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Abstract 

 

Pneumatic actuators are the devices used for converting pressure energy of compressed air into the mechanical energy to perform 

useful work. In other words, Actuators are used to perform the task of exerting the required force at the end of the stroke or used 

to create displacement by the movement of the piston. The pressurized air from the compressor is supplied to reservoir. The 

pressurized air from storage is supplied to pneumatic actuator to do work. The air cylinder is a simple and efficient device for 

providing linear thrust or straight line motions with a rapid speed of response. Friction losses are low, seldom exceeds 5 % with a 

cylinder in good condition, and cylinders are particularly suitable for single purpose applications and /or where rapid movement is 

required. Their chief limitation is that the elastic nature of the compressed air makes them unsuitable for powering movement 

where absolutely steady forces or motions are required applied against a fluctuating load, or where extreme accuracy of feed is 

necessary. The air cylinder is also inherently limited in thrust output by the relatively low supply pressure so that production of 

high output forces can only be achieved by a large size of the cylinders. The objective of this paper is to focus the design, analysis 

and optimization of critical components of pneumatic actuator to achieve the improved yield or output in terms of torque. This 

paper gives detailed study of different mechanism, techniques adopted by several researchers in design and optimization of 

pneumatic actuators. Generally, selection of materials, modifications in mechanism and controlling the variable parameters is the 

point of focus for the improvement in actuators.   

Keywords: Pneumatic actuator, Rack and pinion actuator, Design and optimization of actuator, Torque optimization, 

Rotary actuator 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Automated valves are important capital equipment components of many industries. Wherever goods and materials are 

manufactured, processed, or packaged, the process more frequently than not relies on fluid automation components. Process 

industries (including chemicals, petroleum refining, food and beverages, pulp and paper), resource industries (including crude 

petroleum and natural gas production and mining), public utility industries (including electric, gas, co-generation, water, sewage 

and sanitation), as well as construction industries, bottling and dispensing, laundry, and countless more rely on a variety of valves 

to control both their process flow and their profits. 

 
Fig. 1: Schematic arrangement of rack and pinion actuator 
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Valves account approximately between 5 and 10% of capital spending in most end-use sectors. This critical investment requires 

proper engineering optimization. Selecting a valve best suited for the unique application at hand can result in greater production 

efficiency, lower emissions and leakage, decreased maintenance and downtime, lower installation costs, and overall productivity 

improvement. 

It should be noted that the torque output from rotary actuators is not always constant. As torque equals the force applied 

multiplied by the distance from the pivot point, actuator design is important. In a rack and pinion type actuator the distance from 

the pivot point is constant throughout the stroke and so, therefore, is the torque. With a scotch yoke design however, the distance 

from the pivot point varies throughout the stroke and so, therefore, does the torque. As the torque requirement of most valves also 

varies throughout the stroke, an attempt should be made to match the operating characteristics of valve and actuator as closely as 

possible. 

Increasing the torque output of actuator is the need of time. Also, along with reliability, the weight and cost of the actuator has 

to be optimum. 

This research work involves the study of the different options of optimizing the Rack and Pinion actuator so the output torque 

will be increased. Also, its torque output characteristic shall be brought closer to valve torque. 

II. LITERATURE REVIEW 

 P.B.Vavhal, K.C More, A.A.Patil [2017]1 

The objective of this paper is to use numerical approach to develop theoretical models on the behavior of gears in mesh. This will 

help to predict the effect of stresses on gears and generation of transmission errors. Analysis of failure of spur pinion is the main 

focus of this paper. It uses finite element analysis (FEA) process or technique to analyse the spur pinion. Modeling of the pinion 

is done in solid edge software. The analysis is done in Ansys software to evaluate the deflection and stress generated in component 

for different materials such as steel and aluminum. Stresses developed in both materials is compared and conclusion is done based 

on stress values. It is found that aluminum has got more factor of safety than steel in this case and so it has been selected since it 

has got less corrosion resistance. Also, it has less weight and cost than steel. 

 Dhruv Chawda, Salman Husain, K. Krishnamurthy [2014]2 

For an IC engine, the valve timing effects the performance greatly with respect to volumetric efficiency, brake power produced 

and emission, etc. In this paper, it has been identified by review that there is lack of existence of single system capable of 

independently altering both the lift and timing of the valve in engine. Considering size and space constraint, the rack and pinion 

mechanism powered by programmed servo motor mounted vertically was seemed to be most practical approach. Creo software 

was used to design the system and it was analyzed in Ansys software. A single cylinder diesel engine was simulated with “Lotus 

Engine Simulation” software to derive the optimum valve angle and lift for a range. It was found to be an approximately 10% 

increase in volumetric efficiency of the engine towards both the low and high ends of the speed spectrum. 

 Peiman N. Mousavi and C. Natrajan [2013]3 

Smart valves are used in cooling applications and are responsible for regulating and supplying the coolant, which is critical for 

safe and effective operation of many components on naval and commercial ships. To be operated under local power (for various 

mission-critical reasons) they need to consume as little energy as possible to ensure continued perability. This paper focuses on 

optimized design of a typical system using high fidelity nonlinear dynamic models for all the subsystems with full consideration 

of stability constraints. A simulated annealing algorithm is applied to explore optimal design using two sets of design variables. 

The results indicate that substantial amount of energy can be saved by an intelligent design that helps select parameters carefully, 

but also uses hydrodynamic loads to augment the closing effort. 

This paper focused on the optimal design of an important practical problem of actuated smart valves. Nonlinear optimal design 

tools were utilized to minimize the system energy used for two sets of design variables. Design for minimum energy is indeed 

critical to the operation of this system and will contribute significantly toward advances in shipboard autonomy. 

 John Tugwell, “Pneumatic Actuators” [1976]4 

In spring-return pneumatic actuator, piston is spring-urged in one direction and pneumatically urged in other direction within a 

chamber or cylinder. With the supply of compressed air on side of piston in chamber, the piston exerts load on springs and moves 

giving desired output thrust of actuator. By releasing this air, it returns to its initial position. But as the springs relaxes, its final 

thrust reduces as compared to initial release thrust. This limitation is due to property of coil of compression spring. 

In this invention, the used air from chamber is transferred to spring side chamber which, due to its expansion, helps to increase 

the force along with spring force. This increase the output of actuator torque in both strokes. 

 Guo S. Shin, “Actuator Type Reciprocating Mechanism [1994]5 

This invention is based on the actuator type reciprocating mechanism of pair of two cylinders oppositely extended outward from a 

housings a piston slidably engaged in each of cylinder, a pair of gears rotatably supported in the housing, a pair of pinions engaged 
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between the gears, and a pair of racks engaged with the gears respectively and secured to the pistons respectively. The pinions and 

axles are rotated by the gears and the racks when the pistons move towards each other and move away from each other. 

The objective of the invention is to provide a reciprocating mechanism which produces a large output force and large output 

torque. Inplace of pressurized air, the mechanism can also be operated by hydraulic oil. Also, the mechanism can also be operated 

with hand crank in absence of pressurized air or hydraulic oil. 

 Edward G. Holtgraver, “Pneumatic Actuator with rack and pinion assembly” [1996]6 

This invention relates more particularly to quarter turn pneumatic actuators for valves. Many types of valves and devices require 

quarter turn actuation to cause the valve to be positioned such that a flow through a pipe is regulated or stopped. One of these 

includes an accurate piston for rotary motion. The majority of quarter turn actuators offered in market employ dual pistons moving 

in linear fashion for force generation and rack and pinion arrangement for conversion of force and linear motion into torque and 

rotary motion. 

In this invention, a pneumatic actuator consists of housing having a cylinder in which piston fitted slides. Also, it has another 

housing consisting of another cylinder in which also another piston slides. A pinion engages with first and second rack and hence 

rotates with movement of racks. This invention offers and user advantages i.e. lowered costs, faster assembly times, less wear, 

longer life, simplified maintenance, etc. 

 D. Joaquin Triado Isern, D. Fermin Cantenys Soler, “Mechanism for setting the two end position of a piston for a turning 

shaft of the rack and pinion type” [1998]7 

In this invention, for an actuator, the mechanism is described for setting the two end positions of a piston for a turning shaft of the 

rack and pinion type, being equally applicable to driving gears which use slotted or other guides as a system of conversion of linear 

into turning movement. The structure to which the mechanism of the invention is applicable consists basically of a piston which 

moves alternately from inside of sleeve, with one of the ends closed by a cover. The movement of the piston in either direction is 

effected for means of a fluid, and this movement is what starts the action over the corresponding turning shaft, whose rotary 

transmission can be effected by means of a rack and pinion or other type of element. 

 Ajit Kothadia, Amit Shah [2015]8 

As per the published patent no. US 2015/0176685 A1,” Rotary Actuator with Optimized Spur Pinion and Rack” by Ajit Kothadia  

and Amit Shah the optimization performed by the inventor is based on the Spur and pinion profile and number of tooth. Based on 

this invention the further optimization is possible by detailed and keen study of rack and pinion type pneumatic actuator in that 

torque plays major role. And it can be achieved by design modification. The problem of weakening of root of tooth and noisy 

power transmission in rack and pinion actuator is reduced by spur type pinion and rack arrangement, of reduced number of tooth, 

without change in the pressure angle, where the crest of the teeth is narrowed and the root is thickened increasing the bending 

strength, still maintaining required ratio, thereby resulting in interference free operation with reduced vibrations and noise. 

III. CONCLUSION 

From the literature review, it can be seen that the actuator is main element of automation system and effectiveness of actuator can 

improve the efficiency and effectiveness of whole system. The main part in actuator on which the performance of the actuator 

depends is power, force, Torque, number of cycles. The major focus of researcher’s work is to carryout design and analysis of  

actuators by using various mechanisms, techniques and other performance measures of various components. Inline with traditional 

experimental method, which require number of equipment, prototype, more time, funds and many other resources, new computer 

aided tools such as finite element analysis (FEA) are also effectively used. Remarkable work is carried out in field of analysis of 

actuators and valves. For numerical simulation and calculation area, tool named Fluid structure interaction (FSI) is also in use. 

There is lot of scope for researching the optimized performance of actuators using various tools and mechanisms. 
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