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Fig. 1.1. Machine and personal computer (laptop) 
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Fig. 1.2. Cable for connection of machine and computer
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Fig.3. Power supply cable with grounding
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 Fig. 1.4. Engraving tools (needles)
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Fig. 1.5. Installation CD


1.3. Technical characteristics of the engraving complex “Graphic-3KL”
	Operational field(1)
	550х900mm
	650х1100mm
	750х1350mm
	750х1550mm

	Machine dimension:
	1050x1450x370mm
	1050x1450x370mm
	1050x1450x370mm
	1050x1450x370mm

	Machine weight:
	Not more than 40kg 
	Not more than 50kg
	Not more than 60kg
	Not more than 70kg

	Power supply voltage:
	~220V/50Hz, ~127V/60Hz

	Power consumption:
	Not more than 500W

	Process material:
	Stone, glass, metal, plastic, wood and etc

	Work piece thickness:
	Not limited

	X, Y, Z drives:
	Ball screw drives

	Positional accuracy
	0.050mm

	maximal nonflatness of work piece
	Up to 100mm at 1000mm

	Number of halftones at the image
	Up to 256

	Connection interface
	USB

	Operating system 
	Windows XP/Vista/7/8/10 (32/64 bit)

	Laser engraving mode

	Emitter power
	40W (installation of the emitter up to 80W is possible)

	Type of laser emitter
	Gaseous (CO2)

	Service life of emitter
	Up to 3000 hours

	Engraving speed
	Up to 500 mm/s (30 000 mm/min)

	Cooling type 
	Water closed 

	Water temperature at the cooling system:
	10..25 °C

	Focal length
	50.8 mm (2 inches)

	Impact engraving mode:

	Image depth
	0.1..0.8mm (on marble up to 1.5mm)

	Efficiency
	image 300х400 mm – 20..90 min (set by the operational mode)

	Tool life:
	At least 10 images 300x400 mm (using branded engraving tools)


(1) – The maximum image dimensions for the X coordinate are smaller than the dimensions of the operational field by the total amount of acceleration and deceleration. The amount of acceleration and deceleration depends on the engraving mode, axis velocity on the X axis and settings of acceleration in the Engrave software.

1.4. Transportation and storage conditions 
The engraving machine can be transported by all types of sea, land and air transport vehicles provided the integrity of the package and product. The machine should be stored in a closed ventilated premise at ambient temperature from 00C to +400C and relative humidity of 80% (at temperature + 200C).

2.2. Safety instructions when operating laser equipment
ATTENTION! Laser Engraving Machine refers to laser equipment of Class 4. When preparing a premise, installing equipment and operating a machine, it is necessary to follow the requirements set out in Appendix 1 (see Clause 2.3).
1. General precautions 

1.1. Persons undertaking activities associated with unsupervised operation of the laser equipment shall have special technical education, have received adequate training, have been instructed in technical safety, fire safety, have completed the apprenticeship and test of knowledge of labour protection requirements.
1.2. Keep out of working with reflective metals, as well as materials that are sensitive to high temperatures and emit toxic substances (for example, PVC, Teflon, ABS, polychloropren).

1.3. Highly flammable substances (alcohol-containing substances, petrol) shall not be stored near to equipment.

1.4. Ensure the availability of CO2 fire extinguishers. Do not use the powder fire extinguishers as they can damage machine components.

1.5. Hazardous factors for machine operator can be the following:

· direct laser beam; 

· reflected laser beam;

· invisible laser beam emitted out of laser tube;

· current-carrying conductors with damaged insulation;

· mechanical system.

1.6. Employee who is at the same time an eyewitness shall immediately notify his/her immediate supervisor of any occupational accident, situation that can endanger human life or health.
1.7. In case of violation of the requirements of the present manual, employee shall be brought to disciplinary and, when appropriate, material and criminal responsibility in accordance with the procedure established by the legislation of the Russian Federation.
2. Safety requirements before putting the machine to operation
2.1. Air the premise.

2.1. Ensure that there are no highly flammable substances close to machine.

2.2. Make sure that the working place is ready to start operation – working surface of the unit is cleaned of dirt and foreign items.

2.3. Make sure that the unit is ready for start-up – the protective cover shall be installed on the body and closed.
2.4. Ensure that the equipment ventilation system is working properly.

2.5. Make sure that there is water in the cooling system.

2.6. Wear goggles.
3. Safety requirements under operation 
3.1. To avoid burns, do not touch work surfaces of the laser by hand and other body parts.

3.2. Work only in goggles as looking at the laser beam may damage your eye cornea.
3.3. Do not look at the laser beam when operating the machine. 

3.4. Work with reflective materials only in goggles as the reflected beam is no less dangerous than the direct one. 

3.5. Activities associated with materials emitting caustic substances (acryl, plastic etc.) shall be performed only with enabled draught equipment and respiratory protectors to avoid intoxication. 
3.6. Do not open the protective cover and control unit if the equipment is connected to the power supply system. The high voltage used for laser power supply can cause an electric shock.

3.7. Do not operate when the protective cover is open or removed to avoid contact with direct or scattered laser beam, which is injurious.

3.8. Ensure ventilation of the premise during operation.

3.9. Do not leave the equipment unattended.

3.10. In the case of failure detection, disconnect the equipment and notify the experts. Do not allow independent repair of equipment. 

3.11. Disconnect the power supply during the thunderstorm and when the equipment is not used for a long time.
4. Safety requirements upon work completion
4.1. Disconnect the equipment from the power supply.

4.2. Clean the work surface and the guide from material fractions.
4.3. Ventilate the premise.
2.3. Appendix 1. Laser safety 
Laser safety is a set of technical, sanitary, hygienic and organizational measures that ensure a safe working environment for personnel operating the laser units. The following requirements are taken into account:

GOST 12.1.040-83 SSBT. Laser safety. General provisions.

SanPiN 5804-91. Sanitary norms and rules of lasers design and operation.

Adoption of one or another laser safety measures, first of all, depends on laser class. The laser hazard class is established by the manufacturer. All lasers must be marked with a laser hazard safety labels: “Caution! Laser radiation!”.

Lasers should be laced in specially equipped premises. Class 4 lasers should be located in a separate room. Walls and ceiling must have a matte surface. Entrance doors for class 3 and 4 laser rooms are equipped with internal locks, a laser warning sign and plate: “No Admittance to unauthorized personnel”.

Equipment should be placed absolutely freely. For lasers of 2, 3 and 4 class in front of the control panels there should be left some space of 1,5 m wide at inline arrangement of lasers and 2, m – at two-bank arrangement.
The doors of the premise where 4 class lasers are installed should have a blocking system. When working with 4 class lasers, personal protective equipment should be used – goggles and masks.
Persons operating the laser machine should be at least 18 years of age, attend a medical examination and have no medical contraindications.

3. Engraving complex instalment
3.1. Overall diagram of “Graphic-3KL” machine. Assignment and arrangement of the main components
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	1. Machine frame 

2. X drive 

3. Step motor X
4. Y drive

5. Step motor Y

6. Z drive

7. Step motor Z

8. Control unit

9. Protective hinged cover

10. Cable layer

11. Tube Laser Emitter

12. Mirrors (3 pcs)

13. Laser tool head

14. Cooling liquid tank with submersible pump
15. Air compressor
16. Switching unit of water pump and air compressor
17. Inlet and outlet cooling hoses.
18. Air supply hose


	

Fig. 3.1. General view of machine


Functional purpose of X drive at the system is line scanning of image, which is to say ensuring the movement of scanning head together with engraving tool line by line. 

Functional purpose of Y drive is vertical scanning, which is to say ensuring the movement of carriage X and scanning head together with engraving tool column by column. 

Functional purpose of Z drive is ensuring the movement of replaceable impact or laser head along Z axis according to the information received from level sensor. 

As a result of the joint movement of X, Y and Z carriages, the working engraving tool decorates the work piece surface with the image.
	
[image: image9.png]



	
[image: image10.png]



	
[image: image11.png]




	Fig. 3.2. Microprocessor control unit

	1. Control panel
2. Display

3. Keyboard

4. Power button

5. Individual lock


	6. Power plug 220V
7. High voltage connector of laser emitter
8. USB port for communication with computer 
	9. Microprocessor control board
10. Power supply unit

11. 
high-voltage power supply unit of the laser emitter

12. Signal flexible flat cable


On the left side of the machine frame, the microprocessor control unit is installed (Fig. 3.1, pos. 8), which performs the following functions: 
· generates control advance pulses for step drive X, Y, Z;
· generates control pulses for impact or laser tool head;

· implements communication interface between operator and complex.

On the front panel of the control unit Fig. 3.2 there are mounted:

· operator's control panel with keyboard and indicator display (pos.1);

· power ON/OFF button (pos. 4);
At the back side of the control unit there are the electrical connectors for communication between machine nodes and computer and power plug. On the door of the control unit there is an individual lock (pos.5).

The control panel Fig.3.2  pos.1 has a screen (indicator display) pos.2 and 16 key keypad (pos. 3).

Inside of the microprocessor control unit there are installed:
· microprocessor control board (pos. 9);
· main power supply unit (pos. 10);
· high-voltage power supply unit (pos. 11) for pulse generation of  laser emitter;
· connection flexible flat cables (pos.12).
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Fig. 3.3. Laser emitter with cooling system

	1. Tube laser emitter 
2. Emitter`s mounting brackets (2 pcs.)

3. Brackets with folding mirrors (3 pcs.)

4. Adjusting bolts of mirrors (3 pcs. for 1 mirror)
5. Removable laser head

6. Position mark of focussing lens

7. High-voltage contact of emitter (anode)

8. Low-voltage contact of emitter (cathode)
	9. Inlet cooling nozzle of emitter
10. Outlet cooling nozzle of emitter

11. Coolant pressure sensor

12. Cooling liquid tank 

13. Submersible pump 

14. Inlet hose for coolant supply

15. Outlet hose for coolant supply


Removable laser tube emitter (Fig. 3.3 pos.1) installed on X drive inside of the protection cover (Fig. 3.1 pos. 9). Emitter is mounted with the help of the two rubber-sealed brackets (Fig. 3.3 pos.2). Trajectory of the laser beam is shown on Fig. 3.3 and marked with green arrows. The laser beam is consistently reflected from three folding mirrors (pos.3) and then falls on the focusing lens of the laser head (objective) (pos.5). The surface of the centre of the lens is at the level of the mark (pos. 6). The laser beam should fall exactly in the centre of the lens. The adjustment of the beam path (so called alignment) is performed with the help of the adjusting bolts (pos. 4). There are three adjusting bolts on each mirror.
Radiation in laser tube is generated by high-voltage discharge. The current impulse is generated at high-voltage power supply unit (Fig. 3.2 pos.11) then throughout the high-voltage connector (Fig. 3.2 pos.7) it enters high-voltage contact of emitter (anode) (Fig. 3.3 pos.7) by the high-voltage wire. The circuit is closed through low-voltage contact of laser emitter (cathode) (Fig. 3.3 pos.8). Cathode wire is connected to the control unit through the GL connector (see Fig. 3.2).
ATTENTION! During laser operation, connectors (Fig. 3.2 pos.7 and Fig. 3.3 pos. 7) generate high voltage. It is forbidden to switch between connectors with machine in service. Only a qualified personnel is allowed to perform repair activities associated with high power circuit (high-voltage power supply unit, high-voltage wires and connectors) and not earlier than two hours after shutting down the machine to remove the residual voltage.
In the emitter`s cooling system the cooling liquid (water) is pumped from the tank (pos.12) with the help of the submerged pump (Fig. 3.3 pos.13). Water through the inlet hose (pos.14) passes through inlet nozzle (pos.9) and enters the laser tube. The cooling water circulates inside of the tube and through the hose (pos.15) connected with the outlet nozzle (pos.10) comes back to the tank (pos. 12).

Pressure sensor (pos.11) is used to control the water circulation at the cooling system. Pressure sensor is connected to the control unit with the help of the GL connector. In case if in the course of engraving sensor detects the pressure drop, machine switches to standby mode and a warning message is displayed on the screen.

The air supply provides excessive pressure inside the laser head for protection of the focusing lens from smoke and combustion products. The air supply is provided by the air compressor (Fig. 3.1 pos.15). The air is fed through the hose (Fig.3.1 pos.18) to the laser head (Fig.3.1 pos.13).
In the course of engraving the water pump and the air compressor are switched on automatically. To control switching on/off of the power supply wires, the water pump and the air compressor are connected to the switching unit (Fig.3.1 pos.16). The switching unit is connected to the control unit (Fig. 3.1 pos.8) by RL cable, through which the control unit sends some activation commands.

Control unit (Fig. 3.1 pos. 8) and switching unit (Fig.3.1 pos.16) have separate 220V power cable. 

3.2. Replacement of the laser and impact engraving heads 
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Fig. 3.4. Laser and impact engraving heads

	1. Laser engraving head
2. Level sensor of laser head

3. R cable of level sensor

4. Air hose

5. Air supply hose adapter

6. Lock screw


	7. Impact engraving head

8. Electromechanical vibration generator

9. Engraving tool (needle)

10. Level sensor of impact head

11. Sensory element of level sensor

12. R cable of level sensor
13. M cable of vibration generator

14. Cap screws (2 pcs.)

15. Bracket for Z, R, M connectors


The laser engraving head (Fig.3.4 pos.1) has a cylindrical body with removable focusing lens inside of it. The level sensor (pos. 2) is fixed on the head. The given level sensor serves to set the focal length and to scan the surface of the work piece when engraving on the angled and curved surfaces. There is an adapter (pos. 5), to which the air supply hose (pos.4) is connected to protect the focusing lens from the combustion products. The air from the compressor (Fig.3.3 pos.15) is fed through the hose.
Impact engraving head (Fig. 3.4 pos.7) consists of electromechanical vibration generator (pos.8), touch sensor and sensor monitoring the level of work piece surface (pos. 10).

The electromechanical vibration generator with split terminal, where the engraving tool (pos.9) is installed, is an operating mechanism with the help of which the impact engraving is performed.
The level sensor is a measuring unit with the help of the sensory element of which (pos.11), the vertical profile of the work piece surface is monitored.

ATTENTION! Impact engraving head, electromechanical vibration generator and engraving tool are the property of SAUNO LLC and are protected by the patents of the Russian Federation, Ukraine, Belarus and other countries, and copyright laws. Their copying is prohibited and punishable by law. Their copying is strictly prohibited and punishable by law.
Laser head installation 
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Fig. 3.4a. Positioning of the laser machine level sensor 

*Insert the laser head into the chuck from the bottom upwards. Tighten the lock screw (pos.6). To connect the air hose (pos. 4) with adapter (pos. 5). Connect the R wire on the bracket (pos.15) and tighten the screws at the R connector with the help of the screwdriver.
*It is necessary to install the laser head in such a way that the tangent point B of the work piece with a tip of the level sensor be in line along the X-axis with the point A of the laser beam projection (green arrow) on the work piece surface. The correct position is achieved by turning of tube around its axis with loose lock screw (pos. 6).
*Turn the machine on. In case if the impact engraving mode is activated, in the menu option of the Engrave software go to «Режимы/Режим работы/Лазерное гравирование» (“Modes/Operating mode/Laser engraving” and put a mark. The machine has to be connected to the computer.
*In order to mark A point on the work piece surface, you should give one or two pulses of laser, pressing on the machine panel the <ВВОД> (<ENTER>) in manual mode of panel.

*When installing the laser head for the first time as well as removing and replacing the level sensor (pos.2), measure the distance L and enter it in Engrave software. To do this, you should go to menu command «Файл/Настройки…» (“File/Settings ...”), at the window «Настройки» (“Settings”) push the button «Лазер» (“Laser”) and at the window «Отступы датчика уровня» (“Spaces of the level sensor”) enter the value of X in millimetres with a negative sign. The value of Y is usually zero. Press the button “OK” and at the «Настройки» (“Settings”) window push the button «Настройки – в станок» (“Settings – into machine”) for saving the changes.
Laser head removal
In manual mode lift the tool up along Z axis. Switch the machine off. Remove the air hose (Fig. 3.4a) from the adapter (pos. 5). At the bracket (pos. 15) unscrew the R connector. Loose the lock screw (pos. 6). Remove the laser head by pulling it in the downward direction.
Impact head installation
* Loose (but not unscrew) the nuts on the cap screws (pos.14). To insert the impact head from the bottom upwards to the Z drive carriage in such a way that the screws (Fig. 3.4 pos.14) with nuts enter the corresponding slots at the carriage. Align the impact head. tighten the screws (pos.14). Connect the R, M wires on the bracket (pos. 15) and tighten the screws at the R, M connector with the help of the screwdriver.
*Install the engraving too (needle) (pos.9). For detailed information – see cl. 4.1.

* Turn the machine on. In case if the laser engraving mode is activated, in the menu option of the Engrave software go to «Режимы/Режим работы/Лазерное гравирование» (“Modes/Operating mode/Laser engraving” and unput a mark. The machine has to be connected to the computer.

Impact head removal
In manual mode lift the tool up along Z axis. Switch the machine off. At the bracket (Fig. 3.4 pos. 15) unscrew the R, M connectors. Loose two screws (pos. 14). Remove the impact head by pulling it in the downward direction.
3.3. Assembly and installation of the engraving complex 
Normal operation conditions of engraving machine – operation in non-residential heated premises with the following climatic variables: ambient temperature from +8oС to +40oС, atmospheric pressure 645 - 795 mm of mercury, relative humidity from 20% to 80% (at temperature +25oС). 
Unpack the machine. Machine can be delivered both assembled and disassembled. Independently from the machine may be packed the sensor and vibration generator in order to avoid damaging during transportation, as well as office equipment if it is included into scope of delivery. Check the availability of all components and nodes according to the contents of delivery or the supplementary sheet.
Placing the engraving complex 
The machine is installed on the rigid foundation in a horizontal or vertical position (depending on the version) close to the computer in such a way that the length of the cables (power supply cable and connection cable between machine and computer) is enough for connection (even more than enough). The maximum distance between the computer and the machine is determined by the limitation on the maximum length of USB cable. 

ATTENTION! In case if the machine is installed on the working table, then this table must have a rigid design. When engraving, the working table should not move from side to side, otherwise the good engraving quality can not be guaranteed.
Connection of the engraving complex
1. Plug into grounded (see cl. 3.4) electrical outlet the power supply cables of machine, computer and switching unit of pump and air compressor (Fig. 3.1 pos. 16). In case if you use Uninterruptible power supply unit (UPS), connect the equipment according to the scheme of figure 3.6.
2. Connect the machine with the computer with the help of the USB cable, which is included to the scope of supply. 
3. Start up the machine. On the screen of the indicator display will appear information messages about machine model and software version, afterwards machine goes to the menu «Ручное управление» “Hand control”. 

4. Turn on the computer. Wait until loading of Windows operating system is completed.

5. Install the control software Engrave as well as UPS software if it is used. 

6. In case if you use laser engraving, pour some water (it is advisable to use 
distilled water) into cooling tank (Fig. 3.1 pos.14). Approximate volume of water is 10 litres. 

3.4. Grounding 
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Fig. 3.5. Wall outlet with ground contact
	Before plug the machine into the socket, make sure that the main voltage corresponds 220V/50 Hz or 110 V/60 Hz – for countries using such voltage for industrial network. 

Use only single-phased grounded power outlet as it is shown on the Figure. 


In order to connect the engraving machine it is necessary:
* Use the extension cord with surge protector and ground contacts, for example with 5 output sockets.

All cables (from machine, computer, display and scanner) plug into output sockets of extension cord. In case if Uninterruptible power supply unit (UPS) is used, UPS`s inlet is plugged into extension cord (or vice versa), machine and computer is connected to its outlets. 

* Check the ground bus for continuity.
Common mistakes when connecting the engraving complex
SUCH CONNECTION TYPES ARE INADMISSIBLE 
* Only the engraving machine is grounded, computer is connected without grounding.

* Grounding of machine is performed not through the socket but with the help of the cable connected to the frame (body) of the machine.

* On the wall outlet there is a ground contact but it is not connected with the building ground or the cable is abrupted.

* The grounding goes to the zero phase, so called “zeroing”.
Signs of no grounding:
*Metal parts of the machine (screws on the control unit, metal guides) can give an electric shock – if you touch it you can feel a slight prickling. 
*Sparking is observed when you connect USB cable connector with connector of control unit.
* Deterioration of engraving quality. Blurred image, dark parts of image are not engraved in a proper way.
3.5. Uninterruptible power supply connection
*Uninterruptible power supply unit (hereinafter referred to as UPS) is recommended to be used together with the machine.
UPS advantages:
· At short-term power outages UPS allows your machine to shut down properly. 

· In case if the power is turned off for a long time (more than several minutes), upon availability of UPS it is possible to interrupt the machine`s work and afterwards to continue its operation (see cl. 4.6). in case if the model of your UPS has a feedback with your computer, with the help of the USB cable Engrave software may interrupt the machine operation and turn off the computer without your presence with the possibility to continue engraving from that point. 
UPS requirements:
· UPS must have a power of at least 600 W. UPS must have a minimum of 2-3 outputs in order to connect a machine, computer and, if necessary, a display.

· It is desirable that UPS has a feedback with the computer through the USB cable. In case of active feedback, in case of power off the Engrave software completes the work with saving automatically, even if the operator is not in place. In order to activate the feedback with the computer, it is necessary to install a special programme on the computer, which is usually sold together with UPS.

Еngrаvе program settings:

 During the first start-up of the Engrave program you shall use the «Файл/Настройки...» («File/Settings...») menu command to open the settings window. Now you shall set the following values of parameters:
- Шаг (travel) Х: 0.100 mm;
· Блок  питания (power supply unit): 36V.
Turn on the machine. Press «ОК» button, when the window with the «Передать настройки в станок?» («Apply parameters to the machine?») question shows up - press «да» («yes») to save changes in the laser beam machine’s memory.
WARNING! If you change the value of the «Блок питания» («power supply unit») parameter, then the list of materials located in the «Материал» («Material») bar will be reset.
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Fig.3.7. Settings of the laser beam machine.
5. Laser engraving of an image:
In order to perform laser engraving using the machine you shall install the laser engraving head first. Installation procedure is described in p. 3.2.
WARNING! During the first start-up of the laser engraving head you shall check and adjust (if needed) the focal distance. See p.12.6 for details.
WARNING! Obey technical safety rules when working with the laser engraving machine. Don’t take off the protection cover. Work only using safety goggles, don’t look at the laser beam when engraving. See p.2 for more details about the technical safety rules.
WARNING! Laser engraving machine shall not be used, if the cooling system is broken or turned off. Lack of cooling leads to the breakdown of the laser light unit. Keep the water in the contour clean, change water 2-3 times a month. Water temperature within the cooling contour shall be within 10..25 degree Celsius.
5.1. Workpiece mounting.
Manual control mode.
Turn on the machine. The following sentence will be shown on the display of the control panel: «Ручное управление» («Manual control»). In manual control mode you can move the engraving tool to the desired place. The tool can be moved by three coordinate axis lines: Х, У, Z.
WARNING! Pushing the <ВВОД> (ENTER) button in manual control mode gives impulse of the laser beam. Be careful when pushing buttons on the control panel!
WARNING! When mounting the workpiece and manually moving the laser head you shall keep the level sensor gauge right within the workpiece edges and not let it get beyond them. Before mounting the workpiece you shall turn the laser head upwards and take it aside in manual control mode. When mounting the workpiece you shall not allow the level sensor sensing element run into the workpiece.
· Press the <РУЧ> (MAN) button on the control panel. Manual machine control mode will get turned on. This machine has three coordinates: Х, У - horizontal, Z - vertical. The following arrow-buttons are used to move in coordinates:  <Х ВВЕРХ> (X UP), <Х ВНИЗ> (X DOWN), <У ВПРАВО> (Y RIGHT),  <У ВЛЕВО> (Z LEFT),  <Z   ВВЕРХ> (Z UP), <Z ВНИЗ> (Z DOWN) . Movement happens, if you keep pressing the corresponding arrow-button. Present coordinates are shown on the control panel display in mm.
· Fast/ slow moving mode. Press <Б/М> (F/S) button on the control panel.
· Fast moving mode – you can see the «+» mark in the upper right corner of the display and the movement happens fast.
· Slow moving mode – there is no «+» mark. Movement happens slowly.
· Limit switches – get activated when the coordinate is moved to the extreme position. For example, if you move the laser up using the <Z ВВЕРХ> (Z UP) button, then the laser will stop moving when it will be located in the uppermost position and the «Zl» mark will be shown in the bottom line on the right. If you use the Z drive and move the laser downward, then the «Zl» mark will appear. Limit switches of Х,У drives work similarly.
· If you move the laser head downward the Z coordinate, then it will stop moving as soon as the level sensor gauge touches the workpiece surface. It was designed to work this way so that not to break the engraving tool when moving it downward.
· See more details about the manual control mode in p.8.1. 
· Before mounting the workpiece you shall turn the laser head upwards and take it aside in manual control mode.
If you use small workpieces, for example with size of 10 х 15 cm, then the workpiece   shall be put in the working space of the machine. If the workpiece is lightweight, then attach it to the table with double-sided tape.
· If you use large workpieces, for example to make a monument, then put the machine on top of the workpiece. If the workpiece is narrow and the legs of the machine can’t stand on it, then you should put bearing parts (as thick as the used workpiece) under the legs of the machine. The machine shall not swing.
· Workpiece level shall have vertical deflection within +/-1.5 mm, otherwise the quality of engraving may decay due to the change of the focal distance. In case of presence of a big deflection you shall level the workpiece or use the tracking function with preliminary scan of the workpiece surface (see details in p.5.6).
WARNING! Workpiece and the machine shall lie on the table firmly and not swing. Otherwise the workpiece and the table may vibrate in the process of engraving, it will lead to the decay of engraving quality. If the workpiece lies not firmly on the table, then you should put a paper or a piece of carton under it. Press the corners of the workpiece to make sure that it lies firmly and doesn’t swing.
Moving the tool to the initial point.
· Initial point of the image is located in the left upper corner of the computer’s display. Left upper corner of the machine is the corner, where the engraving unit is installed (see fig.4.2).
· Mount the workpiece. The image shall be in parallel to the edge of the workpiece. Move the edge of the level sensor sensing element to the edge of the workpiece in manual control mode (<РУЧ> (MAN) button). Move the head of the tool along the edge of the workpiece with arrow-buttons. If the distance between the sensing element and the edge of the workpiece gets changed, then you shall level the workpiece.
· Move the engraving tool to the initial point. Press the <ВВОД> (ENTER) button on the control panel (in manual control mode) in order to see where the initial point is located. The machine will give a fast impulse with the laser and a little dot will appear on the workpiece. When moving the laser head horizontally, move it in such a manner so that the laser impulse was hitting the left upper corner of the workpiece.
WARNING! Focal distance value shall be set properly so that the laser impulse could put a dot on a workpiece. Press the <ЗАЗОР> (CLRN) button on the machine control panel in order to set the focal distance value  and then press <ВВОД> (ENTER). The machine will automatically set the focal distance value, at that the laser head shall be located above the workpiece.
· We recommend to position the head approximately in the center of the operational field of the machine in such a manner, so that during engraving the head of the tool didn’t get to the limit switches. Otherwise the machine will stop working and the Engrave program will show a message indicating the error of the limit switch. You shall take into account not only the size of the image, but also the acceleration/braking values in the beginning and in the end of each line of the X-axis. Acceleration value is shown in the «Материал» («Material») bar (fig.5.1, item №11) and depends on the engraving speed («V» parameter in the «Material» bar). Use the encirclement mode (see p.8.6) to check the correctness of arrangement of the image before starting the engraving process.
5.2 Preparation for engraving in the Engrave program.

· Start the Engrave program on a computer.
· If the laser engraving mode is turned on in the program, then delete the check mark in the «Режимы/Режим работы/Лазерное  гравирование» (Modes/Working pattern/Laser engraving) menu item.
· Open an image. «Файл/Открыть» (File/Open) menu command. Choose an image (file type - *.ВМР) in the «Открыть» (Open) window and press «Открыть» (Open). Image will be shown on the screen.

· It is recommended to use the retouched image for training, this image is located in the «Sample» folder of the installation disk.
· Mode of preview of an image on a workpiece is turned on by default. Use the button shown on fig.4.3 as item №13 to turn on/off the preview mode. Preview mode works only if the computer is connected to the machine and the machine’s power supply is turned on.
Scale factor of the image shown on the screen can be set in the «Масштаб» (Scale) (fig.4.3, item №9) list box. Size of an image for a workpiece is shown in the «Размер» (Size)  (fig.4.3, item №11) field.  It is recommended to  set the scale factor to100%. In scale of 100% an image is shown on the screen in a dotty form in which it will be engraved on a workpiece.
· It may be useful to engrave only a part of an image for the training purposes and just to check if the machine is working properly. Testing image of an eye (see fig.5.2) is used very often, because an eye on a portrait has the smallest and the most significant details.  Select a square-cut image segment using the left mouse button. Cut the segment using the «Вырезать» (Cut) button on the control panel (fig.4.3, item №5) and save it in a separate document by pressing «Сохранить» (Save) button. See more details on how to select a segment in p.8.3.
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Fig.  5.1. «Материал» (Material) bar in laser mode.
1. Graph of power versus brightness of image dots.
2. Power setting mark.
3. Graph of exposition versus brightness of image dots.
4. Engraving mode.
5. Button used to change the engraving travel value.
6. Current engraving travel value.
7. Image resolution (pixels/cm), corresponds to the travel value.
8. Current color (1 - black, 256 - white).
9. Е - exposition value for the current color, for example, Е=65.00% for the white color.
10. Р – power value for the current color,  for example, Р=ЗО.00% for the white color.
11. Current acceleration distance, mm.
12. V – axis velocity, mm/min.
13.  «Режим ВК» (the highest quality mode) button, see p.6.4.
14.  «Режим гравировки строки» (line engraving mode) button (number of passes), see p..6.5.
15.  «Метод преобразования в растр» (method of transformation to raster) button or «Точки в шахматном порядке» (dots in checkerboard order) for the amplitude mode, see p.0.
16.  «Амплитудно-точечный режим» (amplitude-dot mode) button, see p.6.8.
17. Button used to save current material.
18. Button used to select material from the list.
19. Button used to edit the amplitude graph.
20. Name of material, which is being set when the material is saved.
21. Р2 – current power values, Pmax.
22. Е2 - current exposition values, Emax.
Engraving mode setting:
· Press the «Список» (List) button in the «Материал» (Material) bar, see fig.5.1, item №17. Choose the needed material in the list and press «ОК». Materials in the list differ in travel and engraving speed values.
· It is allowed to increase the travel value, if the workpiece’s material is nonuniform. Decrease the travel value, if you need to engrave small details of an image. It is usually required to increase the Р power, if you increase the travel value, see fig.5.1, item №10. When engraving an image on a workpiece made of stone the travel value within the range of 0.125..0.225 mm is usually used.
Engraving time gets shorter, when the engraving speed is increased (V parameter, fig.5.1, item №12), brightness and deepness of engraving also decrease.
Recommendation. If you are just learning how to work with the engraving machine, then set the travel value of 0.200 mm and speed value of 18000 mm/min.
Adjusting sizes and arrangement of an image on a workpiece.
In this chapter you can find short operation description for work with stone workpieces. See p.7 for details.
· Measure horizontal dimensions of a workpiece (width and height).
· Press the «Камень» (Stone) (or <F8> button) button on the toolbar of the Engrave program. Layout of a workpiece with an image and the «Камень» (Stone) toolbar will be displayed. If the «Камень» (Stone) toolbar doesn’t show up on a screen, then open it using the «Окна/ Камень» (Windows/ Stone) menu command.
· After entering values of any parameters in the «Камень» (Stone) toolbar (width, height, offset) press the <Enter> (<Ввод>) but to confirm your actions.
· Set width and height values of a workpiece in mm (in the «Камень» (Stone) toolbar of the “height and width” window).
· Set width and height values of an image in mm («Рисунок» (Image) field – width and height). Width and height of an image shall be changed proportionally, that is, if you change the width value, the height value also gets changed automatically. Select the size of the image in such a manner, so that there was some space left for offsets near the edges of a workpiece. For example, if the width of the workpiece is 300 mm, then you can set the width of the image to 280 mm, so that the offset values on the right and left were 10 mm.
· Place an image in the center of a workpiece by pressing the «Центр Х» ("X center") and «Центр Y» ("Y center") buttons. If necessary, adjust the offsets of the image from the edge of the workpiece in the group of four fields named «Отступы» (Offsets) (upper, bottom, left, right).
· Adjust size and location of an image using the mouse. Move the mouse cursor inside the image (at that the mouse cursor should turn into a black arrow), press the left mouse button and move the mouse cursor without releasing the button. The image will be moved along the workpiece. If you want to change the size of an image, then move the mouse cursor to the edge of the image (mouse cursor shall look like a double black arrow), press the left mouse button and move the mouse cursor without releasing the button.
· If the image falls outside of the workpiece, then the points where it falls outside are marked on the contour of the workpiece by red lines. It is necessary to arrange the image in such a manner, so that there were no red lines shown.
·  Turn off the «Камень» (Stone) mode. If you want to turn it off, then press the «Камень» (Stone) button on the toolbar.
WARNING! If the workpiece is uneven or large, then the engraving tool can’t be moved exactly to the corner of the workpiece. In this case you need to manually mark out the workpiece to find where the upper left corner of the image is. Moving the engraving laser head to the upper left corner of the image. Set the image size in the Engrave program, while you are in the «Камень» ("Stone") mode. Set the left and upper offset values to zero. If you use the «Старт» ("Start") command, then the machine will start working directly from the point where the engraving laser head is located.
Dot brightness adjustment.
In case of laser engraving, brightness and deepness levels of a dot are controlled by such parameters as P (power) and E (exposition). “P” parameter is used to set the laser impulse power in percentage from 0 to 100. “E” parameter (exposition) is used to set the impulse time in percentage form. The “P” and “E” graphs on the "Material" bar show that the power and exposition values get increased together with the level of brightness of the semitone of the original image. In practice, it is enough to adjust only the “P” power parameter to adjust the machine to be used with different types of materials.

· Press the <F5> button on a keyboard to adjust power level in the Engrave program. Engrave program will get opened in a full screen mode. The following captions will appear at the bottom of the screen: Р2 – power during work with grey color, Ртах - power during work with white color.
· “Р” power level adjusting. <ВЛЕВО> (LEFT ARROW), <ВПРАВО> (RIGHT ARROW) arrow buttons on a keyboard are used to choose a parameter (the chosen number is marked red), <ВВЕРХ> (UP ARROW), <ВНИЗ> (DOWN ARROW) arrow buttons are used to increase or decrease the power level.
  Press <F5> one more time to exit the full screen mode.
· You can also adjust the power level during the engraving process.
Current “Р2”, “Ртах” power levels are shown on the graph of the «Материал» (Material) bar. In order to change a parameter us the <F7> keyboard button to choose the parameter you want to change (Р2 or Ртах (it is marked green)), then use the <ВВЕРХ> (UP ARROW), <ВНИЗ> (DOWN ARROW) arrow buttons to increase or decrease the value of the chosen parameter. <Alt-F7> combination of buttons is used to switch between the Р (power) и Е (exposition) parameters.
5.2. Start of the engraving process, actions in the course of work.
WARNING! Don’t leave the machine running unattended. Laser beam can hit combustible objects that happened to be on the surface of the workmount and cause a fire.
WARNING! Don’t look at the laser beam while engraving. If you need to inspect the engraving, while working, then use the pause mode (see p.5.4).
· Press the «Старт» (Start) button (green arrow) on the toolbar of the Engrave program. Press the «Старт» (Start) button in the «Выход в начальную точку» (Exit to the initial point) window. Engraving head will move to the closest dot of an image with “0” brightness level. Then the machine will automatically set the focal distance (autofocus), turn on the water pump, air compressor and will start engraving.
· «Время» («Time») parameter in the lower bar of Engrave program shows how much time is left until the work is done. Information about the working time is shown in such form:

«Время с момента старта» (Time that passed from the start of work) (hours:minutes:seconds) + «Осталось до конца» (Remaining time for completion of work) (hours:minutes) = «Общее время» (Total time) (hours:minutes).
· You can get to know the total time of engraving before starting work, just after you open an image.
Adjusting P power value:
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                                                      Fig. 5.2. Testing image.
Take a look at fig.5.2: dark grey areas (item №1) are engraved using “Р2”, white areas (item №2) are engraved using Ртах. Other semitones are engraved using the “Р2..Ртах” range in accordance with the power graph shown on fig.5.1, item №1.

Increase the “Ртах” value, if you want to make an image on a stone look brighter. Decrease the “Ртах” value to make an image on a stone look darker.

If the machine doesn’t engrave dots in the dark grey areas (fig.5.2, item №1) (dots on a stone are black instead of grey), then increase the “Р2” value.

· When the engraving is finished, the tool returns to the initial point.
· During the engraving process, the head shall not touch the workpiece or other objects with the sensor tip of the level sensor, otherwise the machine will stop working and will show an error message №27 «R -  изменение   уровня» (R - level change).

· A special sensor controls the water pressure in the laser tube during engraving. If the water stops circulating in the laser tube, then the pressure value decreases. The machine switches to the pause mode and the «Проверьте насос!» ("Check the pump!") message gets displayed on the control panel screen.
5.3. Emergency interruption of work, pause mode.
· How to interrupt work of the machine in an emergency (without an option to continue such work later):
· Use the <ВЫХ> button on the control panel;
· Or use the «Стоп» (Stop) (with red cross) button in the Engrave program.
If you interrupted work accidentally, then you can continue it by pressing the «Продолжить работу» (Continue work) button on the control panel. See p.8.10 for details.
Use the pause mode if you want to temporary stop working with the machine and continue working with it later. Push the «Пауза» (Pause) (green shouting sign) button in the Engrave program or push the <D> button on the machine’s control panel. The machine will finish engraving the line and stop working. «Пауза» (Pause) window will appear on the screen of Engrave program. To continue working, press the «Продолжить» (Continue) button in the «Пауза» (Pause) button or push the <D> button on the machine’s control panel. Machine will continue working from the place where it stopped working.

5.4. Turning off the machine and the computer to continue work later.
· Push the «Пауза» (Pause) (green shout mark) button in the Engrave program. Machine will finish engraving the line and stop working. «Пауза» (Pause) window will open within the Engrave program. Press the «Сохр./ Выйти» (Save/ Quit) button in the «Пауза» (Pause) window. Engrave program will be closed. Turn off the computer and the machine.
· Turn on the computer and the machine. Start the Engrave program using the shortcut on a desktop. The unfinished image and the «Продолжить  работу» (Continue work) window will be shown on the screen. Press the «Продолжить» (Continue) button in this window. The machine will continue working from the point where it stopped.
· If you also use the uninterruptible power supply (UPS) with feedback coupling (see p.3.5), then in case if the power gets disconnected for a long time – the machine will stop working and will automatically memorize the point where it stopped working. During the next run the Engrave program will show a window offering to continue engraving from the point where it was interrupted.
5.5. Laser engraving of an image with the monitoring of the surface level.
If the workpiece has a sloping or convoluted surface with the level difference of 2..3 mm, then focal distance will get changed during the engraving process and the engraving quality will decrease. You can use the function of monitoring of the surface level of the workpiece to make engraving on such types of workpieces. Workpiece’s surface gets preliminary scanned before the engraving process starts. The machine uses the level profile of the preliminary scanned surface during the engraving process to correct the focal distance.
· So, before starting the engraving process you shall scan the workpiece’s surface. Use the «Работа/Сканировать поверхность заготовки ... » (Work/Scan the workpiece’s surface) menu command or press the <Ctrl-U> combination of buttons. «Сканирование поверхности» (Surface scanning) window will appear, if necessary – set the grid spacing value and the speed value of the drive on the X-axis. The lesser the values of the grid spacing and the speed, the higher the accuracy, but the scanning time gets longer. Clamping value shall be set at 1.5 mm.
· Press the «Старт» (Start) button. Engraving head will move to the initial point of the image, then it will move down until the leveling sensor touches the surface and it will move line by line with intervals between the lines, this interval is equal to the scan step. The whole workpiece doesn’t get scanned, only the image area gets scanned.
· After the scanning is completed, the Engrave program will display a message with information about the maximum level of slope of the workpiece surface. Purple grid will appear on the engraved image shown on the screen of the computer.
· Press the «Старт» (Start) button (green arrow) to start engraving. Look at the «Выход в начальную точку» (exit to the initial point) window: «датчик уровня» (level sensor) button now shall contain the following text: «предварительное сканирование» (preliminary scan). Press the «Старт» (Start) button to start engraving.
· In case, if the value of the slope of workpiece’s surface is too big, then the program will offer you to lessen the engraving speed V (see fig.5.1, item №12) or to place the workpiece evenly and perform scanning again.
· Z drive will move up/down to correct the focal distance value during engraving.
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 Marking mode (vectorial engraving).
Marking mode allows you to perform engraving of vector images using the laser or stroking method. Electromagnetic stroking or laser head is used for marking.

Images that need to be engraved shall be provided in the DXF vector format. You can adjust the stroking force and the axis velocity during the engraving process.

Surface level is automatically monitored in the marking mode, just like in case of stroke engraving. It is also allowed to perform marking without monitoring the level of surface.

Use the «Режимы/Режим работы/Фрезерование» (Modes/Working mode/Milling) menu command and then «Режимы/Режим  работы/Маркировка» (Modes/Working mode/Marking) in order to switch to the marking mode in the Engrave program.
Use the «Режимы/Режим работы/Гравирование» (Modes/Working mode/Engraving) menu command to switch back to the engraving mode.
See chapter 6 «Режим маркировки» (Marking mode) of the maintenance guide of «Graphic-ZKL» (Milling mode section) to get more details about the marking mode.
12.6  Adjusting the focal distance of the laser engraving head.
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Lens of the laser head.
2. Focus mark.
3. Workpiece

4. Measuring ruler.
5. Lens holding screw.
6. Level sensor.
7. Screw for the height adjustment of the level sensor.
8. Tip of the level sensor.
9. Cone of the lens of the laser tube.
           Fig.12.4. Adjusting the focal distance of the laser head.

«Graphic-3KL» machine is equipped with the system of automatic adjustment of focal distance, which consists of the lens (fig.12.4, item №1) and level sensor (item №6).
Autofocus system shall be adjusted in the following cases:
· During the first start-up of the machine;
· If the level sensor (item №6) gets replaced or if the level sensor was adjusted for height using the screw shown as item №7;
· If the level sensor tip shown as item №8 gets replaced.
Autofocus doesn’t need to be adjusted if you remove/mount the engraving head with the screw shown as item №5.
Procedure for the adjustment of focal distance:
1. Switch to manual control mode by pressing <РУЧ> (MAN) button on the control panel of the machine.
2. Use the ruler shown as item №4 (put it like it is shown on the figure) and in manual control mode use <Z ВВЕРХ> (Z UP), <Z ВНИЗ> (Z DOWN) buttons on the machine’s control panel to adjust the laser head against the ruler in such a way, so as to place the focus mark shown as item №2 over a distance of 51 mm from the workpiece’s surface. Distance of 51 mm matches the focal distance of the two-inched lens (2 inches = 50.8 mm).
3. Press the <СБРОС> (RESET) button. Coordinate values shown on the control panel will be reset to 0.
4. Push the <Z ВНИЗ> (Z DOWN) button to make the head move down. When the level sensor tip shown as item №8 touches the surface of the workpiece shown as item №3 the sensor tip will automatically stop moving down.
5. Memorize the   Z   coordinate value shown on the screen of the machine’s control panel.  Use the «Файл/Настройки...» (File/Settings) menu command in the Engrave program to open the «Настройки» (Settings) window and press the «Лазер» (Laser) button. Enter the value of the Z coordinate in the «Фокус Z» (Z focus) field located in the«Настройки лазера» (Laser settings) window. Enter the Z coordinate value without the «minus» sign!
6. Press «ОК» button. Press «Настройки-> в станок» (Settings-> apply settings to the machine) in the «Настройки» (Settings) window to save the settings in the machine’s memory. Press «ОК» button to close the settings window.
Checking the correctness of adjustment of the focus
1. Us the <ЗАЗОР> (CLRN) button on the control panel of the machine to switch to the mode of adjustment of clearance   and then press the <ВВОД> (ENTER) button to adjust focus automatically.
2. After adjusting focus use the ruler shown as item №4 to measure the distance from the workpiece’s (item №3) surface to the mark on the lens (item №2). The distance shall be 51 mm.
How to correctly mount the level sensor on the laser head.
Level sensor (item №6) shall be mounted on the laser head and locked using the screw (item №7) in such a manner, so as to make the distances “L1” from the end of the tube to the tip and “L2” from the tip to the surface of the workpiece equal approximately 4..6 mm. Otherwise it will be required to adjust the sensor’s height by loosening the screw shown as item №7. Now adjust the focal distance (as it is described above).
WARNING! Level sensor (item №8) shall not touch the lens cone (item №9) when moving up and down!
12.7. Adjusting arrangement of mirrors (positioning) of the laser beam machine.
WARNING! Mirrors shall be adjusted at the maintenance department or by a specially trained professional. Use special protective goggles. No parts of body or foreign objects shall be near the path of the laser beam (green line on the figure) when giving test impulses. See p.2.2 for more information about safety rules during work with the laser beam machine.
[image: image19.jpg]


 
1. Mirror №1.
2. Mirror №2.
3. Mirror №3.
4. Laser emitter.
5. Mirror frame №1.
6. Mirror frame №2.
7. Mirror inlet №3.
8. Lens inlet.
9. Adjustment screws.
The process of adjustment of beam is called the positioning. Painter’s tape shall be used in the positioning process. Positioning shall be performed if the laser emitter gets replaced or in case if engraved image is indistinct.
Rotating mirrors are mounted on the machine, they control the trajectory of the laser beam as shown on fig.12.5 by the green arrow. Mirrors shall be adjusted in such a manner, so that the laser beam was getting right into the lens center (or into the focusing lens) no matter how Х and Z drives are situated. If the mirrors are adjusted improperly, then the laser beam power will decrease noticeably.
Positioning is performed by way of consequent adjustment of mirrors along the path of the laser beam.
1. Attach a piece of painter’s tape to the frame of mirror №2 item № 6. Give one or more testing impulses.   In order to do it you shall switch to the manual control mode using the <РУЧ> (MAN) button and press <ВВОД> (ENTER).  Laser beam will burn a mark on the painter’s tape.
Tape shall not ignite, because smoke and ashes make lenses and mirrors dirty. If the laser impulse power is low (no mark seen) or high (tape get ignited), then you shall adjust the impulse parameters in the «Тест» (Test) mode of the control panel (see p.12.8 for details).
Make sure that the beam hits the center of the frame (item №6), at that a small deviation of 1..2 mm is allowable. If the deviation value is too high, then loosen the safety nuts of all three adjusting screws (item №9) on the mirror №1 (item №1). When turning the adjusting screws you shall adjust the slope of the mirror  №1 in such a way, so as to make the beam hit the center of the frame of the mirror №2 (item №6). Unstick the tape.
2. Attach the painter’s tape to the inlet of mirror №3 (item №7). Switch to manual mode and move the runner block along the Х-axis backwards to the maximum in such a manner, so as to activate the ХО limit switch. Burn a mark on the tape by giving a test impulse. Now move the runner block forward to the maximum in such a manner, so as to reach the Xl limit switch. Burn the second mark. Both marks shall be located approximately in the center of the inlet and shall match accurate up to 1mm. If the marks didn’t match, then adjust the surface level of the mirror №2 (item №2) so that the marks matched. It is easy to perform adjustment at the far point, i.e. at maximum discrepancy of the beam, then check the adjustment correctness at the nearest point of the Х runner block. Unstick the tape after finishing the adjusting.
3. Attach the painter’s tape to the inlet of lens (item №8). Switch to manual mode and move the runner block along the Z-axis upwards to the maximum in such a manner, so as to activate the Zl limit switch. Burn a mark on the tape by giving a test impulse. Now move the runner block down to the maximum and burn the second mark. Both marks shall be located approximately in the center of the inlet and shall match accurate up to 1mm. If the marks didn’t match, then adjust the surface level of the mirror №3 (item №3) so that the marks matched. It is easy to perform adjustment at the low point, i.e. at maximum discrepancy of the beam, then check the adjustment correctness at the top point. Unstick the tape after finishing the adjusting.
When you finished with adjusting, carefully tighten the safety nuts on adjusting screws fig.12.5 item №9 so as not to reset the adjustment settings.
12.8. Setting of the test impulse parameters in the «Тест» (Test) menu.
Test impulse is generated in manual mode by pressing the <ВВОД> (ENTER) button on a control panel. Usually, test impulse is used to determine the location of the initial point of engraving. If the impulse is too weak and doesn’t leave marks on the stone or if it is too powerful, then don’t worry, its parameters can be adjusted.
In order to adjust the impulse parameters push the <У ВПРАВО> (Y RIGHT) button, click on the «1.3. Тест» («1.3. Test») menu item and press the <ВВОД> (ENTER) button. Control panel’s screen in the «Тест» (Test) mode is shown on fig.13.9.
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Impulse time, msec.

2. Impulse duration time shown as the percent of the impulse time.
3. PWM frequency of the laser emitter, Hz.
4. Impulse power shown in percent.
      Fig.12.6. «Тест» (Test) menu.
In order to choose a parameter you want to change press <У ВЛЕВО> (Y LEFT), <У ВПРАВО> (Y RIGHT) buttons. The value of the chosen parameter will flash. Press <Х ВВЕРХ> (X UP), <Х ВНИЗ> (X DOWN) buttons to change the parameter.

<Б/М> (F/S) button switches fast/slow modes. If the fast mode is on, then the «+» mark will be shown in the upper right corner of the screen, if you push <Х ВВЕРХ> (X UP), <Х ВНИЗ> (X DOWN), then this parameter will get changed faster.

If you want to increase the brightness of dots, then increase the “Р” power value (item №4) and/or “Т” impulse time (item №1). If you want to decrease the brightness of the dots, then decrease the parameters’ values. “Е” and “Fp” parameters (item №2,3) shall not be changed.

Press the <ВВОД> (ENTER) button to give a test impulse. If you test the brightness of dots on a stone, then make sure that you set the focal distance value in advance (see p.12.6 for details).
Press the <D> button to switch the control panel to the permanent emission mode. Laser beam is generated all the time in the permanent emission mode, if you don’t release the <ВВОД> (ENTER) button. If you use this mode, then you will see the «!» sign in the lower right corner. Press the <D> button again to stop using the permanent emission mode.
Be careful!  Permanent laser beam is very powerful.
· Settings of the impulse, which were changed in the «Тест» (Test) mode affect the impulse, which is generated in the manual mode by pressing the <ВВОД> (ENTER) button. Press the <СОХР> (SAVE) button to save the changed parameters in the memory of the control panel.  Press the <ВЫХ> (ESC) button to stop using the «Тест» (Test) mode.
13.9. Replacement of the focusing lens and mirrors of the laser beam machine.
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Mirror.
2. Screw of the mirror mount.
3. Brackets with mirrors (3 pieces).
4. Focusing lens.
5. Laser head.
6. Air induction fitting.
7. Dismountable cone.
Fig.13.7. Replacement of the lens and mirrors.
Three mirrors are mounted on «Graphic-ZKL», they are shown on fig.13.7 as item №1, these mirrors are attached with the use of brackets shown as item №3. Focusing lens (item №4) is mounted inside the laser head (item 5).

Replacement of the mirror.
Use the screwdriver to untwist the screw retaining the mirror (item №2). Carefully dismount the mirror without touching the mirrored surface.

Mount a new mirror, while turning the mirrored surface down. Tighten the screw (item №2). Tighten the screw firmly so that the mirror didn’t swing, but don’t tighten it too tight, because the mirror might break.

Replacement of the focusing lens.
· Dismount the laser head (item №5) from the machine.
· Untwist the air induction fitting (item №6).

· Untwist the dismountable cone (item №7). The lens is located inside the tube and is fixed with the screw, which is similar to the one used to fix the mirror. Use the screwdriver to carefully untwist the screw without touching the surface of the lens, because you can scratch it.
· Mount a new lens (item №4) in the tube. Lens shall be mounted with the convex side up.
· Tighten the inner screw. Mount the dismountable cone (item №7). Mount and tighten the air induction fitting (item №6).
13.10. Replacement of the laser emitter.
Laser tube (emitter) has a certain lifetime, when it ends – the laser tube shall be replaced. Power level of the laser emitter shall correspond to the power level of the high-voltage power supply.
WARNING! Emitter shall be replaced at the maintenance department or by qualified professionals, who have an official permission to provide services concerning the maintenance of high-voltage equipment. Emitter shall be replaced only in 2 hours after turning off the power supply of the machine.
                                                   Fig.13.8.  Mounting of a new laser emitter.[image: image23.jpg]



1. Laser tube (emitter).
2. Brackets of the emitters bracing (2 pieces).
3. Inlet (lower) fitting of the emitter cooling system.
4. Outlet (upper) fitting of the emitter cooling system.
5. High-voltage contact of the emitter (anode).
6. Low-voltage contact of the emitter (cathode).
Removing of the laser emitter:
1. Open the protection cover.
2. Disconnect the cables of high-voltage (fig.13.8 item №5) and low-voltage (item №6) power (anode and cathode). Warning! Anode may have an electric residue.
3. Firstly, take off the outlet (upper) (item №4) and then the inlet (lower) (item №3) hoses supplying cooling fluid. Carefully drain water in a container, but make sure that the water doesn’t get spilled inside the machine’s mechanisms. Take off the hoses carefully so as not to break the glass tubes located on the emitter’s body.
4. Untwist the screws located on the emitter’s bracing brackets (item №2). Take off the upper halves of the brackets
5. Carefully dismount the emitter (item №1). Make sure that the remaining water in the laser tube doesn’t get spilled in the machine.
Mounting of the laser emitter:

1. Carefully take the emitter off the protective packaging.
2. Mount the emitter in brackets (item №2). Mount the emitter with its outlet fitting side up. Make sure that overhanging parts of the emitter (glass tubes, high-voltage contacts, cables and hoses) don’t touch the moving parts of the Х running block when it moves. Otherwise you may damage the emitter.
3. Mount the upper halves of brackets on the tube and tighten the attaching screws. Don’t tighten them too much, because you may damage the tube. Rubber pads shall be located between the bracket body and the tube, such rubber pads are included in the brackets’ packages.
4. Put the inlet and outlet plastic water hoses on glass fittings (item №3,4). Put the hoses on carefully, because you may break the glass tubes. It is easier to put on the hoses, if you wet them with water or heat them a little bit.
5. While using the slow mode of the X drive movement make sure that overhanging parts of the emitter, cables and hoses don’t touch the moving parts, when they are moving.
6. Connect the high-voltage and low-voltage power cables (anode and cathode) (item №5,6) to the corresponding contacts of the emitter. Anode’s contact has external insulation, which shall fully cover the electric cable at the contact spot, otherwise machine’s body may get punctured.
7. While using the manual control mode, test the supply of water to the emitter. Us the <РУЧ> (MAN), <Z0>, <6> buttons on the control panel to turn on the pump.
8. Make sure that optical path of the machine is adjusted correctly. If the beam deviates from the center of the lens, then you should perform positioning (adjusting of mirrors), see p.12.7 for more details.
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