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Development of Collaborative Dual Manipulator System
for Packaging Industrial Coils

o] 3 ' o] & 5k A FT

Haeseong Lee!, Yonghee Lee?, Jacheung Park"

Abstract: This paper introduces a dual manipulator system designed to automate the packaging
process of industrial coils, which exhibit higher variability than other structured industrial fields due
to diverse commercial requirements. The conventional solution involves the direct-teaching method,
where an operator instructs the robot on a target configuration. However, this method has distinct
limitations, such as low flexibility in dealing with varied sizes and safety concerns for the operators
handling large products. In this sense, this paper proposes a two-step approach for coil packaging:
motion planning and assembly execution. The motion planning includes a Rapidly-exploring
Random Tree algorithm and a smoothing method, allowing the robot to reach the target con-
figuration. In the assembly execution, the packaging is considered a peg-in-hole assembly. Unlike
typical peg-in-hole assembly handling two workpieces, the packaging includes three workpieces
(e.g., coil, inner ring, side plate). To address this assembly, the paper suggests a suitable strategy for
dual manipulation. Finally, the validity of the proposed system is demonstrated through experiments
with three different sizes of coils, replicating real-world packaging situations.
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[Fig. 3] Assembly execution: (a) 1st step, (b) 2nd step
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[Algorithm 1] Smoothed path planning process

Input: g,,;;, g,,,;, robot constraints ¢
Output: smoothed trajectory =

1.7 < RRT_CONNECT (g,;;> 4,001)
2. u < SMOOTHING (7, ¢)

3. Return »
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[Table 2] Time consumption without/with smoothing

[Table 1] Dimension of components Phase | w/o smoothing | w/ smoothing Reduction
Type Coil / Side plate Inner ring @) 4.09s 4.66s -13.94% (0.57s 1)
Small 04m 0.16 m (i) 7.00 s 4.04s 42.29% (2.96s |)
Standard 0.5m 0.2m (iii) 546 435s 20.33% (1.11s |)
Large 0.6 m 0.24 m Total 16.54 s 13.06 s 20.04% (3.48s |)
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[Fig. 5] Motion planning result with smoothing: Planning to (a)
grasp objects, (b) assembly execution, and (c) the initial pose.
Yellow-colored trajectory represents the end-effector trajectory
without smoothing, while blue-colored trajectory is the
corresponding result with smoothing
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[Fig. 8] Snapshots of entire packaging process. 1-3 depict the initial pose for grasping the side/inner rings. 4-5 show the planning result
to target pose toward the coil. 6 illustrates the execution of assembly strategy, including approach, search, and insertion. 7-9 show the

planning result to the initial pose
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