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Abstract 

This paper presents a methodology to generate coupler curve 

equations at different locations of a prescribed single degree 

of freedom, 4-bar mechanism. The coordinates for these 

equations are obtained with the help of wooden model of 

mechanism. The final equations are formed and generated by 

substituting the coordinates into the Lagrange’s interpolation 

polynomial. The generation of coupler curve equations for the 

prescribed 4-bar mechanism is demonstrated and verified by a 

numerical example. The final coupler curve equations has 

been graphically plotted and presented in results. The present 

work helps in analyzing the path generation performance of 

the prescribed 4-bar mechanism and establishes the 

relationship between prescribed parameters and resulting 

coupler curve equations of the mechanism. 
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Introduction 
Determining the performance of a mechanism is always 

needed in order to bring it into useful engineering application. 

This is often referred as Kinematic Analysis which is an 

important aspect of Kinematics. It includes those techniques 

though which various motion characteristics and properties of 

an existing or specified mechanism are examined, investigated 

and suitability of its proposed design is judged for a particular 

task. In Kinematic Analysis, the given parameters are all 

dimensional parameters including lengths and orientations of 

various links along with their interconnections, techniques 

adopted to bring the mechanism into action. The result of 

Kinematic Analysis is determination of displacements, 

velocities, accelerations, forces, and moments as well as the 

paths followed and motions transmitted by any link of the 

proposed mechanism. The Kinematic Analysis is beneficial in 

minimising the error between overall actual performance and 

desired performance of the mechanism which further helps to 

augment the accurate requirements of automation industry. 

Both graphical and analytical techniques have been applied by 

various researchers to carry out Kinematic Analysis of 

mechanisms. The graphical methods have limitation of 

drawing accuracy whereas analytical methods when used 

along with high-end programming software are simpler, easy 

to apply and provide benefits of improved accuracy. The 

Kinematic analyses of mechanisms have been carried out by 

various researchers using different methods. 

Monková et al. [1] carried out Kinematic Analysis of quick-

return mechanism that was executed by three various 

approaches. The goal of the kinematic analysis was to 

investigate the motion of individual components of 

mechanism in dependence on the motion of drivers. The 

author(s) described the basic principles of three approaches 

along with their advantages and disadvantages. Murthy et al. 

[2] projected Kinematic analysis of a spatial mechanism for 

estimating shaking effects. To improve the dynamic 

performance, balancing of shaking forces and shaking 

moments is important in mechanisms. This is achieved by 

reducing vibration, noise and wear resulting in improved 

fatigue life. The author (s) carried out Kinematic analysis of a 

spatial four-link RSCR mechanism to get the velocities and 

accelerations of its various links which is necessary for the 

estimation of inertia forces in a mechanism. Erkaya et al. [3] 

presented the kinematic as well as dynamic analysis of a 

slider-crank mechanism having an additional eccentric link 

between connecting rod and crank pin. Keeping the same 

stroke and cylinder gas pressure, the author (s) compared the 

analysis results of modified slider-crank mechanism with 

conventional slider-crank mechanism and concluded that the 

modified slider-crank mechanism has greater output torque. 

Patel el. [4] reviewed the research work on the kinematic and 

dynamic analysis of different mechanisms and established the 

fact that study of dynamic analysis is important to understand 

stress distribution and also to improve the output of torque. 

Tadjbakhsh and Younis [5] derived the partial differential 

equation of motion of the flexible connecting rod of a slider 

crank is derived. The author (s) applied Galerkin procedure to 

obtain linear ordinary differential equations, with respect to 

the modal coordinates of vibration of the rod and subsequently 

Floquet theory, which determined those values of the 

parameters that constitute the boundaries between the regions 

of stability and instability. Waldron [6] proposed a general 

method to determine mobility of any rigid body mechanism 

based on Ball's theory of the instantaneous screw axis. The 

author described a relationship between the reciprocal screw 

systems of the mechanism joints and the accurate operations 

needed for manufacturing a machine based on that 

mechanism. Nafees [7] applied an analytical Lagrange’s 

Interpolation Technique to generate coupler curve for single 

tracing point of a 4-Bar Mechanism. 

Also, 4-bar and various other mechanisms were analyzed 

kinematically as well as dynamically using different 

techniques. But so far, no research work was carried out to 

establish relationship between prescribed link lengths of a 

mechanism and coupler curve equations generated by 

different points on the coupler. In present work, Nafees [7] 

extend his previous work to generate coupler curve equations 

for multi tracing points. In present research work, 5 equations 

for 5 different marked points on the coupler of a 4-bar 

mechanism are generated. The final expression for these 

equations is obtained by solving Lagrange’s polynomial. A 

numerical example is demonstrated to reflect the effectiveness 

of the work. The curve equations are graphically plotted. 
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Finally, an effort has been made to establish the relationship 

between the prescribed link lengths and final coupler curve 

equations on various points of coupler of the mechanism. 

 

Configuration of 4-Bar Mechanism 
A 4-bar single degree of freedom mechanism has 4 links and 4 

joints with all revolute pairs. In the present work, the given 4-

bar mechanism is characterized by 3 binary links with 1 

binary multi-offset link. The fixed link of the mechanism is a 

binary link 1 which directly forms revolute pairs at pivots O1 

and O2 with other binary crank link 2 and binary rocker link 4 

respectively. The link 2 and link 4 forms revolute pair with 

binary offset link 3 at points A and C. The input motion is 

supplied to the mechanism through binary crank link 2. On 

rotation of this link, link 3 generates 5 different coupler curves 

passing through 5 tracing points namely B1, B2, B3, B4 and B5. 

The configuration of 4-bar mechanism is shown in Figure 1. 

The frame is given number 1; the driver, crank is given 

number 2 that rotates at constant angular speed; the driven, 

rocker is given number 4 that oscillates about pivot position 

O2; the follower is given number 3 that generates the coupler 

curve through 5 tracing points. 

 

 
 

Figure 1: Configuration of 4-Bar Mechanism 

 

Lagrange’s Polynomial 
In many applications, it is necessary for the coupler curve to 

be continuous or differentiable to model relationships between 

various parameters. For this purpose, the prescribed set of 

discrete data points, which are obtained through mechanism 

wooden model, are converted into continuous functions or 

equations based on discrete data. The process of constructing 

such a continuous function is called data fitting. To achieve 

this, the Lagrange polynomials are used for interpolation [8]. 

In the polynomial interpolation, the problem is to determine a 

polynomial equation that passes through (n + 1) data points 

defined by (x0, y0), (x1, y1),......,(xn, yn) [9].  

To begin with solution, a set of basis polynomials are 

constructed with the constraint that  

            (1) 

The nth degree Lagrange interpolating polynomial is given by 

 

  (2) 

E.g., for the constraint Eq. (1), the three basis polynomials for 

a set of x values {x0, x1, x2} are given by 

 

(3.1) 

 

 

(3.2) 

 

 

(3.3) 

Therefore, the 2nd degree Lagrange interpolating polynomial 

is given by 

 
  (4) 

 

Numerical Problem Based on Generation of Coupler 

Curve Equations for 4-Bar Mechanism 

 

Problem Statement: It is required to generate 5 coupler curve 

equations for 4-bar mechanism with dimensional lengths 

(Refer Figure 2) O1O2 (0.28m), O1A (0.19m), O1C (0.25m), 

AC (0.30m). Each angle between consecutive tracing point 

with respect to mid-point of AC = 30° 

 
 

Figure 2: Dimensional Parameters of 4-Bar Mechanism 
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Observations: The coordinates recorded at 5 marked 

positions of the coupler of given 4-bar mechanism are given 

in table 1. 

 

Table 1: Coordinates at 5 marked positions of the coupler of 

given 4-bar mechanism 

 

Coordinates 1 2 3 4 5 

At 

Marked 

Position 

1 

ai 16.0 4.0 -9.6 -17.0 -18.0 

f(ai) 27.7 32.0 25.6 13.0 2.2 

At 

Marked 

Position 

2 

bi 11.9 0.0 -13.3 -20.0 -18.0 

f(bi) 20.5 25.0 18.0 5.0 -6.0 

At 

Marked 

Position 

3 

ci 32.8 20.2 6.0 -3.0 -6.0 

f(ci) 31.7 35.2 29.6 20.0 13.5 

At 

Marked 

Position 

4 

di 23.3 12.0 -2.2 11.3 -14.0 

f(di) 32.2 36.6 30.0 19.0 10.0 

At 

Marked 

Position 

5 

ei 40.0 27.0 13.0 5.0 -2.5 

f(ei) 27.0 32.0 26.0 17.0 12.5 

 

Methodology to Generate Coupler Curve Equations for 4-

Bar Mechanism 
In present work, the Lagrange’s Polynomial is applied to 

determine coupler curve equations of the given 4-bar 

mechanism. The Lagrange’s polynomial needs coordinates of 

intermediate points to develop an equation. For this purpose, a 

wooden model of the given 4-bar mechanism is developed 

(Refer Figure 3a and Figure 3b). 

When the crank of the mechanism is rotated, the coupler 

moves at different positions. At each displaced position, the 

coordinates at five marked positions of the coupler are 

recorded. These coordinates are substituted in Lagrange’s 

interpolation to determine final coupler curve equations.  

To generate coupler curve equations, following steps are 

followed: 

1. Put the graph paper between the wooden board and model 

of the given 4-bar mechanism. 

2. Put the pencil at marked position 1 of the coupler. 

3. Record the coordinate at marked position 1 of the coupler 

as a1, f(a1). 

4. Rotate the crank (Link 2) through 72° and record the 

coordinate at marked position 1 of the coupler as a2, f(a2). 

5. Rotate the crank (Link 2) through 144° and record the 

coordinate at marked position 1 of the coupler as a3, f(a3). 

 
(a) 

 
(b) 

Figure 3: Wooden Model of prescribed 4-Bar mechanism 

developed to determine coordinate of intermediate points 

 

6. Rotate the crank (Link 2) through 216° and record the 

coordinate at marked position 1 of the coupler as a4, f(a4). 

7. Rotate the crank (Link 2) through 288° and record the 

coordinate at marked position 1 of the coupler as a5, f(a5). 

8. To generate coupler curve equation of marked position 1, 

substitute the coordinate values ai, f(ai) from Table 1 into 

the Lagrange’s Polynomial Eq. (3.1), Eq. (3.2), Eq. (3.3), 

Eq. (4) and solve it. (where i = 1, 2...5) 

9. To generate coupler curve equation of marked position 2, 

repeat step2 to step8 taking coordinate value as bi, f(bi). 

(where i = 1, 2...5) 

10. To generate coupler curve equation of marked position 3, 

repeat step2 to step8 taking coordinate value as ci, f(ci). 

(where i = 1, 2...5) 
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11. To generate coupler curve equation of marked position 

4, repeat step2 to step8 taking coordinate value as di, 

f(di). (where i = 1, 2...5) 

12. To generate coupler curve equation of marked position 

5, repeat step2 to step8 taking coordinate value as ei, 

f(ei). (where i = 1, 2...5) 

 

Results 

The final coupler curve equations determined for given 4-bar 

mechanism with all prescribed link dimensions by solving 

Lagrange’s polynomial equation are: 

f(a) = – 0.001346 a4 – 0.00808689 a3 + 0.389596 a2 + 2.2892 a 

+ 17.7918 

f(b) = 1.01 b4 + 1.6 b3 - 155 b2 + 0.2 b + 0.516 

f(c) = – 0.002238 c4 + 0.003432 c3 – 0.0786791 c2 + 1.2181 c 

+ 24.4549 

f(d) = – 0.00614 d4 + 0.11976 d3 + 1.56119 d2 – 20.288 d – 

20.7933 

f(e) = 0.0000532 e4 – 0.004486 e3+ 0.09167 e2 – 0.45077 e + 

12.9818 

The final coupler curve equations determined for a given 4-

bar mechanism with prescribed dimensions of all links by 

solving Lagrange’s polynomial equation are graphically 

shown in Figure 4. 

 

 
Figure 4: Plotting of Coupler Curve Equations for 4-Bar 

Mechanism displaced from home to 5 prime positions 

 

Conclusion 
This paper presents an analytical method to generate 5 coupler 

curve equations at different locations of the coupler of 4-bar 

mechanism having prescribed dimensions. The actual wooden 

model of the 4-bar mechanism is constructed to determine 

intermediate coordinates for the coupler equations. These 

coordinates are substituted into the Lagrange’s interpolation 

polynomial which is subsequently solved to generate final 

coupler curve equations. A numerical problem is presented to 

verify, graphically plot and demonstrate the generation of 

coupler curve equations. From the mechanism analysis point 

of view, the present research work verifies the relationship 

between the prescribed dimensions of mechanism and its 

resulting coupler curve equations. Also, it is beneficial in 

comparing the overall actual performance of the mechanism 

with desired performance. The accurate requirements of the 

automation industry can be met by analyzing the path 

generation performance of the coupler of mechanism. 
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