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INTRODUCTTON

The development of the COp laser presents a variety of problems
in laser protective shielding, including materials for routine lab-
oratory baffles. There are potentially useful lightweight materials
commercially available which can be easily cut and formed into any
desired shape. The purpose of this study is to determine whether
several commercially available shielding materials hold promise for
protection against high energy laser radiation.

MATERIALS TESTED

xperimental studies were conducted on a number of commercially
available metal fiber materials to determine the feasibility of their
use as high energy laser barriers. The materials were obtained from
the Brunswick Corporation, Sugar Grove, Virginia. The company furnished
a woven graphite cloth and four sets of paired samples. Within each
pair the sample designation is the same except for the surface appear-
ance, that is, one is dark and the other is bright. The dark finishes
were obtained by preoxidizing bright samples. A summary of their phys-
ical properties is included in Table 1. These materials vary in tex-
ture from the soft matted DH242 and 304SS to the platelike FM515. The
matted cloth, DH242, is made up of very fine metal fibers rendering
it flexible, soft, and spongy. Because of these qualities, it can
be impregnated with laser attenuating materials, such as water for absorb-
ing the CO» laser, to further attenuate the laser beam. The 304SS,
which is made of stainless steel fibers, is not as flexible as the DH242
because its fibers are more closely woven, thus rendering it not as
spongy. The other samples are composed of large fibers that are solidly
compressed into a rigid metal board (430SS) or onto a metal plate (FM515).
The latter resembles a granular surface. The graphite sample consists
of spun fibers woven into a black cloth.

PROCEDURE

The experimental setup is shown in Figure 1. The laser is a
Coherent Radiation, Model 40, single mode, CO2 laser. The laser out-
put beam was used at full width, 1.905 cm, for irradiances between
1.75 to 35 watts/cm?; and focused down with a water cooled germanium
lens to obtain a 0.137 cm diameter spot for higher irradiances. The
irradiances were determined by first measuring the energy output of
the laser with a Coherent Radiation Laboratory, Model 203, thermopile
detector and dividing it by the burn spot area and the time of inci-
dence on the detector (H = jou]cs/cm3 sec). In the diagram, M 1is a
100% mirror, used to deflect the laser beam into the thermopile. The
helium-neon laser is recessary to align the sample to the CO> laser
in order to assure that a different area of each sample was used for
each exposure. The conditions of the exposures are given in Tables
Il and [11.
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Table 1. Results of
Materials to CO, Laser

Exposure of

Dark Finish Lightweight
Radiation

SAMPLE BEAM POWER POWER IRRADLANCE TIME REMARKS
# (Watts*) (Watts/cm“) T (sec)
#1 5 1S i No visible change
DH242
Needled 2 A 4 g
Web
4 " " "
8 " " "
1() " " "
32 " " "
()4 " " "
10 3.5 2 " " "
4 Glowing begins
8 " e (red)
16 Glows red
32 Reaches & stays at red glow
64 " " " " " "
20 TiGi) 1 Immediately glows dark red.
Starts bright red & in 2
sec reaches
64 Orange & stays orange
50 Y7+5 I Starts bright orange & goes
to yellow
b} " " " " "

*The wattage meter was fluctuating through the tests. The indicated wattape is

estimated to be at the center of the

t : : a0 fes
Irradiance was determined by dividing the indicated
r = 3/8" = 0.95 em. A = ‘

beam.

fluctuation.

285 cmc.

wattage* by the area of the




Table [I. Results of Exposure of Dark Finish Lightweight
Materials to CO, Laser Radiation (cont 'd)

SAMPLE BEAM POWER | POWER TRRADIANCE TIME REMARKS
# (Watts*) (Watts/cm?) (sec)
i

4 Starts bright orange & goesl
to yellow [

8 Discoloring & very little
smoke

16 Discoloring increases (no
smoke )

32 Further discoloration, same
as 16 sec

64 " " "

100 35, 1 Starts orange glow & goes to !
bright yellow; larger area
of glowing. Extreme orarnze
& bright yellowat center

2 Discoloration, surface
damage
4 Damageincroases,sameas125e§
8 " " " " "
16 " " " " "
3? " " " " "
64 " " " " "
{2 5 173 1 No visible change
304 Stainless
Steel 2 - - "
Sintered Web
Preoxidized 4 " : G
8 n ALJ "
16 " " "
;Z " ALJ "
64 " ALl "
10 3.5 64 " " 7
2() 7.() I " " "




lable I1. Results of Exposure of Dark Finish Lightweight

Materials to CO; Laser Radiation (cont'd)
SAMPLE BEAM POWER POWER IRRADIANCE TIME REMARKS
# (Watts¥*) (Watts/cm®) (sec)
#2 20 7.0 e No visible change
(cont'd)
4 " " "
8 Discoloring begins, loose

fibers glow

16 Discecioring increased, red
glow very faint

32 Further discoloration, dark
i red glow
\
t‘l. " " "
50 L5 1 Orange, almost yellow glow,
discnloring, olight surface
damage

2 Same as 1 sec. (Larger area)

./’ " " " " " "

\’\ " AL " " " "

<

16 " " " " " "

‘\ " " "

(‘:. " " "
100 L i Very bright orange to yellow,
discolorations, damage to
outer lavyer.

2 Very bright orange tc vellow,
discolorations, damage in
center.,

4 Extremely bright orange to

vellow to white, discolor-
ations, extensive damage to
large portion of area
exposed. Glow remains
after beam.

o5




Fable EL.

Results of Exposure of Dark Finish Lightweight

Materials to CO? Laser Radiation (cont'd)
|
SAMP LIS BEAM POWER POWIER TRRAD . TIME REMARKS
it (Watts?*) (wgtts/cm)) (sec)
#2 8 Same as 4 sec. + discoloring
(cont'd) ! on back increases, increasing !
i damage, glow remains after {
beam. ;
100 35 16 " " " " {

} ,},) " " " "

‘ 64 Extensive damage to back of
sample, cracks where beam
nearly penetrated.

i*t3 5 EoiZ5 1 No visible change.
' 1‘3() ; 2 " " "
{ Stainless i
Sl ¢ i s /‘ n " "
Preoxidized " " " i
: ' 8

b M1 | !

i 1() " " " l

1 }4) " LA " "

()L/{ " " AAJ l
l() }.5 1() " " " l
32 " " " !
(’Z‘ " " " :
20 7.0 16 it " % {
5‘2 " " " |
()/4 " " " l
50 175 16 3 b " i
32 Deep red glow, discoloration
at 20 seconds. !
64 Deep red glow, constant, dis-
coloration is dark. '

! 100 3. 2 No visible change. ‘

4 Begins to glow light red. |
I

8 Orange glow & discoloration
begins.

16 Orange glow lingers after

beam, discoloration increases.




Table [I1.

Results of Exposure of

Materials to €O, Laser Radiation

Dark Finish Lightweight

(cont 'd)

SAMPLE BEAM POWER FOWER TRRADIANCE TIME REMARKS

# (Watts*) (Watts/cm?) (sec)
#3 100 35 32 Same as 16 sec. + some fibers
(cont'd) are blue and white.

64 Same as 32 sec., more fibers
are white.

#4 5 175! 64 No visible change.
FM515 with
.060" 10 3.5 64 n " "
Inconel
backing. 20 7.0 6% " " "

50 EZ S 8 ° 4 Y

16 Light red glow begins.

32 Deep red glow.

64 Orange glow.

100 35 . 1 No visible change.
1 Begins orange glow.
2 Orange glow.
4 Orange glow, very slight
discoloration.
8 e (vellow at center,
discoloration increases).

I() " "n ”n

iz " " "

()1’ " " " +
discoloration , damage to sur-
face (cracks), vaporization.

#5 10 3.5 1 No visible change.
Graphite
Cloth 2 S . iy

[‘ " " "

H " " "

") " LAJ "

10




Table II.

S S a——

Results of Exposure of Dark Finish Lightweight

Materials to COp Laser Radiation

(cont 'd)

SAMPLE BEAM POWER POWER TRRADIANCE TIME REMARKS
it (Watts*) (Watts/cm?) (sec)
[
) 5 - S
10 , T 32 No visible change.
((‘(H]( 'd) 64 " " n
20 7.0 1 # R "
') " " "
4 " " "
8 Discoloring begins, faint
red to orange glow.
16 Discoloring increases,
i { light orange glow.
{ |
I ! 339 Nk ", dark orange
| ! | glow, initial smoke.
1 1}
!
! | 64 Same as 32 sec.
i 1
i | 50 7.5 1 Begins to glow orange, odor.
]
‘ ) " " " " "
l 4 Orange glow, odor.
! 8 Discoloration begins, initial
smoke, odor.
16 Increasing discoloration &
damage + same as 8 seconds.
A‘.) " " "
bA " " "
100 %5 1 Orange glow (glows through to
back), odor.
2 Bright orange glow, smoke,
odor.
4 i by ", no smoke,
l odor, damage and discoloring
begins.
8 Bright orange to yellow glow,
odor, and increasing damage
+ discoloration.
16 Same as 8 secs. + initial
smoke.
32 Same as 16 secs.

Bt e e ce———

—




Table II.

Results of Exposure of Dark Finish Lightweight

Materials to €CO» Laser Radiation (cont'd)
SAMPL.F BEAM POWER POWER TRRADIANCE| TIME REMARKS
ft (Watts*) (Watts/em?) (sec)
#5 100 25, 64 Same as 16 secs. Increasing
(cont 'd) glow through to back and
increasing damage and dis-
coloring throughout.
DH242 100 6.7 x 103 2 Complete penetration.
(dry)
ot) 106 6.7 x 103 80 Minimal surface damage.
04 S 100 6.7 10 1 Complete penetration
430 100 6 A D, e 907 penetration and
FM1311 discolored back.
FM515 100 6.7 x 103 1 Penetrated to plate backing.
Graphite 100 6.7 x 103 1 Complete penetration.

Cloth




‘fable II1I.

Results of Exposure of Bright Finish Lightweight
Materials to CO; Laser Radiation

SAMPLE BEAM POWER YOWER IRR/\DI{\NCI‘Z TIME REMARKS
# (Watts) (Watts/cm?) (sec)
DH242 5 1,75 1 No visible change.
(dry)
2 " " "
4 " " "
8 Discoloring begins.
16 Discoloration increases.
32 " "
64 " "
10 3.5 1 No visible change.
2 " " "
4 " " "
8 Discoloring begins.
16 Discoloration increases.
32 " "
6[‘ " "
20 7.0 I No visible change.
2 " " "
4 Discoloring begins.
8 s " and surface damage.
16 Discoloration & surtace
damage increases.
32 " " "
()[’ " " "




Table T11.

Materials to €O, Laser Radiation

Results of Exposure of Bright Finish Lightweight

(cont 'd)

SAMPLE BEAM POWER POWER [RRADIANCE TIME REMARKS

it (Watts) (Watts/cm?) (sec)
DH242 50 17.5 1 Orange glow, surface
(dry) damage & discoloration.

2 Same as 1 sec., increasing
brightness and discoloring
size.

4 " " "

8 " " "

16 " " "

'}2 " " "

61‘ " " "
100 35 1 Orange-yellow glow, dis~
coloration & surface damage.

2 Same as 1 sec. with increas-
ing glow, discolorings &
damage.

l. " " "

8 " " "

]6 " " LAl

32 " " "

bll " " "

100 1,000 1 Glows white, burns decep.
1 e 2 " through.
DH242 100 1,000 1 Glows white, hisses as water
(wet) evaporates, some surface
damage.

2 Glows white through to back,
hisses as water evaporates,
burns « 1/2 way through.

14




Table TITI.

Results of Exposure of Bright Finish Lightweight

Materials to €O, Laser Radiation (cont'd)
SAMPLE BEAM POWER POWER IRRADIANCE TIME REMARKS
# (Watts) (Watts/cm?) (sec)
DH242 100 1,000 4 Same as 2 sec. except burns
(wet) deeper.
8 Same as 4 sec. except beam
begins to come through back.
16 Same as 8 sec., steam is seen
during and after exposure,
more beam getting out of back.
32 Burns completely through.
304 SS 5 N Y | No visible change.
2 Discoloration begins.
4 Discoloration gradually
increases.
8 " e "
](’ AL " "
,;4) rn " "
(’A " " "
10 P [ Discoloration begins.
2 Discoloration gradually
increases.
[4 " " "
8 " " "
16 " " fr
‘;’ " " "
(“/‘ " " "




Table [II. Results of Exposure of Bright Finish Lightweight
Materials to COp Laser Radiation (cont'd)

SAMPLE BEAM POWER {POWER IRRADIANCE TIME REMARKS
it (Watts) (Watts/cmz) (sec)
304 SS 20 7.9 1 Discoloration begins.
2 Discoloration increases and

red glow begins.

4 Discoloration gradually
increases and orange glow.

8 Increasing discoloration and
glow.
16 o & "
32 i = u
64 " 2 "
50 2S5 i} Glows orange and discolors.
2 Increasing discoloration and

orange glow.

l. " ” "
8 " n "

16 " " "

32 1" " "

64 " " "

100 35 1 Glows bright yellow, discolors.
2 L " "
sur face damage.

4 " " "
8 Glows yellow, discolors, glows

brighter yellow as surface
burns and spreads, discolors
on back; glow remains after
exposure.

16




Table III.

Results of Exposure of Bright Finish Lightweight

Materials to CO2 Laser Radiation (cont'd)

SAMPLE BEAM POWER |POWER IRRADIANCE| TIME REMARKS
i (Watts) (Watts/cm?) (sec)
304 SS 100 35 16 Same as 8 sec. except dis-
colors on back also.

32 Same as 16 sec. except burned
hole through back and more
discoloration on back.

64 Same as 32 sec. but more
intense.

100 1,000 b | Glows white, completely burns
through.
4308S/ 5 1.75 1 No visible change.

FM1311




Table 111,

Results of Exposure of Bright Finish Lightweight

Materials to CO, Laser Radiation

(cont'd)

SAMP LE BEAM POWER JPOWER TRRADINACE TIME REMARKS
# (Watts) (Watts/cem?) (sec)
4308Ss/ 20 7.0 8 No visible change.
FML1311
(cont 'd) 16 " " "
32 n " "
64 " " "
' 1“) 1 7. r) ] " " "
\
! 2 " " "
4 Discoloration begins.
8 Discoloration gradually
' increases.
16 " " "
3') " " "
64 " ALJ "
100 35 1 Discoloration begins.
2 Discoloration increases and
red glow begins.
4 Same as 2 sec. but orange
glow.
8 " " " AL} "
l() " " " " "
'}2 " " " " "
64 Glow remains after exposure.
100 ], 000 < L Glows orange and damages
surface.
)1 Glows orange and surface
damage increases.
2 " " " "
and glows red on back.
4 Same as 2 sec. and starts to

burn through back.




Table [11.

Results of

A A e

(cont'd)

Exposure of Bright Finish Lightweight
Materials to CO, Laser Radiation

SAMPLE BEAM POWER POWER IRRADIANCE TIME REMARKS
# (Watts) (Watts/cm?) (sec)
4308S/ 100 1,000 8 Same as 4 sec. and burns
FM1311 partially through back.
(cont'd)
16 Same as 8 sec. but burns
completely through.
FM515 5 ( 1 No visible change.
9 " " "
/. " " "
8 " " "
16 LA " "
'32 “" e "
()a " " "
10 35 1 i o i
Y " " "
/' " " "
8 LA " "
lh T " "
S? " " "
b[‘ " " LA
20 Tt 1 e L "
s " " "
A " " "
H " " "
l(‘ " " "
‘;) " " "
t\/‘ " " "
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Table 1I11. Results of Exposure of Bright Finish Lightweight

Materials to CO, Laser Radiation (cont'd)
SAMPLE BEAM POWER POWER ”(RADAANC]': TIME REMARKS
i p (Watts) (Watts/cm™) (sec)
FM515 50 1 7 i 1 Discoloration begins.
2 t " increases and

orange-red glow.

4 Same as 2 sec.

8 " " " "

16 " " " "

;) " " " "

64 " " " "

100 35 1 Discoloring, red-orange
S ¥
2 Increasing discoloring and
glow.

4 " " "
8 Same as 2 sec. and glow

lingers after exposure.

16 Same as 8 sec.
3') " " " "
6A " " " "
100 1,000 1 Glows vellow to white, burns|

deep hole to backing.

Z Brighter glow, hole larger.
Z‘ " " " "
8 Glow lingers after beam and

hole larger.
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RESULTS

The observed behavior of each sample under test is described in
Tables I1 and III, and the damage sustained by each sample is shown
in Figures 2 through 10.

The results for the darkly finished samples are presented in Table
IT. With increasing irradiance, all samples sustained surface discolor-
ation before exhibiting further damage or penetration. The onset of
surface burns and penetration damage was preceded by incandescence of
the fibers which varied in intensity with the laser power output. The
samples 430SS and FM515 showed appreciable resistance to the unfocused
C0» laser for a time duration of a little over one minute. The irradi-
ance thresholds of the materials for damage exceeding mere discoloration,
an excerpt of Table 1I, areoshown in Table IV. All of the samples were
also subjected to 6.8 KW/cm”™, whereupon most suffered complete penetra-
tion in less than one second. The exceptions are DH242 which took nearly
two seconds to damage, and sample 430SS which underwent complete pene-—
tration damage in twenty-two seconds. Taking advantage of the spongy
quality of DH242, it was soaked with water and then exposed to the 6.8
KW/em® beam. After eighty seconds the wet DH242 sample had sustained
only minimal surface damage.

The brightly finished samples show lower damage thresholds than
the dark ones discussed above. These results are detailed in Table
ITI, and damage thresholds are summarized in Table V. Again the samples
430SS and the FM515 have little damage at 35 w/cm?. At an irradiance
of 1.0 KW/cm?, all samples were completely penetrated by the CO» laser
beam within one second except the 430SS metal fiber board which was
damaged within this period but not completely penetrated. Penetration
of this sample occurred sixteen seconds later. The bright sample of
DH242 is also spongy and was also soaked with water to determine its
barrier properties at higher power irradiance. Using the laser beam
at 1.0 KW/cmz, this sample was penetrated in eight seconds, therefore
this material is not as good as its dark counterpart when treated simi-
larly.

It must be pointed out that for both FM515 samples (dark and
bright), which have an Inconel backing, complete penetration involves
penetration of the fiber cover only. It could not be determined whether
the Inconel backing was damaged, since the samples were not cut out
to determine if any damage occurred there. However, at all the laser
power ranges used, no complete penetration of the metal backing was :
observed. :
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Table IV. €Oy Laser Irradiance Damage Threshold of
Dark Finished Lightweight Materials

POWER
SAMPLE TIME [RRADIANCE DESCRIPTION OF DAMAGE
# (sec) (Watts/cm?)

DH242 2 35 Surface

(dry) |

304 S\S\ 1 35 Penetration begins

4308S/ 64 35 | Superficial

FM1311 {

FM515 64 35 Discoloration and surface
cracks

Grzphite 16 ) 7 Surface

Cloth

DH242 80 6,768.00 Superficial

(wet)




Table V. CO; Laser Irradiance Damage Threshold of
Bright Finished Lightweight Materials

e e POWER i : I

h:\M{l LE IME [RRADTANCE DESCRIPTION OF DAMAGE
i (sec) Watts/cn?)

DH242 8 70 Surface
(dry)

304 S, 5, 2 35..0 Surface
4308S/ 4 BEES Surface
FM131
FM515 A L7 3 Surface
DH242 2 1,000.00 Penetration
(‘».’\'( )
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= CONCLUSIONS AND RECOMMENDATIONS

The above results illustrate that these metal-fiber materials offer
very little protection against CO2 laser damage. The only exception
is the water impregnated dark DH242 which sustained minimal surface
) damage at power densities of 6.8 KW/cm“. This capability renders this
sample useful as a probable barrier material to €O laser radiation.

Further investigations of the D242 (dark, water impregnated)
sample are recommended to determine the extent of its usefulness as
a COp laser barrier. Studies should be conducted to find out the
ture gradients through and across the sample when the material is
irradiated by the laser. Laser damage threshold should be

tempera-

determined.
Since the metal fiber of this sample is steel, environmental studies

should be conducted to assess corrosion and its effects on the CO;
barrier properties of the material. For this

laser
reason, water impregnation
may be impractical. A search of other impregnating materials should
also be conducted.
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