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Figure 1 (Color online) Cable-driven 7-DOF robotic arm. (a) Four actuation modes for the SRS robotic arm; (b) detailed structure of the cable-driven

robotic arm.
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Figure 2 (Color online) The SEA joint module and its stiffness
analysis. (a) Detailed structure of the SEA joint module; (b) stiffness

modeling of the elastic element; (c) changes of stiffness K with b, 4 and
Ly, L.
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Figure 3 (Color online) Anti-parallelogram mechanism. (a) 1-DOF
mechanism; (b) 2-DOF mechanism.

Bl 4 (MR RIS BRT. (a) IR IEME;
(b) ik A S5

Figure 4 (Color online) Elbow and wrist joints. (a) Detailed structure
of elbow; (b) detailed structure of wrist.
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Figure S (Color online) Forward kinematic model of the joints. (a)
Kinematic model of elbow; (b) kinematic model of wrist.
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Figure 6 (Color online) Forward kinematic model of the arm. (a) Arm
parameters; (b) workspace of the arm.
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Figure 7 (Color online) Hardware system of the arm. (a) Prototype of
the arm; (b) hardware framework of the control system; (c) software
framework of the control system.
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Figure 8 (Color online) Stiffness testing of the SEA joint. (a) The
SEA joint; (b) the stiffness testing platform.
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Figure 9 (Color online) Stiffness testing results of the SEA joint. (a)
The elastic element stiffness; (b) the joint stiffness.
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bending posture.
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Figure 11 (Color online) Joint motion testing. (a) Elbow extreme
state; (b) wrist extreme state: [¢,, 6,] = [0°, 90°] and [¢,, 6,] = [90°,
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Figure 12 (Color online) Joint angle measuring of the cable-driven
joints. (a) IMU distribution; (b) elbow joint motion; (c) wrist bending
with elbow at 0°; (d) wrist bending with elbow at 90°; (e) wrist tilting
with elbow at 0°; (f) wrist tilting with elbow at 90°; (g) wrist rolling
with elbow at 0°; (h) wrist rolling with elbow at 90°.
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Figure 13 (Color online) Linear trajectory motion of the arm. (a)
Linear trajectory; (b) motor angles of shoulder joint; (c) motor angles of
elbow and wrist joints.
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Figure 14 (Color online) Circular trajectory motion of the arm. (a)
Circular trajectory; (b) motor angles of shoulder joint; (c) motor angles
of elbow and wrist joints.
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Figure 15 (Color online) Load experiments of the arm. (a) 0.5 kg;
(b) 1.0 kg; (c) 1.5 kg; (d) 2.0 kg.
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Figure 16 (Color online) Typical applications of the arms. (a) Cable
plugging and unplugging task; (b) liquid reagent pouring task.
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A novel 7-DOF cable-driven robotic arm with modular
series-elastic-actuator joint

XU Kun', TANG JianYin', WANG YaoBing’, ZHAO ZhiJun’, ZHANG Tao',
XIAO Hang' & DING XiLun'

! School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China
2 Beijing Institute of Spacecraft System Engineering, China Academy of Space Technology, Beijing 100094, China

Cable-driven humanoid robotic arms have the advantages of lightweight, large workspace, high payload-to-weight ratio, high speed.
This paper proposes a novel 7-DOF cable-driven robotic arm with modular series-elastic-actuator (SEA) joint, which balances the
joint flexibility, high dynamics and high output torque. The modular SEA joint for the 3-DOF shoulder is designed and analyzed. The
cable-driven 1-DOF elbow and 3-DOF wrist joints are developed based on the anti-parallelogram mechanism, which satisfies the
lightweight requirement. The forward kinematic model is established, and the inverse kinematics problem is solved. Motion planning
on exponential mapping space is conducted. Experiments on developed prototype are performed to verify the arm performance. The
arm total mass and length are 4.86 kg and 0.77 m, which are similar to those of a human arm. The joint motion experiment results
show that the arm has good motion performance, which verifies the feasibility of the joint design. Linear and circular trajectory
motions are realized with the proposed motion planning algorithms. The maximum load weight of the arm is 2.0 kg. The proposed
robotic arm consists of modular SEA should joint, cable-driven elbow and wrist joints, which makes the arm have the advantages of
good flexibility, large out-put torque, easy installation and maintenance.

robotic arm, cable-driven, modular joint, anti-parallel mechanism, kinematic analysis
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