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Abstract: The inefficiency of power transmission lines always 

becoming an issue in power system analysis. One of the most 
applicable methods Dynamic Thermal Current Rating (DTCR) to 
measure the thermal line ratings of existing transmission lines. 
This DTCR system operated through Phasor Measurement Units 
(PMUs) in Wide Area Measurement (WAM) system of the 
Sarawak Energy. To calculate the line rating based on measured 
or predicted weather conditions of the overhead transmission 
lines. However, the existing DTCR system of Sarawak Energy 
facing several accuracy issues. Therefore, this paper intended to 
perform an extended study on the sensitivity analysis of 
conductors in overhead transmission lines using the dynamic 
thermal rating model. The parameters (wind speed, the density of 
air, solar radiation) that influence the thermal line ratings 
considered in measuring, assessing the conductors’ thermal 

effects and then these parameters were considered for the line 
rating models that dynamically will adjust the weather 
information of the conductor in overhead transmission lines on 
WAM systems. The performance of this study carried out using 
Matlab based simulation. The result shows that the proposed 
model that uses the dynamic factors brings the expected outcome 
in measuring the accurate ratings of the overhead transmission 
lines. 
 

Index Terms - Smart Grid; PMU; DTCR; WAM; Heat Balance 
Model  

I. INTRODUCTION 

  This PMU device in Wide-area measurement system is 
applied to measure, control and monitor the phasor 
measurement for both voltage and current at the remote end of 
the transmission lines. PMUs are the key to a real-time 
monitoring system that can guarantee a firm operation for 
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transmission lines [1-2]. In addition, data gained from PMU 
can be applied for whole power system analysis. Due to the 
high-cost device, the placement of its device must be 
optimized and it cannot be placed across the network. Fig. 1 
shows the overview of PMU measurement. The need for 
monitoring system in Dynamic Thermal Current Rating 
(DTCR) is vital for the data collection. The data type used for 
the system evaluation heavily influences the DTCR quality. 
Hence, different companies use different devices for DTCR 
[3]. Dynamic rating is an approach used to ensure the whole 
power system operation in a more effectual form. It also can 
be delineated as a required tool to increase the utilization level 
of smart grid solution.  

In Dynamic Line rating system, magnitudes such as wind 
speed, wind direction, ambient temperature, and solar 
radiation are required for ampacity calculation. Moreover, the 
conductor temperature magnitude can be used to calculate the 
effective wind speed [4]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: PMU Measurement System 

There are nine main considerations used to evaluate the 
dynamic system monitoring in term of accuracy and 
complexity [5]. These categories are: 

 Static rating or no rating (STR): Ratings based on 
national as well as the international standard for lines  

 Seasonal rating (SER): Rating for seasonal conditions 
such as summer, winter, and autumn  

 Weather Model (WM): Rating is based on the average 
weather for several years 
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 Weather Forecast (WF): Technique used for line 
system monitoring where data in real-time is gained 

 Conductor Temperature Evaluation (CTE): Method 
used to measure the temperature of the conductor. 
For instances, temperature sensors 

 Tension Monitoring (TM): Tension tested by putting 
load cells in series with insulators string. 

 Line Sag Measurement (CGM): The line sag can be 
measured in the worst-case section of the 
transmission line. 

 Clearance-to-Ground Measurement (CTGM): 
Measurement was taken from the distance of 
conductor sag and ground 

 On-line monitoring for the entire transmission line: 
The overhead line can monitor by some equipment. 

Therefore, the key consideration of this work is to calibrate 
the overhead transmission lines thermal factors dynamically 
in thermal rating model over static approaches. To do so, the 
IEEE thermal model has considered adjusting the factors 
dynamically. Moreover, this study also assesses the conductor 
temperature that estimated using PMU measurements by the 
existing DTCR application in the WAMs. A least-squares 
method applied to minimize the measurement errors. 

II. RELATED WORKS 

Due to the thermal effect, the amount of current flowing 
through the conductor might reach its maximum value, which 
finally leads to conductor sag [6]. Sag on the overhead line is 
significantly based on the temperature, type, and weight of the 
conductor and the length of span [7]. As the age of the 
conductor increases, the sag on the conductor also increases. 
This is generally due to the external factors like weather 
condition (wind and ice), conductor thermal and conductor 
load. Sag parameter is a new factor developed by the 
BUTE-HVL with regard to the DLR system since it is can 
measure the average temperature of the conductor at a 
specific line-span [8]. Using the DLR model the conductor 
ampacity is measured. DLR model can be implied in 
forecasting the conductor sag and temperatures. On the other 
extreme, it had been applied wind speed and direction, 
insolation, geographical data, ambient temperature, 
atmospheric conditions, conductor sag, power line data, 
transmission tower data as a parameter. This is to measure the 
dynamic line rating and conductor temperature of the 
overhead transmission lines. Nowadays, the use of Global 
Positioning System (GPS) is widely accepted and impeded by 
the power industries for overhead line monitoring [7]. 
For the conductor sag, the calculation can perform from an 
equation of six parameters namely span value, measured sag 
and temperature value at the sagging process, elasticity 
modulus, weight per meter, and conductor creeps [9]. Eqn. (1) 
represent the relationship of the conductor total weight of 
conductor and square of span length [10].  

 

 
where Sag is the conductor sag, W is the total weight of 
conductor and T is the tension value. 

III. CURRENT RATING BASED ON IEEE AND 

CIGRE STANDARD 

The maximum operating temperature of an energized 
conductor can be simply calculated by integrating all the 
related weather parameters such as ambient temperature, solar 
radiation, wind speed and wind integration into heat balance 
Eqn. (2) [11]. The authors have discussed the comparison of 
the ampacity calculation based on the CIGRE and IEEE 
standard [12]. Based on their findings on heat balance, the 
Equation is mainly depended on joule and magnetic heating 
concept.  Meanwhile, there were various estimations based on 
types of cooling that analyzed conserving the IEEE and 
CIGRE standards. The analysis suggests that the results are 
also similar to measured data.  In consequences, the accuracy 
of the standards with respect to the line rating calculations has 
agreed against the direct measurement. 

Thus, IEEE and CIGRE standards are acceptable in the 
power industry in terms of ampacity calculation. Since IEEE 
standard has been accepted and implemented in Sarawak 
Energy (SE), the IEEE standard considered in this paper for 
the whole estimation, measurement, and implementations of 
the dynamic thermal current rating. In the IEEE standard, the 
heat balance model is one of the important factors. As 
mentioned in [13], the heat balance model of steady-state in 
Eqn. (2). 

 
 
where, Tc is the conductor temperature and Qs, Qc, and Qr 
are heat gain through solar, heat loss through convective and 

heat loss through radiation respectively. Equation (2) 
represents the heat thermal balance model in steady-state 
condition where a total of heat gain and heat loss is equal. In 
this case, the line has reached equilibrium.  

Due to the small impact of errors in the steady-state 
situation, the heat balance Equation applied to a real-time 
solution even though this case seems not suitable for 
predicting conductor temperature. It is important to note, 
however, that thermal dynamic of the line should be properly 
considered in the situation of the high variability of weather 
conditions. Threemodels of overhead line calculations that 
have been widely used are the IEEE, CIGRE and International 
Electrochemical Commission (IEC) [13]. Authors in [14] had 
explained the detail Equation of each heating type in the 
Equations (3), (4), (5). 
 
where D is the conductor diameter and ϵ is the emissivity. 

 
where α refers to the solar absorptivity, QSE is the total solar 
and sky radiated heat intensity corrected for elevation, θ is the 

effective angle of incidence of the sun’s rays, and A′ is the 
projected area of the conductor. 

 
 

 (2) 

 
(3) 

 (4) 

 
(1) 
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where qc1 used for less wind speed which is less than 3mph, 
qc2 is for higher speeds, pf and (air density), µf is the dynamic 
viscosity, Kf is the thermal conductivity, Kangle is the wind 
direction factor, Tc is the conductor temperature and Ta is the 
ambient temperature. Figure 2 shows heat balance in a 
conductor [14]. For non-steady state heat balance condition, 
the algorithm used is explained in Eqn. (6)[17]. 

 

 
where m is the mass per unit length of the transmission line, 
Cp is the specific heat of the line, Tc is the conductor 
temperature, qc is the heat loss through convection cooling, qr 
is the heat loss through radiation cooling, qs is the heat gain 
from solar radiation, I is the line current, and R (Tc) is the line 
resistance per unit length at the specified line temperature.  
. 

 
 
 
 
 
 
 
 
 

Fig.2: Heat Balance in Conductor [13] 
 
So far, challenges have focused on accuracy and reliability 

of DLR deployment as a big issue in power system and it 
cannot be denied that the cost needed to improve the 
reliability of the system is high [6]. 

IV. CALIBRATION OF THE THERMAL MODEL 

In the overhead transmission line, when the conductor 
temperature increases, the collisions between the molecules 
also increases and this leads to the occurrence of corona in the 
high electric field. The corona occurrence is depended on the 
rate of the collision of the molecules in the transmission line 
[15]. This means that the increment in molecules collision 
results in higher corona losses. Since conductor temperature 
is a significant issue in the transmission line, it should be 
estimated accurately for electricity dispatch center [15]. 
Hadoop Map Reduce is an efficient system used to estimate 
the conductor temperature [16]. It contains a file called 
Hadoop Distributed File System, which designed, to 
consistently store and stream sets of large data within a high 
bandwidth. Besides, Map Reduce is a basis for distributed 
computation. It summarized that the functionality of Hadoop 
Map Reduce framework is useful for the smart grid 
application by adding services and creating a smart system of 
electricity dispatch in the future. The implementation of a 
sensing probe on the transmission line has proposed to be one 
of the most economical and efficient ways of increasing the 
existing line capacity [17]. The sensing probe mainly used to 
monitor the conductor temperature and measure some 
important parameters in real-time. With the sufficient of 
recorded data, the line rating can be determined from the 

calculation of algorithms that fixed on the existing model. The 

conductor temperature was based on the current flow along 
the line as well as the ambient circumstances such as wind 
condition, solar radiation, and ambient temperature [17]. In 
addition, non-uniformity of the transmission line is normally 
due to the variation of conductor temperatures in the line. 

In the existing DTCR model, the transmission line is 
modeled as a series impedance, instead of a π-circuit 
impedance. The series resistance is calculated for each PMU 
sample with no consideration for measurement errors. 
Therefore, in the proposed model the π-circuit impedance is 
considered in calibrating the thermal factors. Hence, a 
methodology, PMU measurement-based data were used to 
classify the errors using existing DTCR application in the 
WAM system, and then an electrical measurement approach 
is taken into considerations. In the beginning, the conductor 
temperature was calculated using the existing model in the 
DTCR. The series model is assessed with the dynamic thermal 
factors that idealize the differences between input active 
power and output active power equals to a resistive loss in the 
line. It was estimated on a least square error basis to minimize 

the measurement errors. 
 

 
In the Eqn. (7),  V1 is input voltage, V2 is output voltage, I1 is 
current input, I2 is current the output, where, I= I1=I2. δ1 is the 
angle between in the put voltage and the input current, and δ2 
is the angle between out the ut voltage and the output current. 
V1, V2, I1, I2, δ1, and δ2 were from the PMU measurement; 
therefore the R can be directly calculated using Eqn. (8).  
 

 
where Rref is the resistance at the reference temperature and  
is the thermal coefficient of resistivity. By rearranging the 

Eqn. (8),   Tc can be estimated as in the Eqn. (9). 
 
Beside the PMU measurement, there were also some required 
constant values of DTCR configuration needed for the 
calculation.  

V. RESULT AND DISCUSSION 

The performance of the dynamic thermal model is 
evaluated using a Matlab simulation. The simulation 
parameters that considered for the dynamic thermal modeling 
are listed in Table 1 

 
 
 
 
 
 

 
(5) 

 
(6) 

V1.I cos  δ1 – V2.I cos  δ2= ( I2R) (7) 

TC=Tref + [(1/α) ( R(TC) / Tref -1)] 
(9) 

R(TC)=Rref [1 + α ( TC -  Tref )] (8) 
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Table 1: Constant parameter values in existing DTCR 
[15-17] 

Parameters Sym- 
bol 

Unit Parameter 
value 

Solar absorption 
coefficient α - 0.9 

Solar radiation intensity S Wm-2 1200 
Nusselt number Nnu - 7.69 
Conductor emissivity ε - 0.7 
Stefan’s constant 

σB Wm-2 
5.6704 x 

10-8 

Overall conductor 
diameter (DRAKE) 

D cm 2.862 

Conductor surface 
temperature 

Tc 
oC - 

Ambient temperature Tɑ 
oC 36 

Wind velocity Vw ms-1 0.5 
Specific mass of air Ƴ kgm-3 1.029 
Dynamic viscosity of air ƞ Nsm-2 2.043 x 10-5 

The thermal 
conductivity of air 

λ wm-1oC - 

Reference temperature Tc 
oC 36 

Resistance at a reference 
temperature 

R(Tc) Ω/km 0.0674 

 
Figure 3 shows the graph of calculated conductor 

temperature against time (minutes). The calculations were 
based on the PMU measurement on a day, which is 21st 
February 2018. The data was selected because it was 
considered good data with no errors regarding the system. 
The data of PMU measurements were also taken from only 
one line of the transmission line. The calculated conductor 
temperatures were figured in graphs form so that the data 
could be analyzed easily. Figure 3 demonstrates the 
relationship between conductor temperatures and times in 
minutes for the duration of one day. It is observed that there is 
no specific linear relationship between these two data. Hence, 
it can be mentioned that the conductor temperature was not 
affected by time but severely affected by the variation of 
environmental factors. According to conducted studies, wind 
speed, solar irradiation, and ambient temperature are the most 
environmental parameters that need to be taken into 
consideration for this issue. In fact, in the existing DTCR, 
such parameters were assumed constant values instead of 
being dynamic variables. This does not comply with one of 
the three standards thermal cur-rent rating model in the IEEE 
Std.738-2012. According to standard, the weather condition, 
line current, and conductor temperature are always varying in 
the thermal model of the dynamic type. Similarly, the relation 
between conductor temperature and times (minutes) for one 
week is shown in Fig. 4, where it is clearly demonstrated that 
there is a variation of conductor temperature for a duration of 
time.  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3: Conductor Temperature vs Time (minutes) for one 
day 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Conductor Temperature vs Time (minutes) for one 
week 

From the results, it can be summarized that the existing model 
still suffers the challenge in fulfilling the Dynamic model type 
stated in IEEE Std.738-2012. Therefore, it can be said that 
this might be one of the reasons why many system operators 
are not making much use of the DTCR software to guide their 
transmission line operation perhaps due to some uncertainty 
and reservation in the calibration and accuracy of the thermal 
model. 

VI. CONCLUSION 

This paper has analysed and evaluates the conductor 
temperature and its ampacity models. It also discusses and 
proposes the dynamic thermal influences over the static 
models for the overhead transmission lines that summarize 
and overcomes the calibration issues in DTCR application of 
WAM systems. In-depth, it uses the IEEE Standard 738-2012 
dynamic thermal modeling as the core methodology in the 
calibration of the existing DTCR software. It is overserved 
that the weather factors significantly influence the operation 
of DTCR that severely the effects estimation process of the 
DTCR software in WAM System.  
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