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FOREWORD

This report covers work done by the Aluminum
Company of America at its Davenport Works and Alcoa
Technical Center under Contract N00024-74—C-5241 issued
by Naval Sea Systems Command. The Technical Supervisor
for NAVSEA was Mr. T. C. West.

Plate fabrication at Davenport Works was
supervised by Mr. R. W. Westerlund. Tensile and fracture
toughness testing was directed by Mr. F. G. Nelson , Jr. ;
welding by Mr. G. P. Yanok ; and metallographic studies
were made by Mr. D. C. Sargent.

The cooperation and assistance of International
Nickel Company ’s Francis L. LaQue Corrosion Laboratory
at Wrightsville Beach , North Carolina , in conducting the
sea water corrosion tests is greatly appreciated.
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SYNOPSIS

A high-strength weldable aluminum-magnesium
alloy, CS19 , developed previously on an exploratory
basis for ship 3tructure applications was fabricated
into plate from large ingots on production rolling
mills to evaluate the feasibility of production rolling
this alloy. Plate in 6.3 mm (.250” ) and 25.4 mm (1.0”)
thicknesses was produced from two commercial sizes of
ingot with no difference in product characteristics
observed between plates fabricated from either size or
from smaller laboratory—cast ingots.

• Tensile , notch—tensile , and corrosion tests
of 25.4 mm CS19 plate and weidments confirmed the
results of tests on laboratory-rolled plate of the
same thickness to the effect that CS19 had an as—welded
minimum tensile yield strength of 207 MPa (30 ksi)
and corrosion and fracture toughness properties
equivalent to or better than the current 5456-11116 or
H1l7 alloys. As in the earlier work , C5l9 was
indicated to have a more rapid rate of stress—corrosion
crack growth than 5456 under certain conditions but
equal resistance to SCC initiation.

The thinner 6.3 mm CS19 plate and weidments
had higher strengths than 25.4 mm plate and weidments
but lower toughness ; the latter , however , was judged
to be equivalent to that of 5456—Hll7 of the same
thickness. Corrosion resistance of the 6.3 mm plate
and weldments was also good , except for SCC resistance
of weldments after thermal treatments simulating the
effects of long periods of service. Here the conditions
of greater strain in the thinner plate produced a heat—
affected zone structure which was susceptible to SCC
but only after thermal treatment.
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I
INTRODUCTION

In recognition of the need for a higher strength

aluminum structural alloy for high—speed marine vessels ,

the Navy Ship Systems Command in 1972 issued a contract

(N00024—72—C—5571) to Alcoa for test and exploratory

development of a work-hardenable aluminum alloy plate

material which was to have an as—welded minimum tensile

yield strength of 207 MPa (30 ksi) and corrosion and fracture

toughness properties equivalent to or better than those of

present 5456—Hll6 or 11117 alloys.

The result of this workW was an alloy designated

CS19 whose composition was tentatively established as:

Mg Mn Cr Fe Si Others

7 . 7 5 — 8 . 7 5  .30- .50 . 0 5 — . 20 .12* .10* .05*

*maximum

CS19 plate was shown to produce weidments of 10% higher

yield strength than 5456 and which readily met the 207 MPa

minimum as-welded yield strength criterion ; fracture tough-

ness of CS19 plate and weldments was at least equivalent

to tha t  of 545 6. Resistance to gener al  and e x f o l iat ion

corrosion of CS19 plate and weldments was also judged

equivalent or superior to 54’6. The resistance to stress-

corrosion cracking of plate and weidments was considered
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equivalent to that of 5456 with the exception of more

rapid crack growth in as-fabricated CS19 plate stressed

in the short transverse direction using precracked

specimens loaded to very high stress intensity (tension

pop-in). For most of this work including all of the

weldment evaluations, 25.4 mm (1.0”) plate from laboratory-

cast ingots was employed.

To explore the feasibility of production rolling

the alloy selected from the test and exploratory development

contract , Navy Ship Systems Command on January 22, 1974,

issued Contract N00024—74-C-5241 t’ Alcoa to undertake a

production plate evaluation. For this phase, Alcoa had
(2)

proposed to do the following :

(1) Cast production size CS19 ingots in two
sizes : 300 mm x 960 mm x 3050 mm and
460 mm x 1520 mm x 3800 mm
(12” x 38” x 120” and 18” x 60” x 150” ).

(2) Roll on production rolling mills each size
of ingot into the following thi cknesses
and tempers of p iat ~.~

(A) 25.4 miii (1.0” ) 113E19
(B) 25.4 mm (1.0’) H1E48
(C) 6.3 mm (.250”) 113E19
CD) 6.3 mm (.250”) U1E48
(E) 6.3 mm (.250”) 112E38

(3) Evalua1~ all ten items for transverse tensile
properties and exfoli ation resistance of plate
and tensil prope rties of full section weld-
ment specimens.

(4) Complete testing of items in each thickness
wh ich met the requiremen ts of the initial
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evaluation program for the following :

(A) tensile properties

(i) as—fabricated
(ii ) after elevated temperature

storage (66°C , 80°C , 100°C)
(iii) annealed

(B) notch— tensile properties

(C) corrosion resistance

(i) as—fabricated

( a)  exfol ia t ion
(b )  SCC
(c) general

( i i)  a f te r  elevated temperature
storage

(a) exfoliation
(b )  SCC
(c) ge neral

(iii) annealed temper

(a) g.~neral

(5) Produce GMA (MIG) weidments of one item in
each thickness and perform the fol lowing
tests:

(A) tensile properties

(i) as-welded - reduced section
(ii) after elevated temperature

storage

(B) notch-tensile properties

(C )  bend tests

CD) corrosion resistance

(i) as—wel~ cd

( a )  e x f o l i a t i o n
(b )  SCC
(c general

(ii) after elevated temperature
storage

(a) exfoliation
(b) SCC
Cc) general

~~~~~~~~~~ • . t~~~ . .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~ • - . .
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FABRI CATI ON OF CS19 PLATE

IngotS

The 300 mm x 960 mm x 3050 mm (12” x 38” x 120”

ingots we re cast at Alcoa Tech nical Center and the 4 60 mm x

1520 nun x 3800 nun (18” x 60” x 150”) ingots at Davenport

Works. No problems were encountered in casting these ingots;

resul ts of spectrograph ic anal yses of cast sample specimens

are listed in Table 1.

Examinat ion  of mac roetched sections sawed from the

head ends of one ingot of each size showed average grain

diameter to be 0.8 mm (1/32”) for the 300 mm x 960 mm

ingot and 3.2 mm (1/8”) for the 460 miii x 1520 m m . The finer

grain size of the former can be attributed to faster chilling

ra te in cast ing and to gr a in  r e f inin g e f f e ct of Ti .

Before homogenizing, th e ingots were machined

(scalped ) to 267 mm (10.5”) and 419 mm (16.5”), respectively,

to remove approxima tely 1~ mm (3/4’ ) per rolling face . All

ingots  were u 1traso~ L c a 1 I~ inspec ted  and found  to be s~~u [i~I

and suitable for rollin q .

The homogenizing t reatment produced a thc~~mi~ soak

of eight• hours mininurri at 49 °C metal tcnp~ raturc prior to

cooling to 425°C rrlling temperature .

hot Rolling 
— 

25.4 mm (1.0”) Plate

The H3E19 rolling practice caLls fnr no particular

t * r ~u:c rit ’m r e control during hot rolling , but i c l u i r e s d

subsequ~ nt stretch i nc ope ration to achieve desired st~ Teno tn levels.
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TAB LI. 1

:~~~Ml !~L C . 1~~~S 1 C~~ ON 1 C l i - PR~ U . ~~~~~ ~
101 iRA. C 0 2 4 — 7 4 — c — C L ; )

P odU 1
I d t~~f x o a t . z r : . .-r~~ - 

~i F r Fe 2. i~ 1. Be

S — 4 O C C J S C A  300 nm x A C  mm x 3050 nun AT (3.60 1 , 3 - 0 . 11 17 CC’ . 7 0 C C  0 . 2  ) . o C l
(12 x 38” x 1 2 ”

C - 4 2 2 ~~5 C B  300 o m x  960 nun x 3050 nm IT O I 4 0 .4 17 )  o I l  ( . C- 2 0 . 0 1  0 . ) .  . 1 7 1

1 1 — 4 2 ; : ’ . 300 , m x A C  m e  i C C o n -  or :  . . ; .  I L  - 2 . 1 1  . L 2 . 01  J . ~~~2 0. - I

300 mn x C ell :o 32 5 0  m~ A C.  I . 51 C . 3 J  2 . 1 )  . 0. 05 . 3 . 0 . 0171

.3 . 1 7  . 3  2 .1 -  . 7 17. 013 —— —— 0. 1
13 ” x - C ’  x - L I

I )) • ‘ . ‘o -~~. r . 1  3 3 .  1 ;.  ~~, 7 r  .1, ~. 7 - .

• • • —— -~~~~~ • .~~• ~~~~~~~~~~~~~~~~~~~~ 
- •. -~~~~~~~~-
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• The H1E48 temper, on the o ther  hand , requires pla te to have

its f inal hot roll ing passes a t 2 80°C in order to f i n ish

at 260—275°C with subsequent rapid cooling by mill coolant

solution to below 200°C; a lesser degree of stretching is

required. The H3E19 practice is a more desirable practice

from the stand point of hot mill productivity.

The ingots were initially cross-rolled on a 4 m

(l60”~ hot mill to wid ths o f 1460 mm ( 5 7 .  Y )  and 2 2 2 0  mm

(87.5” ) for 300 mm x 960 mm and 460 mm x 1520 mm ingots ,

respectively, prior to lengthwise rolling to 2 5 4  mm ( 1 . 0 ” ) .

No end prepara t ion  of the in gots was req ui red prior  to

rolling and a moderate degree of a ligatoring was encountered.

Edge quality (maintained by edge roll ing ) and surface

quality were excellen t..

Hot Roll ing 
— 

6.3 mm (.250”) Plate

Starting stock was part of the ~.5.4 mm p late

rolled previously which was reheated to 425°C prier to the

additional rolling to thinner p )ate thicknesses. Both }13E19

and H1E48 tempers were produced  in 6 . 3  mm ( . 2 5 0 ) t h ickness

w i t h  the same t . empei~ i tu re  r e s t r i c t i o n s  employed f o r  the

thicker p lates. ~~() problems with edde cracking were

encounte~ cu.

(7uid ~olling — 
€. 3 mm (.250”) PLato

The H2E38 temper was pr odu ced by col d ro l l i ng a

8 mm (. 385”) pl’i t~ to 6. .3 mm (.250’) follewed by an e i q h t —

hour soak at. 246°C stabil i o i n q  the~~n ;, i l  treatment. The 9.8 mm

-- ~~~~~~~-— . ~~~~~- - . . —•- -. • - • - •
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plate was also produced by hot rolling pieces of 25.4 nun

CS19 plate rolled previously. No edge cracking was

encountered in cold rolling the 35% reduction, but many

passes were required because of the high level of hardness

developed in an alloy with such a high Mg content.

Finishing

No stretching problems were encountered in plate

produced from the larger 460 mm x 1520 mm ingot, but plates

from the 300 mm x 960 mm ingot broke before the complete

stretch had been accomplished. A lower yield strength in

H3E19 plate from this ingot size was attributed to this.

The fabricating practices employed are summarized

in Table 2. The concensus of operating personnel following

the plant trial was that production of C5l9 plate was

feasible but increased operating difficulties and more 17

rolling passes, compared to 5456, could be anticipated.

~

-. --—-

~

. .  A
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TAB LE 2

. ,‘2jki A r N17 P RACTICE S COO CSS9 PLATE ROLLED CI
DAVENPORT W-CR }-117 OF ALCOA

1017— 35 . 2 4 — A x
1 

—• ~
___ 3 5 7 1 3 17 C -

2 . 4  so - 2 5 . 4 so” 6 _ O r , 1- . 3 : o r . , . 3 s i n  2 0 . 4 n i r  2 s . - ; ~~~ ’ - . 0 : ~~, ‘ , . 3 i m m  ‘ ‘ so .
( 1 .0 0 0” )  (1.000” ) ( . 2 5 0 ’ ’ ( . :~~d )  ( .5, ’’’ ) ( 1 . 7 0 0 ’’ )  ( 1. ‘‘ ( . .  o- ”)  3 . _ C C ’ ’ , ( . 2 3 ’ ’ ’ ’

( 3 3 L 1 0  SE - l B  (( (010 I I 1 E C I  II .  . 3 1 1  333E1’3 ( I L  i l  11 ( 1,1” H 1 i 4  • ( ( C E o —
4 2 5 — 9 3 1  -17 2 — 1 2 1  i ‘1 — 71 .12 2 1 3 — 1 2 3  2 1 — 1 1  2 -4— ’ ;  . _ • . - 21 — 14

1’•o;o t S I z ~ 300~~~~~ x O17- C to - x 3 9 5 0 m m ) ! . ” 3”  1 . 1  4 77  ro. x 132 rr’S x 311° - ’ rn l x  60” x 17 . ” ’

C r 3 1n ~~cI 1 s 267 rI ’  )~~~~~~~ :/ ~~~
“ ‘  4 ; -  :snr. ( 1 7 — 1

b C  R o l l ’ ‘ I ’ . ’ . 1174 ,- ;n’s 5~~— 1/ 1” ) 22. 57 ; mn ( 1111— 4 ” )

Th~~s-kro ess: 2 5 . 4  rn  2 5 . 4  5 0 5 * 25 . -) mm 17” . I ‘n” 3 5 . 4 r n ’  - - . 2 mm

b l o t  Roll  - - - — — ‘  6 . 3  run 6 .3  rn ’’ 11.8 mm — — —  — —— - .3  mr 6 . 3  ~‘ “ ‘ . e mm

C o l d  1 1 - oi l .  — — —  — — — — - -  - .  6. 3 s o  — — —  — — —  - - -  — .  . nun

S t e L n l i r e:  — — —  — —— —-- ‘  — - —  5 ‘ i ’ , 4 ’ ~~ o - - “  “- -  — — —  - - —  S

C n n - l o i s , .1’ 1. 3’~. 1 .5% L . 5 %  3 . ’’. .1 , • S~~ 1. 38 1 . 5 %  1 . 3 %

* - ‘ 
~~~ f ’ ~

.,— -41 os , 0 2 5 -  nm ~~‘ C r 2
• ~ o t 3 - d f n ’ o m 12 n,sn , ( . 3 s ! ., .

-.- - - - -

~

---

~

- - -~~~~~~~~~~~~~~~~~~~~~~~
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INITIAL EVALUATION OF CS19 PLATE

In accordance with the contract proposal~
2
~

’ , all

ten items of production—rolled plate were tested for

transverse tensile properties and resistance to exfoliation;

in addition, MIG weldments were prepared from each item and

full section specimens tested for as-welded tensile properties.

Results of these initial evaluations are reported below.

Tensile Properties of Plate

Results of transverse tensile tests for the ten

items of plate fabricated from two sizes of production

ingot at Davenport are listed in Table 3 togethe - with

similar data for laboratory-fabricated plate from the

earlier exploratory development contract report. These

tests were ~nade in accordance with ASTM Method E8. Results

show that if the same fabricating procedures were employed

for a given temper , the tensile properties were very similar

regardless of ingot size employed and whether rolled on

laboratory or production mills.

The strengths of the 25.4 mm th ick  plate were

consistently lower than those of the 6.3 mm plate for

similar tempers. This is a reflection of the higher

equivalent cold work induced by hot rolling the thinner

gauge plate. The low yield strength of S-438562 from 300 mm x

960 mm ingot was attributed to failure to achieve the full

4% stretch because of breakage in stretching .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - ‘
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TABLE 3

TRANSVE RSE TEST RESULTS FOR CS 19 PLATE FAB RICATED
BY LABORATORY AND PRODUCTION ROLLING PR~~’EDURES

Amount Number Average Troir,,i vers2 o Tensile Properties
of of Tensile S t r .  Yie’l’.S Str . Elongation

Thickness Temper S. No. Stretch Tests c~Ta (ks.t) ~‘F’o (ksi) (% in 50.8 mm)

150 mm x 400 mm x 900 mm ( r ” 16” x 36’ ) Innot~
1
~

6.3 mm I’11E48 421896 1.5% —— 411 (65.4) 272 (39.4) 25.0
(.250” ) H2E38 421894 1.5% —— 449 (65.1) 252 (36.6) 13.5

H3E19 421895 1.5% —— 436 (63.2) 250 (36.3) 24.0

25.4 mm H1E48 416448 1.5% 2 411 (09.0) 244 (35.4) 21.5
(1.0”) H1E48 419453 1.51 2 423 (01.4) 261 (37.8) 22.3

03E19 419453 4.0% 2 .Y71 (61.1) 251 (36.4) 22.0

300 mm x 960 mm x 3050 mm (12” x 38” x 120”) Ingot

1. . 3 mm H1E48 438628 1.5% 3 441 (63.9) 2 74 (39.8) 22.7
H2E38 438726 1.53 3 416 (60.3) 258 (37 .4) ‘3.0
H3E19 438564 1.5% 3 452 (o5.6) 286 (41.s) 22.7

25~~~ 4 mm )-11E48 438563 1.5% 3 420 (60.9) 27-4 (36.9) 22.0

H3E19 438562 (4.0%) ‘3 405 (58.8) 230 (33.4) 21.3

460 mm x 1520 rIm x 3B00 ;sun (15” x 00” x 150’) Ingot

~.3 nun )(1E48 43r ~~~.sr 1 .53 3 - 4 5 ( 5 3 . 1 )  ~I3 (41.2) 21.8
H2E34 430(29 1.57 3 39” (57.0) 226 (32.8)
H3E19 438567 1.53. 3 4:s (53.5) 282 (40.9) 21.7

25.4 mon H1E48 ‘(‘iSISO 1.5% 3 412 (59.7) 247 135.8) 21.8

H3EI’) .(38565 4.0% 3 4315 (58. 1) 248 (36 .0) 22.7

1,’Le: (1) L,;t,j fo r this  1n ’) - ~ L S lO e  t r - , , o  3 . t ’ t 3 t e ’ i i C~ I for 1.~ri)17’L 1 ” -’’Y -’J— rO 112d plate .

1~
_ _ _ _  - -  --~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In the 6.3 mm plate items, lower strenaths of

the H2E38 temper, especially S-438629 , resulted from the

precipitation treatment of eight hours at 246°C. Strengths

of the H3E19 and H1E48 tempers were quite similar.

Exfoliation Resistance of Plate

The resistance to exfoliation of all ten items

of production-rolled CS19 alloy plate was evaluated with

the ASSET immersion test as recommended by the Aluminum

Association Task Group on Exfoliation to replace both of

the corrosion tests previously specified under Federal

Specification QQ—A—00250/20 for alloy 5456. The results

of the exfoliation tests performed on the 25.4 mm and 6.3 nun

thick CS19 plate from the two production-size ingots are

listed in Table 4 together with results for the laboratory—

rolled 25.4 mm plate in the earlier test and exploratory

development contract. They indicate excellent resistance

to exfoliation for both thicknesses of plate regardless of

the size ingot. The resistance to exfoliation of both

laboratory and plant—fabricated CS19 alloy plate was

comparable to 5456 alloy, plate , which was one of the key

objectives of the contract.

Tensile Properties of Weldments

The tensile properties of full section (Fig. I in

Appendix) specimens of the two tempers of plate produced in

25.4 mm thick plate are listed in Table 5 along with comparable

data for the laboratory—~sroduced plate of contract N00024-C-557l.
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TABLE -
~

ACCELERATED EXFOLIATION TEST (ASSET) RESULTS FOR CS19 PLATE
FABRICATED BY LABORATORY AND PRODUCTION ROLLING PROCEDURES

Exfo 1i~~tion af ter ASSET Tes t 1
Thickness S—No. Temper As—Fabricated Afte r One Week at 100C

150 mm x 400 mm x 900 mm (6” x 16” x 36) Ingot”

6.3 mm 421896~- 111E48 N N
(.250”) 4218941 H2E38 N P—A

4218952 H3E19 N N

25.4 mm 4194532 H1E48 N N
(1.0”) 419453 2 F13E19 N N

300 mm x 960 mon x 3050 mm (12” x 38” x 120”) Ingot

6.3 mm 438628 H1E48 N N
448726 H2E38 N N
438564 H3E19 N N

25.4 mm 438563 IIlE1d N N
438560 U3E19 N N

460 mm x L520 cr .rn x 3800 mm (18” x 60” x 150”) Ingot

6.3 mm 438568 HiN48 P-A N
438o2 9 H0~ 3b N N
43856’~ 03E1’ P—A N

25.4 mm 438566 frl i 4 8  N N
4 38’ooS 1i3E1 9 N N

No t n ’S: (1) 24 houra total ‘17n5’o$ion I n  S’) 131t  i l l s  of iN N ) )  Cl , 0 . 2 5  N NP N - - i ,

0.01 N arnmon~ um t ,.srtt ’ .oto  oli d 3 ~j/1. ii~’droq€’ri 1 1  C n S X l d b 3  at 1 ’ ° C ;
N is no s~ nr ’.’ ’1 .~b1e a t r C I . ’0 ;  I — A  is  sl~~n i h 1 p i t t i r o a t ta c k .

(2) P : f - r  f o r  th i s  l r l p ( , t  S i/ s .’ ( ( ‘25’ N~: 1 ’ ’ C n ~ 1 n ~~ 1 )o~ I i L . c r ’u t o r v — r c i  I s .
.1 ~ t e .

- 0.~ . • ,~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~-‘—- -. -—--—- —  - ‘
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CS19 filler electrode was employed for the production

plate. As shown, the as—welded yield strengths were

quite consistent and were essentially the same for both

tempers of production plate produced from two ingot sizes

and for the laboratory-rolled plate despite somewhat

different parent plate yield strengths. The increase in

parent plate yield strength obtained by stretching the

production plate (4% for H3E19 and 1.5% for H1E48) was

apparently lost from the heat of welding as it was not

reflected in any increase in weidment yield strength.

The tensile properties of full section (Fig. I

in Appendix) specimens of the three tempers of plate

produced from 6.3 mm thick plate are listed in Table 6.

CS19 filler electrode was employed. It will be noted

that the yield strengths of the 6.3 mm plate weldments are

quite similar for H3E19 and H1E48 tempers ; the higher

yield strengths compared to those of 25.4 mm plate weldments

reflect the higher strength of the thinner parent plate.

The inconsistent and erratic weld tensile strengths and

elongation values are a reflection of the type of abnormal

failures encountered in the fractured specimens. Such

failures can be encountered when developing welding parameters

for new or experimental alloys. For the most part, such

failures are isolated and can be controlled through experience.

Although these inconsistencies developed in the 6.3 mm plate

— ~~~~~~~ L=’ ‘ — “ ‘ ~~ “ ‘s . ~~~~~~~ L - _- ‘~~“~~~~~~~~- - — -- - - - — - - —  -—‘‘— “
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weldments , all tempers exceeded the contract objective of

207 MPa (30 ksi) minimum as—welded yield strength .

Summary of Initial Evaluatic .4:

Resul ts  of this  i: - i L ~~ il evaluation prodrarn

indicated f irst of al- i t h a t  4-~~~~4 . 9  plate fabricated on production-

rolling equipment from large-size ingots was very similar

in strength to CS19 plate fabricated by similar practices

but in the laboratory previously from smaller ingots.

The same was true for the strr nuth of weidments and for

resistance to exfoliation .

As will be discusse d s h~~ -~uentiy ,  other evaluations

including stress—corrosion tesLinp confirme d the equivalency

of H1E48 and H3E19 tempers from the standpoint of corrosion

resistance . Since the H3E19 temper fabricati i’o; practices

were advantageous productionwise , it was dec ided to gather

complete data for  the two items in th i s  temper for  each

th ickness  in  the r e r a i n i n g  con t r ac t  work .

-‘ ~~~ - ‘ ~~~~~~~~~~~~~~~~~~~~ SS.fl . s .  1 9 9 ’5 . ’ - -  _ . ,  ‘o—-— ~~~~~~~~~~~ ,,,,
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CS19 PLATE PROPERTIES

Tensile Properties

Longitudinal and transverse tensile properties

of CS19 plate were determined in accordance with ASTM

Method E8.

CS19—H3E19 Plate

Results are listed in Table 7 for the plates

from two different ingot sizes in each thickness , 6.3 mm

(.250”) and 25.4 mm (1. 0” ) .  The greater amount of

equivalent cold work retained in the hot— rolled 6. 3 mm plate

is reflected in its considerably hi gher level of strength

even though the 25.4 mm plate had 4% nominal subsequent

stretching versus 1.5% for 6.3 nun plate.

The lower yield strength of the 25.4 mm plate

produced from the 300 mm x 960 mm ingot (S—438560) is attributed

to its failure to obtain the full 4% s t retch because of

breakage in the stretching operation.

CS19—H3E19 After Elevated Temperature Exposure

Results of tensile tests after three periods of

elevated temperature storage (30 days at 66°C, 7 days at

80°C , or 7 days at 100°C) are tabulated in Table 8. The

thermal treatments produced slight losses in yield strength

but little , if any, change in tensile strength. The largest

yield strength loss was in the 25.4 mm plate (S—438565)

which had received the most (4%) stretch .

..—- — - ‘ -. - ‘—‘— -“ --_,.-— --_- —‘- “---‘~ 
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TAB LE 5-

T L N S IL E  PR O P S R T I L ,  0>’ ‘1; i 5 — 1 5 3 E .  s :2 , ) “fl_s ,’ - -s
PE RI ’I ,CiO 00 )-:5,CC ’-CSO TE D ‘rh:: ! 5)20 15-hr.

I ’ S ,  k~: ’ -ss  0 ” N — . ,~ )fl2S~t S1Z 5.  !“!i,~HCl,)’ 
1 : ~s’±±5 ,0Cl,sIifl’Cl’ IsO 5,~5_ t ) 5 . I S5’ 0 .  

- 
5.515 1 0 .  

- -
‘-0’ .s 5 - s~~ S ‘-50 ,, ,:~l) ‘ . :, - - - , - —91’

nun 438564 300 nun x 0 . ,  so.— A — I C t h r ,’:, ’1 .I . - ;C0 . ‘ - 5  , - ‘ _s  , 41 , )  2 2 , 7
1 , 2 5 5 ’ S  ‘ 1’ ’ - :  30 - 1 ) 0 0 3 - 914 ’’  C I ’  5.1 , 1 )  - . 4 . 5 5  2 5 . 5

i t - - 5. I i , ’- ‘sOC I I s . 5  0,1 - ‘ - , 2 1 . 5
A~~’c r  7 3 : -,- 0, 1 -0 ” ’ -; ‘ -1 25 - 1 .. . ‘, ,‘ 2 2 ’ s
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In the laboratory-rolled 25.4 mm plate in the

previous contract, no loss in yield strength af ter thermal

treatments was reported. That plate , however, was not

stretched and was in the equivalent of H1E48 temper (finish

hot rolled at about 275°C). Considering all of these data ,

it would appear that the yield strength increase imparted by

stretching as in the current material is reduced to some

extent in extended thermal treatments designed to simulate

the effects of metallurgical changes taking place over

long periods of service.

CS19-O Plate

Two thicknesses of plate in the H3E19 temper were

annealed by a treatment of one hour at 427°C. The tensile

properties are also listed in Table 7. Annealed temper

strengths are about 10% higher than those of typical

5456—0 but are below the 207 MPa (30 ksi) level which was

the minimum for weldod plate . While annealed plate yield

strength above 207 MPa would be desirable to assure weldment

y ield strength greater than 207 MPa, the l a t t e r  prope rty

is not entirely dependent upon the former. As shown

subsequently, the target value of 207 MPa can be met by

weld ing mater ia l  havin g higher strengths than annealed

material even though the annealed yield strength is below 207 MPa.

The greater degree of retained cold work in the

6. 3 mm hot rolled pl ate is apparent h~ s-~ as lowe r s t rengths  

-“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~—-,‘- ‘—-~~~~~ -----‘-
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after annealing which resulted from the hig her degree of

recrystallization achieved than W :I S the case for 25.4 mm

plate.

Fracture Toughness

CS19—H3E19 Plate

Notch— tensile tests were made irs JCCCio~CSiflCC with

an ASTM draft method. Specimens with 60° edge notches were

employed ; specimens for the 6.3 mm plate were 12.7 mm wide ,

and for 25.4 mm plate, were 12.7 mm - diameter rounds .

Results are listed in Table 9 for the two CS19—H3E19

plates from two different ingo t sizes in each thickness ,

6.3 mm and 25.4 mm , as well as for one 25.4 mm stretched

CS19—H1E48 plate from the earlier laboratory work. Also

listed for comparison are notch-tensile test data for 6.3 mm

5456—H321 plate .

From the current work it is indicated that the

fracture toughness of this 25.4 mm production-rolled plate

is comparable to that of the previous laboratory—rolled

product of the same thickness. In the repoLt on the

la t te rW , it was concluded that CS19 fracture toughness was

at least equivalent to that of 54 56 . This view is supported

by the comparisons here of NTS/YS r e su l t s  for  6 . 3  mm CS 19—

H3E19 with those for 6.3 mm 5456—H321.

The lowe r toughness of the 6 .3 mm compa red to 25 .4  mm

thickness is again attributed to the greater amount of

equivalent cold work retained in the thinner hot—rolled plate . 
‘
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TAB LE 9

‘ 

SIOTCII ’I’ , s ’,HNESS OF CS19-H ( 5 . 1 1 3  P1J,TE ’

Test
Thickness S-No Direction ‘ s l  Str

,, ~ t 5 1 1  ,~ t r  S 
,,

,j, _t_, ,, 
1 

—
0004 6 , 5  MO ,, r . , 5  I ’  ; , ,  S O s  Or,) ‘0 .,, - 1 . -

15s1 ngn x 4 : - o ’  rue z ‘lOO rn (O’ x l s ” x 36 ”

1 ,4  nun 4 1644 :: Long i t ud ina l  430 ( ‘ 12 . 3 )  291 ~4. .2) 16.2 4 1:: ) t , ’5 . 6) 1,~ 5
( 1 , 3 ’ ) Transverse  411 59. ”, ) 244 30.4) 21.5 4) (63. 7> 1.79

3 0 0 m m x 9 6 O n u n x 3 S o ’ m I :  ( 1 2 ’  x 35” x 120”)J~ o:-

5 ,3mm 438564 Longitudinal 478 (69.3) 1i :411 ,3 )  1’- , 390 0, 5) 1. 1’,-

5 , 250’) Transverse 4- ’.. (65, b) 286 45,5) 22.7 359 (52.0) 1.25

2 . 4  mm .538560 LonqitudinIl 424 ,-:( 5( 0,.3 138.2) ,,~~,9i 4 15  ( ‘ 1 . 1) 1.60
c- Transverse 451 . 150 .81 230 )~~3 ,4( 21.3 412 (59 .7) 1.79

lie X 3(30)) nun (18” x 60” x 150’) Ingot

n ,3 mm 435-567 Longitudinal 401 (65.6) 314 (45.6) 15.2 (~~ “ ( 5n . 5) 1.24

Transverse 43.’ (63.5) 233 2 (411 ,4) 21.7 3’2 (52 .1) 1.28

25.4 sxr 438565 Longitud u~:a1 41” (60.8) 1~ 3 (39.0) 22 , 0 464 Sr ” . O  1.73

Transverse 405 (5-0 7) 41 (33. 0) 22.7 40 (65.6)

5- lIf l t  P rodu o 1 Ot

5 . 3  mm 5 4 5 E .~ ) i 3 5 1 2 Transverse 370 (5 7) 955. (3) 21 15.5 303 44 - 1.18

Notes, (1) hvcrages of t O r s o  ‘ s r . S t , s .

(2) Rmeults 5-or thrs.r.- i !1  - h w ‘1,- edge—notched ep, - 0,’C,’ i ,’. _sS ’r  Reference 3.

1. .- - - -~~~~~~~~
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Corrosion Resistance

Corrosion resistance of CS19—H3E19 plate was

evaluated in regard to exfoliation susceptibility and stress-

corrosion crack (SCC) susceptibility in laboratory—

accelerated tests and to general corrosion susceptibility

from quiescent and flowing sea water. Both plate in the

as—fabricated condition and after elevated temperature

exposures were tested.

CS19-H3E 19 As-Fabricated Condition

Exfoliation Resistance

Evaluations of exfoliation susceptibility emp loying

ASSET tests were carried out in the initial evaluation

program and are reported in Table 4. These tests indicated

excellent resistance to exfoliation for the CS19—H3E19

plate in both thicknesses as well as for all of the other

CS19 plate tempers evaluated.

5CC Resistance

Long Transverse. Stress—corrosion resistance of

the two thicknesses of CS19 alloy plate was evaluated in the

long-transverse direction with 3.175 mm (.125”) diameter

tensile bars taken f rom the T/4 p lane  of the pla te  and fu l l

thickness beam assemblies. The results listed in Table 10

are for specimens stressed to 75% of their y’.eld strength

and exposed to the 3-1/2% NaC1 alternate immersion test

(ASTM G44-75 , Federal  Test Standard 151b , Method 823) . 

--
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TABLE 10

RESISTANCE TO STRESS-CORROSION CRAC EING OF CS19 PLATE
E)~~OSED TO 3—1/2% Had SOLUTION BY ALTERNATE IMMERS ION

3 , l 7 S mm (1/8’ ) Dia. Long T:’..r.~ v’- rse
Beaus Assemblie’s - Stressed 75% Y.S. Tensile Bars — Stressed 75 % 51.5.
As—Fabricated !1eated 1 wk/ 100’C As—Fabricated Heated 1 wk/l00°C

Thickness S-No. Tenper ~7!~ Days to Fail F/N Da1~~ to Fail F/N Days to Fail F/N Days to Fail

300 mm x 960 mm x 3050 nun ( 1 2 ”  x 38 ” x 120’) Ingot

6 . 3  nun ( 0 . 2 5 0 ” )  446286 H3E 19 0/2 OK — 29 0 0/2 OK 290 0/3 OK’ 289 0/3  0K 289
446287 H1E48 0/2 OK— 29 0 0/2 030-290 0 /3  030— 289 0/3 OK-2 89
446595 H2E3 8 0/2 030— 290 0/ 2  030 —290 0/ 3  030—2 8 9 0/3  O K —289

2 5 . 4  nun ( 1 . 0 ” )  438650 H3E 19 — — — —  — —  —— 0/3  030—15 6 0/3 C - F - ICC

460 mm x 1520 mm x 3800 mm (11) ’ x 60” x 15 0 ” ) Ingot

6 . 3  nun 446290 H3 E19 0/2 030—290 0 /2  030 —290 0/3  230- 2 89  0/3  0Y- .,s’i’
446291 H 1E48 0/2 030— 290 9 ,2  030 —290 0/3  030 — 28 9 0/3  O ’K - 2 , 9

2 5 . 4  mm 446288 H3E 19 0/2 030— 2 90 0 /2  OK—2 9 C 0/3  030 -2 8 9  0/3  030 -289
446289 H 1E48 0/2 030—290 0/2 0 3 0 - 2 ° C  0/3  ‘- ( 1 - 2 9 1: 0/3 o K - 2 5 - 5

Note:  ( 1 )  F/N denotes n umber of specimens f a i l ed  over number of specimens exposed. 

--- “- -~~~ ‘ . ‘~~ 
-~~~~~~~~
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No evidence of SCC was observed after a significant

exposure period of 290 days.

It will be noted that H1E48 plate was also

evaluated for SCC resistance in both thicknesses with no

susceptibility indicated for this temper either. This is

consistent with the conclusion reached in the initial

evaluation from exfoliation test results that H1E48 and

H3E19 tempers were equivalent corrosionwise.

Short Transverse. The 25.4 mm (1.0”) CS19—I’I3El9

plate was also tested in the short-transverse direction with

19.0 mm (.75” ) diameter C—ring specimens stressed to 75 and

50% of the long transverse yield strengths and exposed to

the 3—1/2% Na C1 al ternate  immersion test .  The results

(Table 11) show no evidence of SCC after a significant

exposure period of ‘280 days. Previous test results for the

test and exploratory development contractW indicated that

both laboratory-fabricated CS19 and 5456 alloy plate showed

no evidence of SCC after an exposure period of one year.

Fracture Mechanics-Type Specimens. Stress-corrosion

tests were performed with the double cantilever beam specimens

(Figure II in Appendix) using a beam height of 25.4 mm

(1.0”). Duplicate short transverse specimens

(S—L orientation) from 2 5 . 4  mm th ick CS 19 ’-H3E 19 tempe r

plate were exposed to 3.5% NaC1 so lu tion (adde d

dropwise to the precrack three times a day) for three 

-~~~~~~~~~~-~~~~~-- -~~~~~~-~~~~- -- -— - “..~~~‘- - - --
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TAB LE 11

RESISTANCE TO STREsO4-CORROSION CRACK ING OF CSIi PLATE
EXPOSED TO 3 - 1 / 2 %  N a C 1  S OLUTION BY ALTE RNATE I~~’fl~RSI0N

~2_~i_ c±L 75 ” )  Oia. Shott
A s —F a b r i c a t e d  Heated S ~~‘s , 1- -

Thickness S-No. T’ mj-vr %Y.S, F,N P~~ s to Fail F/N f~,,s- :- t ’ , , 5

300 mm ~c 960 mm x 300, :ai ‘ s.: ’ x 38” x i i I ’ s S

25 .4 mm (1.0” ) 438560 H3E19 7’. 0/3 O K—1( . ~, 0 / 3  K - i ,
50 0/3 91- 16,2 0/ 3  ‘K- i

460 mm x 1520 m,n x 3(100 mm (is” x 60” x 150”) Ingot

25 . 4  mm 446288 H3619 75 0/3 030-280 0/3
50 0/3 OK—280 0/3 o(<-, - -

25 .4 mm 446289 HJ.E48 75 0/3 030 — 281’- 0 /3
50 0/3 030—280 0/3 — -F - . -

Note: (1) F/N denotes !1028’0r of specimens failed o~ r n umber of specimens ex5 osn,’J .

L ~~~~~~~~~~~~~~ - , .  -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.



—27—

conditions: as-fabricated , heated one week at 100°C,

and one week at 80°C. Pop-in was difficult to achieve

because of the toughness of the CS19 alloy . Crack growth

was monitored daily, and the results are graphically

presented in Figures 1-3.

The extensive crack growth observed in the as—

fabricated condition (Fig. 1) was not unexpected as extensive

crack growth was previously observed for laboratory—fabiicated

CS19 plate. The curve for the as—fabr ica ted  condition

was similar to the curves for the heated material. Metallo-

graphic examination of crack tips revealed that the propagation

was by typical intergranular SCC. Figures 4 (b OX) and 5

(500X) are representative and show the cracking at the crack

t ip to be following grain boundaries which are outlined

discontinuously with  precipi tate. The greater amount of

grain boundary precipitate in CS19 accounts for the more

rapid crack growth observed in the as—fabricated condition

for CS19 compared to 5456. There was some concern that

cracking was possibly associated with aligned constituents;

however, this did not appear to be a factor.

Figures 6—8 contain fracture mechanics-type

specimen results for a 25.4 mm H1E48 temper plate tested in

the same three conditions. The similarity in crack growth

to that of Figures 1—3 again illustrates the equivalent

corrosion performance of the H3E19 and H1E48 tempers .
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Figure 4

S—446238—SL2 100” 1l- ~PO ., E tch

CS19—113E19 DCB SPECIrll-~ J ,I~ AS—FABRICATED CONDITION

Illustrates cracking (far r i qh t )  at the crack tip in T/2 !slane .

- — - -
. - 

‘
‘ -a 

...
~4 d11 4

F igure  5

ENLARGt ’,NEU T ( 5 0 0 > )  OF C P 5 A C R I N G  AT THE CRACK TIP IN F I G .  4

Note outlining of grain boundari’os with precipitate and

intergranular pa th of cracking .
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The stressed tensile bar and C—ring test results

again indicated that the likelihood o~ SCC initiation in

CS19-H3E19 plate was no greater than in 5456—Hll7 plate , but

tests with fracture mechanics—type specimens showed the

propagation of SCC in the S—L orientation under extreme

stress intensity to be more rapid in CS19. If this is

considered to be a serious limitation , successful service

performance of CS19 would be dependent upon avoiding high

short—transverse tensile stresses.

Resistance to General Corrosion in Sea Water

To determine the general corrosion resistance in

sea water , 6.3 mm and 25.4 mm thick CS19 alloy plates were

tested in quiescent sea water as 102 mm x 305 mm (4” x 12”)

panels and in f lowing  sea water (610 mm/sec or 2 ft/see) as

102 mm x 152 mm ( 4 U  x 6 ” )  panels .  Because Alcoa Laborator ies

does not have facilities to perform thcse test’o, the sea

water  tests were pe rformed in the standar d f ac i lities

mainta ined at Wrigh tsv ill e Beach , Nor th Carol ina , by the

International Nickel Company ’ s Franc is L. LaQue Cor rosion

Laboratory.

For both quiescen t and flow ing sea water , tests

ws ’r~ also made for some of the other tempers included in the

initial evaluation program and not just for the 113E19 temper

~‘la tes .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Quiescent Sea Water. Table 12 shows the results

of visual examinations of panels of as—fabricated plate

from both large and small size ingot after 180 days ’

exposure totally immersed in sea water. The panels showed

excellent resistance to corrosion for both thicknesses

of plate with no attack or only minute blisters or pits

observed. The results were similar to those previously

observed for 25.4 mm laboratory—fabricated CS19 plate and

5456—H117 alloy plate in the test and exploratory develop—

ment contract. (1) In this work , no appreciable corrosion

was observed after 406 days ’ exposure for panels of CS19—

type alloy compositions in the original series of materials

evaluated.

Flowing Sea Water. A similar group of panels

(Table 13) was exposed to flowing sea water (610 mm/sec or

2 f t/ see)  for a period of 180 days.  Visual examinat ions

•
1 revealed excellent resistance to corrosion in the as—

fabricated condition with no significant attack of the surface

or edges. The performance of the 25.4 mm thick CS19 plate

was similar to that observed for the laboratory-fabricated

CS19 and 5456—Hll7 alloy plate .

As in the case of the quiescent sea wa ter tests ,

the performance of CS19—H3E19 was at least comparable to

that of 5456-Hl17 plate . 

—- ‘ - ‘ ~~~~ -‘- - - . . --- ‘ -- -—
~~~~--- -



- ,- --,-—,-
~~~

— 3 7 —

TABLE 12

RESISTANCE TO CORROSION OF CSI9 PLATE AFTER 180 DAYS’
EXPOSURE TO ç2UIESCENT SEA WATER

Thickness I’cmj~- r S—~~o. As—Fab r l c J L L - J  l3ft r ~~L~~p : I ~~~l

300 sin x 960 mm x 3050 mm (12” x 38” x I I -” )  L 1 ; ~~t

6 . 3  mm I’11E48 438628 --

( .25u ” ) 82E38 .4 .1672 1 ——
H3E 19 438564 N

2 5 . 4  mm H3E 19 438560 *, *  N

(1 .0” )

4 60 mIt t x 1520 sin x 38( 10 mm ( 1 8 ”  x l x

6 . 3  sin H 1E48 438568 ** ——
H3E 19 438567 N ——

2 5 . 4  mrs 81E48 438566 — -

FI3E 19 438565 * * N

Noten : (1) 102 rum x 305 ntrn (4”  x 12” ) panels were u s t d .
(2) Test made at Francis L. LaQue Corrosion Laboratory , Wriqhtsviile Beach , N.C.
(3) Code for visual examination :

4 = no appreciable attack
* = A very few scattered mild pits on rolled su r f ace s

** = A few scattered sItes of minute blisters and 1 Lts on rolled surfaces
= Many scattered sites of m i n u t e  pitting Cfl rolled surfaces

— —‘- --- -. ‘~~~~ — ‘—--—.-- --.— — -~~ -‘ .--.. .- - ---- - -- ~~~~L~~~~~~~~~ rT
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TABLE 13

RESISTANCE TO CORROSION OF CS19 PLATE AFTER 180 DAYS ’
EXPOSURE TO FLOWING SEA WATER

Thickness Temper S—No. As-Fabricated Af te r 7 Day s at 100°C Annealed

300 mm x 960 mrs x 3050 mm (12 ” x 38” x 120”) Ingot

6 . 3  sin H 1E48 438628 N N —-
( . 2 5 0 ” ) H2E38 448726 N N — —

H3E 19 438564 N N N

2 5 . 4  mm H3E19 438560 N N N
(1.0” )

460 mm x 1520 mm x 3800 mm (18” x 60” x 160”) Ingot

6.3 mm lj ].E48 438568 N N --
H3E19 438567 N N N

25 .4  mm H 1E48 438566 N N ——
H3E19 438565 N N N

Notes : (1) 102 mm x 152 mm (4” x 6”) panels were used .
( 2 )  Flow rate was 610 sin/sec (2 ft/sec).
(3 )  Tests made at Francis  L. LaQue Corrosion Laboratory ,

Wrightsvil le  Beach , N . C .
(4) Code for visual examination :

N = no appreciable attack

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



After Elevated Temperatur€~ Exposure

To simulate the metallurgical changes that will

be produced by long time natural aging during service ,

three thermal treatments were employed: one week at 100°C ,

one week at 80°C , and 30 days at 66°C. The more drastic

treatment of one week at 100°C was used in most instances

as it produces the more extreme degree of precipitation

and its general usage is more commonly recognizeu.

Exfoliation Res istance

The results listed in Table 4 indicated that

heating one week at 100°C did not af fect  the excellent

resistance to exfoliation observed in the as—fabricated

condition.

SCC Resis tance

Long Transverse. The results contained in Table 10

demonstra ted that stressed tensile bars and beam assemblies

of material heated one week at 100°C were nc- t adversely

affected as no evidence of SCC was observed after an

exposure period of 289 or 290 days.

Short Transverse. Table 11 shows that short

transverse C—rings stressed to 75 and 50% of the long

transverse yield strengths also maintained the same hiah

resistance to SCC after heating as in the as—fabricated

condition.



While these results were similar to the laboratory-

fabricated CS19 plate and one lot of CS19—type composition

evaluated in the test and exploratory development contract W ,

a second lot in that program showed SCC similar to that of

5456—11 117. Because of the limited number of comparative

lots of both alloys tested to date, it can only be concluded

that CS19 is showing some susceptibility to SCC but is not

highly susceptible and therefore , it is not less resistant

to SCC than 5456—H1l7 alloy plate .

Fracture Mechanics—Type Specimens. Extensive

crack growth was observed for the double cantilever beam

CS19 specimens after being heated one week at 100°C and

one week at 80°C as graphically presented in Figures 2,

3, 7 and 8. The grain boundaries were almost continuously

outlined with precipitate (Figure 9 at lOOX and 10 at 500X)

which resulted in intergranular SCC and a more rapid crack

growth rate. This condition was also observed with heated

5456— 11117 plate .

Resistance to General Corrosion in Sea Water

Quiescent Sea Water. Panels of the 25.4 mm plate

(Table 12) showed excellent resistance to corrosion in sea

water in both the as-fabricated and 1~~~ted conditions. In

the case of the thinner 6.3 mm plate , the H1E48 temper

heated one week at 100°C showed randomly scattered small

blisters on both top and bottom surfaces for both size inqots. 

_ - ,~~~~~~~-- —.~~~~- ....- - _ _ _ _ _
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This was not evident, however, in the as—fabricated condition

nor with the thick plate . It should be noted that this

material heated one week at 100°C when exposed to the

accelerated exfoliation test (ASSET) showed no appreciable

exfoliation attack (Table 4).

Flowing Sea Water. Heating one week at 100°C did

not affect the excellent resistance to corrosion observed

in the as—fabricated condition (Table 13).

CS19-O Plate

Resistance to General Corrosion in Sea Water

The results of visual examinations of panels of

annealed plate exposed to quiescent and flowing sea water

for 180 days (Tables 12 and 13) indicated excellent resistance

to corrosion for both thicknesses of plate .

—-—--

~ 
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CS19-H3E 19 PLATE WELDMENTS

Weld properties initially were determined on ten

items of plate in various tempers produced from two sizes of

production size ingots (Tables 5 and 6). These were GMA

(MIG) welded using CS19—type filler electrode . Welding

parameters , unless otherwise noted , were standard butt

welds using a 60°V , 180—220 amps , 26—28 volts and shielding

gas of 40% helium—60% argon at 1.7 m 3/hr (60 CFH).

An interpass cooling temperature of 120°C was

employed initially in all tests to produce a desirable

structure for minimizing susceptibility to SCC as had

previously been demonstrated for 25.4 mm (1.0”) CS19 plate. (U

Unsatisfactory SCC results on 6.3 mm (.250”) plate led to a

later investigation of other interpass cooling temperature

and/or heating of 6.3 mm plate prior to welding in attempts

to improve the weld/parent interface microstructure and SCC

resistance.

The supply of CS19-type electrode was exhausted

by the time the later investigations were started.

Commercial 5556 electrode was used since the SCC failures

were associated with the heat—affected zone in the parent

plate as discussed subsequently. Previous work in the earlier

contract had indicated strengths of weldments were equivalent

for the two electrode alloys and this was also indicated in

limited comparisons in the current work.
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Tensile Properties

As-Welded Condition

The results of tensile tests of reduced section

CS19-H3El9 weld specimens (Fig. III in Appendix) produced

with 5556 and CS19 electrode are presented in Table 14

along with full section weldment test results from Tables 5

and 6. Reduced section test results for plate fabricated

from the two sizes of ingot were somewhat inconsistent

because of porosity but indicated about equivalent contri-

butions to the strength of the weldment for the two electrodes.

After Elevated Temperature Exposure

Results of tensile testing of full section specimens

after heating for 7—30 days at 66°C , 80°C , or 100°C are

listed in Table 15. The weld strengths show slight decreases

after heating in this temperature range. Although such

thermal treatments induce precipitation of the Al 3Mg2 phase ,

they do not have a large effect on strengths , although such

precipitation can have adverse effects on SCC performance ,

particularly in recrystallized material .

The initial strengths of the 25.4 mm CS19—H3E19

plate weidments were slightly lower than reported in Table 5

for this product and the subsequent loss in yield strength

upon elevated temperature storage brought yield strength

values close to or slightly below the target 30 ksi minimum

values. 
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TAB LE .4

RE000F D : 1E0t ‘. n I .  t I E  STiL l 10- -I. 0 9 1 9 - 8 3 5 1 -7 Wi0 .DMENT ~ PRODUCED

~~~ 5]~3~~f5j ~3; 510 ~~ 5( E LE . Tft - NE

~ 11 S e - t ; o t t  .-jy ~~~ m . t ~~ ( 5 . I r ~~~~~
0- 6 ~~- - - -

-r t~~~~~lt.- -~~~. Y i e l d S t r .  50. 6 m m  . - ,4 nsn T.. r - . t 1 e ~~~~; .  ‘ ;r.~~~
Thi ckoess S—No.  Ingot Size Ele ct rode  3. ; 1 

~~~ ~ ao! _
~~~L_ .JA~!2! 663 -:~~i

6 . 3  mm 4 3 S l ~.4 0 - 0  mm x 960 mm cS19 349 ( 5 Q ~~5) 265 ( 3 8 . 5 )  t . 8  3. 7 308 ( 4 4 . 7 ;
( . 2 50 ” )  12” x 38” ) 307 44 . , )  ow

336 4~~. 5)  -~w
Avg . 317

5556 —— - —  - -  - -  - -  — —  294 - - 2 . 7)  ow
2 3 3  3 3 $ ) 3

321 - ; ; .i> 17

712 -

3(8507 4~ C- sex 1520 mm C519 376 (54.6) .161 (13 .1) 11 .3 6.5 223 (32 .3 ( ~~ 16

(18” x 60”)  232 (33 •7)3 ow
271 (39 .3 )  ri

~~ 221 ~~~~•~~)

5556 — —  — —  . —  — -  - —  — —  26. (3 8 6) EW
315 (44.3)
309 (44.6) ow

Se-i . 274 (42 .t.,

O i l  mm 4 3 - 9 ( 60 300 mm x 960 mm 0 - S I t  156 ( 5 1. 6 )  219 3 1 . 7 )  11.2 6 .4 305 ( 4 4 . 2 )  ;:~~ Tw
(1.1”) 336 (48.7) Ew -ors

338 49 . 0 )
Set . 3.13. (4 . ,)

5556 - -  — —  — —  — —  — —  - —  336 3 4 . 7) EW~~’I’W

330 (4 7 . 9)  LW

A~•g. 771
438565 ItO mm x 1520 met 0917 5; (51. 4) 219 (31. 7(  13.2 7. .( 283 V t J )

319 43 .3 )  3 W
32 3  4~~.9) LW

-~~~~~~ 12i~
555 6 — —  — —  — —  — —  — —  — —  33 3 46 .3) ,4.TW

333 .0- 3) ow
i3~ - ) 4 6 . ( )  TW

0-

( 1 )  A~’, ,-;-;, .- I 1 3 , . .  ‘ .- - - —- . oe~. T al, les 5 , J  1..
( 2 )  TW is t0 , - .-~ i (  c, . t ,  e i ~~~t . .- of weld;  EW is 

~1~ 
-f weld.

( 3 )  ~~~~~ ths reg a r ded in because if ~x-~~—- stv , ). -roiity ; r - e e t ’ . 

-~~~~~~-~~~~~~~~~ - -, - —~~~~
—
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Fracture Toughness

In a manner similar to fracture toughness testing

of the parent plate , CS19-H3E19 plate weldments were

tested across the weld using specimens with the notch

located in the weld bead. For 6.3 mm plate, double-notched

sheet specimens (Fig. IV in Appendix) were employed while

notched , round specirr~ ns were used for 25.4 mm plate .

Prior fracture toughness tests of 25.4 mm plate

weidments in the test and development contrac .. indicated

CS19—H1E48 and 5456—H1l7 MIG weidments with Al—7~-4 O.lTi

electrode alloy had similar fracture toUcthness characteristics.~~~

Curren t  no tch—tens i l e  test results  l is ted in Table  16 fo r

25.4 mm CS19—H3E19 plate MIG welded with CS19—type electr , -ie

show notch—tensile strength/yield strenq~ h (~~T S/ Y S )  va lues  of

about 1.7 compared to 1.8 for the H 1 L4 8  plate weldments

in the ear~ ier work . There is some implied advantage  to

weld toughness with the use of CS19 electrode .

The fracture toughness of the 6.3 mm plate weidments

as measured by notch-tansile/yield strength ratios is con-

siderably lower than that of 25.4 mm plate and is probably

a reflection of the poor weld quality experienced with the

6.3 mm plate weldments as well as of the higher strength and

lowe r d u c t i l i t y  of the thinner parent plate .

_________________ 
-

~~~~~~~~~~~~~~~~~~~~~
_

~~~~~~
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NOTCH—TE1lI;11.E rE ,or R E SU L r S  FOR O S l O - I l  6 ± 7  PIJtTL ~E1± I-1LNTS

I cS-I’. :. - 1. - - ~r . Yield Str. 2

Thickness pt Size S—N’... E ’ 1 ± - : t r c d o- M1’ I ( R s i )  liP s ( k s i )  NT3 ’~ 3

6 . 4  mm 300 mm x ‘3*33 mm .)3~~3r- 4 ;:4) 1-, 241± ( 3 7 . 8 )  1±37 ( 3 6 .7) .98
( . 2 5 0 ” )  ( 1 2 ’  x 3 8 )  2 ’-° ( 3 7 . 5 )  266 ( 3 0 . 43) .97

23 1 ( 3 7 . , ’ ; .14~ 4 ( 3 o .3 ) . 7 - ’

Z,~1’:) ~~l 2t ’ S ( 3 8 . 5 >  . 111

5 5136 .23 9 ( 3 4 .6 )
239 (3 4 .6 )
.3 4 7  ( 3 3 .8 )

~~
4o0 mm x 1520 mm 338 ’ - ’ . ?  C SI 9  257 ( 3 7 . 3 )  260 (37 . 7)

(18” x ( ‘ ‘7)  255 (37 .0) ‘63 ( 3 - 3 . 1 )  .97
256 ) 3 7 1 ±~ 3 o’5 ( 3 ” .  4)  .97

~~s’ ~~L±~ ~~~~~~~~~~~~~~~

5556 . ‘L ’  ( 3 5 . 8 )
.132 ( 3 3 . 6 )
24 13 ( 3 6 .0 )

AV-: . .I 4.. ( 3 5 . 1 )

2 5 . 4  m~ 300 mm x 960 m m  4 3 - 5 4 3 3519  361 ( 5 2 . 1)  220 ( 3 1 . 8) 1. *’.-.
( 1 .0 ” )  362 ( 5 2 . 5)  :io ( 3 1 . 7 )  1. Oe

1 345 (51 . 1 )  2 1i~ ( 3 3 . 6) 1.5 - 5
5 . 3 .  3 . 3  (131 . 4 ’ )  :i- ’ ( ‘ 1 . 7 )  1.66

555 6 3~ 1 ( 5 2 . 3 )
4544 1, 1 . 9 )
358 ( 3 1 . 9 )
3~~ ’. ( 5 2 .  - )

4 2-911 X I 5 2 . ’ J  mm ( ‘ - ‘ 40, J o S  ( 5 2 . 1/ 2 21 3  ( 3 1 . 7)  ~~~~
3~1± L’o . - 7) 2 1-5 ( 3 1 . - ) 1. T 5
3 2 - )  1 ~. 3 )  320 ( 3 1  . 9 1. 72-

~2~S ~~~ ~~~ ~~~~~~ 
1.75’

555f ~ 7 4 4 ~ ‘.41 1 3)
353 o l . 2 )
‘40 v.’0 . o )

Avu~~ ( 4 4  (.‘~I .4)
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Weld Ductility

Weld ductility as measured by free—ber i specimens

(Fig. V and VI in the Appendix) are presen ted in ‘able 17.

Guided face , guided root , or f ree  bend specimens are an

added measure of determining weld soundness by determining

their  abil i t~’ to bend s a t i s f ac to r i ly  over a bend

radius without frac ture or developing cracks or other

open defects  dur ing bending wi thou t  such defec ts

exceeding a specified s ize af ter bending. The res ults

show that 25.4 mm CS19-113El9 plate weldments are quite

ductile , are identical for bach 5556 and CS19 electrodes ,

and are similar to those of 5456-11117 commercial plate

weldments.

For 6.3 mm CS19-H3E19 pl ate weldments , weld

ductility results were somewhat erratic which is attribute i

to the inconsistency in weld quality. Where 1800 bends

were obta ined , the weld ductility was comparable to that of

weldments of 1.0” Csl9—113E19 plate and to 5456—H1l7 commercial

plate weldments.

Corrosion Resistance of CSl9 Weldments

The weldmen ts of CS19—H3E19 plate were subjected to

the same types of corrosion evaluation as the parent plate ,

i.e., exfoliation and stress—corrosion susceptibility in

acce lera ted  tests and general  cor rosion in qu iescen t and f low ing

sea water. Evaluations were made of the as—welded plate and

after exposure to elevated t*’niperatures.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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SSLE 17

GUIDE D BENt) TESTS OF CSI9—83E19 PLATE WELL’.ME0 U

sided k,,~~t b.II;1l Guided ( ‘. 4 . 7  0 ’:, .)
5 4 1  1’~’ , A,.’~ 1.

Thickness In9ot Size S-No . El6ctrode 6.~ 1 u,’ De,9j~~~ 5, -r i ’.  i k s  Radiu s L ’i-- 3r4~. .

6.3 mis 300 mm x 960 mm 438564 0519 40 180 315 45 15. ,

(.250”) (12” x 38”) 40 180 5441 4T 180 546
40 180 ‘OK 4T 180 015

5556 -IT 180 015 4T 1 ,1-
-4 :- 180 uK 4T 180 4 - 6 > 5
4 1  95 I 15’.’ -6. 100 I -Sw

460 mis x 1520 mis 4 3 6 5 . - : ?  c519 4” 180 5443 45 HO
(10” x 61” ) 4 7  1 -‘3 546 -1 1530 43

4 1  ‘35 ( --i-.i~ 4T ; -  .34:

5556 IS 123 143 U £ *,, OK
2: 4T 180 4 4T I I I  - ,

4T 1. 1 ; ( — ( -‘E 17  1 - 1

25.4 mm 300 mis x 060 mm 4365€ _ i 021 -’ ‘~~1 , .0 180 OK ~- I .IT 1-’ . 43
(1.0” ) 3—1/2.T 190 OK 3—1±20 180 4

5554 3—1/2T 180 (‘K 3—1/2T 150’
3—1 , 2-:- 1 (5. .5415 3—! ,-’2 1’ i n
3— 1/.’ I’ is.:’ ‘7K i—i / 20 1 sO 41

mmi x 1520 mm 43,i 5~.I CSI) 3 — 1 , 20 10,. 5415 3— 1 2 1  1s
3— 1. ’2T 1 413) .341 3— 1. 2T 1 8’.) 31<
3—1/ 2T 1 0’7 .24’ 3— 1/2T 180 - 4 -

5556 3—1/2T I 6 3—l/2T 18-3
3— 1 ‘20 180 ‘1< 1— li.IT 114-7 OK
3— 1/2T 1130 - ,K 3-1 ,‘2T 180 .241

11,- ’U-s, ( 1)  3410 i1~~ W(-, .54 ’d , 12U °I_ L 1 , t ( ’ I ’} I , . ’. .~~~~1

(2) EW — Edge -‘f w,’ld fai l,’.r,— ’; .
(3) SW — Through t h e  weld fiL l s r - .1 . 

- - -  - -
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As-Welded Condition

E x f o l i a tion Resistance

Butt—welded strip specimens , 38 mm x 203 mm

(1—1/2” x 8”) from two lots each of 6.3 mm and 25.4 mm thick

CS19-H3E19 plate welded with CS19 filler wire were exposed

to ASSET to determine their resistance to exfoliation.

The results presented in Table 18 for as—welded and heated

specimens showed no evidence of exfoliation for the as—

welded specimens.

SCC Resistance

For stress—corrosion testing, full thickness beam

specimens 2 5 . 4  mm wide x 508 mm long (1” x 20” )  with mach ined

edges and weld beads intact were stressed to 75% of the weld—

ment yield strength and exposed to the 3—1/2% NaCl alternate

immersion tes t. A stressed beam asse mbly and the stressing

formula are shown in Figure VII of the Appendix. In the loadino

procedure it was assumed that the beams had a uniform

th ickness  and we re s t raight, thus neglec t ing  any e f f e ct of

bow in the join t or of stress concen trations in the f i l l e t s

at the ed ges of the weld beads.

Beam assemblies of plant—fabricated 6.3 mm and

25.4 mm thick CS19-U3El9 plate showed no evidence of SCC

in the as-welded condition after an exposure of 188 days

(Table 19) which is ag.siin indicative of the good resistance

to SCC reported for the 25.4 mm thick laboratory-fabricated 

_ - - “ . _- -~~~~-_
~~~~~~~~-‘- ~~~-~~~~~~~~~~~~~ . - -~~~~~~~~~~~~~~~ 
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TAB LE 18

I *S€I STANCE TO 60 6 1 5 2 ’ i -or .15 19 >55’I.:,h’hk’ti’c,

NFT ER Eti ~~~ :i’ E- ’:- 5 .2E T Th~~i

61 1 171 —2 - — 4

SSLU’ 2- ~~~~~ - 6~70±0(±_1± O c ” ’ . - ± 2 2  ‘ ‘ ‘ - - 
‘ 

- 3 5 4 , . ’ ’

?75L~ ± ’61±1±~~~~~ L.31 - - 0 - - 
‘

- 
- ‘

s. ~~~ ( .20 ’) ” ’ ( I 461~ 4 0 ,  ‘ -I , r 19  34 ‘2 N hi

~5 4  sm l , -1, “ I -(3 41 1 9 1 : ’ . ’ ’ CS’.) N 5 1.

- rn  ,, 1 - - ‘.rn 41 - 2 , ‘ . . .  411 4 ” 4, - “ I “ 1 1, ’ . ’~. 1

6.3 —i— 8 4 ) 1” 4” - .‘ - 01 13 ‘2 5 — 8  ‘2

25, -i isis 313E19 43’,’, .’ C’S1’( N ‘2 N

h u t , , ( 1 )  24 1,2 ,4 , ,  ‘ 2 4 4 ’ .  1~~~~~ , r ’ , 1 , :  4 7  ‘ . -~~~ l ( , .‘i .  lN tH ,, I. v. 25 N

il-h ,4: ’rnc;,i um ‘ , i ’ , , ’ - ,’ ,, .d 3 j / I ‘.3 4 1 7 . 4 9 1 7 t h ’. 4” . 4 1  -

N is no ( i l . ’ - ‘ ‘ . ‘ . ‘ . I .’ attauk ; 41 is - x t u i , , . t ,  -s  attack w i t , ,  . 4 - , , - ’. -

of - - ‘ u , ’ ’ , “ r 4, to 1.

- —.— -—— .~~~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~
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TAB LE I N

RESI STANCE TO STRES S—C’ l ) ’ ’; 1. , 1’J~~’.I 9 ’ ;  5 C,,19 ’ SL L :- M (-” :r - L5,i lsSL, ,4s5
STRESS ED BEAM ASSEM ? ’, 1 6  1’ 4 - 1  0’ 20, 1 - ‘254 ’I T J , ) N i( ’ 1711 (*115041 I MI-IE RSI54N

1” ~r Asseet ’. l ;o ,  - ~~‘ , ‘ - -~~~ ~~“ , ,4,, - L’s’,,’, 4.)..
Fi l ler  ~~~~,. —

T,,icsness oj~~r S—N o. h i , ’ .  - - 6 ” . - 
- ~~~ 0 ’  - ‘ ‘ ‘ - , s - ~- 

~~~ ~o,±sil )±JI

300 mm 41 ‘ ‘ ‘i 3(52 41’ - 
- 4 “ ‘ - 

- -  
- . -

~~~3~~~1 ( . 2  “ 3  14341 19 4 3 - 3 5 - 4  C SI 9  ‘ .1 “ - 1” ’ . 2 / 2  -, , -, 5 4 , 2  -6-1 ’,) .  . ,  4 , 5

2 3 .4 sun ( 1 . C 0- ’U ( ( 3 5 1 0  4 ” ,’ - - 1SI” ”/ 2  44’ - , bN 202 ‘741-114 ,- U ’S 4 1 - 1 1 4 ( 4  0/2  0 4 1 — 1 ’ ”

4:3,, mis

(13 mis H3 E19  4 3 1 4 5 4 3 7  CS19 0/2 041—1 ( 4 ”  2,2 7,7 ‘2/? ~~~~~~~~ 1 .1 5 ,

2 5 . 4  rnn 34 3 41 19 430,6 0(4 19 0 / 2  0 6 - 1 4 1 1 4  5, 2 OK- J NN ‘2 ,’? 43 -1 ’, -  1 ,- . - -

Note :  ( 1) 1 / N  dc-s,,:r,,t, - u’S ‘, , - f  ‘,(e,irner,c f , , ; i 7 4  (‘.4 1 4 1 4 ’  n umber s , , ’,- 1145’ ns 1, - -

- -~~~~~~~~~~~~~ ‘ - ‘-~~~~~~~~~ - - ‘~~~~~~
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CS19 plate in the test and exploratory contract. (1) In

the latter, no SCC failures in the as-welded beam assemblies

of CS19—H1E48 plate occurred in exposures up to 365 days.

Resistance to General Corrosion in Sea Water

Quiescent Sea Water. Table 20 lists results of

examinations of weldments of CS 19-H3E 19 a l loy a f t e r 180

days ’ immersion in quiescent sea water. The panels showed

excellent resistance to corrosion with no indication of

any special attack of the weld zone or in the edges of the

plate. The performance was similar to that observed for

laboratory—fabricated 5456 and CS19 plate in the test and

exploratory contract work .

Flowing Sea Water. A simi 1 ar group of panels

(Table 21) was exposed to flowing sea wate r fur a period

of six months. Visual examinations revealed excellent

resistance to corrosion . As in the case of the quiescent

sea water tests , the performance of plant—fabricated C319—H3E19

plate was comparable to that of laboratory-fabricated 5456

and CS19 plate in the ea r l ier work .

After Elevated Temperature Exposure

As in the case of parent pla te , butt-welded strip

specimens were heated at the various times and temperatures—-

one week/lOO°C, one week/80°C , and 30 days/66°C--to simulate

the various metallurgical changes that mig ht be expected to

occur in service .

_ _  _ _  _ _ _ _ _ _ _ _ _ _
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TABLE 20

RESISTANCE TO CORROSION OF CS19-H3E19 WELD(~Th NTS
1 AFTER 180 DAYS’

EXPOSURE TO QUIESCENT SEA WATER

—1 — 2 —3 — 4

ThiCkness S-No. As-Welded 7 Days/100°C 7 p~y~/80°C U D S y 1 ’ / n 4:° 3

300 mm x 960 mrs x 3050 1001 ( 1 2 ”  x 38” x 120”) In~p~

6 .3  mm (.250”) 438564 N * N N

25.4 mm (1.0”) 438560 N N N ‘1

460 mm x 1520 mm x 3800 mm (18” x 60” x 150” ) I~’,~~~t

6.3 sin 438567 N * N

25.4 rum 438565 N N N

Notes: (1) Flow rate was 610 sin/sec (2 ft/sec)
CS19 al loy f i l l e r  wi re

( 2 )  C,”le fo r visua l examina t ion :
N N,: .1) h - r ec : , i b lo  j t ,t~ ek

* = A few s~ ‘.t t € 0 6 : ’ 3 s it eS  O f SU T ,Ut o  2 1  i . ,  t’.rs

and ) 1 6 S  on rolled surfa e7’.

L~.. - 
, . .~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 21

RESISTANCE TO CORROSION OF C519-H3E 19 WE LDMENTS 1 AFTER 180 DAYS’
EXP OSURE TO FLOWING SEA WATER

—l — 2  —3 —4
Thickness S-No. As-Welded 7 Days/ 100°C 7 Days/ 80°C 30 Days/66°C

300 ruin x 960 rum x 3050 nun (12 ” x 38’ x 12 - ~”) Ingot

6.3 nun (.250”) 438564 N 1 N N

2 5 . 4  mm (1.0” ) 438560 N N N N

460 sin x 1520 rum x 3800 nun (18” x 60” x 152”) In-30t

6.3  mm 438567 N N N N

75 .4 rim 438565 N N N N

Not eS: (1) F l i w  rate was 610 nun/sec (2  f t / coo )

CS19 alloy filler wire

(2) Code for visual examinatl.’bI :
N = No appreciable attack

_ _  _ _  _  _  _ _ _ _ _  _
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Exfoliation Resistance

The results listed in Table 18 showed exfoliation

of only one specimen. This was the 6.3 mm CS19-H3E19 welded

plate specimen from the 460 mm x 1520 mm (18” x 60”) ingot

heated one week/l00°C (-2 of Fig. 11) which exfoliated at

the heat—affected zone in a narrow band approximately 6 . 3  mm

(0.250”) in width. Although the 6.3 mm thick CS19-H3E19

weldment from the 300 mm x 960 mm (12” x 38”) ingot did

not show any significant attack, there is no reason to

believe the difference in performance is related to ingot

thickness. This form of exfoliation at the heat—affected

zone has been occasionally observed with thin 5456-H1l7

butt welds so that the performance of 6.3 mm thick CS19

alloy weidments is not comp letely unexpected.

SCC Resistance

Improved welding procedures were developed with the

laboratory—fabricated CS19 plate for the test and exploratory

development contract to overcome susceptibility to SCC
( 1)

initially encountered in the 25.4 mm thick plate . As

indicated in Table 19, plant—fabricated plate of the same

thickness welded by the same procedures showed no SCC

failures after a significant exposure period of 188 days

in the 3—1/2% NaC1 alternate immersion test when subjected

to all three thermal treatments.
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These welding ~.‘.r ccedures, h_ Iwtover , were not

effective with the 6.3 mm thick plate as SCC failures

occurred in relatively short periods of time , four to nine

days , for weidment specimens heated one week at 100°C and

30 days at 66°C. No f a i lu res, howeve r , were observed with

specimens heated for one week at 8 0 ° C .

Several of the failures were examined metallograph—

ically to determine the cause of failure . Figures 12 through

15 are photomicrographs of the 6.3 mm thick CS19—H3E19

weld spec imen , S—4 38564—7 , heated one week at 100°C , which

failed after four days ’ exposure to the 3-1/2% NaC1 solution

by alternate immersion and is representativc- of the failures

that occurred. Figure 12 shows the crack initiating at

the toe of the weld and proceeding through the bc-at-affected

zone in close proximity to the weld interface . Figure 13

is an enlargemen t (500X) of the initta t~~u:’. of t he  crack at

the toe of the weld (Figure 12 ) ,  and Figure 14 is an enlarqc-

men t of the tip of the crack beyo nd tha t  S1i-7 Wfl i n F igure  12.

Both figuros indicate that t.hc’ structure in the heat-

affected zone is recrystallized and that the grain boundaries

are continu ously outlined wi th j rcci p2t.ate, thus provi 1~~ng

the intergranular path for the 5CC failures. These structures

can be Compared with the microstructures s1~uwn in Figure 15

which is parent plate away from the heat—affected zone.

The grain structure is more elongated for the parent niate

and shows less continuity of precipitate.
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A study was ini tiated to improve the structure in

the heat-affected zone employing various welding procedures ,

but no improvement was observed in metallographic studies of

these weldments so SCC tests were not made .

Procedures emp loyed in these attempts to improve

the stress-corrosion cracking susceptibility were designed

to ch ange the precipitation pa ttern from one of h ighly

selec tive prec ipitation on grain boundaries to a more general

type  and thus  to reduce the readily available paths on

w h i c h  SCC m i q h t  p ro cr e ss .

Changes  in welch ng p arar . .’: te rs ~-~e r:  d e s ig n e d  to

S l o W  dow n the coo l ing  cmtc from the weld ing passes in order

to pe rmi t  -jre .~ter :amc un t of pr eci p i t ~~t ion  to occur

th c m u .~;ho u t t fl~~ ar:a; n m a t r : L x .  The changed s-~~~di ng par -cme te r s

were the absence of cooling back—up plates , t h e  p l a ce m e n t

of h e a t — s i n k s  in the form of th ick  steel p lates ~n areas

ad jacen t  to the weld bead d u r i n g  w el di n q , and welds  made w i th

one pass (r a t h e r  than  t h r e e)  to increase the he~~t of we ld ing .

None of the above procedures decreased the cooling rate

s u f f i c i e n t l y  to improve the p r e c i p i t a t i o n  pa t te re f rom that

obtained by the normr -ial welding procedures.

The second program aimed at o b t a in i n g  a more

satisfactory microstr icture in weldments of 6.3 mm plate

involved both I-13E19 and H2E38 temper plate given precipitation

treatments of four hours at 232°C or one hour at 316°C to
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obtain a dense A1~~Mg precipitate stiucture throughout the

grains at the expense of slight decreases in strength.

The weidments  were also made with and without controlled

interpass cooling at 120°C . The results of the SCC tests

were not favorable (Table 22). Failures occurred in a

re la t ive ly  short period of time of four  to e igh teen  days

for all of the assemblies hea t ed  one week  at  100°C.

Table 23 contains the tensile test results for the thermally-

treated plate i l l u s t r a t i n g  the loss in strength with these

t rea tments .

Resistance to General Corrosion in Sea Pate r

Quiescent  Sea Wate r .  The m a j o r i t y  of the heate d

weldments  (Table 20 )  showed no appreciable a t t ack  a f t e r  s ix

months ’ exposure  to qu iescent  sea wa te r .  Two of the

weidments  in the H3E 19 temper  of the 6.3 mm t h i c k  plate

developed a few s c a t t e red  s i te s  of mina t .c :  b l i s ter s  and

p i t s  on the rolled s u m . f a c e s .  O v e r a l l , the hea ted  weidm ents  —

showed excellent resistance to corrosion ifl sea water .

F1.owin ~j_ Sea W a ter .  AL l of the h e a t  c-i weldm ents

( F u h i e  21) showed no a~—nr e c i ab 1e  a t t ack  a ft ,c r  s i x  months ’

exposure to the flowing sea w .m t cr.
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TAS L1 22

RESISTANCE TO SCC OF 6 .3  mm ( 0 .2 5 : ’ )  CS19 ;4cL0 LN1:  }W A TED 7 DAYS AT 100°C AN IJ
EXPOSED AS STRESSED BEAM ASSEMBLIES TO 3-1/~~~ IOCI ST ~LUT t ON BY ~LTE BN ATE IM~~~RS1~~

Beam Asse~~1ies -

~~t r 4 - -~~~~ 75% c f  ‘4’ .~~~ .

T~~ j~~r 
~~~~~~~~~~~~~~~~~~~ 

T r c o t n : T : :~~ .r : t .~. r’~ r~ . i~~~~~~~~~ t~~~~~~~:;i

4 4 - 3 7 2 ’~— 2  :121-0 ’ 300 c~c ( 5 : - ” )  4 h r / 2 3 2 ” C  - -  /2  6 , ’
- 4 — 3  - : 0 1  300 mm ( 1 2 ” )  4 t r/ 2~~~ °C — -  / L  5, 6

4 3 - 5 ( 7 — l iflE 1~ ’ 4C~ rn - “)  4 :r / I l I °C  — —  2/2 4 , 5 1
82E3 8 3-2 0 mm I hr /3 16°C — —  2/2 4 , 4

-; 04— 83L 19 300 mm - :~r /3 16°C —— 2 / 2  6 , 6
4385: 7—4 I13EI~ 4 :3  mm I hr ,O31 ’~°~ —— 2-2 5 , 6

4-0 - 7 2 6 — B  10033 300 mr’ 4 h r / 2 3 2 ~~C 1 _ . ‘C 2 ,0 6 , 11
4 3 , 06 4—C 3 ]1,1’-~ 300 am. 4 :r,032°C 12 0” C 2/2 4 , ’
438567—A U3E1 -)  410 mm 4 i c O  0’S’ L~~~~ - T  2/ 2  : , 13

( ( I E 3 I 4 35H - mr /r ] 16°C 120° C 2,- I 4 , 5
4 3:’:O 4 -  ((35 1) 300 nun I ir/3 11-°C I 2 0°C 2 /2  17 , 18
4 38567- 0 H3E 19 4 : . mm !~rj 3 l ~cC 120° C 2 2  13, 2.~

() 5~~~h :il 1.)Y f 1’~~ / 1 1 4 .  ‘~~~fl~ 1C~~ 4 t -  .01 ~~ -0 -
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SUMMARY

The primary objective of  this ‘:o! tr .icL was to

determine the f eas i bi l ity of r o l l i n g  produc t ion  s i ze  CS19

ingots on p lant  product ion  ro l l i ng  m i l l s .  S u c c e s s f u l

rol l ing of CS19 pla te  at Davenport  Works w i t h o u t  undue

d i f f i c u l t y  ind ica ted  t h a t  th is  al loy can be ro l hoi

commercially.

I t  was f u r t h er i nd i ca t ed  tha t  CSI9 ; la t e  i roduced

by s imi la r  pract ices on labora tory  equipment or on p roduc t ion

mi l l s  had s imi la r  p ropnr ies despi te  d i f f e r e n c e s  in the

starting size of the ingots used.

Based on the i n i t i a l  s c r e e nin g  e v a l u a t i o n  which

indicated the H 1E48 and H3E 19 tempers had the same s t r e n g t h

and corrosion cha rac t e r i s t i c s, i t  was decided to concen t ra t e

the comp lete t 4 . 7 s t i i-iq p r ou ra mn  on the ’  113519 temper  wh ich  was

the more advantageous  temper  f r o m  a product ion  s t and p on i t .

The r e s u lt s  of the  more ex tens ive  t e s ts , howe ver , i nd ica ted

some d i s a d v a n t a g e s  t~ t. h i  s temo32 r compared to l h J f 4 B  t e mp e r ;

these were , f i r s t , a so’2,11 loss in y i e l d  s tr c : .- .chl  of H3E 19

p late and p o s s i b ly  weidments  a ft e r  e x U e f l (e’u exp o s u r e ’  to

ele’:at:d L1 .’m ~~~r at u re s  and , secona 5’~.’ , .i  s l i g h t  ly low er as—

welded y i e ld  s t r e t q t : h in 2 5 . 4  mm (1 .0”) p l a to  5-217 t d n i en t s  by

about 7—1 5 ~1’ :i (1—2 ksi) . I t sin . u l u  so 00 Leo t n ot  t hose

observations are based on limited data but can be reL~tcd to

differen -es in the fabricatino procedures 011 - i v4 ’d , : 3  those

- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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tempers. The 25.4 mm E1 3El’~ plate ohtu~ ned a higher

proportion of its stCerI — )th f r om cold w o r k i n g  by a 4 3 ~

stretch so a g r e a t e r  loss in  s t r e n g t h  could be a nt i c i p a t ed

by recovery in subsequent low tem perature thermal

treatments or from the heat of welding. ~~o d i f f e r e n c es  in

corrosion c h a r a c t e r i s t i c s  we re seen between H3E 19 and H 1E48

p la te  or we ldment s .

The production-rolled 2 5 . 4  mm p late demonst ra ted

the same good corrosion characteristics of the 23.4 mm

l a b o rat o r y — r o l l e d  CS 19-H 1E48 p late and weidments  in  the

previous test and exploratory ue -.’elopment program .

Res i s t ance  to SCC f o r  ~ . 3  mm ( . 2 5 0 ”)  p l a t e

we ldments was good in the  a s -w e ide e  cond i t ion , but  exposure

to elevated tumperatures simu Lltird t~o’ effc’cts of long

time service made the weidmerits suscept ole in accelerated 
3

SCC tests.  In the previous  t . - st  and exp l : :r a tory  development

contract , weidments of  6 . 3  mm l ab o r a tory -r o l 1 ei  o~~ ate were

not eva lua ted  so tha t  t h i s  s i tu a t i o n  h ad  not been encounte red

p r e v i o u s l y .

The g r ea t e r  s u sc e o t sb i l i  t o  14f C of we ldmen t s  of

the t h i n n e r  p l a t e  was  attributed to it s  I r s ’ at - .. I l eve l of

s t r a i n  which  was  m a n i f e s t e d  in  s t i e n~~th a nd  t ou : ;hn e ss

eva lua t ions  a lso .  The h eat  of w - l d i n l .3 as a conse.o.lence

produced a band or  f i n s  ‘ -er’,’st s i l i z e d  g r a i n s  a d j ac e n t  to

the fusion line , and these provided a path for SCC after

~ItII._ — — -‘- --— — -~~~~~~ - 
______
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precipitation of A1 3Mg2 at grain boundaries during the

elevated temperature treatments. Attempts to overcome

this susceptibility were limited by the expiration of

the time and funds f o r  the con t rac t  and were not

successful.

_____________ —_— .-— — -- — -.--.--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _. ‘ ~=—~~~-‘-‘-—~~~~ —-- - —~ - - — - -  - —- 4’ ~‘ ‘
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CONCLUSIONS

The majo r  conclusio’n tr be drawn from work done

for this contract was that the rolling of CS19 plate on

production rolling mills from prode ction-~s ize  ingots  is

feasible. No effect of ingot “ize on the properties or

characteristics of the plate products was observed.

The conclus ions  of the previous test and

exploratory contract were to the effec t that CS19 plate

met its requirements, i.e. , a work—hardenable aluminum

alloy plate material which has an as-welded minimum

tensile yield strength of 207 MPa (30 ksi) and corrosion

and fracture toughness properties equivalent to or better

than those of the present 5456—H116 or 11117 alloys ,

except for mechanically—precracked specimens in the  as—

fabricated cond ition where CS19 showed more rapid SCC growth.

Current work with production- rolled plate generally

supports those conclusions except for one problem area

which is the susceptibility to SCC of weidments of thin

6.3 mm CS19—H3E19 plate after exposure for extended per iods

to elevated temperatures to simulate the effects of long

service times.

Fur ther  developmen t work is needed in the

following areas for the advancement of CS19 plate as a ship

structure material: (1) development of fabricating and/or

weldi ng prac tices to ove rcome t h e  s usc e p ti b i l i t y  to SCC of

]
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thin 6.3 mm (.250”) CS19 plate weidments after extended

exposure to elevated temperatures; and (2) development

of production mill fabricating practices over the

complete range of thicknesses and widths for ship structure

applications to produce transverse hot-rolled yield

strengths of at least 228 MPa (33 ksi) with a minimum

of stretching . This will assure meeting the 207 MPa

minimum as—welded y ield strength both ini tia l ly  and

after extended exposure to elevated temperatures

simulating the effects of long time service . Complete

characterization of al l structural and corrosion properties

to provide design allowab las for CSI9 would be a corollary

of this work .

-J
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