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Abstract
The current-carrying temperature rise model of overhead conductors constitutes
the theoretical foundation for dynamic line rating decisions, safe operation con-
dition monitoring, and current-carrying capacity assessment. However, due to
disparities in materials, structure, and operating temperature between carbon
fiber composite core conductors (ACCC conductors) and conventional overhead
conductors, existing current-carrying temperature rise calculation models can-
not be directly applied to ACCC conductors, thereby constraining the develop-
ment of dynamic line rating for ACCC conductors and the exploitation of their
transmission potential. To this end, this paper establishes a current-carrying
temperature rise model for ACCC conductors based on the heat balance princi-
ple and thermoelectric analogy theory, and utilizes particle swarm optimization
algorithm to identify and solve for the model parameters. An experimental plat-
form for ACCC conductor current-carrying temperature rise was designed, and
its thermal dynamic process was measured and simulated under natural convec-
tion conditions. The results demonstrate that the particle swarm identification
method can effectively identify model parameters, and the model exhibits high
accuracy in calculating the conductor temperature rise process.
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Abstract
The current-temperature model of overhead conductors serves as the theoretical
foundation for dynamic capacity-increasing decisions, safe operation monitoring,
and ampacity evaluation. However, due to differences in material, structure, and
operating temperature between Aluminum Conductor Composite Core (ACCC)
conductors and traditional overhead conductors, existing current-temperature
calculation models cannot be directly applied to ACCC conductors, limiting
the development of dynamic capacity-increasing technology and the exploita-
tion of transmission potential for ACCC conductors. This paper establishes a
current-temperature model for ACCC conductors based on thermal equilibrium
principles and thermoelectric analogy theory, and employs particle swarm opti-
mization (PSO) to identify the model parameters. An experimental platform
for ACCC conductor current-temperature rise was designed to measure and
simulate the thermal dynamic process under natural convection conditions. Re-
sults demonstrate that the PSO identification method can effectively determine
model parameters, and the proposed model achieves high accuracy in calculating
conductor temperature rise processes.

Keywords: ACCC conductors, current-temperature model, parameter identi-
fication

2. Current-Temperature Model for High-Voltage ACCC
Conductors
The operating temperature of overhead conductors is a critical indicator for
transmission line condition monitoring, serving as the primary basis for line
ampacity determination, dynamic capacity-increasing decisions, and safe oper-
ation [1,2]. The current-temperature calculation model, which establishes the
relationship between conductor operating temperature and current carrying ca-
pacity, can accurately predict conductor temperature rise processes and holds
significant guiding importance for power system transmission lines. This model
is commonly applied in monitoring line safe operation status and evaluating
current-carrying capacity, as well as in correcting line equivalent parameters, im-
proving power flow calculation accuracy, enabling electro-thermal coordinated
dispatching, and optimal power flow calculations [3,4], thereby exerting sub-
stantial influence on theoretical research into traditional power system safety
analysis and dispatching, with important theoretical significance and practical
engineering value.

Currently, research on current-temperature models for overhead conductors has
reached a mature stage, primarily encompassing standard models, numerical
simulation models, and thermal circuit models. Standard models mainly refer
to the IEC 61597-1995 standard model [4] and the IEEE 738-2006 standard
model [5], which can calculate conductor operating temperature under various
meteorological and current conditions to determine line ampacity. The IEEE
model can also calculate conductor temperature dynamics in real-time, offer-
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ing greater practical value than the IEC model [6], and continues to be refined
for practical application in dynamic capacity-increasing technology. Numerical
models based on heat transfer theory discretize the partial differential equa-
tions describing conductor thermal dynamics in space and time to simulate the
conductor temperature field [7-9]. However, these models involve enormous
computational loads that hinder practical implementation. The thermal circuit
model introduces thermoelectric analogy theory into the IEEE model, effectively
simplifying complex heat transfer calculations through circuit analysis [10-12].
Compared with the IEEE model, the thermal circuit model can characterize con-
ductor thermal dynamics with fewer parameters, making it suitable for dynamic
line rating applications.

For new Aluminum Conductor Composite Core (ACCC) conductors, despite
their advantages of light weight, high strength, large ampacity, low sag, and
corrosion resistance—offering clear benefits and broad application prospects for
line capacity-increasing upgrades [13-18]—differences in material, structure, and
operating temperature from traditional overhead conductors result in distinct
electrical and thermal parameters. Consequently, the aforementioned current-
temperature models cannot be applied to ACCC conductors. Unfortunately,
ACCC conductors remain in the development and research stage, with lim-
ited studies on their parameters, which constrains the establishment of current-
temperature models for ACCC conductors.

Therefore, this paper focuses on ACCC conductors, establishing a current-
temperature model based on thermal equilibrium principles and thermoelectric
analogy theory, and proposes a parameter identification method using particle
swarm optimization algorithm to provide necessary support for dynamic
capacity-increasing and safe operation of ACCC transmission lines.

The cross-section and physical model of ACCC conductors are shown in [Fig-
ure 1: see original paper]. During operation, conductors exchange heat with
the environment due to solar radiation, ambient temperature, and wind speed.
According to the thermal equilibrium principle, the thermal dynamic process of
ACCC conductors can be expressed as:

𝐶 𝑑𝑇𝑐
𝑑𝑡 = 𝑞𝐼 + 𝑞𝑠 − 𝑞𝑐 − 𝑞𝑟

where 𝑡 is time; 𝑇𝑐 is conductor temperature; 𝐶 is conductor heat capacity;
𝑞𝐼 = 𝐼2𝑅(𝑇𝑐) is the conductor’s self-heating power; 𝑅(𝑇𝑐) is the AC resistance
at temperature 𝑇𝑐; 𝑞𝑠 is solar heat gain; 𝑞𝑐 is convective heat loss; and 𝑞𝑟 is
radiative heat loss.

Based on thermoelectric analogy theory, the thermal circuit model of ACCC
conductors can be represented as the circuit model shown in [Figure 2: see
original paper], which can be rewritten as:
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𝐶 𝑑𝑇𝑐
𝑑𝑡 = 𝑞𝐼 + 𝑞𝑠 − 𝑇𝑐 − 𝑇𝑒

𝑅𝑒

The line ampacity can be expressed as:

𝐼max = √𝑇max − 𝑇𝑒 − 𝑞𝑠 + 𝑞𝑟
𝑅(𝑇max)

where 𝑅𝑒 is the equivalent environmental thermal resistance between the con-
ductor surface and environment; 𝑇max is the maximum allowable operating tem-
perature. Studies have shown that ACCC conductors can operate continuously
at temperatures up to 160°C, with short-term operating temperatures exceeding
200°C [19].

Parameters in the thermal circuit model are calculated as follows:

𝑞𝑠 = 𝛾𝐷𝑆𝑖

𝑞𝑟 = 𝜀𝜎𝐷𝑘𝑒(𝑇 4
𝑐 − 𝑇 4

𝑒 )

𝑅(𝑇𝑐) = 𝑅ref[1 + 𝛼(𝑇𝑐 − 𝑇ref)]

where 𝛼 is the resistance temperature coefficient; 𝑅ref is the AC resistance at
reference temperature 𝑇ref (generally 20°C); 𝐷 is conductor outer diameter; 𝑆𝑖
is solar radiation intensity; 𝜎 is the Stefan-Boltzmann constant; 𝛾 and 𝑘𝑒 are the
absorptivity and emissivity of the conductor surface material, typically taken as
0.5 in engineering practice.

3. PSO Identification of Thermal Circuit Model Parame-
ters
In the proposed thermal circuit model, theoretical determination of parame-
ters 𝐶, 𝑅ref, and 𝛼 remains challenging for two primary reasons. First, the
ACCC conductor core consists of cylindrical carbon fiber composite material,
making its heat capacity difficult to calculate directly from theory. Second,
due to insulation resin encapsulation, the core exhibits non-conductive and non-
magnetic properties, eliminating eddy current and magnetic losses in the conduc-
tor. Therefore, unlike traditional overhead conductors, the resistance increment
caused by eddy currents and magnetic hysteresis in ACCC conductor AC resis-
tance can be neglected, making 𝑅ref and 𝛼 in Eq. (6) difficult to reference from
traditional conductor calculations.
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Literature [20] indicates that environmental thermal resistance 𝑅𝑒 is essentially
related to the temperature difference between conductor and environment. Con-
sidering that exponential functions can describe both linear and nonlinear vari-
able variations, this paper expresses environmental thermal resistance as:

𝑅𝑒 = 𝑎(𝑇𝑐 − 𝑇𝑒)𝑏

where 𝑎 is a proportionality factor related to conductor diameter and air density;
𝑏 is an exponential factor. Both 𝑎 and 𝑏 are unknown and must be determined
through identification methods.

To obtain these model parameters, an objective function must first be estab-
lished. At time 𝑘 + 1, the conductor temperature is 𝑇𝑐(𝑘 + 1). From the
differential form of the thermal circuit model, 𝑇𝑐(𝑘 + 1) can be derived from
input quantities before time 𝑘 +1 and initial boundary conditions. Substituting
Eqs. (4)-(7) into the thermal circuit model and discretizing in time yields the
conductor temperature function at time 𝑘 + 1:

𝑇𝑐(𝑘 + 1) = 𝑓𝑘+1(𝑇𝑐(0), 𝐼(0), 𝐼(1), … , 𝐼(𝑘), 𝑅𝑒(𝑘), 𝑇𝑒(0), 𝑇𝑒(1), … , 𝑇𝑒(𝑘), x, Δ𝑡)

where x = [𝐶, 𝛼, 𝑅ref, 𝑎, 𝑏]𝑇 .

The objective function for thermal circuit model parameter identification is:

𝐽(x) = min ∑
𝑘

‖ ̂𝑇𝑐(𝑘 + 1) − 𝑇𝑐(𝑘 + 1)‖2

subject to x ≥ 0, where ̂𝑇𝑐(𝑘 + 1) is the measured conductor temperature at
time 𝑘 + 1.

Since the proposed thermal circuit model involves numerous parameters to be
identified and represents a nonlinear optimization problem requiring strong
global optimization capability, this paper employs particle swarm optimization
(PSO) to solve the objective function.

First, define the search population:

𝐺 = {𝑃𝑢 ∈ ℝ5, 𝑛 ∈ ℕ, 1 ≤ 𝑢 ≤ 𝑛}

where ℝ5 is the five-dimensional search space formed by the parameters to be
identified, and 𝑃𝑢 represents search particles.

After population initialization, each particle’s position vector is substituted into
the objective function to calculate fitness values, and the optimal particle and
optimal fitness value are selected. Subsequently, particle positions and velocity
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vectors are updated for the next optimization round. The update equations for
the 𝑠-th search iteration are:

v𝑠
𝑢 = 𝑤𝑠v𝑠−1

𝑢 + 𝑐1(pub − l𝑠−1
𝑢 ) + 𝑐2(g𝑏 − l𝑠−1

𝑢 )

l𝑠
𝑢 = v𝑠

𝑢 + l𝑠−1
𝑢

where pub is the particle’s best solution; g𝑏 is the population’s best solu-
tion; 𝑐1 and 𝑐2 are learning factors representing the particle’s ability to learn
from itself and others; 𝑤𝑠 is the weight coefficient; l𝑢 = [𝑙1𝑢, 𝑙2𝑢, 𝑙3𝑢, 𝑙4𝑢, 𝑙5𝑢]𝑇 is
the particle’s position vector representing identified parameter values; and
v𝑢 = [𝑣1

𝑢, 𝑣2
𝑢, 𝑣3

𝑢, 𝑣4
𝑢, 𝑣5

𝑢]𝑇 is the particle’s velocity vector indicating the search
direction toward the next position.

Using the PSO algorithm, the objective function can be solved after several
optimization iterations, completing the establishment of the ACCC conductor
thermal circuit model.

4. Experimental Verification
4.1 Experimental Platform

To identify thermal circuit model parameters and verify their correctness and
accuracy, an ACCC conductor current-temperature rise experimental platform
was designed as shown in [Figure 3: see original paper]. The platform primarily
consists of a steel frame, test conductor, high-current generator, temperature
probes, differential voltage probes, Hall-effect current transducers, data acqui-
sition devices, and a PC. The steel frame comprises two side supports and a
crossbeam from which fiberglass ropes suspend the test conductor. Fiberglass
ropes offer high temperature resistance and low thermal conductivity, minimiz-
ing the influence of support materials on conductor heat transfer. Silicon Valley
Chemical-produced ACCC conductors were used as test specimens, with param-
eters listed in .

The experimental platform was placed in a sealed indoor environment with
air velocity less than 0.1 m/s, constituting natural convection conditions with
approximately constant temperature and humidity during testing. During ex-
periments, the high-current generator coupled current into the ACCC conductor
while temperature probes and Hall-effect current transducers continuously mea-
sured conductor temperature, ambient temperature, and current. Data were
collected by the acquisition device and uploaded to a backend PC database at
0.5-second intervals.
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4.2 Results and Analysis

To capture comprehensive conductor temperature rise processes including over-
load conditions, experimental currents ranging from 400 A to 1000 A in 100 A
increments were applied.

The identified parameters obtained using the PSO algorithm are presented in .
First, the validity of AC resistance parameters was verified by comparing calcu-
lated values from Eq. (5) with measured AC resistance values obtained through
the vector current-voltage method, as shown in [Figure 4: see original paper].
The maximum error is only 1.2%, indicating high accuracy in the identified
parameters for 𝑅ref and 𝛼.

Subsequently, all identified parameters were substituted into the thermal circuit
model to simulate the conductor temperature dynamic process under various
current loads, with results shown in [Figure 5: see original paper]. [Figure 6:
see original paper] presents the relative simulation errors, which do not exceed
2.8%, demonstrating the effectiveness of the PSO identification method.

To further validate model accuracy, additional current levels of 450 A to 850 A
in 100 A increments (not used in identification) were applied as loading currents.
The measured and simulated temperature rise results are compared in [Figure 7:
see original paper], with relative errors shown in [Figure 8: see original paper].
The maximum error does not exceed 2.2%, confirming that the model achieves
high accuracy and can reliably describe the conductor temperature rise dynamic
process, providing necessary basis for calculating conductor thermal dynamics.

5. Conclusions
This paper proposes a high-voltage ACCC conductor current-temperature model
based on PSO parameter identification. Experimental verification demonstrates
the feasibility of the identification method and the accuracy of the model, estab-
lishing specific calculation methods for all model parameters. The conclusions
are as follows:

1. The proposed PSO-based parameter identification method can effectively
determine both electrical and thermal parameters in the ACCC conductor
current-temperature model, providing necessary support for calculating
conductor thermal dynamic processes.

2. Comparison between experimental and calculated results indicates that
under natural convection conditions, the ACCC conductor current-
temperature model achieves high accuracy in reflecting conductor
temperature rise processes, establishing a theoretical foundation for
conductor current-temperature models under complex meteorological
conditions.
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