The following write-up explains how to convert a control panel from an Atari Return of the Jedi machine so it works on a standard PC gameport.  These instructions might also prove useful in a conversion involving a Star Wars control panel.  








Episode I:


GETTING THE DARN THING OPEN


"I already tried, it's magnetically sealed!"





Before starting work on the flight yoke conversion, you need to gain access to the inner workings of the controller.  This means you have to take off the front face plate (the part that says Atari on it).  This plate is held in place with 4 pesky security type Allen head screws.  The ones on my controller were 3/32 inch hex, which means you need a 3/32 inch ball driver or Allen wrench to get them off.  If you can find a set of the security Allen wrenches, more power to you.  I received only strange looks at the local hardware stores, so I had to take more drastic measures.  If you find yourself in the same situation, you'll have to drill the little posts out of the bolts before unscrewing them.  Use a power drill for this (or a milling machine if you have access to one).  Be careful while drilling, or you'll wear down the edges and won't be able to get the screws out.  (I ended up replacing my screws with standard machine screws--if you want to do the same thing, buy screws with a 6 - 32 thread.) Once you have the screws off, you're ready to swap in some components.  





Episode II:


SWAPPING THE POTENTIOMETERS


"Sir, if any of my circuits or gears will help I'll gladly donate them!"





My hat goes off to those fine folks at Atari for building such a modular controller.  What you need to do now is remove the original potentiometers (pots) from the controller.  It turns out that the potentiometers that Atari used were of the 5 k Ohm variety, while modern PC joystick ports require pots in the realm of 100 to 150 k Ohm.  Fortunately, the original potentiometers were of the standard style, and replacements that fit are easily found.  





A brief word about selecting substitute potentiometers:





I bought two new potentiometers at radio shack--the 100 k Ohm ones that are use for dimmer switches in lights.  These pots fit perfectly into the mounts on the controller and have shafts that are long enough to reach the plastic gears (this is critical!).  An important consideration when purchasing pots is getting ones with the correct number of turns.  For this project, I opted for a 100 K Ohm, 3/4 turn pot.  This means that 3/4 of a turn (270 degrees) gets you up to 100 K Ohm resistance.  This is how the original Atari ones worked (except they went to 5 K instead of 100 K).  You can use pots with bigger values and more turns, as long as you go from 0 to 100 K Ohm resistance over  the course of 3/4 of a turn.  (i.e. a 1.5 turn, 200 K Ohm pot would fit the bill)   





There are two pots in the controller, one that drives the vertical axis (inside the front panel you removed in episode 1) and one that drives the horizontal axis (on the back side of the control panel).  The first thing you'll want to do is remove the plastic gears that are attached to the potentiometers.  This job requires a 7/64 inch ball driver (or Allen wrench).  Loosen the bolt, and slide the gear off the shaft.  Now you need to remove the potentiometers from the mounts in the panel.  You'll need to use an adjustable wrench to take out the potentiometers--they are held in place by nuts that are coaxial with the shaft.  You can now clip the wires (3 per pot) and remove the pots.  





Now it's time to put those new pots in the controller.  For the one going inside the front panel, you'll probably have to cut the shaft so the thing will fit inside (if you're using the same pots I bought).  Just put the shaft end in a vice and cut it to length with a hacksaw.  After cutting the shaft, place the pot in the same position as the original pot.  Replace the nuts and washers to insure a snug fit.  Do the same for the X axis pot.    





We're now at one of the more important stages in the project.  After replacing the gears, you need to get the pots so they are centered with the turning of the controller.  It will take some fiddling, but you should be able to get the gears lined up so that the pot goes through its full range of motion with a full turn of the controller.  You'll be tightening and loosening the bolt that holds the pot shaft to the gear.  Set it so the controller is limiting the range of motion (by those heavy springs) on the far left/far right (or far up/far down) positions.  If the pot the limiting factor in the motion, you won't be getting full motion onscreen during game play (and you might break the pot if you torque the controller too hard!).  You may need to revisit this process later for fine adjustment.  Now that everything is in place, it's time to do some wiring and soldering!





Episode III:


WIRING


"This one goes there, that one goes there!"





Now that all the hardware has been swapped, it's time to wire the controller up to the joystick port.  It would be a good idea to get a hold of a multimeter to test the pots.  You only need two wires coming from each pot (rather than the 3 that the Atari protocol uses).  Solder one wire to the middle pin on each pot, and one wire to each leftmost pin.  (The word 'leftmost' doesn't matter much here, since you can reverse joystick axes in most emulators.)  To test a pot, connect a multimeter to the two wires and turn the pot.  You should get a resistance range that goes from 0 to 100 K Ohm (if you bought the 3/4 turn 100 K pot).  Send the wires for the vertical axis through the yoke (where the factory wires are going).  If you want, you can use the original wires for this purpose--you'll just have to find them on the insulated connector coming out the back.  I opted to use my own new wires.  When you're done with this step, you should have 4 wires coming from the pots.  





Now it's time to get some wires set up for the fire buttons.  You can gain access to the buttons by using the 7/64 inch ball driver to open up the handgrips.  After removing the two screws (thankfully they aren't the security type!) simply remove the handgrip shells.  Be careful not to loose the little springs connected to the triggers/buttons--they have been planning an escape for a long time!  The switches utilized for the fire buttons are the small microswitch type.  In each grip you will find that the trigger (white wire) and push-button (red wire) share a common ground (black wire).  Again, use the multimeter to figure out where the switch wires end up on the other side of the yoke--I opted to use the factory wires for my firing buttons, but again, you can wire your own if you want to.      





I recommend purchasing a 6 foot joystick extension cable.  An extension cable is a good way to go because it contains a discrete wire for each pin (15 of them) on the joystick port.  This will enable you to run up to 4 discrete buttons on your yoke.  (you need 3 discrete buttons for Return of the Jedi!)  These extensions run around $14 or so and can be picked up at most computer stores.  Remove the female end of the cable with a pair of wire cutters (leaving the male end to plug into your game port) .  Using a razor blade or utility knife, carefully slice open the cut end of the cable to expose the wires within.  There should be 15 wires, and if you're lucky, the manufacturer used different colors for each of them.  A wire stripping tool is a must have in this situation.  Now you need to figure out where to connect all of these little wires.      





There are some excellent resources on the web describing the functionality of the game port.  


Here's a pinout for the joystick port..I got this from:





http://www.hut.fi/Misc/Electronics/docs/joystick/pc_joystick.html  





What a great site!
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 1 XY1 (+5v)


 2 Switch 1


 3 X1


 4 Ground (switch 1)


 5 Ground (switch 2)


 6 Y1


 7 Switch 2


 8 Nothing


 9 XY2 (+5v)


10 Switch 3


11 X2


12 Ground (switch 3,4)


13 Y2


14 Switch 4


15 Nothing





Ok, keep in mind that some game cards use the pins a little differently (in case things are really going awry!).   This pinout hasn't done me wrong yet though.  See the site I referenced above for more details, or some of the excellent resources on John St.Clair's controller site.  For this project, pins 1,2,3,4,6,7 and 10 will be used.  This gives us X,Y control and three buttons.  (You can wire up the fourth button if you want to.)  Now it's time to connect the yoke wires to the joystick extension wires.  I suggest a temporary setup first to troubleshoot things, followed by a permanent connection when things are 100% working.  





Fire buttons first (3 button setup):





Connect the two white joystick trigger wires (traced to the molded connector with a multimeter) to pin 2 (Switch 1).


Connect one red joystick button wire to pin 7 (Switch 2), and the other to pin 10 (Switch 3).  


Connect the two black joystick ground wires to pin 4.  On my controller, it was ok for all of the switches (1-3) to share the same ground.





X control:





Connect one wire from the X pot to pin 3 (X1).  


Connect the other wire from the X pot to pin 1 (+5 V).  





Y control:





Connect one wire from the Y pot to pin 6 (Y1).


Connect the other wire from the Y pot to pin 1 (+5 V).  





If you want to, you can use the +5V source at pin 9 for either X or Y control if it makes for more convenient wiring.  I ended up using a couple of 12 pin molded nylon connectors (from Radio Shack) to make the connections.  You can make tidy connections with this connector, and reuse that joystick extension cable for other projects.  Now you're ready to plug the controller into your computer and test it out!  Make sure you don't have any dangling exposed wires coming from the joystick port--if the +5 V wires ground out, they can generate a lot of heat.  








Epilogue:


"No more training do you require.. already know you, that what you need.."





Now that you have finished the wiring, you still need to mount the control panel to something.  If you have an old cabinet to stick it in, get out the chainsaw and go for it!  If not, you can fashion a case for it yourself.  I ended up making a desktop case out of plexiglass.  The plastic piece on the front of the control panel easily unbolts, giving you access to the bare sheet metal below.  This allows you to mount the control panel in any fashion you see fit.  I could go into some more details about the case I built, but I'll leave that story for another day!  If you have any comments, questions, or suggestions, feel free to contact me via email at:  





jude.kelley@yale.edu  





Best of luck with your projects!





-Jude A. Kelley, 10/4/99





