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 Abstract— The Six-bar quick return mechanism is broadly 

used in manufacturing industries, like slotted link shaper 

machine, such type of machine sustain varying load during 

the manufacturing the job. We have studied static and 

dynamic force behavior of the entire mechanism of particular 

machine. During this research we have observed so many 

different methodologies can be considered using the literature 

survey. This paper deals with literature in the field of 

kinematic and dynamic analysis of six-bar quick return 

mechanism. Static and dynamic force behavior of mechanism 

has been discussed with different types of terminologies and 

methodologies. Also provide wide range of solutions in terms 

of kinematics, kinetics and dynamic analysis of QR 

mechanism. Here, various types of QR Mechanism, like 

flexible, and rigid type have been discussed. 

 

Index Terms— Dynamic analysis, Force analysis, 

Kinematic analysis, Six-bar quick return mechanism. 

I. INTRODUCTION 

 In manufacturing scenario shaper machine is having 

its own importance for driving the production system of 

any industry. The need is to understand the kinematic & 

dynamic behavior of a machine tool in terms of Position, 

Velocity, Acceleration and Inertia forces. The shaper 

machine has a mechanism which must be understood by 

means of kinematic analysis & dynamic analysis for one 

complete rotation of crank. In this work, we discussed the 

Kinematic and dynamic analysis of six bar quick return 

mechanism (Shaper Machine) using analytical method & 

also developed the design and implementation of a 

software package for the computer-aided design and 

analysis of the six bar quick return mechanism. The 

kinematic analysis of the six-bar quick return mechanism 

is discussed with details on how the position, velocity, 

and acceleration were calculated. This software also 

allows user to find the required input torque for given 

input force. The dynamic analysis follows the calculation 

of inertia forces & inertial torque on each link of the 

mechanism. A six-bar quick return mechanism class was 

created that allows users to easily calculate the position, 

velocity, acceleration, and forces at each linkage point 

given an input torque.  

II. LITERATURE 

Ron P. Podhorodeski, Scott B. Nokleby and Jonathan 

D. Wittchen [1] they have described in a paper, “Quick-

return mechanism design and analysis Project”, project 

related to QR mechanism design and analysis. The 

experiences familiarize the terminology of mechanisms, 

with concepts related to mechanism synthesis, with 

relative motion analysis, and with techniques and 

computer programs for the design and analysis of 

mechanisms. Matt Campbell & Stephen S. Nestinger [2], 

have provided a software package for the analysis and 

design of a Whitworth Quick Return Mechanism. The 

Quick Return class can be used to calculate or plot the 

position, velocity, and acceleration of the mechanism. 

The Quick Return class also provides a function to create 

an X linkage animation file display the changes in 

configuration of the learning, and as a teaching aid. 

According, Jih-Lian Ha, Jer-Rong Chang & Rong-Fong 

Fung [3], have described, flexible rod of a quick-return 

mechanism is modeled by Euler-beam theory. The 

calculus of variation and Hamilton‟s principle are used to 

derive the governing equations and boundary conditions. 

Due to the translating / rotating joint moving reciprocally 

along the flexible rod, the special FDMs with the fixed-

and variable-grid schemes are proposed to approximate 

the numerical solutions. However, it is noticeable that 

numerical divergence occurs when the moving boundary 

moves across any of the neighboring nodes. Thus, the 

fixed-grid method is not applicable for the mechanism 

with the large crank. The possibility of singularities can 

be avoided via the variable-grid method, in which a 

coordinate transformation is employed to X the moving 

boundary. For a given time step, taking more space 

intervals can reduce the more numerical errors. H. D. 

Desai[4], has explain, The reciprocating engine 

mechanism is often analyzed, since it serves all the 

demands required for the convenient utilization of natural 

sources of energy, such as steam, gaseous and liquid 

fuels, for generation of power. Further, it is widely 

employed as suitable mechanism for pumps and 

compressors. In this paper the complete kinematic and 

combined static and inertia force analysis of a horizontal, 
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single cylinder, four stroke internal combustion engines is 

discussed. The analytical approach is used as it is more 

accurate and is less time consuming if it is programmed 

for the computer solution. The data for the analysis of the 

engine has been taken from the available literature. The 

present investigation furnishes the complete kinematic 

history of the driven links and the bearing loads for the 

complete working cycle of the engine mechanism. The 

complete force analysis of the engine is simplified by a 

summation of the static forces and inertia forces ignoring 

the friction forces which makes the analysis linear. The 

computer program is prepared in Fortran language for 

both kinematic and dynamic analysis of the engine at the 

crank interval of 150. According, Steven A. King [5], in 

this work, the dynamics of flexible multi body systems is 

studied. In particular, a mathematical model of a flexible-

follower quick-return mechanism is generated and 

verified experimentally. This mechanism is of special 

interest as the closed-loop constraint manifests itself as a 

time varying load in the domain of the flexible member. 

The motivation for modeling this type of system is the 

current trend in the design of industrial equipment toward 

lighter weight, more slender mechanism components used 

in order to achieve higher productivity and lower 

predating cost. As a result, the usual rigid body 

assumptions made in the dynamic analysis of these 

systems are no longer valid. Flexibility of the machine 

elements must be considered in order to produce useful 

system models. System equations of motion are generated 

using a hybrid parameter multiple body system modeling 

technique. The methodology allows rigorous formulations 

of the complete nonlinear, hybrid differential equations 

with boundary conditions, no Lagrange multipliers are 

needed. To verify the model, an experimental mechanism 

was constructed and data was collected for several test 

runs with variations of the system parameters. Chin Pei 

Tang [6], describes the detailed steps in formulating the 

dynamic equation of a four-bar mechanism in the 

minimal coordinate form using Lagrangian formulation. 

It is well-known that a four-bar mechanism possesses one 

degree-of-freedom (d.o.f.), and, hence, ideally a single 

dynamic equation is sufficient to completely describe the 

dynamics of the closed system. However, using only 

single coordinate to parameterize the entire system when 

constructing the dynamic equation tends to be a very 

tedious process, hence extra number of generalized 

coordinates are often introduced in order to simplify the 

modeling process. In this article, he shows the systematic 

process of using the extra number of generalized 

coordinates to parameterize the configuration of the 

closed  system, and reducing the required coordinates to 

only one when formulating the dynamic equations in this 

case. A.T. Yang [7] in his paper, “Static Force and 

Torque Analysis of Spherical Four-Bar Mechanisms”, 

gave a complete static force and torque analysis of 

spherical four-bar mechanisms of general proportions by 

using the equations of static equilibrium. The results from 

the analysis are expressed in concise algebraic forms 

ready to programmed digital computation. In addition, the 

numerical results could be applied directly by the 

designer in determining the dimensions of the links since 

the forces and moments acting on each member were all 

expressed in terms of components along the base vectors 

of the reference frame fixed to the corresponding link. J. 

J. Uicker [8] presented a paper “Dynamic Force Analysis 

of Spatial Linkages”, that used the matrix method of 

linkage analysis to analyze the bearing forces and torques 

which result from the inertia of the moving links when a 

single-loop, single degree of freedom linkage is driven 

with known input velocity and acceleration. The method 

is well suited to digital computation and has been tested 

on several examples of spatial linkages.  Paul, B.et.al [9] 

in their paper “Computer Analysis of Machines with 

planar Motion I- Kinematics; II-Dynamics”, presented a 

uniform procedure for establishing the dynamic equation 

of motion for machines with single-degree of freedom or 

multi-degree of freedom. The procedure, which utilizes 

the independent kinematic loops of machines, is readily 

programmed for a digital computer and it is capable of 

treating input forces, internal springs and dampers. R. R. 

Allen et. al. [10] wrote “Connection Force Analysis of 

Mechanisms Described by Explicit Equations of Motion 

in Generalized Coordinates” where the connection forces 

acting at the joints of a kinematic mechanism are derived 

from the generalized variables of the mechanism equation 

of motion using an equivalent force analysis. The 

connection force calculation was numerically efficient 

and independent of the formulation and solution of the 

equations of motion as illustrated by a numerical example 

applied to a planar four-bar linkage. [11] wrote his paper 

“Static Force and Torque Analysis Using 3x3 Screw 

Matrix, and Transmission Criteria for Space 

Mechanisms”, where he presented the method of 

determining the static force and torque distributions in 

space mechanisms by the use of the 3x3 screw matrix. 

The dual equilibrium equations for an n-link multi-loop 

mechanism were written and the explicit expressions for 

the force and torque components at any pair location 

derived Mekonnen Gebreselassie [12] in his paper 

“Computer-Aided Synthesis, Kinematic Analysis and 

Simulation of Planar Mechanisms“, presented the 

kinematic synthesis and analysis of four, five, and six-bar 

mechanisms by using the complex number approach. 

III. RESULT AND DISCUSSION 

a)  Quick return mechanism [1] can be design using 

advance computer technology. However, using computer 

software we can evaluate terminology of mechanism with 

the help of computer programming. Also this technology 

provides synthesis and kinematic analysis of mechanism. 

b) For the special type of mechanism like Whitworth 

Quick Return Mechanism design [2] using the software 

packages. This software has been provided the different 
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configuration. Animation can be developed using various 

classes of software packages.  

c)  Flexible rod of quick return mechanism [3] is design 

by Euler beam theory. They have been provided  

d) The reciprocating engine mechanism [4] can be 

analyzed for the convenient utilization of natural 

resources of energy for generation of power. Also the 

complete kinematic and combined static and inertia force 

analysis of a horizontal, single cylinder, four stroke 

internal combustion engines can be carried out with this 

method. 

e) A mathematical model of a flexible-follower quick-

return mechanism [5] is generated and experimentally 

verified to study the dynamics of flexible multi body 

systems for the positive approach towards the design of 

industrial equipment of lighter weight in order to achieve 

higher productivity and lower predating cost. Also the 

system equations of motion are generated using a hybrid 

parameter multiple body system modeling technique 

which allows rigorous formulations of the complete 

nonlinear, hybrid differential equations with boundary 

conditions. 

f) In the four bar mechanism for closed system, [6] there 

is no need to create various dynamic equations for the one 

degree of freedom system. So that only one generalized 

dynamic equation is sufficient for formulating the force 

analysis of closed system. 

g) Spherical four-bar mechanisms [7] is studied using the 

equations of static equilibrium for a complete static force 

and torque analysis. And results from the analysis are 

expressed in concise algebraic forms ready to 

programmed digital computation and the numerical 

results applied directly by the designer in determining the 

dimensions of the links. 

h) Bearing forces [8] and torques of Spatial Linkages are 

analyzed using matrix method of linkage analysis and this 

method is found well suitable to digital computation and 

testing of spatial linkages. 

i) In the planar four bar linkage [9] forces can be evaluate 

using generalized coordinate system. This force analysis 

may be numerically solved using equation of motion for 

equivalent force analysis. 

j) A uniform procedure for establishing the dynamic 

equation of motion for machines [10] with single-degree 

of freedom or multi-degree of freedom presented which is 

readily programmed for a digital computer and it is 

capable of treating input forces, internal springs and 

dampers. 

k) The method of determining the static force and torque 

distributions in space mechanisms is represented using 

3x3 screw matrix [11] and the dual equilibrium equations 

for an n-link multi-loop mechanism were written and the 

explicit expressions for the force and torque components 

at any pair location derived. 

l) Four, Five and Six bar mechanisms kinematics & 

dynamic analysis [12] can be done using complex algebra 

approach. This method is very simplified than graphical 

method, so that results will get more accurate. 

 

IV. CONCLUSION 

In this paper we have discussed various mechanisms 

like four, five and six bar mechanisms.  From this review, 

we have obtained how to find the joint forces of different 

mechanisms using different analytical, graphical, and 

computer aided programming techniques. Whether this 

method is valid or not can be checked using various 

motion analysis coordinate systems. From the review 

reference, we have obtained complex algebra method is 

most suitable for the analysis of kinematic and dynamic 

force behavior of six-bar quick return mechanism.  
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