Author’s name, co-author’s name (9 pt Italic)
A Kinematically Driven Slider Crank Mechanism
[image: zaglavlje]
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Abstract: Two approaches are possible for kinematically driven multibody systems: a classical and a computational approach. In the classical approach it is assumed that the system degrees of freedom can easily be identified and all the kinematic variables can be expressed in terms of the degrees of freedom. When more complex systems are considered, the use of another computer-based method, such as the computational approach, becomes necessary. A V engine slider crank mechanism is an example of the complex system. In the computational approach, the kinematic constraint equations that describe mechanical joints and specified motion trajectories are formulated, leading to a relatively large system of nonlinear algebraic equations that can be solved using computer and numerical methods. In this paper, we use the computational approach for kinematic analysis of the position, velocity and acceleration of a slider crank and a V engine slider crank mechanism. The influence of nonuniformity rotation of the crankshaft on the movement of the piston will be given.
Key words: kinematically driven systems, slider crank mechanism, kinematic constraint

1. KINEMATICS
A rigid body that is used to model a component of a slider crank mechanism is defined as a system of particles the distances between which remain unchanged. Each particle in a rigid body is located by its constant position vector in a reference frame that is attached to and moves with the body, called the body-fixed reference frame. In reality, all bodies deform to some extent when forces are applied. Nevertheless, if movement associated with deformation is small, compared with the overall movement of a body, then the concept of a rigid body is acceptable.
The algebraic kinematic constraint relationships between coordinates are formulated and used to develop a number of equations equal to the number of unknown coordinates. These constraint equations, which are, in general, nonlinear functions of the coordinates, can be solved using iterative numerical and computer methods to determine the positions of the bodies in the system. By differentiating the constraint equations once, and twice with respect to time, linear systems of equations in the velocities and accelerations can be obtained.
2. COMPUTATIONAL METHODS IN KINEMATICS 
In the analysis the configuration of the system is described by n coordinates, which can be written in a vector form as

	 	


In the planar analysis, if the system consists of  bodies, and the absolute coordinates are selected to describe the system configuration, one has  and the coordinates are defined as

 	
These coordinates are not independent as the result of the kinematic constraint equations that describe system joints as well as specified motion trajectories. These constraint equations can be written in a vector form as 

[bookmark: ZEqnNum634921]	 	

where  is the total number of constraint equations.


This vector of the constraint equations represents   scalar equations that can be solved for the  unknown coordinates. Because a closed form solution cannot be obtained, in general, in the case of nonlinear systems, numerical methods are often used. Differentiating the vector of constraint equations defined by  with respect to time, and using the chain rule of differentiation leads to

[bookmark: ZEqnNum983636]	 		


where  is the constraint Jacobian matrix and   is the vector of partial derivative of the constraint equations with respect to time. This vector is defined as

	 	

Since the coordinates of the system components are assumed to be known from the position analysis, the Jacobian matrix  and the vector  which can be functions of the coordinates and time can only be evaluated. The linear system of algebraic equations in the velocity vector can be written as

[bookmark: ZEqnNum560996]	.		
The acceleration equations can be obtained by differentiating  with respect to time, leading to 

	.	
This equation, by using the chain rule of differentiation, yields

[bookmark: ZEqnNum869074]	,	
and the equation  can be written as

	.	
This equation, by using addition, yields

	 	

This is a linear system of algebraic equations in the acceleration vector , which can be written in the following form:

[bookmark: ZEqnNum651904]	 		

where the vector  absorbs terms that are quadratic in the velocities and is defined as

	.	
2.1 SLIDER CRANK MECHANISM
[image: ]
Fig. 1 Slider crank mechanism
The absolute Cartesian coordinate will be used for kinematical analysis and the coordinate system for each body is defined in Fig 1. The origin of all local coordinate systems is located in the center of mass of the body and all are related to solid bodies to which they belong. Define absolute coordinates as follows

	 	
First, we consider the case where the angular velocity of the crankshaft is prescribed as

	 		

where  is a specified function of time. This equation can also be written as

	 	
The preceding equation can be written as

	 	

where Cd is the driving constraint and .
Using the ground and revolute joint constraints and the special form of the prismatic joint and driving constraints, the vector of the constraint equations of the slider crank mechanism can be written as

	 	
in which the first three constraints are the ground constraints, the fourth to the ninth constraints represented by the revolute joint constraints, the tenth and eleventh constraints are the prismatic joint constraints, and the twelfth constraint is the driving constraint.
The speeds are obtained by solving the linear system of equations , which, can be written for the analyzed crank-slider mechanism as

	 	
Acceleration is obtained from the equation , where the vector 

	.	
[image: ]
Fig 2. Angular speed of crankshaft as a function of the crankshaft angle position


The actual angular speed of the crankshaft is not constant during the cycle. Dynamic tests were carried out on DW10BTED4 PEUGEOT engine. Current angular velocity of the crankshaft is measured with a resolution of . Fig 2. shows the change in angular speed of the crankshaft during one cycle (-mean speed). 
Fig. 3. and Fig. 4. show the influence of nonuniform movement of the crankshaft on the speed and acceleration of the piston. At higher speeds of rotation of the crankshaft the influence of nonuniform rotation on the speed and acceleration of the piston is smaller.
[image: ]
Fig 3. Speed of the piston with constant and nonuniform angular speed of the crankshaft
[image: ]
Fig 4. Acceleration of the piston with constant and nonuniform angular speed of the crankshaft
2.2 A V ENGINE SLIDER CRANK MECHANISM 
[image: ]
Fig 5. V Engine slider crank mechanism [4]
Fig. 5 shows a sketch of the engine with general dimensions necessary to create a mathematical model of movement of parts of the V engine slider crank mechanism.
The vector of the constraint equations of the V engine slider crank mechanism can be written as

 	
Jacobian matrix, which is defined for this V engine as

 	
Where



For the velocity analysis, one needs to evaluate the vector  

	.	


For the acceleration analysis, the Jacobian matrix and the vector  must be evaluated. The vector  is

	.	
Fig. 6. and Fig. 7. show the influence of nonuniform movement of the crankshaft on the speed and acceleration of the piston’s V engine.
[image: ]
Fig 6. Speed of the piston’s V engine with constant and nonuniform angular speed of the crankshaft
[image: ]
Fig 7. Acceleration of the piston’s V engine with constant and nonuniform angular speed of the crankshaft
3. SUMMARY AND CONCLUSIONS
By applying a given mathematical model to the specific engine and after the analysis of the results, it can be concluded that:
· Computational approaches for a kinematically driven slider crank mechanism are more general and complex than the classical ones.
· The influence of irregularities on the rotation speed and acceleration of the piston is greater at lower speeds when the unevenness is higher.
· The application of linear algebra allows us to simultaneously determine the velocity and acceleration of all the parts that make up the observed system-slider crank mechanism.
· The proposed approach for the kinematically driven slider crank mechanism and V engine slider crank mechanism is easily applicable to other mechanisms. 
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