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Abstract— This paper presents a feasible study of value addectbuild used induction motors. The performante
induction motor was degraded by growing numbereofising years and the deterioration structure mdiiction motor
with worst when used the rebuilt induction motoowgver it has a potential to transformation indoatimotor to

reused induction generator which mostly requiresdo speed at prime mover for standalone generatdhé remote
rural area with the aim to finding the economicw@n to rebuild used induction motor for low speieduction

generator. Thigpaper presents in two parts, the first part is aperiment to test the efficiency of used inductimior

in the different years of serviced and the seccand is a development method to rebuild the useddtidn motor for

the renewable low speed inductor generator by regithe new coil in the stator and embedded permaneagnets
into the rotor of the induction motor as permanemignet synchronous generator (PMSG). The firsegxmnt

resulted demonstrate the performance of used ifmtuahotor in the different groups by year of sesevidnd the
finding in the second part of the experience toettmpyed a rebuild used induction motor able to pmidg an

acceptable power as per the designed voltage atdpeed induction generator. Finally, this experilmena new
concept for alternative energy from the lower éficy of used induction motor by rebuilt to lowegpénduction motor
at the economic cost for standalone generator é@rééimote rural area in the future.

Keywords— PMSG, low speed induction generator, alternativenergy.

available renewable energy resources [4]. Then, the
1. INTRODUCTION improvement of renewable energy technologies will
d h I L assist sustainable development and provide a solbi
NOWa ays, the world's energy consumption is expnbcte several energy related environmental problems &s ca
to increase dramatically. While fossil fuels wi#main seen the optimization algorithms constitute a bieta
an important source of energy, renewable energis w ,, tor solving complex problems in the field of
also gain importance, as a result of concerns bigh renewable energy systems is importance [5].

fossil fuel prices, increasing greenhouse gas éomss Hence, the drive towards the decentralization afigro

and energy import delpend_ence.. Also, the deveIOpinggeneration and increasing use of renewable energy
countries challenge facing high price and demanidelf sources is one page action plan for case studywii

according to high increasing rate of GDP and ecanom energy, bio-gas, solar and hydro potential has ieco

grovvt_h in the country. In .the recent year, es,tima,teessential to adopt a low cost generating systenchik
electrical onergy demand in Thailand is growing in canapie of operating in the remote rural areagiim tof
average 4%-5% [1-2]. The transport sector is thgelst study. The wind turbines and micro-hydro-generats's

energy consumin_g sector in Thailand, f_ollowed bg th an alternative energy source will be developed tsza
industrial and residential sectors, respectivelyorder to ¢ ¢ jitable energy, operational and maintenance
reduce both imported energy  and em"ron":gml‘:;‘lsimplicity in rural electrification [6-7]. Converke the
_em|i53|ons, denergy cons_ervatlrtl)n programs wou ‘ problem of the power generation cost from renewable
implemented [3]. One option, the energy resourc@sif  gnargy remains expensive per unit of production das
the neighboring countries is become the necessaryesearch interest in this issue [8-9]. The indurctamd
resources for strategy energy. However, the majorgynchronous generators are most generators thainuse

concern and worrsome of energy pc_)I|.cy and the ying and micro-hydro power because of their loweit u
environmental impacts are playing the difficulterdbr cost, inherent ruggedness. In that case, applicatio

the energy development agencies. Renewable energy |y gification of the generator for low cost of efit
developing into the major energy supply option low- generation is an interesting approach.

carbon energy economies. Disruptive transformations According to single and three phases induction msoto
all energy systems are necessary for tapping widely, o normally used in small scale such as houseumld

large scale or industry [10-11The efforts are enhanced

the induction motor for maximize benefit such ae th
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energy standards and legislations [14-15]. Mosthef ~ was present in second experiment result.
users generally thought that the motor is very rgfro The aim of this research to public general guidetm
performance in all working condition and requiretéss increase the value added into the used inductiotormo
maintenance. The most induction motor will be wogki by reused it in the low speed induction generatdow
until has the problem such as leakage coil anduitirc cost and suitable for small industrials with disposo
damage in the motor. The users will focus on therov scrap low performance of old induction motors. The
current relay or control of the motor cut out (pga) feasibility study of reuse old induction motor for
only. The typical users should finding the real saof renewable energy resource in low speed inductiotbmo
our problems, if not identify the problems and theal is consideration in term of engineering, economd a
to re-run the machine or motor. The motor will ot environmental. This experience is potential toiatie
again and recurrence the problem again, the opsrate  of renewable electrical energy resource for lowespat
ignored the problem by keeping equipment running.prime mover generator in standalone remote ruesd at
Until the motor is a serious damaged after thatrdpair economic price. Finally the result of the expeci is
to be used again. The motors are repaired or retlsm@®  demonstrate of the concept design and developnfent o
are the low performances. However, the reused @r ol using low efficiency performance old motor for low
motors had widely used in Small Industries or theatb speed induction generator as the alternative rellewa
and Medium Enterprises (SMEs) because of the lowerenergy source at low cost solution for standaloser u
cost of initial investment of the capital equipment and small industrial company in the future.

The question of whether induction motors should las
longer for many years? What are the key elememts th 2. INDUCTION MOTOR AS GENERATOR

motor should be maintenance which the main The induct tor's ability t t b
components by each element and valid for a fewsyear € induction generators abiiity 10 generate power
varying speed facilitates its application in vasanodes

and what are the potential root cause of the motor

damaged. All the potential cause leaded to appatepif such as _self-excited stand-alone (isolated) mode; i
use in the future of the induction motor. Which, if parallel with synchronous generator to supplemaet t

considered key components of the electric motor!Ocal load, and in grid-connected mode [16-18].rigsi

induction include the insulation of the coil withthe mduc?on moF((j).rs as generat?rs |fs a vetrybqost w:e;c
motor, bearings that are supporting the movemethef way 10 providing a generator for a turbiné system.
rotor, environment of corrosion, including infragtture E_speC|aIIy, the induction motor is working well it
design, installation, motor load, mechanical, motor _smgle phase or three .phase” systems _that are
control and prevention. The open discussion isslest mterconnecteq to the electrical utility, as anucitibn
difficult, how we code the appropriate age or yeér system requires no _governor cqntrols_. Instead  of
service,of induction motor?” consuming electrical energy but the induction metes

Therefore, this paper provides information of tegti dnvmgtat |V3nes Speed ind the motﬁrl beco_mes a
method and result of induction motors for consitlera ~ 3Sneralor. induction generators are much 1€ss SKEen

an appropriate working life of the most inductiootor. than other types of generators, but require exoitato

After that the designed voltage at low speed indact operate. Th's..'s Why they are |deal!y su!t_ed to
generator for renewable resources by a rebuild usednterconnect utility applications. It is pos_abtm atilize
induction motor. According to the three R's of the |ndu§:t|o_n motors ~ as generators i .standalone
environment include Reduce, Reuse, and Recyclst, Fir appllpatlons, utilizing the r§3|dual magnetism ine t
R is the reducing amount of waste that is the st to wmdmgs, as vyell connecting - capacitors to  supply
help the environment. There are lots of ways tdtde. contmt_xal excitation [19'20].' L . .
Second, R is reused, instead of throwing thingsyatwga . In smgle phase operations, it is possible to adil
to find \;vays to use ’them again. Third, R is to obey induction motors as generators and get near thnasep
many of the things we use every day, like papersbag efficiency by connecting capacitors to the ptheusrmj
soda cans. and milk cartons. are mad,e out of rakeri leg of the motor. The machine selection either reeth
that can be recycled. Recycled items are put thraag phase squirrel cage induction motor or a capatyjpe

process that makes it possible to create new ptsauut motor may be used. From above the two chou_:esolthe
of the materials from the old ones. three-phase motor makes a better selection. These

First, experiment is testing the efficiency of istlan usually can be located in motor shops, junkyartls,fer

motor in each range of motor's age group. The tesfl very _IittIe investment [21'.22]' An iqduction motanay
first experiment are showing the difference output function as a g(gnerator if it is driven by a torpte
performance of the used induction motors in diffiere greater thap .100@ of the synchronous speed Shf‘f”"@‘”
range of motor's age. Second, experiment is sthay t 1. [23]. This is corresponding to a few % of “negelt
induction motor structural and performance of r&bui slip, say -1% slip. This means that as we areirgahe

induction motor for low speed induction generateraa motor faster than the synchronous speed, the istor

new renewable resource by rewiring the new coil to a_ldvancing 1% faster than the stator rotf_;lting magnet
eld. It normally lags by 1% in a motor. Since ttwgor

replace in the stator and add permanent magnet i - . .
P b 9 Is cutting the stator magnetic field in the oppesit

embedded into the rotor of the induction motor asd. " lead h tor ind itagt ith
permanent magnet synchronous generator. The prdpose irection (leading), the rotor induces a voltago ithe

of low speed generator is capable to produce astisu stator feeding electrical energy back into the padine.
the acceptable voltage per expectation of desigoedr
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ey There are numerous applications where induction
generator is offer distinct advantages over congeat

o synchronous machines, resulting in simple desigth an
installation at lower initial cost and substansaling in

100 Gensratos mods O&M expenses. However, the induction generatorehav
200 o some disadvantages which need to be evaluatedebefor
1 oon B practical use [24]. The majority of limitation bgirthe
need for an external source to supply the magmnetizi
current required to establish the sufficient maigrild
across the air gap.
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a0 2.1 Theadvantages of induction generator

Fig. 1. Negative torque makes induction motor into  The simple design of induction generator is less
generator. expensive cost. The construction is that of squirage
induction motor. The field windings, provisions for
rotating excitation supply to the field or sepadafield
excitation equipment (exciters) and slip rings &l \as
voltage regulation equipment (automatic voltage
regulators) are not required. It always assumesiinee
tput voltage and frequency as that of the powstes
which connected to irrespective of motor seed, so
synchronizing equipment is not necessary. The ptiote
relaying is the same as that would be providedafior
induction motor of compatible size. It does not than
drop out-of-synchronism. When short-circuited, the
machine delivers little or no sustained power outpu
i ndx ; o because its excitation quickly becomes zero. The
used to_prowde eXC|tat|o_n to the machine. Thet_enon machine does not have a definite speed for a given
magnetizes at the machine's rotor. The magnetiztedsr frequency as the operation of synchronous generaior

are moving past and the coil windings are generategpg gpeed with constant frequency varies with dael
output voltage in the terminal poles. The outputage

and frequency are determined by how many turnsrare 2.2 The disadvantages of induction generator
the windings and how fast the rotor speed and howhm
load is applied to the generator.

The size of machine is selected to use for low dpee
induction generator, is depending on the ratingyadr
need from the generator but generally should noeed
10 HP for a three-phase machine or 3 HP for a &ingl
phase machine. The worst generators can be expect
generate electrical power output below 1/2HP foedh
phase or 1/6 HP for single phase. Which the diffeage
of the typical electric squirrel cage induction orst
show in Fig. 2. The best generators are motordspee
I700 rpm or higher rate. The lower speed machiras c
be used, but will require larger capacitors. Theptly of
operation for either type of machine, capacitorff be

The majority limitation of an induction generatsrthat

it cannot operate as an isolated power sourceust foe
connected to a power system which sufficiency fapsu

the magnetizing current required to establish the
magnetic field across the air gap. This tends teetothe
power factor of the system, and usually compenshyed
shunt capacitors installed at the generator. A load
requiring lagging current cannot be supplied by the
induction generator. Theoretically, the induction
generator could operated an isolated system with th
magnetizing current supplied by capacitors conmktde
the system, but there is no economical way to vhey
reactive power from the capacitors in order to rizaimn
the generator terminal voltage constant with chaggi
load. In general, the induction generator has aetow
efficiency than the comparably rated synchronous
generator.

3. MODIFICATION THE INDUCTION MOTOR
AS LOW SPEED GENERATOR

2.1 Analytical of a PM Synchronous Generator

The low speed generator is design same as the (PMSG
is considered in this section. The model relates th
mechanical design specifications of the machin¢ho
performance and equivalent circuit parameters. It
neglects magnetic saturation, which is no constaerin
Fig. 2. Typical electric squirrel cage induction moors (a) face-mounted permanent magnet machine (PM) [25-26].

Induction motor with 10 years of used (b) New induton The machine has radiate magnetized NdFeB PMs
motor.
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mounted on the surface of a solid mild steel rotme.  where the termK I, +1,,/ 4, represents the effective
The resulting air-gap flux density is approximately
rectangular in shape. The machine stator has g full
pitched, dlstnbu_ted, d.ouble-layer three-phase imgd Carter’s coefficient to account for slotting.
ac'(lzﬁg]rrr;%(tj-?;(:lmsseumalrgk()rsrﬁg)o\y;:;zloot?the fundamental The leakage reactance can be written in terms ef th

quare (| . ; specific permanence coefficients associated with th
component of the excitation voltage induced in phas

. ; X dominant leakage flux paths of the stator (i.ee slot,
winding of the machine can be expressed in Eq. (1): tooth-top, and vvgi]nding oe/erhang leakage flu(x ?ams
_2n

Er == N K 0 N2,
\/E Xt = 477'/0 f ﬁ (/]slot + /]tooth—top + /]overhang) (7)

wheref is electrical frequengyN,, is the number of ) o

turns per coilK 4 is factor of the fundamental harmonic "€ Pper-phase resistance of the stator winding,
o X neglecting the skin effect, can be expressed as:

winding and ¢, is the flux per pole. The flux per pole

can be expressed as Eq. 2: R = | ph-winding )

Do = BlmaxlD/ p

air-gap length in the path of the magnetizing flitkis
includes the mechanical air-gap clearance modifigd

a

(2) ady, 'Abond
where | ,_yinging IS the total length of a phase winding.
where, By, is the peak value of the fundamental space ph-winding 9 P g

harmonic component of the excitation flux densitys
length of wire andD is diameter of each wire of _ R

The efficiency of the PMSG can be expressed as

conductor. Th&,,,, can be related to the plateau value = Purat ©)
of the rectangular air-gap flux density distributicas
follows: where Py« iS the input mechanical power ari] is the
By =K B (3) total real power delivered to its load. The inpnd doad
o g power can further be related by:

where K is the factor of the excitation field3, is the Pspatt = PL + Poy + Pot + Peore Where P is the total
rectangular air-gap flux density distribution. Thecan  Stator copper lossB is the total rotational losses, and

be expressed as: P.oreiS the total core losses. The total real power
delivered to a load on the generator can be exgiess
k, =2inf 97 (@)
e 2 P, =3V/,l, cosp (10)

The plateau value of the excitation flux density The total stator copper losses can be expressed as:
distribution can be related to the remnant flux sign

— a2

and the relative permeability of the PMs by thdofeing Peu =31aR, (11)

expression: The total rotational losses consist of friction des in
_ |/ 4, B ) the bearings Pyicion and windage 10SSd%,gage- The
- r

Y C,+Kelyg (1+ prl)' total rotational losses can therefore be writteterms of
its component losses @ = Pyicion + Puindage-

where |, is magnet length, is air-gap lengtiC,is the The total core losses in the machine can be
flux focusing factony, is air magnetic permeability, is estimated on the basis of the hysteresis loss tiEan
PM relative permeabilityKis Carter's coefficient, and the stator teeth and yo(ﬁ“, Phy), and the average eddy

Pr1is the normalized rotor leakage permanence. current loss densities in the stator teeth and

The effective air gap in a PMSG with magnets yoke Pet,Pey). The total core losses can therefore be
mounted on the rotor surface can be consideredans expressed as:
and relatively large. This is due to the relative o _
permeability of the PM material being close to unithe Peore :Vteeth(Pht + Pet)+vyoke(Phy + Pey) (12)
d and g-axis asynchronous reactance are consequently
identical in this machine. The synchronous reaaasc  Where ViggnandV, g are the volumes of the stator teeth
related to the magnetizingX{) and _ I_eakage X0 and yoke, respectively.
reactance aXg = X, + X; . The magnetizing reactance

) 3.2 Design Prototype of Low Speed Generator
can be expressed as:
- The prototype of low speed induction generator is
_ 64IDIK (g Ny 6 designed by using the squirrel cage induction mtitat
m = Z(K | 41/ ) 6) poor performance for the improvement. To match the
p c'g m ! Hy

theoretical electrical mechanical is a way to inyer¢he
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two parts: the rotor and the stationary.

Part of Rotor:In this part, the rotor of used induction
motor is modified to put the bar permanent magnet
which the design size of slot for permanent magset
shown in Fig. 3. The permanent bar magnets used ir
generators trapezoid shape, which contributed ijréx
the rotor size , which has a width 7.21 and 5.47, mm
length 110 mm and height 10 mm. The core rotor
consists of all 16 bars magnetic alternating nquke-
south. The flux density per bar magnet magnetic
approximately 5,000 gauss.

(b)

Fig. 3. Rotor of low speed generator (a) Permanenmagnet
bar (b) Modified rotor of induction motors.

Part of Stator: In a modification of the stator of
induction motor as generator was designed and thalt
single phase and three phase winding,
copper coils to provide a full pitch of the two egdof the
coil in the center pole. There is the distributedntof
coils because the depth of the original slot istéoh The
number turns to refer to the Eq. (1).

A stator has 24 slots for turn’s coils of three sd®m
The design three phases of the turn coil as silegler
and the turn coll is distributed in 6 slots whichfull
pitch. The connection coils in series so that titiction
voltage is increasing show in Fig.4. (a). The tooils of
three phase characteristics, separate the eacle pbas
independent. The induced voltage had two level&xiep
on the type of the connection to be a star or deltéch
each have different properties. The Fig. 4 (bhisvsthe
overall composition of the generator to be adafitech
the induction motor.

with turns of

i

245

£

(b)

Fig. 4. Improved the stator of used induction motorfor low
speed generator (a) three phase winding and (b) theew
stator and rotor of generator.

4. METHODOLOGY

This research will test the steps by a split in two
experiments. First, experimental determines the
efficiency in the used induction motor and new ictitn
motor. Second, experiments also to determine the
efficiency in the induction generator is modifyrebuild
construction by old induction motor as PMSG.

4.1 Experimental |

This part uses a dynamometer test to measure of the
input and output, to determine the performancediBH
Standard112-Method B [27]. In North America, the
prevailing testing method is based on direct afficy
measurement methods as described in IEEE 112-B and
in Canadian CSA 390 standards. Those standardseequ
to measurement of the mechanical power output aad t
electric input. In Europe, the prevailing testingthod is
based on an indirect efficiency measurement asekfi

in IEC 34-2 standard. This standard is differenintya

by the method used to take into account the aduitio
load losses. Many papers have been published IE€ 34
2 was found to be unrealistic and a recent IEC d&teth
introduces fixed losses depending of the motomgati
[28-31]. In 2007, IEC published a revised standaod
60034-2-1 which includes a test procedure simitar t
IEEE 112-B. In Standard IEEE 112-B the losses are
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segregated and the efficiency is estimated by thein the rotor that looks how a computer program.ofec
following formula: section is to be tested in the modified inductiostan as

AP =P —P,. _(Aplel +OR, + AP, + AP, ) (13) the prot-otype-|nduct|on ge.nerator.
4.2.1 Simulation Magnet field by Software

where the electric input powel;,, is measured with a
power analyser and the output powey,, with a torque
meter. With the improved accuracy of recent power
analysers and torque meters, this method can b
considered accurate and reliable. The overall pieatiof
efficiency assessment mainly depends on the torqu
estimation.

The sample of the used induction motor for theirigst
is past using in industry; which last for 3 yearsl 10
years usage rates 12 hours per day, the size iB,23H
phase, 1450 rpm and 380 volts at rated. To congaris
with the new induction motor the same rating. The
testing was tested in the case of a motor opethadithe
performance of each state as to how for to anafgsis
economics. The experimental can be seen in Fig. 5.

The simulation results of the magnet fields in thtor

by Visimag 319 program [32]. A dynamic simulation
yas performed to study the electromagnetic fieldhia
prototype generator. The result from this simulati@n

é)e seen in Fig. 6. show the front and side viewotdr
magnetic as illustrated in Fig.6. The electromaignet
field in the prototype generator is uniformity faNing

the research design. The simulated results will be
analysis the suitability of various parameters ctifey

the induced voltage of generator.

3.9510° Cawas

4264 L0° Gauss

5.04 10° Gaiss

3700 10% Gassss

266+ 10 Caviss

.92 0 10° CJawrs

4.92 %10 Gunusy

(b)

Fig. 6. Simulation results of the magnet fields inthe rotor
by Visimag 319 program (a) front rotor (b) side robr.

(b) 4.2.2 Testing of low-speed generator prototype

Fig. 5. Test station of used and new induction moto(a) The test process of the generator prototype is santiee
Testing of new indution motor (b) Testing of 3 and 1§ears  experimental I. The low speed generator prototypéd

indution motor. generate electric power to supply electrical loaangp)
) as shown in Fig.7. The testing is divided into tparts
4.2 Experimental |1 consisting of the No-load and On-load test generato

This experiment Il will trial to find the featuresf the =~ The No-load for a feature of the induce voltage is
low-speed generator prototype has already desighat!; correlated with speed of_ rotation of the generaldre

is, a generator adapted the structure of the immuct On-load test had to find the performance of the
motor is old or used for many years and poor 9enerator.

performance. With the experiment was divided into t

sections as the following. First section is to datelthe

magnetic field of force of permanent magnets embddd
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Comparison of performance(at6®load)between the used and new induction motors

: T

% efficiency

o L
0 667 1333 2000 2666 3333 40.00 4666 5333 5999 6666 7333 7999 8666 9332 100.00
Motor 10 years Motor 3 years New Induction Motor % Load

Fig. 7. Testing station of low speed generator protgpe

with the electrical load. Fig. 9. Performances of the used and new inductiamotor

at 60% load.

The low-speed generator prototype is connect to the . . : .
X A If consider the power consumption of the induction
mechanical as a DC motor size is 1.5kW and corthect : .
motors per year of age differences are shown ifellab

voltmeter for measuring the induce voltage of the Notice that the induction motor has been used Hdsy®
generator. The adjustment speed of the mechanical .

; : use electrical power energy more than three yeard,
power for record the induce voltage while no loatle

) . : new induction motors, if the percentage comparetiab
ggnc\? iﬂg? f;nthf glr?_(étlgggl L%airgti Iiz;r;g erf(i":t;/éto t of 40%, 32% and 28% respectively. For the cost of
generator then regord the eIectFr)ic power P electricity of the motor each age group and eaclyeiss

' reflected as shown in Fig.10. When analyzed by

simulating the use of the induction motors in thenple

5. EXPERIMENT RESULTS to determine the energy cost, that oldest induatmbor
The testing results of the induction motors in the is valid for high energy cost. If the use of thetanal2
experiment | was showing the significant lower hours per day in the new induction motor and inidunct
performance for used induction motor comparison tomotor age 10 years, or if look at Fig.10, approxeha
new induction motor at higher speed and worst4,500 hours per year. This represents the energy co
performance with 10 years motor as show in Figl&e T comparison of the induction motors 10 years haee fr
performance comparison of induction motors at cffié energy cost than a new induction motor to 40.32%.
ages at 60% load condition is showing in Fig.9. The Therefore, if considered the optimum period of gsin
longer usage time of motor made the performandtesf induction motors with energy costs, it is intenegti
motor are lower as show in Fig.9 performance 10syea In compared as a percentage of the induction neger
motor is worst than 3 years motor and same as Byea of 10 years, 3 years and the new motor the opegratist
motor is worst than new motor at the same load, theare 140.3%, 111.5% and 100% respectively; if sethap
output performance will be 62%, 78% and 87% new induction motor as 100% for energy consumpi®n,
respectively. shown in Fig.11.

Table 1. Numerical results of energy consumption

100

Comparison of performance between the used and neémduction motors

EY hifyear New Induction Motor | Induction Motor 3 Years |induction Motor 10 Years
" Wh/year $/year Wh/year $/year Wh/year $/year
500 514.48 53.63 573.85 59.82 721.94 75.26
70 1000 1028.97 107.26 1147.69 119.64 1443.47 150.51
1500 1543.45 160.89 1721.54 179.44 2165.81 225.77
EEO 2000 2057.93 214.52 2295.34 239.2 2887.14 301.03
ésg 2500 2572.41 268.15 2869.23 299.1( 3609.48 376.28
g 3000 3086.90 321.79 3443.09 358.91 4331.61 451.54
0 3500 3601.38 375.42 4016.92 418.73 5053.35 526.79
30 4000 | 4115.86 429.05 4590.77 478.54 5775.48 602.05
4500 4630.34 482.68 5164.67 538.37 6497.42 677.31
20 5000 5144.83 536.31 5738.44 598.14 7219.35 752.56
10 5500 5659.31 589.94 6312.31 658.01 7941.29 827.82
~4—Used Induction Motor 10 years ~#— Used Induction Motor 3 years New Induction Motor 6000 6173'79 643'57 6886' 15 717'8: 8663': 3 903'08
[ 6500 6688.28 697.20 7460.00 777.69 9385.16 978.33
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 7000 7202.76 750.83 8033.89 837.4% 10107.1.0 1053.59
= 7500 7717.24 804.46 8607.69 897.29 10829.p3 1128.84
Fig. 8. Performances of the used and new inductiamotor. SODOTIPCTR/T S OY T TR AT S 1550 BER1204.10
Avg 4373.10 455.86 4877.69 508.46] 6136.4b 639.68
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Fig. 12. Induce voltage waveform of low speed gerador (a)

Fig. 11. Percentage of energy consumption of Waveform of single phase winding (b) Waveform of tree
induction motor per year. phases winding, phase A, B.

The simulation results of energy consumption by
various cases show that the energy consumption is Induce voltage of Low speed generator
increased by nonlinear relationship with life tinhe.the
other words, the incremental years of life timelwil | «
consume more energy when compare to the first age
According to the optimization schema, the induction
motor may consume more energy than the new motor re
investment, which the optimal life time should be
investigated by various annual running time. The
experiment lhas the idea resulted to try the oldest
induction motors of the experiment (approximately 1 = "% & % = w m @ m 0 m = m m m = @ =
years), PMSG has updated the previous design, whick o teertase wining e
will display the captive in theexperiment Il of the
research. _ o

The experiment Ilof the PMSG is modify by the Fig. 13. Induce voltage of armature winding.
construction of the oldest induction motor. Theutes
will be proposes the induced voltage between thglei However, the highest efficiency is the 62.03% , levhi
phase and three phase winding that constant speed the speed at 300 rpm. To adjust the speed of the
same without electricity load shows waveform in ER generator up to see that the power energy prodhaed
When compared with the standard of quality electricincreased; while the performance of generators is
voltage was considered to be acceptable for us8%33 dropped. The increasing speed will cause of the

The induce voltage of the three phases winding showmechanical and electrical loss of generator, tsaltieg
in Fig.13. The results are the three phases windingn decrease efficiency, as shown in Table 2. Tleestto
generator had the efficient 62.03% the speed atr0@0  use the induction generators should find that the
show in Fig.14. appropriate speed to optimization output perforreanc

and efficiency.

Voltage. (V)
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Performance of Low speed generator second from the additional energy from the propdsed
* speed renewable resource generator. The challdrige o
60 economic analysis will be then be in the future to
. o determine.
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