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This work is about development of a helically wound superconducting cable
production system.

Integrates multi-axis motion control and tension-adjustable winding.

High-energy physics requires high-current, low-loss superconducting cables;
Particle accelerators, Fusion reactors, Large-scale detectors, etc.

Current cable production faces challenges:
— Mechanical deformation of brittle superconductors,
— Limited helix angle & tension control,
— Difficulty in achieving industrial-scale precision
— Cost
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SUPERCONDUCTIVITY

- Superconductivity is a state in which certain materials lose all electrical resistance
at extremely low temperatures, allowing them to carry high currents, thus
producing high magnetic field.
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SUPERCONDUCTIVE CABLE

These materials can transmit electrical current without
any energy loss, but need to be cool down to the liquid
nitrogen temp.

- They are created by winding superconductive wire to
copper pipe.

Superconductive m—)
Liquid Nitrogen

Superconductive

Helical Angled Superconducting Winding
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APPLICATIONS OF SUPERCONDUCTING CABLE

HEALTH

Magnetic Resonance Imaging (MRI) Systems

ENERGY

Power Lines, Electric Motors, Transformers

DEFENCE INDUSTRY
Magnetically LaunchedMissiles and

Spacecraft

TRANSPORTATION
High-Speed Train Technologies

INFORMATION TECHNOLOGIES

Supercomputers (1000x Faster)

ENERGY STORAGE

Superconducting Magnetic Energy Storage

SPACE TECHNOLOGIES
In high-power demanding areas of space

exploration

PARTICLE ACCELERATORS
CERN Research Center
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Superconductive cables production

- CORC (Conductor on Round Core) Technology

— Reported in several studies as promising for
high-current transport.

— Demonstrated improved bending tolerance and
mechanical robustness.

— Applied in fusion magnet prototypes and
accelerator cable tests.
- Key Findings in Literature

— Controlled winding tension is critical to prevent
tape damage.

— Maintaining helix angle precision is a major

- Companies about winding machines
— Ridgway Engineering

challenge. — Supertek GmbH
— Scaling to industrial production quality is going — Broomfield USA
on development. — Showmark, LLC
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OBJECTIVE OF THE SUPERCONDUCTING CABLE PRODUCTION SYSTEM

Superconducting cables, classified as high-tech products,
— are produced and used by only a few countries in the world.

Our system is based on CORC cable technology.

« Our goal in this project is

— To develop a precision-controlled and fast response manufacturing platform for helically

wound superconducting cables that ensures mechanical stability and adjustable to
different copper diameters,

— to produce the first commercial superconducting tube cable in our country,
— and then make it national by incorporating innovations, ultimately exporting it abroad.
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System Design

« Consists of 4 modules
2x8-axis synchronized motion system.

- Configurable winding parameters:
— Helix angle: 10°-75°
— Diameter range: 6—-25 mm
- Integration of 16 independent tensioning units.

Flattening and o Labeling and Pulling
Pushing Module Winding Modules (+HMI) Module

s . .| . ..\
minlemlel| ol wd| ol nd
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System e5|gn. Four Modules

. . .. |

Pushing Module

l’ m .\ !
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Modul 1: Flattening and Pushing Module

The input: Hollow copper pipe
The output: Straightened pipe
{2444

Horizontal straightening
Vertical straightening
Pushing

Precision straightening
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- The input: Straight copper pipe
and superconductive wire.
- The output: Winded cable.

- Each module has

— Up to 4x2 helix winding tape
« Currently

— 3x1 helix for SC wire winding

— 1x1 Kapton tape winding
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I\/Iodul 4: Labeling and Pulling Module

The input: Winded cable.
The output: Labeled Superconductive cable.

1. Labeling system (Optional)
2. Pulling system (can work in both direction)

A sign is printed at a certain distance depending on
the configuration.
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Main Controller and Human Machine Interface (HMI)

TrioMotion Controller is used as main controller

[ )
- Weintek HMI is used for visualization.
MANUEL
« All servo motors are controlled with TrioMotion
" METHOD
controllers.
- However, winding control mechanisms are
[ ] L] .
independent from TrioMotion.
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Winding Control Mechanism

Adaptive Controlled Tension System

Compact Design
Stand Alone Control (independent from main controller)
Modbus— WiFi (with ModBus protocol)
Adaptive PID - Fuzzy Control

Torque control — Speed Control Modes
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Winding Control Mechanism

cm
Z7
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Adjustable tension control (10-20 Nm).

Indirect measurement with pot resistors on pulley.
Real-time monitoring of mechanical stress.
Compatible with stepper and BLDC motors.
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Features

- SUPERCONDUCTING CABLE PRODUCTION SYSTEM

Austomlzabk

Tension System

m;mm Domestic . . Winding
— =7 Software and Domestic Adjustable capacity at a
Circuit Design Production Winding Speed / '\ speed of 3
Support . m/min.

A "‘ll.

Space- ‘ ) o Winding
saving Modular and High Winding with a
modular Compact Design Precision precision of
structure 0.1 mm

Material Variety

Wlnd different
materials
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- Some superconducting wires have winding angle
limits. Can be deformed depending on angle.
— Therefore, they cannot be wound on thin wires.

A

Problems

E

Placement of initial position.

« Communication between "Winding Control
Mechanism™ and HMI: Wired Modbus to Wi-Fi (solved)

- Controlling the dynamic "Winding Control Mechanism’
in constant torque. (ok, can be better)
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- Key innovations of the system include

— 16 independent winding (tensioning) units (currently using 8 of
them),

— Adjustable tension control mechanism (with a range of 10—-20 Nm),
— Multi-axis synchronization (7-axis motion control in 4 modules),

— Configurable winding parameters (helix angle between 10°-75°,
diameter range of 6-25 mm) .
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This system enables next-generation superconducting cable manufacturing for
high-energy physics.

The system enables superconducting cable production with minimal mechanical
deformation and industrial quality.

- Enhances precision and provides a strong foundation for integration into large-
scale projects.

« Future Work
— Implement laser-controlled winding systems.
— Explore reduced-pulley designs.
— Test and compare alternative control methods.
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« A venture firm established in
2021.

« With the grant for sensor

production in  agriculture
from TUBITAK. , S e
« TUBITAK (Scientific and . ] [ N CE AR GE

Technological Research Council
of Turkiye).
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STU I FROM DESIGN TO PRODUCTION

TENSILE SYSTEM DESIGN
AND PRODUCTION MAGNETIC LEVITATION

DEVICE

NANO FIBER COATING
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FROM DESIGN TO PRODUCTION

TENSION SYSTEM
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Thank you for listening
? A
RECEPTA\YYiP lNCE ARGE

We are open for collaboration
on Mechanical Designs,

Special Electronic Card Design and
Microcontroller Software

yasin.karan@erdogan.edu.tr
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