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GENERAL

AF 1410 is a further development, under Air
Foice sponsorship, of the Fe-0.11C-10Ni-8Co-
2Cr1-1Mo advanced submarine hull steel which
has a typical room temperatwre yield strength
and plane strain fracture toughness of 200 ksi
and 190 ksi-in. Y2 respectively. By raising the
Co and C content, the Fy,, has been increased to
a typical of 235 ksi. As might be expected this
increase in the strength was accompanied by
some loss in fracture toughness, the typical
value being about 140 ksiin. 1/ 2 However,

this combination of strength and toughness ex-
ceeds that of other commercially available
steels, and the alloy has been considered as a
replacement for titanium in certajn aircraft
parts. Presently available information shows
that AF 1410 is air hardening in sections 3 inch
thick, and from metallurgical considerations,
satisfactory hardening would be expected in
even thicker sections, VIM-VAR melting is
presently the preferred practice and care must
be taken to keep impurity elements at very low
levels, Weldability is good using the CW-GTA
process providing high purity wire is used and
oxygen contamination is avoided. The Ky,
value of welds has not been determined, How-
ever, from the results of tests on surface cracked
specimens, subsized plane strain fracture tough-
ness specimens and Charpy V impact values,

it appears that the fracture toughness of the
fusion zone and of the heat affected zone is
comparable to that of the parent metal. Infor-
matton on stress corrosion cracking is incom-
plete and no definite value can be assigned to
Kycc for either parent metal or weldments.

Commercial Designation
Unimach 1410

Alternate Designation
AF 1410

Specifications
Rockwell International Corporation, B-1
Division Specification LB0160-184

Compasition
Table 1.04

Heat Treatment (See also 4.0313)

General. The steel is austenitized and aged.
Quenching from the austenitizing temperature
produces a highly dislocated lath martensite
having a relatively low yield strength and a high
toughness as measured by the Charpy V impact
energy (Fig. 3.0235). Aging produces a com-
plex series of changes in the carbide structure
which result in a combination of martensite

tempering and secondary hardening due to aging.

This secondary hardening produces a maximum
in the tensile strength at about 900 F (5 hour
age time) and a minjmum in the impact energy
at about 800 F, In a temperature range between
800 and 1000 F the impact energy exhibits a
maximum. At aging temperatures above 1000 F
both the tensile strength and the impact energy
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decrease rather rapidly (Figs. 3.0234 and Fe
3.0235). 0.16 C
This steel is subject to austenite reversion 14 Co
during aging. At normal aging tempera- 10 Ni
tures the retained austenite is generally less

than one percent by volume. At aging tem- 2 Cr
peratures of 1000 F and higher, large amounts| 1 Mo

of austenite will be formed (Fig. 2.0121) and
these will weaken the matrix,

Normalize: 1625 to 1650 F, 1 hour per inch,
A.C.

Both single and double austenitizing treat-
ments have been employed. Double austen-
itizing appears to produce a higher toughness
(Table 1.058 and 3.02724). Both the tensile
strength and impact energy appear to exhibit
a rather flat maximum between 1500 and 1600 F
(Figs. 3.0213 and 3.0232).

Single austenitizing, 1475 to 1525 F, 1 hour per
inch + 1475 to 1525 F, 1 hour per inch.
Quenching, Experience to date indicates that

air cooling from the austenitizing tempera-

ture will produce tensile strength, tough-

ness and fatigue strength essentially equal to

oil or water quenching in section sizes up to

3 inches (Tables 1.057, 1.059 and 3.051).
Refrigeration. A refrigeration treatment of

-100 F is sometimes applied in order to reduce
the amount of retained austenite. There is no
evidence that such a treatment has any sub-
stantial effect on the mechanical properties
(Table 1.057 and 1.058).

Aging. 350 F, 4 hours A.C,

Premachining. Asreceived material may be
given a 1250 F, 8 hour treatment to increase
machinability. This treatment is normally
followed by austenitizing and aging. (Figs.
3.0216 and 3.0233)

Tensile strength properties and impact energy
for VIM-VAR melt plate quenched in air, oil

or water following austenitizing, Table 1.057
Effect of various heat treatments on tensile and
impact properties of 5/8 inch and 3 inch VIM-
VAR Melt Plate. Table 1.058

Tensile properties, impact energy and fracture
toughness of VIM-VAR Melt 2 inch plate
quenched in different media and given a pre-
maching heat treatment. Table 1.059

AF1410

Hardness

End quenched hardenability, Fig. 1.061
Effect of aging time and temperature on
hardness of VIM-VAR Melt Plate. Fig. 1.062

Forms and Conditions Available

Sheet, bars, forgings and forging stock. All
products as hot finished, overaged (1250 F,

8 hours A_ C.) or to specified heat treatment. (14)

Melting and Casting Practice

Melting Practice. Vacuum arc remelting of a
vacuum induction melted electrode (VIM-
VAR melting). Attempts (1 to 3) {10) have
been made to produce this steel by other
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Fe melting practices with particular emphasis ness and are closely controlled by good
on electroslag remelting of a vacuum indue- melting practice. (Figs. 1.094 and 3.0238)
016 C tion melted ingot (VIM-ESR). None of these 1.092 Aging temperature in excess of 1000 F result in
14 Co practices were able to produce material with a loss in toughness and should be avoided (Figs.
A as high a toughness, as measured by impact 3.0234 and 3.0235). Long time exposure to
10 Ni energy, as VIM-VAR mielting (Tables 1.0814 temperatures above about 500 F results in a loss
2 Cr through 1.08110 also compare Figs. 3.0234 inimpact energy. (Fig. 3.0237)
and 3.0236). Variations in the ESR slag 1.093 The toughness as measured by the impact energy
1 Mo composition (Table 1.0812) were investigated decreases substantially at subzero temperatures
in an attempt to improve the toughness and re- and is low at cryogenic temperatures. (Figs.
AF1410 duce directionality but these were unsuccessful 3.0331 and 3.0332)
(compare Table 1.0814 with VIM-VAR in Table 1.094 Effect of sulphur and oxygen content on the im-

1.0815 and compare Table 1.0816 with 1.0817).

pact energy of VIM-VAR and VIM-ESR Melt

ESR melts contained excessive amounts of oxygen
(Table 1.0813) which contributed to the reduced
impact energy of the ESR melted material as com-

pared with VIM-VAR melting. This excess oxygen 2.
arises from a slag metal reaction which is apparently

Alloy. Fig. 1.094

PHYSICAL PROPERTIES AND ENVIRON-
MENTAL EFFECTS

_—
CODE 1224
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duced in this manner is removed by the addi- 2.01 Thermal Properties
tion of deoxidizing elements such as Al and
Si. However, in this steel such elements are 2.011 Melting range. Liquidus = 2592 F, Salidus =
intentionally controlled to low values in order 2462 F
to achieve high fracture toughness. In addition, 2012 Phase Changes. {(14)
ESR melted plate material exhibited slits Agy=1160-1161F
which apparently result from microvoids in A3 =1512-1523F
the ingot which are not welded during process- M 5= 635t0 640 F
ing. These microvoids arige from a reaction M;=320t0 350 F
between alloy carbon and oxygen. The total 2.0121 Time temperature transformation diagrams.
non metallic content of ESR material was (Fig. 2.0121)
considerably higher than VIM or VFM-VAR 2.013 Thermal conductivity
melts (Fig. 3.0238). 2.014 Thermal expansion
1.0811 Plate and ESR slag compositions for 2000 lb. 2.0141 M&an coefficient of linear thermalexpansion.
VIM melt remelted into ESR ingots. Table Figure 2.0141
1.0811 2,015 Specific heat
1.0812 Slag compositions used in making ESR remelts. 2.016 Thermal diffusivity
Table 1.0812
1.0813 Oxygen levels in ingots produced by various 2.02 QOther Physical Properties
melting practices, Table 1.0813 2.021 Density 0.283 Ibs. per cu. inch.
1.0814 Tensile and impact properties of 1-1/4 and 2.022 Electrical properties
1.4 inch thick plate from VIM-ESR melts. 2.023 Magnetic properties
Table 1.0814 2024 Emittance
1.0815 Tensile and impact properties of 1-1/4 inch 2.025 Damping capacity
thick plate from various melting practices.
Table 1.0815 2.03 Chemical Environments
1.0816 Tensile and impact properties of 3 inch thick 2.031 General corrosion resistance, The alloy has a
plate from VIM and VIM-VAR Melts. Table general corrosion resistance similar to the
1.0816 maraging steels. It is more resistant than HY
1.0817 Tensile and impact properties of 3 inch thick 180 and Dé6ac steels. (7) Fatigue crack growth
plate from various melting practices. Table rates are essentially the same for parent metal
1.0817 tested in air, 3-1/2 percent salt water or in
1.0818 Tensile and impact properties of 3 inch thick sump tank water. (Figs. 3.056 to 3.059) The
plate from various ADO melting practices. fusion zone of CW-GTA welds appear to exhibit
Table 1.0818 a somewhat lower crack growth rate in air and
1.0819 Tensile and impact properties of 1-1/2 and in 3.5 percent NaCl than that characteristic of
1-3/4 inch thick upset disks from various parent metal, (Compare Figs. 4.03122 and
melting practices. Table 1.0819 4,03123 with Fig. 3.056)
1.08110  Tensile and impact properties of 6 inch thick 2.032 Attempts to measure Ky .. have been hampered
upset disks from various melting practices. by crack branching. Values as low as 30 ksi-in.}/
Table 1.08110 have been reported for full heat treated plate in
3.5 percent NaCl. This value is probably quite
1.09 Special Considerations (See also 1.05 and 4.03) conservative and considerable additional data
1.091 The toughness of this ailoy is especially sensi- will be needed to establish a usefu! value of
tive to the content of impurity elements in- Kieee for this alloy.
cluding those normally used to deoxidize
steel. These elements act to reduce the tough- 2.04 Nuclear Environments

impossible to prevent. Normally, oxygen pro-
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MECHANICAL PROPERTIES

Specified Mechanical Properties
Fabricators mechanical property specification.
Table 3.011

Mechanical Properties at Room Temperature
Tension-stress/strain diagrams-tension proper-
ties.

Effect of aging temperature on the tension stress—
strain curves of VIM-VAR plate. Fig. 3.0211
Effect of aging time on tension stress-strain
curves of VIM-VAR plate. Fig. 3.0212

Effect of austenitizing temperature and refrig-
eration treatment on tensile strength properiies
of VIM-VAR melt plate WQ from the austenitiz-
ing temperature. Fig. 3.0213

Effect of austenitizing temperature and refrig-
eration treatment on tensile strength properties
of VIM-VAR melt plate air cooled from the
austenitizing temperature. Figure 3.0214
Effect of aging time and temperature on tensile
properties of VIM-VAR 5/8 inch plate. Fig.
3.0215

Effect of aging temperature and time on tensile
properties of VIM-VAR melt 1 inch plate given
a premachining heat treatment. Fig. 3.0216
Effect of exposure to elevated temperature on
room temperature tensile properties. Fig, 3.0217
Wing sweep actuator VIM-VAR forging showing
test locations and mechanical test specimens cut
from these areas. Fig. 3.0218

Tensile and impact properties for single and
double austenitized specimens cut from VIM-
VAR melt wing sweep actuator forging. Table
3.0219

Tensile and impact properties of single and double
austenitized refrigerated specimens cut from
VIM-VAR wing sweep actuator forging. Table
3.02110

Effect of aging temperature on the tensile
properties of three VIM-ESR melts. Fig.
3.02111

Compression-stress/strain diagrams-compression
properties.

Compressive yield strength and elastic modulus
for single and double austenitized specimens
cut from VIM-VAR melt wing sweep actuator
forging. Table 3.0221

Effect of temperature on compression yield
strength of VIM-VAR melt plate. See Fig.
3.0322

Impact

Effect of austenitizing temperatures on impact
energy of VIM—VAR melt plate. Fig. 3.0231
Effect of austenitizing temperature and refrig-
eration treatment on impact energy of VIM-
VAR melt plate air cooled or water quenched
from the austenitizing temperature. Fig. 3.0232
Effect of aging temperature and time on impact
energy of VIM-VAR melt plate given a prema-
chining heat treatment. Fig, 3.0233
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Effect of aging temperature on impact energy Fe
of VIM-VAR plate. Fig. 3.0234 0.16 C

Effect of aging temperature on impact energy 14 Co
and vield strength of VIM-VAR plate, Fig.

3.0235 10 Ni
Effect of aging temperature on impact energy 2 Cr
of three VIM-ESR melts, Fig. 3.0236

Effect of exposure to elevated temperatures 1 Mo

on room temperature Charpy V impact energy
of VIM-VAR melt plate. Fig. 3.2037

Charpy impact energy for plate as function of
total non-metallics as determined with quanti-
tative television microscope, Fig. 3.0238
Bending

Torsion and shear

Bearing

Stress concentration

Notch properties

Fracture toughness

General, This alloy was developed to have high
fracture toughness. The develogmental program
goal specified Ky, = 115 ksi-in.}/2. This goal
was exceeded and typical values are in excess

of 130 ksi-in.1/2 at room temperature and
greater than 100 ksi-i.n.ll 2 at 65 F. Maintain-
ing a high level of fracture toughness requires
close attention to alloy purity. (See 1.09)
Plane strain fracture towghness of VIM-VAR
melt plate tested in two directions at room and
low temperature. Table 3.02722

Piane strain fracture toughness of 3 inch VIM-
VAR melt plate. Table 3.02723

Plane strain fracture toughness values for single
and double austenitized specimens cut from
VIM-VAR melt wing sweep actuator forging.
Table 3.02724

Combined properties

AF1410

Mechanical Properties at Various Temperatures
Tension-stress/strain diagrams-tension properties
Effect of test temperature on tensile properties
of 3/4 inch and 2 inch VIM-VAR melt plate.
Fig. 3.0311

Effect of test temperature on tensile properties
of VIM-VAR melt plate exposed at the test
temperature. Fig. 3.0312

Effect of low and elevated temperatures on
tensile properties of VIM— VAR melt plate, Fig. 3.0313
Compression-stress/strain diagrams-compression
properties

Effect of temperature on the compressive

yield strength of VIM-VAR, melt plate.

Fig. 3.0322

Impact

Effect of test temperature on impact energy of
three VIM-ESR melts. Fig. 3.0331

Effect of low test temperatures on impact
energy of a 300 Ib. VIM~-VAR melt plate.

Fig. 3.0332

Bending

Torsion and shear

Effect of temperature on shear strength of
VIM-VAR melt plate. Fig. 3.0351

Bearing

Effect of temperature on bearing yield strength
of VIM-VAR melt plate. Fig. 3.0361
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Effect of temperature on bearing ultimate
strength of VIM-VAR melt plate. Fig. 3.0362
Stress concentration

Notch properties

Fracture toughness (See 3.0272

Combined properties

Creep and Creep Ruptute Properties
Creep rupture curve at 800 F for VIM-VAR
melt plate. Fig. 3.041

Fatigue

Axial load S-N data for VIM-VAR melt plate
given a premachining heat treatment and then
water or air quenched following aunstenitizing.
Fig. 3.051

§=N curves at room temperature for VIM-VAR
melt plate tested in the transverse direction at
several stress concentration factors for R = -1.
Fig. 3.052

§-N curve at room temperature for VIM-VAR
melt plate tested in the transverse direction at
several stress concentration factors for R = (.5,
Fig. 3.053

§-N curve at room temperature for VIM-
VAR melt plate for several stress concentra-
tion factors at R = 0,05, Fig. 3.054

§-N curve for VIM-VAR melt plate for
specimens with ground or ground and shot
peened surfaces, Fig. 3.055

Fatigue crack growth rate for VIM-VAR melt
2-inch plate-given a premachining-heat treatment
and then water on air quenched following
austenitizing. Fig. 3.056

Fatigue crack growth 1ate at two frequencies
and two R ratios for VIM=-VAR plate at

room temperature in low humidity air.

Fig. 3.057

Fatigue crack growth rate at two frequencies
and two R ratios for VIM-VAR melt plate

at room temperature in 3-1/2 percent salt
water, Fig. 3.058

Fatigue crack growth rate at two frequencies
for VIM-VAR melt plate at room temperature
in sump tank water. Fig. 3.059

Fatigue crack growth rate for VIM-VAR plate
at-65 F. Fig. 3.0510

Effect of stress ratio on fatigue life of various
cracked specimens subjected to constant
amplitude loading. Fig. 3.0511

Elastic Properties

Poisson's ratio

Modulus of elasticity

Elastic modulus in tension for VIM-VAR
1-1/4 inch plate, Table 3.0621 Elastic
modulus in compression (see TAble 3.0221)
Modulus of rigidity

Tangent modulus

Secant modulus

4.01

4.02

4.03
4.031
4.0311

REVISED: JUNE 1979

FABRICATION

Forming

General. Only g very limited amount of
information is available concerning the form-
ing characteristics of this alloy. One large
forging (Fig. 3.0218) has been produced.

This closed die forging was forged to final
shape after three blocking operations. Semi-
finished parts were heated to about 1800 F be-
fore final forging. Dies were preheated to

900 F. Forging pressure was 28,000 tons. (6)

Machining and Grinding

Machinability should be essentially the same
as for the maraging steels. A premachining
heat treatment of 1250 F, 8 hours A. C. is
recommended. (See 1,05)

Joining

Welding

General. The weldment strength and toughness
are dependent on the content of impurity
elements and on the welding parameters
which directly influence the microstructure

of the fusion zone (FZ) and the heat affected
zone (HAZ), Impurity elements include 5,

P, O, N, H, and the deoxidizers Al and Si.
These elements can form inclusions and second
phase particles in the FZ which may act to
nucleate voids at relatively low matrix strain.
The improvement in FZ impact energy
associated with a reduction in impurity ele-
ments is evident when comparing CW-GTA
welds made with different fillers as shown in
Table 4,03112. Gaseous elements can be intro-
duced during welding and these may be in part
responsible for the relatively low impact
energies shown in Table 4,03112 for the HW-
GTA and CW-PA welds. Microstructural
changes in the FZ and HAZ during welding are
complex and can have a strong influence on
the strength and toughness. An excellent
description of these changes is given in (12).
The final microstructure is a function of the
heat input, number of passes and the post
weld aging treatment. High heat inputs tend
to produce a relatively coarse FZ structure.
The as deposited structure is refined by the
thermal reversals associated with subsequent
passes. These thermal reversals also produce
increasing amounts of austenite and temper
the carbide structure in both HAZ and FZ,
Mutltiple pass welds may contain as much as
eight percent retained austenite after post
weld aging. There is no direct evidence that
this austenite has a deleterious effect on the
toughness, However, the influence of retained
austenite will depend on its compoesition,
form and location. Generally, austenite will
reduce the strength of the matrix and efforts
should be made to keep the amount below

six percent by volume.



REVISED: JUNE 197¢

40312
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4.0314
4.0315
4.0316

4.0317

4.0318

4.0319

The data available indicate that properly made
welds will have smooth tensile and yield strengths
somewhat lower than the parent plate (e.g. com-
pare Fig. 3.0216 with Table 4.0318 and see

also Fig, 4.03110), On the basis of Charpy V
impact energy the toughness of the FZ and HAZ
are comparable to the parent plat (e.g. compaze
Table 4.03113 with Fig. 3.0232). Plane strain
fracture toughness (Ky,) values for GTA welds
are not available, values ranged from 97 to
139 ksi-in.1/2 for specimens having large irregu-
larities in their fatigue crack fronts (12). The
rather low Ky values for electzon beam welds
(Table 4.03115) may be associated with a lack
of stability in the electron beam which produced
a heterogeneous solidification structure. The
conventional fatigue of some CW-GTA welds
appears to be substantially below that of the
plate parent material (e. g. compare Figs. 4.03117
and 4.03118 with Figs. 3.052 to 3.054). This
difference may be in part due to the fact that
the weld data in question was obtained from
specimens of rectanguiar crossection while

the parent metal data was obtained from speci-
mens of rectangular crossection while

the parent metal data was obtained from speci-
mens with a circular crossection and in part

due to subsurface porosity which characterized
the fusion zone of the welded specimens.
Welding Conditions: To date the most satis-
factory welds in terms of strength and toughness
have been made using the CW-GTA process.
Typical welding parameters are shown in

Table 40316, No preheat is necessary and the
maximum heat input should not exceed 50 Kj/inch,
ment work.

Post Weld Heat Treatment: The selection of

a post weld age is complicated by the thermal
reversals experienced in multipass welding.
These produce an aging response different than
that characteristic of the parent metal, (compare
Fig. 3.0216 with Fig. 4.03110) and may

require tailoring the post weld aging to the
welding parameters. Present recommendations
are for a 950 F, four hour age. (12)

Filler wire compositions used in certain weld
property studies. Table 4.0314

Filler wire compositions used in certain weld
property studies. Table 4.0315

Weld parameters for automatic pulsed arc
CW-GTA welding. Table 4.0316

Alternate immersion stress corrosion data in

3.5 percent NaCl for CW-GTA welds in VIM-
VAR plate. Table 4.0317

Tensile properties at room temperature and 65 F
for manual CW-GTA plate butt welds and repair
welds with and without bead removal. Table
4.0318

Hardness and impact energy as a function of
distance from the weld centerline for CW-GTA
welds in VIM-VAR plate, Fig. 4.0319
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4.03113
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403115

403116

4.03117
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4.03120

4.03121

4.03122

4.03123

4.04
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Fe

Fusion zone tensile properties of VIM-VAR | 0.16 C
melt plate CW-GTA welded with several filler 14 Co
wires and aged for various times at 900 to

950 F. Fig. 4.03110 10 Ni
Fusion zone charpy impact energy of VIM- 2 Cr
VAR plate CW-GTA welded using several

filler wires and aged for various times at 9060 | 1 Mo
and 950 F. Fig. 4.03111
Effects of heat input and filler wire impurities AF 1410

on fusion zane impact energy, Table4.03112
Impact energy for GTA weld metal and heat
afiected zone in VIM=VAR melt 1/2 inch plate.
Table 4.03113

Effect of temperature on fusion zone impact
energy of CW-GTA welds in VIM-VAR plate,
Fig. 4.03114

Piane strain fracture toughness of electron
beam welds made in VIM-VAR meit plate.
Table 4.03115

Fusion zone fatigue strength of CW-GTA weld in
VIM-VAR melt plate. Fig. 4.03116

8-N curves for GTA Butt Welds in VIM-VAR
Melt 1/2 inch plate with bead ground off.

Fig. 4.03117

S-N curves for GTA Butt Welds in VIM-VAR
1/2 inch plate with bead on. Fig. 4.03118

S-N curves for GTA repaired Butt Welds in
VIM-VAR 1/2 inch plate with beads ground
off. Fig. 4.03119

§-N curve for full penetration fillet welded
VIM-VAR melt cruciforms with non-symmetrical
joints. Fig. 4.03120

§-N curve for full penetzation fiilet welded
VIM-VAR melt cruciforms with symmetrical
joints. Fig. 4.03121

Fatigue crack growth rate in air and in 3-1/2
percent NaCl for GTA weld in VIM-VAR

1/2 inch plate. Fig.4.03122

Fatigue crack growth of fusion zone of CW-
GTA welds in VIM-VAR melt plate Fig. 4.03123

Surface Treating
&N curves for VIM-VAR melt plate for specimens
plated by various processes. Fig. 4.041
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Alloy Fe-(, 16C-14Co~10N1~2Cr-1 Mo
Form Flate, Bar, Forgings & Relorging Stock
Percent
Min Max
c 0.13 0,17
Mn - 0.10
1) - ¢.10
P - 0,008
] - 0,005
Cu 1.80 2. 20
Nt 9.50 10,50
Co 13,50 14.50
Mo 0.9%0 L1
k1 - 0.018
Al - 0.015
o - 0.0015
N - 0. 0015
Total P+5 4. 010

TABLE 1.04 COMPOSITION (13}

Alloy Feo-0.16C~14Co-10N1-2Cr-1Mo

Source (8) p 184-186

Form VIM - VAR 1 inch Plate

Condition 1280F, 8 Hr AC + 1650F, AC + 1500F,

1Hr Q+R+ 350F, SHr

‘Q‘ A' " h Adr Qi Water
B-Refrigerated Yes No | Yea | No | Yenm No
st 100F, 1 Hour

Fw-kll 246 246 252 252 243 241

P‘y—bl 220 220 229 F4a a8 223

Charpy V a7 | | 44| 58 4

ft. lbs.

TABLE-1.057 TENSILE STRENGTH PROPERTIES & IMPACT
ENERGY FOR VIM-VAR MELT PLATE QUENCHED
IN ATR, QIL OR WATER POLLOWING AUSTENIT-
1ZING

Alloy Fe-0. 16C~14C0o-10NI-2Cr-1M¢
Source (1L pl2 &3
Form VIl - VAR Plate
Copdltion 1650F, ACU1 )+ 1250F B Hr AC+ A. B.C or D + 950F. $ Hir AC
Avg. from

Thickness (in) 5/8 3 iy beats
Heat TreatM® | 4 B c D A B ¢ D E
Fy, - kel 228 239 235 241 230 244 215 242 243
Fot kst 220 225 216 711 223 223 200 223 FL
e - percent 18 17 17 17 16 17 18 1? -
R. A, - peecent 59 69 70 73 66 70 68 [} -
Charpy V 67 a &2 83 4 &0 43 70 68
ft. - Ibs.
1, Time at 1600 or 1500F - 5/8 inch plitc. 3 Hr, 3 tnch pluic. 3 Hre
2. A 1500F, WQ

B 1S00F, AC + (-100F)

€ 1500F, Vermieulite cool + (-100F)

D 1650F, AC + 1300F, AC * (~100F}

E 1850F, WQ + 1500F, WQ ~ 850F, § Hr AC
TABLE 1.058§ EFFECT OF VARIOUS HEAT TREATMENTS ON TENSILE IMPACT PROPERTIES OF

5/8 IN & 3 IN VIM-VAR MELT PLATE
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Alloy Te-0.16C-14Co-10Ni-2Cr-1Mo Fe
Source NpsL?
Form VIM - VAR 2 inch Thick Plate 0. 16 C
2 c‘” 155 Alloy Fer0.16C-14Cor10Ni-2Cr-1 Mo
i (2 50F, B Hr AC ' + 1650F, 1 Hr @ + 1525F, 1 Hr @ + So 10 M
Condition {=100F, 1 Hr] + 950F. 5 Hr AT Composiaon {19 p 148-3 14 Co
ench VIM - ESR Melt Plate
W .
Mediom Alr o1l ater F;:r::ent - — 10 N|
ekt A
F!ll = ki 244 254 248 C 0.15 0.15 0.16 2 Cf
F = ksi 214 224 228 Co 13,40 13.61 13.76
ty Ri 423 4,68 8. 64 1 M
e - percent 16 16 i6 cr 1,46 179 1.72 o
R.A. pereent &9 9 ™ Mo 0.5 1.12 1,07
Mn Q.14 0.1% 017
charpy ¥ st i 3 si <0.01 <o0.00 <0.00 AF1410
3 M- Al < 0.01 <901 <0.01
Kyc - ksi Jin 158 140 18 T <€0.0 <0.01 <0.01
v N a, <6,01
1. Premachining heat treatment s < gg;:i < 0. g!::lﬁ g 647
2. Heat rreated in 2 inch thickness P £.010 0.010 0.014
N ppm 1 11 5
TABLE 1,059 TENSILE PROPERTIES, IMPACT ENERGY & o gm 323 220 88
FRACTURE TOUGHNESS OF VIM-VAR MELT H ppm. 2 2 4
2 INCH PLATE QUENCHED IX SEVERAL MEDIA ES5R Slag
& GIVEN A PREMACHINING HEAT TREATMENT CaF, 30 0 70
AlyOy 15 2z 20
Cal 3 6 8
MgO 2 2 2
TABLE 1,0511 PLATE & ESR SLAG COMPOSITIORS FOR
2000 Th VIM MELT REMELTED INTO ESR
INGOTS
Alloy Fe=0.16C-14Co~10Ni-2Cr=-1Mo
Source lyp32dyp8d
Melt Practice VIM-ESR
[Heat” R3 R4 RS R6 | L36l6R1
Slag
Composidon
Percent
CaF, 30 55 70 0 30
Cao 10 22 20 40 40
Al,05 Y 15 10 30 a0
5i0y - 8 - - -
catt 0.032 0.047 0.045 0.4 | a0z
Mg - - - - 0.08
1. Ce added as 30% Ca-Si alloy at § minute intervals during melting

TABLE 1.0812 S5LAG COMPOSITIONS USED IN MAKING ESR

REMELTS
Alley Fe-0. 16C~14Co-1081-2Cr-1Mo
Source {lyplo& 36 (3ptd
e VEM vinevar't vim-EsR'? 40D-£5R"% | a0D-ESR-vAR'
Heat Lasan Land K-19 R-20 Ki3 Kid 3 R RS RS nz2 R2
Oxygen 10 12 i [} 3.5 4.5 36 53 15 47 28 3
ppm
1. K=1% & K-20 from L3550
K13 & K18 from L3514
2. From L3550
3. From 3-957 VIM + Argon Oxygen Deoxidized Electric Furnace Heat IAOD)
TABLE 1.0813 OXYGEN LEVELS I¥ INGOTS PRODUCED BY VARIOUS MEL.TING PRACTICES
Alloy Fe=0.16C-14Co-10Ni-2Cr-1Mo
Scurce {2ipla
Form 1.25 and 1.4 Inch Plate
Condition 1650F, 1/2 bour W@ + 1500F, 1/2 hour WQ = 950F. 5 hours AC
Melt Practice : vim-gseit VIM-ESR!Y!
Heat R3 R4 RS Rb6 L361ER1
Directlon L T L T L T L T L T
Fm - ksi 249 245 245 241 246 241 253 245 245 249
F‘y - kai 229 228 230 229 229 225 236 229 2% 236
Charpy V13 a7 | 28 | 28 2w | 36 | 21 | | 13 | 38 L
ft - lbs @ OF
1. 1.4 inch plate
2. 1,25 inch plate
3. L~ LTdirection T = TL direeton

TABLE 1.0814 TENSILE & IMPACT PROPERTIES OF 1,25 L 1.4 INCH THICK PLATE FROM VIM-ESR
MELTS

CODE 1224
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Allay Fe-0.16C~-14C0-10Ni-2Cr=1 Mo

Souree A p. 6 (A p, 15 S)p. 3

Form 1.25 Inch Plate

Condition 1650F, 1 hour WQ « 1500F. ) hour WQ + 430F, 3 hour AC

Melt Praciice VIM-VAR ADO HvaR ARC-ADO-ESR |ARC-ADO-ESR-VAR
Heat L3550K20 3-957K11 3.957R21) 3-957K20N
Direction L T L T L T L T
Fpy = ksi 252 255 232 235 [ 218 FE 23
Fyy - ksh 23z | 233 223 222 226 a7 220 220
Champy V17! 62 58 40 4@ 46 45 3 41
ftlbatOF

1. Argon oxygen deaxidation electric furnace melt,

2. L - LT drection, T - TL direction.

3. See Table 1,0813 for O content,

TABLE 1.0815 TENSILE & IMPACT PROPERTIES OF 1.25 THICK PLATE FROM VARIOUS
MELTING PRACTICES

Alloy Fe-0. 16C-14Co-10NI-2Cr-1Mo

Bource 2y p 10

Form 3 Inch Plate

Condition 1650F, 4 hour WQ + 1500F, } hour Wi « 850F, 5§ hours AC

Melt Practice ViM VIM-VAR VIM-VAR
|Fleat 13550 L3ssox 19!} L3ssok20f2!
Direction L T aT L T 5T L T 5T
Ty, = kot 253 761 258 241 230 247 267 2T 49
Fyy - ki 239 251 239 221 220 227 226 227 230
RA - percent 6 59 53 12 68 87 70 69 65
¢ - peroent " " 13 15 15 1 16 16 15
Charpy V(¥ Lo} 3% 17 65 6 56 56 50 “
ft - e at o F

1. VAR stirred

2. VAR not stirred
3. L - LT direction. T - TL direction, 5T - SL direction

Fe
0.16 C
14 Co
10 Ni
2 Cr
1 Mo
AF1410
CODE 1224

Page 8

TABLE 1.0816 TENSILE & IMPACT PROPERTIES OF 3 INCH THICK PLATE FROM VIM &
VIM-VAR MELTS

Alloy Fe-0.168C=14C0-10N-2Cr-1Mo

Source 2)pl2 L13 {(HHpd

Form J Inch Plite

Cendition 1650F, 3 hour WQ + 1500F, 1 hour W@ + 950F, 3 hours AC

Melt Practice vimesk!-2 vIM-ESR(Z)
‘Heat R3 R4 RS R& 1 3616R1
Direction L 5T L ST L ST L ST L 8T
Ftu - ksi 251 245 256 240 246 244 244 244 232 2
Fyy - ksl 228 225 239 218 228 229 232 29 23 222
Charpy V13! 29 22 31 21 29 23 ] 7 EX] 17
ft - 1bs @ OF .

1. Parent VIM Hoat L3550

2. See Table 1.053 for slag composition & decxidation

3. L = LT directlon, T - TL direction, ST - 5L directon

TABLE 1.0817 TENSILE & IMPACT PROPERTIES OF THREE INCH THICK PLATE FROM
VARIOUS MELTING PRACTICES

Alloy Fe0, 16C-14Co~10N1=2Cr-1 Mo

Source (hpls Sip7

Form J Inch Flate

Condition 1650F. ¥ hour WQ + 1500F, % hour WQ + 950F § hours AC

Melt Practice ADQ-VARI!) ARC-ADO-ESR ARC-ADG-ESR-VAR
Heat 3-957K11 3.952.R243) 3-937.K3t3}
Direatian L 5T L ST L ST
Fm - kat 23 239 229 27 231 227
FU - kol 224 226 222 218 2x 218
Charpy ViD 18 a a2 % a1 8
ft«1ba @OF

1. Argoo axygen decxidation

2. L-LT direction, T-TL direction, ST-SL direction

3. See Table 1.0913 for Oy content

TABLE 1.0312 TENSILE & IMPACT PROPERTIES OF THREE INCH THICK PLATE FROM
VARIQUS ADO MEL TING PRACTICES

REVISED: JUNE 1979
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Alloy Fe-0.16C=14Co-10Ni-2Cr-1Mo
[Scurce Mpl3 (SHpl
[Form Y 1/2 &1 3/4 Inch Thick Upset Disks
Condiden 1650F, § hour wQ + 1500F. I bour WQ + 950F, 5 hours AC
Melt Practice VIM-VARZ) VIMESRIH ARC-AOD-VAR(Z} | ACR-AODHESR(Y)
Heat T361aR15 L3614R1 J-857K11 3-95TR2
Direction B T R T R T R T
Pm - ki 249 246 245 246 236 241 221 229
Fty - ks 23z 232 244 232 223 224 215 219
RA percent - &7 60 81 65 64 87 E3
Charpy v 45 456 M kr a3 37 49 51
ft=1ba 2t O F
1. Argon oxygen deoxidation electric furnace heat
2. 1 3/4 inch thick
3. 11/2 [nch thick
4. R« RT direction, T - TR direction
TABLE 1.081% TENSILE & IMPACT PROPERTIES OF 1 1/2 & 1 3/4 INCH THICK UPSET DiSKS
FROM VARIOUS MELTING PRACTICES
Alley Fe-0.16C~14Co-1ONi=2Cr~I Mo
Source (31 p28 5pl)
Form § [nch Thick Upset Diaks
Condition 1650F, I hour WQ + 1500F, ; hour W@ ~ 950, 5 hours AC
Melt Practice VIM-VAR VIM-ESR ARC-AOD! T LVAR ARC-AOD-ESR
Heat L3614K18 L36I4R1 3-957K11 3-857H2
Direction R T ST R T ST R T 5T R T 5T
Fy, = ksl 230 225 229 238 239 239 240 230 236 227 224 22
FU‘ - ksi 215 212 211 222 223 221 219 211 215 2:4 0 208
RA percent 1] 59 88 50 L1 6 62 64 6 67 63 65
Charpy VI 4 4 | 43| 20 | 25 [ 28 | 28 28 | 29 | 28| 25| 28
ft=1bs at O F
1, Argon oxyget deoxidation electric fu heat
2, R~ RTdirection, T -~ TR direction, §T = ST direction
TABLE 1.0811¢ TENSILE & IMPACT PROPERTIES OF 6 INCH THICK UPSET DISKS FROM
VARIOUS MELTING PRACTICES
Alloy Fe~D.16C=14Co=10Ni-2Cr-1Mo
Form Flate, Bar, Formngs & Reforging Stock
Melting VIM=VAR
- 1600 to 1850F, 1 hr AC + I500 to 15350F. ! kr, AC
Cendition + (=80 to -110F, 1 hr} + 940 to S6OF, 5 hr, AC
. " Ay
Thickness | FWmN- | Frgimink | | R A, min, | T2¢ PR
{inches) ksi ksi 2in, % % ksi - Jin
t <1.09 235 220 1z 60 -
1.00<t<1.50| 235 215 12 60 -
LENgt<2.040 235 210 12 60 130
2,005t <2.50 235 200 12 60 130
2.50< 2
1. Applles to produet 1.5 iach thick or over. For thinner products
report KQ . WL orientation
2. As negotiated with supplier
TABLE 3.011 FABRICATORS MECHANICAL PROPERTY
SPECIFICATION (13K
Alloy Fe-0, EGC~14Co-10N{=2Cr-1 Mo
Source 11{p 17)
Form Wing Sweep Actuator Forging VIM-VAR Melt
Condition Forging Heat Treat: 165¢F. I hour AC + 1250F, & hours AC
e 1650F. } hour WQ + 1500F, | hour W + 950F, 5 hours AC | 1500F, § hour AC + (=100F, 4 bour) » 950F. 5 hours AC
Location' ' 1 2 3 4 5 [ 7 -] 1 2 3 4 5 6 ki 3
Fw = kai 232 256 246 X 244 255 237 243 256 229 233 221 252 235 230 253
Fo.o - ksl 236 239 228 272 223 238 223 23z 23t 214 21y 217 233 218 217 232
€ - percent 1 18 H 17 17 17 17 17 17 17 17 16 17 14 16 13
RA percent 73 73 15 75 kL 72 7 2 88 &7 68 66 65 67 68 83
Charpy V ft-lbs {4 84 82 - 84 - - E3 50 53 S - 50 - - 51
1. For location in forging, see Fig. 3.0018

TABLE 2.021% TENSILE & IMPACT PROPERTIES FOR SINGLE & DOUBLE AUSTENITIZED SPECIMENS €UT FROMVIM-VAR MELT

WING SWEEP ACTUATOR FORGING

Fe
0.16 C
14 Co
10 Ni
2 Cr
1 Mo
AF1410
CODE 1224
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Alloy Fe=0,16C-14Co~10N1-2Cr-1 Mo
Fe Source {11y p 20
0.16 C Form! I Wing Swosp Actuator Forging (Location 1) VIM-VAR Melt
* Condition Forging Heat Treat: 1650F, 1 hour AC + 1250F, ¥ hours AC
14 C Specimen 1850F 1 he AC + }500F, j hr AC | 1500F I hr AC + (<100F | hr} +
o Heat Treat +{-300F, } hr) + 950F. § hrs AC 950F. 5 hrs AC
. F_ - ksi 254 255
10 Ni W vir
F'Y - kai 228
2 Cr & - percent 17 17
1 RA = percent 72 1]
MO Charpy V [t - lbs 54 59
AF 14 1 0 1, For specimen location gee Fig. J.0218
TABLE 3.02110 TENSILE & IMPACT PROPERTIES OF SINGLE & DOUBLE AUSTENIZED
& REFRIGERATED SPECIMENS CUT FROM VIM-VAR MELT WING
SWEEP ACTUATOR FORGING
Alley Fe-0.16C-14Co-10Nj-2Cr~-1Mo
Source {11} p 23
Form Wing Sweep Actuator Forging VIM-VAR Melt
Condition Forging Heat Treat: 2650F, & hour AC + 1250F, 8 hours AC
Specimen L850F, 1 hour WQ + 1500F, § bour WQ | 1500F, ! hour AC + (=100F, ! hour}
Heat Treat - 350F, 5 hours AC +« B50F, § hours AC
orging Test
Loationt!! 1 2 3 4 1 2 3 4
Fcy - kat 258 255 260 59 250 234 250 234
Eg - 1000 ksi 0.1 29.8 29.3 28.7 31.1 29.9% 30, % 28,3
1. For test Jocations see Fig. 3,0218
TABLE 3.0221 COMPRESSIVE YIELD STRENGTH & ELASTIC MCDULUS FOR SINGLE & DOUBLE
AUSTENITIZER SPECIMENS CUT FROM VIM-VAR MELT WING SWEEP
ACTUATOR FORGING
Alloy Fe=0.16C~14C0-10Ni~2Cr=-1Mo Alloy Fe-0.16C-14Co-10N1-2Cr-1Mo
Source #pr9 Ssurce {11) p 24 (15}
Form VIM-VAR 2 Inch Plate Form Wing Sweep Actuator Forging VIM-VAR Melt
Conditi 1650F, 1 hour WQ + 1500F, 1 bour WQ Condition Forging Heat Treat: 1650F. 1 hour AC + 2250F, B hours AC
ordition - 950F, 5 hours AC Specimen 1650F, § hour WQ - 1500F, § Four Wq | 1500F, L hour AC + (-100F, ] hour]
Direction LT TL Heat Treat + 950F, 5 hours AC + 350F, 5 hours AC
Temp - F RT -65 RT -65 Location' I* P 1 s
K]u - ksi Jin 140 110 137 11 Fry = kasi 228 231 233
Fyy = ksi 225 236 228 248 Ky - kst Jin™ 196(3) 151 154
1. For locstion see Figure 3.0218
TABLE 3.02722 PLANE STRAIN FRACTURE TOUGHNESS OF 2. Specimen 1.5 inch thick
VIM-VAR MELT PLATE TESTED IN TWO 3 Kq

DIRECTIONS AT ROOM AND LOW TEMP-

REVISED: JUNE 1979

ERATURE

TABLE 3.02724 PLANE STRAIN FRACTURE TOUGHESS VALUES FOR SINGLE & BOUBLE
AUSTENITIZED SPECIMENS CUT FROM VIM-VAR MELT WING SWEEP

ACTUATOR FORGING

TABLE 3.02723

CODE 1224
Page 10

PLANE STRAIN FRACTURE TOUGHNESS

OF 31 INCH VIM-VAR MELT PLATE

Alloy Fe—0,16C-14Co~10N1=-2Cr-2 Mo
Source {3} p 15, p 15
Farm VIM-VAR 3 Inch Plate Alloy Fe=0.16C=14Co-10Ni-2C1-1 Mo
Condition 1650F, 1 bour WQ = 1500F, 1 hour WQ Seurce (5 p 16
+ 950F, 5 hours AC Form VIM-VAR 1 1/4 Inch Plate

Direction LT L SL Condition 1650F, I hour WQ + 1500F, | bour W@
K -Xst Jin 154 142 136 + 950F, S bours AC

Te Direetion L
Fry = ksl n 230 230 E-1000 kst 25.3 29.4

TABLE 2.062]1 ELASTIC MODULUS IN TEXSION POR VIM-VAR

1 1/4 INCH PLATE
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Alloy Fe=0.16C-14Co=10N1-2Cr-1Mo

Sourece (12_]_&?4

Form Filler Wite 0.062 nch Diamecer

Heat VE 798 VE 739 VE 800 VE 117
< 9,18 .15 Q.18 .16
Co 14.34 13.76 14, 06 1.3
Ni 10.38 9.82 9.99 8,94
Cr 1.92 1.90 1,94 2.13
Mo 1,04 1.00 i.08 0.92
5i Q.18 <9.01 Q.18 o1
Al 0.015 0.025 0. 031 0,020
v 0,028 <000 <0.01 0,0E6
Mn <0.05 < 0.05 <90,05 <0.03
b <0.01 <0.01 <0.01 <0.01
S 0.007 0. 005 0.005 0.007
P < 0,001 < 0,001 <90,001 0. 008
0 37 ppm 52 ppm 74 ppm 28 ppm
N 3 ppm 4 ppm 2 ppm 4 ppm
H 1ppm 1 ppm 2 ppm 1 ppm

TABLE 4.0314 FILLER WIRE COMPOSITIONS USED IN CERTAIN WELD PROPERTY STUDIES

Alley Fe-0.16C-14Co-10Ni-2Cr-1Mo

Sourgs (8) p 64

Form Filler Wire

Heat LIB16K13 TLA2606
(o 0.17 ¢.15
&) 13.98 13.7%
Ni 10.10 $. 82
Cr 1.9E 1.%0
Mo 0,97 1.00
§i 0.04 <0.01
Al 0.003 0.02%
Mn 0.06 <0.05
T 0.004 <0.01
5 0.001 0.005
P 0,004 <0.008
s} 300 ppm 520 ppm
N 200 ppm 400 ppm

TABLE 4.0315 FILLER WIRE COMPOSITIONS USED IN

CERTAIN WELD PROPERTY STUIIES

Alloy Fe=0.16C=14Co=10Ni-2Cr-1 Mo

Source (1Z) p 12

Plate thickness, inch 1/2 11/8
Weld groove 409 Double J 40° Double U
Electrode dismeter, inch 1/8 178
Electrode type W-2Th W=-2Th
Wire diameter. inch 0.062 0.062
Total passes 11 =18 29-3
Interpass, F 1400 - 150 100 - 160
Back up gas. cu {t per hour A, 10 -12 A, 10-12
Torth gas, percent TS5 He -25A 15 He - 25 A
Flowrate. cu ft per hour &0 60

Pubsed arc 200-5 or { 200-15 200-15
Current, amp - secs 160-15 180-5 160-5

Are vollage 14 or 13 13

Arc travel. inch per min. 4 4
Hestinput, Kj pet inch 5.7 or 37,1 ar1 - 3.5
Deposition Rate - [bs per hour 1.1 1.1

TAELE 4.0318 WELD PARAMETERS FOR AUTOMATIC PULSED ARC CW-GTA WELDING

Test Condition Specimen Axis Normal to Weld

Alloy Fe-0.16C-14Co-10K1-2Cr-1Mo

| Source {12} p 48

| Form 1 178 inch Plate

Condition 1650F, 4 hour W& + 15001, 1 hour WQ + CW=GTA Wetal1) + 050F, 4 houns WQ

Alternate Immergion (10 min. in 3, 5% NaCl + 50 min. Alr Dry} at 155 kei.

Specimen No. Fallure Time, Hours Remarks
icd 468 Crack initiated inh HAZ
4c6 199 Faited at oo} mark in head radivs

1. Weld wire heat VE799 (Table 4,0314). See Tzble 4,0316 for welding paramesiers.

TABLE 4.0317 ALTERNATE IMMERSION STRESS CORROSION DATA IN 3. 5% NaCl FOR
CW-GTA WELDS IN VEM=-VAR PLATE

Fe
0.16 C
14 Co
10 Ni
2 Cr
1 Mo
AF1410
CODE 1224
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Fe
0.16 C
14 Co

10

Ni

FERROUS ALLOYS

2
1

Cr
Mo

AF1410

|Alloy Fe-0.16C-14Co-10N}-2Cr-1M0
Form VIM VIM-VAR % inch Flate (R Lar Cr ion Speci )]
Source {E}y p 125 & 126
Condition 1650F, 1 hour WQ + 1500F, 1 hour W@ « Weld « 350F, 5 hours AC
Weid Double ¥ Groove, Manua!, Siringer Bead CW-GTA Butt Welds,

0,062 Marching Filler With Argon Shield
Surface Weld Bead Bead Ground Single Repair Bead|Multiple Repair Bead
Conditlon On o Ground off Ground off
Test Temp F RT <Y mr -65 AT -65 RT -65
Fy, - Mt 248 255 232 256 236 254 235 254
Fty - ksi 230 - 220 - 215 - 204 -
e(2 In.) percent 12.5 21 12 12 9 11 9 10
1, Specimens {niled In parent metal
2. Welds normal to applied load

TABLE 4.0318 TENSILE PROPERTIES AT ROOM TEMPERATURE AND -63F FOR MANUAL
CW-GTA PLATE BUTT WELDS AND REPAIR WELDS WITH AND WITHOUT

BEAD REMOVAL

Alloy Fe-0.16C-14Co-10Ni-2Cr-1Mo
Source {12 p 33
Form % inch Plate VIM-VAR Meht
Condlticn 1650F, | hour WQ + 1500F, § hour W@ + Weld
Deposition Fusion Zone Impurities Fusion Zone
werdll) | Fitled® [Heat pat|  Rate. | Al 84 5 P o x Congfi-lbsf 4
Process | Wire | Kjperin. ]lbs per hr As Depostt | Aged'=)|
CW-GTa | VENT 33.2 1.1 0.086 9.21  90.007 0.006 [:] 5 35.4 24,4
VETH9 inl 1.1 0.025 <0.01 0,005 0,001 52 4 40.4 47.3
HW-GTA | VET17 33.8 5.6 0.061 ©0.20 0.002 0,008 185 &2 18.2 16.2
CW-PA VETIT 93.6 3.4 0.095 0.22 0.008 0.007 90 102 23 13.2

1. CWsGTA Cold wire gas tungaten arc

2. Age 950F, § hours

HW-GTA Hot wire GTA

3.

CW-PA Cold wire plasma are
4.

For wire composition gee Table 4.0314
For weld parameters see Table 4.0316
LT orientation, L in weld direcdon

TABLE 4.03112 EFFECTS OF HEAT INPYT AND FILLER WIRE IMPURITIES ON FUSION ZONE

IMPACT ENERGY

Alloy Fo-(, 16C-14C0=-10Ni=2Cr-1Mo
Source § {p 131}
Form VIM-VAR % inch Plate
Condition 1650F, 1 hour WQ = 1500F, 1 hour WQ - Weld
+ 950F, 5 hours AC
weld Mapual Stringer Bead CW-GTA Butt Welds/ 't
Location weld HAZ
Charpy ¥{1
ft=1bs
Average 49.7 4.5
Std. Dev. 3.0 5.6
1, See Table 4.03l8 for tensile properties & weld parameters

TABLE 4.0:;!13 IMPACT ENERGY FOR GTA WELD METAL &

HAZ IN VIM=VAR MELT } INCH PLATE

CODE 1224

Page 12

Allay Fe-0.16C-14Co-10Ni-2Cr-1Mo
Souree (7) p B4
Form VIM-VAR 1'4 inch Plate
Conditon Elecron Beam Weld
Specimen Ne. E97 E¥8
K- ksi Jin. 71,1 7.5
- 230 230
F:y ksi 3

TABLE 4.03115 PLANE STRAIX FRACTURE TOUGHNESS OF
ELECTRON BEAM WELDS MADE [N VIM~-
VAR MELT PLATE

REVISED: JUNE 1979
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VIM-VAR 1 1/4-inch Plate,

70} 1650 F, 1/2 hr, WQ + 1500 F, 1/2 hr, WO + Age

601~ ® No Age

0o 950 F, 6 hr AC
Bars End Quenched

R " v e e e
40 I ] | l

0 05 1.0 1.5 20
Distance from Quenched End-inches

Hardness-R,

FIGURE 1.061. :EI\,ID QUENCH HARDENABILITY
5)P. 18

S0~ 225 ksi < Fyy, <265 ki
80 5

Numbers Beside Points

Show Oxygen in ppm
70

Malt
2 O VIM-VAR

=10] o ® VIM-ESR

Charpy V-Notch Impact Energy-ft-lb

] i J ] ] |

| 3 5 T 9 ox10r3

Sulphur Content-weight percent

FIGURE 1.094. EFFECT OF SULPHUR AND
OXYGEN CONTENT ON THE
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FIGURE 3.0215. EFFECT OF AGING TIME
AND TEMPERATURE ON
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FIGURE 3.0233.
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WATER QUENCHED FROM THE
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Omax = 150 ksi

Axial
Load

Comer Cracked Hols

Omax = 100 ksi

Through Crack
Opnax = 100 ksi

-0.5 -1.0

0’ .
Stress Ratio~ omm
max

FIGURE 3.0511. EFFECT OF STRESS RATIO
ON FATIGUE LIFE OF
VARIOUS CRACKED
SPECIMENS SUBJECTED
TO CONSTANT AMPLITUDE
LOADING (8) P. 178
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FeUH FERROUS ALLOYS REVISED: JUNE 1979

Strength, Fw-ksi

Fe
0.16 C 2000 VIM-VAR 5/8-inch Plate,
. w 1650 F, 1 hr, WQ + 1500 F,
14 Co é isoo}— 1 hr, WQ + Weld
=
10 Ni g 1600 —
2 Cr| g
§ 1400}
1 Mo| «
é 1200 — ~
AF1410 1000l K
2 5/8-inch VIM-V AR Plats,
T 560 1650 F, /2 hr, WQ + 1500 F, 1/2 hr,
X WwaQ + CW-GTA Weid + Age
p 520
5
& 480 280 Wire Haat ]
£ 801Ve 798 VE 798 VE 800 Age Temperature, F |00
5§ 440 ] o A a00
- » L ] A 950
60
F-1 . .
£ L For Wire Composition, —
'.Ev..z:: 50 260 Ses Table 4.0314 280
For Weld Parameters,
E g 40 //"o\\ See Tabla 4.0316
F ']
£ L s ol 260
28 30 8 ¥ v
S8 FZ» HAZ | Base Metal 2
T 20 L L ' - Fey
0 (o] 02 03 04 -g
Distance from Weld Centerline~inches £ ﬁ" .
g 220k P — 240
7] \__.-' '-..--‘-
FIGURE 4.0319. HARDNESS AND IMPACT o
ENERGY AS A FUNCTION <o ParentMotal
OF DISTANCE FROM WELD
CENTERLINE FOR CW-GTA 2001 — 220
WELDS IN VIM-VAR PLATE —m
{12) P. 69 Q e ‘ﬁ
- ty
- .‘—--— —
180 ~-4 200
A
sol- L = Weid Direction 180
3 RA
b}
=4 R g —
p £EE 80 a 8
258
g3t
o3
Wy
20
8 e
T ] . i i
| I
105 2 8 2
Aging Time-hr
FIGURE 4.03110. FUSION ZONE TENSILE
PROPERTIES OF VIM-VAR
MELTPLATE CW-GTA
WELDED WITH SEVERAL
FILLER WIRES AND AGED
FOR VARIOUS TIMES AT
900 AND 950 F {12} P. 35
CODE 1224
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REVISED:

Charpy V-Notch Impact Energy-ft-lb

JUNE 1979

FERROUS ALLOYS

6/8-inch Plate, VIM-VAR
1650 F, 1/2 hr, WQ + 1500 F,
WQ + CW-GTA Weld + Age
80
Wire Haat
VE798 VE 793 VEB00 Age Tempsrature, F
2] o] fal 900
L L] A 950
70
Wire Composition Table 4.0314
Weld Parameters Table 4.0316
60—
TL Orientation
L = Weld Direction
SO
0 ﬁ
409
9
o]
A Parent
Metal
30 A
20 L !
(o] 4 8 2
Age Time-hrs

FIGURE 4.G3111.

FUSION ZONE CHARPY IMPACT
ENERGY OF VIM-VAR MELT
PLATE CW-GTA WELDED USING
SEVERAL FILLER WIRES AND
AGED FOR VARIOUS TIMES

AT 900 AND 950 F (12) P. 38

Charpy V-Noteh Impact Energy-ft-lb

FeUH
Fe
0.16 C
14 Co
10 Ni
2 Cr
1 Mo
AF1410

100

80

60

40

L = Woeld Direction

5/8-inch Piate,
1650 F, 1/2 hr, WQ + 1500 F, 1/2 hr,
WQ + CW-GTA Weld + 950 F, 4 hr WO

VE 799 Filler {Table 2.0314)
Weld Parameters, Table 4.0316

5/8-inch Plate

1 1/8-inch Plate

LT Orientation
| ] |

-200 0 200
Temperature~-F

400

FIGURE 4.03114. EFFECT OF TEMPERATURE

ON FUSION ZONE IMPACT
ENERGY OF CW-GTA WELDS
IN VIM-VAR PLATE (12) P. 83
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FeUH

Fe

0.16 C
14 Co
10 Ni
2 Cr
1 Mo
AF1410
CODE 1224
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Stress-ksi

Maximum Stress-ksi

FERROUS ALLOYS

5/8-inch Plate .

260}— 1850 F, 1/2 hr, WQ + 1500 F, 1/2 hr,
WQ + CW-GTA Weld + 950 F, 4 hr, WQ
240~
Weild Wire VE 799
Table 4.0314
220 (Table 4.0314)

Wald Parameters,
Table 4.0316

200
180
60 —
140 -
Axial Fatigue

izo b 30 Mz

R=0.1
100 [ L1 .

0% 105 108 107

Cycles to Failure

FIGURE 4.03116.

FUSION ZONE FATIGUE

STRENGTH OF CW-GTA
WELD IN VIM-VAR MELT

PLATE {12} P. 44

2001~ VIM-VAR 1/2-inch Piate,
1650 F, 1hr, WQ + 1500 F, 1 hr,
180 |- WQ + Wald + 950 F, 5 hr, AC
Fyy = 250 ksi
160 -
For Weld Conditions
140 See Table 4.0318

Weld 1 to Load, Bead on

120 R
® 005
100 A 05
0-1.0
B8O
60 &—=
~
40 Ke= 1 6~ -~
— K =l
Axial LuLad nelctangular Crlos-Sections
20
10% 10° 108 107 108

Cycles to Failure

FIGURE 4.03118. $-N CURVES FOR GTABUTY
WELDS IN VIM-VAR 1/2-t{NCH
PLATE WITH WELD BEAD ON

(8) P. 135, 138, 139

Maximum Stress-ksi

Maximum Stress-Ksi

REVISED: JUNE 1979

2001~ VIM-VAR 1/2-inch Piate,
1650 F, 1 hr, WQ + 1500 F, 1 hr,
180 WQ + Weld + 950 F, 5 hr AC
Far Welding Conditions
1801~ A®  See Table 4.0318
140 Weld 1 to Load
120
100
80
60
K. =1 Rectangular Cross-Sections
401 't
Axial Load
0 ] | ]
04 103 108 {old 109

Cycies to Failure

FIGURE 4.03117. S-N CURVES FOR GTA

BUTT WELDS IN VIM-VAR
MELT 1/2-INCH PLATE
WITH WELLD BEAD GROUND
OFF (8} P, 145-146

200~ VIM-VAR 1/2-inch Plate,
1650 F, 1 hr, WQ + 1500 F_ 1 br,
180 WQ + Weld + 950 F, 5 hr, AC
160 — For Weld
Conditions
| ee
1401~ vable 4.0318 ‘°\
\
120
h Single Repair
100
BO
Multiple Repair
60
Ky=1
40|~ A;i:iol.gasd Rectangular Cross-Sections
20 ! { |
103 104 105 108 107

Cycles to Failure

FIGURE 4.03119. S-N CURVES FOR GTA
REPAIRED BUTT WELDS
IN VIM-VAR 1/2-INCH
PLATE WITH BEAD
GROUND OFF (8) P, 143-
146



Maximum Stress-ksi

REVISED: JUNE 1979 FERROUS ALLOYS FeUH
EL é Fe
Failure HAZ 0.16 C
HAZ Locations Fracture
Failure in Fillet Fer All 14 Co
Welds Specimens 10 Ni
2 Cr
120 120
1650 F, 1 hr, WQ + 1500 F, 1 hr, WQ + 1650 F, 1 hr, WQ + 1500 F, 1 Mo
00 Weld + 950 F, 5 hr, AC 100} 1hr, WQ + Weld + 350 F,
0.375-inch Leg Cruciforms - 5 hr, AC 0.375-inch AF1410
g Leg Cruciforms
[} —
80 o} H:AZ Failure ) ﬁ 80
col @ Fillet Shear Failure = B See Figure 4.03120
E 60 For Walding Details
CW-GTA Full Penetration J F
a0l Groave Welds. See Table % 40F
4.0318 for Other Details §
| . R=0.05 . R=0056
20 Axial Load O—> 20 Axial Load
L i L o ! ! |
104 0% 108 o7 108 o3 104 10% 108 107
Cycles to Failure Cycles to Failure
FIGURE 4.03120. S-N CURVE FOR FULL PENE- FIGURE 4.03121. S-N CURVE FOR FULL PENE-
TRATION FILLET WELDED TRATION FILLET WELDED
VIM-VAR MELT CRUCIFORMS VIM-VAR MELT CRUCI{FORMS
WITH NONSYMMETRICAL WITH SYMMETRICAL JOINTS
JOINTS (8} P, 163 {8) P. 161
VTM-V AR 1/2-inch Plate, 1650 F, 1 hr,
Wa + 1500 F, 1 hr, WQ + Weld +
950 F, 5 hr, AC
For Weld Conditions See Table 40318
1074 -
2 Specimens From
f':“ Fusion Zone
£ 5x107°
2 R =0.08
& Air &
® 3 1/2% NaCl
]
o
®
&
£ w08
2
4]
s
& 5x107¢F
Q
TL Orisntation
L = Welding
Direction
|0—5 L
i |
5 10 50 100
Stress Intensity Factor, A K-ksi\/inch
FIGURE 4.03122. FATIGUE CRACK GROWTH
RATE IN AIR AND IN 3.5%
SALTWATER FOR GTA WELD
iN VIM-VAR 1/2-INCH PLATE
{81 P. 167
CODE 1224
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FeUH

Crack Growth Rate-inch/cycle

Fe

0.16 C
14 Co
10 Nj
2 Cr
1 Mo
AF1410
CODE 1224
Page 30

FERROUS ALLOYS

1-inch Plate, VIM-VAR Py
1650 F, 1/2 hr, WQ + 1500 F, 1/2 hr, WQ
+ CW-GTA Weld +
950 F, 4 hr, WQ
1074 -
Wire Heat VE 799,
5x1Q0~% |~ Table 4.0314
Woeld Parameters,
Table 4.0316
{ond o
-6 |
3%10 Tested Transverse
to the
Weld Direction
1078 -
51077
O Dry Air, 6 Hz
® 3.5% NaCl, 0.6 Hz
A 3.5% NaCl, 1 Hz
10-7 | | gt | ¢
1 5 10 50 100 200

Stress intensity Factor, A K-ksi+/inch

FIGURE 4.03123. FATIGUE CRACK GROWTH OF FUSION

ZONE OF CW-GTA WELDS IN VIM—VAR
MELT PLATE (12) P. 46 & 47

350
VIM-VAR 1-inch Plate,
1650 F, 1hr, WQ + 1500 F, 1 hr, WQ + 950 F, 5§ hr, AC
300
L O Cr Plate
0O Ti-Cd Plate
5 2%0 4 Electroless Ni Plate
x ® Thread Failure
c 80 S 2w w® U
g 150} a0 T———_n
E = == —— No Plate
[
= 100 & ° 0
AA G [
Ly—a-
S0 - Axial Load R =0.05
Ke=1
0 | | ]
0% 103 108 107 T}

FIGURE 4.041.

Cyecles to Failure

§-N CURVES FOR VIM-VAR MELT
PLATE FOR SPECIMENS PLATED
BY VARIOUS PROCESSES (8) P. 129

REVISED: JUNE 1979




