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ABSTRACT 

This paper proposes an enhanced rhombus-type compact compliant mechanism with large 

displacement amplification capacity and high natural frequency. We made this by the strategy 

of parallel mechanism in which more than one flexure arm are superimposed. In order to 

eliminate the resulting enlargement of stress concentration, a super ellipse fillet with a 

shoulder is designed and verified a 30% stress concentration reduction compared with the 

widespread circular fillet by finite element analysis, which, to our knowledge, is the first 

attempt to actively suppress the stress concentration for a compliant mechanism. Based on the 

configuration design, the prototype is fabricated and experimentally tested. The FEM and 

experimental results show that the proposed complaint mechanism exhibits the same 

displacement amplification ratio but nearly double natural frequency compared with the 

commercial rhombus-type compliant mechanism under the same geometric parameters. 

Furthermore, relatively exact theoretical formulas for displacement amplification ratio and 

natural frequency are established and comparatively verified by FEM and experiments, which 

is further served as an insightful tool for evaluating and optimizing the amplified actuators. 
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INTRODUCTION 

Benefited from high resolution, large output force, fast dynamic response of piezoelectric 

actuators and displacement amplification/guiding function of flexure-based compliant 

mechanisms without wear, backlash or friction, piezo-actuated compliant mechanisms have 

currently emerged as the most widely and popularly used ultra-precision driving and 

positioning technology for applications in atomic force microscopes (AFM), optical 

alignment, precision machining, nanoscale object manipulations, and so on. Recent interests 

and demands for developing video-rate AFM, high-throughput probe-based nanofabrication 

and high-frequency vibration generator for assisted-machining are posing new challenges for 

design and control of high-bandwidth and large-range compliant mechanisms. And the 

previous studies mainly focused on making the trade-off between natural frequency and 

motion range by designing a proper topology.  

 

RESULTS AND CONCLUSIONS 

Aiming to break the deadlock that one must make a compromise between the bandwidth and 

travel range of a compliant mechanism, this paper propose an enhanced rhombus-type 
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compact compliant mechanism with large displacement amplification capacity and high 

natural frequency. It comes true by the strategy of parallel mechanism in which more than one 

flexure arm are superimposed. In order to eliminate the resulting enlargement of stress 

concentration, a super ellipse fillet with a shoulder is designed and verified a 30% stress 

concentration reduction compared with the widespread circular fillet by finite element 

analysis, which, to our knowledge, is the first attempt to actively suppress the stress 

concentration for a compliant mechanism. 

The prototype is monolithically fabricated by wire electrical discharge machining process. 

The FEM and experimental results show that the proposed mechanism exhibits the same 

displacement amplification ratio but nearly double natural frequency compared with the 

commercial rhombus-type compliant mechanism under the same geometric parameters. 

Furthermore, relatively exact theoretical formulas for displacement amplification ratio and 

natural frequency are established and comparatively verified by FEM and experiments, which 

is further served as an insightful tool for evaluating and optimizing the amplified actuators. 
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