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Abstract- The mechanical design validation of transformer is usually performed in the engineering industry by finite 
element analysis. Ideally the analysis should be nonlinear incorporating both geometric as well as material nonlinearities but 
due to time and computational constraints, often the analysts prefer to perform linear analysis while trying to keep the 
induced stresses well below the yield point at all locations other than regions of concentrated stress which will get relieved 
by yielding of the material. The design validation is required for both pressure as well as vacuum tests. The analysts usually 
perform the simulations for pressure and vacuum separately. In this paper, a time saving strategy that saves almost half of the 
analysis time is explained and demonstrated. The tremendous time saving along with the perfect accuracy is achieved by this 
method. 
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I. INTRODUCTION  
 
The transformer tank is subjected to pressure and 
vacuum tests during its testing phase. It is required to 
be strong enough to withstand both pressure as well 
as vacuum loads as prescribed by the standards and 
the customer requirements [1]. The transformer tank 
is usually made of mild steel and the stresses induced 
in the tank are aimed to be limited to less than a 
fraction of the yield stress. But it must be noted that 
the stresses are calculated using semi empirical 
formulae for design purposes and do not give an 
actual value of stress in the structure. Generally, it is 
not possible to limit the stress values below the yield 
point since very high stress concentration factors at 
the geometric discontinuities like edges. Hence some 
amount of yielding is allowed even as per standards 
[2]. The procedure to perform such an analysis is 
available in the literature [3]. However, due to 
paucity of time and computational resources, the 
finite element analysts prefer the linear analysis for 
this application. While the concentrated stresses 
cannot be limited below the yield point, the stresses 
occurring in other regions can be designed to be less 
than the yield stress. This means that with the 
exception of a few small regions, the tank remains 
elastic and consequently, the permanent deformation 
is expected to be small and lesser than the limit. It has 
been seen that this approach works well for 
conventional transformer tanks. The high 
concentrations do not affect the strength of the tank 
since it is made of ductile material [4]. The design 
process flow for a transformer tank is as shown in 
fig.1. The finite element analysis for transformer 
tanks is demonstrated in the following sections.  
The design is carried out by analytical calculations 
which are semi-empirical in nature and do not give an 
accurate calculation for deflections and stresses. The 
tank designed on basis of these formulae may not be 
strong enough and its strength can be assessed more  

 
reliably by Finite Element Analysis which is widely 
used in the industry. The designs that fail the FEA test 
are redesigned on basis of FEA alone. The analytical 
calculations are used for initial design only and cannot 
be used for design verification. 
 

 
Figure 1 

 
II. ANALYTICAL CALCULATION FOR THE 
TRANSFORMER TANK 
 
The hand calculation for the transformer tank is 
carried out by using semi empirical formulae. The 
calculation is as follows. 
The deflection of a plate clamped at the edges is [5] 

Equation 1 
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     Where,  

α is a parameter dependent on the ratio of length of 
sides 
P is the pressure 
a is the length of the shorter side 
E is the young’s Modulus of steel 
t is the thickness of the plate 
 
Stress at the edge is [6] 

Equation 2 
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In this problem, b = 900 mm, t = 12 mm, E = 200GPa 
 
In Vacuum test, P = -0.1 MPa. Thus, 

Deflection δ = 5.38 mm 
Stress σ = 281.22 MPa 
 

In Pressure test, P = 0.14 MPa. Thus, 
Deflection δ = 7.54 mm 
Stress σ = 393.71 MPa 

 
III. FINITE ELEMENT ANALYSIS OF A 
TRANSFORMER TANK 
 
The finite element analysis of a transformer tank 
shown in the fig.2 is performed. The tank is made of 
mild steel having Young’s modulus = 200 GPa, 
Poisson’s ratio = 0.3 and yield stress = 250 MPa. The 
design was carried out with the intent to limiting the 
stress below 210 MPa for the transformer tank. 

 
Figure 2 

 
The tank is meshed with higher order tetrahedral 
elements which have one mid-side node on every 
element edge. These offer good convergence rate [7], 
[8], [9]. A higher order tetrahedral element with one 
mid side node per side is shown in fig.3. 
 

 
Figure 3 

 
A. Vacuum Test 
The vacuum test is performed by applying a pressure 
of - 0.1 MPa to the surface of the inner cavity of the 

tank. The bottom of the tank is fixed. The load and 
boundary conditions are shown in fig.4. 
 

 
Figure 4 

 
In the vacuum test, the tank experiences external 
pressure which tends to bend the tank inwards as 
shown in fig.5.  

 
Figure 5 

 
The solution convergence test was carried out and the 
convergence plot obtained is shown in fig.6. the 
converged mesh is shown in fig.7 
The von Mises failure theory [10] was used. 
It may be seen that most portion of the tank has von 
Mises stress well below the yield stress of 250 MPa 
except for certain small regions where it is 
concentrated as shown in fig.10. Thus the tank is not 
expected to have appreciable permanent deformations 
and the tank design is considered safe. 

 

 
Figure 6 
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Figure 7 

 

 
Figure 8 

 
The displacement plot is shown in fig.3. The stress 
plot is shown in fig.8 

 
Figure 9 

 

 
Figure 10 

B. Pressure Test 
T While in the vacuum test, the response of the tank to 
external pressure was seen, in pressure test the 
response of the tank to internal pressure is validated. 
The pressure test analysis is performed by applying a 
pressure of 0.14 MPa to the insides of the tank cavity. 
The schematic is shown in fig.11. 
 

 
Figure 11 

 

 
Figure 12 

 
The displacement plot obtained is shown in fig.12. 
Note that since the same mesh is used, there is no need 
to perform solution convergence again. Fig.13 shows 
the induced von Mises stress plot 
 

 
Figure 13 

 
IV. INNOVATIVE SHORTCUT TO REDUCE 
ANALYSIS TIME 
 
The linear analysis equation is of the form 

[k] [Q] = {f}  ...eqn.3 
Where {f} is the load vector which in this case, 
depends on the pressure applied and varies linearly 
with the pressure. It must be noted that if the pressure 
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is scaled, the force vector gets scaled by the same 
factor which in turn means that the displacement gets 
scaled by the same factor since the stiffness matrix 
remains constant. 
In a linear analysis, Displacement, u α P and Stress, σ 
α P, 

Where, 
P is the pressure 

It may be noted that that the proportionality constants 
of u and σ with P are, in general, different but remain 
constant with a change in P. This means that if P is 
scaled by a factor, C, then both displacement and 
stress get scaled by C. 
Since the loading of the loading of pressure is only a 
scaling of the loading of vacuum test load, this 
transformation can be applied to the problem and once 
one of the simulations – pressure or vacuum - is 
performed, it is not necessary to run the simulation 
again for the other test. For example in this case, the 
simulation was run for a vacuum of 0.1 MPa, in order 
to get the displacement and stress in pressure test 
simulation, the results have only to be scaled by a 

factor, Va
C Pr


 
Where, Pr is the magnitude of pressure and Va is the 
magnitude of vacuum. 
In this particular case, c = -0.14/0.1 = -1.4. The scaled 
displacement and von Mises stress plot results are 
shown in fig.14 and fig.15. 

 

 
Figure 14 

 
V. ANALYTICAL VS SIMULATED RESULTS 

 
The tabulation of the simulated Vs the analytical 
results is given in table.1and 2. 

Table 1 

 

Table 2 

 
 
It may be seen that there is a significant difference 
between the analytical and the simulated results. The 
reason for this is that the analytical calculations are 
based on the assumption of a fixed panel while the 
simulations take into account the elastic deformation 
of the rest of the structure. It may also be noted that 
the values of the deflection and pressure obtained by 
simulation are consistently more than those calculated 
by analytical formulae implying that the design by 
analytical formulae should be performed with a large 
factor of safety. 

 
Figure 15 

VI. COMPARISON OF SIMULATED AND 
SCALED RESULTS OF PRESSURE TEST 
SIMULATION 
 
The comparison of the simulated and scaled results of 
the pressure test is shown in the table.2 

Table 3 

 
 
It may be seen that the results are exactly the same for 
both displacement as well as stress. This validates the 
process. 

 

 
Figure 16 
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The comparison of the simulation run time is shown in 
the fig.10. The scaling of results eliminated the need 
for second simulation thereby reducing the simulation 
by almost half. 
 
CONCLUSION 
 
The scaling of results by the method shown eliminates 
the need for separate simulations for pressure and 
vacuum tests while achieving 100% accuracy thereby 
saving almost half of the simulation time for the 
transformer tank linear analysis. 
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