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Abstract. Transformer hot spot temperature is the most important reason for affecting the insulation
state of the winding. Hot spot position is also one of the most serious areas in transformer oil paper
insulation aging. Therefore, to monitor the hot point temperature is of great significance. This paper
introduces the indirect calculation model of hot spot temperature of oil-immersed power transformer
and the real-time on-line monitoring system. Subsequently the simulation of transformer hot spot
temperature instance is enumerated with the MATLAB environment.

1. Introduction

Power transformers are one of the most important and expensive electrical equipment of power
systems, and their stability and safety are directly related to power supply quality and grid stability. At
present, the operating system of the transmission system has been properly increased, and the
transformer as a transmission system bottleneck, is a key link. Oil-immersed power transformer
insulation often uses oil-paper insulation structure type. In this case temperature is the main factor to
promote the aging [!. Hot spot is not only the most serious areas where insulation state is affected by
temperature, but oil and paper insulation aging are one of the fastest [2l. As a result, the transformer
insulation performance, life is related to the temperature®!.

However, the current transformer operating limit is based on the average temperature to calculate,
while the warmest temperature of the transformer winding and the average temperature difference
vary between the transformer structure and cooling methods. Such as utilizing the average
temperature to calculate the operating limit, on the one hand it may cause the internal winding
overheating and shorten the life of the transformer; the other hand there is waste caused by
insufficient load. Therefore, correctly grasp the real-time transformer winding hot spot temperature,
can not only ensure transformer safe and healthy operation, but also fully exploit the potential of the
equipment, which is beneficial to solve the peak power grid or failure of short-term power supply. As
a consequence, monitoring the hot spot temperature of the transformer can provide effective technical
support for transformer operation and management.

2. Measurement Method of Transformer Winding Temperature

Due to the particularity of the transformer structure, the measurement of the hottest temperature of
the transformer winding has long plagued the electric worker. At present the most effective way to
determine the hottest temperature of the transformer winding is still an indirect calculation method.
To get hot spots, related operators need manual calculation base on Exponential equation solution
introduced by IEC 60076-7:2005 “Loading guide for oil-immersed power transformers” [ (referred
to as guidelines).
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The above model applies to loads that vary by step function. For arbitrarily time-varying load
coefficient K and time-varying ambient temperature, it is clear that the differential equation model
introduced in the load guide is more reflective of the actual situation. The following focuses on this
method.

According to the contents of the load guide, adding the temperature difference between the hot spot
temperature in the transformer tank and the temperature of the top oil, the temperature rise of the top
oil in the tank and the ambient temperature, the sum is equal to the hot spot temperature.

The differential equation for the temperature of the top oil in the transformer tank is shown below
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The hot-temperature rise equation is the sum of two differential equations
AO, = AG,, — AO,, (3)
The two equations are
. dAG,,
ky x K” x(A6,, ) =ky, x 7, % o +A0, 4)
: dAg
(ko = 1)< K” x(A6), ) = = x——2+ A0, (%)
ky, dt

The solution of the above equation is then substituted into equation (2) and 48; is obtained. The
final equation for the hotspot temperature is

By = fy + A6, (6)

Where K represents the load factor; R means the ratio of the load loss to the no-load loss at the
rated current; &, represents the hot spot temperature (°C); &, represents the temperature of the top oil
in the tank under the considered load (°C); &, is environment temperature; Af,,. represents the
steady-state temperature rise of the top oil in the tank under the rated loss (K);

A8, 1s the gradient of the hot spot temperature of the winding under the load under consideration,
whose unit is K; x is called the oil index; y is called the winding index; &y, k44, k5 are the thermal
model constants; ¢ is the time variable whose unit is min.

Actually it would be cumbersome to use the manual calculation of the model. IEC 60076-7:2005
“Loading guide for oil-immersed power transformers” has an idea of solving the equation-transform
the differential equation into a differential equation and then solve the difference equation, which is is
relatively simple to operate.

3. MATLAB Simulation Example

Assuming that the object under consideration is the information of the hot spot temperature and the
life loss sent by an on-line monitoring device, the parameter settings of the transformer and the setting
of the input data are as follows (the parameters used are selected when ambient temperature is 30 °C
and the rated hot spot temperature is 110 °C).
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Table 1. Transformer parameters in the instance

Ab,, AG,, 7, T, R X y ky, ky, ky,
45 K 35K 150 min 7 min 8 0.8 1.3 0.5 2
Table 2. The input data in the instance
Section Time/min Time in a day/(h:min) temperature 9, /C load coefficient K

0 0 14:00 30.3 0.81
1 3 14:03 299 0.87
2 6 14:06 29.8 0.88
3 9 14:09 29.5 0.86
4 12 14:12 29.6 0.9
5 15 14:15 29.5 0.92
6 18 14:18 29.5 0.95
7 21 14:21 28.9 0.96
8 24 14:24 29 0.97
9 27 14:27 28.6 1

10 30 14:30 28 1.7
11 33 14:33 28.7 1.7
12 36 14:36 27.8 1.73
13 39 14:39 28.1 1.72
14 42 14:42 279 1.69
15 45 14:45 27.1 1.68
16 48 14:48 26.9 1.71
17 51 14:51 26.7 1.69
18 54 14:54 27.2 1.67
19 57 14:57 26.7 1.68
20 60 15:00 26.9 1.63
21 63 15:03 26.5 1.59
22 66 15:06 26.2 1.53
23 69 15:09 26.3 1.49
24 72 15:12 25.4 1.41
25 75 15:15 25.6 1.38
26 78 15:18 253 1.32
27 81 15:21 24.8 1.28
28 84 15:24 24.5 1.21
29 87 15:27 243 1.19
30 90 15:30 24.1 0.87
31 93 15:33 243 0.88
32 96 15:36 24.1 0.87
33 99 15:39 23.4 0.86
34 102 15:42 23.6 0.85
35 105 15:45 23.8 0.87
36 108 15:48 23.1 0.83
37 111 15:51 233 0.86
38 114 15:54 23.1 0.85
39 117 15:57 22.3 0.82
40 120 16:00 22.2 0.86

By observing the above table, it can be found that the change of the load does not accord with the
characteristics of the step function, so the method used in this simulation example is the differential
equation solution introduced in the guideline. Through the operation of the program, the hot spot
temperature of oil-immersed power transformer and the top of the oil temperature changes with time.
The simulation results are shown in Figure 1.
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Figure 1. Hot - spot Temperature Measurement Model of Oil - immersed Power Transformer (Based

on IEC standards)

4. Conclusion and Discussion

In this paper based on the differential equation method in the load guideline, the differential
equation is transformed into the difference equation, and then the difference equation is solved to
obtain the hot spot temperature. Although this method is simplified, at the same time convert a
continuous model into a discrete model, which cannot accurately reflect the reality. In this way it will
inevitably lead to increased computing error, while complex calculations often lead low work
efficiency.

In view of the above problems, the project can be resolved by the following methods:

(1) Using the industry's latest oil temperature formula to replace the original top of the oil
temperature calculation formula. By analyzing the heat generation process inside the transformer, the
physical meaning of each parameter in the recommended method of the load guide is explained in
detail. On the basis of this, the calculation of the internal heat generation and cooling process of the
transformer is carried out to improve the calculation model of the top oil temperature and the
calculation part of hot spot temperature.

(2) The differential equation for the hot-point temperature calculation of the transformer winding

is solved by a relatively advanced variable-step-length Runge-Kutta method to improve the accuracy
of the calculation
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