
International Journal of Research in Engineering, Science and Management  

Volume-1, Issue-8, August 2018 

www.ijresm.com                                                                                 ISSN (Online): 2581-5782     

                                                                                  

22 

 

Winding Clamping Force Effect Due to Moisture and 

Insulation Aging Changes  
Vinaya B. K1, Manjunath S2, Rajath Shankar P. S3 

1Professor, Department of EEE, Srinivas Institute of Technology, Mangalore, India 
2,3Professor, Department of EEE, Don Bosco Institute of Technology, Bangalore, India

Abstract: Power transformer windings are designed to withstand 

high axial forces which results from short circuit events. To 

withstand these forces, the winding assembly is clamped to pre-

determined pre-load pressure during manufacture. This paper 

discusses the important relationship between changes in moisture 

level versus clamping pressure for new transformers. It further 

relates laboratory investigations of changes in clamping pre-load 

versus changes in operating temperature, moisture content and 

insulation aging effect. The effect of temperature, moisture 

content is the Hot Spot Temperature (HOT) and Top Oil 

Temperature (TOT). The Hot Spot Temperature (HST) value 

depends on the ambient temperature, the rise in the Top Oil 

Temperature (TOT) over the ambient temperature, and the rise 

in the winding HST over the top oil temperature and thermal 

model under linear loads. The hot spot, top oil and loss life of 

power transformer under harmonic load are calculated. In this 

paper a new semi-physical model comprising of the environment 

variables for the estimation of HST in transformer is proposed 

and also MATLAB/Simulink-based valid model of hot spot 

temperature under variable environmental condition is proposed. 

The winding hotspot temperature can be calculated as a function 

of the top-oil temperature that can be estimated using the 

transformer loading data, top oil temperature value, ambient 

temperature, wind velocity and solar heat radiation effect. The 

estimated HST is compared with measured data of a power 

transformer in operation.  
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I. INTRODUCTION 

An important criteria for prolonged transformer life is its 

ability to withstand short circuit events. A short circuit can 

result in severe radial and axial forces which can damage the 

insulation integrity. Axial forces which result from short 

circuits are controlled by the proper pre-loading of the 

transformer coils during manufacture. This discusses tests 

designed to measure the tendency of the insulation to expand 

or shrink during the manufacturing process and through the life 

of the transformer. 

In most transformers designed today, a rigid clamping 

system is utilized to compress the windings to the specified pre-

load value. The change in thickness on insulation on the 

winding will change the pressure on the winding and also 

expansion and contraction during load cycles. The insulation 

being organic, will change in thickness and elasticity over time 

resulting from effect of moisture, temperature and aging. 

 

II. EFFECT OF MOISTURE AND TEMPERATURE 

The explanation for this temperature effect can be identified 

in thermal expansion. It has to be taken into consideration that 

any aging causes dimensional expansion of the components of 

the test devices, due to different material expansion 

coefficients. Due to variation in the rate of thermal expansion 

of the respective materials there is an effect on the clamping 

over the operating range of a transformer. 

 
 

Fig. 1.  Clamping model with kraft and aramid paper 

 

 
 

Fig. 2.  Clamping model with kraft and aramid paper 

III. COMPARISON OF MATHEMATICAL ANALYSIS VERSUS 

EXPERIMENTAL ANALYSIS 

A. Mathematical Analysis 

 

Fig. 3.  Copper + Kraft and Copper + Aramid 
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Fig. 4.  Aluminium + Kraft and Aluminium + Aramid 

 

B. Experimental Analysis 

 
 

Fig. 5.  Copper + Kraft and Copper + Aramid 

 

 

Fig. 6.  Aluminium + Kraft and Aluminium + Aramid 

The Fig. 5 and Fig. 6, shows the experimental analysis results 

as compared with mathematical analysis and with the help of 

these results we can see the moisture effect changes in the 

winding clamping pressure effect. 

Tabular columns and the graphs show the coefficient of 

thermal expansions for mathematical and experimental 

analysis 

IV. EFFECT OF INSULATION AGING 

The effect of insulation aging is done by hotspot and top oil 

temperature models. The models used for top oil and hot spot 

temperature calculations are described in IEC and IEEE 

loading guides. According to the IEC 354 loading guide for oil 

immersed power transformers, the hotspot temperature in a 

transformer winding is the sum of three components: the 

ambient temperature rise, the top oil temperature rise, and the 

hot spot temperature rise over the top oil temperature. During 

a transient period, the hot spot temperature rise over the top oil 

temperature varies instantaneously with transformer loading, 

independently of time. The variation of the top oil temperature 

is described by an exponential equation based on a time 

constant (oil time constant). Aging or deterioration of 

insulation is a time-function of temperature, moisture content, 

and oxygen content. 

V. SIMULATION MODEL 

A. The Thermal model by MATLAB Simulink 

 

 

Fig. 7.  MATLAB/Simulink model of proposed system 

B. Top Oil Power Transformer Temperature Model 

The model for top oil temperature rise over ambient 

temperature captures that an increase in the load current of the 

transformer will result in an increase in the losses within the 

device and thus an increase in the overall temperature. This 

temperature change depends upon the overall thermal time 
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constant of the transformer, which in turn depends upon the 

heat capacity of the transformer, i.e. the mass of the core, coils, 

and oil, and the rate of heat transfer out of the transformer. 

 

Fig. 8.  MATLAB/Simulink of proposed thermal model 

 

Fig. 9.  Simulink model of top oil power transformer temperature model  

C. Simulation Results 

 

Fig. 10.  Simulation result for proposed model   

 
 

Fig. 11.  Simulation result for top oil power transformer temperature model   

VI. CONCLUSION 

From the above results, the co-efficient of thermal expansions 

of the clamping material due to the effect of moisture and 

temperature is slightly more than the clamping material that is 

being used before it is kept in the heat treatment furnace. Then 

from the effect of insulation aging i.e., top oil temperature and 

hot spot temperature, top oil temperature are nearly greater than 

the ambient temperature of about 19oCand the hot spot 

temperature  is about 53oC. From the above results the hot spot 

temperature is more accurate than the top oil temperature. 

ACKNOWLEDGEMENT 

It is my proud privilege to acknowledge the kind help and 

guidance received from several people for this paper. I 

sincerely thank my colleague and friends for their support and 

help. 

REFERENCES 

[1] Insulation in Natural Ester Dielectric Fluid”, 2001 IEEE/PES 

Transmission & Distribution McShane, C.P., Rapp, K.J., Corkran, J.L., 

Gauger, G.A., Luksich, J., “Aging of Paper Conference, Oct. 28 – Nov. 

2, 2001, Atlanta, USA 

[2] Material Data Sheet,Insulating Components of Power System 

Equipment,The Gund Company, Inc St. Louis, Missouri – USA 

[3] Tylavsky DJ, R J. Transformer top oil temperature modeling and 

simulation. IEEE Trans Indust Appl 2000;36(5). 

[4] Lesieutre BC, Kirtley JL. An improved transformer top oil temperature 

model for use in an on-line monitoring and diagnostic system. IEEE 

Trans Power Deliv 1997;12(1):249–54. 

[5] Oluwaseun A. Amoda, Daniel J. Tylavsky, Gary A. McCulla, and Wesley 

A. Knuth, ―Acceptability of Three Transformer Hottest-Spot 

Temperature Models‖ IEEE Trans. On Power Delivery, vol.. 27, no. 1, pp 

13-22, January 2012 

[6] Ch. Krause, W. Goetz, “The Change of the Clamping pressure in 

Transformer windings due to variation in Moisture Content”, Workshop 

on Short Circuit Performance of Transformers-1999 

[7] IEC354. Std. loading guide for oil-immersed power transformers; 1991. 

[8] IEEE std. C57.91. Loading guide for mineral oil immersed transformers; 

1995. 

[9] Pierce LW. An investigation of the thermal performance of an oil 

transformer winding. IEEE Trans Power Deliv 1992;7(3). 

[10] Pierce LW. Predicting liquid filled transformer loading capability. IEEE 

Trans Indust Appli 1992;30(1):170–8. 



International Journal of Research in Engineering, Science and Management  

Volume-1, Issue-8, August 2018 

www.ijresm.com                                                                                 ISSN (Online): 2581-5782     

                                                                                  

25 

 

[11] Tylavsky DJ, R J. Transformer top oil temperature modeling and 

simulation. IEEE Trans Indust Appl 2000;36(5). 

[12] Lesieutre BC, Kirtley JL. An improved transformer top oil temperature 

model for use in an on-line monitoring and diagnostic system. IEEE 

Trans Power Deliv 1997;12 (1): 249–54. 

[13] F. Kreith and J. F. Kreider, Principles of Solar Engineering. Washington 

DC: Hemisphere, 1978. 

[14] Robert Foster, Majid Ghassemi, Alma Cota, Solar Energy: Renewable 

Energy and the Environment, CRC Press, Taylor & Francis group, New 

York, 2009. 

[15] Tony Burton, David Sharpe, Nick Jenkins, Ervin Bossanyi, Wind Energy 

:Hand book, John Wiley& sons, Ltd., England, 2001.

 

 

 

 

 

 

 

 

 

 

 

 

 


