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Abstract:
• For effective online monitoring to assess thermal

performance and life expectancy, Top-oil temperature

(TOT) and Hot spot Temperature (HST) should be

accurately estimated.

• Thermal-electrical analogy is used for the model

based on the Resistance-Capacitance (RC) circuit to

approximate the evolution of thermal performance.

• The Gradient-based estimation guarantees the

convergence of the parameter estimation error to zero

only when the Persistence of Excitation (PE)

condition holds for regressor signals.

• As the choice of input-output data used for parameter

identification is crucial, the Design of Experiment

(DoE) is generally performed in the laboratory to

satisfy PE conditions.

• Index terms: HST, LoL, Persistence of excitation,

Parameter estimation, TOT,

PE condition in Thermal Model
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• The TOT evaluation require

extensive knowledge about the

parameters of thermal model (The

exponent (℘), rated value of oil

temperature gradient (Δ𝜗𝜏o𝜏R)),

and rated oil time constant (Γ𝜏o𝜏).

• Due to dependence nature of LoL,

HST, and TOT, it becomes

necessary to estimate parameters

accurately from data by the in-

service transformer.

• Data set of input vector x = [𝜗𝜏o𝜏 (k

− 1), Lpu, 𝜗a𝜏], and the output y =

𝜗𝜏o𝜏 (k) which are not sufficiently

rich represent a key challenge in

identifying the TOT model for an

in-service transformer

Gradient estimator for an LRE

The gradient parameter error equation

Persistence of 

Excitation condition

Contribution:

MREM

DREM

The solution of parameter error equation

Design of Experiments:

• Optimal input design to explore the complete environment

• Laboratory experiment and Hankel rank

P Actual GE MREM DREM

P1 0.01 0 0.0084 0.0099

P2 0.1 0.0005 0.0405 0.097

P3 0.4 0.0058 0.399 0.39
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