
02 August 2026

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Dielectric Measurement Protocols on Medium Voltage Cable Joints at Variable Temperatures / Calcara, L., Mazza, A.,
Pompili, M.. - ELETTRONICO. - (2025), pp. 1-4. (2025 AEIT International Annual Conference (AEIT) Amantea (Italy) 10-
12 September 2025) [10.23919/aeit67669.2025.11218134].

Original

Dielectric Measurement Protocols on Medium Voltage Cable Joints at Variable Temperatures

IEEE postprint/Author's Accepted Manuscript

Publisher:

Published
DOI:10.23919/aeit67669.2025.11218134

Terms of use:

Publisher copyright

©2025 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/3008459 since: 2026-03-09T22:58:01Z

IEEE



 

 

Dielectric Measurement Protocols on Medium 
Voltage Cable Joints at Variable Temperatures 

 

Luigi Calcara  
Astronautic, Electrical and Energetic Department 

University of Roma “La Sapienza” 
Roma, Italy 

luigi.calcara@uniroma1.it 
 

Andrea Mazza 
Department of Energy  

“Galileo Ferraris” 
Politecnico di Torino 

Torino, Italy 
andrea.mazza@polito.it 

 
Massimo Pompili  

Astronautic, Electrical and Energetic Department 
University of Roma “La Sapienza” 

Roma, Italy 
massimo.pompili@uniroma1.it 

 
 

Abstract— In recent years, the increasing frequency of extreme heat events, particularly in urban areas, has raised concerns about 
the reliability of Medium Voltage (MV) underground distribution systems. Among the components most affected by higher and 
higher temperatures, cable joints have emerged as particularly susceptible due to partial discharge (PD) phenomena with premature 
faults. This paper presents a structured test protocol to evaluate the dielectric performance of MV joints under combined thermal 
and electrical stress in a controlled laboratory setting. The methodology includes diagnostic measurements such as PD activity, 
dielectric loss angle (tanδ), and insulation resistance (IR), carried out under both ambient and high temperatures (via thermostatic 
chamber). The aim is to correlate joint insulation behaviour with operating temperatures, identify early degradation signs, and 
support the qualification of joint technologies for use in a more resilient distribution grid.  

Keywords— Medium Voltage cable joints, thermal stress, partial discharges, electrical resilience 

 

I. INTRODUCTION 
The power system represents one of the most complicated (because of its number of components) and complex (due to the 

interactions existing among the installed equipment) systems developed so far. Its proper operation is strictly related to an 
accurate planning and design, which must be able to consider in advance several external factors that may affect the service 
quality perceived by the users. One of the factors that is arising as fundamental is the temperature: in fact, in recent years several 
regions around the world (e.g., United States [1], China [2], India [3] and Europe [4]) have faced an increasing number of days 
with relatively high temperatures and reduced precipitation, the so-called compound drought and heatwaves events [5]. In urban 
areas, these kinds of phenomena lead to heat islands, as highlighted in [6]. The increase of the temperature, especially in urban 
areas, led to an increasing number of failures, which in particular affected the operation of the in Medium Voltage (MV) systems. 
These systems are the backbone of the urban power systems in Europe and are commonly used for their reduced visual impact 
and the reliability level were able to guarantee in the past: it is estimated that the total lengths of MV underground cable is around 
30 million km worldwide [7]. Hence, due to the extensive coverage underground cable systems have, it is important to address 
the problem of the increasing number of faults associated to high temperature by investigating which are the more susceptible 
components and, on these bases, suggesting effective procedure and approaches for mitigating the downtime of the distribution 
system. Recently, several researchers have been investigating these aspects (see as overview of the impact of extreme weather 
events, including heatwaves, the recent review [8]). 

 
This study was carried out within the project EXTRASTRONG (resilience evaluation by EXperimental and TheoRetical ApproacheS in electrical 

distributiON systems with underGround cables) – funded by European Union – Next Generation EU within the PRIN 2022 program (D.D.104 – 02/02/2022 – 
Ministero dell’Università e della Ricerca). This manuscript reflects only the authors’ views and opinions, and the Ministry cannot be considered responsible 
for them.  
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Basically, most of the available literature indicates cable joints as the most susceptible component to the thermal stress, 
affecting the long-term reliability of distribution system. The extreme heat events result in elevated ground and joint 
temperatures, accelerating aging and triggering early-stage dielectric breakdown phenomena such as Partial Discharges (PD). 
Recent research highlights oldest studies on the sensitivity of PD inception to temperature, emphasizing the need for protocols 
that can assess dielectric stability of joints under combined thermal and electrical stresses.  

The aim of this work is to define a structured measurement protocol to evaluate the dielectric performance of MV joints 
subjected to combined thermal and electrical stresses in a controlled laboratory environment. 

This protocol focuses on identifying early degradation phenomena through: Partial Discharge (PD) measurements at multiple 
voltage levels; Dielectric loss angle (tanδ), and Insulation Resistance (IR). 

The overarching objective is to correlate the evolution of these diagnostic parameters with operating temperature, enabling 
the early identification of failure risks associated with extreme environmental conditions. The methodology aims to provide a 
standardized framework for joint qualification and to support the development of predictive maintenance strategies for climate-
resilient MV power distribution infrastructures, in line with the analytical models and experimental observations previously 
reported in the literature [9-12]. 

 

II. OBJECTIVES AND SCOPE OF THE TEST PROTOCOL 
MV cable joints are recognized as critical components within power distribution networks, particularly susceptible to 

combined thermal and electrical stresses. Extensive field and laboratory investigations have demonstrated that prolonged 
exposure to elevated operating temperatures (frequently exceeding 50 °C during summer peaks) and lack of rains, significantly 
accelerate insulation aging and increase the probability of PD phenomenon in MV joints [13-15]. It was also highlighted the 
combined effects of load current, soil thermal resistivity, and external heatwaves in creating thermal hotspots that undermine the 
dielectric integrity of joints over time [9]. 

These findings are consistent with foundational studies by Bartnikas and Motzinger, who established the strong temperature 
dependence of PD phenomena, noting that elevated temperatures reduce the inception voltage due to increased molecular activity 
and lowered dielectric strength [16-18]. It has been shown that thermal-electrical stress interaction promotes early-stage 
degradation mechanisms, particularly within joint interfaces where field inhomogeneities and material transitions occur. 

Building upon these insights, this work proposes a structured laboratory protocol to assess the dielectric performance of MV 
cable joints under controlled thermal and electrical stress conditions. The protocol includes: a) PD measurements at multiple 
voltage levels, with particular attention to the variation of PD inception voltage (PDIV) as a function of joint temperature; b) 
tan δ analysis, providing indication about the dielectric polarization losses and thermal degradation; c) IR measurements, aiming 
to evaluate the moisture ingress and general aging of the insulating system. 

The measurement results will be compared with the values indicated by CLC HD 629.1 S3:2019 “Test requirements for 
accessories for use on power cables of rated voltage from 3.6/6 (7.2) kV up to 20.8/36 (42) kV - Part 1: Accessories for cables 
with extruded insulation” [19]. This standard outlines the required performance criteria for type testing of cable accessories 
intended for use with extruded insulation power cables. The applicable voltage range spans from 3.6/6 kV up to 20.8/36 kV 
(included). 

Unlike conventional standards, this paper presents a more detailed testing protocol in which voltage, temperature, and current 
are applied through controlled increments rather than fixed, discrete values. Such an approach allows for a gradual and systematic 
variation of the stressing parameters, enabling a more refined observation of the specimen’s response under evolving conditions. 
Furthermore, the proposed protocol is designed not merely as a pass/fail assessment, but as a diagnostic tool aimed at evaluating 
the degradation trend and variation of key dielectric parameters over time. This methodology provides deeper insight into the 
ageing mechanisms and performance evolution of the tested components, offering a richer dataset for both predictive 
maintenance and design optimization. 

 

III. EXPERIMENTAL METHODOLOGY AND STRUCTURE 
The purpose of the proposed test protocol is to assess the dielectric behaviour of MV cable joints subjected to combined 

thermal and electrical stress conditions. The joints under test include both heat-shrinkable and cold-shrinkable types, supplied by 
two major manufacturers. A further test phase may extend the investigation to products from additional suppliers. 

The tests will be conducted under two different environmental conditions: 

- at controlled ambient temperature (test “A”); 

- inside a thermostatic chamber capable of maintaining temperatures at about maximum 60 °C (Test “CT”). 

The cable joints will be connected in a loop (i.e., in series), allowing for simultaneous testing of joints located inside the 
thermostatic chamber and those kept at ambient temperature. This setup enables a direct comparison of the thermal and electrical 
performance of the joints under different temperature regimes. 

Each test cycle will last 24 hours. After each cycle, dielectric measurements will be performed, including: 



- PD measurements at increasing voltage levels, i.e., U0; 1.25 U0; 1.5 U0; 1.75 U0; 2 U0; 
- tanδ; 
- IR. 

The results of the PD measurements, tanδ, and IR must fall below the limits established by [19] or greater and chosen from 
laboratory experience. 

During the tests, the temperatures of both the joints and the cables will be monitored continuously, in both the ambient 
environment and within the thermostatic chamber. 

The current applied during each test will correspond to a defined percentage of the cable's rated current-carrying capacity 
(ranging from 30% to 80% depending on the test condition). 

The sequence of tests includes both stepwise and constant current/temperature cycles. 

A. Ambient Temperature Test Cycles  
This set of tests aims to evaluate the behavior of the MV cable joints under increasing electrical load while maintaining 

natural ambient temperature conditions. Four different test configurations (A0 to A3) are defined, each one associated with a 
specific current load level and the corresponding expected joint temperature, as shown in Table I. The values reported in this 
table are preliminary and based on theoretical calculations [9] and will be confirmed once the testing begins and/or after the 
component type and cross-sectional area have been determined. 

TABLE I.  AMBIENT TEMPERATURE TEST MATRIX 

Test Code Current Load 
[%] 

Expected Joint 
Temp [°C] 

A0 30 30–40 
A1 50 40–50 
A2 70 50–60 
A3 80 60–70 

 

B. Thermostatic Chamber Test Cycles 
To isolate and control the impact of temperature independently from electrical loading, a second group of tests will be carried 

out within a thermostatic chamber. These test cycles allow for the evaluation of MV cable joints performance under predefined 
thermal conditions, irrespective of the self-heating caused by current flow. Table II summarizes the test configurations used in 
this controlled-temperature environment. Also in this case, the values reported in the table are preliminary, based on theoretical 
calculations [9], and will be confirmed once the testing begins and/or after the component type and cross-sectional area have 
been determined. 

TABLE II.  THERMOSTATIC CHAMBER TEST MATRIX 

Test Code Chamber Temp 
[°C] 

Expected Load 
Current [%] 

CT0 30 25 
CT1 40 35 
CT2 50 45 
CT3 60 55 

 
The experimental test procedure and dielectric measurements are illustrated in the block diagram shown in Fig. 1. In the 

flowchart the test cycle counter is initialized (c = 0), followed by setting the desired current and temperature, running a 24-hour 
cycle, and monitoring temperatures. electrical diagnostics are then performed, including the measurement of dielectric losses 
(tan δ) and insulation resistance. PDIV is measured at the test voltage Ui, and results are compared with a reference PDIV value. 
If PDIV(Ui) falls below the reference, the test fails. Otherwise, the cycle proceeds with incremental voltage adjustments 
(Ui=Ui+ΔV) until either the iteration counter (i) reaches 5 or the cycle counter (c) exceeds 4. The test concludes successfully if 
all cycles are passed without failure. 

The iteration counter (iii) was fixed at 5, representing a trade-off between achieving sufficient measurement resolution and 
maintaining an acceptable overall test duration. 

 

 



 
Fig. 1. Block diagram of the test procedure and dielectric measurements. Legend: AV = 0.25 kV; PDIV (ref) is the Partial Discharge Inception Voltage that 
will be fixed as reference at the beginning of the test and following the CLC HD 629.1 S3. 

 

IV. MEASUREMENT STRATEGY AND DIAGNOSTIC TARGETS 
Following standards such as CLC HD 629.1 S3 [9], IEC 60270 [20] and IEC 60502-4 [21] and the proposed protocol employs 

classical diagnostic quantities, with even unconventional testing protocols, to assess the condition of MV cable joints under 
thermal and electrical stress. Among these, the PDIV is particularly interest, as it directly reflects the insulation’s susceptibility 
to localized dielectric breakdown.  

As shown in Figure 2 - carried out in a completely arbitrary and indicative way, the actual trend and values of which will be 
validated at the end of the experimental results - PDIV significantly decreases with increasing temperature, confirming the strong 
thermal sensitivity of cable joint insulation systems. 

The graph compares three joint technologies: heat-shrink, cold-shrink, and a high-resilience design. 

•  Cold-shrink joints exhibit the steepest decline in PD inception voltage, dropping from approximately 19.7 kV at 30 °C to 
just over 16 kV at 60 °C, indicating a rapid degradation of dielectric strength with temperature.  

• Heat-shrink joints follow a similar trend but with slightly better thermal performance.  

• In contrast, the high-resilience design demonstrates the most stable behavior, maintaining Vi above 19.5 kV even at 60 °C, 
underscoring its enhanced thermal robustness. 

This temperature-dependent behavior, namely PDIV(T), is central to understanding the thermal aging mechanisms and 
predicting the onset of insulation failure. By characterizing PDIV across a range of temperature and voltage conditions, the 
protocol enables the identification of the most thermally vulnerable joint types. When integrated with complementary 
measurements such as tanδ—which tracks polarization losses—and IR—sensitive to moisture ingress and insulation 
deterioration—the methodology provides a comprehensive framework for condition assessment and technology benchmarking. 

 



 
Fig. 2. Trend of PD Inception Voltage vs Temperature for Different Joint Technologies. 

 

V. APPLICABILITY AND FUTURE USE 
The proposed dielectric measurement protocol suggests a structured and replicable method for evaluating the thermal and 

electrical performance of MV cable joints. Developed in response to the growing impact of extreme heat events, this protocol is 
designed to support both laboratory benchmarking and real-world qualification of joint technologies. 

By analyzing temperature-dependent variations in PDIV, tanδ, and IR, the protocol enables early detection of insulation 
degradation. This makes it particularly suitable for urban distribution networks, where underground joints are frequently exposed 
to thermal stress and where faults can lead to significant service disruptions. 

The modular structure of the test cycles allows for application across different joint types, cable sizes, and installation 
conditions. It also enables comparative testing between manufacturers, offering a standardized framework for assessing resilience 
under identical stress scenarios. 

In addition, the protocol supports the development of predictive maintenance models by providing diagnostic trends that can 
be integrated in the future into asset management strategies. As such, it contributes to improving operational reliability and 
aligning grid components with future climate resilience requirements. 

 

CONCLUSION 
This paper outlines a comprehensive dielectric testing protocol to evaluate the performance of MV cable joints 

under controlled thermal and electrical stress conditions. The proposed methodology includes ambient and thermostatic 
chamber cycles with measurements of partial discharges, dielectric loss angle, and insulation resistance. 

The protocol aims to support the development of resilient joint technologies by providing repeatable and standardized 
test sequences. Once experimental tests are completed, the results will help define qualification criteria for joint 
technologies suitable for extreme temperature conditions, contributing to more reliable and climate-resilient distribution 
networks. 
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