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Force Perception — Variable Stiffness Joint Design Based on

Maglev Gears

ABSTRACT

Compared with conventional gears, maglev gears are quiet and wear-free, with
low manufacturing precision requirements, though they are not comparable in terms
of accuracy; in addition, the stiffness of this mechanism can be changed by
controlling the distance between two maglev gears. In this project, by controlling the
distance, we have completed the construction of a maglev gear with variable stiffness.
The maglev-repulsion-driven gear structure can continue to drive at 10 rpm, and the
change in stiffness can be obviously felt when distance is changed, which verifies its
feasibility as an articulated mechanism; also, the teeth jump experiment shows that
this mechanism has the advantage that traditional gears do not have: it has an obstacle
to jumping teeth and basically only jumps two to three teeth. We designed two
versions of the joint with motor actuator based on the traditional meshing gear and
face gear configuration, and found that this traditional gear model is difficult to
achieve a high degree of compactness as a robotic arm joint size unit.

The cycloid gearbox is a high efficiency, low noise, high torque and high
precision gearbox. This reliable transmission mechanism is often used in machine
tools, robotics, aerospace, and other fields. We designed and built a cycloidal needle
reducer based on the eponymous magnetic pole repulsion using the cycloidal needle
reducer configuration, and connected it to a motor to test its performance. We selected
inputs from 10 to 60 N-m and did tests at 10 N-m intervals. The results surface that
the output torque fluctuates up and down by about 70% for a constant input torque.
Although it is not at all comparable to industrial speed reducers, the overall effect can
be realized in terms of transmission, and the adjustable pitch mechanism can be added
to this version of the design, which can further realize the design of variable stiffness.
In the future, we plan to achieve a closed-loop force perception-control-variable
stiffness and do tests with a robotic arm that mimics the human body's resistance to

external forces.

Key words: Maglev; Force-perception; Variable Stiffness; gear trains; robotic joints;
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