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Abstract— Stray losses in transformer clamping plate can be a 

considerable part of the overall stray loss in transformer. In this 
paper clamping plate loss distribution is shown. Methods of loss 
reduction were analyzed. Impact of changing clamping plate 
position and brackets design, material and position on the stray 
losses was analyzed. Different tapping positions with different 
stray flux were analyzed. Calculations were done using a FEM 
program on a 300 MVA, three-phase, three-leg transformer. 
 

Index Terms—Transformer, stray loss, clamping plate, loss 
reduction, optimization.  
 

I. INTRODUCTION 

TRAY losses in transformer outside the windings occur 
mostly in the tank and yoke clamping plates. Stray losses 

in the tank were widely studied by many authors, among 
dozens of papers some of the most relevant are [1], [2] and [3], 
whereas the losses in the clamping plate were studied rarely 
[4], [5] and [6]. 

In [4] losses in the clamping plate were calculated using an 
analytical approach. Some measures for reducing the losses 
were discussed but as it is an analytical method loss 
distribution could not be shown exactly. In [5] and [6] losses 
in the clamping plate were calculated using a FEM program, 
but did not research how to reduce the losses. The aim of this 
paper was to localize the losses in the clamping plate and give 
guidelines for reducing these losses in an economically 
reasonable and technically applicable way. 

The clamping plate consists of the main plate and brackets. 
The main plate clamps the transformer yoke. The brackets 
serve to pressure the windings in axial direction.  

II. MODEL 

The investigation was carried out on a model of a 300 MVA 
three-phase transformer shown in Fig. 1 and 2, described in 
details in [7]. One quarter of the transformer was modeled and 
all the results given in this paper relate to one quarter, i.e. one 
clamping plate. The model was solved using MagNet (FEM) 
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time-harmonic solver.  
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Fig. 1.  Model transformer layout (blue – clamping plate) clamping plate with 
wide brackets design (a) and narrow brackets design (b) 

 
Three tapping positions, which are defined in table I, were 

analyzed with the aim to see the influence of various stray flux 
level and paths on the losses. The abbreviations in the table are 
LV – low voltage winding, HV – high voltage winding and 
RW – regulating winding. Transformer core window layout is 
shown in Fig. 2. The clamping plate magnetic steel was 
modeled with relative permeability µr = 250, and conductivity 
κ = 5,5 MS/m. 
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Fig. 2.  Transformer winding layout in the core window (all measures in mm) 
 

TABLE I Number of turns and currents for different tapping 
positions 

Current [A]  No. of 
Turns Plus tap (+) Main tap (0) Minus tap (-) 

LV 260 -1126,0 -1072,5 -1012,0 
HV 640 373,0 433,0 487,0 
RW 48 1126,0 0 -1012,0 
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III. RESULTS 

A. Clamping plate distance from the windings 
The first research was on the effect of enlarging of the 

distance between the windings and the clamping plate in order 
to reduce the flux entering the clamping plate (Fig. 3a to 3c). 

 
Fig. 3. Clamping plate position relative to the yoke  
 

Fig. 3 shows the various positions of the clamping plate. 
The clamping plate is in line with the inner (toward the 
windings) edge of the yoke in Fig. 3a. In Fig. 3b the plate is 
moved away from the edge and in 3c it is in line with the edge 
of the narrowest package of the yoke, which position is 
probably the largest acceptable distance of the clamping plate 
to the edge of the yoke. In all of those variants the upper 
clamping plate edge was kept at the same distance from the 
tank cover (bottom) so the clamping plate height was varied in 
cases a-c.  

Calculated losses in the clamping plate for various distances 
from the edge of the yoke (d) are shown in Fig. 4. From the 
results it is clear that the distance d is very important and 
should be the largest possible. The difference of over 30 kW 
of losses per clamping plate between the cases shown in Fig. 
3a and 3c gives about 100 kW loss reduction on the whole 
transformer which is a considerable amount. 
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Fig. 4.  Losses in the clamping plate in plus tapping position for different 
distance d. Blue line - clamping plate with fixed distance from the tank cover 
(bottom) to the clamping plate (Fig. 3a - 3c), red triangle - clamping plate 
(Fig 3d) 

 
As the clamping plate had different height in previous cases 

an additional calculation was done. In Fig. 3d the clamping 
plate is positioned at d = 0, but with the size of the clamping 
plate the same as figure 3c. The red triangle in Fig. 4 shows 
the losses for the position of clamping plate shown in Fig. 3d. 
The reason for the very small difference in losses between the 
clamping plates in cases 3a and 3d, which are of various 

dimensions but positioned equally, lies in the loss distribution 
and will be explained later. 

Enlarging the distance from the winding to the clamping 
plate reduces the losses drastically and this is the best way for 
reducing the losses but it is not always possible because of 
construction limitations. Because of that other loss reduction 
measures were investigated. 

B. Brackets position and material 
Clamping plate brackets act as a collector of the leakage 

field, because they are positioned in the vicinity of the air gap 
between the windings. Therefore, it seems logical to try to 
reduce the flux entering into the clamping plate, and 
consequently the loss, by changing the brackets. 

In the clamping plate with the brackets positioned at the 
bottom, calculated in plus tapping position, most of the losses 
occur in the backside of the main plate, towards the core, 
(34%), followed by the losses in the brackets (24%) and in the 
front side of the main plate (24%). At the lower side, towards 
the windings, there are only 16% of the losses, but as it is a 
small surface the largest loss density occurs there. As shown in 
Fig. 5, when the brackets are at the edge of the main plate all 
the collected flux from the brackets passes through the lower 
side of the main plate and then through the back side towards 
the transformer yoke. Accordingly, the losses in the lower and 
back side are quite high. Most of the losses occur in the lower 
parts of the clamping plate. It explains why the change of the 
dimension of the clamping plate from the previous chapter 
(Fig. 3d) did not considerably influence the losses. The 
considerable percentage of losses in the brackets is another 
motivation for trying to reduce the losses by changing the 
brackets. 

 
Fig. 5.  Sketch of the stray magnetic flux trajectory 

 
Usage of non-magnetic material and shifting the brackets 

away from the edge of the main plate was analyzed. All the 
following calculations were done with d = 321 mm (Fig. 3c). 
Shifting of the brackets is shown in Fig. 6, where Fig. 6a 
shows the brackets positioned at the edge, as it was done in the 
previous chapter, while in Fig. 6b brackets are shifted form the 
edge by the distance h. 
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Fig. 6.  Brackets on the main plate edge h=0 (a) and brackets shifted from the 
edge by distance h (b) 

 
Shifting the brackets away from the edge (Fig. 6) 

considerably reduces the overall losses (Fig. 7). When the 
magnetic brackets are moved 300 mm, i.e. to the center of the 
main plate, the losses are approx. 35% lower.  
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Fig. 7.  Losses in the clamping plate for tap plus for different bracket material 
and distance from the clamping plate edge 

 
Losses in the clamping plate could be reduced by using non-

magnetic materials too as it has a smaller relative permeability 
so it attracts less flux. Non-magnetic material was modeled 
with relative permeability µr = 1,5 and conductivity κ = 1,5 
MS/m. Losses in clamping plate for magnetic and non-
magnetic brackets and different distances from the clamping 
plate edge are shown in Fig. 7. Because of the price of the 
non-magnetic material it is not always reasonable to use it, 
especially because of the relatively large size of the main plate.  

In all the cases where the brackets are made of non-
magnetic material the losses are much smaller. In that case 
only small loss reductions can be achieved by shifting the 
brackets away from the edge of the main plate as the losses in 
the brackets and the flux attracted by the brackets are small. 

C. Brackets design 
Influence of the design of the brackets was also analyzed. 

Brackets were modeled with different sizes but with the same 
surface area assuming that it means roughly the same 
pressuring force on the windings. Losses in the clamping plate 
with magnetic and non-magnetic, wide and narrow brackets 
are shown in Fig. 8. 

Narrow brackets (300x267 mm), Fig. 1a, have higher losses 
than the wider ones (600x133 mm), Fig. 1b. Brackets with 
larger depth collect more flux because they are closer to the air 
gap between the windings. The path of the stray magnetic flux 
is shown on Fig. 5. When the brackets are moved away from 
the edge of the main plate (Fig. 6) the collected flux is smaller 

and the influence of the brackets width may be neglected. 
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Fig. 8.  Losses in the clamping plate for tap plus for different bracket material 
and distance from the clamping plate edge and for narrow and wide brackets 

 
When the brackets are moved 300 mm away from the edge 

of the main plate, approximately to the center of the main 
plate, the losses in the brackets are reduced more than 10 times 
and become negligible. Therefore, if the brackets are at the 
distance of 300 mm from the edge the losses are almost 
independent of width and material of brackets. 

D. Flux pattern influence 
Influence of the magnetic flux on the measures for loss 

reduction described in previous chapters was analyzed as well. 
Losses were calculated for different tapping positions i.e. 
different magnetic stray fluxes. Tapping positions of this 
transformer have considerably different amount and 
distribution of the stray flux, which makes it very suitable for 
such an analysis. Losses in the clamping plate for different 
tapping positions, different bracket size, material and distance 
from the bottom of the clamping plate are shown in Fig. 9. 
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Fig. 9.  Losses in the clamping plate for different magnetic flux (tapping 
position) and brackets size, material and position 

 
As Fig. 9 shows the conclusions from the previous chapters 

made only for plus tapping positions are generally the same for 
all tapping positions, i.e. flux pattens. 

IV. LOSS DISTRIBUTION 

Losses in transformers are important because they are 
usually stated in the contract. Thus, manufacturers must be 
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able to estimate them in order to escape paying penalties. 
Local losses are even more important because the loss 
distribution influence local temperature rise. High 
temperatures may accelerate aging and cause faults. 

The losses in the lower and back side as well as in the 
brackets are smaller when the brackets are shifted from the 
edge of the plate because of the smaller flux that enters the 
clamping plate. Losses in the lower side and clamping plate for 
magnetic brackets at the edge of the plate are shown in Fig. 10 
and for brackets shifted from the edge are shown in Fig. 11.  

 
Fig. 10.  Losses in the lower side of clamping plate with brackets on the edge 
(mW/m2) 

 
It can be seen from Fig. 10 and 11 that losses in the brackets 

and lower side of the plate are drastically reduced when the 
brackets are shifted from the edge.  

Loss density in lower side part of the clamping plate is the 
highest in the plate. If the plate is positioned as shown on Fig. 
3a loss density becomes very high and consequently the 
temperature rise may become unacceptable. Measures to 
reduce the losses must be taken by usage of some kind of 
shield. 

 
Fig. 11.  Losses in the lower side of clamping plate with brackets shifted from 
the edge (mW/m2) 

 
Losses in the back side of the main plate are shown in Fig. 

12 and 13. The losses for a clamping plate with brackets made 
of magnetic and non-magnetic material are shown in Fig. 12 
and Fig.13 respectively. Losses are higher in the case with 
magnetic brackets. Higher losses on the left and right end of 
the plate are due to the three-leg core design. As the plate is 
wider than the core (see Fig. 1), i.e. there is no yoke above 
(under) the ends of the left and right phase (outer limbs), much 
more flux enters the clamping plate. In the transformer window 
the yoke attracts much flux as it has a much larger relative 
permeability than the clamping plate, i.e. much lower magnetic 
resistance. 

 
Fig. 12.  Losses on the back side of the clamping plate (towards the core) – 
with magnetic brackets (mW/m2) 

 
Fig. 13.  Losses on the back side of the clamping plate (towards the core) – 
with non-magnetic brackets (mW/m2) 

 
Losses on the front side of the clamping plate, with 

magnetic brackets located on the edge of the plate, are shown 
in Fig. 14. The losses are located along the edge of the plate 
and are mostly between the brackets of the same phase, as the 
flux is larger there. 

 
Fig. 14.  Losses on the front side of the clamping plate (towards the tank) – 
with magnetic brackets (mW/m2) 

V. CONCLUSION 

The aim of this paper was to give guidelines for loss 
reduction measures on the clamping plate. Only practically 
applicable measures were analyzed. Local loss distribution was 
also shown. Transformer clamping plate made of two brackets 
per phase and a main plate were considered in this paper. 
There are different ways of constructing the brackets such as 
one bracket along the whole plate, several brackets per phase 
etc. A transformer clamping plate can be made even without 
brackets, but then the plate must be thicker and it largely 
affects the clamping construction of the windings. Still, the 
same principles of loss reduction apply for all of the 
construction variations. The following conclusions were 
reached: 
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1) Changing the distance between the windings and the 
clamping plate dramatically affects the losses, so the 
clamping plate must be positioned as far as possible 
from the windings.  

2) Non-magnetic brackets in relation to the magnetic ones 
reduce considerably the losses in the clamping plate.  

3) Brackets made of magnetic material have much lower 
losses if shifted from the edge of the main plate, i.e. 
away from the winding. 

4) Wider brackets design with smaller depth has lower 
losses than the narrow brackets design with larger 
depth. 

5) Stray flux pattern has no effect on the efficiency of the 
loss reduction measures.  

6) Loss distribution on the clamping plate is very non-
uniform. On the lower side (towards the winding) of the 
clamping plate high loss densities may occur. This 
should be taken into account as it can largely affect the 
transformer operation. 
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