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NONLINEAR THERMAL MODELING OF INDOOR AND
OUTDOOR OIL–IMMERSED POWER TRANSFORMERS

Ires Iskender — Ali Mamizadeh
∗

Transformers are the largest part of the investments of transmission and distribution systems and have a considerable
economic impact on the operation of an electrical network. It is advisable to know the insulation condition, operating life, and
loading capacitance of a transformer to ensure its economical operation and secured service. The most important parameter
in transformers life expectancy is the insulation temperature level which accelerates the rate of aging of the insulation. In
this study, the top-oil temperature is studied both for indoor and outdoor transformers and the thermal models proposed for
them are compared. Since the thermal transfer is different for indoor and outdoor transformers considering their operating
conditions, their thermal models differ from each other. In this study, the top-oil temperature is analyzed for indoor and
outdoor transformers and the proposed thermal models are verified by the results obtained from the experiments carried out
on different operating conditions.
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2 INTRODUCTION

Transformers are major apparatus in electric power
systems. The power transformer capacity in a power sys-
tem is about five to eight times of the power transferred in
the corresponding system. Aging of insulation is a tempo-
ral function of the insulation temperature, the humidity
level, and the oxygen included in it [1]. The humidity
level and the oxygen included in oil can be taken un-
der control in new designed oil immersed transformers.
Therefore, the most important parameter that should be
taken under control is the operating temperature of the
transformer. For this purpose, deriving and studying the
thermal model of a transformer is getting more impor-
tance. The thermal model of a transformer is also im-
portant when it is aimed to manage the load profile of a
power transformer [3, 5] and to program its loading.

The variation of the temperature is described by an
exponential equation based on the time constant of the
transformer top-oil temperature. In the thermal equiva-
lent circuit model, the time constant is equal to multipli-
cation of thermal capacitance and thermal resistance. In
power systems the usage of indoor transformer station is
preferred due to several reasons such as safety and envi-
ronmental problems.

In some of the papers published about thermal ana-
lyzing of oil-immersed transformers the top-oil temper-
ature characteristics are only studied mathematically
[1, 4, 9, 12, 13, 14]. In the recent published papers the
studies of thermal analysis are going based on thermal-
electrical analogy and this is an easy understandable
method from the view point of electrical engineering
[2, 3, 5, 8, 10]. In this study, the thermal-electrical analogy
method has been used to analyze the top-oil temperature
of transformer. In the thermal-electrical analogy proposed
in [2] the thermal resistance of top-oil which is a nonlinear
parameter depending on the temperature is considered to

be constant. In [3] the thermal resistance of top-oil is also
constant and the ambient temperature is not included in
the model. In [5] the top-oil thermal resistance is not con-
stant but it is estimated using thermal loading data ob-
tained after three months operating of transformer, there-
fore, the proposed thermal model isn’t a general model
but is corresponding to a specific transformer. The ther-
mal model given in [8] is simplified model of that given
in [3] and has the corresponding drawbacks. In [10] the
thermal resistance is taken as a nonlinear parameter and
the ambient temperature has also been considered in the
proposed model. The drawback of this paper is the inad-
equate top-oil thermal capacity which only considers the
oil thermal capacitance without taking into account the
thermal capacitances of winding, core, tank and the other
metal components used in inside of the transformer. In
addition, almost all the papers published about thermal
model of oil immersed transformers study only the ther-
mal model of the outdoor transformers and there is not
more information about thermal model of indoor trans-
formers. The reference model [9] is the only study that
investigates the thermal model for indoor transformers.
In this study also the thermal resistance and thermal ca-
pacitance of transformer are considered as constant and
the ambient temperature variation is not included in the
proposed model. In addition, the thermal model given
in [9] is only based on some mathematical expressions
without introducing the thermal-electrical analogy. The
drawbacks of the above mentioned references are removed
in this study by considering nonlinear thermal resistance
and taking into account the variation of the ambient tem-
perature. The nonlinear thermal resistance considered in
this study is not constant but depends on the operating
temperature and the thermal capacitance of the trans-
former is also investigated in detail and more accurately.
Besides these, this paper analyzes both thermal model of
indoor and outdoor transformers and compares them.
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Fig. 1. The electric and thermalelectric circuits. (a) electric RC
circuit, (b) analogous thermal circuit

Fig. 2. The top-oil temperature thermal circuit

Fig. 3. The simplified equivalent top-oil thermal model

Since the heat flow diagram is different for indoor and
outdoor transformers and also considering the limited
ventilation and storing of heat for indoor transformers
the thermal resistance and thermal capacitance of these
two types of transformers are different. For the same load
the temperature rise for the indoor transformers is higher
than that of for outdoor transformers.

3 FUNDAMENTAL THEORY OF

THERMAL–ELECTRICAL ANALOGY

Heat is a form of energy and is always transferred
between two communicating systems, arising solely from
a temperature difference. In simple cases, the rate of heat
flow can be quantitatively determined by applying the
basic principles of thermodynamics and fluid mechanics
[7, 9].

Though heat transfer by natural convection is consid-
ered to be in efficient in many industrial processes the
external forces are used to make the heat transfer more
efficient [7].

The analogy between the thermal and electric process
is briefly given below to analyze the thermal behavior of
the inside of the power transformer [5, 8]. The thermal
process can be defined by the energy balance given in
(1).

q = Cth
dθ

dt
+

θ − θamb

Rth
. (1)

Equation (2) is similar to (1) corresponding to a simple
electric RC circuit shown in Fig. 1-a.

i = Cel
dv

dt
+

v

Rel
. (2)

The analogy between the thermal and electrical process is
shown in Fig. 1. Fig. 1 (a) shows an electrical RC circuit.
Fig. 1. (b) shows an analogous thermal circuit.

Table 1 shows the parameters obtained from the ther-
malelectric analogy by comparing (1) and (2).

Table 1. Thermal - electrical analogous quantities

Variables Thermal Electrical

Through Heat transfer rate, Current,
variable q , watts i , amps

Across Temperature, Voltage,
variable θ , degree, ◦C v , volts

Dissipation Thermal resistance, Elec. Resistance,
element Rth , deg(C)/Watt Rel , ohms

Storage Thermal capacitance, Elec. Capacitance,
element Cth , Joules/deg (C) Cel ,Farads

4 THERMAL MODELING

Power losses are converted into heat in a transformer.
These losses are composed of no-load losses and load
losses. The no-load losses are comprised of eddy-current
and hysteresis losses of the core. The load losses are com-
prised of resistive losses (windings losses, joint points
losses and connectors losses), winding eddy losses and the
stray losses.

The heat generated in a transformer transfers (from
heat source to oil, from oil to surface and from surface
to external environment) by three different heat transfer
mechanism as i-convection ii-conduction and iii-radiation.

The thermal model is based on the energy balances for
the windings, oil, core and tank, cooling equipment and
cooling environment.

4.1 Outdoor situation

The thermal equivalent circuit of an ONAN/OFAF (oil
natural air natural, oil forced air forced) power trans-
former includes nonlinear heat resistance, heat capacitor
and heat current source. The top-oil thermal circuit of a
power transformer is shown in Fig. 2.

In this figure qs , qfe , qpri , qsec are the heats generated
by the stray losses, the core losses, the primary wind-
ing losses, and the secondary winding losses, respectively.
Ctm , Cfe , Cpri , Csec are the thermal capacitances of
the tank including the other metal components, the core,
the primary winding conductor, and the secondary wind-
ing conductor, respectively. Rtm-o , Rfe-o , Rw-o , Rth-oil-air

are the nonlinear thermal resistances of the tank includ-
ing the other metal components to oil, core to oil, the
windings to oil, and the oil to air, respectively. θoil and
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θamb are the top-oil and the ambient temperatures, re-
spectively.

The load losses can be considered as sum of resistive
and stray losses:

ql = qpri + qsec + qs . (3)

The nonlinear thermal resistances Rtm-o , Rfe-o , and
Rw-o which are in range of 5 × 10−5 K/W are very low
with respect to Rth-oil-air [3, 4]. Therefore, the equivalent
thermal model given in Fig. 2 can be simplified as Fig. 3.

The thermal capacitance (Cth-oil ) of power trans-
former top-oil equivalent circuit can be written as

Cth-oil = Ctm + Cfe + Cpri + Csec + Coil . (4)

The top-oil thermal model introduced by IEEE is
shown by a first order differential equation as given be-
low [1].

τto
dθtor

dt
= −θtor + θu . (5)

The top-oil temperature rise is obtained from (5) as

θtor =
(

θu − θi

)(

1 − e−t/τto
)

+θi . (6)

Equation (7) gives the top-oil thermal model suggested
by IEEE.

[K2β + 1

β + 1

]n

∆θtor = τto
d∆θtor

dt
+ ∆θtor (7)

where K is the load factor in terms of per unit,

K =
I

Irated
, (8)

β is the ratio of load losses to core losses and given as:

β =
ql

qf
. (9)

The top-oil time constant at rated power (kVA) is
obtained from (10).

τto = Cth-oilRth-oil-air . (10)

The thermal capacitance of power transformer top-oil
suggested by IEEE is obtained from (11) [1].

Cth-oil = 0.1323 (weight of core and coil assembly in kg)

+ 0.0882 (weight of tank and fittings in kg)

+ 0.3513 (liters of oil) (11)

The thermal resistance Rth-oil-air is given by (12).

Rth-oil-air =
∆θtor

qtot
=

1

hA
. (12)

Due to variation of oil thermal parameter by temper-
ature the thermal resistance Rth-oil-air is not constant
and varies with temperature variation. Using the Nus-
selt number (Nu), Prandtle number (Pr), and Grashof
number (Gr) [7,10] (13) is obtained as

hL

koil
= C

[Coil

koil

L3ρ2
oilgβoil(∆θoil)

µ

]n

. (13)

The density of oil varies with temperature according
to(14) [10]

ρoil(θ) = 1098.72− 0.712θ . (14)

The oil thermal conductivity varies with temperature
change according to (15) [10].

koil(θ) = 0.1509− 7.101E − 0.5θ . (15)

The specific heat capacity of oil varies with temperature
according to (16)

coil(θ) = 807.163 + 3.5θ . (16)

The oil thermal expansion coefficient varies with temper-
ature according to (17) [10]

βoil(θ) = 0.00086 . (17)

The viscosity of oil varies with temperature according to
(18) [10].

µ(θ) = 0.08467− 0.0004θ + 5e−7θ2

. (18)

The variation of viscosity with temperature is much
higher than the variation of other transformer oil physical
parameters with temperature (ρoil , Coil , k , βo0il ) [10].
Substituting of (14 – - in (11) gives (19)

h = C1

(∆θoil

µ(θ)

)n

. (19)

C1 is given in (20) and can be taken constant.

C1 = C ×

[

ρ2
oilgβoilk

( 1−n

n
)L( 3n−1

n
)Coil

](n)

. (20)

The transformer top-oil thermal model given in Fig. 3
is derived from the thermal-analogy and heat transfer
theory. The differential equation corresponding to Fig. 3
is as (21)

qfe + ql = Cth-oil
dθoil

dt
+

θoil − θamb

1/(hA)
. (21)

Substituting the heat transfer coefficient (h) (h is ob-
tained by substituting C1 from (20) into (19) in (21) gives
(22).

(

qfe+ql

)

×

µn

C1A
=

µn

C1A
×Cth-oil×

dθoil

dt
+

(

θoil−θamb

)1+n
.

(22)
Rth-oil-air,rated which is the non-linear thermal resistance
at rated power is obtained from (23).

Rth-oil-air,rated =
1

C1A

( µrated

∆θoil,rated

)n

. (23)
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Fig. 4. The top-oil thermal model for indoor power transformers

Fig. 5. The equivalent top-oil thermal model for indoor situation

Fig. 6. Comparing thermal models (a) outdoor situation (b) indoor
situation

Fig. 7. Testing in indoor and outdoor conditions (a) outdoor con-
dition (b) indoor condition

4.2 Indoor situation

The heat flow diagram is different for indoor and out-
door transformers. Due to limited ventilation in indoor
operation the thermal resistance and thermal capacitance
of indoor and outdoor transformers are different. For the
same load the temperature rise for the indoor transform-
ers is higher than that of for outdoor transformers.

The thermal model, ie the equivalent thermal cir-
cuit diagram for indoor transformer, is based on the en-
ergy balances for the following components: windings, oil,
core, tank, cooling air, ventilation holes, walls, and ceil-
ing (Fig. 4). The heat generation sources comprised of the
power losses inside the transformer (load losses, ql and
core and auxiliary constructive losses, qfe ) and the heat
generated in the distribution cabinet (losses correspond-
ing to cabinet components like bus bars, fuses, disconnec-
tors, switches and etc, qcabin ).

The heat transfer between bodies is as follows:

1. From winding to oil – conduction through the solid
winding insulation and convection from outer solid
insulation surface to the oil.

2. From oil to surrounding air – convection heat transfer
from the transformer tank to the surrounding air pre-
dominantly determines this heat transfer component

3. Air inside the room is cooled by natural ventilation
and convection heat transfer from the air to room parts
(door, walls and ceiling).

4. The heat transfer through the door.

The cabinet air inside the room is cooled by natural
ventilation and convection heat transfer from the cabinet
air to components existing in the cabinet like door, walls
and ceiling. The first cooling component which is domi-
nant is represented by thermal resistance of room to ambi-
ent, Rroom-amb . The initial form of this thermal resistance
is derived from the Hoppner formula [9]. This formula
(24) gives the relationship among P1 (power transferred
by natural ventilation), Rhyd (hydraulics resistance of air
circulation), H (cabinet height), and θaex (temperature
difference between inlet and outlet holes).

S =

√

13.2P 2
l Rhyd

θ3
aexH

. (24)

From (24), Pl is derived in terms of the other param-
eters as given in (25). For the given ventilation hole area,
cabinet height, and hydraulics resistance of air circulation
the expression under the root sign is constant and (25)
can be simplified as (26).

Pl =

√

H

13.2Rhyd
Sθ1,5

aex , (25)

Pl = cconθ1,5
aex (26)

where ccon =
√

H
13.2Rhyd

S , using θaex = Rroom-amb × Pl

given in [9] we obtain (27)

Rroom-amb = 1
/

ccon

√

θaex . (27)

Cindoor = 0.22 times of weight of the cabinet as given in
[9].

From solving thermal model given in Fig. 4 the follow-
ing equations are derived

qfe + ql = Cth-oil
dθoil

dt
+

θoil − θair-room

Rth-oil-room
, (28)

qfe + ql + qcabin = Cindoor
dθair-room

dt
+

θair-room − θamb

Rroom-amb
.

(29)

The thermal model shown in Fig. 4 can be simplified
as Fig. 5.

The simplified top-oil thermal models of outdoor and
indoor transformer are given in Fig. 6, a-b.
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Fig. 8. Experimental and theoretical results of the top-oil temper-
ature rise for transformer No 1 at indoor condition (TR1)

Fig. 9. Experimental and theoretical results of the top-oil temper-
ature rise for transformer No 1 at outdoor condition (TR1)

Fig. 10. Comparing experimental and theoretical results of the
top-oil temperature rise for transformer No 1 (TR1)

Fig. 11. Experimental and theoretical results of the top-oil tem-
perature rise for transformer No 2 at indoor condition (TR2)

Table 2. Main characteristics of two oil immersed distribution
transformer

Transformer Transformer
No1 (TR1) No2 (TR2)

Model TR-1250-33-A1 TSR-1600-33-A1

Nameplate rating 1000kVA 1600kVA
Serial No 50708 86208
Voltage 33000/400 V 30000/400 V

Connection Vector Dyn11 Dyn11
Type of cooling ONAN ONAN
No Load losses 1724 W 2188 W
Load losses 10458 W 18110 W
qsec + qpri + qsec

Total rated losses 12182 W 20298 W

5 EXPERIMENTAL WORKS

To verify the models derived for outdoor and indoor
transformers the experiments were carried out using two
different cabinets and two different transformers with the
specifications given in Table 2. Firstly, load and no-load
losses were measured by carrying out the routine tests
at rated values at principle tapping according to IEEE

Standard std. C57.12.00.2006 [6, 11]. The measured losses

were corrected according to the reference temperature.

Then, the temperature rise tests were carried out accord-
ing to IEC 60076 and the results of temperature rise were

recorded.

During temperature rise tests the secondary windings

were short circuited and the voltage applied at primary
was adjusted such that the generated losses were equal to

total load and no-load losses at rating values.

The temperature was measured from six different

points using six thermocouples. Two thermocouples were

mounted at top of the transformer to measure the top-
oil temperature and the next four thermocouples were

used to measure the ambient temperature at four dif-

ferent points which have one meter distance from the

transformer corners.

During experiments E-type thermocouples were used
due to their advantages as: i-higher sensitivity (the high-

est millivolt output per degree of temperature change),

ii- non-magnetic properties (they aren’t affected by the

magnetic fields existing around the experimental set up).

The outdoor and indoor situations during tests are shown

in Fig. 7-a and 7-b, respectively.
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Fig. 12. Experimental and theoretical results of the top-oil tem-
perature rise for transformer No 2 at outdoor situation (TR2)

Fig. 13. Comparing experimental and theoretical results of the
top-oil temperature rise for transformer No 2 (TR2)

The experimental results obtained for outdoor and in-
door transformers are compared with the theoretical re-
sults obtained from (22) – for outdoor transformer – and
(28 – 29) –for indoor transformers. The top-oil temper-
ature rise is obtained by subtracting the ambient tem-
perature from the temperature measured at the top of
transformer.

Fig. 8 shows the measured and theoretical results of
the top-oil temperature rise for indoor transformer No 1.

The measured and theoretical results of the top-oil
temperature rise for outdoor transformer No 1 are shown
in Fig. 9.

The experimental and theoretical temperature rises
results which obtained from indoor and outdoor trans-
former with the same injected power to the primary wind-
ings of the transformer (secondary windings are short cir-
cuited) are shown in Fig. 10. It is shown from this figure
that the steady-state top- oil temperature of indoor trans-
former is higher than that for outdoor transformer. This
means that for the same load and the same conditions the
top-oil temperature of indoor transformer is higher than
the top-oil temperature of outdoor transformer.

Therefore, for the same temperature rise for the same
transformer for two different conditions of indoor and out-
door condition the indoor loading level will be less than
the loading level of outdoor condition. It is also shown
that the top-oil temperature rise of outdoor transformer
(for the first 140 minutes) is higher than that for indoor
conditions. This is due to effect of the thermal capacity
of the cabinet with the components existed inside it.

The measured and theoretical results of the top-oil
temperature rise for indoor transformer No 2 are given
in Fig. 11.

The measured and theoretical results of the top-oil
temperature rise for transformer No 2 for outdoor con-
dition are shown in Fig. 12.

The experimental and theoretical temperature rises
results which obtained from indoor and outdoor trans-
former with the same injected power to the primary wind-
ings of the transformer (secondary windings are short cir-

cuited) are shown in Fig. 13. It is also shown from this
figure that the steady-state top-oil temperature of indoor
transformer is higher than that for outdoor transformer.

6 CONCLUSION

The top-oil thermal model of oil immersed power
transformer was derived considering nonlinear thermal re-
sistance and the adequate value of thermal capacitance.
The ambient temperature change was also considered in
deriving the thermal-electric analogy model. The top-oil
thermal model for indoor transformer was also derived
based on the thermal-electric analogy theory. This model
is the first top- oil thermal-electric analogy model pro-
posed for indoor transformers. The experimental results
are in a good accordance with the theoretical results both
for indoor and outdoor transformers. The dynamic and
steady-state responses of indoor and outdoor transform-
ers are different. The steady-state top-oil temperature
corresponding to indoor transformer is higher than that of
for outdoor transformer (about 10 degrees of centigrade).
This should be taken into account in load managing and
operation policy. According to IEEE Standard C57.91,
1995 extra heating in transformer will accelerate ageing
of transformer insulation and this will reduce life of trans-
former.
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1 NOMENCLATURE

A the cooling surface area

Cel electric capacitance

Cfe thermal capacitance of core

Cth thermal capacitance

Ctm thermal capacitance of transformer metal
component

Cpri thermal capacitance of primary winding
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Csec thermal capacitance of secondary winding

Coil transformers oil thermal capacitance

Cth-oil transformer equal thermal capacitance

coil specific heat capacity of oil

g gravitational constant

h heat transfer coefficient
i electrical current
K load in per unit

k oil thermal conductivity

L characteristic dimension, length, width or di-
ameter

Pl power transfer by natural ventilation

q power

qcabin components power losses of cabinet

qfe transformer core losses

ql transformer load losses

qpri transformer primary side resistive losses

qsec transformer secondary side resistive losses

qs transformer stray losses

qtot total power losses at rated power

Rel electrical resistance

Rth thermal resistance
Rth-oil-air thermal resistance between transformer and

ambient air
Rth-oil-room thermal resistance between transformer and

room environment
Rroom-amb thermal resistance between room and ambient

air
Rhyd hydraulic resistance to the air circulation

S surface of input, i.e. output ventilation holes

v voltage

β ratio of load losses to core losses

βoil oil thermal expansion coefficient

ρoil oil density

θ temperature

θaex temperature difference between inlet and out-
let ventilation air

θair-room temperature of room air

θamb ambient temperature

θtor top-oil temperature rise

θu ultimate top-oil temperature

θi initial top-oil temperature for t = 0

θoil transformer top-oil temperature

∆θoil oil temperature gradient

∆θtor top-oil temperature rise over ambient at rated
power

τto top-oil time constant

n oil exponent

µ oil viscosity

References

[1] Guide for Loading Mineral-Oil-Immersed Transformers, IEEE

Standard C57.91, 1995. 12 June 2003.

[2] SWIFT, G.—MOLINSKI, T.—LEHN, W.—BRAY, R. : A Fun-

damental Approach to Transformer Thermal Modeling-Part I:

Theory and Equivalent Circuit, IEEE Trans. on Power Delivery
16 No. 13 (2001).

[3] TANG, W. H.—HE, S.—PREMPAIN,E.—WU,Q. H.—FITCH,
J. : A Particle Swarm Optimizer with Passive Congrega-
tion Approach to Thermal Modeling for Power Transformers,
The 2005 IEEE Congress on Evolutionary Computation, 2005;
3:2745-2751.

[4] TANG, W. H.—WU, Q. H.—RICHARDSON, Z. J. : Equiv-
alent Heat Circuit Based Power Transformer Thermal Model,
IEE Proceedings Electric Power Applications 149 No. 2 (2002),
87-92.

[5] WEIGEN, C.—CHONG, P.—YUXIN, Y. : Power Transformer
Top-Oil Temperature Model Based on ThermalElectric Anal-
ogy Theory, European Transactions on Electrical Power, Euro.
Trans. Electr. Power (2007), Published online in Wiley Inter-
Science (www.interscience.wiley.com) DOI: 10.1002/etep.217.

[6] IEC 60076-2 Power Transformer Part 2 Temperature Rise, IEC
Standard 60076-2.

[7] JAYARAM, S.—WU, H. : Heat Transfer of Transformer Oil
in Plexiglas Pipe and Paper-Pressboard Annular Duct Models,
Conference Record of the 1994 IEEE International Symposium
on Electrical Insulation, 1994, Pittsburgh, PA USA, June 5–8,

19w.

[8] TANG, W. H.—WU, Q. H.—RICHARDSON, Z. J. : A Sim-
plified Transformer Thermal Model Based on Thermal-Electric
Analogy, IEEE Transactions on Power Delivery 19 No. 3 (July
2004).

[9] RADAKOVIC, Z.—MAKSIMOVIC, S. : Non-Stationary Ther-
mal Model of Indoor Transformer Stations, Electrical Engineer-
ing 84 (2002), 109-117, Springer-Verlag 2002,
DOI 10.1007/s00202-001-0111-5.

[10] SUSA, D.—LEHTONEN, M.—NORDMAN, H. : Dynamic
Thermal Modelling of Power Transformers, IEEE Transactions
on Power Delivery, 20 No. 1 (Jan 2005).

[11] General Requirements for Liquid-Immersed Distribution, Power,
and Regulating Transformers, IEEE Standard std.
C57.12.00.2006, Feb. 28 2007.

[12] ALEGI, G. L.—BLACK, W. Z. : RealTime Thermal Model for
an Oil-Immersed, Forced Air Cooled Transformer, lEEE Trans-
actions on Power Delivery 5 No. 2 (Apr 1990).

[13] ELMOUDI, A.—LEHTONEN, M. : Hasse Nordman Thermal
Model for Power Transformers Dynamic Loading, Conference
Record of the 2006 IEEE International Symposium on Electrical

Insulation.

[14] HELL, M.—COSTA, P. Jr. : Recurrent Neurofuzzy Network in
Thermal Modeling of Power Transformers, IEEE Transactions
on Power Delivery 22 No. 2 (Apr 2007).

Received 15 March 2009

Ires Iskender received BSc in Electrical Engineering from

Gazi University in 1989, Ankara. He received MSc and PhD

Degrees in Electrical Engineering from Middle East Techni-

cal University in 1991 and 1996, respectively. From 1989 to

1996 he worked as a research assistant in the Electrical and

Electronics Engineering Department of Middle East Technical

University, Ankara, Turkey. Since 1996 he has been with the

Department of Electrical Engineering, Gazi University, where

he is currently an associate professor. His interests include

renewable energy sources, energy conversion systems, power

electronics and electrical machines.

Ali Mamizadeh was born in Tabriz, Iran, in 1980. He re-

ceived his BSc degree in Electrical Engineering from Sahand

University of Technology in 2005 Tabriz. He is currently study-

ing MSc program in Electrical Engineering at Gazi University,

Ankara, Turkey.


