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o X B H Active Ball Joint Mechanism with Three Degrees of Freedom

based on Spherical Gear Meshing

Motivated by social expectations, research on multi-degree—of—freedom actuators and
mechanisms has been progressing. However, it seemslthat nothing has yet been proposed
that combines the appropriate characteristics for a joint component: three—degrees—of

—freedom of rotation, a wide range of motion, and the capability to transmit high torq
ue at low speed.

In this paper, we propose an active ball joint mechanism with three-degrees—of—freed
om based on spherical gear meshing as a mechanism of multiple degrees of freedom. Sinc
e this mechanism is based on the meshing of spherical gears, there is no slippage and
the drive torque is transmitted reliably. Furthermore, the range of motion is equal to

or larger than that of previous multi degree of freedom actuator / mechanisms. In thi

s paper, we propose the idea, design method, kinematics, fabrication method, and contr
ol method of this mechanism. Through prototyping and experiments, we show the feasibil
ity of this mechanism and its future prospects for social implementation.

In Chapter 1, previous research on multi degree of freedom actuator / mechanisms is
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presented. After clarifying the position of this research, the purbose is described.

Chapter 2 introduces the spherical gear and the Monopole gear. In addition, we prese
nt a principle model for achieving rotational three—degrees—of—freedom.

In Chapter 3, we defined the geometry and design conditions of those ideas presented
in Chapter 2. We Aalso showed the components of this mechanism, such as a holder and a
driving module. In addition, by establishing an equivalent linkage mechanism of this m
echanism and applying the mechanics theory, we revealed that this mechanism has rotati

onal three—degrees—of-freedom theoretically.

In Chapter 4, we applied robotics theory to the equivalent 1ink mechanism and clarif
ied its kinematics and statics,

In Chapter 5, we theorized the geometry of the Monopole gear and developed a numeric
al algorithm for generating the tooth sutrface of the Monopole gear.

In Chapter 6, we designed and developed a prototype of this mechanism using the desi
gn method and Monopole gear generation algorithm presented in the previous chapters.

In Chapter 7, we verified the reachability of the orientation, the fe;}eatabiiity of
the positioning, and the trajectory followability using the prototype. The results sho
w that the mechanism always has three-degrees—of—freedom in rotation, no slippage, and

flexibility in the placement of the drive modules. In addition, we compared the range
of motion of the prototype with that of other multiple degrees of freedom actuator /

mechanisms, and showed the superiority of our proposed mechanism,
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