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Electromagnetic-Mechanical-Thermal Amorphous Core Transformer
Simulation Compare to Conventional Transformers using FEM

Ali Heidary, Mohammad Ali Taghikhani”

Department of Engineering, Imam Khomeini International University, Qazvin, Iran
*P.0.B. 34148-96818 Qazvin, Iran, taghikhani@eng.ikiu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Since transformers are one of the most important and most used equipment in power network,
Received 09 November 2017 investigating the factors which affect the loss of these equipments is of particular importance.
23‘;?&;‘:} gnf?:e“grlyggjlrﬁar 2018 Nowadays Amorphous metal core transformers have a significant place in today power market, since

Y they exhibit 60-70% lower no-load losses compared to the Silicon crystalline steel core transformers. In
order to enhance the design and cost and also to shorten the time to produce Amorphous metal core

Keywords: N . . .

Amorphous Core Transformer transformers, numerical aqaly5|s of the no-load as well as load cor}dltlons are of paramount importance
Silicon Core Transformer and hence should be considered. On the other hand, temperature is one of the important and effective
No-load and Load losses factors in transformer life, because increasing the transformer temperature leads to reduction of its rated
i':;‘;gi’;‘ag“e“c"\"“ha“'Ca"The’ma' life. In this paper, a 100 kVA unit transformer has been simulated by coupling ANSYS Maxwell and

ANSYS FLUENT softwares and no-load and load losses are investigated. The results show that
amorphous core transformer compared to Silicon Crystalline Steel core transformer reduce no-load
losses about 65 percent. Furthermore, thermal analysis shows amorphous core transformer has lower
temperature compared to the Silicon core transformer in no-load conditions.

Finite Element Method(FEM)
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Fig. 5Distribution of magnetic flux density in the lower left corner of
the bottom of silicon core in no-load conditions
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Fig. 6Core loss versus time for amorphous core in no-load conditions
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Fig. 7 Core loss versus time for silicon core in no-load conditions
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Fig. 8 Distribution of magnetic flux density at the amorphous core in
full load conditions
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no-load conditions

Sbisr Ll y3 B jgel a0 cublino Lo Sz 595 2 S

L T T 4 =T = Y= I o o e

B [tesla]

. S6B4E+0Ba
. 4571E+000
3538E+000
2504E+008
1471E+068
B437E+000
4Yo41E-0@1
3707E-001
3373E-001
3039E-001
2705E-0@1
2371E-001
2037E-0@1
1783E-0@1
1369E-0@1
B349E-002
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Fig. 9 Distribution of magnetic flux density at the silicon core in full
load conditions
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Fig. 11 Core loss versus time for silicon core in full load conditions
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Table 7 Heat transfer coefficient of tank walls in no-load and full load
conditions [13]
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Table 6 Transformer oil constants [22]

8l yshndl 5 (45, b
0.0000013537 a;
2797.3 a,
1960 as
4.005 a

887 as
-0.659 as
0.124 az
-0.0001525 ag
0.00086 ag

2Heat Transfer Coefficient(HTC)

101

* Thermal Expansion Coefficient

03 o loss 18 053 1397 slaya (yurde Suilse wiie



SB GB Ge dexo 9603 Sle w031 b (Jgono S )9l yeumsly3 b dumslio 9 J),nT A 93lo p gl )3 (S — (S — b liseg )il (5 )lw duuds

Temperature —
4.887e+001 i

4.667¢+001
4.447¢+001
4.226¢+001
- 4.006e+001
3.786¢+001
- 3.566e+001
- 3.346e+001
- 3.125¢+001
- 2.905¢+001 uiii

2.685¢+001 | i
[C]

Fig. 19 Temperature distribution external view in amorphous core
transformer in no-load conditions
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Fig. 20 Temperature distribution internal view in silicon core
transformer in full load conditions
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Fig. 21 Temperature distribution external view in silicon core
transformer in full load conditions
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Fig. 16 Temperature distribution internal view in silicon core
transformer in no-load conditions
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Fig. 17 Temperature distribution external view in silicon core
transformer in no-load conditions
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Fig. 18 Temperature distribution internal view in amorphous core
transformer in no-load conditions
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Table 8 The hot spot temperature values of amorphous core and silicon
core transformers in different loads
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Fig. 22 Temperature distribution internal view in amorphous core
transformer in full load conditions

Jol 5l 0 G jgal atin jgileyginsl 3 50 Lo @98 51 A3l (sled 22 Sl

Temperature f ——
9.413¢+001 N

- 8.750e+001 I R
- 8.087¢+001
- 7.425¢+001
6.762¢+001
- 6.099e+001
- 5.436e+001
- 4.774¢+001
- 4.111e+001
3.448¢+001
27864001 |

(€]
Fig. 23 Temperature distribution external view in amorphous core
transformer in full load conditions
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Fig. 26 Magnetic flux density in core of 630kVVA dry-type silicon
transformer in no-load conditions [13]
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Fig. 27 Temperature distribution in 100kVA silicon core transformer in
no-load conditions
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Fig. 24 Magnetic flux density in core of 100kVA silicon transformer in
no-load conditions
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Fig. 25 Magnetic flux den;}ty in core of 100kVVA amorphous
transformer in no-load conditions
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transformer in no-load conditions
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transformer in no-load conditions [13]
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