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 
Abstract—Reducing the weight of transformers while providing 

good performance, cost reduction and increased efficiency is 
important. Weight is one of the most significant factors in all 
electrical machines, and as such, many transformer design parameters 
are related to weight calculations. This study presents a comparison 
of the weight of oil type transformers and dry type transformer 
weight. Oil type transformers are mainly used in industry; however, 
dry type transformers are becoming more widespread in recent years. 
MATLAB is typically used for designing transformers and design 
parameters (rated voltages, core loss, etc.) along with design in 
ANSYS Maxwell. Similar to other studies, this study presented that 
the dry type transformer option is limited. Moreover, the commonly-
used 50 kVA distribution transformers in the industry are oil type and 
dry type transformers are designed and considered in terms of weight. 
Currently, the preference for low-cost oil-type transformers would 
change if costs for dry-type transformer were more competitive. The 
aim of this study was to compare the weight of transformers, which is 
a substantial cost factor, and to provide an evaluation about 
increasing the use of dry type transformers. 
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I. INTRODUCTION 

LECTRICAL energy is the most consumed energy type in 
the world [1]. Electric energy generation, transmission, 

distribution and consumption processes are typically done 
through electrical machinery called transformers. Regardless 
of where they are used, they are always the same in terms of 
principle and generally, they are formed from two windings 
isolated against each other and the soil. These windings are 
upon iron core [2]. Most of the energy applied to the inputs of 
transformers transmits as electrical energy without changing 
the nature of the electricity. For this reason, energy conversion 
does not occur like in other electrical machinery, and only in 
the transformers structure, where a small amount of energy is 
changed and converted into heat energy [3]. 

When designing transformers, losses are first calculated in 
the weight calculation due to the apparent power. As in all 
electrical machines, power loss also occurs in transformers. 
The most important difference in transformers from other 
electrical machines is that they do not have moving parts and 
so there are no wind and frictional losses. As such, losses are 
less and productivity is high [2]. The power losses in 
transformers come in two forms:  
 Iron Loss 
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 Copper Loss 
Iron losses in transformers consist of eddy and hysteresis 

losses. Eddy losses are the losses caused by eddy currents 
induced on the transformer core. Hysteresis losses emerge in 
the form of heat as a result of the friction of molecules with 
each other during the change in direction of eddy molecules 
depending on the transformer eddy currents [4]. Copper losses 
occur on the windings of a transformer core.  

II. LOSSES, EFFICIENCY AND WEIGHT CALCULATION IN 

TRANSFORMER 

The calculation of weight using basic mathematical 
methods is described in [2]. In order to make weight 
calculations, iron and copper losses in transformers are 
obtained by using the characteristics given in Figs. 1 and 2.  

 

 

Fig. 1 Copper loss depending on apparent transformer power [3] 
 

 

Fig. 2 Iron losses depending on apparent transformer power [3] 
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Iron loss Pfe and copper loss Pcu are obtained from Figs. 1 
and 2 according to the apparent power of transformers and 
apparent power S:  
 

ܵ ൌ √3 ∗ ܷ ∗  (1)          (VA) ܫ
 

ξ ൌ
୔ౙ౫
୔౜౛

            (2) 

 
ξ is obtained as loss rate. After this, specific copper loss  
 

ୡ୳݌ ൌ 2.7sଶ	 (Watt / kg)         (3) 
 
is obtained. Here, the current density value is s, 2.2< s <3.5 
[5]. Specific copper loss is: 
 

௙௘݌ ൌ ଶߦଵ଴݌ ቀ
஻

ଵ଴ర
ቁ
ଶ
 (Watt / kg)       (4) 

 
And here, p10; loss factor, 2ߦ; additional loss factor occurs as a 
result of the processing of sheets, B is core induction in 
transformers (Tesla). One of the important calculations in 
transformer design includes the iron section. The iron section 
is obtained by [3]: 
 

௙௘ݍ ൌ ටଵ଴యௌܥ

ଷ௙
 (cm2)         (5) 

 
Here, qfe, iron section (cm2), f, frequency. C is a transformer 
iron section suitability factor.  

The C value is 4<C<6 for oil transformers [6] and 
5.9<C<10.6 for dry type transformers [3]. C and s values are 
fixed values in design. The yoke leg section ݍ௙௘௝ must be 20% 
more than the leg section, 
 

௙௘௝ݍ ൌ .௙௘ݍ 1,2 (cm2)         (6) 
 

Primary and secondary winding sections q1, q2 and the 
number of turns w1, w2, and average winding length are shown 
in Lm1, Lm2 (7)-(13): 
 

ଵݍ ൌ
ூభ
௦
 (mm2)            (7) 

 

ଶݍ ൌ
ூమ
௦
 (mm2)           (8) 

 

ଵݓ ൌ
௎భ

√ଷ.ସ,ସସ.௙.∅.ଵ଴షఴ
           (9) 

 

ଶݓ ൌ
௎మ

√ଷ.ସ,ସସ.௙.∅.ଵ଴షఴ
          (10) 

 
௠ଵܮ ൌ .ߨ  ௠ଵ  (cm)        (11)ܦ

 
௠ଶܮ ൌ .ߨ   ௠ଶ  (cm)        (12)ܦ

 
Dm2=D+2(Δ2+δ2) +α2         (13) 

 
Dm1=Dm2+α2+2(Δ1+δ1) +α1        (14) 

 

Here, Dm1 and Dm2 are respectively the average primary 
winding and average secondary winding diameters. Δ1, δ1 
(cm) are respectively the primary insulating cylinder thickness 
and oil channel width Δ2, δ2 (cm) secondary cylinder thickness 
and if oil channel width and α1, α2, primary and secondary 
voltage are winding channels     

Magnetic flux occurred in the windings , 
 

ϕ ൌ q୤ୣ. B (Maxwell)           (15) 
 
The diameter of the iron core is obtained as: 
 

D ൌ ට ସ୯౜౛
଴.଺଻଻π

 (cm)            (16) 

 
With the values obtained here, the total weight of 

transformer GT is equal to the total of iron weight Gfe and 
copper weight Gcu: 
 

GT=Gcu+Gfe (kg)        (17) 
 

Copper weight is the total of the primary winding copper 
weight Gcu1 and secondary winding copper weights Gcu2. This 
is also expressed as: 
 

Gcu= Gcu1+ Gcu2 (kg)        (18) 
  

Iron weight is equal to the total of the weights in three legs 
Gfeb and yoke weight Gfej: 
 

Gfe= Gfeb+ Gfej (kg)         (19) 
 
From here: 
 

Gcu1=3.10-5 *δcu*w1*q1*Lm1       (20)  
 

Gcu2=3.10-5 *δcu*w2*q2*Lm2       (21)  
 

Gfeb=3.10-3 *δfe*qfe*Ls       (22) 
 

Gfej=3.10-3 * δfe*qfej.2 (2M+0,8D)    (23) 
 

The δcu, δfe values are respectively copper and iron specific 
weight. 

The length between the axis of the legs is M, the width of 
the window is	a	, and the height of window Lୱ	a are found by: 
 

M ൌ 0.851D ൅ a (cm)          (24) 
 

Lୱ ൌ
ଶ୵భ୍భ
୅౩

 (cm)            (25) 

 

a ൌ
ସ୵భ	୯భ

ଵ଴଴୩ౙ౫	୐౩
 (cm)         (26) 

 
Here kcu is a window copper filling factor. This value is 
obtained in Fig. 4 As (A/cm) is specific ampere turn.  
The efficiency of a transformer is: 
 

ƞ ൌ ୗ

ୗା୔ౡ
             (27) 
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because of the cooling air channels coming between the 
windings. An increase in a is effective as it changes radius 
values in the calculation of iron weight. In (22) and (23), 
Ls increases, iron leg weight and a increase, and iron yoke 
weight increases.  

 The windings are selected by high mechanical strength 
and high cooling options. If transformer power and q1 
increases, primary winding cooling, strength options and 
copper weight increase. 

  Further, when q2 increases, secondary winding copper 
weight increases. The windings of dry type have excess 
turns than windings of oil type transformers. 

 Finding w1, w2 winding turn significantly changes 
window width a value and copper weights. Due to the 
cooling options of dry-type transformers, dry type 
transformer winding turns are more than those of oil type. 
If w1, w2 increase, primary and secondary weights 
increase. 

 
TABLE II 

 AS VALUES (FOR AIR COOLING CORE TYPE TRANSFORMERS) [2] 

S (KVA) 0,5 1 2 4 8 10 15 20 25 30 

As (A/cm) 80 90 100 110 123 127 135 142 147 150 

 
TABLE III 

OTHER PARAMETERS USED IN THE DESIGN OF TRANSFORMERS 
Variables Symbol Unit Oil type Dry type Percentage Change (%) 

First winding voltage U1 Volt 34500 34500 0 

Second winding voltage U2 Volt 400 400 0 
First winding insulation thickness 

Oil channel width 
Δ1 
δ1 

cm 
cm 

2.2 
0.1 

2.2 
- 

0 
0 

Loss factor p10 - 1.3 1.3 0 

Additional losses as a result of processing of the sheets ξ2 - 2.2 2.2 0 

Temperature T 0C 75 75 0 

Oil channel width δ2 cm 0.1 - 0 

Specific ampere winding As A/cm 186.98 162 13.36 

Flux density B Gauss 12917 11000 14,84 

Window copper filling factor kcu - 0.15 0.29 93,33 

Second winding insulation thickness Δ2 cm 1.06 11.24 960,37 

 
Table III shows other parameter values that need to be 

calculated as they affect the weights of oil-type [5] and dry-
type transformers. These parameters reflect transformers 
power, cooling and strength:  
 Δ1, δ1 and Δ2, δ2 change respectively as directly 

proportional in primary winding insulation oil channel 
width and secondary winding insulating thickness and oil 
channel width in the calculation of winding diameters in 
transformers. There is an oil channel in the oil-type, but 
not in dry-type. Insulation thickness is wider in dry-type 
secondary winding. This effect of thickness indicates in 
the parameters increasing the weights. 

 Δ1, δ1 and Δ2, δ2 change respectively as directly 
proportional in primary winding insulation oil channel 
width and secondary winding insulating thickness and oil 
channel width in the calculation of winding diameters in 
transformers. There is an oil channel in the oil-type, but 
not in dry-type. Insulation thickness is wider in dry-type 
secondary winding. This indicates the effect of it in the 
parameters increasing the weights. 

 As specific ampere winding is high in oil-type and low in 
dry-type. If As increases, Ls decreases, so this reduces iron 
leg weight. 

 B flux density affects magnetic flux. This affects w1, w2 
winding number values in an inversely proportional way. 
The oil-type winding number is lower than the dry-type 
winding number, and from here, the oil-type B value is 
higher compared to the dry-type winding number.  

 kcu filling factor affects the a window in an inversely 
proportional way. If kcu increases, the a value reduces, and 
this reduces iron yoke weight. In an oil-type transformer, 
this value is lower than a dry-type transformer.  

IV. CONCLUSIONS 

This study compared the weights of oil-type transformers 
and dry-type transformers. In this comparison, weight effect 
was investigated to increase the use of dry-type transformers 
instead of oil-type transformers, which are frequently used in 
distribution transformers. The average lifespan of transformers 
is reported to be 7.42 to 20.55 years in relevant standards (IEC 
C57.91-1995). Previous studies also show that oil-type 
transformers and dry-type transformers have similar costs 
throughout their lifespan. Although the costs of these 
transformers are almost the same, oil-type transformers are 
more disadvantageous than dry-type transformers. Oil type 
transformers require regular maintenance leading to 
environmental pollution because of oil waste, and pose a fire 
hazard. Currently, however, dry-type transformers are not 
preferred due to their high costs. As weight is also a 
determinant factor influential on cost, parameters that may 
bring about a decrease in weight should be investigated and 
considered in future studies. 
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