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Abstract. Rapid advances and developments in the design, modernization, 

and optimization of transformers have generated an increase in power for the lines 

of distribution, with transformers occupying important positions in the national 

and international power systems.  

This paper compares both the output parameters generated by the design 

process, the values obtained between 400 kVA transformers, a distribution 

transformer with conservative, and a hermetic transformer with air cushion (EPA). 

We use the same construction of the transformer core with columns and yokes 

made of a sheet of steel with angle-cut unoriented crystals and for the coils, use 

the copper conductor insulated with paper. The overall dimensions, the total mass 

of the transformers, the heating calculation, and their efficiency are compared. 

It has proven that all materials used in the manufacture of a distribution 

transformer must have superior properties. Using the newest materials in the field 

we increase the performance of distribution transformers. 
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1. Introduction 

 

At present are use the transformers three phases, with oil conservative, 

mineral oil-immersed, natural air-cooled ONAN, suitable for outdoor installation 

and designed, constructed, and tested according to the follows of International 

Standards IEC: 76; 296; 354; 551. The transformers operate satisfactorily under 

variations of load, voltage short circuits, or other conditions that may occur. 

Transformers are capable of withstanding without breaking down, all types of 

short circuits on the terminals, according to IEC 76-5. Transformers have a well-

defined functional role, they are used to carry out in good conditions all the 

processes related to production, modification of the parameters value, transport, 

distribution, and use of electrical energy.  

The heating of transformers in operations is a consequence of energy 

losses through the Joule-Lenz effect, eddy currents, hysteresis losses, the 

magnetization of parts made of ferromagnetic materials, and losses in dielectrics 

located in electric fields (Eslamian et al., 2021).  

When designing distribution transformers, these phenomena are 

considered, because the control of the heating level during operation at normal 

parameters guarantees a long operation time. The longer the operating time, the 

better the quality of the transformers. The design of hermetically sealed 

transformers resulted in the reduction of the main dimensions and the quantity of 

materials used in their manufacture (Kulkarni and Khaparde, 2004). 

 In a transformer immersed in oil, the edge failures increase the current, 

which is followed by increasing the temperature inside the transformer. The 

temperature increase affects the properties of oil and the portions of the paper, 

reducing the performance of the transformer. The steel sheets of the core with 

defects a marginal and insulation degradation affect the transformer core. These 

defects are more significant as the flux density and the number of steel sheet 

laminations in the short circuit increase, and a large current loss develops in the 

transformer core. These can cause flow distortions in the cruciform stacked cores 

and high localized heating inside and outside the affected region. Manufacturers 

of rolled steel sheets for transformers should be aware of and consider the serious 

repercussions due to the marginal faults in the steel sheet laminates and take the 

necessary precautionary measures to eliminate them (Altayef et al., 2022). 

 The hybrid distribution transformer has better controllability for system 

currents and voltages. To reduce the number of discrete magnetics and make 

highly efficient use of ferromagnetic materials was proposed a novel structure of 

HDT with magnetic integration. The hybrid distribution transformer is a novel 

controllable transformer, and they are helpful for future design and optimization 

(Liu et al., 2021). 

 An integrated transformer design methodology for dual-active-bridge 

DAB converters, which utilizes leakage inductance, to substitute a cumbersome 

inductor in the conventional DAB converters. The proposed integrated transformer 

https://1610qp624-y-https-www-webofscience-com.z.e-nformation.ro/wos/author/record/15032852
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with integrated leakage inductance inherently includes leakage inductance and 

magnetizing inductance, whose values can be appropriately selected by modulating 

the number of turns and the center-core air gap (Li et al., 2012). 

Based on the theoretical analysis of the DAB converters, the major 

parameters, primary and secondary current levels, and their phase difference, can be 

derived, and these values are utilized for magnetic analysis of the proposed 

integrated transformer (Lee et al., 2021). An integrated transformer design 

methodology applied to DAB converters provides a low transformer loss for the 

high-efficiency operation of the proposed integrated transformer (Zhao et al., 2022). 

 

2. Establishing the Main Dimensions of the Transformer 

 

In developing the energy system, the efficient construction of 

transformers is primarily used in optimizing them. Rapid changes and 

developments are in transformer design, analysis, manufacturing, and monitoring 

technologies. There is a continuing trend to opt for higher system voltages for 

transmission, increasing transformers' voltage rating.  In the preliminary 

calculation of a transformer, the problem arises of establishing indicative values 

for the main dimensions based on the initial data: 

‒ Nominal apparent power 

‒ Primary and secondary line voltage 

‒ Working frequency 

‒ Number of phases of transformer 

‒ The Connection Group 

‒ Working regime: long, short-term, intermediate 

‒ Constructive types: in oil 
 

Table 1 

The parts of the distribution transformers with oil conservatoire 

General parts Standard accessories Accessories on request 

Steel core 

Wraps 

Switch 

Cross insulators 

Jet 

The lid of the tub 

Roller 

Conservative 

Buchholz relay 

Oil level indicator 

Thermometer housing 

Safety valve 

Plotter switch 

Ears lifting 

Label with date  

Ground terminals 

Two-way wheels 

H.V., L.V., insulators 

Thermometer with 2 contacts 

Silica gel filter  

Buchholz relay Protection device 

DGPT2 (Paithankar, 2017) 

Auxiliary terminal boxes 

Overpressure valve 

H.V., L.V., terminal protection 

box 

 

 Table 1 presents the general parts of the distribution transformers, the 

standard accessories, and the accessories requested by the beneficiaries of the 

transformers by the offer request.  

https://www.taylorfrancis.com/search?contributorName=YeshwantG.%20Paithankar&contributorRole=author&redirectFromPDP=true&context=ubx
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Table 2 

Additional data that must be observed 

Parameters  Possible variation %  
Power absorbed P0 +20  

Power absorbed in short circuit Pk +10  

Relative short circuit voltage uk  10 error 

Relative no-load current up to +30  

 

Table 2 presents the values in percentages that must be added to the data 

obtained from the design calculations of the transformer. 

 

 
 

Fig. 1 ‒ Ensemble drawing for transformer type TTU-EPA. 

 

 In Fig. 1 are present the ensemble drawings of the hermetic transformer 

with air cushion type TTU-EPA (Gheorghe and Roșu, 2009). 
The magnetic core is made of sheet steel cold-rolled lamination, with 

silicon, of high quality with unoriented crystals, with low specific loss, coated 

with a material stable under the action of hot oil pressure. The columns of the 

core are stiffened with a special varnish, and the yokes are reinforced with a steel 

frame to reduce the air gap (Li et al., 2012).  
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The core shall be internally grounded by grounding bonds.  

The diameter 𝐷𝑚  result is as follows: on each main column of a 

transformer there is a primary and secondary winding. 

Voltage drops are neglected: 
 𝑆𝑐 = 𝑈1 ∙ 𝐼1𝑁 ≅ 𝐸1 ∙ 𝐼1𝑁                                           (1) 
 𝐸1 = 2∙𝜋√2 ∙ 𝑓 ∙ 𝑤1 ∙ 𝛷 = 2∙𝜋√2 ∙ 𝑓 ∙ 𝑤1 ∙ 𝐴𝑚 ∙ 𝐵𝑚                             (2) 

 𝛷 = 𝐴𝑚 ∙ 𝐵𝑚                                  (3) 
 𝐴𝑚 = 𝑘𝑚 ∙ 𝜋∙𝐷𝑚24                                                 (4) 

 𝑘𝑚 = 𝑘𝛿 ∙ 𝑘𝐹𝑒                                 (5) 
 

where: 𝑆𝑐 ‒ the apparent power that belongs to a main column  

 𝑈1 ‒ the primary voltage, to the primary windings 

 𝐼1𝑁 ‒ nominal current 

 𝐸1 ‒ induced electromotive voltage 

             𝑤1 ‒ the number of spires 

             𝐴𝑚 ‒ useful cross-sectional area     

             𝐵𝑚 ‒ maximum magnetic induction 

            𝑘𝑚 ‒ the coefficient of iron filling of the circumscribed circle of the cross 

sections 

          kδ ‒ the ratio between the area occupied by steel sheets and the insulation 

between them and the area of the circle circumscribed by the cross sections of the 

column. It varies according to the number of steps of the cross-sections of the 

column and according to the tightening method 

 𝑘𝛿 = 0.89÷0.92 for 4÷6 - steps and strengthening the column with the 

help of the winding cylinder L.V. 

 𝑘𝛿  = 0.91÷0.93 for 6 ÷7 - steps and strengthening the column with bolts 

 𝑘𝐹𝑒 ‒ is the ratio between the effective area of the sheets of steel and the 

area occupied by the sheets of steel, including the insulation between them 

 𝑘𝐹𝑒= 0.85÷0.87, insulated with paper 

 𝑘𝐹𝑒 = 0.9÷0.93, insulated with varnish  

 𝑘𝐹𝑒 = 0.95÷0.98, for ceramic oxides 

 Winding is calculated, depending on the H.V., L.V., and P. Are assumed 

to be w2 number of turns, after that result which the voltage e2 in the L.V. 
 𝑒2 = 𝑈𝑓2𝑤2                                                              (6) 

 

Is calculated for f = 50 Hz: 
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 𝐵𝑐 = 𝑒2𝜋∙√2∙𝑐∙𝑆𝐹𝑒𝑐 =  𝑒2222.2∙𝑆𝐹𝑒𝑐                               (7) 

    

For transformers in oil-immersed: 𝐵𝑐  = 1.3  1.7 T        
 𝐵𝑦 = 𝑆𝑐𝑆𝑦 ∙ 𝐵𝑐                        (8) 

    

 𝑍: 𝑈𝑓 = 23 ∙ 𝑈𝑙 (1.15√3 ∙ 𝑈𝑙)                       (9)      

 
  S = √3 ∙ Ul ∙ Il                                                      (10) 

     𝐼𝑙 = 𝑆√3∙𝑈𝑙                                                       (11) 

    

  𝑌:  𝑈𝑓 = 𝑈𝑙√3                                             (12) 

 

                   𝐼𝑓 = 𝐼𝑙 = 𝑆√3∙𝑈𝑙                                                   (13)  

 

  ∆:  𝑈𝑓 = 𝑈𝑙                                      (14) 

 𝐼𝑓 = 𝐼𝑙√3 = 𝑃3∙𝑈𝑙                                                  (15) 

      𝐼𝑙1,2 = 𝑃√3∙𝑈1,2                                                (16) 

 𝑤1 = 𝑤2 ∙ 𝑘𝑤                                                   (17) 

 
2.1. Calculation of the Magnetic Core in Steps 

 

The magnetic circuit is made up of columns on which the windings of 

the transformers are placed and of the yokes, through which the magnetic flux of 

the columns is closed. Constructively, the shape of the columns and yoke sections 

are in steps. The number of steps and the dimensions of each step correlated with 

those of the yoke are standardized elements, as much as possible, for 

standardizing the manufacturing processes. As material for the magnetic cores of 

the transformers, cold-rolled silicon steel sheets are used, with unoriented crystals 

and low specific losses (depending on the type and quality of the sheet), with 

thicknesses of 0.27  0.35 mm. 
 𝐿𝑐 = 𝐻 − 𝑔                                                      (18) 

 𝐿1𝑐 = 𝐿𝑐 − 𝐵𝑐                                                  (19) 
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 𝐿𝑐(𝑚) = 𝐻 − 𝐵𝑐                                              (20) 
 𝐿𝑦(1) = 𝐹 + 𝐵𝑐 +g                                            (21) 

 𝐿1𝑦(1) = 𝐿𝑦(1) − 𝐵𝑦                                        (22) 

 𝐿𝑦(2) = F                                                (23) 

 𝐿1𝑦(2) = 𝐿𝑦(2) − 𝐵𝑦2                                                                      (24) 

 

where: 𝐻 ‒ core height 

            𝐻𝑓 ‒ window height 

            𝐹  ‒ distance between the axes 

            𝐿𝑓 ‒ window width 

            𝐵𝑐 ‒ column width 

            𝐵𝑦 ‒ the width of the yoke  

            𝐿𝑐 ‒ the total length of the marginal column 

            𝐿𝑐(m) ‒ the total length of the middle column 

            𝐿𝑦 ‒ the total length of the yoke 

 

The net steel (transverse) section of the column is determined with the equation:  
   

        𝑆𝑐 = 𝐶𝑡 ∙  𝑆1𝑓  [m2]                   (25) 

 

where:  𝑆𝑐 ‒ column section, [m2] 
  𝑆1 ‒ the apparent power of the transformer on a column, [VA] 

 f ‒ supply voltage frequency, [Hz]              

Ct ‒ constant of calculation (4 ÷ 6)∙ 10−4 
 

 For the three-phase transformer with windings on three columns: 
 𝑆𝑡 = 𝑆𝑁3       [VA]                           (26) 

 

The geometric dimensions of the column result from the values of the net 

sections of the column based on the following equation: 
 𝑆𝑐 = 𝐾𝑚 ∙ ∙𝐷∙𝑐24                                                   (27) 

 𝐷𝑐 = 4∙𝑆𝑐
∙𝐾𝑚    [𝑚]                                      (28) 
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2.2. Calculation of the Secondary Winding 

 

 Number of turns for the secondary winding: 
 𝑤2 = 𝑈2𝑓𝑒                                                        (29) 

 

         e = 4.44∙f∙ 𝑆𝑐 ∙ 𝐵𝑐                                       (30) 
 

where: 𝑈2𝑓 ‒ the secondary phase voltage, [V]                                   
            e ‒ electromotive voltage in a loop of conductor,[V turn⁄ ]   
      

2.3. Calculation of the Primary Winding 

 

 Number of turns for the secondary winding: 
 𝑤1 = 𝑈1𝑓𝑒                                              (31) 

 

where: 𝑈1𝑓 ‒ the primary phase voltage, [V] 
 Having the number of turns in the secondary and knowing the 

transformation ratio, w1 can also be calculated with the equation: 
 𝑤1 = 𝑈1𝑓𝑈2𝑓 ∙ 𝑤2                             (32) 

 

 The number of turns is calculated as a percentage of 𝑤1. The total number 

of turns on the primary winding will be 𝑤1. The nominal transformation ratio 

must not exceed +5% of the guaranteed transformation ratio.  

  𝐵𝑐 = 𝑒4.44∙f∙𝑆𝑐𝑆𝑐                                                    (33) 

 𝐵𝑦 = 𝑆𝑐𝑆𝑦 ∙𝐵𝑐                                                     (34) 

 

where: 𝐵𝑐  ‒ magnetic induction in columns, [T] 
            𝐵𝑦 ‒ magnetic induction in yoke, [T] 
            𝑆𝑦 ‒ yoke section, [m2]. 

 
2.4. The Section and Dimensions of the Copper Conductors 

 

 Rated currents of the transformers: 
 𝐼1 = 

𝑆𝑛𝑚∙𝑈1𝑓                                            (35) 
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𝐼2 = 𝑆𝑛𝑚∙𝑈2𝑓                                                (36) 

  𝑆𝑤1 = 𝐼1𝐽1 
;      𝑆𝑤2 = 𝐼2𝐽2                                        (37) 

 

where: 𝐼1, 𝐼2 ‒ primary and secondary phase currents, in [A]   

           𝑆𝑛 ‒ nominal power, in [kVA]  

           m ‒ number of phases   

           𝐽1, 𝐽2 ‒ current densities must not exceed 3.3 in A/ mm2 for windings by 

copper conductors  

 
2.5. Calculation of the Resistance of the Windings,  

     Losses and the Total Weight of the Conductors 

 

The resistance of the windings on the primary phase 1 and secondary 

phase 2, is calculated:  

                                                  

     𝑅1,2 = 𝑡∙𝑤1,2∙𝑙𝑚𝑒𝑑 1,2𝑆𝑤1,2                                      (38) 

 𝑙𝑚𝑒𝑑 1,2 = ∙𝐷𝑚𝑒𝑑 1,2                          (39) 

 

where: 𝑡 ‒ resistivity of the winding, for the copper conductor, at temperature to 

work t, in [∙mm2 ∙ 𝑚−1]  
           𝜌𝐶𝑢750 = 0.0214, [∙mm2 ∙ 𝑚−1], for insulation class A (transformers in 

oil)               𝑙𝑚𝑒𝑑 1,2 ‒ the average length of the turn of the primary, and secondary 

winding, [m]              𝑆𝑤1,2- the section of the conductors in the primary winding and in the 

secondary winding, [mm2] 
 

Losses windings are calculated with the equation: 

 𝑃𝑤1,2 =m∙𝑅1,2∙𝐼1,2     [W]                                      (40) 

  

where: 𝑅1,2‒ resistant primary, secondary windings, [] 
            𝐼1,2‒ phase current of primary, secondary winding, [A]   

            m ‒ number of phases 

 

Total electrical losses or short-circuit losses at rated currents: 

 𝑃𝑘𝑁 = 𝑃𝑤1 + 𝑃𝑤2         [W]                    (41) 
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The weight of the conductors in the primary 1 and secondary 2 windings: 
 𝐺𝑤1,2 = 1,2∙𝑆1,2∙𝑤1,2∙𝑙𝑚𝑒𝑑.1,2  [kg]             (42) 

 

 The net mass of the iron of all columns C, respectively, of all yokes J, for 

the three-phase transformer with three cones is: 

 𝐺𝐹𝑒𝑐 = 3 ∙ 𝐹𝑒 ∙ 𝑆𝑐 ∙ 𝐿𝑐             [kg]                     (43) 

      
where: 𝛾𝐶𝑢1,2 = 8.9 ∙ 10−3, the specific mass of copper 

            𝐹𝑒 =7.65∙ 10−3 [kg ∙ cm−2], specific mass of cast iron 

            𝐿𝑐, 𝐿𝑦 ‒ the lengths of the columns, respectively the yoke,  cm2  
            𝑆𝑐, 𝑆𝑦 ‒ the areas of the columns, respectively the yoke,  cm2  
 

2.6. Calculation of the Short Circuit Voltages 

 𝑢𝐾 = 𝑍𝐾∙ 𝐼𝑓1𝑈𝑓1 ∙100    [%]                     (44) 

 𝑍𝐾=𝑅𝐾2 + 𝑋𝐾2           []                             (45) 
 𝑅𝐾=𝐾𝑤2 ∙𝑅2 + 𝑅1             []                             (46) 
 𝑋𝐾 = 𝐾∙𝜋∙𝑓∙𝐷𝑎𝑑𝑣𝑒𝑟𝑎𝑔𝑒∙𝐶∙𝑤12𝐻𝐾                                         (47) 

 𝐷𝑎𝑑𝑣𝑒𝑟𝑎𝑔𝑒 = 𝐷𝑎𝑑𝑣𝑒𝑟𝑎𝑔𝑒 𝑤1+𝐷𝑎𝑑𝑣𝑒𝑟𝑎𝑔𝑒𝑤22       [cm]            (48) 

 

  𝐶 = 𝑏1+𝑏23 + 𝑎1,2            [cm]             (49) 

 

where: 𝑍𝐾  ‒ short circuit impedance, []   

            𝐼𝑓1 ‒ the phase current in the primary winding, [A] 
            𝑅𝐾 ‒ short circuit resistance, [] 
            F ‒ nominal frequency, [Hz] 
            𝑏1 ‒ the radial size of the primary coil 

             𝑏2 ‒ the radial size of the secondary coil  

             𝑎1,2 ‒ distance between the primary and secondary winding 

              𝑤1 ‒ the nominal number of turns of the primary winding 

              𝐻𝐾 ‒ primary winding height, [cm] 
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2.7. Calculation of Heating of the Transformer 

 

In the radiator the temperatures inlet-outlet for oil, type ONAN – the 

temperature drop measured at the inlet and outlet: 14÷15°C. 
 𝑆𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑐𝑜𝑣𝑒𝑟 = 0.75∙𝐿∙𝑙                                             (50) 
 𝑆𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟 = 0.85∙𝑃𝑝𝑖𝑝𝑒∙𝐿𝑝𝑖𝑝𝑒∙𝑁𝑝𝑖𝑝𝑒               (51) 

 𝑆𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑡𝑎𝑛𝑘=k∙𝑆𝑡𝑎𝑛𝑘                                         (52) 

 𝑞𝑐 = (𝑃0+𝑃𝑁)∙1.1𝑆𝑡𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒                                                (53) 

 

where:  0.75 and 0.85 ‒ coefficients of effectiveness 𝐿𝑝𝑖𝑝𝑒 ‒ length pipe 𝑁𝑝𝑖𝑝𝑒  ‒ number of pipes 

 For the elliptical pipe perimeter: 𝑃𝑝𝑖𝑝𝑒 = 0.161   m. 
 The surfaces of the collectors are also considered in the calculation of the 

number of radiators: k = 0.95, 0.85, 0.8.                   

 
Table 3 

Calculation of the transformer TTO-ONAN 400 kVA – 20/0.4 kV/kV H. V.  ∆ L. V.  Yn 𝑈𝑓 = 𝑈𝑙 = 20000                  [𝑉] 
 

Connection: ∆ 
 𝐼𝑓 = 6.67                                    [𝐴] 
 

Type of winding: Layered 
 𝑤1 = 𝑈𝑓1𝑈𝑓2 ∙𝑤2 

 𝑤1 = 1732 ± 87          no. turns 
 

Cu EMU2∅1.35  𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑 − 1.46 
 Sc1 = 1.431                          [𝑚𝑚2] 
 𝐽1 = 𝐼1𝑆1 = 4.66                [𝐴 ∙ 𝑚𝑚−2] 
 𝐻1 = 𝜋∙𝑑𝑚1 = 3.14∙𝐷𝑤𝑖𝑛𝑑𝑖𝑛𝑔 𝑝𝑒𝑟 𝑐𝑜𝑙. 

𝑈𝑓 = 400√3 = 230.94 ≅ 231           [𝑉] 
 

Connection: 𝑌𝑛 
 𝐼𝑓 = 577.35 ≅ 578                         [𝐴] 
 

Type of winding: Cylinder in 2 layers 
 𝑤2 = 𝑈𝑓2𝑒 = 20                        no. turns 

 𝑒 = 222.2∙𝑆𝑐2∙𝐵 = 11.547[𝑉 ∙ 𝑡𝑢𝑟𝑛−1] 
 

C𝑢 3.35 ∙ 10.6  𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑 − 0.44  
 𝑆𝑐2 = 4 ∙ 35 = 140                         [𝑚𝑚2] 
 𝐽2 = 𝐼2𝑆2 = 4.12                          [𝐴 ∙ 𝑚𝑚−2] 
 𝐻2 = 𝜋∙𝑑𝑚2 = 3.14∙𝐷𝑤𝑖𝑛𝑑𝑖𝑛𝑔 𝑝𝑒𝑟 𝑐𝑜𝑙.  
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 𝐻1 = 0.975                                  [𝑚] 
 𝐿𝑤1 = 𝜋∙𝑑𝑚1∙𝑤1 = 1691 ÷ 1776  
 𝑞75° = 0.0214        [∙𝑚𝑚2 ∙ 𝑚−1] 
 𝑅75° = 𝜌∙𝐿𝑤1𝑆 = 25.29               [] 
 𝐺1𝑏𝑙𝑎𝑛𝑘 = 𝑚∙𝐿𝑤1 ∙𝑆𝑐1∙𝐺𝐶𝑢 
 𝐺1𝑏𝑙𝑎𝑛𝑘 = 68                         [𝑘𝑔] 
 𝐺1 = 3∙𝛾𝑝𝑎𝑝𝑒𝑟∙𝐿𝑤1𝑡 ∙ 𝑆𝑐1 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑  
 𝐺1𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑 = +2.5                  [𝑘𝑔] 
 

  𝐻2 = 0.757                                         [𝑚] 
 𝐿𝑤2 = 𝜋∙𝑑𝑚2∙𝑤2 = 16                      [𝑚] 
 𝑞75° = 0.0214               [∙𝑚𝑚2 ∙ 𝑚−1] 
 𝑅75° = 𝜌∙𝐿𝑤1𝑆 = 0.00245                 [] 
 𝐺2𝑏𝑙𝑎𝑛𝑘 = 𝑚∙𝐿𝑤2 ∙𝑆𝑐2∙𝐺𝐶𝑢 
 𝐺2𝑏𝑙𝑎𝑛𝑘 = 60                                   [𝑘𝑔] 
 𝐺2 = 3∙𝛾𝑝𝑎𝑝𝑒𝑟∙𝐿𝑤2𝑡 ∙𝑆𝑐2 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑  
 𝐺2𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑒𝑑 = +1.11                      [𝑘𝑔] 
 𝐻1 = 247                                    [𝑚𝑚] 

b  = 24.5                                      [𝑚𝑚] 𝐻2 = 250                                           [𝑚𝑚] 
 b = 20                                                 [𝑚𝑚] 

10 layers ∙ 167 turns =1670  

 1 layer ∙ 149 turns = 149  

168 turns ∙ 1.46 = 245.28 

11 layers ∙ 1.46 = 16.06 

11 ∙2∙11.04 = 242.88 

2 layers ∙2 ∙ 3.79=15.16 

Channel             = 4 

Increase            = 0.84 

 

Table 3 presents the calculation data sheet for a transformer type 

TTO-ONAN 400 kVA - 20/0.4 kV/kV (Gheorghe and Roșu, 2009). 
 

Table 4 

Transformer TTO-ONAN 400 kVA – 20/0.4 kV/kV  

Type of 

connection 

No load 

losses P0 [𝑊] Load losses 

  PK [𝑊] Impedance 

voltage, at 

75°C uK [%] Total 

weight for 

core [𝑘𝑔] 
Dyn5 917 6000 4 703 

 

Table 4 presents the data obtained in the design process of transformer 

type TTO-ONAN 400 kVA – 20/0.4 kV/kV (Gheorghe and Roșu, 2009). 
 

Table 5 

Transformer TTO-EPA 400 kVA – 20/0.4 kV/kV  

Type of 

connection 

No load 

losses P0 [𝑊] Load losses 

  PK [𝑊] Impedance 

voltage, at 

75°C uK [%] Total 

weight for 

core [𝑘𝑔] 
Dyn5 762 6025 3.92 641 

 

Table 5 presents the data obtained in the design process of transformer 

type TTO-EPA 400 kVA – 20/0.4 kV/kV (Gheorghe and Roșu, 2009). 
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3. Transformer with Windings of Bare Copper Conductors 
 

A new perspective on the use of bare copper conductors for windings 

includes electrical and thermal modeling considerations. The cross-section of the 

core requires a large area, which means that a considerable part of the core 

window remains unused due to the curvature of the winding, the pipes can be 

wound semi-circularly and placed closer to the core inside the window area. The 

relative position of the winding terminations relative to each other does not affect 

the resulting leakage inductance. Sufficient space must be left between them to 

ensure adequate insulation (Djekanovic and Dujic, 2022). 

 

4. Conclusions 
 

It has been proven that the same winding and core designed for the 

conservator power distribution transformer can be recalculated and designed for 

hermetically sealed transformers, thus reducing the main dimensions. 

The use of hollow copper pipes for the manufacture of transformer 

windings to replace the cooling system provided by radiators is not reliable. In 

the manufacturing process of the winding, when the pipe is bent per the bending 

radius, it will become thin thereby reducing the properties of copper pipes, and 

the soft hardness of the copper pipes will lead to the deformation of the coils. 

To optimize and improve the performance of the distribution 

hermetically sealed transformers, we are going to impose the values and perform 

all the necessary calculations starting from the design, thus reducing the main 

dimensions. 
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ÎMBUNĂTĂȚIREA PERFORMANȚEI TRANSFORMATOARELOR DE 

DISTRIBUȚIE PENTRU SISTEMUL ENERGETIC 

 

(Rezumat) 

 

Progresele și evoluțiile rapide în proiectarea, modernizarea și optimizarea 
transformatoarelor au generat o creștere a puterii pentru liniile de distribuție, 
transformatoarele ocupând poziții importante în sistemul energetic național și 
internațional. 

Această lucrare compară parametrii de ieșire generați de procesul de proiectare, 
valorile obținute între transformatoare de 400 kVA, un transformator de distribuție cu 
conservator și un transformator închis ermetic cu pernă de aer (EPA). Vom folosi aceeași 
construcție a miezului transformatorului cu coloane și juguri din fier cu cristale 
neorientate tăiate în unghi iar pentru bobine folosim conductor de cupru izolat cu hârtie. 
Se compară dimensiunile generale, masa totală a transformatoarelor, calculul de încălzire 
și randamentul acestora. 

S-a dovedit ca toate materialele folosite la fabricarea unui transformator de 

distribuție trebuie să aibă proprietăți superioare, folosind cele mai noi materiale din 
domeniu creștem performanțele transformatoarelor de distribuție. 
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