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Abstract. In this paper, the compliant mechanisms will be presented. There will be presented some representative 

works that have brought progress and development in modern technology. Examples will be presented from simple 

concepts such as a tweezers, staples, to mechanical clutches, pointer and micro-compliant mechanical structures. 

Introduction  

There are many types of mechanisms nowadays. A mechanism is a device to transfer or transform 

motion, force or energy. Traditional rigid body mechanisms consist of rigid links connected at movable 

joints. Whatever machines you see in your day to day life has some underlying mechanisms that 

govern its motion to produce the desired output. The energy is transfered from the input to the output. 

Compliant mechanisms have been used for decades in different fields and industries. In particular, 

robotics, medical or aerospace have been using such mechanisms for some 50 years now, even more. 

These mechanisms depend on some parameters, like elastic deformations, to provide precise and 

smooth motions. It is essential to develop an accurate model to quatify the deformation for kinetic 

analysis and parameter optimization. 

                  
       Figure 1. Compliant tweezers.                    Figure 2. Displacement              Figure 3. Common compliant devices. 

     inverter mechanism.   

Compliant mechanisms are monolithic structures where the movement is given by the flexibility of the 

structure rather than the presence of joints and pins. The absence of joints allows the construction of 

compliant mechanisms in microscale. This kind of mechanism transfer motion, force or energy. Unlike 

rigid-link mechanisms, compliant mechanism gain at least some of their mobility from the deflection of 

flexible members rather than from movable joints only. Basically not all the links of the mechanism 
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need to be flexible for it to be named as a compliant system but some important links must be flexible. 

Fully compliant mechanisms are very unstable and unreliable.  

 
Figure 4. Compliant torsional spring. 

Also, these mechanisms rely upon elastic deformation to perform their function of transmitting and 

transforming motion and force. From an overall perspectve that consider performance, economy of 

material, scalability to micro and nano sizes, etc., compliant mechanisms are preferable over rigid 

body mechanisms. 

International papers 

A large number of papers exists, regarding the compliant mechanisms. It is not the concept that can be 

treated as something new, but it is the role that can be assigned to it. And the shape may looks always 

simple, but there is invested a large amount of time to investigate how this should look like for doing 

the proper desired functionality. Optimizations are welcome anytime.  

For a continuum topology design problem, the optimal solution is a structure that is composed of only 

one material and voids, which means that a 0-1 decision is used to determine whether the material 

should be placed at a point within the design domain. 

Other papers can bring a short overview of some mechanical structures and their performance 

characteristics. One of them presents three concepts of force amplifiers and results from simulations 

are discussed. The specific design of the linear motion force amplifier/motion reduction for a high 

accuracy positioning device with large payload capacity is studied. 

Representative papers with impact in modern industry  

Compliant mechanisms have made an enormous contribution in various fields. Several methods have 

being conceived to analyze and design these compliant mechanisms that gain part of their motion from 

deflection of flexible members rather than movable joints, as conventional mechanisms. Recently, 

many familiar example of compliant mechanisms have been designed and widely used in various field 

as automotive industry, aerospace industry, MEMS, Medical devices, Robotic arm with minimal 

impedance and assistive mechanisms. For adaptive structures, components in transportation, etc., the 

largest challenge is to analyze and design these mechanisms. 
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Consider the compliant over-running clutch and its rigid body counterpart. Considerably fewer 

components are required for the compliant mechanism than the rigid mechanism. The reduction in 

part count may reduce manufacturing and assembly time and cost. Compliant over-running clutch is 

an example for application of compliant systems in automotive industry, apart from that the car wiper, 

steering parts, gears, breaks are other examples. The compliant mechanisms and systems are also used 

in (new age) industry like aerospace, mechanism amplification for sensors and actuators or for 

microsurgery suturing device, etc. 

               
          Figure 5. Over-running clutch                    Figure 6. Micro mechanisms 

Morphing aircraft structures can significantly enhance air vehicle performance. The aerodynamic 

benefits are exploit. Computational tools are being developed to design structures that deform into 

specified shapes given simple actuators inputs. These synthesis methods seeks to optimize the 

stiffness of the structure to minimize actuator effort and maximize the stiffness with respect to the 

environment. 

                    
 Figure 7. Cutter non-explosive release mechanism                       Figure 8. The pointer device 

 

Mechanisms that possess distributed compliance, as opposed to lumped compliance, are much more 

fatigue resistant and easier to manufacture. Several computational approaches have been developed to 

design compliant mechanism for desired force-displacement characteristics and more recently for 

generalized shape change. 

Compliant mechanisms offer undisputable advantages, in term of reliability and performance and as 

such can be a great ally in the search for enhanced quality. The potential for dramatic reduction in the 

total number of parts required to accomplish a specific task. 
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