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ABSTRACT 

Dry type transformer plays an irreplaceable role in the 

distribution network. The winding of the dry-type 

transformer is casted with the insulating material and 

only the necessary sub-joints are exposed. Therefore, it is 

hard to dissemble the dry type transformer, which makes 

it difficult to identification of the winding material. Thus, 

a set of identification system for winding copper or 

aluminum material of dry type transformer was 

developed based on the principle of thermos 

electromotive force. The temperature characteristics of 

thermoelectric force was tested of the different capacity 

and different material winding, the thermoelectricity 

characteristics of the high voltage and low voltage 

winding of different winding materials dry type 

transformer were studied. Witnessed inspection in 

Guangdong Province China proved that this method 

applied to the identification of winding material is 

effective. 

INTRODUCTION 

Dry type transformer plays an irreplaceable role in the 
distribution network. The winding of the dry-type 
transformer is casted with the insulating material and 
only the necessary sub-joints are exposed. Therefore, it is 
hard to dissemble the dry type transformer, which makes 
it difficult to identification of the winding material. Due 
to the price of copper is bigger than that of aluminum, 
events have occurred occasionally using aluminum 
instead of copper as transformer windings. The State Grid 
Company China disintegrated 476 sets of distribution 
transformers in 2012. Among them, 53 aluminum coil 
products were found, and the proportion was as high as 
11.2%. On the one hand, the user bought aluminum wire 
for the price of the copper transformer, and users suffered 
loss in terms of economy. In addition, aluminum winding 
transformer not designed according to the standards, also 
brought potential safety hazard to the practice.  
It is common for foreign power users to adopt the 
distribution transformer of aluminum windings designed 
according to the specification. Their current research 
concentrates mainly on the comparison of technical 
economic. There are few papers focusing on identifying 
the winding material of dry-type transformers. In 1950s, 
the American Institute of Electrical Engineers pointed out 
that aluminum is able to replace copper to some extend 
by comparing some of their properties like resistance, 
mechanical strength and temperature characteristics, but 
whether aluminum can replace copper totally remained to 
be verified[1]. According to some researchers from 

Mexico, America and Greece[2], whether aluminum can 
be used to replace copper depends on the capacity of the 
transformer. When the capacity of a transformer is below 
190kVA, it is more economical to utilize aluminum. 
When it exceeds 190kVA, copper is the best choice. In 
2012, some researchers from India and France affirmed 
the positive effect of aluminum winding transformers in 
their theses[3]. In addition, they pointed out some wrong 
ideas which thought aluminum was less helpful than 
copper. 
Recently, identification technology of transformer 
winding material has been developed in China. There are 
three main applied methods, namely identification 
technology based on thermoelectric effect[4], capacity-
volume ratio method and resistance temperature 
coefficient method[5]. Some researchers have applied for 
patents about the identification methods, such as the 
method according to detecting the velocity of sound in 
different metal materials[6], the X-ray attenuation 
coefficient method based on black and white 
densitometer photographing [7-8] and the weight curve 
method based on test of transformer multiple structure 
coefficient and performance coefficient[9]. However, 
considering engineering practice, there are still many 
problems about the effectiveness of transformers which 
needs further study. 
In this paper, a set of identification system for winding 
material (copper or aluminum) of dry type transformer 
was developed based on the principle of thermos 
electromotive force. The temperature characteristics of 
thermoelectric force were tested on transformers with 
different winding material types and different capacity. In 
addition, the thermoelectricity characteristics of their 
high voltage and low voltage winding were also studied. 

COMPARISON OF THE BASIC PROPERTIES 

OF COPPER AND ALUMINUM 

Currently, copper and aluminum are two of the most 
popular metal materials. The price of copper is higher 
than that of aluminum. Besides, it has better mechanical 
performance and electrical performance than aluminum. 
The two materials are both used in distribution 
transformers. When a distribution transformer suffers 
sudden short circuit, the different material will show 
different resistivity. 
Because the different prices of copper winding and 
aluminum for transformers, aluminum winding 
transformers had obvious advantages in terms of cost. 
When the international price of raw copper was 2 or 3 
times higher than aluminum, the entire cost of an 
aluminum winding transformer was about 70% as high as 
a copper winding transformer with the same capacity. 
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THERMOELECTRIC EFFECT THEORY AND 

IDENTIFICATION METHOD 

In a closed loop circuit constituted by two different 

conductive materials, when the temperature of the two 

junctions are different, an electrical potential will come 

into being, which is able to turn thermal energy into 

electric energy. This phenomenon is called Seebeck 

effect. 

When the four ends of two wires made of two different 

materials are connected, the temperature difference of 

them will produce a small voltage in the circuit. As 

shown in Figure 1, if the two junctions are kept under 

different temperature, and the Seebeck coefficient does 

not vary, the Seebeck effect thermoelectric potential can 

be described as 

1 2( )( )a bE S S T T    (1) 

where: 

Sa is the Seebeck coefficient of conductor a (μV/K), 

Sb is the Seebeck coefficient of conductor b (μV/K), 

T1 is the temperature of junction1 (K), 

T2 is the temperature of junction 2 (K). 

It is noticeable that when the temperature difference of 

the two ends on a single wire can also produce thermal 

electric potential. Additionally, when many conductors 

are connected together, the thermal electric potential of 

the whole circuit is the sum of every conductor. 

Essentially, Seebeck thermal electric potential is 

produced by the directional thermal migration of micro 

current carrier in different conductors where temperature 

difference exists. It can be gained from the process that 

the thermal electric potential is only determined by 

material type and temperature of junctions, rather than 

the shape, length, cross section area or other factors. 

There is a law of intermediate metals, which states that 

the introduction of a third metal into the circuit will have 

no effect upon the EMF generated so long as the 

junctions of the third metal with the other two are at the 

same temperature. The law of intermediate metals 

provides great help in measuring the thermoelectric 

power of the subsequent tests, because it can avoid the 

influence of the thermoelectric potential formed by the 

temperature difference between the two ends of the 

digital multi-meter on the thermoelectric power of the 

entire loop.  

It can be seen that the same temperature at both ends of 

conductor causes that the thermoelectric potential at both 

ends of conductor C is cancelled out after calculating the 

sum of the whole. If there are multiple segments of 

different conductors in the circuit, as long as the 

temperature of the two ends of a certain segment of the 

conductor is consistent, the conductor will not affect the 

thermoelectric potential of the entire circuit. Therefore, 

this law provides a great simplification for the study of 

the thermoelectric effect process of complex loops. 

 
Figure 1. Schematic diagram of Seebeck effect 

 

THERMOELECTRIC IDENTIFICATION OF 

WINGDING MATERIALS 

Test Device 

The winding material identification device consists of 

three parts, namely the heater, the thermoelectric 

potential test module and the temperature measurer.  The 

basic condition of thermoelectric method is to form 

temperature difference, while the heating process is 

supposed to be transitory and the temperature difference 

is stable. 

Figure 2 shows the high-frequency induction heater, 

which is the first part of the device. When the high 

frequency current transits through the processed heating 

coil, the eddy current comes into being in the coil. Then 

the electric energy in eddy current turns into thermal 

energy which rises the temperature of the object quickly, 

realizing the aim of fast heating. 

The measuring part contains the thermoelectric potential 

test module and the temperature measurer. Thermo-

electric potential is a DC voltage. The connecting wires 

are made of copper in order not to produce unnecessary 

error when contacting the joints. The thermocouple 

temperature tester is utilized in the temperature measurer. 

Experiments are conducted on single copper wire, single 

aluminum wire and copper-aluminum cascade 

respectively. Both ends of the specimen are extracted by 

a copper wire. The other end of the wire cools to room 

temperature by itself, then it is connected to the digital 

multi-meter to record the DC voltage. 

 
Figure 2. High-frequency induction heater 
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Thermoelectric Characteristics of Copper and 

Aluminum Windings 

Copper is one of the excellent thermocouple materials, 

while the thermoelectric coefficient of aluminum is 

different from copper. The relative difference of 

thermoelectric coefficient between copper and aluminum 

is an obvious thermoelectric potential at the connection 

zone of copper and aluminum, while no potential will 

come into being between two copper wires. 

Three different test conditions are designed based on 

auxiliary conductor method, namely: (1) single copper 

wire, (2) single aluminum wire, (3) copper-aluminum 

connected wire. Test results are demonstrated in Figure 4. 

It is noticeable from Figure 4 that obvious disparity about 

thermoelectric potential can be found among copper wire, 

aluminum wire and copper-aluminum connect wire. 

 
Figure 3. Fitting curves of copper wire, aluminum wire 

and copper-aluminum wire 

Thermoelectric Loop of Transformers 

The connection mode used by the majority of 

transformers is Dyn11, as shown in Figure 4. The 

electrical connection out of the windings is supposed to 

be made of copper conductor, no matter for copper 

winding transformers or aluminum winding transformers. 
a           b              c               o

A           B            C  
Figure 4. Schematic diagram of Dyn11 connection mode 

In a copper winding transformer, almost all of the units 

used in the conducting rod-connecting wire-winding- 

connecting wire- conducting rod loop are made of copper. 

As a result, the thermoelectric potentials are not obvious 

in every junction under a certain temperature difference. 

However, if there is any transition region in a transformer, 

obvious thermoelectric potentials can be detected. 

Thermoelectric Characteristics in Low Voltage 

Side 

Taking the thermoelectric characteristics in low voltage 

side as example, the potential-temperature difference 

curves are gained and fitted according to the designed test 

conditions. 

The connection mode used in the test transformer is 

Dyn11, in which the winding structure of the low voltage 

side is symmetrical. So it is feasible to compute the 

average value of the three windings and compare 

different conditions in the same coordinate system. 

Results are illustrated in Figure 5. 

 
Figure 5. The potential-temperature difference curves of 

copper and aluminum coil in low voltage side 

It can be gained from the comparison that there is 

obvious difference between the copper winding 

transformer and the aluminum winding transformer. Test 

results indicate that the aluminum winding transformer 

has larger thermoelectric potential under the same 

temperature difference. The discrepancy of potential to 

temperature difference gradient is obvious, with the ratio 

(aluminum to copper) reaching 11. So the difference of 

thermoelectric characteristics between copper winding 

and aluminum winding can be used to distinguish them 

It can be seen that the potential-temperature difference 

curves are not a normative direct proportion curve. They 

do not go through the origin. Previous analysis indicates 

that there is obvious distinction between the potential to 

temperature difference gradients in low voltage side for 

the copper winding transformer and the aluminum 

winding transformer. The average value of them is 2.981, 

which rounded to 3. So 3 is chosen as the dividing 

gradient.  

The identification process can be described as follows. 

After the thermoelectric characteristic test, the potential 

to temperature difference gradient curve is gained. It 

should be noticed that this method is proposed by 

analyzing the data gained from 200kVA transformers. 

For other transformer, if the capacity is larger, the 

thermoelectric potential will be smaller, and the relative 
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judgement standard is supposed to be improved. 

A Case of Winding Material Identification 

With the help of the developed device based on the 

theory mentioned above, experiments are conducted on 

19 dry type transformers sampled from Guangzhou 

province which sign copper in their nameplates. The 

results show that some of them are aluminum winding 

transformers, as shown in Figure 6. 

    
HV-C（Aluminum） 

    
LV-b (Copper) 

Figure 6. Device and interface of the dry type 

transformer winding material identification 

CONCLUSIONS 

Based on thermoelectric effect, experiment containing 

independent wires and coil dry type transformer was 

conducted. Test results indicate that all thermoelectric 

coefficients of the independent wires agree well with the 

theoretical values. When an independent copper coil is 

connected to aluminum wire, there is obvious 

thermoelectric effect, especially in low voltage side. Thus 

a set of dry type transformer winding material 

identification device is developed, which is able to 

identify the transformer winding material effectively. 
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