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Opportunity The original goal of our project was to make a walking linkage device inspired by a slinky walking
down the stairs. However, financial constraints made that infeasible so we pivoted to our current design. We were
interested in exploring mechanisms for search & rescue and for navigating environmental hazards. Our linkage
stows vertically, but when expanded it reaches over horizontally in a bridge-like structure. Our miniaturized
system can provide supplies and/or rescue individuals when trapped in dangerous terrain.

High-Level Strategy and Comparison of Functionality (Desired vs. Achieved) The overall goal of our design
was to explore a unique over-centering linkage and the various mobility applications for which it could be used.
The main component of our design was our linkage, which stows vertically, but when extended it reaches out
horizontally. We then developed a rotating base upon which our linkage was mounted, to provide more flexibility
for the aforementioned applications. The linkage is powered by a DC motor with a 1:3 gear reduction for added
torque. This is linked to a rack/pinion system which drives the two ends of the base of the linkage. A 12V, 59Ncm
stepper motor also drives the turntable via a timing belt. Our original high-level strategy was to design a walking
slinky. It would have the following features: a turntable at each base to allow for a change of direction, an offset
scissor link mechanism as described earlier, and a conveyor belt to change the center of gravity so the mechanism
could walk. Each turntable would be driven with NEMA 17 stepper motors, the linkage would be driven by a DC
motor powering a rack and pinion system, and the conveyor belt would be driven in a similar manner as well.
Though we had to decrease our scope from our initial walking linkage idea, our goal of driving an interesting
linkage with a low required torque was achieved and we were able to reliably power the extension and contraction
of the system, which solves one subproblem in creating a walking linkage.

Integrated Physical Device See Appendix for subsystem (turntable transmission and expansion/contraction
transmission) components.



Function-Critical Decisions We can solve for the loads the bearing (R1) and pin constraint (R2) will experience
using the static equations seen above. The bearing we used had a maximum load of 110 lbs, so we are well within
the limits. As seen below, we chose a linear speed of 1 in/s and input our expected load at the motor to calculate
the required RPM and torque of the motor, then ultimately chose the Pololu 20D 250:1 with a gear ratio of 1:3 to
reach the specifications we needed.



Updated Circuit Diagram and State Transition Diagram Figure 3 shows the updated circuit diagram. See
appendix for layout on breadboard. The GPIO pin definitions for all inputs into the ESP32 are shown in the
software section of the appendix. Figure 4 shows the updated state transition diagram, which shows how
potentiometer 1 controls the expansion/contraction of the linkage, and potentiometer two controls the direction of
the turntables movement. Limit switches prevent the linkage from expanding or contracting too much.

Figure 4: State transition diagram.

Reflection One of the strategies that worked well for our group was to have weekly meetings with each other to
ensure our design was on track. This helped us to pivot when certain mechanisms proved difficult to design. If we
were to do this again, we would have prototyped earlier in order to determine what would and would not be
possible to design/build under our limitations.



Appendix

Bill of Materials

CAD of Mechanical Transmissions



Circuit Layout

Early prototype of the circuit is shown on the left. It was ultimately soldered onto a protoboard for reliability.



Code with Event Driven Programming














