Comprehensive Guide and Instruction
Manual to Laser Cutting Machines

This document provides a detailed overview, operational instructions, and safety
guidelines for various types of laser cutting machines, categorized by their light
source and mechanical structure.

I. Laser Source Types: Mechanism, Operation, and
Materials

The laser source is the heart of the machine, determining the material compatibility
and cutting power.

1. Fiber Laser Cutter

e Mechanism: Generates a high-intensity laser beam within an optical fiber,
which is then amplified and delivered to the cutting head. The light is a
short-wavelength (around 1.06 um) beam, which is highly effective at being
absorbed by metals.

e How to Use:

a. Design: Create or import a vector file (DXF, Al, SVG) into the machine's
control software.

b. Setup: Place the metal sheet (steel, aluminum, brass) securely on the
cutting table. Set the correct focal length, nozzle type, and cutting
parameters (power, speed, assist gas pressure, and pierce time) based
on the material and thickness.

c. Operation: Ensure the assist gas (Oxygen for thick steel, Nitrogen for
stainless steel/aluminum) is active. Close the safety enclosure. Start the
cutting program from the control panel.

e Best For: Metal cutting (Steel, Stainless Steel, Aluminum, Brass, Copper,
Titanium). Known for high precision, speed, and low maintenance.



2. CO2 Laser Cutter

Mechanism: Uses a gas mixture (typically carbon dioxide, nitrogen, and
helium) excited by an electrical discharge to produce a laser beam at a long
wavelength (10.6 um). This wavelength is readily absorbed by non-metallic
materials. The beam is directed to the cutting head via a series of mirrors.
How to Use:

a. Design: Prepare a vector design in the software.

b. Setup: Secure the non-metal material (wood, acrylic, plastic) on the bed.
Adjust the focal lens and cutting parameters (Power and Speed). Lower
power/higher speed is used for engraving, while higher power/lower
speed is used for cutting.

c. Operation: Activate the air assist (to prevent flames) and the
ventilation/exhaust system (critical for removing smoke and potentially
toxic fumes from plastics). Start the job.

Best For: Non-metals like wood, acrylic, plastics, leather, fabric, paper, glass
(engraving only). It is the most common and versatile non-metal laser.

3. Diode Laser Cutter

Mechanism: Uses semiconductor diodes to directly produce a laser beam. This
is a solid-state technology, making the machines compact and relatively
affordable. The typical wavelength is 450nm (blue light).

How to Use:
a. Design: Use simple design software that interfaces with the desktop
machine.

b. Setup: Place the hobby material (thin wood, dark acrylic, cardstock)
under the laser head. Manually or automatically set the focus.
c. Operation: Always use the supplied safety goggles as enclosures are
often incomplete. Monitor the cut closely.
Best For: Affordable, smaller-scale projects, hobbyists, crafts, engraving. Less
powerful and slower than CO2/Fiber lasers, and often limited in material
depth/type.

4. Nd:YAG Laser (Neodymium-doped Yttrium Aluminum Garnet)

Mechanism: A solid-state laser using a crystal rod (Nd:YAG) as the gain
medium. It produces a high-intensity beam at a shorter wavelength (1.064 um)
than CO2 lasers, making it excellent for metal processing. It can operate in
continuous wave (CW) or pulsed modes.
How to Use:
a. Setup: Similar to Fiber Lasers, focusing on high energy density for
cutting or welding metals. Precision alignment of the beam path is
crucial.



b. Operation: Used extensively in industrial settings requiring high-speed,
high-power metal cutting, often for thicker materials than a low-power
fiber laser.

Best For: Solid-state, high-intensity metal cutting, drilling, and welding.

5. UV Laser Machine

Mechanism: Uses a gas or solid-state medium to produce a laser beam in the
Ultraviolet spectrum (e.g., 355nm, 266nm). Due to the very short wavelength,
the laser processes material by photo-ablation (breaking molecular bonds)
rather than thermal melting, resulting in a cleaner, heat-stress-free cut ("cold
processing").
How to Use:
a. Setup: Requires extremely precise focusing optics due to the
micro-scale nature of the cuts.
b. Operation: Used for applications where minimal heat-affected zone
(HAZ) is required. The material is vaporized without melting.
Best For: Precision marking, micro-cutting, delicate materials, transparent
materials, PCB cutting, and thin film processing.

6. Excimer Laser

Mechanism: A type of gas laser using a mixture of an inert gas (like Argon,
Krypton, or Xenon) and a halogen gas (like Fluorine or Chlorine) to form an
'excimer' (excited dimer). It produces deep UV light (157nm to 351nm) and
operates in a pulsed mode.
How to Use:
a. Setup: Due to the hazardous gases involved, these machines are
complex, high-cost industrial units.
b. Operation: Used for highly specialized applications requiring ultra-fine
feature size and cold ablation on organic materials and polymers.
Best For: Specialized, micro-cutting and etching, especially in microelectronics
and ophthalmology.

7. Fiber/CO2 Hybrid Laser

Mechanism: Integrates both a Fiber laser source (for metals) and a CO2 laser
source (for non-metals) into a single machine, allowing the operator to switch
between the two cutting heads or paths.

How to Use:

a. Switching: The control software manages which laser source is active.
Users must ensure the correct focal length, nozzle, and assist gas are
selected for the active laser.

b. Versatility: Offers the flexibility to process a wide range of materials
without needing two separate machines.



e Best For: Versatile, dual-purpose industrial workshops needing to cut both
metal and non-metal materials.

Il. Structural and Design Types: Layout and Movement

The mechanical structure dictates the size of the workable area, the type of material
(flat sheet vs. pipe), and the movement speed.

Machine Type

Description

Movement Mechanism

Typical Application

Flatbed Laser Cutter

Standard design with a large,
fixed table. The cutting head
moves in the X and Y axes over
the stationary material.

Gantry system (see #15) or
flying optics (where the beam
moves)

Sheets of material (metal,
wood, acrylic)

Tube/Pipe Laser Cutter

Specialized machine with a
chuck/rotary system to hold
and rotate cylindrical materials.

Rotary chuck and dedicated
axis (often 'A' or 'C') to spin the
material, while the laser head
moves axially.

Cutting and notching pipes,
tubes, and other cylindrical
stock

Sheet & Tube Combo Laser

Combines a flatbed for sheets
and an attachable or integrated
rotary chuck system for
tubes/pipes.

Dual system: Gantry for flat
work, Rotary chuck for tube
work.

Workshops with varied metal
fabrication needs

Desktop Laser Cutter

Small, compact machine with a
reduced work area, designed
for small workshops or home
use.

Small-scale gantry or cartesian
system

Hobby crafts, small
engraving/cutting jobs (usually
CO2 or Diode)

Handheld Fiber Laser

A portable laser unit where the
operator manually guides the
laser head over the material.

Handheld unit;
operator-controlled movement

On-site metal welding,
cleaning, and sometimes thick
material cutting (requires
immense safety precautions)

Portable/Portable Diode Laser

Lightweight, compact, often
foldable gantry systems,
typically using a Diode laser
source.

Small gantry, designed for easy
setup and transport

Hobbyists, events, and
temporary small projects

Galvo Laser Marker

Uses high-speed galvanometer
mirrors to rapidly direct the
laser beam across the work
area. The head is stationary,

Dual-axis galvanometer mirrors
for high-speed beam steering.

High-speed marking,
engraving, and light cutting on
small parts (e.g., product
serialization)




Machine Type

Description

Movement Mechanism

Typical Application

and the mirrors do the
movement.

Gantry Laser Machine

Refers to the motion system
where the cutting head is
mounted on a bridge-like
structure (gantry) that moves
along the length of the
machine (Y-axis), while the
head moves across the bridge
(X-axis).

Stepper or Servo motors
driving a belt/rack and pinion
system.

Large format cutting, high
precision in CO2 and Fiber
flatbed cutters

lll. Application-Specific Types

These machines are specialized versions of the core laser types, optimized for
specific materials.

Machine Type

Base Laser Type

Optimization Focus

Notes on Operation

Metal Sheet Laser Cutter

Fiber or Nd:YAG

High power, large bed size,
automated material
loading/unloading.

Requires high power (kW
range) and appropriate assist
gas for maximum efficiency
and cut quality on thick metal
sheets.

Fabric Laser Cutter CO2 Large cutting area, conveyor Low-power, high-speed cutting
belt system, vacuum bed for and scoring. Vacuum is critical
holding flexible materials flat. to prevent material distortion.

Paper/Cardboard Laser Cutter CO2 or Diode Very low power, high-speed Minimal power settings are
vector cutting and creasing used to prevent scorching or
capabilities. burning the paper.

Acrylic Laser Cutter CO2 High beam quality and specific  Optimized settings (often
focus lenses to achieve slower speed, moderate
flame-polished edges. power) are used to melt and

vaporize the material without
leaving rough edges.

Wood Engraving/Cutting CO2 or Diode Versatility in power and speed  Ventilation is paramount due to

Laser settings for deep cutting or the high volume of smoke

detailed engraving.




Machine Type

Base Laser Type Optimization Focus Notes on Operation

produced. Autofocus is useful
for variable thickness wood.

Laser Gasket Cutter Cc02 Precision control for Often uses a vacuum
non-contact cutting of soft, hold-down to ensure the
flexible, or delicate sealing material does not shift during
materials. the cut.

Glass Laser Cutting Machine CO2 or UV Utilizes micro-fracture or Very slow speed and precise
high-precision ablation to cut focus are needed. Often, a
brittle materials without specific chemical or thermal
chipping. process is involved to control

the fracture.

PCB Laser Cutter UV Laser Non-contact depaneling and The UV laser's cold processing

drilling of printed circuit boards
with high accuracy.

minimizes damage to delicate
electronic components near
the cutting line.

IV. General Laser Cutter Operation and Safety Procedures

Pre-Operation Checklist

1.

File Preparation: Ensure the design is a closed-loop vector path for cutting, or a
raster image for engraving.

Material Prep: Verify the material type and thickness match the cut parameters.
Secure the material on the bed.

Optics: Check that the lens and mirrors are clean and properly aligned
(especially for CO2 systems).

Cooling System: Confirm the chiller or water pump is running and the
temperature is within the safe range.

. Assist Gas: Verify the correct gas (Air, 02, N2) is connected and set to the

required pressure for the material.
Exhaust/Ventilation: Ensure the fume extraction system is on and functioning
correctly.

Standard Operating Procedure

1.
2.

Power On: Turn on the main power and then the laser source/chiller.
Focus: Manually or automatically set the focus distance (Z-axis) for the material
surface.



Parameter Setting: Load the optimized cutting/engraving parameters (Power
%, Speed, Frequency, Air Assist/Gas Pressure) into the controller.
Homing/Origin: Set the starting point (origin) for the job on the machine bed.
Test Run (Optional but Recommended): Run a low-power perimeter check to
ensure the path stays within the material.

Execution: Start the job and monitor the cutting process. Never leave a laser
cutter unattended during operation.

Power Off: Once complete, power off the laser, then the chiller, and finally the
main power. Allow the ventilation to run for a few minutes after the job is done
to clear remaining fumes.

Critical Safety Guidelines

Eye Protection: NEVER look directly at the laser beam. Always wear the correct
wavelength-specific safety glasses (OD rating) if the machine is not fully
enclosed.

Fire Safety: Keep a fire extinguisher (CO2 or dry chemical) nearby. Monitor
materials that are prone to flare-ups (like wood or acrylic). Never cut PVC/Vinyl
as it produces highly toxic, corrosive chlorine gas.

Fume Management: Always use a functioning, high-capacity fume extraction
system. Ensure the exhaust vents outdoors or through a properly maintained
filter system.

Enclosures: Always keep the safety enclosure door closed during operation.
The machine should automatically pause the job if the door is opened.

Material Compatibility: Only cut materials that are known to be safe for the
specific laser type (e.g., do not attempt to cut thick metal with a low-power
Diode laser). Consult the Material Safety Data Sheet ( D File Material Safety
Data Sheet Guide) for unfamiliar materials.

Electrical Safety: Ensure the machine is properly grounded and all electrical
connections are secure.

The next steps for full operational training should involve a scheduled session on the
machine's specific control software. Please check the training calendar for the next
available event: & Calendar event Laser Cutter Operational Training.
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