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Abstract

The electric conductor car for live working is a critical component of overhead transmission line
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reliable reference for the manufacturing and deployment of conductor cars in live working scenarios.
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I. INTRODUCTION

With the increasing demand for power supply reliability in smart grid construction, live
working technology has become essential for modern power system maintenance. As a core
tool for overhead line live operations, the performance of conductor cars directly impacts
operational efficiency and personnel safety.

Internationally, traditional conductor cars have evolved through mechanical optimization.
J. Smith et al. analyzed the mechanical characteristics of passive conductor cars and developed
a three-wheel self-balancing structure, which improved stability but still relied on manual
traction [1]. Johnson et al. found that operating traditional cars on a 500-meter line consumed
approximately 320 kcal of energy per worker, equivalent to moderate-intensity labor [2]. Davis
et al. proposed hydraulic assistance, but this increased system weight by 27% [3]. Notably,
international standards such as IEC 61477:2009 give the minimum requirements relative to
specification, manufacture, selection, application and maintenance of tools, devices and
equipment for live working. [4]. IEC 61472:2013 describes a method for calculating the
minimum approach distances for live working, at maximum voltages between 72.5 kV and
800 kV [5].
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To address these challenges, this study proposes an innovative electric drive solution.
Compared to traditional models, the new system enables manned live operations,
autonomous obstacle crossing, and reliable braking on multi-bundle conductors. It fulfills
mechanical, functional, arc discharge immunity, and electromagnetic compatibility (EMC) test
requirements. The design complies with international standards for safety distances and
controllability, ensuring safe operations in complex aetial environments. Subsequent sections
elaborate on the mechanical structure, testing protocols, electrical validation, and field
applications, offering theoretical and practical insights for next-generation live working
equipment.

II. PROTOTYPE DESIGN OF THE ELECTRIC CONDUCTOR CAR

A. Cam-Based Autonomous Obstacle-Crossing Mechanism

Existing obstacle-crossing mechanisms rely on complex mechanical transmissions, lack
autonomous obstacle detection, and are heavy (260 kg), limiting payload capacity and
installation efficiency. To overcome these issues, this design integrates obstacle-detection
sensors with a lightweight cam mechanism shown in Fig. 1. When sensors detect obstacles
(e.g., spacer dampers or suspension clamps) within a predefined range, the cam rotates to lift
the front roller off the conductor, enabling smooth traversal shown in Fig. 2. Post-crossing,
the cam retracts to its initial position. This innovation simplifies the driving mechanism,
reduces weight, and enhances operational stability during live working.

@@% <72 \,
o= =2 2=

-

Fig. 1. Travel Mechanism of the Conductor Car

Fig. 2. Diagram of the Cam Obstacle-Crossing Process

96



Design, Testing, and Application of an Electric Conductor Car

Powered by lithium-iron batteries and driven by an electric motor, the car achieves a travel
speed of 5-10 m/s, reducing operational time by 1.5 hours per tension section compared to
conventional methods.

B. Open-Type Dual-Arm Structure

The car employs an open dual-arm structure shown in Fig. 3. During installation, the fixed
arm is positioned on one sub-conductor, while the movable arm aligns with a parallel sub-
conductor. The arms are then locked to enclose the conductors within the internal space.
Adjustable arm spacing, height, and suspension configurations allow adaptation to various
conductor bundle types (220 kV to 1000 kV), resolving limitations of single-use designs and
streamlining installation.

Fig. 3. Open-Type Dual-Arm Structure
C. Multi-Layer Anti-Derailment Safety Measures

To ensure reliability under complex conditions, the car incorporates three safety features. An
n-shaped groove on the inner side of the arms to guide rollers and maintain horizontal
alignment. Concave cam profiles for enhanced conductor contact. Peripheral auxiliary rollers
to reduce friction. Additionally, backup safety ropes are provided for both the car and
operators.

ITII. EXPERIMENTAL TEST OF ELECTRIC CONDUCTOR CARS

A. Mechanical Test

* Static load test
The conductor car shall maintain continuous suspension on the test conductor for a
minimum of 1 minute under 120% rated load conditions. All components must demonstrate
structural integrity with no visible damage, material failure, or permanent deformation upon
completion of the test.
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* Dynamic load test
The conductor car is driven back and forth along the test conductor for a minimum of
three complete cycles. This operation shall be performed under rated load conditions,
including the weight of operators. All components must demonstrate normal and flexible
operation throughout the test, with no evidence of mechanical binding or restricted
movement.

B. Function Test

* Driving test
The conductor car shall maintain operational integrity under rated load conditions when
traversing the test conductor at 0° and 25°  inclinations relative to horizontal. The system
must successfully negotiate spacer bars and vibration dampers during both specified-angle
operations, demonstrating continuous smooth functionality throughout the test sequence.
* Braking test
The conductor car shall be tested on a 25° slope under loaded conditions, executing a
controlled descent at a constant speed of 3 km/h. Dutring the descent sequence, three
controlled braking applications shall be conducted, with each braking event demonstrating
effective system performance. The measured braking displacement must not exceed 0.3
meters per application, confirming proper functionality of the deceleration system. The test
arrangement is shown in Fig. 4.

A: braking point B: stop point

S: braking distance  a: horizontal angle

Fig. 4. Conductor Car Braking Test

C. Electrical Test

* Arc discharge immunity test
The test layout simulating the actual site shall be in accordance with Fig. 5-6, and Table 1.
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Table 1. Parameters of the test setup

High Voltage Mi.nimum Safe Clearan(‘:e of Li\;[ligl’fti}?:)l;r‘:;le
Level Live Parts to Surrounding Simulated
kV) Objects and Ground (m) Conductor (m)
110 1.5 1.0
220 3.0 2.5
330 4.0 3.0
500 5.0 4.0
750 7.5 6.5
1000 9.5 8.5
+400 6.0 5.0
+500 6.0 5.0
+600 8.5 7.5
+800 9.5 8.5
Note: The simulated conductor shall have the same parameters as the actual
conductor.
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For AC systems, the test voltage shall be 1.1 times the maximum operating phase voltage;
for DC systems, 1.1 times the rated voltage. Arc discharge immunity and equipotential tests
shall be conducted with the following acceptance criteria:

1)The conductor car shall maintain operational integtity during both entry/exit transitions
into the equipotential state and while operating in equipotential condition. No system
malfunction, component damage, or operational interruption.

2)Comply with the electromagnetic compatibility performance requirements.

* Electromagnetic Compatibility Test

Under rated load conditions, the conductor car shall be installed on the simulated
conductor. The simulated conductor shall be energized with the same nominal AC voltage as
the conductor cat's operating specifications. Through either onboard operator control or
remote control operation, the system must successfully traverse spacer bars, vibration
dampers, and suspension insulator strings. All directional control functions (forward,
backwards, etc.) shall operate normally, with no damage observed on electronic components.
The test procedure are as follows:

1)Gradually approach the conductor car to the energized simulated conductor along the
actual operational path until arc discharge occurs. Record the initial discharge distance and
maintain this position for no less than 10 seconds.

2)Reduce the discharge distance with adjustment steps not exceeding 10 mm. After each
adjustment, maintain the position for no less than 10 seconds until the conductor car contacts
the conductor and achieves an equipotential state.

3)Activate the conductor car’ s operational mode after entering the equipotential state
and maintain this state for 3 minutes.

4)The conductor car shall not exhibit functional failure, component damage, or
operational interruption during the test.

IV. FIELD APPLICATION

This research aims to address critical technical challenges in achieving safe, efficient and
reliable inspection and live working for high-voltage transmission lines ranging from 220 kV
to 1000 kV (Ultra-High Voltage), thereby providing effective technical solutions for grid
reliability and economic operation.

The designed conductor car has been industrialized and implemented. Fig. 7-8
respectively show the appearance of the designed conductor car and its application in the
field. After completing type testing in December 2015, validation applications were conducted
on 220 kV and 500 kV transmission lines in Jiangsu and Wuhan, China. Developed through
on-site validation has achieved the expected objectives. Subsequently, the designed conductor
car has been deployed for practical application in Jiangsu, Hubei, and other provinces. Field
operational results confirm that the system fully satisfies live working requirements,
meanwhile significantly enhancing operational efficiency, safety reliability, and power supply
reliability.
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Fig. 8. Application of the Designed Conductor Car

Building upon the design of conductor car, this research initiative has spearheaded the
formulation and revision of Chinese national standards and industry specifications. The
technical outcomes have been incorporated into the National Electric Power Industry
Standard Conductor Cars for Live Working (DL/T 636-2017).

V. FIELD APPLICATION

This paper presents the design methodology and field validation of a novel electric conductor
car for live working. Featuring safety protocols and adaptive capabilities to ensure operational
safety during live working maintenance, coupled with high-performance line-traversing
mechanisms, the system effectively addresses global technical limitations in transmission line
inspection equipment—including complex obstacle negotiation mechanisms, inadequate
reliability, and incompatibility with multi-type bundle conductors. The designed conductor
car overcomes design constraints in current mechanical structures and obstacle clearance
systems, providing robust technical support for grid inspection advancements while
demonstrating significant potential for widespread adoption.
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