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The landscape of industrial metal fabrication has undergone a seismic shift with the advent of high-power fiber
laser technology. Among the leaders in this technological evolution is the Bystronic ByStar Fiber series, a platform
designed to bridge the gap between high-speed precision and heavy-duty plate processing. This technical guide
explores the intricate mechanics, operational protocols, and engineering principles that define the ByStar Fiber
systems, providing a deep dive into how 20 kW power levels are transforming modern manufacturing.

1.Theoretical Framework: The Physics of Fiber Laser Cutting

To understand the performance of the ByStar Fiber, one must first grasp the underlying physics of fiber laser
generation compared to traditional CO2 systems. A fiber laser uses an active gain medium consisting of an optical
fiber doped with rare-earth elements, typically Ytterbium. This allows for a wavelength of approximately 1.07
microns, which is ten times shorter than the 10.6 microns produced by CO2 lasers.

Wavelength and Absorption Dynamics

The shorter wavelength of the fiber laser results in a much higher absorption rate in metallic materials, particularly
reflective metals like aluminum, brass, and copper. When the beam hits the surface, the energy is absorbed more
efficiently at the atomic level, leading to a faster transition from solid to molten state. This efficiency is the primary
driver behind the "high-speed" designation of the ByStar series. In the context of the ByStar Fiber 20 kW, the
power density is sufficient to maintain a stable kerf even in thicknesses up to 50 mm.

Beam Parameter Product (BPP)

The quality of a laser beam is measured by its BPP, which is the product of the beam radius at its narrowest point
(the beam waist) and the beam divergence half-angle. A lower BPP indicates a higher-quality beam that can be
focused to a smaller spot. The ByStar Fiber utilizes advanced optics to maintain a consistent BPP across the entire
cutting area, ensuring that the precision at the edges of a 4020 (4 meter x 2 meter) bed is identical to the center.

2. Technical Specifications and Machine Architecture

The ByStar Fiber series is built on a high-rigidity bridge-style frame designed to handle the extreme accelerations
required by high-speed fiber cutting. The ByStar 4020model specifically refers to its nominal sheet size capacity of
4000 mm by 2000 mm.

Key Hardware Components

e Laser Source: Solid-state fiber laser up to 20 kW power.

e Cutting Head: The ByStar utilizes the SSC2 (Smart Cutting Head), which features automated focal position
adjustment and zoom optics.

¢ Drive System: High-performance linear motors or rack-and-pinion systems capable of high positioning speeds
on the X andY axes.

¢ Cooling Unit: A high-capacity chiller designed to maintain the thermal stability of both the laser source and the
optical elements.



Comparative Analysis of Laser Sources

The following table illustrates the performance metrics across different power iterations of the ByStar Fiber series
as compared to legacy CO2 technology.



Metric CO2 Laser (4.4 kW) ByStar Fiber (10 kW) ByStar Fiber (20 kW)

Max Cutting Speed (Thin Moderate Very High Extreme

Sheet)

Max Thickness (Steel) 20-25 mm 30 mm 50 mm

Energy Consumption High Low Moderate-Low (Per Part)
Wall-Plug Efficiency ~10% ~30-35% ~35-40%

Maintenance Interval Frequent (Optics/Gas) Low (Solid State) Low (Solid State)

3. Operational Mechanics: The Cutting Process

Operating a ByStar Fiber machine involves more than simply hitting a start button. According to the Bystronic
Basic Applications Manual, the process is a synergy of beam characteristics, assist gas dynamics, and material
science.

The Role of Assist Gases

The choice of assist gas—typically Nitrogen (N2) or Oxygen (O2)—drastically changes the cutting mechanism:

* Nitrogen Cutting (Fusion Cutting): Used primarily for stainless steel and aluminum. The laser melts the metal,
and the high-pressure nitrogen blows the molten material out of the kerf. Since nitrogen is inert, it prevents
oxidation, resulting in a clean, weld-ready edge.

* Oxygen Cutting (Flame Cutting): Primarily used for carbon steel. The oxygen reacts with the heated metal
(exothermic reaction), adding extra thermal energy to the process. This allows for cutting thicker materials with less
laser power but leaves an oxide layer that must be removed before painting or welding.

Mathematical Modeling of Cutting Speed

The cutting speed (v) can be modeled as a function of laser power (P), material thickness (d), and the material-
specific constant (k):

v=k*(P/d"n)

In this model, n typically ranges between 1 and 1.5. For a 20 kW system, the power P is sufficiently high that v
remains economically viable even as thickness dapproaches 50 mm. This is the core advantage of the ByStar 20
kW over the older 4.4 kW models mentioned in technical documentation.

4. Step-by-Step Procedure: Daily Startup and Calibration

To ensure technical accuracy and machine longevity, operators must follow the protocols outlined in the Operator's
Manual BYSTAR. Failure to perform these tasks can lead to beam misalignment or component failure.

Daily Checklist

1. External Inspection: Check for any debris on the shuttle table or near the light barriers.

2. Chiller Verification: Ensure the cooling water levels are adequate and the temperature is within the nominal
range (usually 20-25°C).

3. Gas Pressure Check: Verify that the supply pressures for Nitrogen and Oxygen meet the machine's
requirements. A common error, as noted in field reports, is the "Operating pressure not being reached" alarm, often



caused by a bottleneck in the supply line or a faulty regulator.

4. Nozzle Centering: The nozzle must be perfectly centered with the laser beam. This is typically done by firing
a low-power pulse onto a piece of thermal tape and adjusting the manual or automated centering screws.

5. Focus Calibration: Use the internal software routines to calibrate the focus position relative to the nozzle tip.

5.Troubleshooting and Engineering Challenges

Advanced fiber lasers are complex systems where small deviations can lead to significant downtime. Technical
users frequently encounter specific errors related to gas dynamics and optics.

Case Study: Operating Pressure Failure

An operator reports that the By Star 4020 starts with adequate pressure but fails shortly after the cutting process
begins. From an engineering perspective, this suggests a dynamic pressure drop. While the static pressure
(when gas is not flowing) is correct, the flow rate required during the cut exceeds the supply capacity.

Solution Matrix for Pressure Issues:



Symptom Potential Cause Corrective Action

Sudden pressure drop during cut Undersized piping or regulator Increase diameter of supply lines or
upgrade regulators.

"Gas Pressure Low" Alarm at startup Empty tank or closed valve Check gas supply manifold and tank
levels.
Fluctuating pressure during cut Proportional valve malfunction Inspect and clean the internal gas

control valve assembly.

Nozzle icing (N2) Extremely high flow rate / low ambient Install a gas heater to the nitrogen
temp line.

Optics Contamination

Even though fiber lasers are "maintenance-free" compared to CO2, the protective window(the final optical
element) is a consumable. Dust or metal splatter can cause the window to absorb laser energy, leading to thermal
shift or catastrophic failure. The ByStar system includes sensors to monitor the health of the protective glass, but
manual inspection is still recommended every 8-10 hours of operation.

6. Laser + Automation: The Future of Throughput

A machine as powerful as the ByStar Fiber 20 kW can cut material faster than a human operator can load and
unload sheets. This necessitates the LASER + AUTOMATIONintegration mentioned in the Bystronic technical
literature.

Automated Material Handling

Systems like the ByTrans and ByTower allow for autonomous operation. The cycle involves:

¢ Loading: Suction frames pick up a raw sheet and place it on the shuttle table.

¢ Scanning: The machine uses an optical sensor to locate the edges of the sheet (remapping the coordinate
system).

e Cutting: High-speed execution of the nested program.

¢ Unloading: A fork system removes the cut parts and skeletons, placing them on a finished parts pallet.

This automation reduces the Non-Value Added Time (NVAT), ensuring that the high-capital investment of a 20 kW
fiber laser is maximized through 24/7 production cycles.

7. Facility Requirements and Safety Protocols

Installing a Bystronic ByStar system requires significant infrastructure planning. According to the Bystar
Datasheet, the floor must be a reinforced industrial floor according to the specific assembly plan to prevent
vibrations that could affect cutting precision.

Safety Systems

Fiber laser radiation is particularly dangerous to human eyesight because the 1.07um wavelength is easily focused
by the human eye's lens onto the retina, causing permanent blindness. Safety features include:

* Fully Enclosed Cabin: The machine is housed in a light-tight enclosure with specialized safety glass.
 Light Barriers: Optical sensors (Penghalang lampu pengaman) that trigger an emergency stop if a person



enters the work zone during operation.
e Fume Extraction: High-power lasers generate significant volumes of fine particulate matter. A multi-stage
filtration system is required to maintain air quality and prevent contamination of the machine's internal optics.

8.The Economic Impact of 20 kW Technology

While the initial acquisition cost of a high-power ByStar Fiber is significant, the cost-per-partis dramatically lower
in high-volume environments. By increasing the power from 10 kW to 20 kW, a manufacturer can often double the
cutting speed in medium-thickness materials (10 mm to 20 mm). This throughput allows a single machine to
replace two or three older units, reducing footprint, labor costs, and energy consumption per unit produced.

Synthesizing Technical Excellence

The transition from the older ByStar 4020 CO2 models to the modern ByStar Fiber 20 kW represents a
fundamental shift in how metal is processed. For the technical professional, mastering this equipment requires an
understanding of laser physics, gas dynamics, and automated workflows. By adhering to the rigorous maintenance
and operational standards found in the Operator's Manual and utilizing the massive power density of the fiber
source, manufacturers can achieve levels of precision and productivity that were previously unattainable. As fiber
technology continues to mature, the focus will shift further toward software integration and Al-driven process
optimization, yet the core mechanics of the ByStar Fiber—power, speed, and precision—uwill remain the foundation
of the fabrication industry.
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