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INTRODUCTION

The energy is a big concern and vital in today’s world and especially electrical machines plays an important
role as one of the key component in energy generation (M.A. Arjona, 2011). Nearly all electrical power used
throughout the world is generated by electrical machines. Synchronous machines are an AC rotating machine
which generates AC power (lvan Jadric, 2000). Michael Faraday and Hippolyte Pixii have proposed the concept
of alternator. It improves power factor, reliability and generate high quality power. In synchronous machines
under steady state condition, the speed is relative to the rate of recurrence of the current within its armature.
Synchronous generator with rectifier system is suitable for many applications such as excitation system of large
electric generators, Aircrafts, Shipboard and sub marine power system and high power DC supplies (Maarten
Steinbuch, 1992; José Cidras, 2000; Ivan Jadric, 1998; Nicolas Patin, 2008). The power for electrical system of
recent vehicles produces from alternator. In preceding days, dc generators or dynamos be worn for this
motivation but subsequent to progress of alternator, the dc dynamos are replaced by means of supplementary
strapping and light weight alternator. Even though the electrical scheme of motor vehicles commonly requires
all the way through contemporary but at a standstill an alternator by the side of with diode rectifier as a
replacement for a dc generator is better preference as the complicated commutation is absent at this juncture.
This unique type of generator which is exploiting in vehicle is acknowledged as automotive alternator. In
Aircrafts power supplied to the loads through batter in early days but nowadays power supplied to this loads
through Multi stage generator system and shaft coupled generator system (Antonio Griffo, 2013; Charanjiv
Gupta, 2009). An additional use of alternator is within Diesel electric locomotive. In fact the engine of this
locomotive is nonentity but we proclaim an alternator firm by diesel engine. The alternating current created by
this generator is converted to DC by means of integrated silicon diode rectifiers to endorse all the dc traction
motors. And these dc traction motors drive the wheel of the locomotive. This machine is also dilapidated in
marine related to Diesel electric locomotive. The synchronous generator used in marine is specially designed
with apt adaptations to the salt-water environment. The typical output level of marine alternator is about 12 or
24 volt. In huge marine, more than one units are used to provide large power. In this marine system the power
produced by alternator is first rectified then used for charging the engine starter batteries and auxiliary supply
batteries of marine. Computer based simulation is preferred because of Finite element analysis (FEA) was
introduced initially in the year of 1960 by R.W.Clough. FEA is applied in system with complicated design and
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highly non linearity problem due to magnetic material. FEA is applicable in linear and non linear system, static
stress and dynamic stress analysis, fluid flow, heat transfer, electric, electrostatic and magnetic field analysis
(Fang Deng, 1998). Finite element method (FEM) used to apply design and analysis stage of electrical
machines. FEA analysis of electrical machines was first carried out by P.Silvester in 1970’s. Advantages of
FEM is produce accurate results, high reliability, minimize power loss, maximize power and torque density and
low product development cost. The FEA analysis applied in synchronous generators to evaluate magnetic field
distribution, Thermal characteristics, Losses present in the machine, Faults present in the machine (Julio-César
Urresty, 2010; Arjona, L., 1999; Zlatko Kolondzovski, 2005; Chang Eob Kim, 2002; H. Yaghobi, 2001; Sami
Ruoho, 2007; Jagadeesh Chandra Prasad, 2011; Martin Ranlof, 2010). In this paper the theoretical and
simulation analysis of the synchronous generator is carried out and finally the overall simulation results
compared with theoretically calculated values. In section 11 the fundamental theory, design equations and overall
design data is discussed. In section Ill simulation analysis and results are discussed by using finite element
analysis software’s. In section IV both analytical results and simulation results listed.

Overview of synchronous generator:

In Synchronous Generator, armature is the stationary part and field is the rotating part of the machine. Two
types of synchronous generator are used in general. They are salient pole synchronous generator and cylindrical
pole synchronous generator. Generally salient pole type generator is used for low and medium speed
applications and cylindrical pole synchronous generator is used for high speed applications. In this paper
5KW/28V, 24 stator slots, 4 field pole sand 8000rpm synchronous generator has been presented. The actual
structure of the machine is shown in the following Fig.1.

Fig. 1: General Structure of Synchronous Generator.
The rms value of generated emf equation of the synchronous generator is
Epn = 4 KeK4K, Tfpin volts (1)

Where

K; = Form factor

K. = Coil Span

K4 = distribution factor
T = Number of turns
f = Frequency in Hz
¢ = Flux in Webbers

When the machine electrical equations are transformed from abc to dq reference frame model, we get
following equations.
In armature section voltage equation is
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In armature section flux linkage equation is

Wy = —(Lag + Lyig + Lagipg + Lagisg (7)

¥, = —(Lag + Li)ig + Lagisg (8)

In field section flux linkage equation is

Wig = (Lag + LgaYigg — Lagia + Lagisa 9)
Wig = (Lyg + Lyglisg — Lagia + Lagig (10)
qu = {Laq + qu}Elq - Laqiq (11)
Air gap torque
TE: Tad[q_Taq[ﬂ (12)
Stator Mean
Diameter
(MD) = (Slot root dia+ Slot tip  dia)/2 (13)
Pole Mean
Diameter
(PMD) = (Pole Tip Dia+Pole RootDia)/2 (14)

Self Inductance

_n Loyt T
, = it (15)

Where g = Cyg
Based on above equations & some of other standard design equations the overall analytical design of the
machine is carried out. Some of the machine design specifications listed in the following Table I.

Simulation Results:

The finite element analysis is the best way to analyze the magnetic field and heat flow of the machine. In
this section the analytically designed synchronous generator was implemented in the finite element software’s.
Here we used FEA software’s MagNet and ThermNet. MagNet software is used for magnetic field analysis and
Therm Net is used to analyze heat flow and total heat produced in the machine.

Magnetic field analysis:

Generally the magnetic field analysis uses to analyze the magnetic flux produced, emf induced and current
flow in the machine. Initially the analytically designed values are implemented in MagNet software. Once the
solid model of the machine is obtained, then the material is applied. Here Armature & Field cores are made up
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of hyperco and both Armature & Field windings are made up of copper. After the application of all materials,
static and transient 2D analyses are performed on the machine without load condition. The magnetic field

waveforms are obtained after the analyses.

From the Magnet software, we obtained flux density waveform which shows in the Fig.2.(a). and Fig.2.(b).
From these figures, the maximum flux density is approximately equal to 2.733Web/m? which is equal to the
analytically designed value. Also Fig. 2. Shows that the maximum flux value is obtained near the aligned poles

and the flux lines pass inside the core section.

TAELEI

DESIGH PARAMETERS
5.Mo. Parameters Values
1. Fated Powrar, (W) 5000
2. Fated DiC Valtage, ¥ (V] 28
3. Fated murrent (4] 180
4. Zator Crater Diameter, ods (mmd) 138.5
3. Fotor Crater Diameter, od i mni %l.Ea
b Lengthof the Airgap, Ly (nom) 0.7
7. Zpeed, Hirpm) 2300
2. Humberof flots, 5 24
9. Mumberof Poles, P 4
1. Fowrer Factor n.eg
11. Frequency, (H=) 292
12 FhxFale, (kg 1072
13, Total Losses, (W) 1589
14 Efficiency, (%3] 4.8

Fig. 2(a): Flux Density plot.
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Fig. 2(b): Flux Density plot in another rotor position.

Fig.3 shows the direction of flux travelling in the machine which has 4 closed paths which is equal to the
number of poles present in the rotor and this figure shows clearly that the maximum flux concentrated near the
aligned poles.

Fig. 3: Flux flow plot.

Fig.4 and Fig.5 shows that the voltage induced in the armature winding is 14V and the current flowing
through the armature winding is 180A. From the figures we conclude that the induced voltage and current are
sinusoidal in all the three phases.
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Fig. 4: Induced voltage at Armature winding.
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Fig. 5: Flowing current at Armature winding.

Initially, the machine analyzed at the unloaded condition. Then the synchronous generator connected to the
resistive load at a value of 0.X3 through diode rectifier. This synchronous generator with diode combined
system is suitable for many applications like Aircrafts and Marine power system. Then this system applied in
the transient 2D analysis to get DC voltage and DC current of the load. Fig.6 and Fig.7 show the voltage across
the load is 28V and current flowing through the load is 180A which is equal to the analytically designed values
already mentioned in the design table.
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Fig. 7: Dc current through the load.

Thermal analysis:

Generally thermal analysis of the machine helps to find total temperature produced in the machine and heat
flow direction of the machine. In this paper we present coupled magnetic field and thermal analysis of the
synchronous generator. That is analytically designed values implemented in the MagNet software and after
magnetic field analysis is carried out that same circuit directly implemented in the ThermNet software. This
process is called the coupled magnetic field and thermal analysis. After the implementation of circuit in the
ThermNet software, 2D transient analysis is taken. From this analysis we obtained heat flow of the machine and
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total heat produced in the machine this is shown in the Fig.8 and Fig.9. From Fig.8, we get total heat flow
direction in the machine. Fig.9 shows that the total produced in the machineCiab shows that the
maximum heat produced at the coil section.

Comparison Between Analytical And Simulation Analysis:
In this section the overall results obtained from both analytical and simulation analysis are compared and
listed in the following table.

Table 11: Comparison Between Analytical And Simulation Results.

S.No Parameter Analytical Value Simulated value
1 Output voltage 28V 28V
2 Output current 180A 180A
3 Flux/Pole, 107.2 Kmax 138.2 Kmax
4 Temperature 20-C 25.8°C

Arrow Plot

Fig. 8: Heat flow in the machine.
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Fig. 9: Temperature in the Machine.

Conclusion:

Electrical energy is generated through induction generator, Synchronous generator and Permanent magnet
synchronous generator. Out of all generators, the synchronous generator has a benefit that the output frequency
of the generator is able to be further effortlessly synchronized to remain at a constant value. The Synchronous
generators are more resourceful than asynchronous generators. Synchronous generators can simply
accommodate load power factor variations and it is capable of in progress by means of supplying the rotor field
excitation from a battery. So it is apt for many high speed applications where AC and DC power supply is
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required. This paper compares the overall simulated results with the analytical values through magnetic field
analysis and thermal analysis of analytically designed synchronous generator with a rating of 5SKW/28V at
8000rpm. By this comparison, the performance of analytically designed synchronous generator is fine so that
this generator is well suitable for many high speed applications.
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