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Design of Compliant Hinge Joints inspired by
Ligamentous Structure
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Abstract: This paper suggests novel types of joint mechanisms composed of elastic strings and rigid
bodies. All of the human hinge joints have the articular capsule and a pair of collateral ligaments. These
fibrous tissues make the joint compliant and stable. The proposed mechanism closely imitates the
human hinge joint structure by using the concept of tensegrity. The resultant mechanism has several
characteristics shown commonly from both the tensegrity structure and the human joint such as
compliance, stability, lightweight, and non-contact between rigid bodies. In addition, the role and feature
of the human hinge joints vary according to the origins of a pair of collateral ligaments. Likewise, the
locations of two strings corresponding to a pair of collateral ligaments produce different function and
motion of the proposed mechanism. It would be one of the advantages obtained from the proposed
mechanism. How to make a joint mechanism with different features is also suggested in this paper.
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(b) Articular Capsule
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Collateral Ligament

[Fig. 1] Anatomy of hinge joints in human body™: (a) elbow
complex, (b) finger, where it is noted that the finger has Distal
InterPhalangeal (DIP) joint, Proximal Inter-Phalangeal (PIP)
joint, and MetaCarpoPhalangeal (MCP) joint as hinge joints
from the distal to the proximal
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[Fig. 2] Perspective view: basic structure of the proposed joint
mechanism, where it is composed of two rigid bodies and four
elastic strings so that four strings with pretension can form
quadrangular shape in single plane
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[Fig. 3] Schematic structure of the basic structure. The structure
is represented by four wrenches, and they are reciprocal to any
twists on YZ plane

(b)
[Fig. 4] Hinge joint movements of PIP and DIP joints. (a)
movement about CD axis of rotation. (b) movement about AB
axis of rotation
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[Fig. 5] Schematic structure of the proposed mechanism in
YZ-plane, for example, four nodes n,, n,, n,, and n, correspond
to specific points D, 4, C, and B in the YZ-plane of the [Fig. 2],
respectively
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[Fig. 6] Pure hinge joint mechanism: (a)structure, (b)ymovement
about CD axis of rotation, where it has a pair of sub-strings CE
and DE based on the basic structure composed of two rigid bodies
and four strings in the [Fig. 2]. The added a pair of substrings CE
and DE play roles as a pair of collateral ligaments of the human
joint. The origins of a pair of substrings have to be on axis for the
pitch motion (i.e. CD axis of rotation)

Z

[Fig. 7] Schematic structure of the pure hinge joint, where the
structure is represented by six wrenches, and they are reciprocal
to only twist denoted by s,
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[Fig. 8] Structure of hinge joint mechanism with carrying
angle, where a pair of substrings mimic collateral ligaments
with carrying angle. Different from pure hinge joint, one of the
substrings is positioned at " below CD axis and the other is
located at G above CD axis

[Fig. 9] Schematic structure of the hinge joint with carrying
angle, where the structure is represented by six wrenches, and
they are reciprocal to only twist denoted by s, . The carrying
angle is the angle between s, and Y-axis

Carrying Angle F‘:

[Fig. 10] Movement of hinge joint mechanism with carrying
angle, where the equilibrium points that two substrings are
balanced in tensile forces would be formed on an oblique line. The
variation of carrying angle depends on the deviated distances
between C and F, and between D and G denoted in the [Fig. 8]
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[Fig. 11] Alternative hinge joint mechanism: (a) its structure, where
the origins of collateral ligaments are arranged above the axis of CD,
as denoted by Fand G, (b) yaw and pitch motions in the extension,
where the joint can freely rotate on yaw (4B) and pitch (CD) axes,
(c) only pitch motion in the flexion, where two substrings become
taut, and thus they make yaw motion be very restricted



(b)

[Fig. 12] Schematic structure of the alterative hinge joint, (a)
two substrings are slacked in joint full extension, and the
structure is represented by four wrenches and they are
reciprocal to any twists on YZ plane, (b) two substrings become
taut in joint full flexion, and the structure is represented by six
wrenches and they are reciprocal to only twist, s,
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