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ABSTRACT

The met hod nost commonly used for
cutting thick 1.90 cm(.75 inch) steel
mat erial where edge quality is not of a
concem i S flame cutting which utilizes
an oxyacetyl ene torch. It provides the
energy to heat the steel beyond its
nmel ting point and gas pressure forces
the nmolten material (dross) through the
t hi ckness ofthe nmaterial. Cutting
torches typically remove a kerf of
approximately . 63 cm (.25 inch) to 1.27
cm (.5 inch). Gas cutting is noisy,
generates large quantities of snobke into
the environment and formns | arge pieces
of dross which can travel up to 3.04m
(10 ft) and cause fires. Typically,
when flame cutting shipboard, a fire
watch is required. Aso, if any type of
flammabl e naterial exists on the
opposite side ofthe cut, it must be
removed for several inches on both sides
of the cut line to preclude backside
combust i on. A search for a better
met hod of cutting thick steel sections.
including those with coating materials
attached, centered around a high powered
co, laser. The CQ laser had
successfully denonstrated its ability to
wel d heavy sections of steel with 100%
penetration from one side and create a
very narow heat affected zone (HAZ).

It was decided to expand this welding
process to cutting by introducing high
pressure assist gases. The gas would
force the nolten puddl e created by the
focused | soer beam through the steel
material, thereby, creating a cut
through the material as opposed to
allowing the nolten material to fuse
back together without the assist gases
(creating a welded Joint). It was
decided to take advantage of the laser's
hi gh powered density to cut/vaporize
non-netallic material attached to the
steel plate. Aso, there was interest
in the effects of a |aser beam on
asbestos nmterial.

LI ST OF ACRONYMS

MPa Mega Pascal s
HAZ Heat Affected Z O N e
ARL Appl i ed Research Lab

| CP I nductively Coupled
Pl asma Spectronetry
PCB Pol ychl ori nat ed

Bi phenyl
HY High Yield
HTS Hi gh Tensile Steel
0° Oxygen
N, Ni trogen

CPM Centinmeter Per Mnute

CPS Centineter Per Second

CUNI Copper N ckel

ft f oot

UTI L Uni ted Technol ogi es
Industrial Lasers

YAG Yttrium A um num Gar net

m mllineter
cm centineter
m et er

in° square inch
| NTRODUCTI ON

In order to determine the cutting
feasibility of a high powered CQ|I aser
through thick steel and non-netallic
coatings, a test program was devel oped
to collect data. Mare |sland Naval
shipyard had been the designated | aser
wel di ng center of excellence for the
Navy. Practical experience existed
there for the | aser applications. Under
funding from the program sponsor, Naval
Sea Systens Conmand, the shi p%’/‘ard
entered into a contract with the Applied
Research Lab (ARL). Pennsylvania State
Uni versity which previously performed
|l aser materials processing devel oping
with lasers from400 watts to 25 Kw.

The conbined effort also included United
Technol ogi es I ndustrial Lasers (UTIL)
who had expertise in gas nozzle design
and manuf acture of high power (greater
than 6 Kw) CO I asers. The test program
was to evaluate |laser cutting parameters
such as travel speed. power range.
nozzl e configurations, gas pressure and
gas conposition. The cutting was
performed inside a chanber so that

envi ronnmental data could be collected
and anal yzed. Also. there was interest
In tenperature gradients at various

di stances fromthe cut area. The
shipyard was to provide both coated and
uncoated material sanples of various
conpositions and thicknesses.

8A2-1



TEST PROGRAM
Test Sanpl es

The shipyard manufactured a series
of 30.48 cm (1 ft) by 60.96 cm (2 ft)
sample flat plates for testing of
various thicknesses and naterials as
fol | ows.

1. 30.48 cm (12 inches)
X 60.96 cm (24 inches) x
1.0 cm (. 375 inch) thick
HTS Plate (ML-S-22698
Grade DH) with rubber
sound danpi ng on both
sides, final

painted with

approxi mately .30 mm (12
mls) of epoxy paint.
Figure 1 denotes the

t hi ckness of

the layered materials.

Rubber Coating
2.2 cm (0.875 Inches) Thick

HTS Steel
1.0 ecm (0.375 Inches) Thick

Rubber Coating
1.7 cm (0.675 inches) Thick

Fig. 1 Material Test Sample

2. 30.48 (12 inches) x
60.96 cm (24 inches) x
3.2 cm (1.25 inches)
thick HY-80 plate
(ML-S16216) with
rubber sound danping on
one side, foam
insulation on opposite
side and painted with
approximately .30 nm (12
mls) of epoxy paint.
Figure 2 denotes the

t hi ckness of the |ayered
nmaterial s.

Rubber Coating
2.2 cm (0.875 inch) Thick

HY 80 Steel

3.2 cm (1.125 inch) Thick

Foam Insulation FEEEEUL
2.5 cm (1.0 Inch) Thick gUriy

Fig. 2 Material Test Sample

3. 30.48 (12 inches) x
60.96 cm (24 inches) Xx
5.1 cm (2 inches) thick
HY- 80 pl ate
(ML-S16216) wth
rubber sound danping on
one side, foam
insulation on opposite
and painted with

approxi mately .30 mm (12
mils) of epoxy paint.
Figure 3 denotes the

t hi ckness of the |ayered
nmaterial s.

—
Rubber Coating

2.2 cm (0.875 Inches) Thick ____-
HY 80 Steel

5.1 cm (2.0 Inches) Thick

e o v

Foam Insulation : :,?v:—-v\é _,:g
2.5 cm (1.0 Inches) Thick 3 SIS
AT A LA At

Fig. 3 Material Test Sample

QO her HY-80 steel samples for
paraneter testing were provided in
t hi cknesses from 1.90 cm (.75 inch) to
5.40 cm(2.12 inches). In addition, a
5.08 cm (2 inches) dianeter pipe sanple
coated with 5.08 cm (2 inches) of
asbestos was provided and a 6.35 cm
(2.50 inches) dianeter section of
shi el ded 400 anpere power cabl e.

Laser Sel ection

The original devel opment work for
the CQO | aser welding was performed at
the ARL Penn State's Research Facility
utilizing a 14 Kw CQ|l aser. Laser
processing, developed at ARL has been
transferred for nNayand private
application to Stardyne, Inc., a high
powered | aser job shop in Johnstown,
Pennsyl vani a. It was in Johnstown where
the actual laser cutting testing took
pl ace. The CQ/| aser devel opnent work
centered around the successful welding
of nedium to heavy steel plate sections.
It was this existing welding technol ogy
coupled with the inherent ability of the
ofe} | aser to produce constant high power
10°watts/cm’ {10 wwatts/in®) over |ong
periods of tinme that provided the basis
for its selection forthis program It
al so provided an of f-the-shelf power
unit capable of making the transition
fromthe lab to field application in
shi pyards and other industrial
facilities.

Testing Wrk Station

The actual testing was acconplished
at awork station approximately 45.72 m
(150 feet) fromthe 25 Kw Co,l aser
| ocati on. The laser had eight mrrors
fromthe power source through the
various bends in its 45.72 m (150 feet)
transmtting tube to the work station.
The power loss fromthe |aser's aero-
dynam ¢ wi ndow to the work station was
approximately 12% (1.5% at each mrror).
The power levels quoted in this report
are the power levels at the |aser
sour ce. The work station was a 10.97m
(36 feet) long sidebeam gantry with
focusing optics nounted onthe sidebeam
carriage. The carriage had a top speed
of 4.23 cps (100 inches/mnute). A

8A2-2



cutting chanber was nounted directly
under the laser focus head. The cutting
chamber was stationary and supported the
sanple to be cut. It also featured a
sliding cover which noved with the |aser
beam over the surface area to be cut.
The chanber also had a view ng port
exhaust duct to collect environnmental
sanpl es. The |aser focusing optics had
a focal length of 44.45 cm (17.5 inches)
(F Nunber=7.6). The |aser beam entered
the optics box with approximtely 7.62
cm (3 inches) dianmeter coherent |ight
beam and was then focused down to a
spot size of .13 cm (.050 inches) in
dianeter (Figures 4, 5A & 5B).

and

Gantry Carrisge

Moving Optics Box

>.~Leser Beam, ~.~ 1

Exhaust Duct To Filter
| Ve

__-’/ Sliding Cover

29.8 cm
(11.75 inches) |

Vlswing Port Chamber
—ee(06.7 CM e
s aoms (42 Inches)
Fig. 4 Diagram of Cutting Chamber
Arrangement

Fig 5B Ed View of utting Chamber

Cutting Nozzles

Three stainless steel hypo tube

8A2-3

nozzl es were used, 51 nm (.020 Inch),
1.14 mm (.045 inch), and 1.57 mm (.062
inches) in dianeter. The nozzle used
for nost of the testing was a 1.57 mm
(.062 inch) diameter hypo tube. The
tube was orientated 25 degrees from the
vertical axis and positioned to aimthe
hi gh pressure assist gas at the

| aser beam Interaction/focus point.
(Figure 6 and Figure 7).

Uuur Beam

Direction of Cut

0.16 ¢cm Dia. Noxzle
(0.062 Inches)

-
o

25

|

1
0.32 cm

(0.125 Inches)—§~ ——
T :
Cut Surface Steel Plate

Fig. 6 Cutting Nozzle Orientation with Respect
to Laser Beam Interaction Point

Fig. 7 Side View of Cutting Gas Nozzle

H gh Pressure Assist Gases

Wth the 25 Kw avail abl e energy

source, sufficient power was avail abl e
to acconplish cuts through thick
sections. The next nost inportant

consideration affecting laser cutting
is the gas jet nozzle design and the
type and pressure of assist gases.
this cutting program three types of
assi st gases were tried separately,
oxygen (0,), air, and nitrogen (N,
Oxygen might directly contribute to
oxi dation and cutting speed, yet, in
ot her applications where the
flammability of backside nmaterials was
of primary concern, an inert assist gas
such as N, nmight prove nore valuable.
The gases were stored in standard 'K
size cylinders and were regulated to a
maxi mum pressure of 5.50 MPa (800 psig).
A hose connected the cylinders to the
gas nozzle via the regul ator.

For

pur e

Envi ronnent al Procedure

The shipyard environnental



techni ci ans col |l ected airborne sanples
from selected cuts both inside and
outside the chanber utilizing 2.54 cm (1
inch) dianeter cassettes and | ow vol une
punps. A syringe was al so used to
collect air sanples inside the chanber.
In addition, the exhaust gases fromthe
chanber were collected via a 283
liters/sec (600 cubic foot per mnute)
ump. across a .3 Mcron (.0012 inches)
EPA filter. The filter was changed
during the cutting process and wei ghed
before and after its use to determ ne
the anmount of material trapped. The
filters were then sent to an independent
| aboratory to deternmine the existence
amount of a possible 24 el enents trapped
in the filters. The method used for
anal ysis was inductively coupled plasna
(1CP) spectronetry.

Ther nocoupl e Procedure

The tenperature gradi ent generated
by the CQ laser in the material during
the cutting operation was of extrene
interest. This was especially true for
critical heat zones for a future test
program i nvol ving |aser cutting through
steel layered with polychlorinated
bi phenyl (PCB) inpregnated material s.
Accordingly, thernocouples were nounted
on the top surface (sane side as |aser
beam) of selected steel plates in .63 cm
(.25 inch) increnents to a distance of
2.54 cm (1 inch) fromthe centerline of
the laser cut (i.e..., .63 cm (.25
inch), 1.27 cm (.50 inch), 1.90 cm (.75

inch), and 2.54 cm (1 inch) (Figure 8).
Results were then platted as tinme versus
t enper at ure.

Fig. 8 Top view of Sample Plate W/Thermo Couples
Cutting Parameters

The primary paraneters varied during
the cutting tests were as foll ows.

1. Laser Power (5 Kwto
22 Kw) .

2. Carriage Speed .21
cps (5 ipm to 2.96 cps

(70 ipm.
3. Gas conposition (0,
Air, N).

4. (Gas pressure .69 MrPa
(100 psi) to 4.83 Mpa
(oo psi ) .

5. Nozzle orientation.

The parameter setting was first
acconpl i shed on uncoated steel plate of
1.90 cm (.75 inch), 3.17 cm (1.25
inches) and 5.40 cm (2.12 inches)

t hi cknesses prior to cutting the plates
with coatings. Nurer ous short cuts and
partial cuts were nmade to establish

whi ch paraneters were predoninant in
controlling cutting speed and pene-
tration, especially in the thicker plate
3.17 cm (1.25 inches) & 5.40 cm (2.125

i nches).

RESULTS OF TEST PROGRAM

Uncoated 1.90 cm (.75 inch) Thick HY-80
Pl ate.

Laser cuts were perforned with air,
o,and N as assist gases and 2.76 Mra
(400 psig) and 4.14 MPa (600 psig)
pressure. The Qresulted in the
hi ghest cutting speed (Figure 9) at a
tradeof f of having the highest surface
tenperature profile. (See Figure 10 for
air and Figure 11 for O0,1.

4
10 kW

2.96 em (70 ipm)
2.75 MPa (400 psig)

12 kW
0.63 cm/sec {15 ipm)
3.45 MPa (500 psig)

12 kW

0.63 cm/sec (15 ipm)
4.14 MPa (600 psig)
B Nitrogen

Cutting Speed (cm/sec)
N

-

///

Fig 9.  Cutting Gas Composition

{0.75 Inches) L 122

200 392
l 0.63 cm

(0.25 Inches) -
~ ] & 127 em | L
o 150 (0.50 inches 302 =
—r 1 L !
© ] 2
5 ] 212 ®
2 100 [ 5
s ] g
a I E
E 1.80 cm 1 2
'—

2,54 cm
(1.00 Inches)

32

0 r . T : x T
0 20 40 60 80 100 120 140

hig;10 Zheﬁﬂg]pQEQEQ eré 3érem12Pw, e e
(600 psig) air
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400 752

0.63 cm
(0.25 inches)
§~ 300 1 572 t
Y :
3 2001 L3923
: H
2 E
S 100] "la12 2
0 y . a2

0 20 40 80 80 100

. Time (sec) g i
Eifinh FecmaloProudle od, olie D) 1ot

The ié?wer" tenperature utilizing Qas
an assist gas is directly related to an
exothernmic reaction that occurs between
the o, and the steel. This reaction
adds additional heat to the process as
wi tnessed by additional puddling
occurring on the cut surface. Since air
is 24% oxygen, the same exothermc
phenomenon al so occurs using air, but
not as extensive. Wen N was used as
an assist gas, the striations across the
cut surface were nore uniform due to the
| ack of oxidation. Fi gures 12A, 12B,
13A, 13B, 14A and 14B illustrate the
differences in cutting amobng the assist
gases. Also, acid etching of the cross
sections of the cut surface reveal ed
greater width for the QHAZ Zone which
explains the higher thermal profile for
0,. The slag deposits shown (Figures
12A, 12B, 13A, 13B, 14A & 14B) on the
bottom of all three cuts were easily
removed from the N sanple by tapping
lightly with a hanmer. The slag renoval
becane increasingly nore difficult with
the air and Qsanples. The kerf for
the Q cut was .63 cm (.250 inch) as
opposed to .76 nm (.030 inch) for N.
The tenperature advantage of utilizing
N, as an assist gas was explored further
when cutting coated materials.

Fig. 13B Laser CQut Cross Section (0,

Fig. 12_A Laser Qut Curface (Air) Fig. 14A Laser Qut Surface (N)

8A2-5



38‘: 14B Laser Cut Cross SectiBn’
Uncoated 5.40 cm (2.12 inches) Thick HY-

80 Steel Plate.

Successful cuts of this heavy
nmaterial were achieved at 21 cps (5 |prn)
utilizing 4.14 MPa (600 psig) air as the
assist gas (Figure 15). Thernocoupl e
data was collected for this sanple and
plotted (Figure 16).

Fig.15 5.40cm(2.12in)tr{ick, .76mm (.030in‘) kerf

500 932
1 1.27 cm
0.63
{0.25 c:l:xches) (0.50 inches)
— 400- o 752 _—
IT) P L E"
o 300 | 572 @
3 \ z
s 1.90 cm i 2
§ 2007 (0.75 inchesyy 392 8
E ] 2.54 cm 1 g
- 100- {1.00 inches) L 212 -
}
0 Y T v 32
0 50 100 150 200

B} Time ésec) .
Fig. 16 Thermal Profile 5.40 ‘cm &.125 mcp‘%
Plate. Cutting Parameters were 15kw, 4.14 MPa
(600 psig), air, .21 cps (5 ipm).

Coated .95 cm (. 375 inch) Thick HTS
Steel Plate Wth 1.71 cm (.675 inch)
Rubber Coating on Bottonside.

Successful cuts were achieved with
both air and N, used as cutting gases
with the sane power (12 Kw) and speed
1.69 cps (40 ipnm). The observabl e
difference in the cuts was the surface
of the rubber coating. Wth air, a nore
oxidizing gas, the surface of the |aser
cut was rough, while for the Nthe
surface was smooth (Figures 17 & 18).

H gher cutting speeds were
unsuccessfully attenpted with both
cutting gases. Snoke was generated Wth
the use of Nand air.

(,Iw., o vt e e o m e

13
i2
i

Fig. 17 Cut Surface Rubber & Steel)(Air)

R e T

g

Fig. 18 Cut Surface Rubber & Steel (N,)

Coated .95 cm (.375 inch) Thick HTS
Steel Plate Wth Rubber Coatings On Both
Si des.

The laser cuts were attenpted using
O, N, and air separately as the |aser
cutting gases. Various paraneter
settings were used but no successful
conplete cuts through all materials were
made (Figure 19). The inclined nozzle
design could be either ainmed at the
rubber surface where the | aser beam was
focused or at the steel surface where
the laser beam was focused. The only
test result was the cutting of the top
rubber coating only at 10 Kw, 2.40 MPa
(350 psi) air and 2.96 cps (70 ipm. No
attenpt was nmade to |laser cut the
exposed steel plate because of the
nozzl e configuration. Al so, heavy smoke
and flames were generated during cutting
the rubber utilizing Q. while only
smoke was generated utilizing Nand air
(less smoke with N). It was at this
point in the test programthat the need
for a coaxial gas nozzle was realized.
A coaxi al design would be pursued for
future cutting of |layered materials.
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2. Wen air (24% Q)
was used as assist gas
at 4.83 MPa (700 psig)
and the laser power at
2 Kw, the conbination
of steel plate and
insulation was cut at
.42 cps (20 ipm. The
. . backsi de insul ation
e M -~ - burnedlbut not z?]s

: < Utilizi 3 ). . N severely as with pure Q
Fig. 19 Cuts Utilizing Air, 0., N, assist gas.  The
backsi de insulation

Coated 2.86 cm (1.25 inches) Thick HY-80 charred simlar to that
Steel Plate Wth shown in Figure 21A B. The
Foam Insulation on Backside. ignition of insulation
would also require
Laser cuts through the conbination renoval prior to
of 1 1/4 HY-80 plate with foam | aser cutting.

insul ation wereacconplished wutilizing

0, air and N, as assist gases.
1. Wen Q was used as i
the assist gas at 3.45 -
MPa (500 psig and |aser
power at 20 Kw, the
steel and insulation
conbi nati on was cut at
1.69 cps (40 ipm). The
typical exothermc
reaction occurred wth
the steel cut surface.
The backside insulation
was ignited by the dross
as accelerated by the

P \
\,U"llll

Fig. 20 Bottom View of Cut & InsulatiOn(0,)

pure Q. The insulation
burned for a 6.35 cm
(2.50 inches) width
centered on the |aser
cut line (see Figure 20,
bottom view). The kerf
wi dth was approxinately

63cm (.250 inch). ) ,
Backsi de ignition Fig. 28Top View (Typical) of Start of Cut.

of materials would be Note Wdth of Cut in Relation to Coin (Quarter).
unacceptable in a field Al 'so shown is Hypo Tube Gas Nozzle.

application and would

require insulation

renoval prior to |aser

cutting. 3. Wen N was used as
assi st gas at 4.83 MPa

8A2-7



(700 psig) and |aser
power at 22 Kw the plate
and insul ation

conbi nati on was cut at
42cps (10 ipm  There
was no backsi de ignition
and the insulation was
vaporized (not burned)
for a width of 3.81 cm
(1.5 inch) centered on
the laser cut. The cut
was very snooth and the
pai nt on the nearside of
the laser cut was
affected for a width of
only .32 cm (.125 inch)
(see Figures 22A & 22B).

- ~ PR

5 I

Fig. 22A Bottom View of Cut & Insulation (N,)

Fig. 22B Top View of Cut & Burned Paint

This cut was the nost
desirable froma field
application standpoint
as backsi de insul ation
woul d not have to be
renoved in way of the
cut as would be required
in conventional flane
cutting techniques. Not
having to renove
backsi de interferences
and insulation can be a
great cost savings,
especi al | y when

consi dering piping,

wi reways and equi pnent
that nmust be renoved in
order to obtain access
to the backside area
Laser cutting utilizing

N, as assist gas has

even further application
and needs nore testing
to obtain environmental
data on cutting steel
plates with PCB

contam nated material on
the opposite side of the
cut. A conparison of
the cutting speeds of

all three assist gases
is shown in Figure 23

20 70 kW
4.69 cm/sec (40 ipm)
3.45 MPa (500 psig)

15

22 kW
0.85 cm/sec (20 ipm)
4.83 MPa (700 psig)

1.0

22 kW
0.42 cm/sec (10 ipm)
4.83 MPa (700 psig)

0.5]

Cuttlng Speed (cm/sec)

I Nitrogen

0.0-

Fig. 23 Cutting Gas Composition

Coated HY-80 Steel Plate 5.08 cm (2
inches) Thick Wth Foam Insulation On
Backsi de.

Successful |aser cuts were nmade from
the steel side through the conbination
of steel and insulation. Air was used
as the assist gas at 4.83 cm (700 psig)
and | aser power at 22 Kw. The cutting
speed obtained was .34 cps (8 ipm.
Sonme opposite side conbustion did occur
of the insulation (see Figure 24, bottom
view). Al so, exam nation of the
striations on the cut surface of Figure
24 shows the nolten netal started in a
vertical direction but changed direction
due to the reduction of the gas flow
momentum wi th i ncreased depth of the
cut. This indicates that nore gas
t hroughput is needed with the thicker
naterial s. This condition al so existed
for the uncoated 5.40 cm (2 inches)
thick steel plate.

Fig. 24 Cut View of Striations & Insulation



Shi el ded 400 Anpere Power Cable, 6.35 cm
(2.50 inches) In Dianeter, Reinforced
Wre Braiding And Three Internal Copper
Cables 1.90 cm (.75 Inches) In D aneter.

A single pass of the |aser beam at
20 Kw power level .85 cps (20 ipm, and
Qat 1.38 MPa (200 psig) produced a cut
through approximately 3/5 of the cable

(see Figure 25). This cable is usually
cut with a nechanical saw with great
effort. The CQ laser illustrates that

with some devel opment work, this could
be a very practical application.

Fig. 25 Laser Cut 400 Anpere Power Cable

5.08 cm (2 inches) Dianeter Copper
Nickel (CUNI) Pipe Wth 5.08 cm (2
inches) O Asbestos lnsulation Al
Around (see Figure 7).

A single pass of the laser beam at
10 Kw power level, .63 cps (15 ipn) and
0,at .69 MPa (100 psig) produced a 2.54
cm (1 inch) deep cut into the asbestos.
The | aser beam nelted and cauterized the
asbestos into a black silicone glass
structure. (Figure 26). Envi ronnent al
sanpl es taken during the cutting
operation indicated no airborne fibers
were generated during the cutting. This
application of laser cutting has far
reaching potential and cost savings for
adaptation to a shipboard or conmerci al
system to cut asbestos covered piping
wth little or no hazard to the
environment or workers and little
protective clothing required to perform
the work.

Fig. 26 Laser Cut Into Ashestos Insulation
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CONCLUSION

The cutting tests performed (sec.
Table 1) denpnstrated all materials
provi ded coul d be
cut The use of an oxidizing gas such
as Q or air (24% 0, increases cutting
speed but also significantly increases
tenperature adjacent to the cut. On
coated materials , Qas air assist gas
causes ignition of the backside coating,
however, N,as an inert assist gas
neutralizes the conmbustion effect. The
type and orientation of the nozzle is
critical for successful cutting. A
coaxi al nozzle would be nuch nore
effective in cutting layered materials
and thick steel sections (greater than
5.08 cm (2 inches)). Assist gas
pressure also has a great effect on
cutting speed. As our 'K size
cylinders |ost maxi num pressure due to
vol une usage, cutting speeds were
reduced. Connecting several cylinders
in parallel would help mnimze this
pressure loss. Aimng the gas nozzle at
alaser focus spot 13 cm (. 050 inch) on
the surface of the material to be cut
was also difficult. Again, a coaxial
design woul d solve the aining problens
plus shield the | aser beam from organic
snoke which decoupl es the beam Al
envi ronmental data taken was within
al | owabl e specifications. The asbest os
cutting was a pleasant surprise as was
with the heavy power cable. The 25 Kw
co, laser certainly denonstrated
sufficient power to cut all thicknesses
provi ded especially when the proper gas
pressure and gas nonentum was achi eved.

Future Applications

The use of N assist gas at 4.83 Mra
(700 psig) with the 25 Kw CQ | aser
proved a w nning conbination Wth the
desi gn and manufacture of a beam
delivery system this system could be
used to cut heavy sections In shipyards
and other heavy industrial activities.
Using this conbination. prelimnary
tests indicate Insulation may be left in
pl ace realrzing a | arge cost savings as
opposed in having to renove
interferences plus insulation. Wth the
hi gh tenperature of the l|aser beam
(greater than 5000 degrees Fahrenheit)
and high power density 10°watts/cnt
(10watts/in®* . the ability of the
laser to incinerate/vaporize hazardous
materials such as PCB' s certainly
warrants further testing. If the
backside material had to be renobved,
with the |low tenperature .63 cm (/4
inch) away fromthe centerline of the
cut and steep thermal gradient. the
amount of material required to be
renmoved is far less (could be |ess than
2.54 cm (1 inch) than conventional flane
cutting in a PCB environnment. A fire
watch would still be recomrended for
| aser cutting.

The asbestos cutting has potenti al
to be developed into a delivery system
(perhaps a Yttrium Al um num Garnet (YAGQ
Laser/Fiber Optics conbination) that
could be used to cut asbestos coated
piping with little effect on the
envi ronment and wor ker, again another
potential |arge cost savings over
conventional rmethods.

Materials

Spoed cm/sec Gas Prassure

(Thickness; Power (kW) Gas Comp.

Condition). (ipm) WPa (psig)
1.9-5.4 om Nit

(0.75-2.13 " tirogen .

inches); Bare] 10-22 W ?1-?5‘720-961 cmi/sec §  apy 2;% 4.80 MPa

& Coatod . pm) Oxygen (400-700  pslg)
Plates
Table I.  Summary of Laser Test Paranmeters Perforned
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