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Fig.2 Modular design of line temperature
real-time estimation
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Fig.9 Modified 5-bus case
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Fig.10 Environmental data from five meteorological areas
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Fig.11 Temperature change trajectory of the
three sections after line segmentation 1-2
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Table 2 Comparison of estimated temperatures for
each section after taking into account line segmentation
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Fig.12 Estimated temperature of lines consi-
dering segmentation in IEEE 5-bus case
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Table 3 Estimated results of the algorithm
considering line segments
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Fig.13 Meteorological data per minute of a certain area
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Table 4 Estimated errors and efficiency of
the proposed algorithm
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Fig.15 Voltage of several nodes in IEEE 39-bus case
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Fig.16 Actual and estimated temperature of several lines
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Table 5 Estimation errors and computational
time of different algorithms for line 1-2
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Table 6 Impact of data update rate to estimated results
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Fig.17 Impact of data update rate on line
temperature estimated results
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Fig.18 Actual measured and estimated
line temperature of one day
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Fig.19 Scatter plot of estimated temperature
and histogram of estimated error
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Real-time segmented temperature estimation of transmission lines based on

measurement and heat balance equation
YU Xueliang' , FANG Lihua', CAO Yongji’, ZHANG Hengxu®, LI Shao*, LI Changgang’
(1. State Grid Weifang Power Supply Company of Shandong Electric Power Company , Weifang 261000, China ;
2. Academy of Intelligent Innovation, Shandong University , Jinan 250101, China;
3. School of Electrical Engineering, Shandong University, Jinan 250061, China;

4. State Grid Qingzhou Power Supply Company of Shandong Electric Power Company , Qingzhou 262500, China)
Abstract; Transmission line temperature is an important indicator to evaluate the capacity of transmission lines, which can be
used as the basis for dynamic capacity expansion and guide the real-time scheduling decision of power grid. Based on the
measurement and heat balance equations, a real-time estimation model of transmission line temperature is proposed. The line
temperature is taken as a state variable and the dynamic heat balance equation is introduced as a pseudo measurement. The heat
balance equation is discretized ,and then the alternating approach and simultaneous approach are used to solve the differential-
algebraic equations. Considering the complexity of meteorological condition along the long transmission line, a more refined
method for segmented temperature estimation of transmission lines is proposed by introducing virtual nodes into the segmented
transmission lines. A two-port network equation is used to calculate the measurement of virtual nodes. The effectiveness of the
proposed algorithm is verified by the improved IEEE 5-bus, IEEE 39-bus systems and a real line. The results show that the
proposed algorithm can adapt to various scenarios and estimate line temperatures quickly. With the segmentation of lines, it is
possible to accurately estimate the real-time temperature trajectory of each line section,which shows strong practicality.
Keywords : transmission lines ; temperature estimation ; heat balance equation; measurement device;line segmentation ; implicit
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