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Unit 1 
 

Electromechanical Energy Conversion Principles 
 

 

Introduction: 
Electrical energy is seldom available naturally and is rarely directly utilized. There are two 
conversion takes place------- 

a. One form to electrical form 
b. Electrical form to original form or any other desired form 

The device through which we convert one form to electrical form & back to original form or any 
other desired form is studied in EMEC. 
Like—Transformers, D.C. Machines, A. C. Machines (Induction and Synchronous) 
These devices can be transducers for low energy conversion processing and transporting. A 
second category of such devices is meant for production of force or torque with limited 
mechanical motion like electromagnets, relays, actuators etc. 
A third category is the continuous energy conversion devices like motors or generators which are 
used for bulk energy conversion and utilization. 
EMEC-----------via----------Medium of magnetic or electric field. For practical devices magnetic 
medium is most suitable. 
When we speak of electromechanical energy conversion, however, we mean either the 
conversion of electric energy into mechanical energy or vice versa.  
 
Electromechanical energy conversion is a reversible process except for the losses in the system. 
The term "reversible" implies that the energy can be transferred back and forth between the 
electrical and the mechanical systems.  
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Energy Flow Diagram 

 
From energy diagram we can see that principle of energy conservation is accurately followed. 
i.e Input Energy=Losses + Stored Energy + Output Energy. 
 

Singly Excited System: 
Consider a singly excited linear actuator as shown below. The winding resistance is R. At a 
certain time instant t, we record that the terminal voltage applied to the excitation winding is v, 
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the excitation winding current i, the position of the movable plunger x, and the force acting on 
the plunger F with the reference direction chosen in the positive direction of the x axis, as shown 
in the diagram. After a time interval dt, we notice that the plunger has moved for a distance dx 
under the action of the force F. The mechanical done by the force acting on the plunger during 
this time interval is thus 

Fdxdwm =  

 
Singly Excited system energy conversion 

 

The amount of electrical energy that has been transferred into the magnetic field and converted 
into the mechanical work during this time interval can be calculated by subtracting the power 
loss dissipated in the winding resistance from the total power fed into the excitation winding as 

dtRividtdwdwdw mfe
2−=+=  

Since, 

Riv
dt
de −==
λ  

So, 

FdxidFdxeidtdwdwdw mef −=−=−= λ  

we can also write, 

Riv
dt
de −==
λ  

dx
dx

xdw
d
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λ

λ
λ
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the energy stored in a magnetic field can be expressed as 

λλλ
λ

dxixw f ∫=
0

),((),(  

For a magnetically linear (with a constant permeability or a straight line magnetization curve 
such that the inductance of the coil is independent of the excitation current) system, the above 
expression becomes 
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PERFORMANCE OF D.C. MACHINES 
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UNIT-III 

 

STARTING, SPEED CONTROL AND TESTING OF 

D.C. MACHINES 
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SINGLE-PHASE TRANSFORMERS 
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  SINGLE-PHASE TRANSFORMERS TESTING 
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