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Today’s topics

�Introduction

�Technological challenges and analysis 
examples in large size transformers

�The latest transformer analysis technique

�Conclusion
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Introduction
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� Electromagnetic field analysis seems not to be fully utilized for middle or large 
size power transformers due to the particularities of their technological 
challenges.

� One of the possible particularities is in addition to a basic performance 
evaluation of the transformer, a durability evaluation of heat and vibrations is 
required. 

� In this session, I will introduce the analysis techniques that can be applied to 
power transformers and the case of a durability evaluation using JMAG. 

� I will also introduce the latest transformer analysis techniques that enables you 
to perform a highly precise analysis in a short period of time. These techniques 
can be applied to small size transformers and reactors as well.

� The above mentioned “technological challenges” suggests the difficulties in the 
product developments. “Analysis techniques” does both the concept (know-how) 
of analysis modeling and analysis features that is included in the software.

Introduction
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Technological challenges and 
analysis examples in large size 
transformers
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Technological challenges and analysis examples in large 
size transformers

�Various problems concerning large size transformers

Loss on the 
case and 
temperature 
increase

Insulation 
breakdown

Temperature durability 
of the coil Core iron 

loss

Characteristic evaluation when 
inputting abnormal voltage 
(thunder)

Performance 
increase in steady 
operation

Coil fracture due 
to abnormal 
voltage

Verification at 
abnormal operation

Heat

Sound Vibration and 
noise

Force and Voltage
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�Consideration of vibrations and noises

Three-phase transformer 
(EE core)

Nodal force distribution
(360 Hz)

Electromagnetic field 
analysis Vibration analysis Sound pressure analysis

600

840

160

Gap 2

Unit mm

Technological challenges and analysis examples in large 
size transformers
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�Consideration of vibrations and noises

Acceleration Distribution
(360(Hz))

(Unit: m/s2) Sound pressure 
distribution (360(Hz))

(Unit: dB)

Electromagnetic field 
analysis Vibration analysis Sound pressure analysis

0.26

0.13

0

40

0

20

Technological challenges and analysis examples in large 
size transformers
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� Coil fracture evaluation due to the abnormal voltage
- Change the coil geometry to evaluate the Lorentz force produced in the coil.

Coil 
arrangement
patterns

Primary coil

Secondary coil

Model diagram

A B C

D E

Technological challenges and analysis examples in large 
size transformers
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� Evaluation with the uniformity degree of the force acting on the coil

Local strong 
force distribution

Uniform force 
distribution

A BC D E

Different heights of  primary and 
secondary coils result in the large 
un-uniform force distribution.

3.0e+7

0

1.0e+7

2.0e+7

(Unit: N/m3)

Technological challenges and analysis examples in large 
size transformers
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� Evaluation of the insulation breakdown

Estimated each insulation strength Board

Secondary 
coil insulation

Primary coil 
insulation

Insulation oil

Pressboard 

Large size 
transformer
analysis model

12Insulation oil

10Coil insulation, 
pressboard, and 
board

Insulation strength 
(kV/mm)

Parts

Technological challenges and analysis examples in large 
size transformers
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� Evaluation of the insulation breakdown

Electric field 
distribution

Max. 9.05(kV/mm) is lower than 
the estimated insulation strength 

(Unit: V/m)

Technological challenges and analysis examples in large 
size transformers
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� Characteristic evaluation when inputting abnormal voltage (thunder)

Three-phase transformer Voltage when an abnormal incident occurred  

Suggesting a 
short circuit W-phase short 

circuit occurred at 
0.07 (sec)

Approx. 4 times 
voltage comparing 
with that of the 
steady operation

Vo
lta

ge
(V

)

Technological challenges and analysis examples in large 
size transformers
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� Loss on the case and temperature increase

Analysis model

(Unit: W/m3) (Unit: T)
Magnetic flux 
density distribution

(Unit: W/m3)
Joule loss 
density distribution (Unit : deg C )Case temperature

Case 
temperature is 
53 to 58 deg C 

Leakage 
flux

Iron loss 
Density distribution

Technological challenges and analysis examples in large 
size transformers
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� Temperature durability of the coil

Temperature 
distribution of the core

Analysis model Temperature distribution 
of the coil

(Unit : deg C ) (Unit : deg C )

Technological challenges and analysis examples in large 
size transformers
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� Core iron loss

Core material

JFE Steel 50JN270

Laminated material (Laminating ratio 98(%))

(Unit: W/m3)

Loss distribution (60(Hz))

Iron loss

Hysteresis loss

Joule loss
Power supply 

141.42(V), 60(Hz) Sine wave

Technological challenges and analysis examples in large 
size transformers
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� Loss on the large size transformers and temperature increases due to high 
current

- Estimating the temperature increase due to the coil loss using thermal 
analysis

- Due to the existence of the insulation oil or the case etc., the heat-transfer 
route differs from that of the small size one.

Large size three-phase transformer 
thermal analysis model

Coil gross heating 
value   9000(W) 600(mm)

450(mm)

Technological challenges and analysis examples in large 
size transformers
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� Concept of the heat-transfer route 
- Release of heat via insulation oil

Case

Coil (heat source)

Core

Insulation oil

Heat-transfer 
route

Insulation oil

Conceptual diagram of heat-transfer route 
Thermal circuit (JMAG-Designer)

Case

U- phase

V- phase

W- phase

Insulation oil 
(Outside of the coil)

To atmosphere 

Core

Technological challenges and analysis examples in large 
size transformers
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� Analysis results

Unit : deg C 

38.8

38.5

Temperature historyTemperature distribution

Time, s:2.000E+03

Te
m

pe
ra

tu
re

 (d
eg

 C
 )

Time (sec )

Coil surface

Core center surface

Case top surface

Technological challenges and analysis examples in large 
size transformers
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The latest transformer 
analysis techniques

December 7-8, 2011                                             JMAG Users Conference 2011 

 

 

 

 
 
 
 
 

27 - 11



20http://www.jmag-international.com/Copyright © 2011 JSOL Corp. All Rights Reserved

The latest transformer analysis techniques

� Taking the current distribution in the wires easily and at high speed into 
account

� High-speed processing of a large scale simulation. Auto mesh generation for 
high-precision output

� Shifting the transient state to the steady state in a short period of time

� High-speed calculation of superimposed direct current inductance
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� Existing technological challenges and problematic points: 

- In the case of high-frequency transformers and power transformers, when 
considering frequencies higher than industrial frequencies, accuracy 
improvements of losses and AC resistances are required.

- On another front, it takes long time to model the wires.

- It takes a long time for analysis because of the large scale of the model. 

� The latest analysis technique: 

- Technique to take the current distribution in the wires easily and at high 
speed into account

The latest transformer analysis technique #1
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� Simplifying the wire creation (the setting is 3 minutes)

� High-speed cross-section calculation processing (analysis will be 
finished in a few minutes as well)

Cross-section wire 
geometry creation

3D solid model 
(EEcore ¼ model)

Wire current 
density distribution

The latest transformer analysis technique #1
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� Existing technological challenges and problematic points:

- An accurate loss calculation is required for the stray loss analysis.

- In some cases, 3D large-scale model analysis may be vital.

- Mesh accuracy and analysis time will be concerned in such cases.

� The latest analysis technique:

- High-precision automatic mesh generation technique that takes the skin 
effect into account.

- Speeding up using the SMP parallel operation

- New solution method (A�2 method) suitable to eddy current issues.

The latest transformer analysis technique #2
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� Analyze the large-scale model with high precision and at high speed.

High-precision mesh 
that takes the skin into 
account 

Number of elements 205,780

Number of nodes 57,339

Accelerated by 
1.63 times 

A
na

ly
si

s 
tim

e 
co

m
pa

ris
on

Tr
ad

itio
na

l a
na

lys
is

SMP pa
ral

lel
 

co
mpu

tat
ion

SMP pa
ral

lel
 

co
mpu

tat
ion

+ 

A
2 m

eth
od

Time comparison with the traditional analysis

The latest transformer analysis technique #2
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� Existing technological challenges and problematic points:

- In case of the large size transformer, the inductance becomes larger due to the 
increased turns, and the time constant increases. 

- When a supply voltage component is used, the transient state lasts longer.

� The latest analysis technique: 

- Technique to shift the transient state to the steady state in a short period of time.

The latest transformer analysis technique #3
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� Resolve transient state in a short period of time

Primary coil Secondary coil 

Three-phase transformer model

60(Hz)

Sine 
wave

Secondary current waveform

Shifting steady state
in a short time

C
ur

re
nt

(A
)

Time (Sec)

Secondary current

Secondary current (early steady state )

The latest transformer analysis technique #3
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� Existing technological challenges and problematic points:

- Current that includes high-frequency components conducts due to the carrier 
influence.

- Inductance calculation close to the operational state, that is to say 
accounting the superimposed direct current, is required.  

� The latest analysis technique:

- High-speed superimposed direct current inductance calculation 

The latest transformer analysis technique #4
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� High-speed superimposed direct current inductance calculation 

- High-precision and high-speed calculation method that accounts for magnetic 
saturation more accurately.

An analysis using DC 
magnetizing properties

An analysis using 
differential permeability

A reactor model and a BH curve (50A470)
Inductance as a function of current.

Accuracy 
improvement of 
accounting for 
saturation

Current AT

The latest transformer analysis technique #4

In
du

ct
an

ce
H

Current AT

Traditional calculation method

Accuracy improvement of superimposed 
direct current characteristic

Accuracy 
improvement of 
accounting for 
saturation
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� Accuracy improvement in coupled thermal analysis

- Accuracy improvement of the magnetic field analysis loss

- Appropriate thermal analysis modeling

� Accuracy improvement in coupled vibration analysis

- Appropriate vibration analysis modeling

Technological challenges of future transformer analysis 
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Conclusion

� There are various technological challenges for power transformers.

� It is possible to extrapolate physical phenomena with a creative modeling and 
using the JMAG’s features.

� I introduced the concept of analysis techniques such as modeling and analysis 
features especially concerning thermal and sound estimation techniques.

� We will continue to work on the technical development of JMAG for performing 
highly-accurate transformer analysis in a small amount of time. 

� Your indications or frank opinions would be appreciated.   
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* JMAG is a registered trademark of the JSOL Corporation.
* No part of this document may be duplicated or distributed without the prior approval of the JSOL 

Corporation.
* The products and services referred to throughout this document are the trademarks or registered 

trademarks held by the copyright owners.
* The contents of this document are current as of December, 2011.
* Information in this document is subject to change without prior notice.

JSOL Corporation
Electromagnetic Engineering Department, Engineering Technology Division

�Tokyo Head Office

�Nagoya Office

�Osaka Head Office
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