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Abstract — In this article, we use the finite element method 

(FEM) with Ansys Electromagnetics to imilate two Amorphous 

core transformers (ACTs) with a capacity of 400kVA and 

1600kVA; working in rated modes and three phase short circuit 

(SC) on the low voltage winding (LVW). From there, the largest 

SC current can be determined; and the largest SC 

electromagnetic force (EMF) have an effect on the LVW and 

high voltage winding (HVW) of ACTs. At the same time, 

research and build and coordinate between the Ampere-second 

characteristics of the ACTs and the characteristics of the fuse 

cut out (FCO), thereby determining the correct SC cutting time 

of the ACTs. We determine the correct SC cut-off time to 

support the correct FCO selection, from which the ACTs will 

avoid the harmful effects of EMF that cause the winding ACTs 

to break. The results of this study help us determine the correct 

time to cut off the SC of the FCO to disconnect the ACTs from 

the high voltage grid. From there, protect against SC breakage 

and displacement of the ACTs's winding caused by SC EMF. 

Keywords— Ansys Electromagnetics, Short circuit, 

Electromagnetic Forces, Amorphous Core Transformers, Fuse 

cut out. 

I. INTRODUCTION (HEADING 1) 

Amorphous core transformers (ACTs) are used in 
countries around the world with the special feature of reducing 
no-load losses. ACTs is constructed from a 0.03mm ultra-thin 
steel core. In Vietnam, provincial power companies have 
installed ACTs on their local power grids. ACTs are more 
effective in reducing power losses than silicon steel core 
transformers currently in use [1-4].  

The electromagnetic force (EMF) in the winding of the 
ACTs is developed between the current in the wingding and 
the induction flux in the winding sections and in the core. 
During the operation of the ground fault of the ACTs, the 
current in the winding and the induction flux increase greatly, 
and a large EMF is generated on the winding. Therefore, the 
mechanical structure of the winding and the fixed part must be 
designed to withstand this EMF. Therefore, it is necessary to 
accurately calculate the stress when short-circuited, which 
will significantly improve the size of the ACTs [5-8]. To 
calculate the EMF have an effect on the concentric coil under 
external SC conditions. One computational approach is to use 
the FEM, which results in 2D images of the stray the induction 
flux density and the average EMF, and then compares them 
with the classical analytical method. In addition, the works 
have calculated the EMF distribution when the low voltage 
short circuit (SC) fault occurs; generating mechanical forces 
have an effect on the high voltage winding (HVW) and low 

voltage winding (LVW) of the ACTs; The method used 
throughout is to use Anys 2D (FEM) software for time domain 
analysis, but it performs a very large mesh, so the results are 
not accurate [9-13]. 

In Ref [14], The authors used the FEM to analyze and 
calculate the force stress have an effect on the HVW and LVW 
of the 20MVA; 132/11.5 kV transformer in the case of a SC. 
The results are 2D images of the stray magnetic field density 
and electromagnetic force, which are compared with the 
classical analytical method. In addition, the effects of short 
circuit current (SCC) and asymmetrical force at different 
positions on the HVW and LVW of the transformer are also 
taken into account. In Ref [15-16] The FEM analyzed the 
effects of SCC in each part of the winding of the transformer 
using the method of combining magnetic and electric circuits. 
Using the FEM to imitate the transformer in the case of a test 
SC, the results of SCC, stray magnetic field and axial and 
radial FEM have an effect on the HVW and LVW in the case 
of a SC fault in part of the winding or the entire winding. 

The authors [17-23], Following the above research works, 
the presentation of the calculation of radial and axial forces 
have an effect on the winding wire only stops at the average 
value. The work has not taken into account the force 
distribution and sometimes has not found the position with the 
greatest stress on the winding wire. It can be seen that the 
works of the authors have made efforts in calculating the EMF 
but are still limited in quantity; The works on ACTs have not 
received much attention from documents on scientific forums.  

We see that, in reference works, there is no generalized 
analysis and assessment of SC cases; linear planning. We 
need: (1) – a model to evaluate the interaction between electric 
current and induction flux; EMF have an effect on the 
windings of many different ACTs capacities; (2) - we need to 
build a general Ampere-second characteristic, combining the 
current characteristics of the self-falling fuse FCO and the 
SCC characteristics of the ACTs. These essential research 
results help: (*) - choosing self-falling fuses to protect the 
ACTs from the harmful effects of EMF have an effect on the 
windings; (**) - manufacturing of ACTs’ winding; and 
electric utilities that operate ACTs. 

In this article, we use FEM with Ansys Electromagnetics 
to imilate two ACTs with different capacities [24]; working in 
rated modes and three-phase SC on the LVW. Therefrom, we 
define the largest SCC; and the largest SC EMF influence on 
the LVW and HVW, and at the same time check the limit of 
mechanical force generated to destroy the windings. Not only 
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that, research continues to develop the Ampere-second 
protection characteristic of fuse cut out (FCO), helping to 
determine the correct short-circuit cutting time of the ACTs. 
From there, technical recommendations are provided to help 
design, test and operate ACTs more completely. 

II. SHORT CIRCUIT CURRENT AND 

ELECTROMAGNETIC FORCE 

A. Short circuit current (SCC) 

In case the transformer is working with the nominal 
primary voltage, if a SC occurs on the secondary side, the SCC 
will be very large. At this time, the entire nominal voltage is 
applied to the very small SC impedance of the transformer, so 
it is called an operating SC. The SCC is as follows [1, 7, 9] 

SC

SC

SC SC SC

R
- ωt

X
i = I 2 sin(ωt - ψ -φ ) + sin(ψ + φ ).e
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where: 
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SC

U
I =

Z
 is SC current (A), 

- SC

SC

SC

X
φ = arctg

R
, is the phase angle (rad), 

- UNom: Nominal voltage (V) 

- ZSC: SC impedance (Ω) (Ω), 

- Xn and Rn are respectively short-circuit resistance and 
reactance (Ω), 

- t is the time (s), 

- ψ: angle at the moment of SC (rad), 

- ω is the angular frequency (rad/s). 

B. Electromagnetic force 

The interaction between active current (IAC) and induction 
flux (BInF) in the windings, creating FEMF in the transformer 
windings. According to the Lorentz formula, we write the 
EMF relationship as [8,12,15,18]: 

ACEMF InF AC InF

L

F = I .B sin(I ,B )d
 (2) 

Or:  

EMF InF AC InF WsdF = B ×I d = B ×J .d .d  (3) 

where: 

- IAC (A) and JWs (A/m2) are the active and intensity of the 
current in the wingdings;  

- BInF (T) and FEMF (N) are the induction flux and EMF; 

- d ; d are the differential area and length of wingdings 

III. AMORPHOUS CORE TRANSFORMERS 

A. The factor of amorphous core transformer (FACTs) 

400kVA 

Fig. 1 shows an actual image of an ACTs with a capacity 
of 400kVA. All the detailed electrical coefficients of ACT are 
taken from the design of SANAKY in Hanoi; all the above 

factors are included in the entire simulation process of this 
research. 

 

Fig. 1. ACTs - 400kVA  

B. Transformer simulation by design parameters 

 

Fig. 2. ACTs model used in Ansys Maxwell 3D 

The factors of this ACTs 400kVA 22/0.4kV are set up a 
very detailed; this process is completely based on FEM of 
Ansys Electromagnetics 2019; we carefully check the input 
quantities; analyze and perform the meshing model as shown 
in Fig 2.  The working process of ACTs is designed using 
Maxwell Circuit Editor V19.02 circuit at Fig 3; ACTs works 
in the following cases: no load; rated load and short circuit 
fault cases; these processes are similar to real operations on 
the distribution grid. 

 

Fig. 3. The Transformer's Maxwell Circuit Editor 

C. Results of simulation about voltage and current values at 

full load of ACTs 

The simulation problem of ACTs is established in the time 
series; We set the simulation working mode option of ACTs 
ourselves; In this research, ACTs are set to no load and rated 
load mode with t = 100ms. The resulting sine wave form on 
these HVW and LVW are shown in Fig 4 and Fig 5 below: 
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Fig. 4. Three-phase rated voltage in the HVW 

In Fig. 4, Result of 31.11/√2 = 21.99kV  is the rated 
phase voltage value on the HVW of FEM method; This value 
is collated to the calculated phase voltage value of 22kV of 
analytic method. The likewise, in Fig. 5, the rated phase 

voltage value on the LVW of FEM method is 309.2/√2 =
218.6V; It is collated to the calculated phase voltage value of 
220V of analytic method.  

 

Fig. 5. Three-phase rated voltage in the LVW 

 

Fig. 6. Three- phase rated current in the HVW 

 

Fig. 7. Three- phase rated current in the LVW 

In Fig. 6, Result of 6.06A is the rated phase current value 
of the HVW of FEM method; This value is collated to the 
calculated phase voltage value of 6.05A of analytic method. 
The likewise, Fig. 7, the rated phase current of LVW is 
577.4A; It is collated to the calculated phase voltage value of 
579.8A of analytic method.  

At Table I, comparion of the currents and voltages 
between the analytic and FEM method. 

TABLE I.  COMPARATIVE TEST OF THE CURRENTS AND 

VOLTAGES BETWEEN THE ANALYTIC AND FEM METHOD 

No. Parameter of HV 

and LV winding 

Calculation   Simulation Error 

(%) 

1 
Urate (V) - 

Rated phase 

voltage 

HV 21990 22000 0.05 

LV 218,6 220 0.6 

2 
Irate (A) - 

Rated phase 

current 

HV 6,05 6,06 0.2 

LV 579,8 577,4 0.4 

From the results of Table II, we see that simulation and 
calculation are nearly equal. Showing that the simulation 
results are an accurate method, we can then use the simulation 
for the next SC case. 

D. Simulation results in short circuit mode of ACTs 

Analysis of the SC mode is performed by closing key K 
on the circuit of Maxwell Circuit Editor V16.02 software, all 
this is in Fig. 3. We setup the SC on the LVW of the ACTs, 
then the result of the voltage of the LVW to value 0. The 
likewise, we have the following SCC results: 

 

Fig. 8. SCC in the LVW 

 
Fig. 9. SCC in the HVW 

The results of the LVW and HVW SCC analysis are 
displayed in Fig. 8 and Fig. 9, displaying that: At t = 34 ms, 
the amplitude value of the largest SCC on LVW phase A, 
ILV_max = 22663.2 A and that of HVW IHV_max = 226.5 A; 
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Compared to the rated current amplitude, it is up to 27 times 
higher. Values are displayed in Table II. 

TABLE II.  LARGEST VALUE OF EMF ON HVW AND LVW 

The winding Rated current 

amplitude (A) 

Largest SCC 

amplitude (A) 

Ratio 

LVW 577,4 2  22663,2 27,8 

HVW 6,06 2  226,5 26,4 

IV. RESULTS OF EMF HAVE AN EFFECT ON THE HVW 

AND LVW 

A. Results of simulation Transformer 400kVA 

The simulation and analysis results show the largest total 
EMF distribution on the HVW and LVW when the ACTs 
experiences a SC. These results are shown in the following 
figures. 

 

Fig. 10. Diagram of component forces Fxy of the HVW 

 

Fig. 11. Diagram of component forces Fxy of the LVW 

Looking at the Fig. 10 and Fig. 11, the simulation results 
show the distribution of EMF according to the winding height; 
According to the winding height, we see that the EMF is 
largest in the middle of the winding and the EMF tends to 
decrease at the lower and upper ends of the winding. 
Regarding the direction of action, the direction of EMF on the 
two winding is opposite; The total EMF have an effect to pull 
LVW into the steel core but push HVW away from the steel 
core.  

The largest value of total EMF on HVW and LVW is 
displayed in TABLE III. 

 

 

TABLE III.  LARGEST VALUE OF EMF ON HVW AND LVW  

Total EMF 

Fxymax (N/m2) 
HVW LVW 

Fxymax 3.106×107 4.787×107 

Allowable stress limit: σASL 5.107 

Comparing Fxymax with σASL 4.787×107 < 5×107   

In Table III, the largest EMF is Fxymax = 4.787×107 N/m2 
while the strain limit of windings σASL = 5×107 N/m2 [9]. 
When the SCC value is 27 times greater than the nominal 
current, the largest EMF of the windings is close to the 
allowable limit value. However, if the SC time is extended 
longer, the functional preparation of the HVW and LVW may 
be disrupted. 

B. Results of simulation Transformer 1600kVA 

Similarly, based on simulation analysis on the FEM such 
as ACTs 400kVA. Research conducted for ACTs 1600kVA - 
22/0.4kV; connect the Δ/Y. The results of analyzing the SCC 
value and EMF distribution on the HVW and LVW are as 
follows: 

TABLE IV.  COMPARATIVE TEST THE ANALYTIC AND FEM 

METHOD OF THE CURRENTS AND VOLTAGES 

No. 
Parameter of 

HVW and LVW  
Calculation Simulation 

Error 

(%) 

1 

U (V) – 

Rated phase 

voltage 

HV 22000 22005 0.02 

LV 231 220 4.9 

2 

 

Irate (A) - 

Rated phase 

current 

HV 24.24 23.49 3.1 

LV 2309.40 2315.17 0.2 

3 

Fault SC 

impulse 

current (A) 

HV 1102.8 1109.4 0.6 

LV 111 090 111 076 0.01 

The results of voltage, nonimal current and SCC on HVW 
and LVW between preliminary calculation and simulation, are 
compared and displayed in TABLE IV. 

Similarly, continuing to analyze the EMF gives the results 
in Fig. 12 and Fig. 13. 

 

Fig. 12. Diagram of component forces Fxy of the HVW 
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Fig. 13. Diagram of component forces Fxy of the LVW 

The largest value of total EMF on HVW and LVW is 
displayed in TABLE V. 

TABLE V.  LARGEST VALUES OF EMF ON HVW AND LVW 

Total EMF 

Fxymax (N/m2) 
HVW LVW 

Fxymax 15.76×107 24.10×107 

Allowable stress limit: σASL 5.107 

Comparing Fxymax with σASL 5×107 < 24.10×107  

In Table V, the largest EMF is Fxymax = 24.10×107 N/m2 
while the strain limit of windings σASL = 5×107 N/m2 [9]. So, 
the largest EMF is much larger than the strain limit of 
windings.  

V. SHORT-CIRCUIT CUTTING TIME 

CHARACTERISTIC OF THE FCO AND  ACTS 

A. Cutting characteristics of ACTs 400kVA  

The FCO is installed in series with the three-phase 22kV 
high-voltage power grid to provide large overload and SC 
protection for the ACTs. With the Ampere-second SC 
characteristics of the ACTs, we combine with the melting 
characteristics of the K [25]; to determine the cutting time of 
the FCO when a SC of the ACTs occurs. From Fig. 14, 
consider the following two typical cases:  

At Fig. 14, cutting characteristics of ACTs 400kVA: For 
ACTs 400kVA (22/0.4kV) - fuse type 15K is used. 

 

Fig. 14. Characteristics of ACTs 400kVA 

At Fig. 14, when the A(s) characteristic in the SCC region 
is large, the time is less than 300ms, it does not touch the 
melting characteristic of FCO_15K. At that time, the wire had 
not melted, the FCO had not blown, meaning the ACTs had 
not been SC and was still connected to the high-voltage power 
source. But when the time increases to t = 320ms, the A(s) 
characteristic touches the FCO_15K characteristic, at which 
time FCO breaks the fuse wire, the ACTs is disconnected from 

the high-voltage grid. Thanks to that, the SC protection for the 
ACTs is not damaged at this time. 

B. Cutting characteristics of ACTs 1600kVA  

At Fig. 15, cutting characteristics of ACTs 1600kVA: For 
ACTs 1600kVA (22/0.4kV) - fuse type 65K is used. 

 

Fig. 15. Characteristics of ACTs 1600kVA  

Similarly, looking at Fig. 15, when the ACTs is SCC for a 
short time of less than 380ms, the FCO wire does not have 
enough time to break the fuse wire. Characteristic A(s) 
intersects characteristic FCO_65K at the time t =380ms, at this 
time the FCO fuse wire breaks, the ACTs is disconnected from 
the high voltage grid. Thanks to that, the SC protection for the 
ACTs is not damaged at this time. 

VI. CONCLUSIONS 

The research employed FEM with Ansys 
Electromagnetics to imilate operating condition modes of 
ACTs with capacity of 400kVA and 1600kVA, voltage 
22/0.4kV. The results for FEM method and analytic method 
about nonimal voltage, nonimal current, and SCC were tested 
for comparison. The research found out that the largest SCC 
on HVW and LVW is 27 times higher than the nonimal 
current. Therefore, found out the largest EMF distribution 
have an effect on the phases of the HVW and LVW.  

The successful contribution of this study is to build the 
relationship between short-circuit current and time. The article 
has combined the FCO characteristics and the short-circuit 
A(s) characteristics of the ACTs, thereby building the typical 
short-circuit cut-off time characteristics of two ACTs with 
capacities of 400kVA and 1600kVA. In addition, from the 
results of this research we can build short-circuit cut-off time 
characteristics for many remaining ACTs capacities. The 
results of this research help operating engineers and ACTs 
manufacturers determine the correct FCO of SC time to 
disconnect the ACTs from the high-voltage grid. From there, 
protect against short-circuit breakage and winding 
displacement of the ACTs caused by short-circuit 
electromagnetic forces. 
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