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Executive Summary: 

Executive Summary: 
In this project our goal was to use the skills and techniques associated with 3D-Printing and 
Rapid Prototyping to create a crawler. As a team we decided to try to use the printer to its full 
potential: printing complex shapes that would be difficult to create in other machining 
techniques, and printing our entire crawler with as little assembly required as possible. This 
means that in addition to the complicated and interestingly shaped parts, our entire crawler 
was printed as a single piece. This allowed us to design joints, pins, linkages, and crankshafts 
into a single piece that would be fully functional when printed. This enabled us to merely 
mount servos to finish the assembly. In addition to these, we decided to use the Theo Jansen 
linkage to enable our crawler to walk in a natural-seeming manner. However, in an attempt to 
ensure that all the support material from the 3D-Printer, there was too much play in the 
linkages, and retaining rings were required. In addition, due to poorly distributed weight, we 
needed to add extra external legs to enable better balancing. 
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Structures, Joints, and Fasteners: 

Structure: 
We decided to print our crawler with a few specific goals in mind: printing in as few pieces as 
possible, and effectively utilizing a Theo Jansen linkage. The Jansen linkage is named after its 
inventor, who used them extensively in walking kinetic sculptures called Strandbeests. The 
linkage is complicated, but creates a smoother, more natural gait than most other walking 
linkages. The Strandbeests use dozens of legs to move smoothly across the ground, but for 
practical purposes we chose a design with three legs sets. One set of our leg sets can be seen in 
figure 1. 

 

Figure 1: One set of legs with the Jansen linkage 

3D printing utilizing the Fused Deposition Modeling (FDM) technique required us to take into 
account several factors. Since FDM layers the filaments, the object printed is weak in the z-axis 
since it can shear. Thus we had to choose the parts under the greatest stress and made sure 
those parts were printed in an orientation such that direction of the stress was parallel to the z-
axis. In the case of the crawler, the crankshaft was under the greatest stress since it had to 
support three sets of legs and thus we opted to print the crawler with the crankshaft on the x-y 
plane.  

The way FDM works is by utilizing support and build material, meaning that in the gaps 
between parts in the crawler, it was filled with support material. The support material allowed 
the printer to print the crawler without it collapsing on itself whilst printing. After printing, the 
crawler was placed in a lye bath in order to dissolve the support material. Because of this, it 
was necessary for us to put in drainage holes anywhere that there was support material, 
especially in tight, enclosed areas in order for the lye to reach the support material. Since we 
planned on printing the crawler in one piece, any support material left over would render it 
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unusable. Because of this, we needed plenty of drainage holes; however, it came at the cost of 
a weaker part. Since all the joints were tight and almost enclosed all the linkages had to include 
drainage holes. Figure 2 shows a linkage with a plethora of drainage holes.  

 

Figure 2: Linkage from Crawler showing the myriad drainage holes 

Because one of our design goals was to print our entire crawler in one piece, we had to design 
joints that took into account that the FDM printer had a resolution of .01 inches, meaning we 
needed to have at least a .01 inch gap between the individual linkages and the linkages and 
pins. However, since FDM printers produce a rather rough finish and since friction was a large 
concern for us (the Theo Jansen linkage is prone to high friction), we decided to leave a gap of 
.03 inches between all the linkages and the linkages and pins.  After all the support material 
was removed, however, it was revealed that there was too much slop in all of the legs. Since 
the legs were too loose for the crawler to walk, we inserted metal retaining rings between the 
linkages to stiffen them. We were also careful with the number of rings we put in because we 
did not want to increase friction too much, or else it would not move. 

With the addition of the retaining the crawler walked; however, since it only had three sets of 
legs, it was unbalanced. To remedy this issue, we designed and printed a set of external legs to 
serve as “training wheels” and provide balance. 
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Power: 
The power for the crawler was provided by four batteries, two for each servo. The batteries 
themselves were wired in series, connected by wires routed through the upper structural 
member, and the servos are connected to the batteries in parallel. We decided to use servos 
instead of the gearbox because the servos could easily be mounted on the outside of the frame, 
enabling us to more easily print the crawler as a single piece. As seen in figure 3, the batteries 
are mounted with one on each side of each servo. The servos are mounted in the center holes 
of the frame. 

 

Figure 3: frame with holes for servos, battery packs 

Transmission: 
The transmission of our crawler converted the circular motion of the servo to an actual step of 
the crawler. The path that each leg follows can be seen below in figure 4. 

 

Figure 4: path traced by legs (in purple) 
http://www.youtube.com/watch?v=0CcB3Rb4Z0o&feature=related 

http://www.youtube.com/watch?v=0CcB3Rb4Z0o&feature=related
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Two servos, one on each frame, create the circular motion, which is transmitted to the legs 
through the crankshaft (figure 5). Each set of legs is offset from each other by 120 degrees to 
maximize the number of contact points the crawler has with the ground at all times. We 
determined the lengths for all the leg pieces by using an online source 
(http://www.mechanicalspider.com/elements/jpegs/jansenlinkage.jpg), and then modified 
them slightly to achieve a more fluid, natural motion. 

 

Figure 5: crankshaft 

 

 

 

  

http://www.mechanicalspider.com/elements/jpegs/jansenlinkage.jpg
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Drawings 
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