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I NTRO I ) ITC’ I’ [ON

I l i t ’  t l t ’v e  Ioji rn m’ii t i t  I he’ (:02 laser  presen ts  a var  ie ’t y  of p rob lems
in la st’ r prut oct  ly e ’  sit ii.’ LII ng ,  In c l u d i n g  m a t e r i a l s  fo r  rout Inc lab—
or mi orv ‘allies. iiie r t ’ are potent  i a l l v  useful I i g h t w e i g h t  m a t e r i a l s
comm ercial lv tv :mi tabl e ’ w h i c h  can he eas i ly t ’ t i t  and formed into any
des i red sli :mpc . he p it rpose of t h i s  study is to d e t e r m i n e  w h e t h e r
sev e r a l  comme r c i  a l l y  a v a i l a b l e  s hi e l d i n g  ma te r i a l s  ho l d  promise fo r
p rote ct ion against h i~~l i energy laser rad ia t ion .

MA’ I ’ER IAL S TEST El)

I xT~~ c i  me n t a l  s I  i i . !  i t ’S were  conduc te d  on a number of c o m m e r c i a l ly
av:, i l ; ih l , ’ metal fiber m aterials to d e t er m i n e  the’ f e a s i b i l i t y  of t h e i r
use Is i i  1gb energy i . e r h a r r ier s . ‘l’he m a t e r i a l s  we re ob ta ined  f r o m
t i l e  -i r l : l s w  I ,  Corporal Lou , Sugar Crov e V i r g i n i a .  The company f u r n i s h e d
i vo’. i ’ l l  i’r ip l i l It ’ I ,~ i i  ant i  f o u r  sets of pa i red sanip I i ’s . W i t h  in  each

i r i i ’  ;~, m ;;;p I t ’ des i~~n .lt ion is tim e same’ except  f o r  t ime su r f a c e  appear—
an t e  • I i i  i t  is , one is  d a r k  md t h e  o t h e r  is b r i g h t  . The dark  f inislie ’ s
.~e re oh . 1 ned by p ce’ x Id i z lug hr  i g it i  s ;mmp les . A summary of t h e i r  p l m y s —
f e r m I p r ;~ ri h’’ is f i t  luded iii ‘L’ a h i l c  1 .  These m a t e r i a l s  vary in t ex—
Lu r e  I r ot ;  t i l t ’ s o f t  mat ted  I)i2 ’m2 and 304S5 to the p l at e l  Ike  FN5 15 . The
m at t  ~d c l o t  Ii , 1) 11 24 2 , is mad e im p of very  f i n e  me ta l  f i b e r s  r ender ing
it ft e r  ib h e  , so f t  , and spoilgv . Hc ’ca iioe ’ of these qu;i l ~t ic’s  , i t  can
he’ i m p r e g n a t e d  v i  t I~ Lis t ’ r a t t e n u a t i n g  m a t e r i a l s , such as water  fo r  absorb-
ing  tIle’ CO l msc r , t i  f u r t h e r at t e n u a t e  the laser beam. The 304SS ,

wh Ich is mad ,,’ of sta in less st .,‘,‘I fibers , is not as f le ’ x lb le as the 1) 13242
beca u se’ it ’; f t lie ro ar t- more’ closely woven , t h u s  rendering I t  not as

l iii- ther 5 . 1 1 1 14  Ii ’s are composed o I large’ fibers that are sol icily
- t m p r t ’-;se ’,I into a r i ; ’ Iti ;is’t i i  board (4h 1SS)  or onto a meta l p l a t e  (FM5lS~

‘t’Iit ’ [ott m i -  r - . c in t  L’s , m prrm n uilrm r surface’ . The grap hite sample consists
o f spun  f j i ’ ’r s  wevi n i n t o  a b l a c k  cloth.

PROCED U RE

‘li me - x p ’ r  I m,’nt ii s~’ top Is shown In Figure 1 . The’ l a ser  is  a
(:ohe’ r t ’ l l  I Cad I at ion , Mo de ’ I 4 ) , s i n g l e  mode , C02 l a se r .  The 1 rIse r out —

pu t  h e m  wau-i u sed a t  l i i i  I w i d t h , 1. .905 cm , f o r  Ir r ad  lances  be tween
l i  to 15 writ ts /cn12 an t i  f o c u sed down w i t h  a w a ter  ( ‘O tt  led  germanium

I en s to it a l it a 0. 1 37 cm d i am e t e r  spot for  h i  ghe’ r irrad lances . ‘I’he

I m’r a e i l a n i - e s  we re d e t e r m i n e d  by f i r s t  measu r ing  the  energy ou tpu t  of
the ’ I ~se’ r w I Li t a t ’ c , i u t ’  ren t  Rad i at ion Labora tory , Model 203 , the rmopl 1 e
i , ’t oct  or rin d dl v i d  i n p  i t  liv the  burn  spot area and the t i m e  of inc i —

, lm ’ ii , ’ ’ on the’ It t  e c tor  ( I I  = ] o i i l e s/ cn r  see)  . In the  d i a g r a m , N is a
l i i i  m i r r o r , ise ’d to d e f l e c t  the ’ i r l o e r  beam I n t o  t h e  the  rmop I le . The
m e t  i tm—neon I , - m s ~’ t Is r t , ’e s s . m rv t o  i i  I gu the samp 1~’ t o  t h e  (‘0 . 1 rms e ’r
Iii  r i t u ’ t o  , m ’ ; s l t r t ’  t h a t  a (ii i I ‘r en t  , u r & ’ ,l ot each sampl e was used f o r
i o u  - ‘ - I ?  . l i t ’  i -o u t i t  inns of  t he ’ e’xposutres r I r t ’  given in Tables
I I  0141 I I I
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‘ t a b l e ’  I I .  R e s u l t s  of Exp o su re  of Dark F i n i s h  Light weight
M t  e’r i a l ; ;  t o  t:o I . i ’ ~er  R a d i a t ion

SAMPLE Cl-~\M POWER POWER LR R A I ) I AN C E T i M E  R EMARKS
~ W r t t t S*) (Watts/cm ’ )  (see)

5 1.75 1 No visible change
DII 242
Ne’ ,’d led  2 ‘‘

Web
4 II II

8 I I

16 ‘‘ ‘‘

32 II

I, It64

10 r) 2 ‘‘ ‘‘

4 Glowing beg ins

8 ~‘ (red)

16 Glows red

12 Reaches & stays a t  red glow

I, I I  I I  I t() 4

.1) 7.1) 1 I nume’d i ri t 01\’ glows (lark red.

S t a r t s  b r i ght  rod & in  2
see reaches

64 Orange’ & st rIvs orange

51) 1 7. 5 1 i~ t m r t s hr i gli t orange ’  \ got’s

to  yellow

7 H H H H I t

*‘l’i~e watt , Iy , ’ me’ L e r  was II t ic  t ima t I ng t Ii rough t li e ’ I est s. ‘11w’ i 0(1 I c’a t c’d vat t a gm is
es t i mat oil to be at (lie’ t e n  ( or  e f  t lie’ 11mm,, ’ ( ( 1 , 1 1  i o n .

1 
r rad i ; I f lcC  was dot e’r m I ne d by d iv Id iu1 ~ ’, t lie . I nd I cat ed watt ~~~~~~ I v  I li e ’ a l ’ c ;C  u t  t lii’

beam . r = 3/~d’ t). ( ‘ i cot . A i i  
‘ 

= 7 . 5 5  cm

_
_ __ __ __ __ __ ___ _ __ _
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‘ iS le I i .  C ’  -ro l l  s of E x p o s u re  of  Da rk Finish Li gh twei ght .
~1r i t  t ’ r  jals t C  CO 2 Laser  R a d i a t  ion (ont ‘d)

SAMP l E BEAM h ’ O W h : R  POWER I RRAI )IANCE ‘I [ME REMARKS
( W a t  t s*) (C, i t  ( s / c m  2) ( s e e )

4 S t a r t s  b r i g h t  orange & goes
to y e l l o w

8 Di sco lo r ing  & very l i t t l e
smoke

16 Di sco lo r ing  increases (no
smoke )

32 F u r t h e r  d i s c o l o r a t i o n , same
as 16 sec

64 II I t

1 0)) 1’ . 1 S t a r t s  o ran g e  g l o w  & ~oer ~~ 
I

brigh t.- y e llow ; larger area
o glowing. Extreme orar,.~e
& bri ght yet low at center

2 Dis coltr rt( ion , surface
da mage

4 Damage increases , same as 2 se

8 I I  I I  I I

16 II II I I

32 I I  I I

64 
I, II I?

:7 5 1.75  1 No v i s i b l e  c han g e
1 ) 4 Stainl es s

I I  II IIstee l 2
Sinte ’reul We-b

I I  I II i e’o:’:idi iu ’el 4

8 I I

16 I I  II

I1? I I

a 64 I I  H

1)) ‘1.5 64 II

71) 7 . 0 1 I I

7 
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1,11)1 ,’ L I .  R m ’ s u l t s  i t ’ l- :.:~~~’ it i ’t I Li ck F inis h 1,igltt ~ ’ ’igIt t

M i  C - r I a Is t o I C ). I e r r  End I at 1 (11 (coOt ‘d )

-
‘ ~AMl :,F SI - AM }u IL ~’ l , C  l ’ ~ ’S I RRAD1,’~NgE ‘lIM E REMARKS

(Writ t s *) (Wat ts/cm ’) (sOt’)

I-~2 20 7.0 2 5 visible change’
(c en t  d

C Discolor ins beg in s , loose
f i b e r s  g l o w

I t :  D i sco  t r i n ) ’  In c  c e a s e d , red
glow ‘er ~’ f .mjn t

32 Eu r t I t , , ’  r d i  ‘ t i  t o  r a t  l o u t  , dri rk
red g 1 n ~’

I I  I I  I I
— 6

17. 5 1 Orritig - , a I ‘l ist ye 1 low glow ,
d i  ~t’o1 orilig, .1 igttt su t ’ fa c e
damage

2 S im ’ ’ . i : r  1 sec. (1,,’ir gt’r ‘i r e . ) )

/ T I  II I? I’ II

T I  T I  I I  i i  I I  I I

I m I T  it i i

T I  It IT

100 15 . 1 Ve ’r v b r i  g u t  i u r r i u l g t ’ t i  v t  1 1 w .
d i  s cot  o r r i t  i o ns , damag e t o

‘ i t t e r  l i v e r .

2 \cr\- Sr i  glt t orange t o  \‘ t ’ h o w .
disc l i t - r I )  ion s  , drimact’ in
e n te r .

i-: x t re’rnt’l V b i ’ i g h t  ol’ , i i n ’c  t o
ye’ 1 1 OW t o  w It  i t  e , cli Si - t i lt ) r—
a t  i l l s  • e ’Xt  oi l s  i V I ’ drimrt gu _’ t o
i , i  1 S t ’ Do l t I O f l  t O a l l

- t ,  li t ,,’ I cp l , i  ‘i l-i :-;

r i f t  ei’ l ) e ’r Inl

8

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~ --
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‘I r I S l  I t .  R i ’ s m i l  t s  of Expo sti ri - of h a r k  F i n i s h  L i g h t w e i g ht
Mrili ,- ria ls to C0’ l aser  La d i a t  ion (eont ’ ’ d )

ltI’AM l OWER ‘MCI - C lRI ~~D. ‘L ’ L M L ; CI:MARKS
II (Writt s*) (Wri t ts/cm 2) (see)

8 Same as 4 sec. + discoloring
(Cont

Id)  on hack increases , increasing
damage , g low remains a f t e r
beam .

f 1 100 15. 16 T I  I I  I I  T I

3’) T I  II I I  I I

64 E x te n s i v e  damage  t o  back of
-r sample , cracks where beam

nearly penetrated .

5 1 .75 1 NI) visibl e change.
3 ,30 -) II II T I

~, t ; i L n  l es s
— I II T I  I TS i t - c - i r 4

l’ r,’ixj tji y i ’ 1  
5 T I  I I  I T

~ F ’ M 1 3 i
16 II It  II

32 T I  II T I

~~~, I I  I I  IT

10 1. 5 I t  ‘ II T I

I 12 :~7 .0  16 ‘

37 II T T  I i

50 1 7 . 5  16 I , T I  T I

I, Deep r i d g low , discolorat ion
- a t  21 ) ‘‘ s en d s .

4 0eep red g l o w  • cons ’’ , el i s—
Icoloration is clark.

100 15 . 2 jNo visible’ change .

‘m lIt ’g ins t o  glow light red .

8 C ) r ; l n g e  glow & di scolorat 11) 11

4 I I  ‘( C I l l  ‘r  -

l i i  Orange g l o w  l i n g er s  a f t e r
Se ru m , (Ii st - i I oi’ri t ion I n c r e a s e s .

—~ --
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‘I r i S h ’  I I .  Results of Expo su r e  i l l Dark Finish Li glltw (’igllt
Ma(~ ’r 1,- t i e  t o  CO ? l ase r  R a d i a t i o n  (coot  ‘ d)

SAM PLE IIL\M I t t ) W ER l ’OWER I R R A I ) I ANCE T I M E  REMARKS
( W i i t t s *) ( W a t t s / c m2 ) (see)

#3 lOt) 35. 32 Same as 16 sec.  + some f i b e r s
(i ont ’d )  are blue and w h i t e .

64 Same as 32 sec. , more f ib e r s
~i re  w h i t e .

(3 5 1 . 75  64 No v i s i b l e  change .
I’M C l 5 w i t  Ii
.1)1,0” 10 1 .5 (4 I I  II II

1 n i ’eul e 1
in g .  20 7 .0  64 T I II IT

50 17 .5 8 I I  I I  I I

lb Lig ht red 51(1w beg i n s .

32 I)eep red gL (iW .

64 Orange glow .

1(11) ‘35. - I, No v i s i b l e ’  change ’ .

Beg ins orange  g l o w .

2 O r a n ge  g l o w .

4 Ora n ge g l ow , vI ,a’v sI j u t

e l i s c o l t u ’ a t i on .

8 I t  ( vo l l ow a t  c e n t  Cr ,
d i sco  b r a t  ion inc r i -a  C i ’ s )

II It

‘32 I I  II I I

64 IT II II 
+

d isco I ora t i o n  , dr l rnrlge t C )  SII ~~—

f a c e ’  ( c r a c k s ) ,  vap or  t at  i o n .

10 3. 5 1 No v i s i b l e ’  t ’I l a l l g e ’ .
I t’r~ u ll i t o
(. 1 ()tI’l I I  I I  II

/ T I  IT  T I

5 II II II

I II I T  II

11)

~ 

_ _ _ _ _ _ _ _ _ _ _ _ _



‘L ’able 11. lIe’ smil ts of E~~ osurtu of Dark Finish Ligh twe i ght

~I, mt ’ r ir ils to CO2 Laser R,edia tion (coot td)

SAMPLE R EAM I I  )Wl-1< P II ’ I I I RRAI) lANCE T I  ML -: REMAR K S
(W r i t  t s * )  IS - i l t s/ c m ) ( see )

i t ) ‘1. 5 1! N o v i s i b l e ’  m-h r n ige ’ .
( cot i  ‘ d )  64 I I  II II

2 ( 1  7 . 11 1 ‘ ‘ “  U

8 l)iscoloring begins , f a i n t
red to oran ge’ glow .

lb Discoloring increase s,
lig ht orange glow .
I I  “

, d a r k  orange ’
glow , i ll it Lii smoke.

(:3 Same as 32 se- c .

SI) I / . 5  1 Beg ins C i  5 10W o r a n g e , o t ter .

2 I I  T I  I I  I I

4 Orange glow , odor.

8 Disco  b ra t  ion beg ins , in  i i  i a l
smoke , odor .

16 Increasing di scoloration &
damage + same as 8 seconds.
T I T I  I t

64 T I  II II

101) 3 : . 1 Orange glow ( g l o w s  t h r o u g h to
b a c k ) ,  odo r .

2 B r i g ht  orange  g l o w , smoke
odor .

4 II T I  I T  ) smok e’
odo r , damage ’ and discol orin g
beg i n s .

8 Bright oraulgo to vi’ 11 ow glow ,

~~~t t t ’ , and i l 1 ’ l ’ ( ’ r l s  ing t l r l l f l , I I C C ’
-1 d i s c ol o r a t i o n .

16 Camel  ,m s  8 Cci ’s + j o l t  i - i l
smoke ’

3 ) Same I , :  16 set ’S



“1

‘I’ rihle ’ 11 . Results of Exposure  of Dark F in i sh  l i g t i t w c i g ht
M a t  e r i , i l s  t o  (N ) -  Lase r R a d i a t i o n  ( ‘ - o u t ‘ d )

I C t - ’ ,\M ‘OWE R t OWER I ERAI ) L A N C E  ‘L I ME R E M A R K S
// ( W i t  t s *) (W r i t  t s/i ’m~

’) (sec)

715 I t ) ) 35. 64 Same as 16 sees .  In c r e a s i n g
(coilt ’d) glow through to back and

i n c r e a s i n g  damage and dis-
coloring throughout

l I l t )  6 . 7  x 1O~ ‘ 2 Complete  p e n e t r a t i o n .
( , I y 

~ 
)

1 1 1,11 x 1O~ 80 Min ima l  surface d a m a g e .

0 ’ sS 1(1(1 (~~. 7 x i i )  - 
‘ I Comp lete  p e net r a t i o n

~3 l ,,
~/ ( I C C  C . 7  -r 10 2 9(3/’ pe n e t r r i t , ion  and

“ t i l i l  d i sco lo red  back .

- C i 1 5 11)1) 5.7 x ~~~ I P e n e t r a t e d  to  p l a t e  b a c k i n g .

I 1 ( 11 i t ’  11)0 6 . 7  x I 0~ < 1 Comple t e  p e ne t r a t i o n .

(; Iu i tli

__________  ~~~-— ‘ ---- ~~~ - ‘- — -----‘---- -- - -— .-
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‘ L ’ a bl  e I I I  . Rescu l t s of Exposure’ of Br igli t. F i n  i sli 1, 1 g l u t w e i g h t
Mate’ r ials t i )  LU 2 la s e r Rad j u t  ion

CAMP !, !-: B EAM 1S)WER ‘OWER I R R A I ) L A N C E  TIME REMARKS
(Wa N s) ( W a t t s / cm 2 ) (see)

DH242 5 1,75 1 No visibl e change .

( d r y )
2 II II II

I t  II II

8 I ) i sc o l o rin g  beg i ns .

16 T) i sco lo rat ion  i nc reases .

32 II II

64 II II

10 3 .5  1 No v i s ib le ’  change.

2 II

4 II II II

8 Disco lor ing  beg ins .

16 Disco lo ra t ion  increase ’s.

32 II

64 II I I

20 7 .0  1 No v i s i b l e  change .

2 II II II

4 D i s c o l o r i n g  beg i ns .

8 t I  I I  r in d  s u r f  ace damage .

16 1)1 sco lo  u’ a t  i on  & sui ’ r i  i i ’

damage’ I nI ’ r e ’ r u s l - s

‘)~) II II II

64 I T  I I

P1.’

1 1

I.
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‘lab to E l i  . R&,’suz l t s of Exposure 1)1 Bright Finish Lightwei ght

Mat ~‘ r  m i s  t C) (‘,O) l,ase’r had iat ~Ofl ( C O O t  ‘(I)

SAMI ’ LE REAM lN)WER I’O W E R I RRAD I ANC E TIME N Er-l ARKS
(Watts) (Watts/cm 2) (see)

DM242 50 17.5 1 Orange glow , s u r f a c e
(dry) damage & discoloration .

2 Same as 1 sec . ,  i nc reas ing
b r igh tnes s  and d i sco lo r ing
s i z e .

4 II II II

8 II II I t

lIt II II I t

‘32 II II

64 T I  II II

11)0 ‘35 1 Orange—yellow glow , dis-
co lorat i o n & surface damage.

2 Same as 1 sec. with increas-
i n g  g low , discolorings &
damage .

4 I t  II II

II II I t

16 II I t

5’) II II I I

64 II

1 0(1 1 ,000 ‘ I Clows wi l t , ’ , bunt s il (’e’I).

I II II II t lit oug li

1)1 2 42 1 01) I , 00() I Slows w h i t e . h isses as w a t e r

-
‘ 

( w e t )  e v a p o r a te ’s • some’ surt ,it ’e

damage’.

2 Slows whit e I ltre )lIg li t o back,
h i s s e s  is w a t e t ’  e V a p t t l ’ u t e s .
b u r n s  i 1 / 7 way t h r e i i i 1 ’, li

- - - --—--~~~~ -~~~~~~~‘~~~ . - -  :.::~~~~~~ _~
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‘I ’a b l e .  I I I .  Re ’i-riiI t ~ of Exponure t~ t C ni gle t F i n i s h  l i gh t w e i ght
‘-l,iti ’r i r ils to CO2 I,ast’r Radiation (cont ’d)

REAM POWER POWER IRRAD E ANCE TIME REMARKS

4 (Watts) (Wa tts/cm2) (sec)

011242 100 1 ,(JOO 4 Same as 2 s e - c .  except burns

(we’t) deeper.

8 Same as 4 sec. except beam
begins to come through back.

16 Same is 8 s u e  • , steam is seen
d u r i n g  a nt I  i f  t e’r exposure- ,
more beam g e t  t i n5  out of b a c k .

‘32 Burns  comp l e’ t c l v  t h r o u g h .

C l i  CS 3 1.75 1 Nt: v is ible’ ctiauge’ .

2 Di s e e  I or,it I on lw’g ins.

4 1) i sen l o r r i t  ion  g r a d u a l  l v
increase’s.

8 I t  11 II

lb II I I  T I

II IT

It It II

1 (1 3 . 5 I 1)1 s - i l  u r n  I I C I I I  I ’ t  i i i

2 I l : r t ’ o l , i i ’ , i t  1 01) ) ‘, t ’ , I I I I C , t 1 Iv
inc r eas  er - .

4 I I  II II

II II II

lb  T I  II II

I T  I I  II

I S
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Table I II .  Results of Exposure of Brigh t F i n i s h  1 . lghtwe i ght
M a t e ’ r i n i ls  to  CO 2 Laser Rad ia t i on  (con t ’ d )

SAMPLE BEAM POWER ‘OWER IRRADIANCE TIME R~2.1ARKS
( W a t t s )  ( W a t t s / c m 2) (n ec)

‘304 CS 20 7 .0  1 Di sco lo ra t i on  begins .

2 Discoloration increases and
red glow beg ins.

4 Discoloration graduall y
increase’s and orange glow .

8 Increasing dis coloration and
glow .

16 I I II

32 II II

64 II II II

50 17.5 1 Glows orange and discolors.

2 Increasing discoloration and
orange glow .

4 II It T I

8 II TI  II

16 II II

‘32 II II

64 II II

100 35 1 Glows b r i g h t  v t - h ow , d l ,si i i l o r s .

2 II II I I

sur face  damage .

4 II II II

8 Glows vi,’ l l o w , d i sco lo rs , g lows
hr i g Ot er ye ll ow rio  so
bu rns  and sp reads  • d i  :0-i l l or
on hack; glow r ( ’m n I l n s  a f t e r
€‘ xpos i t  r . ’

I l

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -. .— -—— ‘ . .— ‘
~~~ 
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i _ - C h ic Ut . Results of Exposure of Bright Finish Lightweight
M a t e r i a l s  to  C02 Laser Radiation (cont ’d)

‘;AMI’LF BEAM POWER tC)W! ’P IRRADIANC E TIME R EMARKS
It (W att s ) (Wat ts/ cm 2) (sec)

( C C ’, SC 100 5 16 Same as 8 se-c. except dis-
colors on back  also .

‘32 Same as 16 sec.  except b u r n e d
hole through hack and more
d i sco lo ra t i on  on hack .

64 Same as 32 sec . hut more
i n t e n s e .

100 ‘)-l ,OOO 1 Glows white , comp letely burns
through .

WSS/ 5 1.75 1 No visible’ change .
I’M I 31 1

2 II II

4 II T I  II

8 II

II II II

32 II II II

64 I I II I t

10 ‘1 .5 1

2 II II T I

4 II TI  II

8 II II

16 II II T I

32

I t  II I I

2(1 7 .1) 1 T I  I t  II

2 I t  I t  II

4 I t  II I T

17
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‘ l a b  l~ ’ I I I  . Ri ’ siil t :- r of Exposur e -  of Bri ght  F i n i s h  Li gh t w e i g h t
Mni(i ’r lal s t i C  CO 2 L’use’r R a d i a t i o n  (con t ’ d )

(LAM ) ‘ C C W I C ‘ OW ! C I R R A D I  NACE - r I M E  R EMARK S
4 (Writ ts ) ( W r i t  ts/cn/ ) (sec)

431)55/ 2(1 7.0 8 No visible change .

“C 1 3 11
(co ot ‘d ) 16 U

32 II II I t

64 II II II

C i )  1 7 . i I t  T I  II

2 II II It

4 D i s c o l o r a t io n  beg i n s .

8 D i s c o l o r a t i o n  g r a d u a ll y
i n c r e a ses .

16 II II II

32 II II T I

64 TI II

l Ot) 35 1 Discoloration beg i ns .

2 D iscolora t  ion increase’s and
red glow beg ins .

4 Same rls 2 sec. hut  orninge’

glow .
It II T I  II II

1( II T I  II I I  I I

32 II I t  II II T I

64 Glow remains a( t e r  e x p os u r e .

11 ) 1) ~‘l ,00() < 1 Glows orange and damages
st i r  f a c e .

I Glows orange rind s t i  i’ t  - ic e ’

damage ~nc Cl Ose’s.

- , II I t  II II

and g, l ows red on hack.

4 Same as 2 s ec .  and s t a r t s  t o
burn t hrough hack.

18
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I I I . Re st,1 t o  of Exposure of Bri ght l-’in i sli l,i glit weig li t
C i t  ,-r i r uls to CO., Laoe’r Rrediat ion (rout ‘d)  j

lll;AM I ’O w l:R p t )w l:R I R RA I ) IANCE ‘1’ IME R l:MA R K S
4 (W atts) (Writts/cm 2) (sec)

~ loss/  1 ( 1( 1 I ,000 B Same as 4 se- c . and burn: ;

EMI 3 11 p a r t i a l l y  t h r o u g h  back .
(en n t td)

16 Same as 8 se c. but burns
romp l et c l v  t liroug h

‘7)511 5 I. 7C 1 No vi~~iblc’ cl iniitge ’ .

9 II II IT

/ II II II

II II II

lb  II II I t

12 II II II

II I I  II

10 ‘3 .5 1 II I I  II

5 II I I  II

~ 

f t  II II

II T I  II

II T I  IIh-c

7.0 1 I I  II T I

- )  II I t  II

I

5 II II I T

II II II

II I I II

I ‘1



T ab l e  I I I .  Rc ’su l  t o  of  I - ” r pos i i i ’e ’ o f E l ’ ig l it Fin lou Lig li twe ight
M r , t  e’ r i , : I s  t o  ( O P , I , , io’r R r id j , it ion (cent ‘d)

E l ,  \C POWER ( ‘ C WEB I RRA D A AN CE T i M E  R EMARK S
(Wit t s)  i, W , t t  t s / r -m ) (sec)

“> 1 5 1 5  S f )  I /.5 1 D i s c o  b r a t  ion  begins.

9 I I  11 inc rt ’ r C s e- s  a nd
o r a n g e — r e d  g l o w .

4 Same r i o  2 sec .

t I  II TI II

16 I f  II I T  II

5 ) II T I  II

64 II T I  T I  II

l i l t  ‘35 1 Discol orin g , red—ora nge ’

2 Incr e-asing cI m si ’o l i l r in g  - 111( 1
glow .

4 
II I f  I T

8 Cr im e is 7 sec . , ‘ind glow
1 ingc i ’ r ; a t  I u i ’  expo n e n t ’

16 Same I s  s e c .

3’) II II TI II

II I I  II I t

101) 1 , 000 1 Slows vel l t w t e e  wIt i t e  , h C u l ’ I t e ~
dce ’p b olt ’  t o  h ick  j i g .

2 Br i ghte’r glow , h o le  lni r g: ’i’

4 I I  II II

8 Glow 1 I n g ’I’s , r t  t e l ’  he n’; a nd
hole’ I ;irge’r 

—-‘--~~~~~~~ ‘~~~~~ -‘- ‘ -~~~ ‘ _ —-~~~~~~~~~~~~~ --~~~~~~~~~~~~~~~~~~~



R F S ! l , TS

‘I’he observed b e h a v i o r  of each sample  u nder t e s t  is  d e s c r i b e d  in
‘lab les 11 and I I I , and the da mage s u s t a i n e d  by eac h samp le  is shown
in Fi gures 2 t h r o u g h 10 .

lie r e - s u I t s  l’or  t h e ’  ( b a r k !  v f i n i s h e d  s amples  are- pre-sented in ‘I’:;!’ It-
11 . W i t h  i n c r e a s i ng  i r rad  i once , a l l  samp l e - s sos t o  m e d  -nir f a c e ’  d I S C C C  I or—

n t  ion ICC ’!  ore exit I b it i ng f u r t h e r  damage or  p e l l e t  r a t  i o n .  ‘l’he on set  o f
so rf  ace burns and p ent ’ trot ion damage was p r t ’ t ’edet l  by in t’nindes ceni’e of

I li e ’ t’ i b e r s  w f i  i c l i  ‘~‘ , i r  I t ’ ! in  intens ity with th e -  lase r powe r o u t p u t .  The ’
samp les 4 IOSS and 1-’ > l S i C  showe d appreciable resistance to the u n f o c u s e d
C(}’ laser for a t j f l h i  cl ;i r it ioo of a little over one minute. The irradi—
once t h r e s h o l d s  of i i -  re n u t e r i a l s  f o r  damage e x ce e d i n g  m e r e  d i s c o l o r a t i o n,
a n ex ce rp t  of ‘I’ah l e  i t , are  shown in Table IV . A l l  of the  samples were
a l s o  stib ~ ec r  e l  to .5 LW /cm ” , whereupon  most  suffered coi;iplete penetra—

ic ’ s in less  t h a n  on , second .  The excep t ions  are  DH242 which  took n e a r ly
we se’-o ndr- tO  I S P C , O ’ c , j e l l  sample  4IOSS w h i c h  unde ’rwent  - o m p l e t e  pe l ;e ’—
ra t  ton  I - I m ntgu ’ in  t te - St  \‘— t C o  ot’conds . ‘ I’ ak i  ng a d vn i n t  age of t h e- s p o ngy

,jua li t v ~ t 1) 1124 2 , j t e r i c  so;iked e~i t l u  w a t e r  and then exposed1 to t h e  (~ .8
K W / r m ’ h e m .  A f t e r ,‘ I c C  L ,‘ scec ’n d ~ the Wc’ t P11242 samp le had sus ta ine’d
on 1’: m m  in a l  su r f a ; - ’ - l:tm , pi-

fl ;~’ hr  i gli t I y t i n  i shed samp le o  sh ow low r dam nu ge ’ t I ; r e sho  I ds t l C n i l C

I lie ’ c lark ones e h j s e ’ u r n s u , ’d a b o v e .  ‘l ’ hesi ’ r t ’su l t s  are ’ t l i t r i  I l e d  in T a b l e
L I I  , - md damage t Ii ru - c h t o  I ;ls a r t ’ s i immr i  r I z ’ ul in  ‘fob] t ’ . ,\ g r i  i n  the sn im p l e - s
!, lOSS and the  ECS ] 5 h ave ’ I i t  t le ’  t I , ema ge ’ i t  ‘55 W/c m ’ . At an i r r ad  I ant e-
of 1. 0 k’W /cm 2 , a l l  s i e r n p l e s  e~c’ r i ’  t ’ emp l e t t ’ ly p e - n e t ’ r n i t t ’d by thee go~ l n i , st ’r
1) 1-am w i t h i n  O ft ’ se ’co~ d e ’ St ’ e’pt t he’ 4 ( CC C f l i t  a] f i ( e c r  hoa rd  w h i c h  was
damaged w i t h i n  t l i  is p er  I n t l  hu t  nu t  comp l e t e l y  p e n e tr a t e~! . P e n e t r at  ion
of th is  sampl.c o c c u r r e ’cl s i x t  ecu s , ’c , ’n Is l a t e r .  The hr i  gOt sample  ut
1)11 24 2 is also spongy and was a l so  s , : a k e - I w i t h  w a t e r  t o  d et e r m i n e  i t s
h a r r i e r  p r o p e r t i e s  at h i  g I;e ’ r powe r i r r ad  1 n l n ; ’e. U s i n g  t he  lo se r  h e - r i m
at 1.0 KW /cm , t h i s  sr im p i e  was pene t  r a t e d  in ci gilt  seconds , t h e r e f o r e -
t h i s  m a t e r i a l  is not as good as i t s  da rk  c o u n t e r p a r t  when t r e a t e d  s m l —
I or 1 y .

It  mus t  be p o i n t e d  ou t  t h , i  t f o r  b o t h  1”C S I C snim p C e ’ s  (do rk and
b r i g h t ) ,  w h i c h  have ic ; In c o n e l , b a c k i n g ,  co m p l e t e  pen - t i ’ n l t  i o n i n v o l v e ’s
p e n e t r a t  Ion of the I Ih t ’  r co s t - i ’  o n l y .  I t  c o u l d  not  he i1~’t  c m i  ned whe ’ t l ee r
t h e  I ncone ’l b a c k  r u g  was el i n n n u g t ’d , s In c t - t h e  samp I i ’s we ’r e no t  cit ou t
to  d e t e r m i n e  i f  any i l an e a p e ’  o c c u r r e d  ( l o re’ . l l o w e v e ’r , i t  a l l  t h e  l a s e r
powe r ranges used , no -omp e tc  pen cE  r a t  ion  of the ’ me~-t , ’i1 li - i c E  I n g wa s

oi)served.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —“
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