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ABSTRACT-

The need of the hour, as we all genuinely know from the global scenario is the production of electricity from the
renewable resources of energy. Most widely used among them are the solar and the wind potential. Besides
these, the hydroelectric resources also play a remarkable role as hydroelectricity accounts for a major share in
the energy sector throughout the world. The trend at present is of the stand alone hydro power plants wherein
the turbine used is the Hydrokinetic turbine , which works with the speed of flow of the water stream.
Permanent magnet synchronous machines, known for their robust nature, variable speed, and high power to
weight ratio are the most suitable ones for the construction of the turbine for low speed operation. This paper
presents the design of permanent magnet synchronous machine and the machine has been modeled and
simulated in RMXprt and Ansys Maxwell.

NOMENCLATURE - PMSG (permanent magnet synchronous generator), RMXprt ( rotational machine

expert), HKT ( hydrokinetic turbine), UHT (ultra high temperature)

l. INTRODUCTION

Renewable energy extraction techniques have
gained momentum in the wake of depleting natural
resources. Many developed and developing countries
alike are currently focused on producing more
renewable energy. This focus is supported by
tremendous investments.[1] This change is necessary
to curb the effect of rise in oil prices globally.[2] As
for a country like India, where the chances of
generating electricity from wind as the resource is
low due to the reasons of the geographical
constraints, the hydroelectricity plays the major role.
The need, economy and the potential of the hour are
the stand alone small hydro power plants which could
generate energy enough to supply the electricity for
the vicinity [3]. A hydro power plant has the greatest
potential thus far as a renewable energy resource. As
observed from the recent trends in other major
contributors like China, Brazil, India and Canada,
developing better technologies for hydrokinetic
energy extraction offers promising returns as well
hence improving the economy of the country.[4].

1. MINI HYDRO PLANT
Mini hydro power plants are used for producing
hydroelectric power which is used to serve a small
community or rural areas depending on the
requirement. The definition states that a plant
generating electrical power of up to 1000 kilowatts
(kW) is generally termed as mini hydro [5]. Mini

hydro power plants are generally classified into micro
hydro power plants, the limit for which is taken as
less than 100 kW. These are usually preferred for the
production of electricity sized for small enterprises
and can be connected to electric distribution networks
as an alternative source of low-cost renewable
energy. Since mini hydro projects have minimal
water reservoirs, their impact on the environment is
lower in comparison with large hydro power plants
[6]. Hydroelectric power as discussed here employs
the hydrokinetic turbine. The difference between the
classical method and the one employed here is that in
the former, water is fed from a reservoir through a
way or a channel into the turbine [7]. But the
hydrokinetic turbine as the name suggests, uses the
kinetic energy of the flow of water usually of a
stream or a river to produce electricity. They are
generally installed along rivers with a high flow rate.
They harness the natural flow and elevation drop of a
river to produce electrical power. Because of having
no sizeable water reservoir, they cannot operate
according to the electrical power demand like dam
hydropower plants do [8]. Because of these factors,
the mini hydropower plants are generally much
smaller in size, have a lower power output, and are
much less adaptable to variations in energy
consumption than dam hydropower plants. The
potential of mini stand alone hydro power plants can
be seen from the table below which presents the latest
state wise data of India.
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TABLE 1. State wise data of the potential hydro
power plants [9]

Slales Central Slate Private Total

81, Seclor Seclor Seclor
No No. [MW | No | MW | No. [MW [No, | MW
1, | Himachal Pradesh 1| w6 7| 8| 6| 49| 15| MW
2 | Jammu & Kashmir 4| M50| 4| 1473 1} 0 §| Wi
3. | Uttarakhand 12| 4374 7| 1653 5 891 M| o858
4. | Punjab 1] of 1| 168 1 7 I W
5. | Madhya Pradesh il 1| 0f 0] 0 o 3 leb
6. | Andhra Pradesh 1} 0| 3] 150 0 0 3| 1560

Kerala ] of 6] M 0 0 o] m
8 | Karmataka 0 0f 2| 40 0 0 1 400
9, | West Bengal Il 10 2f 6| O o 3 18
10, | Sikkim 1 01 0 0 10] 1935 1] 455
11, | Arunachal Pradesh I Ielo| 0 0] 23] 7969 26| 979
12| Assam 0 o] 1| 10| 0o of 1] 1’
13 | Manipur 2 O1566| 0 0 0 0 1 1566
14 | Tamil Nadu 0 o 1| 500 0 0 1 500
15, | Meghalaya 0 of 1] & 1| 450 Il

TOTAL B 16| B[ 701 46| 12007( 109] 30920

% Includes only 600 MW out of 2400 MW Siang Lower H, E, Project for capacily addition
during 17" Plan,

I1. CONSTRUCTION DESIGNS

The design methodology for the construction
process of the required permanent magnet
synchronous machine is a tedious process as it
involves a great deal of mathematical calculations
using the derived equations involving the parameters
of both the stator and the rotor. The design process
needs to be very accurate as proper functioning of
machine and the required induction of flux depends
on the area involved too.
The maximum rotor diameter that can be constructed
can be calculated by the equation

V. (lengt h/min)
Drimax = 1.2n,, (rev/min)n @
The parameter vr represents the maximum peripheral
speed of the rotor. The mechanical speed of the rotor
is represented by nm. This equation can be used to
double check the rotor parameters after the design
has been finalized according to the power
requirement.[10].
After the rotor, the outer part or the stator needs to be

designed, for which the equation used is
L _ g @)

The parameter D is the stator bore diameter and the
length of the machine is represented by I. The output
power divided by the rotor mechanical speed is
defined as the torque and is represented by by t.[11]
The importance of this equation lies in the fact that it
is used to determine how big the motor size needs to
be in order to create the required torque. Since
cooling method plays a key role in the designing of

the machine, so a constant is considered defined by
Vo.

We have considered the assumption that the stator
outer diameter is estimated to be 1.2 times the stator
bore diameter.[12] but considering the space
limitation, it has been decided to make the diameter
much larger than the machine length.

The parameter named Slot pitch is calculated by the

equation
TP

Y= @)

NS
where p represents the number of poles. Ns defines
the number of stator slots.
The next dimension named the coil pitch can be
calculated by

p=ny (4)

It can be seen that, as speed decreases, for a
fixed/pre-determined frequency of the synchronous
field, the no. of poles will increase. Thus the no. of
magnets on the rotor must be increased.[13]
Subsequently, a larger magnetic field is required to
produce higher power (the higher the flux, the higher
the voltage induced and, hence, the higher power
produced) for a given number of poles. It is governed
by the equation,

0, =B, (Z2) ()

Increasing the no. of poles increases the no. of slots
on the stator. Increasing the slot number reduces the
tooth ripples. Unfortunately it also contributes to both
a weaker stator tooth and a more complex stator
structure. Manufacturing a complex stator and
winding the coils is a tedious task, particularly if it
must be constructed in-house [14].

The rotor pole pitch and stator pole pitch are

essentially the same and is calculated as:
2n

Gp = Tp = m (6)

The amount of rotor surface area covered by the
north and south poles of the rotor is termed as
‘embrace’. Normally the embrace is valued 50% to
75% is allowed.[15] Pole embrace affects the voltage
waveform, torque ripple and leakage-flux factor. The
permanent magnets so chosen must possess sufficient
residual flux density, magnetic coercive force and
deliver higher power density. The choice also
depends on the lower cost, thermally, magnetically
and chemically .[16] It is found that Neodymium
magnets and samarium cobalt magnets satisfy most
of the above requirements.

The construction for the standalone hydro turbine
here involves the construction of stator and the rotor.
The rotor has been designed using the permanent
magnet core from the inbuilt directory of the user
defined primitive in the RMXprt and the simulations
were carried using finite element analysis. [17] The
mathematical values were given to the parameters
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involved. The stator comprises the outer part of the
machine and here it has been designed using the
switched reluctance core as we needed the terminals
in the winding to exist. There is a magnetic flux
linkage from the magnets to the stator and this flux
needs a path to flow from one pole to the other. The
back iron provides this path and hence it needs to be
wide enough to sustain magnetic saturation. The
material used for stator is usually copper or silicon
steel with soft magnetic laminations in order to
reduce the leakage flux.[18]

3.1ROTOR
The rotor consists of the permanent magnet core with
the specifications as follows

Table no. 2 Specifications of parameters of rotor

SPECIFICATIONS OF | UNITS (mm)
PARAMETERS

Core diameter on gap side | 240
Core diameter on yoke | 215
side

Length 100
Poles 78
Embrace 0.5
Thickness of the magnets | 8
Width of the magnets 30
Rib 3

The use of permanent magnets on the rotor eliminates
both the complexity of rotor windings and rotor
copper losses, resulting in a simple structure with
increased efficiency. The number of magnets used is
equal to the number of poles. Since the material
needs to be the magnetic material, samarium cobalt
and neodymium ferrite have been the potential
choices due to their excellent physical and magnetic
properties including high remanence and coercivity,
excellent thermal stability, high resistance to
demagnetizing influences, corrosion resistance, and
high energy product.[19] A great deal of research has
been conducted to identify not only better magnetic
materials but also better electromechanical structural
solutions  These advancements give hope to low
power and low speed small scale machines such as
the one constructed in this article. There are also
UHT and superconducting magnets being researched
for MW — GW range machines which offer other
advantages. The common notion is that higher
voltages can be achieved by increasing the size
(thickness) of the magnets. Magnet thickness
however is limited to 11-12 mm. This factor must be
considered when a PMSG is designed.

The magnetic properties of the selected materials are
as under.

Table no. 3. Material properties

MATERIAL SmCo24 Steel 1008
PROPERTY
RELATIVE 1.0631381 BH CURVE
PERMEABILI
TY
BULK 1111111siemen | 2000000siemen
CONDUCTIVI s/m s/m
TY
MAGNETIC - 0A/m
COERCIVITY | 756000.0003A/
m
3.2STATOR

The specifications taken are as under
Table no. 4 Specifications of parameters of stator

SPECIFICATIONS OF UNITS( mm)
PARAMETERS
Core diameter on gap side 290
Core diameter on yoke side 240
Length 100
Poles 80
thickness of the yoke 9
Pole embrace 0.5
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V. MACHINE SIMULATION -
Once the machine is designed it needs to
undergo performance optimization. This is carried
out through the ANSYS software — RMXprt® and
Maxwell 3D®. Thus the process of machine design is
always iterative. The simulation results are as
follows:-
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Flgure no. 2 The screenshot shows the minimum and
maximum voltage that has been induces in the
permanent magnet and switched reluctance core.

Table no. 5 the values of voltages induced in the
respective cores

Minimum | Maximum | Mean | Standard
tet voltage | tet voltage tet deviation
V) V) voltage V)
V)
PMcore 3.04017 1208.9 13.036 | 45.880
SRMcore 7.42166 522.042 16.521 25.055
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Flgure no. 3 The screenshot shows the magnetic field
values being induced in the two cores.

Table no. 6 the values of magnetic flux density
induced in the respective cores

Magnetic flux density (T)
0.94
0.88
0.82
0.76
0.70
0.64
0.58
0.53
0.47
0.41
0.35
0.29
0.23
0.17
0.58

V. CONCLUSION

This paper concludes the model of the permanent
magnet synchronous machine which is being
designed particularly for applications in small hydro
power plants. the turbine wused here is the
hydrokinetic turbine which produces power using the
flow of the stream or river. The model has been
simulated using the finite element analysis and the
Ansys Maxwell software. The values of the voltage
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and flux induced clearly states the authenticity of the
designed machine.

VI. FUTURE SCOPE

The distributed sources of energy undoubtedly
represents the face of the power industry in the
coming era and keeping this fact in mind,
hydroelectric power accounts for one of the major
shares throughout the world. Considering particularly
the case of India, where rural electrification still is a
challenge, mini hydro power plants which utilize the
services of hydrokinetic turbine employing
permanent magnet synchronous machine play a key
role in meeting the energy demands.
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