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Abstract: Power Transformers are capital goods that are very 

important for the stability of large power systems. Block 

power transformers are mounted on each hydro and thermal 

power plant with functional characteristics compatible to 

generator, while distributive power transformers are being 

central plant of each high voltage power station. 

Manufacturing of power transformers has the highest risk 

exposure during designing phase, manufacturing, final 

laboratory testing, transportation and mounting process. Risk 

management is especially important in this area due to the 

fact that every power transformer is unique product whose 

price reaches several million euros. Moreover, in case of late 

delivery or lack of power transformers, one power plant can’t 

be in operation, therefore the indirect damage can be very 

high for power system. This paper analyzes the aspect of risk 

during manufacturing process of power transformers in local 

environmental economic conditions. 
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1. INTRODUCTION  
 

Power Transformers are capital goods of 

each power system that are mounted on each 

hydro power plant, thermal power plant or high 

voltage power station. Power transformers can 

be autotransformers, block transformers which 

are connected directly with generator plants or 

distributive high-voltage transformers that are 

used in the power transmission system. They 

can be at different voltage level varying from 

110 kV, 220 kV and 410 kV likewise in EPS 

(Electric Power Industry of Serbia) up to over 

1000 kV that exists in Russia, China and other 

countries with multimillion cities and large 

electric power consumers. The price of a power 

transformer can range from one to several 

millions of dollars depending on power and 

voltage level. Due to the high cost and unique 

functional characteristics that are in relation 

with construction parameters of a generator and 

power grid, power transformers don’t have 

replacement and can’t be shifted from one site 

to another. Furthermore it means that a failure 

of power transformer can cause the whole 

power production or power distribution to stop. 

Having in mind the fact that manufacturing 

process of these capital goods lasts at least one 

year, it’s obvious that production of power 

transformers brings big risks. 

During manufacturing process only couple 

of basic materials are being used and those 

materials are produced by world known 

producers. Copper is stock good whilist the 

transformer oil and transformers’ sheet are 

monopoly goods. These materials are imported 

with several months of deadline for 

procurement. Power transformers are very big 

in size (hight up to 5 meters, weight of several 

hundreds of tons) and therefore the 

transportation process from fabrique to power 

plant (where they are mounted) is done by 

special vehicles for oversized objects. 

Transportation can be done only by licenced 

transportation organizations that use special  

vehicles like trucks for transportation. 

Technical reception of a power transformer can 

be done only in presence of an ordering expert 

during laboratory examinations in fabrique 

followed by demounting, transport and again 

mounting at the power plant where power 

transformer has to work under condition of 

several years warranty and the final reception is 

being done at the site. Each manufacturer of 

power transformers has his subcontractors that 

participate in 15-50% of production, mainly in 

production of cooling systems, transformer’s 

tenk and cutting the transformer’s sheet. All 

contracts for power transformers delivery have 
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penalties in the event when deadlines are not 

met or exploitation functional characteristics 

don’t correspond to the requirements 

completely. Manufacturing, mounting and 

demounting of power transformers takes place 

through manipulation of working objects of big 

weight, with greasy surfaces, while testing 

process involves costly measuring equipment at 

high voltage (several million volts), which is 

why special measures for the protection and 

safety of workers is required. The only Serbian 

factory of power transformers Minel 

Transformatori in Ripanj manufactures power 

transformers with power of up to 400 MVA and 

voltage level of up to 400 kV based on its own 

construction solutions (Figure 1), for EPS 

(Electric Power Industry of Serbia), EMS 

(Electric power networks of Serbia), and as 

well for markets in the region [1]. Biggest 

competitors are Siemens, ABB, Alstom and 

fabriques from China. 

 

 
Figure 1 - Step-up transformer 112 MVA on 

H2 unit of HE “Bajina Basta” manufactured by 

Minel Transformatori Ripanj 

 

Risks in power transformers 

manufacturing process can be divided in two 

basic groups: 

 Technical risks and 

 Logistics’ risks.  

Successful management of a company and 

production results are in correlation with risk 

management skills of company leaders.   

 

 

2. TECHNICAL RISKS 
 

Technical risks cover set of indeterminacy 

being present during design and construction 

phase, as well as during designing of its 

production technology. Error in the project will 

lead to delays in the implementation, if it is 

detected in the design phase, and if detected in 

production stage it can cause serious 

consequences in every sense. Design errors are 

not permitted, therefore a transparent design 

according to traditionally defined and verified 

rules is applied followed by high degree of 

standardization and multiple control by 

technically experienced engineers and experts 

[2]. 

Errors in the technological process can be 

fixed with a consequence of possible delay in 

delivery, which is why multiple control by 

experienced designers who are familiar with the 

technological capabilities of the factory is 

performed. - Usually it causes only an 

extension of the processing time, which can be 

overcome sometimes. The solution is multiple 

control by technically experienced experts [3]. 

Additional losses are the primary risk 

when designing a power transformer. The main 

losses are calculated by standard procedures 

using the classic electrical equation. But in 

addition to basic, there are additional losses in 

both iron and copper. Magnetic flux is 

dissipated and closes through transformer’s 

tank, through the sheets of magnetic circuit, 

resulting in a warm-up of transformer which 

creates active losses. These additional losses 

can amount to even 40%, but can’t be 

accurately determined in the same time, since 

they depend on lot of technological and 

production factors. The designer in the phase of 

calculation and dimensioning, estimates 

additional losses based on experience and 

knowledge of the technological level of 

producers, so there is a very high risk of error 

during that assessment. The risk lies in the fact 

that too high estimates of additional losses may 

lead to over dimensioning of power 

transformer, which increases its price and 

manufacturing costs, and if the estimate is low 

then there’s a threat that the power transformer 

will not meet the required functional 

characteristics. 

Critical distance is the shortest distance 

from the winding terminal or the winding itself 

to the wall of transformer’s tank or any other 

element inside the tank which is grounded. 

These critical distances depend on production 

technology and the quality of isolation material. 

Their dimensioning is one of important 

elements of risk during design. Excessive 

critical distances increase power transformer’s 

dimensions and thus increase its price and 

manufacturing costs, while insufficient 

distances may lead to a "breakthrough" at 

applied voltage during final testing which will 
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make power transformer completely unusable. 

 

The sliding trajectory is also a big risk 

when designing winding of a power 

transformer. When looking at the possibility of 

"breakthrough" in the windings that may occur 

due to moisture, dirt and the presence of air in 

the transformer oil, there are "direct 

breakthroughs" that can be caused at the same 

place between adjacent coils of a winding or 

"breakthroughs" in misplaced critical spot of a 

coil while that moved spot is called sliding 

trajectory. The breakthroughs in the sliding 

trajectory are more critical than "direct 

breakthroughs". The sliding trajectories are a 

big unknown for the designer, therefore the 

level of risk involved directly depends on the 

quality of technological operations of drying, 

vacuuming and degree of purity of the 

technological process of manufacturing (Figure 

2). 

 

 
Figure 2 - Fire on block power transformer 

due to breakthrough on windings 

 

Thermodynamic model of power 

transformers is very complex. In the phase of 

designing the cooling systems there are two 

obvious risks. One risk is related to budget 

losses and test of heating, where based on 

power parameters one can calculate level of 

power transformer’s warming for projected 

losses, which represents the basic input 

parameter for selection of cooling system type, 

calculation and its dimensioning. If the cooling 

system can’t provide stationary operating 

temperature of the power transformer, there is 

an increase in losses, so power transformer in 

that case has smaller projected force (losses are 

proportional to the square of power). Another 

risk relates to the case where losses are 

properly defined, but cooling system itself 

hasn’t been properly constructionally resolved, 

so it doesn’t provide the necessary level of heat 

dissipation. The problem may arise due to 

technological and fluid reasons, so that the flow 

of oil within the transformer’s tank has 

bottlenecks, obstacles or transformer’s oil has 

inadequate viscosity which results in reduced 

flow between windings. Thermodynamic 

problem of power transformers is not yet fully 

resolved, although large world producers 

(Siemens, ABB, etc.) are making great efforts 

in its modeling. When designing power 

transformers today, a lot of approximations are 

used or reference models with correctional 

factors, which in any case give approximate, 

rather than optimal solutions. 

 

 

3. LOGISTIC RISKS 
 

Logistic risks are related to the 

organization of production, operational 

preparation, planning and production 

management, capacity planning and transport 

of power transformers to the power plant where 

they will be mounted and put into operation. 

With a desire to achieve higher profits, 

manufacturers often choose to enter into 

overloaded technological capacity, so they use 

prolonged operation work or cooperation while 

manufacturing most commonly transformer’s 

tank and magnetic cores. 

The poor quality of purchased materials 

and built-in components is the main risk 

associated with the procurement sector. Some 

of the characteristics can be checked during 

acquisition testing (as is the case with the 

transformer oil), although there are functional 

characteristics of materials and built-in 

components that can’t be investigated before 

installation, such as: 

 Poor isolation of conductors, 

 The isolator has porous ceramics, which 

endured tests by the manufacturer, but 

didn’t pass final tests, 

 The conductivity of copper unreliable, 

 Transformer’s court porous at welds or on 

the flat surface, 

 Transformer’s sheet has dilatation of 

thickness which leads to different 

thicknesses of poles of magnetic cores, 

and thus to heating, increased noise and so 

on. 

Production of power transformers is based 

on special equipment, so failures that often 
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occur at the drying room, cranes, prime 

generator and other testing equipment  

represent very serious problem. This equipment 

only exists in factories for the production of 

power transformers, and can’t be otained 

quickly and installed in a short time, which 

would definitely lead to delays in deliveries. 

Therefore, a very rigorous preventive 

maintenance is implemented. Technological 

equipment is projected so that there is no 

redundancy, but in the same time 

complementarity characteristics exists (eg, 

instead of a crane capacity of 200 tons two 

cranes of 100 tonnes are set, instead of one 

dryer, 2-3 minor dryers are set etc.). 

In this way slightly higher capacity is 

provided but at the same time the reliability of 

the technological equipment is increased, with 

some higher investments. 

There is a very high risk during transport 

[4], since hydro and thermal power plants are 

often built on unfavorable locations in terms of 

road and rail transport (Figure 3). 

 

 
Figure 3 - Traffic accident during transport of 

brand new power transformer on the way to 

Bajina Bašta 

 

Because of special oversized transport 

special permits and adequate security measures 

and safeguards should be provided. Often 

transport permits are issued for specific axle 

load, so it is necessary to find a licensed carrier 

that can promptly put in practice such 

transportation. Although it is a relatively short 

distance, due to the poor state of the roads, 

railways and bridges, transportation can take 

quite a long time. 

 

 

4. CONCLUSION 
 

In addition to the technical and logistical 

risks during manufacturing process of power 

transformers there are also commercial and 

financial risks that can directly affect the 

business. Well defined price, delivery time, 

precisely defined technical requirements and 

functional characteristics, terms of delivery and 

warranties greatly reduce the financial risk. 

Due to the extreme complexity of the 

individual production of power transformers as 

capital goods of high value and the direct 

impact they have on the stability of the power 

system of any country, there are very few 

manufacturers in the world. The tender 

conditions require references, a certain level of 

total annual revenue of the company and a 

certain level of energy losses of the power 

transformer, so it is very difficult to open a new 

factory and start new production, bearing in 

mind the large number of risks that this 

production undertakes. 
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