
 

UNIT – I - Force Analysis 
 

(1) Introduction: If the acceleration of moving links in a mechanism is running with considerable amount of 

linear and/or angular accelerations, inertia forces are generated and these inertia forces also must be overcome 

by the driving motor as an addition to the forces exerted by the external load or work the mechanism does. 

 
(2) Newton’s Law: First Law Everybody will persist in its state of rest or of uniform motion (constant 

velocity) in a straight line unless it is compelled to change that state by forces impressed on it. This means that 

in the absence of a non-zero net force, the center of mass of a body either is at rest or moves at a constant 

velocity. Second Law A body of mass m subject to a force F undergoes an acceleration a that has the same 

direction as the force and a magnitude that is directly proportional to the force and inversely proportional to the 

mass, i.e., F = ma. Alternatively, the total force applied on a body is equal to the time derivative of linear 

momentum of the body. Third Law The mutual forces of action and reaction between two bodies are equal, 

opposite and collinear. This means that whenever a first body exerts a force F on a second body, the second 

body exerts a force −F on the first body. F and −F are equal in magnitude and opposite in direction. This law is 

sometimes referred to as the action-reaction law, with F called the "action" and −F the "reaction" 

 
(3) Types of force Analysis: 

□ Equilibrium of members with two forces 

□ Equilibrium of members with three forces 

□ Equilibrium of members with two forces and torque 

□ Equilibrium of members with two couples. 

□ Equilibrium of members with four forces. 

 

(4) Principle of Super Position: Sometimes the number of external forces and inertial forces acting on a 

mechanism are too much for graphical solution. In this case we apply the method of superposition. Using 

superposition the entire system is broken up into (n) problems, where n is the number of forces, by considering 

the external and inertial forces of each link individually. Response of a linear system to several forces acting 

simultaneously is equal to the sum of responses of the system to the forces individually. This approach is useful 

because it can be performed by graphically. 

 
(5) Free Body Diagram: A free body diagram is a pictorial representation often used by physicists and 

engineers to analyze the forces acting on a body of interest. A free body diagram shows all forces of all types 

acting on this body. Drawing such a diagram can aid in solving for the unknown forces or the equations of 
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motion of the body. Creating a free body diagram can make it easier to understand the forces, and torques or 

moments, in relation to one another and suggest the proper concepts to apply in order to find the solution to a 

problem. The diagrams are also used as a conceptual device to help identify the internal forces—for example, 

shear forces and bending moments in beams—which are developed within structures. 

 
(6) D’Alemberts Principle: D'Alembert's principle, also known as the Lagrange–d'Alembert principle, is a 

statement of the fundamental classical laws of motion. It is named after its discoverer, the French physicist and 

mathematician Jean le Rond d'Alembert. The principle states that the sum of the differences between the forces 

acting on a system and the time derivatives of the momenta of the system itself along any virtual displacement 

consistent with the constraints of the system is zero. 

 
(7) Dynamic Analysis of Four bar Mechanism: A four-bar linkage or simply a 4-bar or four-bar is the 

simplest movable linkage. It consists of four rigid bodies (called bars or links), each attached to two others by 

single joints or pivots to form closed loop. Four-bars are simple mechanisms common in mechanical 

engineering machine design and fall under the study of kinematics. 

□ Dynamic Analysis of Reciprocating engines. 

□ Inertia force and torque analysis by neglecting weight of connecting rod. 

□ Velocity and acceleration of piston. 

□ Angular velocity and Angular acceleration of connecting rod. 

□ Force and Torque Analysis in reciprocating engine neglecting the weight of connecting rod. 

□ Equivalent Dynamical System 

□ Determination of two masses of equivalent dynamical system 

 

(8) Turning Moment Diagram: The turning moment diagram is graphical representation of the turning 

moment or crank effort for various positions of crank. 
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(9) Single cylinder double acting engine: 
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