Assembly instructions for $5 switch machine.

Start by cutting a 10” length of .025 music wire. Music wire is made of fairly hard steel and can damage
the jaws of conventional wire cutters or diagonal cutting pliers. Most Vise Grip pliers include heavy –
duty wire cutters at the hinge end of their jaws. (Highlighted in orange.) They will cut music wire easily.

Figure 1 Vise Grip pliers with wire cutters

A Dremel tool will also cut this wire. [SAFETY NOTE: Wear eye protection goggles when cutting steel
wire, with either tool. Cut pieces of wire, or Dremel cutting discs, can fly three feet, or more. They have
sharp ends and can easily penetrate your eye, blinding that eye for the rest of your life! Please don’t risk
it!]
You will need to form four loops in the wire. (*The forth loop could* be eliminated, if you don’t plan to
use the optional Micro-switch.) The loops can be formed using needle-nosed pliers, as shown in figures
2,3,& 4. *Please ignore the big blue clamp. It’s only a prop to help hold the pliers for their photo.+
2---4.
Figure 2 forming rather square loop with
needle nosed pliers.

Round-nosed, wire bending, pliers would be ideal.

Figure 3 these round nosed wire bending pliers can make round loops.
But conventional needle-nosed pliers will work.

Figure 4I was able to make the top, and center, loops this way

Figure 5 main spring wire with loops

Form the top (#1) loop first. The center, (#2) loop should be about 1” down from the top loop and in the
same, horizontal, plane. The bottom (#3) loop should be approx. 2” below the center loop; and also in
the same horizontal plane as loops #1 and #2. Finally the switch loop (#4) should be formed about 1”
below loop #3, and 90degrees off from the other three loops; standing vertical. This #4 loop forms the
end of the wire. You can cut off any excess wire beyond loop #4.
The wire should be as straight as practical in both dimensions. Loops 1-3 should all lie flat on the table,
and Loop 4 should be standing on edge. If necessary, adjust the loops by holding one loop with pliers,
and rotating the next loop with another pair of pliers.
(*Note: I recommend including loop #4, even if you don’t plan on using the Micro-switch right now. You
might decide to add panel indicator lights, or signals later, and can always add the switch at that time.)

Figure 6 The parts needed to build the $5 switch machine and the assembled machine on right.

Figure 3 Assembled machine close up.

Figure 8 #6-32 machine screw and washer.

Figure 9 Add .047" push pull rod.

Figure 10 Add .025" main spring rod.

Figure 11 Add first 6-32 hex nut.

Figure 12 Add second 6-32 nut. Tighten first nut where rods can just move freely. Tighten second "jam" nut tight against the
first nut. You can put a lock washer in between, as shown; but if the two nuts are tight against each other, the lock washer is
not really needed.

Now let’s build the frame assembly. Drill, and countersink two clear holes for wood screws at the top of
the 5” piece of 1X3 lumber. Now drill and countersink two holes in the 2” piece. Make sure these holes
are offset from the first holes, so the screws won’t interfere with each other. The holes in the 2” piece
will be used to mount the machine to the underside of the layout. Then hold the edge of the 2” piece
behind the holes you just drilled in the 5”piece and drill pilot holes through the holes into in the 2”
piece. Screw the two pieces of wood together in an “L” shape.
Drill a hole for one of the sheet metal screws ¾” down from the top, and centered on the 5” piece. Set
a flat washer on the 5” piece, centered on the hole. Now lay the rod assembly on top of the washer with
the top (#1) loop around the hole you just drilled. Slide a washer onto one of the sheet metal screws,
and use the screw & washer to fasten the first loop down snug, but loose enough to allow free
movement of the two rods.

(Refer to figure 7,” the assembled machine,” for the following steps) The next step is to grasp the lower
(#3) loop and push up toward the #1 loop; forming the wire between the two loops into an arc. Mark a
spot for the #3 loop to be screwed to the 5” piece; that will maintain the arc. The spot should be
centered on the 5” piece and directly below the #1 loop’s screw. Drill that spot for a sheet metal screw.
Drive a screw into the hole to tap it, and then remove the screw. Place a flat washer around the hole.
Put another flat washer on a sheet metal screw, and push it through the #3 loop. Now flex the wire back
into the arc shape, and drive the screw into the hole.
At this point, we want to test the machine’s operation. The arc you made between the #1 and #3 loops
acts as a “bi-stable spring.” This means that it will stay at either end of its travel; but will not stay in the
middle. Push or pull on the .047” wire and move the #2 loop, with its 6-32 screw, to the opposite
position. When you do this, you should feel a snap motion. Operate the machine again, and this time,
watch the top of the .025 wire, above the #1 loop. It should snap through a wide arc. This is the wire
that will move the throwbar and points, of the turnout. Now, a few more things to check. When you
operate the machine, does the head of the 6-32 machine screw drag on the surface of the wood frame?
If it does pry gently up under this screw and bend the wire higher to let the screw head clear the wood.
If that doesn’t give enough clearance, add more flat washers under loops #1 and #3 until the 6-32 screw
can move back and forth without touching the wood. Now drill holes 1/4” above, and below, the
present location of loop #3. These holes will help adjust the force with which the machine moves the
turnout’s points. Moving loop #3, and its hardware, up will increase the force. Moving it down will
decrease the force.
Now, for those who are going to include the Micro-switch, let’s mount it. The switch should be
positioned so that #4 loop presses against the switch’s lever enough to close the switch when the
machine is in one position, #4 loop should move away and let the switch lever spring back open when
the machine is in the opposite position. I fastened the switch to the frame with two tiny round head
wood screws. Note: Don’t use countersunk flathead screws for this. They can split the switch’s fairly
brittle plastic case and ruin the switch.
That’s it for assembly, now we can mount the machine. You will need to drill a series of closely-spaced
1/8” holes directly under; and parallel to, the turnout’s throwbar. These holes can then be drilled larger
so that they join into a slot. Another method is to drill a very large diameter (¾”-1”) hole centered under
the throwbar. The object of either method is to provide sufficient clearance for the operating wire of the
switch machine to move the throwbar/points through the necessary range of travel. The points need to
be tight against the stock rail at either turnout route position. The hole/slot should be wide enough to
allow movement past the spot where the points snug up to the stock rail. Once you have clearance, slip
the machine’s operating wire up through the hole/slot and through a tiny hole drilled in the center of
the turnout’s throwbar. This hole should be just big enough to let the wire slide through it easily. When
you have everything positioned the way you want it, mount the machine to the underside of your layout
with one wood screw. Now check that everything works right, and then add the second wood screw.
The .025” operating wire will be projecting high above the throwbar at this point. Cut it off about 1/16”
above the throwbar and cycle the turnout back and forth a few times. Look carefully at the amount of

wire showing above the throwbar. You want it short enough not to snag a passing train; but long enough
not to disappear down the hole and disconnect itself from the throwbar altogether.
At this point, congratulations! You have just built, and installed a working switch machine, at a fraction
of the cost of a commercial machine. All that remains, to complete the installation, is to route the .047”
push/pull wire to the nearest* fascia. NOTE: The push/pull wire should be coated with grease before
inserting it into the tube. Cut ends of rod should be filed smooth. You want as little drag as possible in
the linkage. Wire and tube are both available in three foot lengths from www.amazon.com For most
model railroads, this should be long enough.
If you do have a longer run, you can cut the tube a few inches shorter than the rod, letting the end of
the rod project beyond the tube. NOTE: whenever you cut 3/32” tube, ream out the ends with a handheld 1/16” drill bit, followed by a 3/32” drill bit to remove burrs, and smooth out the end. Do this with
two tube/rod assemblies. Secure the tubing to brackets at either side of the joint. The two projecting
rod ends can be formed into interconnecting loops, like links in a chain. Make these loops a small as
possible while still allowing free movement. This will minimize “slop” in the linkage.
Drill a hole in the fascia board where you want to mount the control for your turnout. The tube should
end at the fascia; let the wire project 4” beyond the fascia for now. You can use a simple knob, or a lever
to operate your turnout. Once you have the rod firmly fastened to the knob, or lever, cut off any excess
rod and smooth off the end. Test operation by pushing and pulling on the knob or lever. Check that the
turnout is operating properly. Now reach around and pat yourself on the back, well done!
Traction Fan

*I recommend following the K.I.S.S. principal by keeping the linkages as short, and simple, as
possible. If you really, really want to route all the linkages to a central panel it can be done. In
most cases though it’s complicated, and not worth the effort! I’ve already explained how to
extend a linkage. It’s also possible to make them turn corners. This is done with a device called a
”bell crank.” This is simply a triangular piece of metal with a hole drilled in each of the three
corners. A mounting screw goes in one corner, and the two rods go in the other corners. When
one of the rods is pushed, or pulled, the bell crank transfers the motion to the other rod, which
is set at a different angle. Getting into doing this with several linkages is essentially building a
miniature version of a manual (or “Armstrong”) interlocking plant’s machinery. It’s beyond the
scope of this article and not recommended. If you want to go ahead anyway, good luck!

Assembly instructions for the second version of my switch machine would be the same as the
first with a few, minor differences. The main difference is not the actual machine, but the
linkage that connects it to the turnout. Many contemporary layouts are built with a thick layer
of extruded foam insulation board as part of their base. The first version of my machine may not
work on these layouts. That first version uses the same “waving wire” linkage as the popular
Tortoise switch machine. When the large hole, or slot, needed for this wire gets deep, the walls
of the deep hole can restrict the movement of the wire. Either the Tortoise, or my machine, can
still be used with thick foam overhead. We just need to use a different linkage design. I simply
adopted a linkage that has been used for decades in our hobby. The linkage is sometimes called
an, “Earl Eshelman linkage.” It consists of a vertical tube with a wire inside. (I used 1/16” tube
and .025” wire) This time, the wire is not pushed, or pulled, but rotated.
The wire is bent at the bottom, (switch machine) end to form a crank. Pushing or pulling on this
crank will rotate the wire inside the tube. At the top, (turnout) end, the tube/wire comes up
between the turnout’s ties, close to the throwbar. The tube stops at the top of the ties. The wire
is again bent into a crank shape, but this time with a second bend, directly over the throwbar.
This second bend lets the wire go down into a tiny hole drilled through the center of the
throwbar. Getting the distance between these two bends exactly right is tricky, and requires
some trial and error. When you have the distance between bends right, Rotation of the wire
should move the throwbar from side to side.

The second version of my machine has the “waving wire” actuator cut short and formed into a
loop at the end. The wood, frame is now only the 5” piece of 1x3 lumber. This frame is notched
at the end where the actuator wire is. The 1/16” tube should project below the layout base
about 1”. The slot in the end of the switch machine’s frame slips around the projecting bit of
1/16” tube. Now the bent wire crank just needs to be fastened to the actuator wire’s end loop.
When the switch machine operates it rotates the vertical .025” wire within the 1/16” tube, This
rotates the top crank, which moves the throwbar and points.

