series of pictures for this 
procedure) 

7. Push the loose end of the tether cable (after first grouping the loose wire pairs into a 
small bundle) through the hole into the front of the control box, entering from the 
outside. Tie a strain-relief knot about 11” (28 cm) from the ends of the wires, inside 
the box. Don’t pull the knot too tight (about ¾” diameter is fine.)   IMPORTANT: This 
step can be easy to accidentally skip; be sure to do it before wiring the switch 
connections!   

8. Strip additional sheath from the tether cable to expose about 9” (23 cm) of the wire 
pairs, being very careful not to nick the insulation on the inner wires.   

 
9. Separate the four twisted wire pairs (if the wires do not come already twisted into 

pairs, you should twist the matching colored wires together).     

10. A short length of the tether cable wires will be used to make the crisscross wires for 
the toggle switches. Unwrap the tether wires, and cut 2” (5 cm) from ends of the 
orange, green, and blue pairs. Do not cut the brown wire pair; it may be needed for 
a future use.  

11. You will be connecting the orange pair (the orange and the white & orange striped 
wires) to the vertical (center) control switch, so set the blue and green pairs aside 
for now. Separate the orange crisscross wire pair and strip 1/8” to 1/4" (3-6 mm) of 
insulation off of each end of both wires.  

12. Connect one end of the 2” (5 cm) white & orange striped crisscross wire to the top 
right terminal of the switch, bending it around the terminal as before, and similarly 
connect the other end of the wire to the bottom left terminal. Do not solder them 
yet.  

13. Connect one end of the orange crisscross wire to the top left terminal of the switch 
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and connect the other end to the bottom right terminal. Do not solder them yet.  

14. Check to make sure that all four connections are tight and that the wires are out of 
the way of the other terminals, and then solder only the top two connections, 
allowing about 30 seconds between soldering operations. 

 
15. Find the orange wire pair from the tether cable and untwist its wires for about 1" (2.5 

cm). Strip 1/8” to 1/4" (3 to 6 mm) of insulation off the end of both the orange wire 
and the white & orange striped wire. Be careful not to nick the wires (which could 
cause them to break off later). 
 

16. Insert the orange wire from the tether cable into the bottom right terminal on the 
toggle switch (on the side that has the red wire on the center terminal), adding it to 
the orange wire already in place on that terminal. Bend and squeeze the wire to the 
terminal as before. Make sure that no other terminal is touched by the orange wires. 
When you have the two wires firmly attached to this terminal, STOP and ask your 
teacher or an adult classroom assistant to check your wiring before you solder the 
connection.  

17. Solder the two wires on the bottom right terminal.  

18. Insert the white & orange striped wire from the tether cable into the bottom left 
terminal (the one that already has a white & orange wire), again bending, squeezing 
it to the terminal, and checking the connection. Solder the two wires on this terminal. 
Check your work carefully to make sure there are no stray wires or solder bridges 
between any terminals. 

Procedure 3.5 – Wire the Horizontal Thruster Control Switches 
 Tools:      Materials: 

 Soldering Iron and Solder (Rosin Core) Control Box with Assembled Tether Cable 
 Small Needle-Nose Pliers    2  DPDT Toggle Switches 
 Flush-cut Wire Cutters    2 Pushbutton Switches 
 Wire Stripper 
  

Construction Steps:  
1. Pick either of the remaining two red (+) wires from your power cord (from inside the 

control box) and insert it through the hole on one of the terminals on a pushbutton 
switch, being careful to have all of the small strands of wire pass through the hole in 
the terminal. Then bend the strands around the terminal and squeeze them tight 
using needle-nose pliers to make a good mechanical connection in preparation for 
soldering. Then, take a 6” piece of red hook-up wire and insert it into the hole in the 
other terminal, as above. The other end of this wire is inserted through the right 
center terminal on the toggle switch, being careful to have all of the small strands of 
wire pass through the hole in the terminal. Do not solder the connection yet. 
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2. Similarly, insert one of the black (–) power wires into the left center terminal on the 

toggle switch, and again bend and squeeze the wire tightly to the terminal.  
 

3. Using a well-heated soldering iron with a clean, freshly “tinned” tip, solder just the 
red-wire (left, center) terminal on the switch being careful not to use too much solder 
(use just enough to flow over the connection) or to overheat the switch (which could 
melt internal components, permanently damaging the switch). For this and all other 
soldered connections, be careful not to create any solder bridges between the 
terminals, and make sure to snip off any frayed pieces of wire sticking out toward 
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other terminals on the switch.  

4. Wait at least 30 seconds for the switch to cool, and then solder the black-wire (right, 
center) terminal on the switch. 

5. Repeat for the other pushbutton/toggle switch pair. 

6. Locate the 2” (5 cm) green and blue crisscross wire pairs, separate pairs, and strip 
1/8” to 1/4" (3-6 mm) of insulation off the ends of all four wires. Set the blue pair 
wires aside for later use in wiring the other (port) toggle switch.  

7. Connect one end of the 2” (5 cm) green & white striped crisscross wire to the top 
right terminal of one of the remaining toggle switches, bending it around the terminal 
as before, and similarly connect the other end of the wire to the bottom left terminal. 
Do not solder the connections yet.  

8. Connect one end of the green crisscross wire to the top left terminal of the switch, 
and connect the other end to the bottom right terminal.  Do not solder the 
connections yet.  

9. Check to make sure that all four connections are tight and that the wires are out of 
the way of the other terminals and then solder only the top two connections, 
allowing about 30 seconds between soldering operations.  

10. Take the tether cable’s green wire pair and untwist it for about 1” (2.5 cm). Strip 1/8” 
to 1/4" (3 to 6 mm) of insulation off the ends of both the green wire and the white & 
green striped wire. Be careful not to nick the wires (which could cause them to 
break off later).  

11. Insert the green wire into the bottom right terminal on the toggle switch (on the side 
that has the red wire on the center terminal), adding it to the green wire already in 
place on that terminal. Bend and squeeze the wire to the terminal as before. Make 
sure that no other terminal is touched by the green pair wires.  

12. Solder the two wires on the bottom left terminal.  

13. Insert the white & green striped wire from the tether cable into the bottom left 
terminal (the one that already has a white & green striped wire connected), again 
bending, squeezing it to the terminal, and checking the connection. Solder the two 
wires on this terminal.  

14. Check all terminals on the switch to make sure that there are no stray wire strands or 
solder bridges between the terminals.  
 

15. Repeat the above procedure for the blue twisted pair of wires on the remaining 
toggle switch. 

 

Procedure 3.6 – Finish the Control Box 

 
 Tools:      Materials; 
 Pliers       Wired Control Box 
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 #2 Phillips Screwdriver    Control Box Cover 
         4  Control Box Cover Screws 
        Switch Mounting Hardware 

 
Construction Steps:  

1. If the control box was used as a temporary switch wiring fixture, carefully remove the 
switches that are mounted on the outside of the box.  

2. Place the toggle switches in their intended holes inside the control box: blue on the 
left (port), orange in the center, and green on the right(starboard). Orient them such 
that the ends with the tether wires connected are nearest the back (power cable 
side) of the box. Turn them until straight and parallel, install the lock-washers and 
nuts, and carefully tighten them into place with pliers (needle-nose pliers do not work 
well for this). Make sure that the toggle switches are mounted tightly so that they will 
not twist during use. Also install the pushbutton switches on the front of the box, 
making sure that the correct pushbutton is installed in-line 
with the correct toggle. 

3. Pass the loose end of the power cable (no fuse holder) 
through the hole in the back of your control box, from the 
outside. Tie a strain-relief knot about 6” (15 cm) up the cord 
on the inside of the control box. 
 

4. Take the spliced bundle of three red “+” wires, and twist the 
bundled end onto the wire from the positive 
(ribbed/marked/copper) side of the speaker wire. Take the 
spliced bundle of three black “–” wires and twist the bundled end onto the wire from 
the negative (smooth / unmarked / silver) side of the power cord. Solder the two 
connections, and cover them each, separately, with electrical tape, as shown. 

 
5. Route the wires neatly in the box as shown below. You will find that re-adjusting the 

strain relief knots on the power cord and tether cable to push excess cable back out 
of the box will help you to fit the wiring inside more neatly.  

 
6. Ask the teacher or an adult volunteer to check the wiring, and then screw the cover 

onto the control box using the Phillips screwdriver and the screws provided.  

7. Place the fuse in the fuse holder, if it is not already in place, but do not connect the 
battery until the testing in the following section has been completed.  

 
8. If desired, make some labels from adhesive-backed paper sheets to mark starboard, 

port, and vertical thrusters. 
 

Don’t forget to install the two 1” PVC float tubes!!! 
 

CONGRATULATIONS, you have finished construction  
of your SeaPerch ROV! 

 

Now it’s time to get it ballasted and tested!  
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Appendix 1- Control Box Pictures 

   SPST Pushbutton Switches             DPDT Toggle Switches 

     Switch Mounting Locations      Switches Mounted for Soldering 
 

      Switches with Power Wires Attached     Switches with Criss-Cross Wires Attached 
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                     Tether Wires Attached                      Inside the Box 
 

             Outside the Box          Power Cable Installed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


