
How I built Racky 

 

In the Beginning 

Racky is the name I gave to the robot I made (making as of this writing) that will simulate the 

walking gait of a spider.  I never gave it the name until after I actually had all the legs attached to 

the body and made them move, signifying that this "was" a spider. 

 

I began my quest about August of 2010.   I 

don't remember what it was that got me to 

making a spider robot because at the time I 

was working on my animated choir.  What 

could have tweaked me was that I was 

looking for alternatives to solenoids to 

move my choir members and found 

Solarbotics of Calgary on the web who 

supplied cheap servos.  Looking around 

their site, which was developed around 

robotics hobby I found some robot kits of 

"hexapods", spiders and insects.  From 

there I researched the walking gait of 

hexapods and found a site devoted to the 

Klann linkage.  In fact it was Joe Klann's 

website and displayed prominently was his 

patent for the special linkage that made a 

robotic spider walk like a real spider.  

Further, he had simulations written in Flash that showed the locus of the foot of the spider 

showing how the foot lifts, comes down straight, then pulls forward to start the sequence over 

again.  Quite complex to dream up something like this.    

 

Initial models 

From Klanns website I drew out some parts 

on paper and cut them out, using pins and 

thumb tacks for my joints.  I also found the 

parts for a plastic Klann linkage (see photo 

above) but when I scaled it up to larger size, 

it did not work and kept jamming.  It wasn't 

an error on my part as I found out later.  

From paper I went to cardboard, then plastic, 

then aluminum with wood.  Once I made 

working model (I can't call it prototype 

because I was still far from what I eventually 

used), I took measurements and tweaked the 

design until I got the right foot movement.  

This was all trial and error because even 

Klann stated that some combinations just 

will not work and cause jam-ups.  There was 



one or two linkages that were super critical in their length compared to other connect parts (ie the ratio 

of one to the other), and the angle of the driven crank.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sizing it all Up 

Finally it came to the point where I had to make 

one complete leg with the proportions, angles, 

and placements, to the final production size.   

From my calculations I determined roughly that 

Racky would  be about one foot wide by 3 feet, 

toe-to-toe, and stand maybe 16 inches high.  His 

step, which I drew by sticking a felt pen in his 



foot while manually running through a 

Klann cycle, would be about 8 inches high 

and 8 inches stroke, that is step forward.  

Fortunate for me, I had gone to a local flea 

market and someone there was selling two 

large aluminum display racks, made up of 

numerous criss-crossing aluminum tubes 

about ½" in diameter.  For a couple bucks 

(these are worth maybe $600-$800 for the 

whole setup), I had my legs!  Actually I 

only used it for the actual leg itself, bending 

each piece I needed at the "knee", and used 

¾" and 1" aluminum bar stock for the 

remainder of the pieces that move the leg.   

 I made 6 of them from the one template. 

 

Leg and Body Construction 

Putting all the pieces together on a sheet of ¼" MDF which served as the base plate for each leg 

was a difficult and time consuming process.  There were only 3 points that were solid to the 

MDF, the points on the triangle shown in the photo below, all the others were joints that changed 

position.  Each joint or point, including the "fixed" ones had to be able to pivot as if on a bearing.   

I first tried using pop rivets, steel ones and plastic ones, but they made the joint too tight, even 

when I tried to insert the rivet with a .020" spacer in between.  (I used a feeler gauge).  I thought 

that after much movement the joint would loosen and that may have been true but then there 

would be the problem of too loose.  Besides, the pop rivet is the size of finishing nail, not that 

strong, and I didn't want any flex.  So I built every joint using spacers, washers, nuts, lock nuts 

and #10-32 screws.  Using the lock nuts allowed me to get the joint tight, then back off ½ turn 

for a very slight tolerance allowing the joint to pivot.  Being lock nuts (the type with plastic 

insert), they would stay in 

that position.  Earlier I had 

tried double-nutting each 

joint but invariably the 

inside nut would loosen 

and the joint would cease 

up.  The MDF base plate 

was going to be made of 

steel and I had 3 pieces cut 

out for it, but the 

dimensions were not quite 

right and making more 

was too time consuming, 

so I used the ¼" MDF 

instead.   I later put a coat 

of fibreglass on (most) of 

the surfaces, to keep it 

from chipping and give it 



a little more strength. 

 

I made 6 of these base plates and mounted onto each a completed leg.  I still had some issues 

even at this point because of the overlapping of some of the aluminum drive components that 

needed clearance from the piece above or below.  Also, since I had no drive for the crank-flat 

(it's a crank but not a crank shaft, because the piece is flat, so I'm inventing the word here), I had 

to temporarily use a #10 screw to keep the crank pivot point in place, otherwise the whole thing 

just goes floppy with metal pieces everywhere. 

 

On the side of one of my benches, I attached a piece of aluminum angle iron and mounted two 

legs side by side.  Obviously 3 legs would be difficult to 

mount all in a row because the robot would be 5 feet 

long instead of 3.  There was also the issue with the 

walking gait.  There are a number of types for insects in 

real life and in robot life, but the one that was most 

spider-like was the one called the tripod gait.   For a six 

legged creature, and yes I know, spiders have 8 legs, 3 

legs had to be on the ground at any one time, and the 

other 3 would be off the ground.  Two of these legs are 

on one side of the insect/robot, one is on the other side.  

At this point I just kept working towards the proper size 

and figured I could deal with those other issues later.  

The front and back legs worked opposite to each other, 

the front one pulling, the back one pushing.  The center 

leg I decided to put, well, in the center, but to do so I had 

to move it away from the main body in order to get all 

my sprockets or gears in place.  At this time I had not 

decided on the drivetrain.  Using spacers from old computer equipment I took apart I was able to 

get 3 legs on one side in proper perspective with each other. 

 

Once this was proven, I made a 

baseplate for the entire robot from ¾" 

plywood, a chunk from our old 

kitchen cabinet doors.  I simply cut it to 

the length determined in my trials of 

clamping the parts to the side of my 

bench.  Width was in proportion, 

leaving space for motors and 

batteries, about 12" wide. The leg 

plates were mounted on the base 

plate to the angle iron, with a ¼" 

offset so the plate would rest on top of 

the base plate, for strength.   This 

was a major milestone.  
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Drive Train 

The drive train was next, and the decision on motors had to be made.  Originally my intent was 

to use the windshield washer motors I had used in a previous robot, Bunzilla, but these I thought 

were overkill, ie too big, for this project.  Racky had to be light because his legs were spindly 

and won't be able to take more than 30-40 pounds weight.  Going through my motor collection I 

thought briefly of using stepper motors because I have lots of those, big ones even, with lots of 

torque.  Electronics to drive them wouldn't be that difficult to implement, but the drawback was 

that I'd have to do the electronics before I could continue with the drivetrain.  Fortunately I had 3 

DC motors from old, cheap Made In 

China variable speed cordless drills.  

Two were identical in all respects so 

this became my choice.  I took them 

apart, jammed the clutch with an O-

ring and kept only the important 

parts, like the 36:1 planetary gear.  

From the internet I found that the 

most common speed was about 400 

rpm, which turned out to be within a 

few rpm of Racky walking at a max 

rate of 3 mph, a standard walking rate 

for a person.  My calculations were 

sound, but in actual fact WRONG.  

Perhaps the rpm wasn't correct but it 

was way, way too fast.  More on this 

later. 

 

I drilled out the center of the motor shaft and threaded it with a ¼" x 20 tap.  I wanted it strong 

and wanted to use all ¼" for the drive train.  Besides I had lots of ¼ threaded rod in stock, and 

lots of nuts and washers for this diameter. 

 

First thing I had to do was determine the direction of rotation required for the legs.  The motors 

could run in either direction depending on polarity but I had to know which way the legs would 

move on both sides to help me decide how and where the motors should be mounted.  It was very 

fortunate that all the legs had to rotate the same way, on the same side - clockwise.  Even the 

middle leg, being driven from the opposite side had to rotate clockwise.  Had it been otherwise, it 

would not have been too difficult to reverse the direction with a gear for example, but it's just 

another problem I didn't have to deal with. 

 

Gears, sprockets, or cogs?  I had few of the gears, lots of the cogs, but the decision was made 

based on ease of implementation.  With gears, every time you turn a gear with another gear, the 

direction changes but if a sprocket and chain are used both turn the same direction.  I likely could 

use fewer sprockets than gears and it would be easier in the long run to mount sprockets, because 

gears need proper meshing to work, whereas chains and sprockets have more tolerance.  A good 

machinist would not see this as a problem.   

 



I went through my inventory of mechanical parts I salvaged from printers and photo copiers and 

found 5 sprockets with a number of lengths of ANSI 25 (0.25inch pitch) roller chain.  Since it 

was obvious I would need more sprockets, I drew a rough diagram of where I thought all the 

sprockets would have to go and ordered 13 of them from the USA.  I also ordered ½ dozen chain 

links.  The sprockets that I bought had a ¼" hole in the center and since they had hubs they also 

had set screws.  The ones I had in stock had a much larger hole without the set screw so I had to 

work around this by fabricating bushings to fit. 

 

 
 

It was then obvious that simply attaching the sprockets to the crank would not work since the 

shaft connecting the two was passing through ¼" MDF, not a material known for it 's ruggedness 

and good wearing characteristics.  Looking through my inventory goodies I decided that putting 

in a bearing for each crank would be beneficial, so I began with the bearings I had, some excess 

roller-blade bearings I had from my CNC project.  Each of the leg plates was removed and I cut 

an exact hole using my mill with the hole cutter attachment.  Since the bearing was ¼" thick, just 

like the MDF, it made a nice clean fit.  Six of these were made. Fender washers had to be 

inserted over the bearing to keep it in place. 

 

After installing the 6 sprocket drive 

assemblies, it became apparent that 

driving the middle leg on each opposite 

side would require some extra sprockets 

and ¼" threaded rod.  The right side drive 

needed a chain to travel all the way to the 

back of Racky to a sprocket attached to 

the middle leg on the left side, and vice 

versa.  Since this was a pretty wide 

expanse across the back of Racky, I had 

to put in another bearing and holder 

somewhere near the crank that was being 

driven, for support.  This was done for 



both sides, but since both the back parts were in-line with each other, I had to offset one with a 

pair of sprockets so there wouldn't be 

any interference with the two.  All this 

can be seen in the drawing of Fig 2, 

and photo on the right   

 

Chaining it Up 

Mounting of the chains on the 

sprockets was pretty frustrating 

because of the limited access to the 

sprockets and the small chain that was 

being handled.  Also, I knew the chain 

would have to fall within a link or two 

of the actual length required.  I didn't 

calculate exactly where the sprockets 

should be so I could use EXACTLY 

the right amount of chain.  Had I done 

so, it would have been a little more tedious getting the parts in place, and in the long run may not 

have made a difference.  I figured if the chain was loose I could just put in a tensioner or a 

bushing to take up the slack, and that's how it worked out.  I got as close as I could with the 

links, then cut the required length off, making sure I didn't cut a "link-link", otherwise I'd end up 

TOO short by exactly one link.  Then I used a link kit to hook up the two ends.  Because of the 

small chain and access issues like sprockets too close together, it was difficult.  I had to do this 

about 5-6 times as I repaired other issues requiring I break the chain link. 

 

As I was finishing the very last chain link, using chain I had “in stock”, it was very frustrating to 

see that I was going to be short.  How short?  One link short.  I could string two short pieces 

together with a chain link but after wrapping the chain around the sprockets, I was short exactly 

one link!   That’s like making a jig saw puzzle and coming up one piece short.  Rather than order 

just a little piece of chain, I ordered about 5 feet, plus more links and sprockets for spares.  All 

the chains on the right side of Racky were loose and I had to support them all with one bushing 

on a long screw through two sheets of MDF.  I found out also that when doing this “chain 

tensioning”, that it’s better to expand the chain, i.e. like a triangle rather than squish the chain 

down like a figure 8.  The latter puts way too much tension on the chain, making it that much 

harder to turn.  The other way, the tension is on the bottom of the chain as it is being driven, and 

the top is just “idling”. 

 

 

Mounting Motors 

 

Mounting the two drill motors was the most difficult task because of alignment issues.  The 

small driving pulley, about an inch in diameter had to mate properly, in all planes, with the 

driven pulley, about 3-1/2 inches in diameter.  I wish I could have used a transmission or at least 

a worm drive but I wanted to use what I had “in stock”.  The gears came from an old photocopier 

that was given to me about 15 years ago.   

 



Another problem was torque turning, where the motor would spin around the shaft if it wasn’t 

really secure.  I had various types of brackets around the planetary gear set in the drill set to try 

and keep the motor from turning but they were all wonky and stupid looking.  After ½ dozen 

trials using different methods and materials I decided to make a mold of the motors using 

fiberglass resin which would act as a saddle for the motor and gear box.   Photo here.   

 

The bottom motor was relatively easy to install and adjust, likely because everything was 

referenced to “ground zero”, that is the base of the machine.  I had a good reference level.  The 

top motor was different and I found it necessary to install adjusting screws for the driven gear.  I 

also drilled oversize holes for screws to allow for adjustment.  In retrospect, I should have done 

this for the first motor.  

 

When I spun the top motor up, the way it was connected to the gears was such that the motor 

shaft “unspun” from the rubber coupling, and when I secured it with a hose clamp, the threaded 

rod unspun from the motor shaft.  The only solution was to pin the motor shaft and threaded rod 

together.  Using my milling machine I drilled a pilot hole very accurately in the center of the 

shaft, then drilled all the way through with a twist drill.  I’ve never had good luck doing this in 

the past because I never took the time to do it right!  This time I did, carefully aligning the shaft 

so it was parallel to the mill machine bed, and then pre-drilling the hole at the EXACT center.  

At first I put in a cotter pin, but after doing some measurements, I realized a spring pin would 

just fit tightly, so I put one of those in.  Stronger, cleaner. 

 

As a test of ALL the legs moving, I parallel connected the power feeds and pulled the trigger.  

Pretty cool seeing all the legs moving all at once.  Though I hadn’t synchronized one side with 

the other, they looked pretty good none-the-less. 

 

Mar 15, 2011 

Alas…As I was planning the skin (see below) for Racky it was brought to my attention that I 

should actually test the robot before I went too far.  The reasoning was that I would do all the 

work on the skin/fur but if something didn’t work and I had to modify it, I would have done all 

the skin work for nothing.  I didn’t see that as being a problem because nothing about the body 

would change, only the legs and they are all outside the body.  Despite my counter reason, I 

thought that it might be a good time to see if it actually walks. 

 

I was checking voltage and current draws (basically power consumption)  and found the first 

motor drawing about 2 amps at 18 volts.  The other motor was drawing up to 3.5 amps and 

voltage would drop to 5-6 volts.  Removing the cranks and then the motor coupling, it was 

obvious the misalignment between the motor and the gear train was causing lots of stress and 

friction.  I took it all apart, sanded down the motors fiberglass base and Dremeled some material 

away inside until the alignment was right on.  I KNEW I had the misalignment but didn’t think it 

would be that much of an issue with the flexible hose coupling, but it was. 

 

I  unscrewed the robot from its sawhorse mount and was a little surprised at the weight, as in 

heavier than anticipated.  But I had a rough idea of the weight in mind for the strength of the legs 

and motors and it was within my design limits.  When I put him on the floor, the feet barely 

touched and there was stress in the ones that did touch.  However the legs weren’t synchronized 



meaning 3 of the legs had to be in contact with the ground while the other 3 were in transition.  

This is fundamental to the tripod gait, 3 up 3 down.  Putting Racky back on the saw horse mount 

I synchronized all the 3 legs on one motor, two in front coming down to pull Racky forward at 

the same time that the rear leg came down to push.  This was just a matter of loosening the 3 

crank nuts until all 3 legs were in the proper position.  I did the same for the other side.   

 

I also discovered at this time that the speed control I was using, the old trigger switch from the 

drill the motor came from was shot.  There was no speed control and it was full power from the 

get-go.  I had two others and they worked fine so now I was able to lightly jog the legs into 

action.  Full power would cause the legs to flail wildly and could have caused damage. 

 

Hooking both motors together, the side that had been good jammed up and the side that had been 

bad worked perfectly.  Checking through it again, and removing the previously good motor, I 

saw misalignment in the two gears, the driver attached to the motor and the 3” driven gear.  

Some nuts threaded off and moved the big gear off the small gear, jamming the whole system up. 

 

Legs need to be lengthened.  May have to use thicker material…more weight 

 

Construction Issues: 

 Washers with different thicknesses 

 Nuts with different thicknesses 

 Washers, smooth one side, sharp on other  

 Chain links our by ½ link 

 Bent ¼” rod 

 Misalignment of gears 

 Torque on sprocket shaft 

 

Changing gears: 

The gears just weren’t working out so I changed them out for sprockets.  Not having the right 

ratios, I had to order some from the USA.  Advantages: 

 No critical alignment issues 

 Simpler, no coupling required 

 Vibration elimination 

 Easy to change mechanical advantage by changing either sprocket 

 More contact surface, ie meshing of chain to sprocket compared to gear-to-gear. 

 

After changing this out and trying it, with my new PWM (pulse width modulation) speed control, 

all worked well on the bench, but when I placed Racky on the floor, he couldn’t lift himself up 

with his spindly legs.  TOO MUCH WEIGHT. 

 

Here’s a list of how I can save weight, unfortunately much of it requires a complete rebuild: 

 Reduce # of sprockets.  Red side (left or right, not sure except this is how I color coded the 

legs with the motors) can potentially be reduced from 6-4 and green side from 8-4.  I had 

made all the 6 leg supports the same but I should have made them so that all the sprockets 

aligned.  Since they didn’t I had to add extra sprockets 

 Change out metal spacers for wood blocks 



 Cut axle lengths.  I just made them, so this was going to happen anyway 

 Remove aluminum bar  and replace base.  Base cracked so I added the bar to stiffen it.  I will 

check to see if sheet aluminum of same dimensions is lighter 

 Eliminate chain tensioners.  These installed because chains were too long. 

 Cut off excess wood on leg supports.  Always was my plan 

 Reduce # of washers.  If bearings were tight in wood, I would need fewer washers 

 Remove aluminum angle iron.  A little overkill.  Use angle brackets instead. 

 

 

 

  



 

  



Applying Skin 

 

I made some cardboard templates, then 1/8” hardboard templates before casting two of the cover 

pieces out of fiberglass.  This will keep the cover strong but light weight.  The back of Racky has 

a piece of 1/8” hardboard.  This one will be “permanently” mounted with only the top and front 

coming off for inspection and maintenance.  I thought about making the cover clear plastic so 

people could see inside, but I still have to shape the body parts to go on top of this cover, which 

would cover all the plastic points anyway. 

 

Put in lathe and spun: off axis, not the gear, the 4” threaded rod. 

 

 

 


