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Optimal Design of a Remote Center Compliance
Device Using a Novel Multi-Strategy Whale

Optimization Algorithm
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ABSTRACT

Optimal Design of a Remote Center Compliance Device Using a Novel
Multi-Strategy Whale Optimization Algorithm
Author: Yu-Chun Huang
Advisor: Chih-Hsing Liu

Department of Mechanical Engineering, College of Engineering

SUMMARY

In automated peg-in-hole assembly tasks, positioning errors of robotic arms and part
tolerances may lead to assembly failure, potentially damaging both the workpiece and the
robot. The remote center compliance (RCC) device is a passive error compensation
mechanism mounted at the end of a robotic arm. It compensates for misalignments through
the deformation of a compliant structure, eliminating the need for feedback systems or high-
precision control. Traditional RCC devices typically adopt elastomer shear pads (ESP) as
compliant components, with most designs relying on empirical rules and lacking systematic
methods. This study proposes an optimization-based design method using a novel multi-
strategy whale optimization algorithm (NMSWOA), integrating several strategies to
enhance both exploration and exploitation. A surrogate model is also incorporated to reduce
the computational time of finite element analysis. The objective is to minimize assembly
force while ensuring required translational and rotational characteristics. Results show that
NMSWOA outperforms other variants in all 9 test conditions in terms of best and average
objective values. Additionally, compared to optimization without surrogate model, the
proposed approach achieves a 23.4% and 12.4% reduction in objective function and a 47.9%
and 82.7% saving in computational time under 1000 and 3000 evaluations, respectively. A
prototype from the optimized design was fabricated via 3D printing and validated through
compensation range, assembly force, and stiffness tests. The proposed RCC device
compensate 61 combinations of positioning and angular errors, outperforming a commercial
RCC device with 48 combinations—an improvement of 27.1%. In £2 mm offset tests, it
reduces average assembly force by 71.1% and 71.5% compared to the commercial device.
In £2° angular deviation tests, the commercial device completed only under +2°, whereas the
proposed design succeeded under both directions. These results confirm that the proposed
RCC device can effectively reduce assembly force while maintaining stiffness and stability,

compensating for 6 mm and +4° errors in assemblies.
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