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Ref (a)  NAV 1WTR~O~1N 1)LA B Prolect 0rd~ r ~00l6 of 1~ Mar 1 )t

~~ 
( h~ • ~ . 1 , ~ al Memoran dir #1 • 

N I mpr~ ol Pro to~
Cod t i  ngs ~~ r Soua r flomes N of ‘1 ~ Jul 1)61,

( c)  NAVAPLSCI’~NLAR Pro gram Simunary , Tasks l~ 01/:’ ~m i RE, R l/ ~ , lm r ’roved
Protective Coatings for Sonar Domes , of 1 Nov i’~~14

(d’) NAV SHIP YD MARE l t.r ‘~19O, ( 1O1P-~ 7°1~~ of V~ Nov 1 )~ J~ t o  CO URS
COCHRANE ( DDO :‘l)

(o) NAVSIIIPYD MAR! Paint Lahorathry Report No. 61~-~ of Jul 1Q61,
(t’) NAVSHIPYD NIX MAT LAB ltr  Q

~ 7Oi~~I~nr , Lab. Project 1,7~ 9-1l, of
11 Jun l’k~(g) NAVTVt’RSOUNDLAR Technical Memoranthun No. Q~O_?~ Q~62 of 1? Oct 1Q6?

(h) J.Z. Ltchtrt~~, D.H. Kallas , C. K. Chatten and LP. Coc hran, Jr.,
Cavitation tros ion of Structural Materials and Coatings.
Corrosion , Vol. 17, Oct 1961, lj97t-~0~t

(1. ) NAVAFLSC t~~UB ltr  Q17O~A~ 1~nr , Lab . Project 9~00—h~ of 1, $~ep 1~ 6I,

TABL!S

I — Coded list, of’ component eoa t .tngs used t.o make up coating systems4 (and manufacturers~ (6 pp’
~

— Test resul ts of component coatings ( a  pp~

I — Test re~iu1t~
; .~f coating nv-s tems for sonar dome s (I PP~

— Test res.~lt.s of coating systems for sonar domes (
~ pp~

Int.roduc tdon

1. ~~rk whloh has been ini tiated at the U.S. Naval Applied ~c1ence Lahora-
thry on the development of improved protective coa tings for sonar domes, as
authorized by reference (a), is continuin g as outlined in the program stun—
mary, reference (c). This report describes the work completed sinc e sub-
mission of reference (b).

Backgro und

2. The sonar dome surfaces are currently coa ted with a st.andard Navy
vinyl system consistIng of vinyl T119 plus vinyl !121 antifouling coating
applied over F117 pretreatment. The high level acoustic pulse fields
generated by current high power sonar sys tems (SQS-26’i cause rapid deterio-
ration of tt~ se coating systems ‘in service to a state which interferes irith
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the perfonnance of the sonar equipment. As a result, the window areas of
ntunerous domes are left uncoated In order to prevent interference w i t h  the
sonar. To prevent acctwmlatlon of marine growth, divers are required to
periodically clean the me tal su rfaces. However , since the metal surfaces are
uincoated, corrosion Is severe. The development of a coating system that has
i~ood adhesion, is unaffected by sonic pulsations , is acousti cally transparent,
has good erosion resistance and has satisfactory ant.lcnrrosive and anti foI4llng
characterist ics, is required to overcome the present difficul ties. Al so, t,he
component coatings of a system should have comparable flexihilitAes to form a
well—adherin g system.

Work Program T)etalls

3. Problem review — [n order to understand more fully the difficul ties en-
countered with the present vinyl coating system applied to the S(~S—2 6 sonar
domes , a review was made of the type of failures experienced. The di fficul-
ties as described in reference (g) are considered representative. The fail-
ures and probable causes are s (i) erosion, caused by motion of paint relati~~to water , possibly affected by water flow patterns or high level acoustic
pulse fIelds, (2) flaking and peeling, caused by inadequate control of the
painting process or poor adhesion of the coating system, arid (I) !pot erosion,
caused by acoustic transmission produc ing severe and localized flexing of the
paint.

~~. Properties and types of materials under investigation - Work is being
focused on the following properties and types of materfáTs in the development.
of improved sonar dome coatings:

a. Low pi~ nent vclimte concentration (PVC ), especially of the antifouling
top coat. (The standard vinyl antifouling top coat fl.2l is believed too
heavily pigsented with cuprous oxide i

h. Elastomeric tyke coat.ing systems such as neoprene, polyurethane,
polyisohutylene , hypalon , thi okol , and flexihilized epoxies. These materials
are known to be more erosion resistant than hard resinous hinder coatings , as
indicated in references (f) and (h).

c. Toxtcs , of the newer type, such as organo—tin compounds or combina-
tions with cuprous oxide for use in the arutifouling top coat.

~~. Test procedure - To evaluate candidate coatings, a screening test proce-
dure was established as outlined in reference (h) that uses the standard Navy
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vLny l system as a econtrol.U Only coatings showing promise in the screening

tests will be applied to ~ ft. x ~ ft. sonar 
dome sections and then forwarded

to the U.S. Navy Underwater Sound Laboratory Dodge Pond facility for simu-

lated service tests. Coatings that show promise in the simniated serviee

tests will then be scheduled for shipboard trial appl icati ons.

— 6. Description of test equipment — A description of the test equipment, as

referred to in reference (b), ~~~ the test procedures used for screening the

coat ings given In Tables 2, 3 and 14, are as follows:

a. Resistarr e to impact. Tht relative flexibility of a coating, cx—

• pressed lii percentage elongation, is determined by means of a 0.!. Impact
flexibility Tester. In this apparatus the coating under evaluation is sub-

jected to the impact of an approximately ~1—I/ 1~ lb. cylindrical iinpacter

dropped through a guide tube from a height of 14 feet. The iinpacter strikes
the reverse side of a coated steel test panel which is supported on a rubber
pad at the base of the tester so that the circular imprint of the iinpacter
is barely definable in the metal panel. ~ach end of the impacter is studded

with a group of protruding spherical knobs, ~ on one end,~ 
on the other end.

The spherical segsents of the knobs arc calibrated in terms of percent
flexibility, based on the elongation they can produce in the metal panel.

The linpacter gives readings of 1/2, 1, 2, ‘~ and lO~ elongat
ion on one end,

arid 20, l~0 and 60~ elongation 
on the other end. Thus, a total of ten dif-

ferent ratings may be assigned, ranging f-’om below l/2’~ to above 6O’~ elonga-
tion of a test coating. Woen the impacter strikes the panel, the knobs fotm

their imprints under the coatings. A reading is made by observing the last
indentation in ascending order to show no cracking of the coating under test.
The flexibility-impact tests were performed on a l.’~ mu dry film thickness
of the coatings applied to ~~ x ~~“ x 31 gauge mild steel panels primed with
a 0.~ sill dry- fibs of fi ll primer (Code 1—1). All coatings were allowed to
air dry from 10 to 114 days before testing.

b. Resistance to sonic pulsations. To simulate the cavitation type
erosion and film breakdown resulting from exposure to sonic pulsation, an

~A UTOSONICC Model PA300]. ultrasonic cleaner, manufactured by the Powertron
Ultrasonics Corp., Roosevelt Field, Garden City, L.T., N.Y. , was used. Thi5

equipment consists of a generator and a stainless steel ultrasonic tank.
The generator has an output power ~mf 300 watts and 1200 watts peak, with a
nominal frequency of 28 KC. The stainless steel ultrasonic tank has a
capacity of 3-1/2 gallons and is 9~ long x 1

0* wide x 10* high. The genera-

tor activates the sealed ultrasonic transducer in the bottom of the tank to
produce ultrasonic waves. Coatings for evaluation were applied to

x x 31 gauge mild steel panels, similar to those pr~~ared for the

1~
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resistance-to-impact test, which were mounted in a wooden rack, with the
coated panel face down and 2—3/li” from the bottom of the tank of the ultra-
sonic cleaner. The tank was filled with fresh water totally immersing the
rack and the panel. The ultrasonic cleaner produces intense sound wave s
above the audible limit (28 Kilocycles). This creates the formation and
rupture of millions of voids (bubbles) thousands of times a second. The

• implosion of these voids creates enori* us forces (30,000 to ~0,OOO psi)
in the area of the coated panel. The resulting “scrubbing action” results
in the erosion of the coating. The erosion resistanc e of the coatings was
measured by the time required for initial perforation of the coa ting films to
the substrate or to sri undercoat.

H c. Resistance to cavitation. A detailed description of the cavitation
erosion apparatus is given in reference (h). This apparatus consists essen-
tially of a water-filled test chamber in which a 12” dia. x 1/8” coated
specimen is rotated under controlled conditions of fluid pressure and disk
rotational speed. The disk is rotated in the chamber at 3200 ‘R.P.M. to
produce linear peripheral velocities of l00,’l~~ and 1~O fps at radial hole
locations of 3.~ 7, b.1i6 and ~.36 inches , respectively. Condition of the
coatings after 1 hour of exposure was observed. It is to be noted that the
eros ion resistance with this equipment is beyond the range obtainable with
the ultrasonic—cleaner. Only coating systems showing promise in the ultra-
sonic—cleaner test are being subjected to the rotating disc test.

7. Field tests of anti fouling coatings. In order to guide the Laboratory
with respect to the 4.ype of toxics to be used in the development or selec-
tion of suitable a~ •ifouling coatings for sonar domes, coating systems lÀ ,
8G and 8ff as listed in Table 3 are being exposed at the Miami Test Station.
The standard Navy vinyl system lÀ (vinyl-cuprous oxide) is being used as a
“control” for ccznparison with the 8G (epoxy-organo-tin PBTO) and BR (vinyl-
organo-tin TBTO) coatings. The 8G and 8ff coatings were selected after the
initial screening tests in the ultrasonic tank, wherein they were found to
be somewhat better than the standard Navy vinyl system.

8. Summary of test results. The coatings evaluated arid currently under
evaluation, as referred to in this report, are c omposed of the component
coatings identified in Table 1. This table has been arranged f or deletion
from copies of this report which may be intended for distribution to non-
government activities. The results of tests of ibO coatings are shown in
Tables 2, 3 .nd I~. Table 2 shows results of tests on the component coatings,
namely, wash primers, primers and top coa ts. Table 3 gives the results of
the more promising resin—type coating systems, the standard Navy vinyl

_ _ _  14
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coating sys tem used as a *control,* and ot~~r coatings evaluated at t’~e
Dodge Pond facility of NAV1~WtRSOUNDLA1~. Table ii provi des the test results
of the loss t~romi~~ing coating systems..

Conclusions

9. The test results to date Indicate the foll owing:

a. The test procedures, as outlined in reference (b), using the test
equipment as described herein, have been found to serve as suit.ahle means
for screening coatings for use on sonar domes.

b. Of all the coatin~ systems evaluated to date, only the elastomeric
types , utiliz i ng such res ins as urethanes, neoprenes , and polyisohutylene
have shown much better performance than the standard Navy vinyl system. The
promising elastomeric coating systems 9A, 221~, 22C, 2?~ , 22?, 2~~ and 2~C
are shown in Table 1.

Discuss ion

10. The G.E.’T.mpact Flexibility Tester provided useful comparative data on
the flexibility or the elongation of the component coatings as indicated In
Table 2. The tester also provided significant data on adhesion of various
component coatings to each other a~ indicated in Table 3.

11. The results of the tests on the component coatings, shown in Table 2 ,
we re useful in selecting the components with the most desirable and com-
patible charac teristics for combination into coating systems , which are
given in Tables 3 and 14.
12. It is considered that~ the results of test , as shown for coating 11) in
Table 2 end 1* in Tthle 3, ~thich we re prepared under ideal laboratory con-
dition, indicate that the primary reason for the premature failure of the
standard Navy vinyl system was the poor adhesion of the Fl21 antifouling top
coat end not improper application technique and surface preparation. This
lack of adhesion was demonstrated by the relatively short period of time
requi red to develop substantial flaking of the ?121 antifouling top coat. in
the ultrason ic test , and the low elongation and cracking of the coat1n~system in the impact test , as c ompared with the other coating systems. This
deficiency Is in accord wi th the premise of paragraph b(l’) abov e, that the
vinyl ant.ifouling Fl21 is too heavily pigmented with euprous oxide. Accord-
ingly, on the ha~1s of t.he foregoing, no further work will h~ conduct.ed on

6 
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the st andard Navy vinyl system for use as a coating for sonar domes. Also,
the experimental Mare Island formulation described in Appendix A of refer-
ence (e) and currently under service test as indicated in reference (d ’),
will be used as the “control” coating in this program Instead of the stand-
ard Navy vinyl system. This coating system, designated as coating 214A—2,
has shown merit in the laboratory and NAV!M!’RSOTTNDLAR tests as shown in
Table 3.

13. The NAVAPLSC1’~ ILAB coating system designated as 9A in Table ~ is
similar in basic composition as the Mare Island coating system and shows
similar merit. However, in view of the ntsnerous component coatings used in
both systems, the long application time taken, and the extreme precautions
requi red In application to prevent film imperfections, work is continuing
to reduce the ntinber of component coatings required.

114. Although only the coating systems 9*, 228, 220, 22~, 22?, 2~8 and 2’~Cshow promise as candidate materials for sonar domes, the results of tests
of the other coatings, referred to in reference (I) and Table 1, are pro-
vided in Tables 2, 3 and 14 for infOrmation.

?uttne Wrk

1’ . A 5’ x ~~‘ dome section viii be prepared with the 22! coating systems and
will be sutmtitted for evaluation to the Dodge Pond Test Facility of the
NAvtw rRso~TNDLAB.

16. *rk is continuing on coatings 9A, 228, 22C, 22!, 2~~ and 2~C to reduce
the ntmsiber of coats.

17. A sonic pulsation apparatus will be assembled shortly having a single
SQS—26 sonar transducer for evaluation of coatings under actual sonar
operating frequencies and pulse duration. This apparatus will replac e the
ultrasonic cleaner currently used.

18. Developeent of coating systems based on component coatings found to
have desirable properties wi ll continue.

19. Screening of coat ing systems or component coatings, made available
from industry, viii continue.

20. Bas ed on the results of the exposure tests currently under way at the
Itimsi Test Station, promlaing toxios will be used for incorporation into
elastomeric coatings for antifouling top coa tings. New toxics will be

7
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investigated for development of antifouling coatings compatible with elas-
tcemeric coating systems suoh as coating system 22?.

21. Consultat Ion will be maintained with Professor ~ronstei n of New York
University, who is currently under a Bureau of Ships contract.

22. Participation with the Sonar Dome Work ing Group will con nue.

(2eL~4% -

Principal Thves gator

8
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- Test R esu.

(2)(~) 
~1exib111ty— Iznp.ct

~~~ ~ cn~ nt •
~~ E1on~a~icnOc ~~ ~o. 7) 0f —

Waeh Pr imer,

60+ 60+
60. 60.

:xL; 60. 60.
V ( i )  60. 60+

60+ 10

Primers

~~2)  £~0+ 60+
2C L~c L,C

i~~ ) 60. 60.
~CE 2 2
ic~• x~i 1/2 less tilan 1/2

(a) (a~L.D I~:(2 )  (a)  ( a)
x Ix 1 :) 10 10
X X r i ;  t~ox:x (~ ) 20 20

21Y x’~~~) 10 10
X71(li ) 20 20
xvI(1C ) 20 20

Top Co&ts

~~~. 
; 140

20
T X ~ 2)  20

IX IL ) l~
5 1885 t. £-f l

3)
:xy,~ L,o 20
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Test ~es~A 1ts of Com~onent Coa t3. i~ s

(i. ) 
(2; .(3 )

!~~~~°!‘~~_T-~~ !~!(:nltial Eros i on Failure Tine , Hours)
Re

~

r1rl

I

1
144

60. 1-1/2
60. 144
10 2

3
3
9-1/2

2 1—144
han 1/2 3-1/2

(a.
a 1 ~~~~ 

/2
10 1 .

L,c 1

10 1
2C 344
20 1/2-

344
1/2(b )

‘ 0  1
2

10 1-3/14
1—1/2

in i/a I. A~~1ied .
2
7 
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F*re lot 3

Ren~ rks

4

Applied over vI(].)
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v~x ~p~ iiec~ ->~ienc e Laboratory

TAJ

Test Resu~t8 of C~

(2)
F1ex iti1ity—Im~~ot

~ EIàn~at1on — ( :r ~i~i T

Top Coats

9 :~ t )  60-.

~:J ( 1)  (a)  (a) ~.o er os ion  jj
(a)  ( a )  No erosion ii

Ix(12) 60. 60.
lic xI(1) 60. 60. r~o eros ion I

x1 1(1) 60+ 60. No erosion i
x:Tr (2) 60. 60, No er csion I

ii4A x i’V ( l)  60+ 140
V43 x I i ( i )  • 10 5

xu(i) + IX 3) 5 2
x iv( 1 )  • IX 12) 60+ 20
X11”9) 60+ 140
XII (9) • xIv (i) 60+ 60. No erosion L
x’i(~ ) + xiv(i) 60. . 60.
xii ( ) • Ix (2)  1/2 1/2
1(2 ) + 1x(2; 5 5

• r:~ 2) 5 2
ii~i xi(i~ 60. 60+ No erosion j
ii~ x:(i) 60+ 60+ No erosion i~

xII(1) 60. 60+ No erosion t
xIi(7) 60+ 60+ No eros ion I
x : I (2 ,  20 20

60+ 60. No erosion ~
x h I I ( 1)  60+ 60. No eros ion j~
xvi ( 2 )  60+ 60. No eros ion i

2 ; ’ ~~~~ 
20 10
60+ 60.

l~E xrI(2) 10 10 No erosion I

2 3A LC (5~ 10 10
1x/5) + xvi i ( i)  140 20

f
~~~~ ~~~~~~ 
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Ft~e 2 o f 3

TABLE 2

Test esu 1ts of Compori e~t Coatinr~

(2) , (5)
‘ ltrasonlc Tank Teat

( :nitj iF Eros i on Failur e Time , Hours) Ren~~rks

1-144
.o eros ion in 214

No erosion in 214 Applied over viii (i)
2-V14

No erosion in ~14 A pplied over 1(1) and
No erosion in 214 . Applied, over 1( 1) and’~No erosion In 214

2— 344 20~ so1uti or~ plus 21 T
1—144 Mixture — 1:1 by voluae
2-144 1~ixtiire — 1:1 by volume
3-1/3 Mixture - 1:1 by volume
8 to 2h(~

) Added drier
No erosion in 214 I4ixture — 3~1 by volume

2 Mixtur e - 1~14 by volume
3/14 Mixture — 1:10 by volume
1 Mixtur e - 1:]. by vo1u~ne

5-1/2 Mixture — 1: 1 by vo1u~~
No erosion in 214
No erosion in 214 H.xture - ~~ 1 Xy lo l by volume
No erosion in 214
No erosion in 214

8 to 214(d) )~ixture of Asbestine, Xylol and A
No erosion In 214
No erosion in 214
No eros ion in 214

1-344
1/2

No erosion in 214 Mixtur e of Aabestine, Xy lol and A
14-144
5—1/3 Mixture of~ 140 cc IX(5) and 3.0 gi
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Pa~re 2 of 3

R err~ rks

A F~. l ied  over viii(i )

Applied over 1(1) and 1 (3)
Appl ied, ove r 1( 1) and X I I I ( 14)

20;; solution plus 2 ~ T.C P.Mixtu re — 1:1 by volume
~-ixture — 11 1 by volume
Mixture — 1:1 by volume -

Added drier
34ixture - 3s1 by volume
Mixture - i~14 by volume
Mixture — 1:10 h’: volume
Mixture — 1:1 by volume
Mixture - 1:1 by volume

)
~ixture - 9: ’~ Xylol by volume

~ixture of Asbestine, Kylol and Amyl Acet ate

Mixture of Asbeeti rze, Xy lol and Amyl Acetate

Mixture of’ 140 cc IX( 5) and 3.0 grams xviI (i)

r
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TABL

Test Results of Ca

Ult
Coa t :np Cor~poneri t FlexIbi1itr Im~~Ct In~tia1 1No. Cod e No. % E lOflg ULtiOn
_ _ _ _ -  _____— -.— 70°F 36°F

Top Coa ts

230 :x(~ ) + X V T I ( 2 )  20 20
X I I ( 2 )  + x rr I( l )  140 140

XIr(2) • XvII(2) 20 20 No erosion in

23F xII(2) + xvir (i) 20 20

2 3~ xIi (a) • xvII (2) - 20 20

x~~(i) • X7~ I(1) 20 20
XI I~ l) • I ’.n I l ( 2 )  20 10
xv l (5) 20 20

21:i Xvi(6) 140 140
21J X V I ( 7 ,  20 20
27A XVITI (l) . 1 1/2
311 xxl(1) 60+ 60.

X’.ri(ll) 10 10
x~~(l2 ) 20 20

2lF xvi (13) 20 20

NCT~ 3: (1) Sup~ lier source and Identi fication of ~~teria1s are listed in Table 1.
(2) Flexibility- Impact and ultrasonic tan} test performed or a 1.5 mil dry film of component
(5)  Time indicated is that required “or initial perforation (erosion) of ooatin~ to substrati

(
~~) ‘2it determined .
(b) Substantial flaking and slight erosion of fi lm to 1(1).
(c) Erosion of film to metal substrate between 8 and 214 hours during period when no observati
(d) Erosion of film to 1(1) between 8 and 214 hours during period when no observations were ml

I
- - 

- 
— ———- ——



-- --
~~~

Lab. Project 9300—143
Technical ~.em orandum ~~
Page 3 of 3

TABLE 2

r..t Resu lts of Component Coati~~~

(2),(3)
~ltraaonic Tank Test

( Inft Ia l  Erosion Fai lure Time , Hours )
Remarks

3-1/2 L~ixture of 140 cc LX(~~) and 3.0 G rams
16 to 214 (c) Mixture of 148 ~ra~~ Xi (�), 15 ~rana

Xylol and ~ ~rair.s Ani:,-l Ace t at e
No erosion in 214 ,-‘ Lixtur e of 148 Grams X I I (2 ) ,  15 Grams

Xylol, and 6 Grams Amyl Acetate
8 to 214 (c) Mixture of 148 Grams XI1(2), 5 Grams

Xylol, 6 Grams Amyl Acetate, and 21
6 to 214 (~~) Mixture of 148 ‘;rams XII(2), 5 ‘~rams

Xylol, £. Grams Amyl Acetate, and 21
b t(’ cJ4 ~c) Mixture of 140 cc X T ( l )  and 3 G rnms
6 to 214 (c) Mixture of 140 cc X I I ( l )  an! 3 Grams
8 to 214 (d)
1-144
1-144
5—1/2
2
1/2
344
1/2

film of component coating applied over 0.5 nil dry film 1(1) and a 31 gauge metal panel, after air drying 10
iti~~ to substrate or to undercoat.

when no observations were made.
per-,ationa were made.

. .
.: ii~~ii~~~_~
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Remarks

L~ixture of 140 cc Ix(c) and 3.0 G rams XVII(2)
Mixture of 148 ~~~~ ‘u:~~~,15 raris XVII (i~’ ,6 Grams
Xylol and ‘.r ’u~s Air~y l Acetate

L ixture of 148 Grams XII(2’), 15 Grams XVII(2), 6 Grams
Xylol, and 6 Grams Amyl Acetate

Mixture of 148 Grams xII(2), 5 Grams Xvii(i), 6 Grams
Xylol, 6 Grams Artyl Acetate, and 20 Grams Asbestine

Mixture of 148 Grams Xii(2), 5 rams xvII(2), 6 Grams
Xy1~l, t. ‘~~ans An~ 1 Acetate , and 20 Grams Asbestine

Mixture  of ~~t. cc x :N1) and 3 ~~~~~ XVIi (i)
Mixture of 140 cc XII(l) an! 3 Grams XVII(2)

I dry f I l m  1( 1) end a 31 gauge metal panel, after si r dry ing 10 to i14 days .

-3

~
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..~~. ~~~~~~~ A~~ l i e .  3ci er i ’~e Labor a~~ rv

Fl ex t h i i i ty— Impact (2 )  ITltr asonj c Tank
uat~ r~’- C D ~ t i rj  System ‘~-~t}. Cod ed ~~~~~ ~~~~~~~~~~~~~~~~~~~~~_ _ ~~_°_~__ EL~°r~ 

c nt.:.t uoa~~ n,~s)  ~l )  70°F 36°F

l.A .~~ •~ ..:ar . 9 ’ • .~ : 6 t~~~1

1 ~~~ i (i~ 1 ( . 9  — 8ubstanttal f~
~ -cats  :(~ ; ( c r ~ c-~ s in topcoat 1 1 4 )  onl y )  eros~ cn to i(~
2 r o~,ts r r ~~ , 1—1/ 14 — erosion to i

-
~~~ 

:( :1

c r’~~~. t s  60. 21i — pin~cir~t erosi~
c~~~ t~ V I 1 ( l )  i( 6 onl y —

2 .- .at s :(5~ intact .
2 ~ ‘~ts Y t ,

1 ~o~ t ( ii less than less than l—1/~ erosion to 2i
1 coat A.:X(i) 1/2 1/2 After 214 hrs. subsi
1 coa t X I X ’2) ( cracks to 2nd coat of X i X ( j ) )  1st coat of XIX(l)
1 coa t XLX(].) entire surface of ~
.~ coat s 1(L4 )

1t,~-~ ~,arc I s la nd_ Exter i~ r Do~.e Coa t in ,

1 coat ‘..(l) 5 2 214 — few pinholes i
14 coats 1(2 ) (c racks  to X I f l ( l ) )  only. Re~~ in1
1 coat Xi::(~) intact .

15 coats xi~ :1 )2 coats :(e ~

1 c r - t  ~~( i )  5 - 7— 1/2 - erosion to
2 ~ca t.s : x C ~ ) (cracks  to ix ( i ) )

1 cc a t  IX ( i) 5 5 2 — erosion to meta
1 coat 1(3) (cracks to IX(l))
2 i-cats Ix(7)

(
________________



TABLE 5

Test Results of Coating S~~~ ers icr ona r Dome.

(2 ’ , ( 3 1  (14 ,
!‘ltrasonic Tank Test Cavitation Erosion after 1 Hour in Fresh ?iater

Ln i tia 1~~ros i on F a i lu r e  Time , Hours ) 11,0 f~~ 1~5 fps —

— si ’r~~tant~al flak ing and sl ight Hi ”h  er o sic r ~ of ~ i- -1 erosion ~~~~ eros~ cn
~r . s i c n  to 

~~~~~~. coating OY~i7 to stee l to stee l
1—1/ 14 — erosion to itetal base.

214 — t : ~~~cir . t  e ros i cn  of ( c  and ?io da~’.RFe 2 1 i - i ~t er c s ~ cn ~r c~~i n  of :~~ ;, :(
~~)I ( t  c•r~1v — uv~ercoat V 1I( 1)  c ( 5 ,

intact .

1-1/2 erosion to 2nd coat of XLX(1). Coat iri~ eroded Coati ng eroded Coati ng eroded
After  214 hrs . substantial erosion to tc steel
1st coat of xix(i) and checking of
entire surface of topc oat 1( 14) .

— few pinho’es in I t )  topc oat Erosion of T(~ ) Erosion of 1(6) Trc’sicn o: ~~ cml v .
only. Remaining coatia7 only. Coating only. Coating C nj t ~~~ir ~i; intact.
intact. XII1 (1) intact. xiii (i) intact.

No additional No additiona l No ad&~tiona l erosion
eros ion altar t erosion after 6 after 6 hrs . of exposure .
hrs. of exposure . hrs . of expos~~ e.

7—1/2 - er~sicn kc r~~ta1 }ase. Hi’h ercslcn tc. Filch erosion to ill-h e r cs ic n  tc st~e1.stee l. steel.

2 — erosi on to metal base. :~ . .~h er os icn  to High erosion to Hich erosion to steel.
steel. steel. 

~~~~~~~~~~~~~~ ~~~~
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(5 ;
~~T : .a r  ‘~o’e Ter ~ ‘esults

Remarks

Two ~o- e sec t~ ~s ‘ x 
~~

‘ ) f ai led  b i t e r  F la~ ir. . - and erosion in ultrasonic
2~ and 75 hou rs , ~e~ re c t ~ ve 1’.’ . tank test indicates poor adhesion

~~ :~ L~ topcoat .

1st ~or* Jec t i c m  — ~~ danaged after 21�~ hours Failures under USNL.~L sonar d ome tOts
(un sa t i sfac tory  because of due to difficulty in the application of
deep c racks and checks developed paint to inside of dome , at d i f f i cu l t
after 3 weeks of paint application to reach trusses. Further work warranted,

2nd Done Section - One interior area of dome eroded to including fewer coats of vii(i), an! Ma—
siets . . n y c  other areas started to proved application techniques.
erode after 25 hours.

Paint dara~e occurred after 72 h~~ ra .
No further work planned .

No det~~iorat c~-. after 142t hours of exposure . Coated “Cure period ” and brushitig of 1(6) topcoat
dor.e prepared hy Mare !sland . are very sensitive and ~critical, in order to

produce a crack—free film surface. Present
applicati on time period is extensive.

No s r- iss~ on to 1J3~TJL ~~anned . Preliminary indications are that coating
system is better than the standard I~swy
vinyl system as regard8 “erosicn~. Improve-
ment necessary for ultine~te use. .

No sutm i. -~ ; i r  ‘c’ ~~:U L  ~~~~~~~ Preliminary indicatioyis are that coating
system is s1i~ht 1y better than the standard
Navy viny l system,as regards “erosion’.
Improvenent necessary for ultimate use.

3 
_ _
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U . s .  ~~v~~l A~ 1~~ 1 cie r~~e Laboratory

FlexibilIty- Impact (2)
C -~~tj q~ Coatj’~r l .s to~ ,.ith Coded Noe . ~ Elon~at lon t lt raeonic Tank Ta

No. i~~~)-~. (--~~-’t Coat1n r s ) C 1 )  
____ 70°F %°F 

( : .‘~itial Erosion Failur

1 -~~~t :~~) 60. 60. 214 — no erosion
I coa t ~~3)
3 -ort t~ X~

’1)

1 co’t t 10 5 214 — pinpoint cf  1(6)
3 coats I~ 3) “cracks to xii(i)) XIII 1) coating I
2 coats x :~Ci)
2 coa t s 1 ( b)

1 coat I ’l) 2 2 214 - few pinho]~es in
1 coa t 1(3) (cracks to xI~i)) onl-,. Remainin~
2 coats x i(i)
1 coat X X 1 I I ( i ,
2 coats I ( ~~,

1 coat i(i) 10 5 214 — no erosion
1 coat 1(3)
2 costs xI(l)
2 coate XII(1)

1 coat (1) 20 20 214 — no erosion
1 coat XXI t~ l) (cracks to 1(1))
2 coats XII (i)

1 coa t 1(1) 1 1/2 214 — few pinholes In
1 coa t. I 2  ( c racks to x i ( i )  Re~m~ninr coatti
2 coats ‘JTII (i)
14 coats i~ i)

~ coats X!
’i)

1 coa t XXI~~ ’1)
2 coats I~’~~

/
________________ : . . . _~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~ 

.
~~~~~~~~~~
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TABLE 3

Test Re u lt a  of Coat i~k 3ystems for Sonar Dories

t j \  .

p on~ c T ~ n~~ T’~~t O ” ~~~ t~ on Erosl’- n after 1 flour in F -e~ i i 7iater Exposu
~~~~~~~~~~~~~ Ti :. .o , ~io~’rs ) 100 f_ps 125 f a - ]55 f p~¶~~j rosion o eros on N& iros i on
eros i on N o ercaion N~ er s l~~ No c r  Submis

after 6 tours aiter  6 x .our s a f t e r  t~~ ir s
of expos u re of exposure of exposure

I
rtpo int cf i(’ ) ~r’ l.’ . (t~ (6 ) ~o)
r I . l ;  coat ing in tac t .  b

~ r~.~~~o~ ez in r~ c ’ topcoat (~~ — ~~ (~ )1-,’. ~ema i .~in~- eca t  in t .~ c t .

er os~ ’-n (6,’ (6)

eros i 3n

i ~~nhc1oo ~ ~~L) o., :,~. 
(~ C t )

~~~~~~ coating intact.

-. ~~~~~~~~~ — —.- .-
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(5,
‘3’~’~~, Sonar Py- e Tes’ °esults

Pos ~~~~~ ‘~~ ‘~~~7l~ t 7~ o’~ Remarks

haiseton to -2 p l~ :iried . ~ro3 i~ ri a rvl elonr at ion characterist ic ,  ve ry
good . Fur ther  work required to improve
applicat ion techniques and for incorporat ion
of’ an t i f ’ ou l in g  propert ies in the coating
system.

ndic~~’~ no are t ’a t coat ir~r syst en is
superior to standard Navy ‘vi ny l system.
~‘urther work p lanned inc luding use of )O(I1I~~i )
under 1(6) topcoat.

Indicat ions are tha t coat ic~- system is superi~~
to s tandard Navy v~ny 1 systemJurther work
necessary tc improve application techn i ques,
and determine if f ewe r coa ts of XI~ l)  are au f—
f iclent .

Eros i on character is t ics  very good. Further
work required for  incorporat ion of ant ifou 1in~
properties In t h e  coating system .

Eros i on cha racteris t ics  very r ood . Fu rther
work necessary , inc 1udiri~’ use of’ 3—14 coats of
X I I I1 1. Also , in corr ora t ion of an t i fou l I ~ng
properties in the coatinr system.

Erosiop character is t ics  good . ~urt }.er  wo rk
necessary , inc-ludinr fewer coats and iaiprove—
mont of a icat~~;~ t ’~chr~~~. e.

3
- -_ _ _ _ _ _ _ _ _ _



1 .3 . \ . ~ A , : i~’ i ’ ~- h ‘ . ‘

}1e~~~~~~ t ’ — i:.: . -
~~2 \ ~~1~~- J4 ~v.~ ’. - .>;~~~ u .  ‘ .. . ‘ :  Co ,. ~~~~~~~~ ~~~ . 1~:i~~t .on — “ l tr a s~ n i c  Ta : Tea

— - 
1 8 ) ( 1 

/ u i i  E r o -  cr

1 c : ut  ~‘~~) ‘ 1/2 — c a ~~ •
~~~1 -

~~~ 2- ;  ( c racks  to X~~ i , 1  t~ ;~~oat ‘ ‘~~~~
‘- . R~- - ‘  

e )atL’i- intact.

sc ~ro ~~ u i~~~~r~ ~~~~~~ ç r a - t 1~~]~~ a :-c~ ~~~ iii ~~~~ 1.- . 
. ~~: - x i ~ i ’ ’ — ~~:;c t u . ’ r~ .r. c ~a:~: tes t ~~~ ~r coa t~ :.r 3’.~~~ . t’r . app lied on 3C - 0 - ‘. : ~~~ . r~: ;

~~ 
j ‘ c  r ‘.1 1 to r ! cr. e r ’s  ir  r~ 01 t su~ s4 r~ to

-, - — s  
~~~~ : ~~ . ~~ ~

- --
~~ _ I - ~ ~,. t c r  cr~ ci : irr .1 ~- r  ~~ .~~~ -ro

‘~~~~_ !5  5 . ~~~‘ : - -  ~~~~~~~~ 1: ’ ~L -~~c : : .~~’~~ ~~‘j~~. : I .  rc : ,ir ~ c .  ~— ] 7 ~., — : ~ :~ ,~~ 
‘urc :1. ,~~~~

~.n t . ‘
~~~ c ’  . -~d .  : ~ Ic. - : .  ~ -;r~~ s:.. -~ r. t . v . u : ’ r~ lu r ti- er x r ~ i-  ~~~~~~ ~.

/ 
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;J~L~. 3

:~ , :~‘ .~escJts 1 ~~~~~~~~~~ -~‘- ~ teme f o r  3ona r Dorr~~

‘ ‘L 1j
is~~n~~ Ta: . ~ Cay j tat~ on E ros ion af ter  1 hour in Fresh Water 

~~posu~a 1 re T . - o , i:ou ‘-s) l~~J tps 
_______

i in ,:~~ ~~~~~~ ~~ ~ ‘~~) (~~~
, 

(&~) 1~~)
pcoft t o’~1v. e r—a : ’-

~:-v
ItI’~ intact. 

-

si apV i ied  ~‘l -a~~-e r t ~~~l pa~~i i , a f te r a ir —d ry i r -  lC tc L~ days . Ca~’it ~~J L r :  eros i on als c perfcrr .ed a f t e r  1
! to SU bS ~ ~~ e or o ur~~- r - ccu ~
~f ter  O~~c - ~~~~~- O  ~v a r i~ s ~ i~~: ti:- c~ :-eQ~~~rcd +~~ per 1 r~~~e ii li~- ) .

~3 ~ u— ~ - 1 ~~

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(5)
“$“F ~JL Oonsr Dome Test Results

~3on~c ~~~laat ~~. 1$ at ~~~~e Pond Rs~~ rks -

Erosion characteristics good . Further work
necessary , inc l - i dinp ’  fewer coats an,4 im-
pruvoment of ..ppl toation . techn ique .

fter 1C to 11, ~ia’,-s c” si r— d r v i x ~ of f i lm .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~:: ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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~~~~~~~~~ :~~~~i A~~ lied •~cience Lahoratcry

Test Re

- C:~:t irir Coating System Flex ibii

Nc .  Conp onen t Code N o . (1 )  ~ E1~
70°F

‘Ci ) , 1(3), 1(14 ) 1/2
3A 1( 1) ,  1(3 ), I I I  ( 1) 5
12B I l k , x (i), x(2), x(3) 1/2
ICA I~’ i ) ,  x i). x(2) 1/2
5E 1( i ) ,  V I ( 3 . ’ 60.
5A v ’i , v (6 ) ,  v ( 3 )  1/2
1CC x ( i ) ,  X (2) 1/2

x ( 1 ’ , x (2), x:3)
iv (i) , iV(~~), 17(3) 5
~~~~ r(3) , 1X(7) 5

1: :x ’ l ) ,  ~~~ lXl3) 5
l x i , ,  1(3 ) ,  Ix (3 )  5

- ‘ :x( i , ,  13 , i X( ~ 1
:x:l:- , :~3), Ix(14) 1

i lA 1X ” l ) , 1(3 ) ,  X

~(i ) ,  ~~~ 1( 6) 60+
~E :(~), :‘~ ;, ‘(6) 60+

1(1 , I 5), 1( 6) ,  Ix(o) (a)
7A M , ,  1~1~~1( 1) ,  vi1(i) 60+

1( 1) ,  ‘nTI ( i ) ,  7:1(1) (a)
17-c i(i ’ , vI(3), IX(7) 5
F 1( 1 , ,  71(3) ,  Ix(5) 10

1:1), 1(3), v:( 3) , Ix(14), Ix(]2) 140
~CA L i ) ,  x1 (1 5
2 C P  i j ~ , x’y(~) 20
23C I ‘ 1 - , x~’( ~ ) , x~J( 2) 10
U: 1( 1) , 1(3), X I ( l )  60+
1l~ 1( 1) ,  :(3) ,  x I C i )  60+
22A 1(1,,  

~ 3), xII(1) 20
22D 1( i ) ,  1(3) ,  x~( i ) , 1(6) 1/2
22H 1( 1),  m~~~( l ) ,  xII(i) L10
19A :‘ l ) ,  1(3) ,  xi (i) 20

1(1), 1(3), xiii) 60.
l9C 1( 1) ,  ‘(3), xi (i) 140

1( i ) , 1(3), xi(i), x x i i r ( i ) ,  1(6) 2

~ 
~

— i ( i , I~~~), vi~ : (i) ,  v x i ( i ) ,  x x i i i ( i ) ,  1( 6 ) 1

/
-~~~~~~~~ 
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~
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TABLE L~

Test ResultM of Coatin~g Systeme for Sona r Domes

(2) 
(2) (3)Fl.xibi1i t~~ Impact Ultra sonic Tank Test ’

Elongation ( In it i a l  E r s n. ~ it 1ure~~ ime, Hours )
70°F 36°F

1/2 1 1/2
5 1 1

1/2 3/li
1/2 1/2 1 hr., 5 m m .
60. 60. 3—l/~
1/2 1/2 1/3
1/2 1/2 1-1/ti.
‘/2 1/2 31)4
5 5 2-1/li.
5 5
5 5 1—1/14
5 10 1—1/3
1 1 1
1 1 1—11)4
60. 60+ 8+
60+ 60. 55 m.th.
60+ 60+ 2
(a) (a) 1—3/li
60. 60. No erosion in 214 , Anti~(a)  (a) No erosion in 214 Anti~
5 2 2
10 2 14-5/)4
140 10 2
5 1 1
20 10 1-144
10 1 1—1/2
60+ 60+ No erosion in 214 Anti
60+ 60+ No erosion in 214 Anti
20 10 8 to 2)4 b )  P u s
1/2 1/2 3
140 20 8 to 2J 4 (c)
20 20 No erosion in 214 Smal
60+ 60+ (a) Dry
140 140 

- 

(a) Finli
2 2 2t~~d)
1 1/2 214(e)

-_ -- ____________________

-~~ ~~~~~~~~~~~~~~~~~ - -  •—~~~~~ ‘-- - - - --- --~~- --- —- - --- -- -— ~~- —- -‘ --~--~~~~-----
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Lab. F roject 9300-143
Tech n i ca l  L :emor i~n dur ;, -2
Fare 1 of’ 2

(2 ,’ , ( 3 )
Ta nk Test

~Y~Tt1ur e Time , Hour s ) Remarks

1/2
1
344
1 hr. , 5 win.
3-1/3
1/3
1-144
3/74
2- i44
1-344
i—i/t i.
1-i/’s
1 -

1-1/14
8+
55 win.
2
1—344
214 . Antifouliri.- topcoat necessary
214 Antifouling topcoat necesse~ry2
4-5/74
2
1
1-1/14 -

- 1—1/2
214 Antifou1in~- topcoat ii~-cessary
214 Antilouling topcoat necessary
8 to J.~ b ) ?]. is ters cr l i l t  sur face
3 -

8 to 2~~c, -

2)4 Srrall bubbles v. i thin f i lm
(a) Dry time e~ cessFi- e (146 hr s .)
(a)  Fjnj io1~s in f i l m  surface

214(d)

3
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. . ‘. ‘ 1 ~~:~~~i~~e : - ‘t l c nce  Lot ot-&tcr v

Teat

~ - o t -  r.r (-L t h r  ‘ - s t e - i .  Flexibi 1i~~
__1°_~ : cnt ton e :~~~

( i , ’  ~ E1oi~,~
- 

70°F

~( i ; ,  1 ( 2 ) ,  r(L+ ) 1/2
1( 1) ,  1:2 ) ,  v:ii(i), v : I ( i ) ,  oci~:’i ’ , 1(6), 1(7) 1

2LA : ( i ) ,  T ( 2 ) ,  xT:T (3), x::~~i), 1(6) 2
1( i ) ,  1( 2 ) ,  X 111~ 3) ,  X I I L 2 ) ,  1(7) 20
1( 1) ,  1( 2 ; ,  X111 (3), XIIL1;, ~~6) 2

21E :C1 , x~::(~~, . 1/2
21C r(i), x7rU) 1/2
211 , /71( 7)
2e~A x:x(u), XIX(2) 1,’2
2nD 1(1,’, x~x(i). xlx (2), Ix(2) 1

1(1) , 1( 3,, IX(2 ), IX(14) 20
:(l) , :~2;, .‘:III(3~ , xIl 1 ( u ) , i(6 2
: ( : ~~, ‘ , ;~iil 3 ), /111 (1) ,  1(6) 2
1( 1 ),  V X I r i 1~~, XXII(2), 1(14) (a)

~ ::(‘~), ) 0(~~~ 2) ,  1( 14) (a)
~2C ~~~~ X~ 1i ’1), :‘:x:I(2), xx::(3,’ (a )
Z2I~ x:~~ (L~), xxii (~ ,, XXII (3) (a )

1 (1;, xv (i) 5
I(} , X V ( 2 )  20

1) 3ur-1i ~ r source and identification of n~ teria1 are listed in Table 1.
(2)  Tests for  f i e x ib i i it y—im ~~ct and ultrasonic tank test n~ de on coa ti ng system app ~
~

) Tire indicated is that required for initial perforation (eros ion) of’ coating to I

C a )  ‘ ot de terr iired . 
-

( h )  Er’~s ion to primer 1( 3 ) .
V c Erosion to wash primer i(i).

~d s e?: p~ nho1€s in topcoet 1(6) only . Ren~~inin ~ coa tth~ thte~ t .
(o) Cluster of pinholes to xxI f l ( i )  only. Rer~~ining coating intact.
(f) Some pinholes to X i i i ( 1)
(p - ) Sone pinholes to X I T 1~ 2)

/
_ _ _ _ _ _  - . 

-
~~~~~~~~~~~~~~~~~~
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TABLE 14

Test Results of Coat thg Systems 
~9L~ 2?~-’~ 

Domes

(2 )  (2 ; ,  ( 3 )
F1e xihUi t y— Iw~~ot Ultras onic Tank Test

~ Elongation ( 1n itT To~i YaITur’W i i r e , 1(ours )

1/2 1/2 1
1 1 214(e)
2 2 2 14(f)
20 10 2)4(g)
2 2 214(f)
1/2 1/2 no erosion in 214
1/2 1 1/2
‘/2 ‘/2 3— 344
l,’2 1/2 i i/14
1 1/2 2-1/2
20 10 2-1/2
2 2 (a) C
2 1 2L~t~d)
(a) (a) 2 C
(a) (a) 2 C
(a)  (a) i—i ,’~ C
(a) (a) 1 c
5 1 1—1/14
20 10 - 1-1/3

/

Table 1.
cc*ting system app lied on 31 gauge metal pane l after 10 to ili days of air—drying of film.

ion ) of coat ing  to substrate or to undercoat .

t.

_ _ _ _
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2 of 2

(2), ( 3 )
Test 

-

~iu’e Tire,  Hour s )  Remarks 
- 

-

F i l m  surface is not smooth

‘4
Li

Cracking of topcoat ( 1(6))  to xiii (i)

Coated panel submitted by n~ nufacturer
- 

Coated panel subj aitted by n~ nu facturer
Coated panel submitted by n~ nufacturer
Coated pane l submitted by manufact u rer

3

/

r—d rying of f ilm .  -

_ __ 
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