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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 structure 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
Oof 25.4 mm CS19 plate and weldments 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-H116 or
H117 alloys. As in the earlier work, CS19 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 weldments
had higher strengths than 25.4 mm plate and weldments
but lower toughness; the latter, however, was judged
to be eguivalent to that of 5456-H117 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.




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-H116 or H1l1l7 alloys.

(1)

The result of this work was an alloy designated

CS19 whose composition was tentatively established as:

Mg Mn Cr Fe Si Others
1+ 175~8.75 .30-.50 .05-.20 2% .10%* - 05 %
*maximum

CS19 plate was shown to produce weldments 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 that of 5456. Resistance to general and exfoliation
corrosion of CS19 plate and weldments was also judged
equivalent or superior to 54%6. The resistance to stress-

corrosion cracking of plate and weldments was considered




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
centract, Navy Ship Systems Command on January 22, 1974,
issued Contract N00024-~74-C-5241 tn Alcoa to undertake a
production plate evaluation. For this phase, Alcoa had

proposed to do the following:(z)

(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
(125 2 385w 20 and s 1181 608 e s L 50

(2) Roll on production rolling mills each size
of ingot into the following thicknesses
and tempers of plate:

(A) 25.4 mm (1.0") H3E1l9
(B) 25.4 mm (1.0") H1E48
(€) 6.3 mm (.250") H3ELY9
(D) 6.3 mm (.250") H1E4S8
(B B3 mmn (02500 ) HIESE

(3) Evaluate all ten items for transverse tensile
properties and exfoliation resistance of plate
and tensile properties of full section weld-
ment specimens.

(4) Complete testing of items in each thickness
which met the requirements of the initial
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(5)

evaluation program for the following:

(A)

(B)

(C)

tensile properties

(i) as-fabricated
(ii) after elevated temperature
storage (66°C, 80°C, 100°C)
(iii) annealed

notch-tensile properties

corrosion resistance
(i) as-fabricated

(a) exfoliation
(b) scc
(c) general

(ii) after elevated temperature
storage

(a) exfoliation
(b) sccC
(c) general

(iii) annealed temper

(a) g:zneral

Produce GMA (MIG) weldments of one item in i3

each thickness and perform the following

tests:

()

(B)
(C)

(D)

tensile properties

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

notch-tensile properties
bend tests

corrosion resistance
(i) as-welded

(a) exfoliation
(b) ScCC
(c) general

(ii) after elevated temperature
storage

(a) exfoliation
W TSEC
(c) general



FABRICATION OF Csl19 PLATE

Ingots
The 300 mm x 960 mm x 3050 mm (12" x 38" x 120"

ingots were cast at Alcoa Technical Center and the 460 mm x
1520 mm x 3800 mm (18" x 60" x 150") ingots at Davenport
Works. No problems were encountered in casting these ingots; ?
results of spectrographic analyses of cast sample specimens
are listed in Table 1.

Examination of macroetched 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 mm x 1520 mm. The finer
grain size of the former can be attributed to faster chilling

! rate in casting and to grain refining effect of Ti.

Before homogenizing, the ingots were machined
(scalped) to 267 mm (10.5") and 419 mm (16.5"), respectively,
to remove approximately 19 mm (3/4") per rolling face. All

ingots were ultrasonically inspected and found to be sound

and suitable for rolling.
The homogenizing treatment produced a thermal soak
of eight hours minimum at 496°C metal temperature prior to

cooling to 425°C rolling temperature.

Hot Rolling - 25.4 mm (1.0") Plate

The H3El9 rolling practice calls for no particular

temperature control during hot rolling, but requires a

subsequent stretching operation to achieve desired strength levels.
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TABLE 1

CHEMICAL COMPOSITION OF CS19 PRODUCTION INGOTS
FOR_CONTRACT NOO024-74-C-5241

Produced
Identification Size at Fe Si Zn Ti Be

$~-422050A 300 mm x 960 mm x 3050 mm ATC i 8.60 0.39 0.11 0.06 ). 05 0.05 0.02 0.001
(12" x 38" x 120")

i 5-4220508B 300 mm x 960 mm x 3050 mm ATC 1 5.40 0.40 0.3% 0.06 0.05 0.01 ).03 0.001
5-422050C 300 mm x 960 mm x 3050 AT 8.22 i o 5 ). 06 0.01 0.02 0.001
$-422050D 300 mn x 960 mm x 3050 mm ATC 1 851 0.39 ). 10 0.0€ 0.05 ). 00 .02 0.001
H951-01 460 mm x 1520 mm x 3800 mm Davenport 3 3. 42 T .10 0.07 - - 1

‘ (18" x 60" x 151"}

Values listed are spectrographi analy £ ca




The H1E48 temper, on the other hand, requires plate to have
its final hot rolling passes at 280°C in order to finish
at 260-275°C with subsequent rapid cooling by mill coolant
solution to below 200°C; a lesser degree of stretching is
required. The H3El9 practice is a more desirable practice
from the standpoint of hot mill productivity.

The ingots were initially cross-rolled on a 4 m
(160" hot mill to widths of 1460 mm (57.5") and 2220 mm
(87.5") for 300 mm x 960 mm and 460 mm x 1520 mm ingots,
respectively, prior to lengthwise rolling to 25.4 mm (1.0").
No end preparation of the ingots was required prior to
rolling and a moderate degree of alligatoring was encountered.
Edge quality (maintained by edge rolling) and surface

quality were excellent.

Hot Rolling - 6.3 mm (.250") Plate

Starting stcck was part of the 25.4 mm plate
rolled previously which was reheated to 425°C prior to the
additional rolling to thinner plate thicknesses. Both H3E1l9
and H1E48 tempers were produced in 6.3 mm (.250") thickness
with the same temperature restrictions employed for the
thicker plates. No problems with edge cracking were

encountered.

Cold Rolling - 6.3 mm (.250") Plate

The H2E38 temper was produced by cold rolling a

9.8 mm (.385") plate to 6.3 mm (.250") followed by an eight-

hour soak at 246°C stabilizing thermal treatment. The 9.8 mm




plate was also produced by hot rolling pieces of 25.4 mm
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
H3E1l9 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 CS19 plate was
feasible but increased operating difficulties and more

rolling passes, compared to 5456, could be anticipated.




Order:

Lot Number:
Ingot Size:
Scalped to:

Hot Roll - Width:
Thickness:

Hot Roll:

14 Roll:

Co

Stabilize:

Stretch:

TABLE 2

FABRICATING PRACTICES FOR CS19 PLATE ROLLED AT
DAVENPORT WORKS OF ALCOA

TNS-C3534-AW TNS-C3534-AX
1 3 5 6 7 1 3 5 6 7
25.4 mm  25.4 mn 6.3 mm 6.3 mm 6.3 mm 25.4 mn 25.4 mm 6.3mm 6.3 mm 6.3 mm
(1.000") (1.000%) = (.250%) ¢.250") (,250") (1.000") (1.000%) (=250%) (.250%) (.250")
H3E19 H1E48 H3E19 H1E48 H2E38 H3E19 H1E48 H3E19 H1E48 H2E38
403-931 404-121 210-621 210-622 210-623 210-611 404-061 210-612 210-613 210-614
300 mm x 960 mm x 3050 mm (12" x 38" x 120") 460 mm x 1520 mm x 3800 mm (18" x 60" x 150")
267 mm (10-1/2") 419 mm (16-1/2")
1460 mm (57-1/2") 0 mm (86-3/4")
25.4 mm 25.4 mm* 25.4 mm 25.4 mm 25.4 mm* 25.4 mm
A = / A ~
S = 6.3 mm 6.3 mm** 9.8 mm s e 5.3 mm 6.3 mm** 9.8 mm
- —— - - () —-— -—— s —— 6.3 mm
-— —— - —-—— 8 hr/24e°C ——— -— — -— 8 hr/246
4% 1.5% 1.5% 1.5% 1.5% 4% 1.5% 1.5% L5% 1.5%
*Rol led 41 mm to 25.4 mm at
**Rolied 12 mm to 6.3 mm at &f




INITIAL EVALUATION OF CS19 PLATE

In accordance with the contract proposal(z), all
ten items of production-rolled plate were tested for
transverse tensile properties and resistance to exfoliation;
in addition, MIG weldments Wwere 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
similer data for laboratory-fabricated plate from the

(1)

earlier exploratory development contract report. These
tests were made 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 thick 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

TRANSVERSE TEST RESULTS FOR CS19 PLATE FABRICATED
BY LABORATORY AND PRODUCTION ROLLING PROCEDURES

Amount Number Average Transverse Tensile Properties
of of Tensile Str. Yield Str. Elongation
Thickness Temper S. No. Stretch Tests MPa (ksi) MPa (ksi) (% in 50.8 mm)
150 mm x 400 mm x 900 mm (&" x 16" x 36") Ingot(l)
6.3 mm H1E48 421896 1S5% e 451 (65.4) 272 (39.4) 25.0
(.250") H2E38 421894 L.5% == 449 (65.1) 252 (36.6) 135
H3E19 421895 1.5% == 436 (63.2) 250 (36.3) 24.0
25.4 mm H1E48 416448 1.5% 2 411 (59.6) 244 (35.4) 21.5
(1.0} H1E48 419453 1.5% 2 423 (6l.4) 261 ¢37.8) 229
H3E19 419453 4.0% 2 421 (61.1) 251 (36.4) 22.0

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

6.3 mm H1E48 438628 1.5% 3 441 (63.9) 274 (39.8) 2257
H2E38 438726 1.5% 3 416 (60.3) 258 (37.4) 9.0 |
H3E19 438564 1.5% 3 452 (65.0) 286 (41.5) 2257 |
|
25.4 mm H1E48 438563 L.5% 3 420 (60.9) 254 (36:9) 22.0
H3E19 438562 (4.0%) 3 405 (58.8) 230 (33.4) 21.3

460 mm x 1520 mm x 3800 mm (18" x 60" x 150") Ingot

6.3 mm H1EA48 438568 1.5% 3 435 (63.1) 288 (41.8) 21.8
1 H2E38 438629 1.5% 3 397 (576 226 {32.8) 12.0
[ H3E19 438567 1.5% 3 438 (63.5) 282 (40.9) 21:7
25.4 mm H1E48 438566 1.5% 3 412 | (59:7) 247 (35.8) 21.8
; H3E19 438565 4.0% 3 405 (58.7) 248 (36.0) 2257

Note: (1) Data for this ingot size from Reference 1 for laboratory-rolled plate.
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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 H3El9 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 mm

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.(l)

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

i data for the laboratory-produced plate of contract N00024-C-5571.

..-Hhﬂ-_mn-nrli - ' -

»
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TABLE 4

ACCELERATED EXFOLIATION TEST (ASSET)
FABRICATED BY LABORATORY AND PRODUCTION ROLLING PROCEDURES

RESULTS FOR CS19 PLATE

Exfoliation after ASSET Test!

After One Week at 100C

z2z22

Thickness S-No. Temper As-Fabricated
150 mm x 400 mm x 900 mm (6" x 16" x 36") Ingot?
6.3 mm 4218967 H1E48 N
{250%) 4218947 H2E38 N
4218952 H3E19 N
25.4 mm 4194532 H1E48 N
{iL.50%) 4194532 H3E19 N
300 mm x 960 mm x 3050 mm (12" x 38" x 120") Ingot
6.3 mm 438628 H1E48 N
448726 H2E38 N
438564 H3E19 N
25.4 mm 438563 H1EA8 N
438560 H3EL9 N
460 mm x 1520 mm x 3800 mm (18" x 60" x 150") Ingot
6.3 mm 438568 H1E48 P-A
438629 H2% 38 N
438567 H3EL9 P=-A
25.4 mm 438566 H1E48 N
438565 H3E19 N

Notes: (1)

24 hours total immersion in solution of 1N NH,C1,
0.01 M ammonium tartrate and 3 g/l hydrogen peroxide at 66°C;

N is no appreciable attack; P-A is slight pitting attack.

Data for this ingo
plate.

t size from Reference 1 for laboratory-rolled

Z22 Z2Z2=2

0.25 N NH4NO;,

L0




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 H3E1l9 and 1.5% for H1lE48) was
apparently lost from the heat of welding as it was not
reflected in any increase in weldment 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
qguite similar for H3E1l9 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
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weldments, all tempers exceeded the contract objective of

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

Summary of Initial Evaluation

Results of this initial evaluation program

indicated first of all that C519 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 strenagth of weldments and for
resistance to exfoliation.

As will be discussed subsequently, other evaluations
including stress-corrosion testing confirmed the equivalency
of H1E48 and H3El9 tempers from the standpoint of corrosion
resistance. Since the H3El9 temper fabricating practices
were advantageous productionwise, it was decided to gather
complete data for the two items in this temper for each

thickness in the remaining contract work.
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CS19 PLATE PROPERTIES

Tensile Properties

Longitudinal and transverse tensile properties
of CS19 plate were determined in accordance with ASTM

Method ES8.

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 higher level of strength
even though the 25.4 mm plate had 4% nominal subsequent
stretching versus 1.5% for 6.3 mm 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% stretch 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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E TABLE 8
TENSILE PROPERTIES OF CS19-H3E19 PLATE AFTER EXTENDED
PERIODS AT ELEVATED TEMPERATURES

Thickness S-No. Ingot Size Condition Tensile Strength Yield Strength Elongation
MPa (ksi) MPa (ksi) (¢ in 50.8 mm)
6.3 mm 438564 300 mm x 960 mm As-fabricated 45 (65.6) (41.5) 22.7
(.250") After days at 66° 449 (65.1) (40.9) 215
After 7 days at i 45 { (40.7 231.5
After 7 days at 1 451 65.4 (40.6) 20.8
438567 460 mm x 1520 mm As-fabricat 43¢ (40.9) 21.7 E
After 30 & LT € (39.6) 23.2
After 7 30 43l 2. 39.4) 23.3
' After 7 R 43¢ (63.3) (38.8) 23.5 3
25.4 mm 438560 300 mm x 960 mm As-fabricated 40¢ (58 3 (33.4) 2k.3
(1.0") After 30 days at 66°C 14 (€ 222 (32.2j 24.0
at 8 i (31.9) 24.
1t Wl (30.7) 24.8
438565 460 mm x 1520 mm As-fabricarved 405 (58. 248 (36.0) 22.7 3
After 30 days at 66° 401 23 (33.3) 24.7
After 7 days at 40( 1) 3
after 7 days at 100°C 4 (58.1

Note: All results are averages of three tests for specimens cut in the long
transverse direction.




-20-

In the laboratory-rolled 25.4 mm plate in the
previous contract, no loss in yield strength after 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.

CS19-0 Plate

Two thicknesses of plate in the H3E1l9 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 welded plate. While annealed plate yield
strength above 207 MPa would be desirable to assure weldment
yield strength greater than 207 MPa, the latter property
is not entirely dependent upon the former. As shown
subsequently, the target value of 207 MPa can be met by
welding material having 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 plate is apparent here as lower strengths




after annealing which resulted from the higher degree of
recrystallization achieved than was the case for 25.4 mm

plate.

Fracture Toughness

CS19-H3E19 Plate

Notch-tensile tests were made in accordance 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-H3El9
plates from two different ingot 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. '3

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 report on the
latter(l), it was concluded that CS19 fracture toughness was
at least equivalent to that of 5456. This view is supported
by the comparisons here of NTS/YS results for 6.3 mm CS19-
H3E19 with those for 6.3 mm 5456-H321.

The lower toughness of the 6.3 mm compared 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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TABLE 9

NOTCH TOUGHNESS OF CS19-H3E19 PLATE'

Test
Thickness S-No. Direction Tensile Strength  Yield Strength Elongation Notch Tensile Strength! NTS/¥S
MPa (ksi) MPa (ksi) (¢ in 50.8 mm) MPa (ksi)
150 mm x 400 mm x 900 mm (6" x 16" x 36") Ingot
25.4 mm 416448 Longitudinal 430 (62.3) 291 (42.2) 16.2 480 (69.6) 1.65
(1.0%) Transverse 411 (59.6) 244 (35.4) 2155 439 (63.7) .79
300 mm x 960 mm x 3050 mm (12" x 38" x 120") Ingot

6.3 mm 438564 Longitudinal 478 (69.3) 340 (49.3) 16.0 390 (56.5) 1.15
(250%) Transverse 452 (65.6) 286 (41.5) 22.7 359 (52.0) 1.25
25.4 mm 438560 Longitudinal 424 (61.5) 263 (38.2) 22.0 421 (61.1) 1.60
Transverse 405 (58.8) 230 (33.4) .3 412 (59.7) 1529

460 mm x 1520 rm x 3800 mm (18" x 60" x 150") Ingot

6.3 mm 438567 Longitudinal 452 (65.6) 314 (45.6) 15.2 390 (56.5) 1.2
Transverse 438 (63.5) 282 (40.9) 21.7 362 (52.5) 1.28
25.4 mm 438565 Longitudinal 419 (60.8) 269 (39.0) 22.0 464 (67.3) 173
Transverse 405 (58.7) 248 (36.0) 22.7 452 (65.6) 1.82
Plant Production Ingot

6.3 mm 5456-H3212 Transverse 370 (53.7) 256 {37.2) 19.5 303 (44.0) 1.18

Notes: (1)
(2)

Averages of three tests.
Results for three-inch wide edge-notched specimens per Reference 3.
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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-H3E19 As-Fabricated Condition

Exfoliation Resistance

Evaluations of exfoliation susceptibility employing
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-H3E1l9
plate in both thicknesses as well as for all of the other

CS19 plate tempers evaluated.

SCC Resistance

”~
Long Transverse. Stress-corrosion resistance of

the two thicknessés of CS19 alloy plate was evaluated in the
long-transverse direction with 3.175 mm (.125") diameter
tensile bars taken from the T/4 plane of the plate and full
thickness beam assemblies. The results listed in Table 10
are for specimens stressed to 75% of their yield strength
and exposed to the 3-1/2% NaCl alternate immersion test

(ASTM G44-75, Federal Test Standard 151b, Method 823).
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TABLE 10

3 RESISTANCE TO STRESS-CORROSION CRACKING OF CS19 PLATE
} EXPOSED TO 3-1/2% NaCl SOLUTION BY ALTERNATE IMMERSION

3.175 mm (1/8") Dia. Long Transverse

Beam Assemblies - Stressed 75% Y.S. Tensile Bars - Stressed 75% Y.S.
As-Fabricated Heated 1 wk/100°C As-Fabricated Heated 1 wk/100°C
Thickness S-No. Temper F/N Days to Fail F/N Days to Fail F/N Days to Fail F/N Days to Fail

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

6.3 mm (0.250") 446286 H3E1l9 0/2 OK-290 0/2 OK-290 0/3 OK-289 0/3 OK-289

i 446287 H1E48 0/2 OK-290 0/2 OK-290 0/3 OK-289 0/3 OK-289
446595 H2E38 0/2 OK-290 0/2 OK-290 Q/3 OK-289 0/3 OK-289

§ 25.4 mm (1.0") 438650 H3E19 - = = - 0/3 OK-156 0/3 OK-156

460 mm x 1520 mm x 3800 mm (18" x 60" x 150") Ingot

6.3 mm 446290 H3E19 0/2 OK-290 0/2 OK-290 0/3 OK-289 0/3 OK-289

446291 H1E48 0/2 OK-290 a/2 OK-290 0/3 OK-289 0/3 OK-289

3 25.4 mm 446288 H3E19 0/2 OK-290 0/2 OK-290 0/3 OK-289 0/3 OK-289
] 446289 H1E48 0/2 OK-290 0/2 OK-290 0/3 OK-289 0/3 OK-289

Note: (1) F/N denotes number of specimens failed 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

H3E1l9 tempers were equivalent corrosionwise.

Short Transverse. The 25.4 mm (1.0") CS19-H3E1l9

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% NaCl alternate immersion test. The results
(Table 11) show no evidence of SCC after a significant
exXposure period of 280 days. Previous test results for the

(i indicated that

test and exploratory development contract
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
(L.0"). Duplicate short transverse specimens

(S~L orientation) from 25.4 mm thick CS19-H3El9 temper
plate were exposed to 3.5% NaCl solution (added

dropwise to the precrack three times a day) for three
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; TABLE 11

|
RESISTANCE TO STRESS-CORROSION CRACKING OF CS19 PLATE
EXPOSED TO 3-1/2% NaCl SOLUTION BY ALTERNATE IMMERSION

19 mm (0.75") Dia. Short Transverse C-Rings

% Stressed As-Fabricated Heated 1 wk/100°C
Thickness S-No. Temper $Y.S. F/N Days to Fail F/N Days to Fail j
300 mm x 960 mm x 3050 mm (12" x 38" x 120") Ingot i
“
25.4 mm (1.0") 438560 H3E19 75 0/3 OK~-160 0/3 OK-160 |
50 0/3 OK-160 0/3 OK-160 J
K

460 mm x 1520 mm x 3800 mm (18" x 60" x 150") Ingot
25.4 mm 446288 H3E19 75 0/3 OK~280 0/3 OK=-280 {
50 0/3 OK~280 0/3 OK-280 {
25.4 mm 446289 H1E48 75 0/3 OK-280 0/3 OK-280 |
50 0/3 OK-280 0/3 OK=-280

Note: (1) F/N denotes number of specimens failed ov r number of specimens exposed.
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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. (1)

The curve for the as—-fabricated 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 (100X) and 5
(500X) are representative and show the cracking at the crack
tip to be following grain boundaries which are outlined
discontinuously with precipitate. 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 H1lE48 tempers.
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