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Satety Warning:

B

Looking for financing or eager to buy, contact Sales:

Do not leave your machine unattended.

Avoid using materials made of carbon or that contain carbon
components.

Always keep a fire extinguisher and first aid kit nearby.

Do not attempt to access any electrical areas while the
machine is on. Unplug the machine and wait for an hour
before accessing panels.

Never stare directly into the laser when running a project.
Always wear the provided safety goggles.

Inspect your machine before each use. Do not use if the
machine or its accessories are damaged in any way.

Always maintain a clean work area.

M-F 8AM-5PM PST

sales@fslaser.com

“ 702-802-3101

Need help, visit us at our Help Center or contact Support:

;@ M-F 8AM-5PM PST
S support@fslaser.com

702-802-3103
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Foreword
Thank you for choosing to use the CN series fiber cutting machine produced by FULL
SPECTRUM. We will provide you with comprehensive after-sales service and solutions.

Please keep this manual and other accessories in good condition so that you can use this

product better.

This manual is only applicable to the standard configuration of our products. For special

customized products, please read the attached instructions carefully.

This manual will provide you with instructions on how the product works, how to install it,
how to use it, how to troubleshoot it, how to transport it, how to maintain it, and how to
maintain it. If you are using this product for the first time, please be sure to read this
manual in detail. Improper use may cause the machine to operate abnormally. Failure,
lowering the service life, and even equipment damage. Personal injury or death!

Due to the continuous improvement of the products, the products you receive may differ
from the statements in this manual in some respects. Apologize!

In order to use this product quickly and effectively, the operator must have the following
conditions:

First : The operator needs certain computer expertise, and will use the relevant editing and
drawing software. The operating system supports Al. DXF. PLT. Gerber. LXD and other
graphic data formats, accepting international standards generated by software such as
MAster Cam, Type3, JDPaint, and Wentai. G code.

Second: Before using this equipment, please master the operation methods of the
equipment and understand the operation status of each part of the equipment. The
correct operation is an effective measure to ensure the normal operation of the equipment

and personal safety.

The operator of the laser cutting machine must be specially trained to a certain level and

can be put into operation with the consent of the safety administrator.

The operator of the laser cutting machine or the person approaching the laser during the
use of the laser should wear appropriate laser protective glasses. In the area where the
protective glasses are worn, there must be good indoor illumination to ensure smooth

operation of the operator.
sales@fslaser.com Phone: (702) 802-3101



http://www.fslaser.com/helpcenter
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Chapter 1: Overview

Laser cutting is a highly advanced processing method used in the machining of metal materials. The CN series fiber
laser cutting machines produced by our company utilize globally renowned brands of fiber lasers, laser cutting heads,
linear guides, rack and pinion systems, servo motors, numerical control systems, and other premium components.

The machine bed is constructed from a high-strength, integrally welded body. Following high-temperature annealing and
precision machining with large CNC gantry milling machines, the bed offers excellent rigidity, stability, and shock
resistance.

The beam is made from aerospace-grade aviation aluminum, formed through 4300 tons of high-pressure extrusion
molding. After undergoing aging treatment, its strength can reach 6061 T6-the highest strength among gantry materials.
Aviation aluminum offers numerous advantages, such as good toughness, light weight, corrosion resistance,
anti-oxidation, low density, and significantly increased processing speed.

All pneumatic components are imported to ensure advanced and reliable performance. The air circuit is designed to
support three different cutting gases, which can be freely selected. The entire pneumatic system is built to withstand
high pressure. When using nitrogen as an auxiliary gas to cut metal materials, the nitrogen pressure can reach up to 3
MPa.

To ensure the stability of the pneumatic system, high-quality imported components are employed to greatly enhance
system reliability.

The principle of laser cutting involves using a focused fiber laser beam. By utilizing optical fiber transmission, this
method provides high flexibility, fast speed, low fault rates, reduced maintenance costs, ease of use, and high
photoelectric conversion efficiency. It is widely used in industries such as metal crafts, hardware manufacturing,
precision machinery, automotive parts, sheet metal processing, and others.

Note: The selected laser power should be determined according to the thickness of the material to be cut.
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Chapter 2: Safety Instructions and Precautions

2.1 Security Management Notice

Before operating the machine and performing routine maintenance, the operator must read this section carefully to
understand the machine safety precautions and requirements, and to comply with the relevant safety precautions.

1. Designate a security administrator to determine the scope of their duties and provide training to laser operations
personnel for safe operation and safety protection.

2. Specify the laser safety management area, and set warning signs at the entrance and exit of the management area.
This includes: laser processing machine power, laser type, prohibiting outsiders from entering, and reminders to protect
the eyes. Also display the name of the safety management personnel.

3. The operator of the laser processing machine must be specially trained to reach a certain level and put into use only
with the consent of the safety administrator.

4. The main harm of lasers to the human body is to the eyes and skin. Any part of the body exposed to the laser can
cause burns. Avoid placing any part of your body in the working light path of the laser device to prevent injury from
misuse.

2.2 Laser Safety Protection

The operator of the laser cutting machine, or any person approaching the laser during operation, should wear laser
protective lenses with a wavelength rating of 1064 um. The area where protective lenses are used must be well-lit to
ensure smooth operation.

Do not place any part of your body under the beam, as it can cause burns or be life-threatening. No one should ever
face the laser (including the red indicator light) when it is active.

When the shutter is opened, humans and non-working objects must not be exposed to the laser. It is strictly forbidden
for the operator to ieave during machine operation. If an abnormality occurs while using the machine, immediately press
the emergency stop switch.




Chapter 2: Safety Instructions and Precautions (Continued)

The cooling water temperature and the auxiliary gas pressure should be checked frequently during use. Operate the
equipment with the operation permit and observe the safety operation procedures. It 1s strictly forbidden for unauthorized
personnel to operate.

The laser of this equipment is a Class IV laser product. The fiber laser is invisible. The beam emitted by the lens, the
retlection of the lens, and the diffuse reflection of the light may cause damage to the human body (especially the eyes).
Personnel must pay attention to safety and take precautions to prevent fire hazards.

Exhaust gas generated during laser cutting 1s harmful to the operator. Ensure that the equipment's dust suction device 1s
operating properly and that the worksite 1s well-ventilated.

2.3 Electrical Safety Precautions

Do not touch any switches with wet hands to avoid electric shock. Parts of the machine marked with warning signs
indicate high-voltage electrical components. Operators should be cautious when near or repairing these parts to avoid
electric shock. Examples include the protective cover of the servo motor, equipment transformer, and electrical cabinet
door.

Read the machine manual and electrical schematics thoroughly to understand the functions and key operation methods.

Do not change machine parameters without proper authorization. Changes must only be made by trained personnel and
approved professionals. Bocument the original values before making changes in case restoration is needed.

Processing lasers typically use voltages of several thousand to tens of thousands of volts. Ensure safety measures are
in place to guard against potential X-ray hazards from high-voltage laser components.

Avoid touching live electrical cabinet components during power-on. This includes numerical control devices, servos,
transformers, and fans.

Warning!

After powering off, wait at least S minutes before touching any terminal. Residual high voltage may still be present even
after shutdown. To avoid electric shock, do not touch immediately.
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Oxygen 1s often used in laser cutting, and sparks are splashed during cutting.

Oxygen 1s a danger of fire. Therefore, there should be no tlammable or explosive

materials in the work area, and appropriate preventive facilities, such as fire

extinguishers.

2.4 Preparation materials before installation

item name Specification unit | Quantity Note
L. 1. S00W-1500W: 40 liters
Deionized
- 2. 2000W-3000W: 70
water / distilled i
1 . 18 liters / barrel liter 4 liters
water / purified X
3.4000W: 120 liters
water .
4:6000W: 160 liters
2 Nitrogen Nitrogen purity 299.9% 1 Not less than 4 bottles
Batch
3 oxygen Oxygen purity 299.9% 1 Not less than 2 bottles
Batch
4 air switch 4P/AC 220V/63A piece 1 Machine mains power
h] air switch 3P/AC220V/50A plece 1 Chiller
6 air switch 3P/AC220V/32A piece 1 Exhaust fan
Laser cutting machine power
input
D+ 500W-750W:20KVA
20KVA~100KVA —
7 Power Supply G20V set 1 (2). 1000W-1500W:30KVA
B (3). 2000W-3000W: SOKVA
(4)+ 4000W: 80KVA
CS:\ 6000W: 100KVA.
Air Need to remove oil and
8 set 1 Output pressure = 2Mpa
compressor remove water
High precision oil
9 Dryer set 1
water separator
Copper or galvanized. The machine host needs 2
10 Ground pin length > 1.5 m. piece 3 pieces:
diameter > 15 mm Laser source need 1 piece.
X meter / minute. Used in combination with
11 Vaporizer . prece L .
Withstand voltage 4.0 liquid nitrogen and liquid




MPA

axyEen

Nitrogen
pressire
reducing valve

(msed abroad)

piece

Enter: >=15MPa,
OMPa

Output: (0.2

Oxygen
pressire

reducing valve

{nzed abroad)

piece

Enter; >=13MPa,
Output: 0.05-1.5MPa.

2.5 Workshop size preparation before installation

Fignre WIF 1330 size chart

4085

360.43

Note: The ground level is not more than * 10mm and can withstand more than 6 tons
of heavy objects. The thickness of the concrete on the entire installation surface of the
bed and the table legs shall not be less than 200mm. the compressive strength shall
not be less than 30N/mm?2. and the load shall be greater than 30KN/m2. Installation of

the foundation requires no large vibrations around the ground. If so. vou need to dnll

a shock dutch.
According to the machine floor size map. the steel plate is embedded at the ground
level. The thickness of the steel plate is 20mm or more. and the size is

250mm* 2 50num.

2.6 Machine's use condition

®  Power supply specifications: three-phase five-wire system. 220V 60hz:

® (Quality: Three-phase unbalance <2.5%. line voltage fluctuation = 5%. Single

phase 220V | 5

. The machine must be equipped with a regulated power supply.
The regulated power supply can ensure the stability of the input voltage of the
machime, so that the entire machine tool and laser work n a relatively good state.
Arr compressors and fans should not pass through the regulated power supply to
prevent the mstantaneous high current changes of high-power devices from
mterfering with the power output of the laser.

® Crounding requirements. Set the grounding pin to the grounding wire |

meter away [tom the machine. The grounding resistance should be less than 4

ohms. The total number of ground needles 1s =3, the material 1s pure copper or
galvanized. the ground needle diameter is =1 5mm. and the length 1s =1.5m.
® Environmental requirements: a site with good ventilation, no dust. no corrosion.
no pollution. no water leakage. The recommended ambient temperature is
between +5 ° C and +33 ° C.
Note: Avoid thermal deformation on one side of direct sunlight and one side of the
wind (for example, louvers can be installed when installing in the window position to
avoid these situations).




Chapter 2: Safety Instructions and Precautions (Continued)

- Water-cooling system: The water-cooling machine s equipped with water for circulating flow. It Is used to cool special

equipment such as lasers and cutting heads. The circulating water must be high-quality pure or distilled water. It is
strictly forbidden to use mineral water

‘When the ambient temperature is below 0°C, the cocling water should be replaced with anfifreeze to avoid freezing
damage fo the equipment. Pay special attention!

- The distance between the left and rear sides of the machine tool should be more than 1.2 meters. The laser and
water-cooling machine should be more than 1.0 meter from the wall.

The control unit, servo unit, and display/control panel are the core components of the machine, which are sensitive to
their environment. Avoid electromagnetic interference, such as from arc welding or electric discharge machines, to
ensure proper machine operation

- Fire safety: To prevent fires, the processing site must be equipped with proper fire extinguishers and designated
emergency exits:

- Requirements for gas standards:

1. Oxygen: If liquid oxygen is used, a vaporizer must be added to bring the liquid to a normal temperature
- High-pressure bottle withstand pressure: 4.5 MPA

- Vaporlzer withstand pressure: 4.5 MPA

- Flow rate: 1.0 m*min

- Output pressure: 2.0 MPA

2. Nitrogen: If liquid nitrogen is used, a vaporizer must be added to bring the liquid to normal temperature,
- High-pressure bottle withstand pressure: 4.5 MPA

- Vaporizer withstand pressure: 4.5 MPA

- Flow rate: 1.0 m¥min

- Output pressure: 3.0 MPA

3. Air. For cutting applications using high-pressure air, use pure, dry air at a maximum pressure of 3.0 MPA

Precautions:

MNever deplete the gas completely. When returning the cylinder, the residual pressure must be at least one atmosphera
above the air pressure. When the cutling oxygen gas pressure Is low, the laser cutting machine contral system will Issue
an alarm. Please replace the gas promptly.

2.7 Unloading Requirements

The equipment is transported to the final installation site with a truck...
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Chapter 2: Safety Instructions and Precautions (Continued)

2.7 Unloading Requirements (continued)

The route of the machine to the installation site must be declared before delivery. Be sure to check the size of the door
opening, height of the pillars, height of the cable holder, and whether armored rollers can be used on the road surface.
The scale of the machine marked in the drawings must be considered during transport.

1. Auxiliary and Handling Tools

The following items must be prepared by the user:

- Truck cranes for machine tools, lasers, and attachments. A hydraulic crane with a lifting capacity of at least 10t is
recommended. If a larger boom is needed due to local conditions, the truck crane must have higher capacity.

- Forklift {10t capacity)

- Bridge crane: 10t bearing capacity

- Armored rollers (1 sleerable, 2 solid)

- Al least 2 hydraulic jacks with a lifling force of at least 5t (minimum height setting: 30mm)

- Crowbar (1m) and extensions

2. What the User Should Do

- All transport must follow relevant transportation rules

- Do not place the machine directly on the ground without a bottom plate, or the bottom of compenents may be
damaged. The bottom plate must be less than 100mm from the ground. Maintain this distance when moving to the
installation site.

- Ensure foundation conditions meet the installation requirements. Floor preparation, such as slitting and punching, must
be completed before the machine armives.

- Use a truck crane with appropriate lifting capacity to unload the machine.

- Laser sources, refrigeration units, suction units, etc., can be transported from the truck to the machine Installation site
with a forklift.

- Carry the machine from oulside to inside the factory on armored rollers.

- Use a bridge crane in the plant if available, or continue using armored rollers to carry the machine into the installation
area.




Chapter 2: Safety Instructions and Precautions (Continued)
2.8 Precautions for Unpacking

The chiller, laser. power distribution cabinet, and other accessories of the fiber laser cutting machine are packed in polyethylene foam
and wooden boxes. For other parts, packaging is wrapped with polyethylene foam and protective film on the outside to prevent
damage. The external parts of the laser cutter are vulnerable to external objects, so the foam is removed only during unpacking

2.9 Checking the Content

1. After opening the package, confirm whether it is the product you purchased

2. Check the product for any damage during transportation.

3. Confirm that all components are complete and undamaged.

4. If there is any product type mismatch, missing accessories, or shipping damage, contact the company promptly.

2.10 Engineer Installation and Training Services

- Check, inventory, and clean the machine for scratches, rust, accessories, and tools.

- Installation of Main Components:
Equipment level adjustment, water cooler installation, fiber optic installation, laser head installation, gas connection, and fan
installation.

- Machine Installation:
Display installation, connection of the entire machine and electrical cabinet, and installation of sheet metal parts.

- Power-On Test:
Check before power-on, external voltage check, origin limit switch test, movement of each axis to origin, water-cooled machine power,
fiber-optic power, and fan power-on.

- Trial Cutting
Includes feeding opening, air opening, checking red light, nozzle dimming, material calibration, automatic edge finding, graphic
processing. parameter setting, and cutting.

- Function and Cannection Overview:
Connection between laser, water cooler, and cutting head. Fiber optic and board connection, gas and equipment setup, control
cabinet and external line connection, control card installation, wireless controller and driver configuration.

- Cutting Head Setup:
Structure of the cutting head, focusing instructions, and daily maintenance.

- Console Button Introduction:
Emergency stop switch, key switch, gas switch
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Chapter 3: Instructions for Using the Machine

Chapter 3: Instructions for Using the Machine

3.1 Switch Machine Steps

- Open the main switch > Computer -> Software -> Gas -> Water Coaler -> Fiber Optic -> Software Emergency Stop

- Check the entire machine before powering on. Inspect the movemeant path of each moving part and check for any foreign objects on
the worktable.

- External Device Startup:
Start the main power supply, including the total power switch and voltage regulator.

The chiller should be checked for proper status, water supply, and absence of leaks. Wait until the water temperature reaches 18°C.

The waler cooler has an inlel and outlel connecled (o the fiber oplic system. The two water pipes thal cool the laser head should
connect to other water inlets/outiets of the water coolar

These two waler pipes. after cooling the laser head, connect to two fiber optic outlet pipes that are respectively linked to the fiber
head and cutting head.

Chapter 3: Laser Operation and Software Use
3.1 Shutdown Procedure

- Return ta the ariginal point

Turn off the gas discharge pipeline gas
- Turn off the water cooler
- Turn off the compuler operating syslem
- Turn off the fiber
- Turn off the software ememency stop
- Turn off the main switch

IMPORTANT: The start-up and shutdown procedures of the laser cutting machine must be strictly observed. Always follow
the proper laser start-up and shutdown sequence to avoid damage or malfunction.

3.2 Software Operation Process

Making -> graphic data -= imporfing graphics -> preprocessing -= process setting -= knife planning -> pre-processing mspectian -
machining control

1. Import the graphic:
Click the open file (folder icon) button in the quick launch bar in the upper lefl comer. This opens the file dizlog, Select and open the
graphic you need. A preview on the right side helps quickly ocate the correel file,

2. Pre-processing:
When importing graphics, CypCut automatically removes very small artifacts and preparas the file for cutting.

To diaw a parl directly in CypCul:
Click the "New" bution and use the left-side drawing toclbar, Butions allow for creaticn and editing of parts within the software. See
related chaplers for advanced drawing insbructions.
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Chapter 3: Software Settings and Graph Tools
3.3 Process Settings and Graph Adjustments

During p , the software

WOur requirgments

If needaed, you can open the menu “File” -> *User Parameters” fo configure settings manually. The sofiware expects closed graphics
for proceasing. If the file containa unciosed graphics, they may be displayed in red. ¥ou can use the "Show” menu options to identify

and highlight unclosed shapes or use the "Select Unclosed Graphics” toal.

To manually sp it 2 graph, click the "Speit* button under the "Optimize" menu, Then click the location in the graphic where you want to

splitit,

To merge graphics, sefect them and use the “"Combine Mear” button.

3.4 Process Settings Tools

and other b

remaoves smal graphics, repetitive lines, merges connectad lines, auto-smocths,
sorls, and breaks them up as needed. You can start setling process parameters without other processing If the automatic setup meets

This step involves using tools in the *Process Settings” menu to

ific cut patha,
- Uise the *Lead" button to defing entry lnes into the shape.

- Use the "Seal” button to set avercut. notch, or seal parameters

- Use Ihe "Compensate” bullon Tor kerf {culling width) adjusiments.

- Usa the “Micre Joint” button to add tiny connector tabs between parts.

- Use the "Reversa® button to fiip the direction of 2 single shape's cut

- Use the *Cooling Point” bution to set cooling zones in a shape.

- Use the *Lead Pos” button to chocse the atart point of & cut manually.

To manually define the lead-in stari point

Click "Lead Pos.” then click the desired point on the graphic. You can also manuaty draw & drop line. Press Ciri+A to sefect all

graphics., then click the "Leader” button to define the lead-in and clck 0K,

The software automatically assigns the starl posiion based on your setup. Use the triangle below the “Leader bullon to access

“Check Impart and Expart” for validating the cut path.
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“Differentiate Internal and External Mode” to automatically optimize the lead

according to the internal and external modes.

ey

Detailed cutting process parameters can be set by clicking the " " button on the
right toolbar. The Layer Parameter Settings dialog contains almost all the parameters
related to the cutting effect.

4. Tool path planning: In this step, the graphics are sorted as needed. Click the sort

o

the small triangle below the sort button to select the sorting method. You can control

” button under the conumon or layout menu bar to sort automatically. Click

whether the automatic sorting process is allowed to change the direction of the graph

and whether the inner and outer modes are automatically distinguished.

It the automatic sorting does not meet the requirements, you can click the

button on the lett toolbar to enter the manual sort mode.The order of processing is set
by clicking the graph in order with the mouse. By holding down the mouse and
drawing a line from one drawing to another, you can specify the order between the

two figures.

Select several images that have been sorted, and then click the group " " button
under the common or layout menu bar to fix their order. After that, automatic sorting
and manual sorting will no longer attect the group. "Internal graphics, "groups” will
always be a whole. You can also sort the graphs inside the group by selecting a “group”
and then right-clicking to select the sort within the group.
S. Pre-processing inspection: The machining path can be checked before the actual
cutting. Click each alignment button to align the graphics accordingly. Drag the
interactive preview progress bar (under the drawing menu bar) as shown below to
quickly view the graphics processing order. Click the interactive preview button to
view the graphics processing one by one. order.

0 2 & Sl W o & @

g 44 »
Sort

Alignment and Seguence

. Simulate

The simulation can be performed by clicking the " button on the
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“Console™, and the speed of the analog machining can be adjusted by the “Analog
HE s o

6. Actual machining: please note that this step must be run on the actual machine and

Speed” function on the ©

must be supported by the dengle and control card. Before the formal processing, you
need to match the graphics on the screen with the machine tool, click on the left side

of the "Control Panel" arrow button.” L “The button shows the relative
positional relationship between the graphic to be machined and the machine's web on
the screen. Corresponding

The system 1s calculated by matching the stop mark on the screen with the
position of the laser head on the machine. The ligure below shows several coordinate
markers that are common on the screen. When you click Preview. the Stops will pan

to the Laser Head Position, which visually shifts the image as a whole.

Preview

Marker p

If the “laser head position™ indicated by the red cross cursor does not match
the laser head position on the actual machine, please check if the machine origin
position 1s correct, and correct it by “CNC™-="Return to origin”. Il the preview [inds
that all or part of the graphic 1s outside the machine format. it means that the materials
may be exceeded the machining bed.

You can change the relative relationship between the graph and the stop by

clicking the * Dock 7 button under the common menu bar. For example. the
Taser head 15 located
For the lower left corner of the workpiece to be machined. set the stop point to

the lower left corner. and so on.
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|l Frame |,
| button on

After checlang the screen. click the -~ Walking border
the “Control system™ and the software will control the cutting head to be added.

The outer frame of the work pattern 1s taken one turn. so you can check if the
machining position 1s correct. It 1s also possible to check the machining operation in a

: — ; D Dry Cut
more detailed manner by clicking the “Empty walk =" button to complete

the operation of the graphic to be processed without opening the laser.

»

. . . b sStat* | .
Tinally. click the “startl ! button to start the formal processing.

Chck the © stop — " button to pause the machiming. During the pause. vou
can manually control the laser head Lil, manually switch the laser. gas. elc.:
The “Back and forward ~ — : " button is traced along the

£ i ; | b Resume |
machining path: click the “ goon —n———

[Q Stop

* button to continue machinmg.

Click the “stop
your settings, the laser head can automatically return to the corresponding point. only

” button to abort the machining. According to

If vou have not changed the shape of the graphic or started a new round of

Pt LOC

processing, click the "Breakpoint positioning . " button and the
software will allow you to locate 1t.

: E A ; i CONT ¢,
Where 1t stops. click the * Breakpoint continues button to

continue processing from where it left off.

3.3 operation of capacitor heightener

® The key:




Keyboard

Function

Functional
key

FI F2 F3 F4

Achieve the functions prompted by the
interface.

Number
key
Decimal
point
Backspace
key

1
4

f e i w

: Used for digital input, and mainly for parameter

input

Arrow key

A
< 7 >
b, 4

the key of “SHF™ can switch the jog speed.

: Used for switching cursor and inching follower, and

Contro) key

<SHUT=: The cutting head will automatically nise to the stop position
while shutting the follower.

<FOLLOW > Open the following function,

<FAST> and <SLOW=: Used for adjusting the following gain level.
<+(l. 1> and <-0.1>: Used for adjusting the following height

<STOP>: Immediatcly stop all movements.

<ORG>: Immediately implement the movement 1o go back to the origin

and cormect mechanical coordinates,
<ENT>: Confirm the current operation
<ESC>: Cancel the operation and go back

Full Spectrum
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After the system power-on initialization 1s completed, it will automatically

enter the [Mamn Tnterface]. As shown below:

Dyvnamic Error Follow level |

4

Current State = top] 1v.5
+3+08 .880+00 . 000

Z oo

Current Ca

pS.280 Low F% alibrate
F rame ter

3] Tes
Fq Advanced

log Speed

The display functions on the main interface include: Current status: Displays
the motion status of the current slave system.

There are several lypes of sports:

Stop: The 7 axis 1s al TesL.

B. Slow stop: Alter receiving the stop command in the motion state. there will
be a short slow transition state. Alter completely stopping, the status becomes "stop"

C. In the air movement: the upward movement in the machining 1s the air
movemenl ol the 7 axis.

D. Following: When piercing or cuttng, the [loating head is in the state ol
[ollowing the board being cul.

E. Reset: Return to the 7 axis mechameal origin.

F. Jog: Manually jog the 7 axis.

G. Back to stop: the process of closing and lifting to the docking position.

Follow-up gain level Lv: Follow-up gain level from 1-30. default 17 levels. The
larger the number of stages, the smaller the average error of the follow-up, the faster
the follow-up action, and the stronger the ability to climb the slope. ITowever, if the
gain 1s too strong, the system will generate self-oscillation. This parameter can be
obtained by automatic adjustment.

Set following height: Press <Follow= <Follow> on the main interface to adjust
the actual following height in 0.Imm steps. Press <Follow On> =Follow Off> to
control whether or not to follow. Afier the switch 1s closed. the axis will automatically
be lifted to the docking coordinates (the default is 7= 0. press <F2= (o enter the
parameter interface, vou can also modify the docking coordinates). In addition. in the
FEthernet control mode, the lollowing height 15 controlled by CypCut soltware.
Settings. Dynanmic error: In the lollowing state, this value rellects the real-time error
during lollow-up motion.

Distance between the [floating head and the board surlace H: Withm the




capacitance measurement range (calibration range). the distance between the tloating
head and the board surface = "set following height" + "dynamic error". When the
measurement range is exceeded, the "set following height" + “dynamic error” is
always equal to the calibration range. Current Z-axis coordinate: After homing, the
Z-axis establishes the mechanical coordinate system. The downward motion
coordinates increase. Current Capacitance Value C: The principle of system sampling
1s to obtain the distance by measuring the capacitance between the tloating head and
the plate. The closer the tloating head is to the plate, the larger the capacitance value.
When the tloating head hits the plate, the capacitance will change to zero. Capacitance
change value: This value is the difference between the current body capacitance value
and the recorded body capacitance after the last floating head calibration. The square
brackets indicate that the real-time calibration function is enabled, and the parentheses
indicate that the function is not enabled. The real-time calibration function is
described in 2.5.8 Advanced Parameters.

Z-axis jog speed: L jog low speed. H jog high speed. Press the <Shift> button to
switch the jog speed position. Press the <t><|> button to perform the jog.

| Main interface hidden function Button Function <3> View the follow-up
parameters (requires the manufacturer password to modify the parameters). <4>
Follow the real-time error oscilloscope. <5> The capacitor monitors the oscilloscope
in real time. <6> Capacitance calibration curve oscilloscope. <7> Record the current
capacitance and use it to observe the historical change data of the capacitor. <9>
Turns on the follow-up mode of the off-board cutting. <0> Set the current Z axis
coordinate to 0.
Calibration interface

In the main interface, press <F1> to enter the [calibration interface]. As shown
below

(1] SERYO CALIBRATION
[2] CAPACITAMCE CALIBRATION

[31 SELF ADJUSTMENT

When using the BCS100 for the first time, you must first perform servo
calibration, then perform floating head calibration. and then make automatic
adjustments. In subsequent use, if the capacitance changes due to temperature drift
and other reasons, only need to do floating head calibration. servo calibration and
automatic adjustment can be done.

1 Servo calibration The purpose of servo calibration is to eliminate the zero drift
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of the servo motor. Press <1> to enter the [Servo Calibration] screen. As shown
below:

Please confirm the Mechanical
parameter 1s'r1?ht._ :
Jog to the middle of Z axis,

Z:+8085.280 Low

[ENT IBEGIN

Bue to the servo calibration. the motor will oscillate back and forth in small
amplitudes. Therefore. vou need to jog to the middle of the stroke to prevent the
stroke from exceeding the stroke range. Then press <ENT= to start the calibration.

~alibrting servo

calibrate successful
Offset: +31.280mm/s

[ENT JSAVE

After the system is automatically calibrated, retumn to the previous interface. If
the servo zero drift value is incorrectly calibrated before, press <F4> to clear the clear
zero drift value interface, as shown in the figure below:

get Qffset to @7

[ENT JCONFIRM
[ESC.ICANCEL

After entering. press <ENT> to confirm the zero drift value, and return to the

previous interface after completion.

2 Floating head calibration The purpose of floating head calibration is to measure
the correspondence between capacitance and position between the tloating head and
the plate. Press <2> to enter the [Floating Head Calibration] screen. As shown below
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Please jog to approach the board
Keep board static,no wibration,
2:+861 .11 Low

C 180320000 (F4] SET
[ENT ISTART

Press the <F4> key to set the calibration parameters.

Calibrate Distance mm
Board material:

IFREEREN [(F2 ] nonmetal
[ENT Jsave

Parameter name Meaning

Calibration range The distance to be lifted up and the corresponding data 13
recorded. The default is 25mm. Tracking Object Sets the material of the tracking
object. Press <ENT> to save the parameters and return to the previous interface.
Before calibrating. first move the floating head to the surface of the board (about
[-5mm from the board surface). and keep the board surface still and do not vibrate,
Press =LINT = again to start calibration.

The calibration process is done automatically, which takes about a dozen seconds.
During the calibration process. the user can press the “Stop” button to force the
calibration to end. When the calibration is completed. there are 2 indicators. each of
which has “excellent”. “good”, “medium” and “poor”. Four levels.

The floating head calibration process 1s briefly divided into the following steps:
(1). The floating head slowly moves downward to detect the touch panel. (2). After
hitting the board. move up a distance to detect the stability of the sensor. (3). The
floating head moves slowly to detect the touch panel for the second time. (4). After
hitting the board. move the set calibration distance upwards to detect the smoothness
and characteristic curve of the sensor. If the above steps are not completed. or the
calibration process 1s termunated abnormally, there may be a problem with the
hardware or the cable. A simple way to check if the hardware or connection is normal
1s o use & metal object to slowly approach the nozzle to see il the capacitance will
change. If the capacitance becomes larger until the metal contacts the nozzle and
becomes 0, it means that the hardware and connection are normal, and the calibration
can be calibrated. conditions of The significance of the calibration results 1s as
follows:
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~alibrating
Stability: Excellent
smoothhes: Excellent

Effective wvalue! 4235
[ENT lsave

Reflects the static characteristics of the capacitor. If the indicator is not ideal. it
may be plate vibration or external interference. Smoothness: Reflects the dynamics of
the capacitance change during calibration. The indicators calibrated by the above two
parameters need to be at least “medium”, otherwise the svstem may not work properly.
The 1deal situation for these two indicators 1s “excellent” or “good”. RMS: The value
of the capacitor from 0.5mm to infinitv. Reflects the measurement range of the nozzle
sensing. The larger the measurement range. the better the accuracy and stability of
tracking. When vou press <ENT> to save the settings, the height-capacitance curve is
displaved. The normal curve should be smooth. as shown below;

If the curve is not smooth. there are undulations or burrs. indicating that the
result is not ideal and needs to be recalibrated. If the result after repeated calibration 1s
still not satisfactory. the user needs to re-check the hardware installaton and
commection of the system. Tn addition, you can also view the cahibration curve by
pressing <6 on the main interface. Floating head calibration, if the calibration fails.
various alarms will appear. as listed below: Calibration alarm name meaning.

a touch panel detection timeout

At the time ol calibration. the touch panel was nol detected lor a long tme.
When this alarm occurs, first confirm the floating head connection before calibration.
Near board (usually within Smm). and secondly. confirm that the sensor is connected
and working properlv. When the cutting head is close 1o metal. the capacitance should
change significantly.

Leave board detection timeout

Tl the first step ol the calibration, the nozzle does not touch the board surlace,
directly hfts up, and shows that the departure board detects timeout, then the system
may think that the nozzle is alwavs in the collision state. First. confirm that the sensor
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1s connected and working properly.

The sampling timeout has been completed but not enough data has been
collected. Please recalibrate. Alwavs for the board status See the "Leave board
detection timeout” alarm.

d  standard Gming capacitance change abnormal

When the [loating head is close lo the board surface. the capacitance does not
eradually mncrease according to the law. Please start the calibration by moving the
tloating head to within Smm of the board surtace. Or refer to "Touchpad Detection
Timeout"

3 Auto Adjustment Press <3 to enter the [Auto Adjustment] interface (there is
no automatic adjustment function in 313 mode). as shown below:
1.Please confirm capqgcitance

servo calibration and orain have
been done,

g,qlease confirm that a board
elow can be followed,

[ENT IBEGIN

a Before automatic adjustment, you need to ensure:
I have done servo calibration. ©

Once I have returned to the origin, the mechanical coordinates of the Z axis are
correct. _

I have done floating head calibration and can follow it nonmally.

There 1s a board just below the floating head to tollow.

The process of automatic adjustment is to fine-tune the position near the position
and automatically optimize the internal parameters.

After optimization. as shown below

Adijust finished!
Follow Down Gain Lv: 268-19

[ENT JSAVE
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Press <ENT> to save the parameters. The parameters of the automatic adjustment
have the following meanings:

Follow-up gain level

The follow-up gain level is from | to 30. and the detault is 17 levels. The larger
the number of stages. the faster the following follow-up actions. It the gain is too
large, 1t will cause lTollowing jitter. This parameler is automatically sel alter automatic
adjustment (the main interface can also be modified manually).

N

twork Settngs: Press <6> to enter the [Network Settings] interface. as shown

below:

IP Address al68.061 .861 .188
Subnet Mask 255,255.255.008

Gateway 816.668] .6081 .861

MHet Enable IIGBEER [F2] o
[EHT]SAVE

When using our company's CypCur laser cutting software. it can easily realize

advanced functions such as lifting up any height. frog jump up. scgmentation
perforation. flight path compensation. etc. through the network. See the description of
the CypCut software for details. Users who do not use the CypCut software should
turn off the network function. otherwise the boot process will be slower. When
connecting to a network, it is recommended to connect the PC and BCS100 through a
crossover cable. The IP address of the PC side should be set in the same network
segment as the BCS100 (10.1. 1.xxx, which cannot be duplicated with the BCS100).
The gateway also needs to be sel on this network segment, and the last digit1s 1, such
as 10.1.1.1. As follows:




Internet Protocol (TCP/IP) Properties

General

You can get IP settings assigned automatically if your network supports
this capabiity . Otherwise, you need to ask your network administrator
for the appropriate IP sattings.

Qbtan an IP address automatically
Uge the following IP address:

[P address: 10, 3 4 8
Sybnet mask: 255.0 .0 .0
Default gateway: 01 i1 o |

Note: |. When the computer uses other network devices at the same time. such
as IPG tiber laser (network connection method). each network connection must be set
to a different network segment. For example. set to: 10.1.2.x. 192.168.1.x. 2. After the

computer's network card resets the IP. it must be re-disabled - enable the network card.

Make the NIC's IP settings take effect.
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3.4 cutting head debugging method and common sense

The debugging of the machine tool needs to be carried out by professionals. It
must be strictly implemented in accordance with the relevant regulations. Please
understand the performance of the machine and read the relevant random technical
data before commissioning. Correct debugging is the basis for ensuring the normal
operation of the machine. If there is any ambiguity. please contact our company in
time. We will give you a satisfactory answer in the fastest time.

Note: This debugging method includes the debugging method after the machine
1s powered on.

The fiber laser of the machine is free of optical path debugging, but the operating
fiber must be placed strictly in each axis of the towline, and the bending radius must
be greater than 200mm. The motion radius s prohibited to be less than 200mm and
the fixed radius is less than 100mmn.

The fiber is slowly unscrewed from the fiber frame. and the fiber length is
required along the machine tiber inlet and each axis towline measurement. Make sure
that the water pipe connections are normal and leak-free before starting the machine!

The QBH head must be cleaned before QBH insertion. If there is foreign matter,
clean it as follows:

Use a special microscope assembly to observe the QBH head, use special
compressed air or professional cleaning agent (ethylene propanol) and cleaning tool
fiber special cotton swab, special lens paper to clean the dirt such as QBH head dust!
It must be ensured that the QBH head is clean and free of contamination before it can
be inserted into the cutting head expansion tube!

Adjust the cutting head lens coaxial and focus, then try to cut! Repeatedly adjust
to the best position!

Installation of optical fibers requires that trained personnel install fiber optics.
and non-professionals are prohibited from plugging and unplugging QBH!

Note on the use of lenses:

1) The surface of the optical lens such as focusing mirror, protective mirror and
QBH head should not be touched directly by hand, which may cause scratch or
corrosion of the mirror surface.

2) If there is oil or dust on the mirror surface. it will seriously aftect the use of
the lens. and the lens should be cleaned in time.

3) It 1s strictly forbidden to use water, detergent or other cleaning on the surface
of the optical lens. The surface of the lens is coated with a special film that can

damage the surface of the lens it used.



4) Do not place the lens m a dark. damp place. as this will age the lens surlace.

5) The surface of the lens must be clean, such as dust, dirt, or moisture, which is
casy to absorb the laser to cause damage to the lens coating: lightly affects the quality
of the laser beam, and the laser beam cannot pass or reflect.

6) When installing or replacing the mirror or focusing mirror. do not use too
much pressure. otherwise it will cause deformation of the lens and atfect the quality
of the beam.

How

(4]

mstall or replace optical lenses

1) Pay attention to the mstallation ol optical lenses: wear clean clothing, use soap
or detergent to clean vour hands. and wear light and clean white gloves: do not touch
any parl of the hand with the lens: take the lens from the side of the lens Do not touch
the surface of the lens coating directly.

2) When assembling the lens, do not blow the lens against the lens; the lens
should be placed on a clean table, and a few lens professional papers should be placed
underneath. Care should be taken when taking the lens to prevent bumps and falls,
and it 18 not allowed (o exert any lorce on the coated surlace of the lens: the lens
holder for mounting the lens should be clean, and clean the dust and dirt in the lens
holder with a clean air spray gun. Then, gently place the lens into the lens holder.

3) When the lens 1s mounted Lo the lens holder, do not use too much lorce o [ix
the lens to avoid deformation of the lens, thus affecting the quality of the beam.

an the lens:

Stepsto ¢
Different lens cleaning methods are different. For example: the specific steps of the
[oeusing murror or collimating mirror are as follows:

1) Steps of cleaming the lens with lens paper: Use a clean air spray gun to blow
off the dust on the surface of the lens: use alcohol or lens paper o clean the surface of
the lens. The smooth surlace ol the lens should be placed [lat on the surlace ol the
lens. 3 drops of high-purity alcohol or high-purity acetone, slowly pull out the lens

paper horizontally in the direction of the operator. repeat the above operation several

times until the mirror surface 1s clean. and it is forbidden to apply pressure on the lens
paper to prevent seratches, such as The mirror is dirty. You can fold the lens paper in 2
or 3 times. Repeat the above steps until the mirror 1s clean, Do not use a dry lens
paper to pull directly on the mirror.

2) Steps o clean the lens with a cotton swab: [irst blow off the dust on the mirror
with a spray aun: then use a clean cotton swab to remove the dirt; use a new cotton
swab dipped with high-purity alcohol or acetone to move the lens from the center of
the lens and scrub the lens. Alter each week of cleaning, change another clean cotton

swab and repeat the above operation until the lens is clean. Take the cleaned lens to a

well-lit area. If the lens 1s well reflected. the lens 1s clean. If the reflection is not good,
continue to clesn the lens: place the lens on the lens holder according to the method
described above, It is forbidden to use a used cotton swab for operation.

a) Storage of optical lenses

1} The optical lens 1s properly stored to keep the quality of the lens intact.

2) The storage environment emperature is 10-30°C. Do not put the lens nto the
freezer or similar environment. Otherwise, it will condense and frost when it is taken
out. which will easily damage the lens. The temperature of the storage environment
should not exceed 30 °C. otherwise it will affect the coating on the lens surface.

3) Keep the lens m the box. the lens should be placed m a non-vibrating
environment. otherwise 1t will easily cause delommation of the lens. thus allectng the

performance of the lens.

Al methods;

Fiber access and

QBH plug insertion operation sequence
1 Remove the dust cover ai the lop ol the chuck

Align the red mark on the plug with the red mark above the QOBH chuck and
lower it to the bottom.

According to the marking procedure on the QBH collet nut. first twn the nut to
the lefi, then Lft it. then tumn it to the lefl to complete the fixed locking procedure.
2 QBH plug removal operation sequence

The QBH plug 1s removed and mstalled m the opposite order. The QBH collet
mat is rotated to the right, then pressed down, and then rotated right. The plag is in a
free state and can be removed from the QB chuck.

Aller removing the QBH plug, be sure (o cover the dust cover o prevent dust

from cntering.

method

f focusing mirror: The focusing mechanism of the

focusing murror adopis the precision screw pullmg [ocusing box o realize Z-axis
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focusimg, which has good scll-locking performance and fine focusing function.
I'ocusing module is electric focusing, focusing lens can be moved vertically according
to the type ol laser head.

®  The function of nozzle and the adjustment of its center: The design of nozzle
and the condiion of jet How directly allect the guality of cultmg and the
manutacturing precision of nozzle is closely related to the quality of cutting The main
functions of the nozzle are: prevent cutting weld stans and other debris bounce up
into the cutting head damage focus lens, The nozzle can change the condition of gas
exhalation. control the area and size of gas diffusion. and thus affect the cutting
quality. Adjust the nozzle to pass the laser through the center of the nozzle by sticking
transparent tape on the nozzle first when dinmung, pressing the "tap” button on the
handle will appear (" on the tape. I not in the center of the nozzle by adjusting the

two knobs above the culting head. make the pomt of light hit at the center of the nozele.
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Figure 1 Figure 2 Figure 3 Figure 4
up down left right

1. Move the nozsle to about the culting height.

2.Coat the end face of the nozzle with printing mud, and then paste the transparent
tape on the end face. Note: m the tool box have transparent tape.

3.Adjust the laser output power by 20W — 100W, After laser source light stops, take
off the transparent tape and take carc not to rotate its relative peositon. If the
position of the nozzle s too different from the laser center. it will not be able to hit the
center hole on the transparent tape. Because the laser center 1s [ixed. it 1s necessary o
change the center of the focus mirror by adjusting the adjusting screw on the handle
ol the lens cavity Lo make 1t correspend Lo the laser center. Repeat the above untl the
laser hole on the transparent tape coincides with the center of the nozzle, thus
contirming that the laser center coineides with the nozzle conter.

e | t of difterent axes between the center of the nozzle and the center of the

laser on the cutting quality
1} The cutting edge 1s affected, and when the cutting gas 1s blowed. the amount of gas
is not uniform. so that the cutting edge 15 easy to appear stain on one side, and other
side don't have, or the surrounding quality of the part section is not consistent, and
sometimes the cutting section can not be cut nornmally.
2) The quality of the sharp corner is affected. When cutting a workpiece with a sharp
angle or a small angle. it 15 casy to produce a partial melting phenomenon, and when
the thick plate 1s cut, 1t may not be cut.
3) It affects the perforation. 15 not stable art the time of the perforation, the time is not
easy Lo control, the penetration of the thick plate can cause the over-melting condition,
and the penetrating condition is not easy to master, and the perforation effect on the
thin plate 15 small.

In conclusion. the concentricity of the center of the nozzle and the laser is one of
the most important factors that cause the quahty of the cutting, especially when the
workpicce 13 thicker. Therefore. the concentricity of the center of the nozzle and the
laser must be adjusted to achieve a betler culling cross-section.

Note: When the nozzle is deformed or there is a solution stain on the nozzle, the




effect of the nozzle on the cutting quality is as described above. Therefore. the nozzle
shall be placed with care, and shall not be damaged to avoid deformation: the surface
of the nozzle shall be cleaned in time. The quality of the nozzle has a high precision
requirement during manufacture, and the method is required to be correct at the time
of nstallation. If the conditions are to be changed during cutting due to poor quality

of the nozzle, the nozzle shall be replaced in time.

©®  Selection of nozzle Aperture

The difference in nozzle aperture is shown in the following 4-1 form
Nozzle aperture Gas flow rate Melt removal capacity
Small Fast Strength
Big Slow Week

Form 4-1: Table of relationship between Aperture and Auxiliary Gas Velocity

The aperture of the nozzle has ol 5mm. ¢2.0mm. ¢2.5mm. @3.0mm etc.
three-dimensional cutting of the general thin plate, using the thickness of 1.2 mm and
the thickness of 1.5 mm it’s enough. The different between both is :

1) Material thickness less then2nim: useql.2nun, the cutting surface will be thinner:
use@l.5 mm, the cutting surface will be thicker.

2) Material thickness more then 2mm: because the cutting power is high, the relative
heat dissipation time 1s longer. and the relative cutting time is also increased. With a
gas diffusion area of ¢1.2 mm and a small gas diffusion area. it is less stable in use.
With a diameter of @1.5 mm, the gas dittusion area is large, and the gas flow rate is
slow, so the cutting time is more stable.

In conclusion, the size of the nozzle aperture has a serious effect on the cutting
quality and the perforation quality. At present, the laser three-dimensional cutting uses
anozzle with a 1.2 mm and 1.5 mm.

The larger the diameter of the nozzle. the more the protection of the opposing
lens is, as the spark of the melt at the time of the cutting is splashed. and the
probability of the upward impact is large. so that the life of the lens is also shorter.
® Beam focus adjustment

In the laser cutting process, the relative position of the focal point of the beam
and the surface of the cutting plate has a great intluence on the quality of the cutting,
and the correct adjustment of the focus position is very important. The laser cutting
machine is provided with a height automatic follow adjusting device, and when the
height of the plate ts changed, the numerical control system can automatically adjust
the height of the nozzle and the plate surface to be constant, and the position of the
focus is ensured to be stable.

Manual adjustment method: adjust the laser cutting head lower adjustment nut,

so that the focus position to meet the cutting needs, provided that the position of zero
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focus is found. During the cutting process, the height adjustment of the operator panel

can also be manually adjusted according to the situation to change the cutting height
slightly. It takes enough experienced operators to adjust the height during the cutting
process.

Automatically adjust the focus: equipped with the automatic focus cutting head
equipment, can automatically adjust the focus position according to the parameters,
the advantage is that it can improve the processing efficiency, can make up for the
change of focus position caused by the change of optical path. Can improve the
product yield.
® A method of finding 0- focu

Place a flat stainless steel plate on the table. draw a straight-line cut height
setting of 1 mm, and then set the focus in turn 0. 1.-1-2-3 1 2 3, the focus of the laser
is output laser on the stainless steel plate in turn, the burn-out trace is present, and the

most thin line of the burn-in is the 0-focus of the laser.

® Description of the relationship between the position of focus and the cutting
material and Section
The following table lists the laser cutting focus in different positions when
cutting different plates, the impact on the perforating and cutting sections of the sheet.

and the selection of the focus position when cutting plates of different materials and

thickness.
Name and focus location Cutting material and section characteristic
Use in sheet cutting.
zero focus: the laser focus is on the upper Focus on the upper surface of the work piece.
surface of the cutting work piece the upper surface cut smooth, the lower surface

is not smooth.

The use of carbon steel and other materials.
The focus is on the surface. so the range of
- . . R smooth surface is larger, the slotting 1s wider
Positive focus: laser focus on cut sheet surtace . 1
than the zero focal length, the gas tlow rate i1s

larger and the piercing time is longer than the

zero tocal length.
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3.5 Process parameter debugging method

® [ aser culling poinciple

Laser cutting 1s performed by focusing fiber laser cutting, transmuitting through
optical fiber. high degree of flexibility, fast speed. less failure point. low maintenance
cosl, convenient maintenance, high photoelectric conversion rate, and greal cost
performance advantage m system matching. Mamly used for cutting metal sheets
within 20mm. The laser beam is not easily absorbed by the highly reflective material,
and the cutting etfect on the highly retlective material is not ideal. and the

non-metallic material cannot be cut.

L] Main process control o r laser cutting

1 Cutting power: When laser cutting. the choice of laser power has an influence
on the cutting quality. The cutting power needs to be determined according to the
material of the cutting plate and the thickness of the plate. If the power 1s too large or
too small. a good culling section cannol be obtlained.

When laser cutting. the laser power 1s too small. which will make it impossible to

When the laser power setting 1s too large. the entire cutting surface 1s melted. the
shit 1s too large, and good cutting quality is not obtained.

When the laser power setling is msullicient, cutling cracks are generated, and
tumor defects are generated on the cut section.

Proper laser power setting, combined with proper cutting gas and pressure,
results in good cut quality without cracking,

2 Cutting speed: The effect of too fast speed on the cutting quality may result in
the mability to cut and sparks. Some arcas can be cut. but some areas cannot be cut.
Causes the entire cutting section to be thicker, but no cracks are produced. Speed 1s
too fast. causing The plate could not be cut off in tme, the cut section showed a
diagonal stripe road, and the lower part produced a melt, as shown in the right figure.
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\ Auxiliary
Workpiece A ; gas
.;Melting

Unable to cut off the angle —*

How Lo judge the cutting speed the speed by the cutting spark: generally, the
cutting spark spread from the top to the bottom, if the spark tilts. the speed is too fast:
If the spark spread a lintle or not spread, condensed together. then speed is too slow.
As shown in the figure. the cutting speed 1s appropriate, as shown m ligure 3-14
below. The cutting surface presents a relatively smoath line, and the lower part is free

from melting.

|
i

|
1y

Sparks spread from rop to Spark tiling ton fasr Spark doas not spread too
oo slowly

3 cutting height: the cutting herght has little nfluence on the culling quality of
the workpiece. Set it too low, the slag removal ability of the auxiliary air pressure is
strong. bur it is casy to reverse slag to the protective lens and damage the protective
lens. Too high, poor slag removal ability, need to increase air pressure. 2as
constiuption merease. Generally, the cuttng heighit should be set between 0.5 and 1.5,
There 15 a small amount of bead-like slag below the cutting workpiece. and the cutting
section grain is good.

4 Focus point: the position of the focus poant has an mnportant effect on laser
cutting, how to choose the focus. and the effect of the focus on plate punching and
cutting section. Nitrogen cutting stainless steel general nepative focus: Oxvgen - cut

carbon steel plates are generally in positive focus.




Nitrogen cutting stamnless steel general

plates are generally in positive focus

Name and location on focus

Zero [ocal lengih: the  laser L\ ./J[

foens is on the cutting surface

of the workpiece

negative focus: Oxvgen - cut carbon steel

Cuttmg material and section features

Suitable for thin earbon steel under 1. M, efe.
The locus 15 on the workpiece swface, the upper
surface is cut smooth, the lower surface is not

smooth.

aperture 1s. the poorer the relative protection of the focusimg lens will be. Because
there is a large probability of the molten spark flying during cutting and the upward
bounce. the shorter the life of the lens will be. At the same time, the quality of the
nozzle is also an important factor affecting the cuting quality. The shape of the nozzle

15 shown mn the figure below.

Negative focal length: the laser

focus 15 below the swrface of the

cufting part

Nitrogen cutting stainless steel cutting method:

The tocus is below the plate swrface. so the smooth
surface has a wide mmge, the cutting slot 15 wider
than the zero focal length slot, the cutting 2as flow is
larger, and the punching mmne is longer than the zero

focal length slot:

Available Unavailable

Focal length: the laser focus is

above the cutting surface

Oxygen used for curting carbon steel:

Blackened surface, rough surtace.

3 Nozzle: the nozzle commonly used aperture 1s @ 1.0, 1.5, @ @ 20D 2.5 two
kinds. Aperture size difference is: cutting thin plate: use @ 1.5 nozzle. cut surface will
be fine. Use @ 2 nozzle, cut surface coarser, corner place casy to melt. When cutting
thick plate: becanse of high cutting power. relatively longer cooling time. relative
culting time also increases, Use @ 1.5 nozzle, gas diffusion area 1s small, so 15 not so
stable when using. With above @ 2 nozzle, gas diffusion area s large, the gas tlow
velocity 1s slow, so the cutling is stable. Nozzle 15 divided mto double laver nozzle
and single layer nozzle © oxygen cutting carbon steel nozzle choice: generally uses
double nozzle, generally use single layer nozzle within 3 mm thickness; 3-12 mm
generally adopts double @& 2.0; Nitrogen cutting stainless steel nozzle selection:
generally use single-layer nozzle, use single-laver®1.5 below 2mm thickness, use
simgle-layer 2.0 above 2mm thickness. The size of the nozzle aperture has an absolute

miluence on the cutting guality and the perforation quality. The larger the nozzle

6 Air pressure: [he main function of cutting gas is cooling and protection.
Oxygen can help o burn and dissipate heat. blow oll the mell generated by cutting,
prevent the cutting melt from rebounding into the nozzle, proteet the focusing lens
and protect the mirror. The effect of cutting gas and pressure on the quality of the cut:
the cuttimg gas helps to cool the heat and combustion, blow ofl the melt. and obtam a
better quality cut section. When the pressure of the cutting gas is insufficient. the
following effects are caused: the melting occurs during cutting: the cutting speed
cammol be mereased. and the production efficiency 1s aflected When the pressure of
the cutting gas is too high, the mfluence on the cutting quality: when the pressure 1s
high. the mirflow 15 too large. the cutting surface is rough. and the shit is wide: when
the airflow is too large. the cut section 15 partially melted and cannot be formed well.

The influence of the pressure of the cutting gas on the perforation. When the gas
pressure 15 too low, the laser does not easily penetrate the cutting plate. and the
drilling time increases. resulting in low productivity. When the gas pressure is too high,
the penetration point 15 melted, and a blast hole 15 formed to form a large melting

point. thereby affecting the quality of the cutting When laser drilling. generally. a




higher gas pressure is applied to the punching of the thin plate member, and a lower
gas pressure is applied to the punching of the thick plate member.Oxygen cuts
ordinary carbon steel. The thicker the material. the lower the pressure of the cutting
gas. Nitrogen cut stainless steel. the thicker the material. the higher the gas pressure.
the cutling gas pressure is always above the high pressure state of 1.2mpa.

7 Lead-in line: A line comnecting the punchmmg position to the contour of the
workpiece. The lead-in line is also called the lead-in line. The benefit of adding a
lead-m: when the hole is blasted, the resulting workpiece scrap 1s reduced. The quality
of the first cut surface can be improved. It can improve the appearance of the knife
edge. It 1s easier to start the knife when cutting stainless steel Stainless steel. carbon
steel lead set requirements 2mm stainless steel can use straight lead: 2mm or more
generally adopts straight line 3-5mm plus R0O.2-R0.8 around small arc: carbon steel
generally adopts straight line 3-5mm plus R0O.5 — The arc of R3 1s introduced. and the
thicker the plate, the larger the R value Oxygen cutting thick steel carbon steel Smm
or more. cut small holes, it 1s recommended not to add.

8 perforation direct cutting: generally applicable to carbon steel plate below
1.2mm, stainless steel perforation, small perforation aperture. Segmented perforation:
generally applicable to carbon steel plates of 3mm or less and stainless steel
perforations of 1.5mm or more Progressive perforation: generally applicable to carbon
steel plate of 3mm or more. perforation of 2mm-3mm stainless stecl. fast perforation
speed. large perforation aperture (P2-3mm). perforation height=3mm. pressure
=2bar. According to the actual situation. Three-stage perforation: generally applicable
to carbon steel thick plate more than 6mm. stainless steel more than Smm. Thick
carbon sleel sheets have a long time for ordinary perforation and are easy to explode.
The purity of oxygen 1s at least 99.5%. The lens. protective miurror and nozzle have
good materials. The laser mode is free of distortion and wastes time. and the collision
alarm Is prone to occur. After the progressive perforation is used. the plercing time is

greatly shortened. and the blasting rate 1s lowered.

problem possible Solution

reason

__-_‘
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Punch at the

iy : Reduce power by 10% each time
beginning of the punch The duty evele is too

high
N Reduce the duty cyele, 1% - 2% each

. " fime
Punching power is
too large .

8 Reiduce the air pressure, change the

focus every 0.1bar, check the
Too much pressure :
punching mode every 0.1-0.2mm.
- o whetler it is continuous wave

The focus 1s wrong
drilling. ete.

Punching is wrong

Hole in the process of hole The duty cyele is too low

Low power
P reduce spead

The focus is wrong Check the

. amount of
Low air pressure 5
detocus

Inerease
power, 5%-10%
each time

Increase air
Ppressiume.
0.1-0.2bar each

titne




End of punching, blasting Insufficient punching tine Increase the to the edge_ pay attention to the starting posin'on of the cutting head.
betfore eufting stars . punch time, 3 Pav _— i Hether the. difesi s ARl T BeRE s sith the

Low punchiip power - 2. Pay attention to whether the direction of the graphic is consistent with the
direction of the plate when cutting. and the dimensional deviation when testing the
Inciease e tool should be compensated to the figure of mass production.
punching power, : : S ;
S0 eich tifiis 3. Tt 1s best to simulate the program once before cutting to ensure the correctness

of the program.

Tnerease duty ; s g : ’ oy
SR 4. The speed 1n mass production is 80% of the speed at which the kmfe 1s tested.

eycle, 1% - 29

st 5. The first part to be cut during mass production must be measured to ensure
. that 1t 15 safe to be mspected and. 1f necessary, sampled during the cutting process.
gp::; o 6. See if the parts are turned over during mass production, it i1s easy to hit the
cutting head. and an alarm is generated. It is necessary to suspend the cutting.
Otherwise. collision will occur easily, and the plate will be moved. The solution 1s to
set the micro-comection to the cutting workpiece. The laser head needs to be
recalibrated.
7. Before cutting, manually check whether the blowing 1s normal. During the
9: In the process of production and processing, before the mass production, there cutting process. pay more attention to the use of gas to prevent the lack of gas i the
must be a process of trial cutting, called “testing knife™. Through the test knife, the middle, resulting in scrapped parts.
process parameters required lor sheel cuting can be adjusted. but the test kmle and 8. During the cutting process, the operator 1s not allowed to leave the console to
The whole board cutting process will be slightly different and needs attention Test avoid an emergency.

life: first select a circle to cut, the mamn purpose 1s; check whether the parameters : TS :
i : P = B 9. The starting point 1s set at the lower right of the part to reduce the error caused

can be cut normally, whether the cutting section 15 qualified, know the deviation < ; A i

i o T by the deformation during the cutting process.
between the actual size and the size after cutting. so as to compensate the size in mass s ; X
" . . . 10. The part 1s at least 10mm from the edge of the board.
production, and try to Select the most complex contowr i the machining pattern to

skt T Tt 11. With film cutting: with the film side up. if there are films on both sides, the
lower surface film must be torn off. otherwise the slag will be slag: according to the
film film condition, 1if the film 15 finmly attached. it can be cut normally: 1f the film 15
not attached In case of hard work. it is necessary to use a snoring to remove the film
and then cut it (recommended: high-viscosity, viscosity 120. black and white film
with a thickness of 0.05 mm or less):

12. De-filming: The cutting path 1s marked first and then cut. Simply put, the

same path 1s repeatedly cut twice, once with a small power marking, the film 1s cut off.

and the metal 15 cut again with high power. The height of the film can be adjusted by
Precautions for miass production after test knives: adjusting the degree of cut in the film removal parameter. and the wider the height,

1 Pay attention to the limit of the machine tool The plate should not be too close the smaller the probability that the film is blown up.
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13.Overview of different material methods

® (Carbon steel cutting process: This material will get better results when cut with
oxygen. When oxygen is used as the processing gas. the cutting edge is slightly
oxidized, For plates up to | mm thick, high pressure cutting can be performed
using nitrogen as a process gas, In this case, the cutting edge will not be oxidized.
A plate having a thickness of 10 mm or more, and oihing the surface of the
workpiece during processing can obtain a good effect,

® Tainless steel cutting process:oxveen can be used in the case of acceptable cutting
end oxidation; high pressure nitrogen is used to obtain the edge without oxidation
and burr, no need to deal with it. Coating the oil film on the surface of the board
can get better perforation without sacrificing processing quality. As shown in the
figure, a stainless steel piece cut with high-pressure nitrogen has small burrs
under the workpiece to increase the nitrogen pressure.

® Aluminum cutting process:despite the high reflectivity and thermal conductivity.
aluminum with a thickness of 6mm or less can be cut, depending on the alloy
type and laser capability. When cut with oxygen. the cutting surface 1s rough and
hard. When nitrogen 1s used. the cutting surface 1s smooth. Pure aluminum 1s very
difficult o cut because ol its high purity.

® Brass and copper culling process: both materials have high reflectivity and very
good thermal conductivity. Brass can be cut with  nitrogen: copper can be cut
and the process gas must be oxygen.
® Special process with [ilm cutting

a  with the film facing up, if there are film on both sides. the lower surface film

must be torn off,or hang slag: according to the plate film |, if the film 15 firmly
attached. 1t can be cul normally: il the film 15 not limmly attached. 1t must be used
Cutting after removing the film (recommended: high viscosity. black and white film
with a viscosity of 120 and a thickness of (.05 mm or less);

b De-filming: The cutting path 1s first marked and then cut. Smmply speaking.
the same path is repeatedly cut twice, once with a small power marking. the film is cut
oll. and the metal is cut at a high power again. The width ol the [ilm can be adjusted
by adjusting the degree of cut in the film removal parameter, and the wider the width.
the smaller the probability that the film 1s blown up.

® Special process layered cutting:

The conteurs of each workpiece are not the same. some are easy to cut, but some
are more difficult to cut. such as small holes, sharp corners and so on. In order to
ensure the cutting quality and cutting efficiency of the whole workpiece, we adopted
the lavered cutting method, so that we can adopt different process paramcters to
control the cutting of different contours,which can not only ensure the cutting quality
ol the diflicull contour but also improve the cutting efliciency ol the easy
contour. Generally speaking, layered cutting is mainly divided into continuous wave
cutting layer and pulse cutting layer.

Pulse cutting features: low heat mput, small deformation of the workpicee, slow
cutting speed, high pressure, and rougher cutting section than continuous wave
cutting,

Applications: Sharp corners. small contours, nregular lines (especially the lmes
broken up by the spline) and precision parts requiring less thermal deformation.

Generally speaking, carbon steel does not use pulse cutting more than 4MM,
stainless steel does not exceed 3MM, aliminum alloy generally does not use pulse

cufting,

Chapter 4 Maintenance

Review

In order to ensure the normal use of the laser cutting machine, the equipment

must be routinely maintained and mamtained. Because the whole machine tool is

made up of high-precision parts. it must be taken care of in the daily maintenance



process. strictly in accordance with the operating procedurcs of cach part, and

maintained by a special person, and must not be barbaric to avoid damage to
components.
General gudelines

Professional lubrication with the most suitable lubricant is the premuse of
maintaining the quality of machine tools This avoids ronning failures and their
consequences, In this sense, the following considerations should be noted
Before putting into operation: Before the machine is put into operation, the machine
must be carefully lubricated according to the lubrication instructions. If the machine
has not been used for a long time (eg occan transport). the lubrication of the entire
machine must be checked.

Lubrication precautions: machine tool lubrication according to the lubrication
diagram and the description of the lubrication diagram.l suggest you also pay
attention to the following points:

Do not open the refueling and discharge ports for more than the specilied tme
and keep them clean.

Use only non-fibrous wipes for scrubbing oil grooves and lubrication points, do
not use waste wool, do not use kerosene and gasoline, and use a lean liquid spindle o1l
("spray lubricant").

Svnthetic lubricants are not allowed to be mixed with mineral oils or synthetic
otls from other manulacturers. This is true even [or synthetic oils of the same
characteristics produced by other manufacturers.

Waste oil can only be discharged when the machine is warm.

Special attention must be paid to the innocent treatment of used oil.

Cleaning Precautions: The entire equipment must be thoroughly cleaned at specified
mtervals. Obvious dirt can be scrubbed or removed with an industrial vacuum cleaner.
Safety Tip: When performing maintenance work. the machine must be turned off by
the main switch to urn it off.

Safety regulations must be strictly observed to avoid accidents.

The mamtenance items that the user should keep are as lollows:

Acetone: a purity of 99.5%, water less than 0.3%, a bottle of 500ml capacity.
Absorbent colton: 5 packs.

Alcohol: 300ml. purity 99 5% or more.

Lens paper: 3 copies.

Blowing ball: one.

Dropper needle: ome (medical).
Plexaglass: 200 = 300 = 20.

Inkslab:(red): one piece.
Cotton swabs: two packs.

Multimeter: one.

4.1 Daily maintenance and maintenance of peripheral equipment

For routine maintenance of peripheral equipment such as chillers. voltage
regulators, and lasers source. please take the corresponding instruction manual as
reference. The following is only brief description.

The main function of the high-power chiller 15 to cool the laser source so that the
laser is in a constant temperature working condition. thus good and regular
maintenance 1s the kev to ensure the normal operation of the machine:

And the cueulating water of the chiller requires the use of distlled water.
However, due to the water quality problem, certain impurities such as minerals and
chust still exist in the circulating water, and the dust in the environment may also enter
the circulating water in some operation steps, and the deposition of these impurities
may cause Blockage of water system and cutting machine components (such as metal
filters. heat exchanger heads in the cutting machine), which scriously affect the
cutting ctfeet and even burn out the optical components. Dust and other debris mn the
environment accumulate on the radiator and water pump of the chiller, resulting in
poot heat dissipation of the radiator and the pump, resulting in poor cooling, burning
of the compressor, and burning of the pump. This will directly affect the cutting effect;
therefore, cold water The daily maintenance of the machine is particularly important:
the daily maintenance of all types of chillers must be carried out in strict accordance

with the respective chiller maintenance instructions (see attached table).

Machine Name: Tongtei chiller Machine Model: Machine No.:

Mamtenanc _ )
) Mamnlenance conlent Mantenance target
e period

1. Cheek if the chiller temperature setting 1s normal

(set temperature 20£1°C)

datly
2. Check whether the cluller waterway scal, water Ensure that the equipment
temperature and water pressure meet the 15 operating properfy to
requirements. prevent water leakage

Ensure that the cooling
water supphied to the laser

15 at a normal temperature




3. The working environment of the chiller 1s kept

dry, clean and ventilated

Conducive to the good

operation of the chiller

monthly

l. Use neutral detergent or high-quality soap to
remove dirt from the surface of the chiller. Do not
use benzene, acid, milling. steel brush, hot water,
etc

Ensure the surface of the
chiller is clean

ROFIN laser. the cooling water can be replaced with
cooling water after adding anti-corrosion inhibitor for
half a vear. If equpped with PRC laser, propylene
glyeol is added to the cooling water. The cooling water

2. Check if the condenser is blocked by dirt. Please
use compressed air or a brush to remove the dust
from the condenser.

Ensure the normal
operation of the condenser

3. Cleaning the air filter:

a. Open the panel of the air filter of the machine
assembly. pull up the air filter and pull it out:

b. The dust on the filter net can be removed by nsing
a vacuum cleaner, an air spray gun and a brush
After the cleaning is completed, if the filter is wet,
shake it and dry it before putting 1t back.

¢, Cleamng time: once every two weeks, if the dirt 1s
sertous. please wash it regularly.

Prevents  poor  cooling,
pumps and compressors
burns out which caused by
poor heat dissipation

=

% 4k Note;

Requirements for long-term suspension:

a. Place the chiller and water pipe away from dust.

b. Pull the power cord away from the socket and wipe the power cord clean:

¢. Cleaning the wmt body: When cleaning the inside of the umit. do not let water splash on the
electronic parts;

d. Completely remove water.

Table 5-1 chiller maintenance mstructions

3. Cleaning the air filter:

a. Open the panel of the ar filter of the machine
assembly. pull up the air filter and pull 1t out;

b. The dust on the filter net can be removed by using a
vacuum cleaner, an air spray gun and a brush. After the
cleaning is completed. if the filter 1s wet, shake it and
dry it before putting it back.

¢. Cleaning time: once every two week
serious, please wash it regularly.

if the dirt is

Prevents poor cooling,
pumps and compressors
burns out which caused by
poor heat dissipation

4. Check the water quality of the tank and follow up

Good water quality ensures
the laser running properly

5, check if the chiller pipeline any leakage or not

Ensure that the chiller has
no water leakage

syjuow 3auyy Asang

I. Check electrical components (such as switches,
ternunals, ete.) and wipe then clean with a dry cloth

Ensure that the surface of
the electrical part of the
chiller 1s clean and prolongs
its service life

2. replace the circulating water (distilled water). and
clean the water tank and metal filter: 1if equpped with

Make sure the laser
running properly

4.2 The maintenance of laser source and laser cutting head

® Laser source is the core equipment in laser cutting machine. It provides cutting
light source for laser cutting machine. To ensure vour laser cutiing machine to
work normallv with high quality, while ensuring reliable operation of vour laser
source and extending the serviee life of laser source. remind vou Check and
maintain vour lascr regularlv.

Fiber lasers can basically be maintenance-free. Mainly need to take care of the
observation of cooling water and cooling air conditioning 1s normal; whether the
voltage 15 normal! [f there 1s an abnormal alarm. contact FULL SPECTRUM
after-sales engineers immediately!
® | .aser cutting head maintenance

Protection lens maintenance (see illustration)

The protection lens is located in the lower part of the centering mold and is
susceptible to dust pollution. It is recommended to clean it every week.

Removal of the protection lens box

Hold the drawer of the protection mirror box with your thumb and index finger,
slowly pull out the protection mirror box, and then seal the drawer with adhesive tape
to prevent dust from contaminating the focusing lens,

Protection mirror box installation

The protective lens 1s a lat mirror that can be placed directly into the nurror box.
The procedure m which the lenses are mounted 1s reversed as when the lenses are

removed. Press the lock button on the drawer with vour linger and insert it into the

drawer. When the lock bution pops up. the assembly 15 completed.




__-_‘

® Lens cleaning

A Prepare tools: dust gloves / finger cots, long fiber cotton wool. isopropyl
alcohol, rubber gas blowing, B. cleaning method: 1. the left thumb and index finger
with a finger cot. 2. Spray isopropyl alcohol onto the cotton wool stick. 3. Gently
pich the side edge of the protective lens with vour lefi thumb and forefinger. Note
that the fingertips should not touch the surface of the lens to avoid leaving marks. 4.
the lens facing the eves, the right hand with a cotton wool stick. from bottom to top or
from left to right, gently wipe the lens in a single direction, (do not wipe back and
forth to aveid secondary pollution of the lens). and blow with rubber gas The surlace
of the lens. Both sides must be cleancd. After cleaning, re-confirm that there are no
residues: detergent. cotton wool. foreign matter. and mipurities.

The cleaned lens should not be exposed to the air. installed as soon as possible

or temporarily stored in a clean, sealed

contamer. sensor holder

® Replacement of the bottom kit
1. Unscrew the mechanical part of the

sensor and remove It,

2. Replace the new bottom kit and tighten. % cermatic body
i e
3. Adjust the botom kit to the right

position.
18.10 nozzle replacement buffer
—

Unscrew the nozzle by hand. as shown in

Figure 9 Replace with a new nozzle and Nozzle

retighten it with the appropriate force.
Calibrate the floating capacitor agam afier
replacement.

® Replacement of ceramic body

| Remove the short cable, remove the mechanical part of the cutting head, and
remove the nozsle.

2 Then unscrew the fastening nut of the ceramic bady and take out the ceramic body.
as shown in the figure 9.

3Install the new ceramic bodyv. it need aligned that two positioning posts on the
mechanical part of laser head.

4 Firmly lock the compression nut and reassemble it on the commector.

®  Optical system checking and cleaning

Precautions

1o ensure the lens used normally. the optical lens (protect miurror, focus lens.
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collimating mitror. etc.) should be checked in time. Do not touch the surface of the

lens directly with hand during the checle, otherwise the mirror surface will be easily
scratched. 1f there 15 oil or dust on the mirror. please clean it.

1) Optical lenses are strictly prohibited from being cleaned with water. detergent.
etc. The surface of the lens is coated with a special film. [t will damage the surface of
the lens if cleaned with water, detergent ete,

2) Do not place the lens in a dark. damp place, as this will age the surface of the
lens.

3) The surface of the lens is stained with dust, dirt, or water vapor, which easily
absorbs the laser to damage the lens coating: it will affects the quality of the laser
beam. if damaged lightly. There will be no laser beam. if damaged sertously.

4) When the lens has little damage, it should be sent to the supplier to repair in
time. Try not to use the damaged lens, otherwise it will accelerate the damage to the
lens which can be repaired before.

5) When installing or replacing the mirror or focusing lens, do not use too much
pressure, otherwise 1t will cause deformation of the lens and affect the quality of the
beam.
a.Method of installing or replacing an optical lens

I} Belore installing the optical lens, wear cleanly, clean the hands with soap or

detergenl. and wear white clean and thin gloves: do not touch the lens with any
part of the hand; when taking the lens. wear gloves and Take the side of the lens
and do not touch the lens coating surface directly.

23When assembling the lens. do not blow the lens by mouth; the lens should be
placed on the clean table steadily. and a few lens papers should be placed under
neath, Care should be taken when taking the lens to prevent bumps and falls, and
no force should be applied to the coated surface of the lens; the lens holder for the
lens should be cleaned, and the dust and dirt in the lens holder should be cleaned
with a clean air spray gun. Then, remove the lens and gently put it mto the lens
holder.

3)When mounting the lens to the lens holder. do not use too much force to fix the
lens to avoid deformation of the lens, thus affecting the quality of the beam.

4 )Precautions when replacing the optical lens: Be careful when removing the lens
from the box to prevent the lens from being damaged; do not apply any pressure
to the lens before the wrapping paper 1s opened; When take the mirror and focus
lens from the box. wear clean gloves and take 1t Irom the side of the lens: when
removing the wrapping paper on the lens, avoid dust and other objects [alling on

the lens: aller removing the lens, use a spray gun to remove dust Irom the mimror,




and then put the lens on the special paper for the optical lens: Clean the dust and
dirt on the lens support frame and the fixing frame. and no other objects are
dropped on the lens during assembly; when the lens is mounted on the lens holder,
do not use excessive force to avoid deformation of the lens; After assembly. clean
the dust and foreign matter on the lens with a clean air spray gun.

b.Procedure of clean the lens
Ditferent lenses have different cleaning methods. When the mirror 1s flat and has

no lens holder. use lens paper clean it for example Cleaning the reflection mirror:

When the mirror is curved or with a mirror holder. use a cotton swab to clean. such as

cleaning the focus lens.
12 Steps to clean the lens with lens paper: Use a clean air spray gun to blow off
the dust on the lens surface; use alcohol or lens paper to clean the surface of the
lens. Never use a drv lens paper to pull directly on the mirror surface. Instead,
flatten the lens paper to the surface of the lens, drop 2 to 3 drops of high-purity
alcohol or gh-punty acetone. and slowly pull out the lens paper horizontally to
the direction of the operator. Repeat the above operation several times until the
mirror surface is clean: if the mirror surface 1s very dirtv. fold the lens paper 2 or
3 umes, repeat the above steps until the mirror 1s clean.
2)Steps to clean the lens with a cotton swab: first blow off the dust on the mirror
with a spray gun; then use a clean cotton swab to remove the dirt: Move a new
corton swab dipped with high-purity alcohol or acetone from the center of the
lens to the edge of lens making a circular motion. Scrub the lens. after each circle
of cleaning, change another clean cotton swab and repeat the above operation
until the lens 1s clean. Never use the used cotton swab to operate 1t; clean the lens
wilth a clean cloth and remove the residue on the marror. Be carelul not o seratch
the mirror surface; take the cleaned lens to a place with sufficient light. If the
reflection of the lens is good. it indicates that the lens 1s clean. If the reflection of
the lens is not good, continue to clean the lens: Put the cleaned lens on the lens
holder in accordance with the method described above.

c.Storage of optical lenses

1) The optical lens is stored properly to keep the lens quality in a good condition.

2} lhe storage environment temperature 15 10-30°C. Do not put the lens into the

freezer or similar environment. Otherwise, 1t will condense and frost when it 1s taken

out. which will easily damage the lens. The temperature of the storage environment 1s

not more than 30°C. otherwise 1t will afTect the coating on the lens surlace.

3) Keep the lens in the box. the lens should be placed in a non-vibrating environment.

otherwise 1t will casily cause deformation of the lens. thus affecting the performance

ol Lthe lens.

® Maintenance during long-term storage: When the machine 1s not used for a
long time, please apply grease on the moving parts of the machine and wrap
the anti-cmbroidered paper. Check other parts regularly to sce whether there is any
st and De-rusting and rust-proofing treatment of rmisted parts (if the condition
can be added with a dust cover). and regularly clean and check the machine.

® | inear slide and rack and gear maintenance: because the different lubricant
types used in the two rails, the equipment also adopts two different lubrication
methods. The gwide rail adopts the electric automatic refueling pump to refuel
automatically . When the automatic o1l pump 15 too low, the system will alarm
automaticallv. vou need to join the Great Wall heavv-duty wehicle gear 90GL-5
lubricating oil at the oil filling port, and reset after the oil filling is completed. The
rack needs to add o1l to the machine body every 7 days. The oil used is Mobil 00&
lithium grease. Tf the Imear slide 1s not properly lubricated, the friction of the rolling
portion will increase, and long-term use will become the main reason for shorlening
the Iife. The linear slide and sprocket chain grease 15 a lithium-based grease. Tt 1s
recommended to use the Tsutsui lithium grease MP-3:

Controller

Oil pressure gauge
Filling port

Automatic otl pump

® Machine cleaning and maintenance

Mainly maintenance 15 the transmission part of the machine body and the
cleaning of work surface. 1. It is necessary to clean the work surface and the dust and
debris on the work table every day. 2. The dust and debris on the track dust cover
must be cleaned every day to prevent the dust cover from being scratched and shorten
its service life.

®  Water tank cleaning and mamtenance

The mam function of the water tank is 1o protect the laser and the cutting head by
controlling the water temperature to ensure the normal operation of the laser
couipment. It is an important accessory and must be cleancd and maintained.

1. It is necessary to clean the filter every day to ensure that the ventilation and
heat dissipation are good. s0 as to ensure the water temperature is normal. "As shown



below"

2. The temperature of the water tank 1s generally mamntamed at 22°C to 28°C (n
summer the high temperature can be set to 28-35°C. the low temperature can be set to
26-29°C, pay attention to the temperature difference between the equipment
temperature and the external environment temperature can not be greater than 5°C.
please adjust m summer Otherwise it will have a sertous impact on the device). "As

shown below"

o)

o

*

3.Change the water every week (note: be sure lo use distilled waler, recommend
Watson's distilled water). wash the water tank before changing the distilled water
every time, recycle the dirty water in the equipment once with new distilled water,
and then inject distilled water again.
@ (leaning and maintenance of the electric cabinet:
|.The filter of the electrical cabinet is cleaned weekly and can be cleaned with

compressed air or water. It the filter is dirty, replace it.

L
2.The electric cabinet will be cleaned once every three months. If the

environment 1s bad, the dust will be cleaned once a month. When the dust 1s cleaned .
all the power supplies must be powered off. and then the doors on both sides of the
power supply cabinet are opened. Do not touch the electronic components inside the
cabinet directly. Clean the dust in the cabinet with a vacuum cleaner (do not use

compressed air)
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3. Clean the computer host every six months. (If environment 1s bad every 3
months need clean once) You need to clean the computer host. remove the fixing strip,
and remove the cover. The motion control card and memory module can be removed

and cleaned. Please use a clean and dry cloth to do this.

Chapter 5 Common fault analysis

5.1 software enters the demo interface failure

Check if the device manager finds the Cypeut electronic motion control card and

checks 1f the control card driver 15 installed.

If the motion control card is not found in the device manager. please check the 2
small lights (LED7. LEDR) on the top of the control card to flash. If it does not flash

alternately. the control card may be faulty and can be upgraded or sent back for repair.




Check the interface to see if the system has expired.

S/MN: Licence Not Found
Avaizble Time: 2010-01-01 ~ 2010-01-01

Registered Coc | | =% Registeri

160X series control card, CypCut software requires 6.3.702.x version and above
version to supportoUX series control card. check whether the serial number has
multiple repeated codes such as ZZZZ7, re-plug the control card to see if the serial

number changes. and then re-encrypt and decrypt after the change.

External dongle, check if the RTC time behind the serial number is the current

time. If the time is wrong, the dongle may be damaged.

S/M: Licence Not Found
Available Time: 2010-01-01 ~ 2010-01-01
Registered Coc | i & Reg'ster]

5.2 The laser source doesn’t have light

If the laser shutter not open?

Check if the output signal of the PWM (up to 4.1V or 22V when the duty ratio is set
to 100%) and DA (0~10V) is normal on the terminal board.

Relying on the communication-controlled laser. you need to check the configuration
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of the network / COM port. whether it is connected

Check whether the external control module of the laser is faulty. The internal control
can emit light. Tt does not mean that the external control module 1s normal.

The laser monitoring sofiware is used to detect whether the laser receives control

commands, such as DA and PWM signals.




5.3 The light of Scanning and cutting out is not normal, Light leakage

Send a pulse in the diagnosis window to check whether the encoder feedback is
normal. If the direction is wrong. reverse the direction of the encoder i the platform

conliguration ol I the number 15 wmcorrect, modily the servo leedback pulse and

5.4 The cutting process is not the right size

Check 1f the size drawn on the original drawing 1s correct. The deviation of the

size 1s about 10 filaments. You can add the appropriate slit compensation. If the scale

other related parameters.

Check the accuracy of the error measurement is not high enough. the servo

stiffhess setting 15 too low

Sort the graph when generaiing the scan hine, 1t 15 recommended to use the "local

shortest move" strategy

If the light leakage is from [PG laser, the PWM signal 1s set to 5V, and other

lasers check whether the servo mterferes with the board.

Enoder : 0, 20, 3:02-3=0

TRIP: (4180) X:2017 ¥: 2123
Q) X0y:0

Pulse Test

D RS -

© FPosti@ Negative

Check encoder pulse

Encoder reverse

becomes larger or smaller, adjust the pulse equivalent in the servo and platform

configuration tool.

Mechanism
I Axis
Servoilarm () NO @ NC
Range 1, 500mm = Move 10mm + need 10,000 = pulze

Max Speed 3, 000mm/ » Max Ace 40, 000mmi =* -

T Mxis
JITual Drive Servohlarm [ NO @ NC
Range 3, 000mm » Howe i0mm » need 10,000 » pulsze

Max Speed3, 000mm/ » Max heoc 40, DDDmm;‘rf. -

5.5 Cutting deviation

Check if the servo motor 1s correctly cquipped with a regencrative resistor

Check whether the trajectory of the cut part is deformed. If the distance of the empty
movement changes and the closed pattern of the cutting is normal. check whether
there is looseness between the servo and the reducer.

In the above case. the null acceleration and low-pass filtering frequency are set to be

low or the same as the cutting portion, which can be temporarily solved.



5.6 Cannot perform breakpoint positioning after power failure or restart

If vou check the option "only process selected graph", the processing breakpoint memory function

will not be available

returned to the origin at least once

The state of power failure must be machining (this function is mvalid if the frame 1s moved or

moved).

The file autosave Ixd is not damaged

The basic information of the machine tool has not been changed (such as pulse equivalent, origin

direction. etc.)

The processing time must be more than 30 seconds

5.7 Height adjuster network timeout

Check that the IP address of the tuner in the platform configuration tool 15 the same as that in the

network parameters of the tuner itself
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Only process selected graphics
| Soft limit protection
_/Edge Seek Before Working

In the process of using, the power should be

IFollower

3100 BCS10D Dera I

H=iwork Comkzz

IF Adar: 10.1. L. 188

Test K‘ull.’:uL'lio:.l

[ sz |
Thiz corputer installed 3 netcards:
Heiwork Card Hane!

RAG | JO-OB-AE-C3-F3-TC

IF @ 192.168.1. 23

Heiwork Card Nane:

MG | E4-1I-5E-9C-DEi-FB

IF : 168, 254. 200, 123

Neiwork Card Nane: Eluetooth

RAC © 40-2C-Fi-12-FA~BA
IF 1 165254, 108, 134

Check whether the IPv4 address of the computer network card is consistent with the first three
segments and the adjuster, and the last segment 1s inconsistent

§ IF Addre
ubnet Mask

B Gateway

EI'IQtI 1 =




5.8 Homing is not normal

Check whether the Z trust number is enabled in the parameter of the platform configuration tool
back to the origin, and the 15-core servo wire is not welded or falsely welded with the relevant
encoder signal wire

Return Org
|S0ft limit | |Pronpt go Org st start | Prompt go Org in wernning
I ORG direction: @ Neg 1 Fox T ORG direction. @ Neg Fox
DG =ignal: @ 0rg [ Limit Linit logic: |§D -

I-Fhase signal’ |/|Ensble

High Speed S0nmi's * I rollback dis 10nm =

Low Speed: {0nm/s = T rollback dis 10mm

Check the origin or limit signal is always valid
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Limit Signal 0000

000 0Ea DRa

X0 X+ Y1-Y10 Yi+ Y2- Y20Y2+

aftLimit |

5.9 Axis movement is not normal

Check whether the 15-core wire and the 62-core wire are connected normally. No need to replace the
board card. Exclude whether the board card damages the servo and whether the parameters are set
incorrectlv. 10 this alarm is sent by the software to the height regulator, but the height regulator does
not execute the instructions sent by the software within a certain period of time, or does not respond
after receiving the corresponding instructions from the height regulator. Check if there 1s any
abnormal condition that affects the normal operation of the height regulator. Check whether the level
of the height regulator 1s too low. It 15 recommended that the level of the v2.0 version should be
upgraded to vI224 or above, and the level of the 3.0 version should be upgraded to 3180 or above. 1
frequent occurrence can check whether the network comnection 1s normal. or alter changing the
network card, the test prompt "the height regulator did not complete (follow) nstruction within the
specified time" failure.

5.10 The capacitance has always changed to 0




If it 15 sull 0, replace the standard spc-140 1f cable of BCS10 height regulator. check whether
the capacitor is restored, and the recovery will be normal
Replace the amplifier and check if the capacitance 15 restored

5.11 The body capacitance becomes smaller

Touch the nozzle and observe whether the capacitance changes to 0. If it does not change to 0,
check whether the ceramic ring and nozzle of the cutting head are installed. Once the cutting head is
processed, the alarm will be given to "the capacitance of the body decreases”

When the ambient temperature decreases, the capacitance nduction of the amplifier and the
cuttng head itself will decrease, and the floating head needs to be calibrated agam. When the
calibration function 15 on. the parking point should be set above 30mm of the plate surface

How to turn on real-time calibration ‘
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3100edition :
Fldemarcate-2Floating head
calibration-Fdset up
3180edition:F2parameter-8hig
h-level parameter

fl (Enable)
@ (pisable)

(Disable)

Calibrate pistance =EME mm

jaterigl ¢
[F2] nonmetal

h.
[ENTJS

5.12 The laser head direct touch board

The floating head calibration 1s performed again, whether the real-ime calibration is started
when the docking coordmate 15 set too low. (the criterion 15 that the switch will be followed
immediarely after the calibration. and the value in square brackets shall not exceed 300 after the C
value of the capacitor is checked).

(F1] CALIBRATE
(Fzl] P“HQMETER




5.13 Capacitance frequent alarm during processing

Check the block I'2-7 alarm parameters of the touch panel alarm delay if abnormal, can be
appropriately increase the touch panel cut hole or delay.

Punch Height TENEE mm
Mid Position Bea .66 mm
pDock Position

Z Range

Check whether the cutting head sensor head 1s not properly installed and whether there is light
deviation.

5.14 Cutting thin plate, thick plate edge jitter

Turn on the vibration suppression function in the advanced parameters of the height regulator
F2 — 8. The recommended setting of vibration suppression time is between 10 and 50ms. The higher
the value 15, the more obvious the suppression effect will be,
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5.15 Following the cutting process is getting higher and higher

Check the cutting head 1s hot or not. and check whether the lens has stains.

Curting laser head is hot will affect the capacitance collection of the induction

5.16 The lifting height is getting lower and lower during the cutting

process

After the lifung stops. check whether the value of the height adjuster's £
coordinate 15 0. II the value 1s 0. there 15 skidding between the z-axis motor and the

coupling, and check the mechanical problems

Lv.17?
(F1] CALIBRATE

[F2] PARAMETER

5.17 Floating head calibration can not be marked

Move the cutting head close to the sheet and click the mumber 3 key on the main
mterlace of the height adjuster o observe the DIF value. I the value is above 30,
power oll the servo. laser. ansformer and other powerlul power successively and
observe the DIF value. If it is judged that a strong current causes the DIF value to
mcrease, it 15 necessary to check whether the strong current is well grounded and
whether there is leakage. and try to use single-termimal grounding for this equipment.

It the DII' is still large even after all the strong electricity has been turned off,
check whether all the four core wires are on. measure whether the enclosure of the
amplifier and the bed of the machine are on. and if the conductivity is not good,

reduce the impedance by adding grounding wires al both ends.



5.19 Servo overload alarm after the height adjuster returns to the

5.18 When the piercing height is greater than 3mm, the piercing

process is not performed

Direct cutting 15 normal. When the perforation height 1s more than 3mm. 1t only
follows the follow-up action and does not continue. Check whether the calibration
range i F4 setting in the height adjuster floating head calibration interface is set to

Imm, and modify it to 25mm.

to approach the board
statics no vibration

Lo
(F4l

[ENT START

Calibrate pistance EENE mm

;anrd terigl:
[F J nonmetal

A
_LENT.L
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origin
Check the upper limit for failure.

Check whether the upper limit position is too close to the top of the screw rod and

whether the speed to the origin is too fast

5.20 The up and down movement of the height adjuster moves in one

direction

Check whether the servo zero drift 1s too big, and then do the servo calibration again

after clearing the zero drift in the servo calibration interface

Please make sure the mechanical parameters are set
correctly

Jog to the middle of the itinerary

Z:+015. 528 L] l_F__4| Reset
H

(1] Jog ENT] ENT Start
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5.21 Adjuster floating head calibration failed

Il the alarm indicates that the upper hmit 15 vahid. the height adjuster shall be
returned to the origin and then the floating head calibration shall be carried out again.
The alarm indicates that the capacitance is abnormal. Touch the nozzle by hand to
check whether the capacitance changes to 0 or not. If the capacitance does not change
to 0, check whether there is something wrong with the internal induction head of the
cutting head.

The alarm indicates that the capacitor 15 always in the state of collision plate.
then check whether the capacitor is (), elimmate the problem so that the capacitor can

be normally induced and then re-calibrate the float head.

5.22 Height adjuster prompts to follow the error too large alarm

This alarm refers to that during the following process of the height regulator, the
acquisition capacitance changes violently (such as plate shaking. more anti-slag.
msufficient air pressure of cutting gas. etc.). which leads to a large deviation between

the actual following height and the targer following height. thus generating an alarm.

5.23 The height adjuster prompts the encoder to be unresponsive

The encoder not responds to send motion mstructions Lor the height regulator,
and the motor does not move.

Check whether the servo driver parameters are set correctly (check whether it is
runmng in speed mode) on the 15-core wire (winng delinition 18 dillerent [rom the
XY axis. which is in analog cuantity control mode). Whether the servo driver

parameters are set correctly (check whether 1t 1s niming in speed mode).

5.24 Encoder abnormal motion

The height regulator does not send motion instructions, but the motor is in
motion, it 15 necessary to check whether there 1s zero drift m the motor. or the motor

falls due to gravity when the serve is not enabled.
5.25 Cutting process problem

®  Problem of curtting and perforation

Any hol cutting techmgque. excepl in a few cases where 1t can starl cutting at the edge
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of the plate, generally requires a small hole to be punched through the plate In the past.
The punching head of laser stamping composite machine was used to punch out a hole.
and then a laser start cut from the hole. There are two basic methods for laser cutting
machine without stamping device:

Blasting perforation--The material is irradiated by a continuous laser beam to form a
pit i the center, and then the melung matenal 15 quickly removed by a stream ol
oxygen to form a hole in the molten material. The size of the general hole is related to
the thickness of the plate, and the average diameter of blasting perforation is half of
the thickness of the plate. so the hole diameter of the blasting perforation of the
thicker plate is larger and not round. which is not suitable for the high precision parts,
and can only be used for waste materials.In addition, the oxygen pressure used for
perforation 1s the same as that used for cutting, the splash is larger.

Pulse perforation--Each pulsed laser only produces small jets of fine particles. which
are gradually deepened, so the time perforation of thick plate need a few
seconds.Once the perforation 1s complete, the auxihary gas 1s replaced with oxygen
for cutting.In this way. the diameter of perforation i1s smaller. and the quality of
perforation is better than that of blasting. The laser source in used not only should
have higher output power: 1t 1s more mportant 1s the time and space characteristics of
the beam. so the general transverse flow laser can not meet the requirements of laser
cutting. In addition, a reliable air path control system is required for pulse perforation
to realize the control of gas type, gas pressure switch and perforation time, In the case
of pulse perforation. the transition technology from pulse perforation at rest to
constant continuous cutting should be paid attention to obtain high quality incisions.In
theory. the cutting conditions of the acceleration section usually can be changed. such
as focal length. nozzle position. gas pressure, etc.. but i fact. it 1s difficult to change
the above conditions due to too short time.It is practical to change the average power
of laser i industnial production. change the pulse width: Change the pulse frequency

and Change the pulse width and frequency at the same time.
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5.26 Analysis of deformation of cutting small holes (Small diameter

and thick plate)

@® DBecause the machine (only for high-power laser cutting machine) does not use

blasting and perforation when making small holes. but by pulse perforation (soft
piercing). which makes the laser energy concentrated in a small area. The
non-processed area 1s also burnt, causing deformation of the hole and affecting
the processing quality. At this time, we should change the pulse perforation (soft
piercing) method to the blasting perforation (normal piercing) method in the
processing program. For the smaller power laser cutting machine. the method is
opposite. In the small hole processing. pulse perforation should be adopred to

obtam a better surface fimish.

5.27 Solution for burr of workpiece when laser cutting low carbon

steel

According to the work and design principle of laser cutting, the following
reasons arc the main reasons for the burrs of the work picce: the upper and lower
positions of the laser focus are not correct, the focus position test needs to be done,

and the offset 1s adjusted according to the focus: The output power of the laser is not

enough. It 1s necessary to check whether the work of the laser generator is normal. If

it 1s normal. observe whether the output value of the laser control button is correct and
adjust 1t; 1f the line speed of cutling 15 too slow, the line speed needs Lo be increased
during operation control: if the purity of the cutting gas is not good. it 1s necessary to
provide high-quality cutting working gas; 11 the laser [ocus 15 offset. the focus
position test needs to be performed. and the offset 1s adjusted according to the focus:
If the instability of the machine running time is too long. and the shutdown is required

at this tume. Restart.

5.28 Analysis of burrs on workpieces when laser-cutting stainless

steel and aluminum-zinc plates

When the above problem happens, first consider the factors of burr when cutting
carbon steel, but it is not simple to speed up the cutiing speed. because the plate mav
not be cut when the speed is increased. This is especially the case when processing
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alumimum-zine plate. At this time, should considering other factors of the machine,

such as the replacement of the nozzle and the unstable movement of the guide rail.
5.29 Analysis of laser incompletely cut through state

After analysis. it can be found that the following cases are the main reasons of
processing instability: the size of laser head nozzle does not match the processing
plate thickness; the laser cutting line speed 1s too fast, the operation control 1s required
to reduce the line speed: the nozzle sensing is not allowed. To the laser focus position
error is too large, need to re-detect the nozzle sensing data, especially when cutting

aluminum 1s most likely to appear.
5.30 Solution to abnormal sparks when cutting low carbon steel

This condition will affect the quality of the cut section finish of the part. At this
time, if other parameters are normal, the following should be considered: the loss of
the laser head nozzle NOZZEL should be replaced in time. In the case of no new
nozzle replacement, the working gas pressure should be mcreased: the thread at the
joint between the nozzle and the laser head is loose. At this point, the cutting should
be paused immediately, the laser head connection status should be checked, and the

thread should be re-threaded.

5.31 Summary of cutting process defects




Phenomenon Reason Solve
e ) N L SR VO . PR
Cutting stainless with Nitrogen
Phenomenon Reason Solve

focus 1s too low speed 1s too

high

icrease the focus position
and decrease the cutting
speed

e g

speed 1s too low, focus 1s too
high, gas pressure is too low,
and matetial is too hot

UCTEASE gas preseure and
icooling material

mcrease speed. decrease focus,

~ N

nozzle 1s not in the center,
focus 1s too high, and has
pressure and speed 1s too low

adjust nozzle, decrease the
focus position. increase gas
pressure and speed

s
-

there 15 O2 in N2

use high purity n2

4

speed too high. power and
focus 1s too low

decrease cutting speed,
mcrease power and focus
position

speed 1s too high. power and
focus position 1s too low

decrease speed, increase
power, increase focus

position

nozzle break. lens being
polluted

change nozzle, clean or
change lens

2
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Chapter 6 Maintenance Service

1. During the warranty. there 1s some parts 15 broken, and need back to factory to
repair. the buyer should pay for the transportation fee to factory. After testing in
factory and found. the broken part is broken as itself quality problems( not man-made
reason, not use environment reason), the factory will repair 1t for free or send the
buyer a nmew one for free. At the same time, the factory will undertake the
transportation fee to the buyer’s company.

2. The back part should be test in FULL SPECTRUM factory firstly, after testing and
repairing by FULL SPECTRUM after sale service department. then return it to the
buver.

3. During the warranty period. if the part 1s broken not as the products itself quality
problems, the buyer should pay for the transportation fee to tum back the the buver’s
company.

4. During the warranty period, the buver should pay for the transportation fee to repair
the part.

5. The spare parts doesn’t have warranty. such as reflective lens, focus lens. protect
lens. collimiting lens. laser head. ceramic ring. nozzle etc..

6. The peripheral devices should be maintain according to the devices” manufacturer
and at the help of FULL SPECTRUM, the devices has one wear’s warranty. The
warranty will be started to caleulated from the date of production such as water chuller.

exhaust fan, pimp. air compressor, indusiry computer elc..




FULL SPECTRUM engineer go to the buyer’s company to repair:

500RMB/person+traffic fee, accommodation fee+ parts fee.

2. Maintenance procedure

After calculating the cost and the buyer pay, FULL SPECTRUM engineer will go to

the buyer’s company for service.

Extended warranty policy

For more info

https:/fslaser.com/terms
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Postscript

The final interpretation of this manual belongs to our company, and we will try our best to
ensure the accuracy of the contents of this manual. Due to the limited editor's ability, it may differ
from the statement of this manual in some aspects, we hereby apologize.

If vou have any questions or suggestions, please feel free to contact us!

The company shall not be responsible for any direct. indirect, incidental or consequential loss
or liability arising out of improper use of this manual or this product.

The copyright of this manual belongs to FULL SPECTRUM . Without authorization, it is not
allowed to directly or indirectly copy, manufacture, process or use this product and its related parts.
Without permission, it is not allowed to imitate, copy. extract or transfer the contents of the

manual. Violators will be held accountable for their legal responsibilities!




JOIN THE FULL SPECTRUM LASER COMMUNITY

FULL SPECTRUM LASER INVITES YOU TO JOIN OUR COMMUNITY OF HOBBY MAKERS AND PROFESSIONAL
THROUGH OUR SOCIAL MEDIA CHANNELS (FACEBOOK,INSTAGRAM,TWITTER AND YOUTUBE) WE ALWAYS
HAVE SOMETHING NICE TO SAY ABOUT HOBBY MAKER CULTURE OR THE INDUSTRY WE WORK IN. YOU
CAN FOLLOW US AS WE CROSS THE COUNTRY GOING TO CONVENTIONS AND MAKER EVENTS OR JUST
CHECK OUT ALL THE AWESOME STUFF WE MAKE. BEST OF ALL, WE OFFER ALL THOSE DESIGNS FOR
ALL THOSE PROJECTS WE MAKE WITH OUR LASER CUTTERS FOR FREE. JOIN OUR COMMUNITY AND
SEE WHAT ALL THE EXCITEMENT IS ABOUT.

000

YOU CAN FIND US ON ALL SOCIAL MEDIA PLATFORMS

FULL SPECTRUM LASER
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