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1.0
Scope

This document covers specifics of the operation of the Laser Cutting Machine located in IB3A Floor and the precaution that must be followed to allow for the safe use of said laser.

This document covers also the precautions that have been taken by Fermilab, its personnel and the LSO in order to prevent accidental exposures.

The Laser Cutting Machine is provided with three descriptive manuals namely the Offline Software Manual, the LCD Operator Manual, and the Large Area Cutting Machine Manual which shall be used in conjunction to this Operating Procedure.
Only Trained and Authorized personnel are allowed to the usage of the Laser Cutter.

The Authorized Personnel List is accessible and located near the Operator Station of the machine.
The machine is used to precisely cut different kind or textile, non-woven materials, in our environment the machine is typically used to precisely cut insulating material such as kapton tapes and fiberglass of limited thickness up to about 19 mm (3/4”).
Note:
This is a Class IV laser therefore Authorization Procedure and Documentation is required for operating the machine.
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2.0
Equipment/Materials
2.1 General:
15 X 7 feet Laser Cutting Machine, uses a CO2 Laser, (See Picture).

Model CJG 160370
Cutting Bed Size: 3,700 mm X 1,600 mm (or about 145” X 63”).

Characteristics of the Laser are:

· 10,640 nm wavelength
· 5mm diameter

· 2in (50.8mm) focal length lens

· 100W

Laser Water Chiller Model PH-LW10~15

Exhausts Fan (4ea) manifold together and conveyed outside. ¾ Hp motors.
2.2 Description: 
The Laser Cutting Machine is capable of cutting a maximum of about ¾ of an inch of wood or similar material; it is generally used to cut to size the insulating material such as kapton tapes and fiberglass for the production of Magnets.
It can be used with a variety of plastics and rubber material to obtain clear and precise cuts, such as rubber, G10, Acrylic polymers, etc.
Material to be avoided are:

· Steel (The laser is not powerful enough to cut it, it may be engraved with poor results).

· “Teflon” (Produces toxics fluorinated gasses and damages the machine).

· PTFE (Behaves like “Teflon”)>
· “Vinyl” (Produces chlorinated gasses and damages the machine).
· PVC (Produces chlorinated gasses and damages the machine).

· Polycarbonate (This is ok to use if not particularly thick: it may produce a discolored “ugly” edge cuts.


2.3 The laser tube is located on the North side of the carriage; the reflection and focusing direct the beam into the material to be cut. The side cover must never be removed unless the Laser is completely unplugged.
2.4 PPE Requirements: 
The operator wears apposite provided goggles prior to powering the laser.
Polycarbonate safety goggles are an acceptable alternative since their intrinsic opacity at the Laser Wavelength and unfocused beam.
Defocused beam is potentially harmful to the naked eye within 12’ (line of sight or specular reflection). See Calculation in appendix A.
2.5 Hazards:

· For Special Precautions see Sec. 6.0.

· Precaution must be taken in order to avoid the potential of laser beam exposure (The Laser Cutting Machine is operated by trained and authorized personnel and the area is roped out with signs and warning lights in place during operation).
· Precaution must be taken during the moving of the carriage: avoid pinching points.

· Fumes are conveyed outside by four fans. The fan must be all operational in order to have enough suction and to limit odors in the working area of the laser. Odors are caused by the localized combustion at the laser light.
2.6 Interlocks and precautions:

· Curtain shroud presences at both ends of the table are interlocked with the laser power. I.e. the Laser is not enabled unless the curtains are present therefore covering the laser light and the working area (see specifications for detail in appendix A).
· The shrouds on the carriage will be less than 1 mm away from the table and extending to the sides.
This shroud is also interlocked with the Laser Power as the curtains of which at the previous point.
· Only trained and authorized personnel will be operating the machine.
Authorized personnel list is posted in the proximity of the Laser.
· There is a key interlock (Operational Interlock) which does not allow the laser to be operated.
PPE (CO2 laser rated goggles located by the machine) are issued individually to trained personnel.

· During operation there will be a lighted "class IV" sign.

· The operator is provided with a check-list to be followed prior and during the Laser Cutting operation.

· Prior to the operation the area surrounding the Laser Cutter (~ 2ft) is maintained clear and roped.
· The Laser Cutter surface must be clear from anything except the product to be processed.

· If alignment is required for maintenance purpose (e.g. after replacing the laser tube) only laser trained personnel will be allowed on the IB3A floor.
The Laser will not be turned on without the proper barrier and never unfocused.

· Laser won't be turned on without the carriage top and side covers.

· There is a red and orange light lit on the laser carriage during the operation.
2.7 Operational Checklist.
Prior to operating the Laser:
· Ensure that the area is clear of unfamiliar personnel.

· Ensure that the laser cutting machine area is properly roped-off with the designated chain and signs and clear for a distance of about two feet.

· Ensure that the surface of the Laser Cutter is clear of any debris.
This is necessary to avoid albeit limited risk of a spurious reflection at an angle and must be conducted scrupulously.
· Ensure that both side curtains are in place

· Ensure that the curtains on the carriage are less than one millimeter away from the Laser Table.
If the material to be processed is thicker the curtain shall be in contact with the material onto the cutting area.
· Ensure that the curtain on the carriage is down and covering the cutting area (this is interlocked with the Laser-ON).

· Ensure that the laser table is roped at least two feet around.

· Wear Proper PPE.

· Ensure that the Class IV Laser Sign is properly lit.

· After turning on the machine the warning light is ON.

3.0
Operating Procedure
3.1 Load the material to be cut onto the Laser Table.
3.2 Turn On the Operationally Locked Console.

3.3 Load the software with the cutting profile, following the procedure described in the OEM Manuals.

3.4 Align the laser cutting head to the position in the material to be cut.

3.5 Energize the Laser by pressing start

3.6 Wait until the end of the process prior to check the proper completion of the job.
Note:
Lifting the protective shroud will stop the laser from being energized.
4.0
Emergency Shut-Down Procedure
4.1
Press any of the Emergency Push Button on the Console or on the four sides of the table.
5.0
Lock-Out/Tag-Out Procedure

5.1
No LOTO procedure is necessary for this equipment since it is a Plug-In.
6.0
Special Precautions
6.1 Ensure that both side curtains are in place

6.2 Ensure that the curtains on the carriage are less than one millimeter away from the Laser Table.

6.3 Ensure that the laser table is roped at least two feet around.

6.4 Always wear proper PPE.

6.5 Ensure that the Class IV Laser Sign is properly lit.
6.6 Ensure that there are not unfamiliar personnel in the proximity of the Laser Cutting Machine area.
6.7 Ensure that the warning light is ON at all time during operation.
6.8 Stay clear of moving parts.

6.9 Ensure that all four exhaust fans are running.

6.10 Promptly report any and all malfunctioning to the proper system and engineering authority.

7.0
Test Reports
7.1
No Test Reports is generated.
Appendix A: Danger Calculation, considerations and conclusions.

Parameters:

· 10.64um C02
· 5mm diameter (a)

· 2in (50.8mm) focal length lens (f) 

· 100W (Φ)

· MPE = 0.1W/cm2 10sec exposure
1) Specular Reflection:
rNOHD
=
(f/a)(1.27Φ/MPE)1/2  cm

=
(50.8/5)(1.27*100/0.1)1/2 cm

=
10.16 * 35.64 cm

=
362.1 cm


=
11.88ft [image: image4.png]


 12ft

2) Diffuse Reflection

rNHZ
=
[(Φρ cosɵ)/(π MPE)]1/2 cm

assume worst case ɵ = 0deg and ρ (spectral reflectance) =1

=
 (100 *1*1/ 3.14* 0.1)1/2 cm


=
17.8cm [image: image6.png]


 7in

Conclusion:
Any space 12ft from a possible location of the laser head needs to be contained
by a barrier (Plexiglas, laser curtain, etc.) from specular reflection.
Any space 7in from a point of reflection itself also needs to be contained (diffused).
Polycarbonate goggles (OD 5+ in the1.064 µm wavelength) are adequate PPE.
Appendix B: Authorization Sheet Template
LIST OF AUTHORIZED USERS / OPERATORS
Authorizing Agent Authority: Michael Lamm, Magnet Systems Department Head, X 4098
System and Engineering Authority: Luciano Elementi, X 6767
	Name & ID No.
	Authorizing Agent and Signature
	Date Authorized

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Appendix C: Authorization Sheet Template.

Supplementary Laser Cutter Operating Procedure

Steve Krave

6/19/2012

A brief procedure to operating the laser cutter in IB3A.

Intended as a supplement to proper training to this operating procedure.

1. Table Preparation and loading

a. Clear Laser Cutter table of any foreign materials and objects.

b. Raise laser cutting head to top extent to prevent it from dragging on paper or material.

c. Power on Laser Cutter following procedure listed in Specification # 5520-OP-46406.  
i. Allow cutter to run through initial Power on sequence. The sequence may be stopped by pressing the orange “STOP” button on the laser console when the head starts to move, but travel limits will be greatly reduced.

d. Place material to be cut on cutting surface. It may be necessary to hold it in place using tape.

e. Cover large areas of open cutting surface with paper to direct airflow to cut area.

2. Software Setup

a. Log on to the computer using the captive account td-cap-td-117617 with password LaserCutter12
b. [image: image1.jpg]2% Fermilab



Launch Laser Cutter software after machine has fully powered up.
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c. For simple shapes such as rectangles, lines, and circles, use the drawing tools located at the bottom of the screen.
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d. Drawing can be placed anywhere on the grid. Size is determined later.

e. Resize shape using the zoom tool. Dimensions are in millimeters. To convert inches to millimeters, multiply by 25.4.  [image: image9.jpg]bl
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f. [image: image10.png]


When desired shape has be created, set laser power level. Highlight the drawing layer in the top right hand corner and click “Layer Modify.” 

g. Set cutting power (Work Energy) and speed (Work Speed) to desired levels. Working speeds and levels can be found in the laser cutter materials list in the documents folder. When using higher cutting speeds on some materials, it may be necessary to call for a curve overlap to completely free parts. Generally an overlap of 3mm will work.
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Upload cutting information to laser cutter console. If desired, name file in the current file box. Click Download Create Data. If no file name has been assigned, it will be named GOLDENXXXX. These are generally safe to overwrite. 

3. Laser Alignment and Operation

a. Align laser to cutting material using X and Y adjust buttons on console. The laser will start in the top left corner of a rectangle drawn around the cutting pattern.
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Set laser nozzle height using height adjust tool. Offset height for thin parts should be about 0.150.” for thicker materials, test cuts can be made to find optimum offset distance. Be sure not to run laser head into any foreign objects. 

c. Use the Frame button on the console to draw a rough outline of the part to be cut without activating the laser to use material effectively.

d. Once the material has been properly placed and the cutting head properly adjusted,  double check that the following components are on and working:

i. Air Assist pump

ii. Laser Chiller

iii. Both table exhaust fans.

iv. Class 4 Laser Sign

v. The four interlock indicators

e. Press Start button on console to begin cutting operation. An indicator will trace the laser path on the display, as well as inform about percent complete.

i. Stay nearby as on occasion, materials can ignite.

f. When cut has finished, wait for fumes to clear before accessing part.

Other useful hints:

· The pause button will stop the laser after a cut has been finished. This is useful for keeping the work area clear when cutting multiple copies. The cutter will resume when pause is pressed again.

· On the Laser console, the laser path is displayed when loaded. You can follow the lasers progress on this screen, as well as elapsed time and percent complete.

· The array command is very useful to create large numbers of the same part. Just remember to set a reasonable distance between rows and columns.

· If using a more complex geometry, trying a sample out of printer or butcher paper can easily resolve issues quickly, just remember to use power settings for cutting paper to avoid a fire.

· On new materials, try to avoid using 100% power to prolong tube life. Faster speeds and lower power generally reduce charring. 
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