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Green Laser Pointer
(5 mW, 532 nm)
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Retinal damage: (darkened ring
in fovea center)
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Light spreads out in all directions
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Sunlight (many different colors)

VNN N

LED: one color {(monochromatic) and waves not in phase (non-coherent)
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LASER: One color {monechromatic) and waves mphase {coherent)
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Extended and Point Source Power Density at the Retina

Extended Light Source
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= Irradiance
150 WiM
100 Watt Lamp
Frosted Erass Figure 3 Reting
Foveal
Point Light Source Region
Spot Size

2 Micrometers

Irradiance

1 Milliwatt Laser
300 Million Wi/m?
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to 280 rm to 1400 mm

The above table shows the depth of perstration of electro-magnetic mdiation in the human eye
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Long-term Accidental eye

eye exposure exposure
Optical Naked Optical Naked Diffuse Skin
viewing eye | viewing eye | reflection | €xposure

Instr. instr

Class 1 Safe Safe Safe Safe Safe Safe
Class 1M ® Safe ® Safe Safe Safe
Class 2 ® ® Safe Safe Safe Safe
Class 2M ® ® ® Safe Safe Safe
Class 3R ® ® | Lowrisk| Low risk Safe Safe
Class 3B ® A ® ®| Lowrisk| Low risk
Class 4 ® ® ® ® ® ®
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log

MPE
A = .488 um
® =5W
d =7mm
A =0.4cm?
E, = (5W)/(0.4 cm?) = 12.5 W/cm?

MPE = 2.5 x 10-3 W/cm? (for 0.25 sec.)

% Transmission
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Direct Intrabeam Viewin

Laser




Specular Intrabeam Viewing

Laser % E.g. Mirror




Diffuse Reflected Viewing

Laser
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Curved Surfaces




N TIAY Ni1Nn

1210 7190270 e







N'NIN'VA NA'YN
N'719 DY N7 NYPZRI0IN

X/
A pyrodysis reaction in the sample releases small
amounts of gas, which cause a foamed surface struc-
ture. The irmegular foam structure scatters light, mak-
Ing the area appear lighter (see Figure 6).

Figure &8 Foaming.
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Carbonization

In this technigue, the plasiic surface decomposes
when absorbing the laser light due to the high inten-
sity of the laser pulse. This results in char formation on
the surface of the plastic, creating a dark colored

mark (see Figure 7).

Figure 7 Carbonization.
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Dlark markings can also be obtalned via the reduction
of TiO,, leading to a laser mark "under the skin" of the
plasiic wilh the surface remaining unafiected. The
lechnigue (see Figure 8) is suilable for light colored
plastics where TiO, (Titanium dioxide, a strong white
pigment) is included in the pigment package.

Figure 8 Photo reduction [cold marking).
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Engraving

surface engraving is obtained when the . plasiic
absorbs a very high amount of laser light, leading to
8 relafively deep cut in the plastic (see Figure 9).
surface damage is always evident and the contrast is
generally poor. Engraving is often used when indeli-
ble marking is required for identification, technical
imformation or labeling. This technique is not suitable
for decorative marking and is mainly used on metals.

Figure 9 Engraving.
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Decomposition mechanisms
of organic materials

- Retropolymerization

- Statistical decomposition
of polymer chains

- Splitting of side chains
and following decomposition

Condensation Remaining
out of the in the
gaseous phase gaseous phase
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Typical Emission Rates for
Different Laser Processes
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The potential for the laser beam to:

e cause skin and corneal burns

e start a fire, and

e release toxic combustion products
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laser cutting machine smoke extraction compressed air supply
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_ 2 First Reflactor

Second Reflgctor

1 Laser Tube

4 Third Reflactor
5. Focus Mirror
6. Materials

7. Platform
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cutting gas
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Laser

Laser Tubes
Laser tubes Sealed
off CO2 laser

Aiming laser
Diode Laser

DTN "1MONN

Description

Laser power of 60-
200w
Wavelength 10,6 pm

Laser power of 5 mW
Wavelength 670 nm

Safety Class
Class 4

Embedded to Class 1

Dual interlock safety
system

Class 3R
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Rating of emissions

Crucial criteria for the rating of emissions :

: NITN9n 7TIA Size of particles -
T not respirable >5um —
T Bronchia, Bronchiols 1... 5 uym -
T Alveols <1um -—
T Bloodstream <50 nm —
: 0'p'77nn nixShape of particles 1 0 L
spherical ( melt drops, condensed matter) —
edged ( e.g. flanking, bursts ) —
fibrous ( e.g. processing of thermoplastic resins —

)

n1an Composition
Decree about hazardous substances —
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Types of Laser Interactions
with Plastics

« Vaporization

— The material vaporizes into gas residue which is blown out when
cut.

— This is the cleanest cutting / marking process.

« « Melt Sharing

— The material melts into molten droplets which are blown out
when cut.

— There is typically some melt-back

e « Chemical Degradation

— The plastic material chemically degrades typically releasing
carbon smoke.

— The material chars and has soot residue



Types of Plastic

* Two main types of plastics. It is

* They have very different cutting and
marking characteristics:

&

THERMOSETS THERMOPLASTICS



Thermosets

Polymer chains have more connections
Break down easily when heated

Can not be successfully melted without damaging
the molecular structure and the material changing
color

Laser processing is primarily accomplished by
chemical degradation

These plastics typically cut and weld very poorly
with residue on the surface.



Thermoplastics

Polymer chains are simpler and have less bonding
connections.

Plastics can be melted easily without the polymer
chains breaking down.

Laser cutting is primarily accomplished by melt shearing.
The laser cuts are much better quality
The laser marks have much lower visibility.



Types of Plastics - Examples

Thermosets:
 Rubber based products
* Polyimide
 Epoxy Resins
« FR2/FR4

Thermoplastics:
* Polypropylene
* Polyethylene

* Polystyrene
* Nylon
- ABS*
 Polycarbonate™
* PVC*

* Exhibits atypical behavior
for a thermoplastic



Summary Table of Plastic Types

ABS

Acrylic:
PMMA, Plexiglas

Bakelite

Fluoropolymers
PTFE, Teflon, EFTE

FR4/FR2: PCB
Nylon
Nylon(Glass Filled)

Polyester: Mylar,
PET, PETE, PETG

Thermoplastic
Thermoplastic

Thermoset
Thermoplastic

Thermoset
Thermoplastic

Thermoplastic

Poor-Fair
Excellent

H Poor
Good

®m Poor

Good
Fair-Good

Good

Poor-Fair Melts
Good

Good
Fair-Good

Good
Fair-Good
Good
Fair-Good



Summary Table of Plastic Types

Polyethylene:
HPDE, MDPE,
LDPE, UHMW

Polyimide:Kapton
Polypropylene
Polystyrene
Polysulfone

PMMA
Polymethylmethacry
lat Perspex,
Plexiglass

Thermoplastic

Thermoset

Thermoplastic
Thermoplastic
Thermoplastic
Thermoplastic

Fair-Good

®m Poor

Good
Fair-Good
Fair-Good

Good

Fair-Good

Fair-Good
Fair-Good
Fair-Good

Fair-Good
Good

Catches fire

MMA a clear
smoke with
distinct sweet
smell



Summary Table of Plastic Types

Polycarbonate: =~ Thermoplastic ® Poor

Lexan, Calibre,
Makrolon,

Panlite,
Makrolife

Polyoxymethylene Thermoplastic
:POM, Delrin, Polyacetal

Polyurethane
PVC : vinyl

Good

Fair-Gd

Thermoplastic B Poor

Rubber Thermoset Good

Good

Fair-Gd

Poor-Fr
Good

Good

Thick
smoke
when
cut

Formaldehyde
(Gas)

HCN (Gas)

HCI GAS:
DO NOT CUT!

Dense sooty
smoke.



Never cut these materials

Name

Polycarbonate: =~ Thermoplastic ® Poor

Lexan, Calibre,
Makrolon,
Panlite,
Makrolife

Polyoxymethylene Thermoplastic
:POM, Delrin, Polyacetal

Polyurethane

PVC . Vinyl, pleather,
artificial leather

Rubber

Good

Fair-Gd

Thermoplastic B Poor

Thermoset Good

Good

Fair-Gd

Poor-Fr
Good

Good

Safety

Thick
smoke
when
cut

Formaldehyde
(Gas)

HCN (Gas)

HCI GAS:
DO NOT CUT!

Dense sooty
smoke.



PMMA Polymethylmethacrylat
Perspex, Plexiglass

« MMA a clear smoke with distinct sweet smell

MMA will eventually degrade to carbon dioxide and
water.

 In low concentrations, it has no known harmful effects.




Polycarbonate:

Lexan, Calibre,Makrolon,Panlite,Makrolife

'Y AXIMY VIP19 7Y MNOoONN DY RIN |0'79 ¢
D'NY D179 Nan

e Thick smoke when cut




Polyurethane

- HCN GAS

Film Drilling Example Foam Cutting Example Marking Example



PVC —

Vinyl, pleather, artificial leather

- HCL GAS: DO NOT CUT!

Don't ever cut this material as it will ruin the
optics, cause the metal of the machine to
corrode, and ruin the motion control system.

UICH aww:@ OD 10mm

[ e ——— S— — —
. 3
b




Rubber

 Dense sooty smoke.




Material

Plywood/Composite
woods

Paper, card stock

MDF/Engineered woods

Many woods

Cardboard, carton

wood

Notes Warning

These contain glue, and
may not laser cut as well

as solid wood.

Cuts very well on the
laser cutter, and also
very quickly.

These are okay to use
but may experience a
higher amount of
charring when cut.

Avoid oily/resinous
woods

Cuts well but may catch
fire.

Be very careful about
cutting oily woods, or
very resinous woods as
they also may catch fire.

Watch for fire.
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CO2 laser reflected from a metal surface -
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Safety Hazards
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- CLASS 3A LASER PRODUCT. Max 45mW, 1.5um
d (e o) IEC 60825-1:1993/A1:1997

Big Scary Laser ~— ™ e CAUTION-INVISIBLE LASER RADIATION WHEN OPEN.

CEAE DO NOT STARE INTO BEAM OR VIEW DIRECTLY
Do not look Into beam (s T2 ) WITH OPTICAL INSTRUMENTS.

with remaining eye
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products of combustion

» Cutting of materials by a laser generates
products of combustion which are irritating
to the eyes and throat and may release
toxic vapors and aerosls

» plastic, acrylic and melamine materials
create the most toxic by-products

Do not operate the laser if the ventilation
system is not operating
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Bad Beam Dumps (High Power)

Painted
Metal Plate

Strong specular reflection Orange
Plexiglass




Eye transmission & retina
absorption

100 —1 P = 1 T i
T Transmission N
B() = _—
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Transmission of the vitrious gel + lense
And absorption (red line) by the retina
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Fail Safe
Interlock

Fail Safe
Interlock

Block of
stray light

5 mW red laser
for alignment
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/ Door
With blocking of stray light
& spacers for Ventilation
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Laser marking with a mask.

4 ' Q Plane Field Lens




& minal Hazard Distance (NHD)

NHD for a laser of given power and exit -
beam diameter is given by the formula

1 ([4 P
pj=— | | ————d
Divergent beam © ['*.'ﬂ MPE J

r
Laser ﬂ :

Beam exit diameter d  pivergence angle®

Beam diameter r

B,
atlensd =
lF
Focused beam _K
| L
N

Focal length T

|4 F

_f
d T mPE




& minal Hazard Distance (NHD)

Diffuse reflection

; 4 P
n (tanf)® MPE

Fibre

Fibre

<

"HH&




21wn NHZ

A CO2 laser with a power P of 1000 W and exit
beam diameter d out of the laser of 3 cm is
focused by a convex lens of focal length

f, = 20 cm. Determine the nominal hazard
distance (NHD) from the focal point of lens

Given:P = 1000 W (power)

f0 = 20 cm (focal length of lens) G EEE

: : f le— NHZ —»l
d = 3 cm (beam diameter at exit)

MPE = 0.1 W/cm2

— JE] 4F NHZ=(20/3)*((4*1000)/(3.14*0.1))°->

NHZ= 752 cm=7.52m

)1/5



