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SECOND SUPPLEMENT |
3
. O to
R HANDBOOK ON MATERIALS FOR SUPERCONDUCTING
k MACHINERY — FIRST EDITION :
5 MCIC-HB-04 :

The original Handbook was prepared by Battelle’s Columbus Laboratories under Advanced Research
Projects Agency (ARPA) sponsorship, monitored by the Cryogenics Division of the National Bureau
of Standards, and published by the Metals and Ceramics Information Center (MCIC). This second
supplement was prepared under the same sponsorship to update the information in the initial
publication.

This supplement, as does the original handbook, contains information on the mechanical, thermal,
electrical, and magnetic properties of selected structural materials that might be considered for compo-
nents of superconducting machinery. Since this information is primarily intended for designers of
equipment that will be exposed to cryogenic temperatures, the data are presented as “’best-value”
numbers from compilations of data in the temperature range 0 to 300 K.

i s

This second supplement contains a new title page, a Foreword to the Second Supplement, an updated
Tabie of Contents, new sheets for Sections 1 through 12, a new list of references, and new Bibliography

pages.

INSERTING THE NEW DATA SHEETS IN THE HANDBOOK—

The procedure for inserting the new data sheets in the Handbook is as follows:

Section 1.0 Replace the single page in this section

Section 2.0 Replace the entire section (15 pages, 8 sheets) ‘
Section 3.0 Replace the entire section (20 pages, 10 sheets) 1
Section 4.0 Replace or insert the indicated 233 pages (119 sheets)

Section 5.0 Replace or insert the indicated 62 pages (36 sheets)

Section 6.0 Replace or insert the indicated 117 pages (60 sheets) ]
Section 7.0 Replace or insert the indicated 77 pages (41 sheets)

Delete pages 7.1.1-0.1, 7.1.1-0.2, 7.1.1-2.1 through
7.1.1-2.12, and 7.1.1-4.1

Section 8.0 Replace or insert the indicated 141 pages (75 sheets)
Section 9.0 Replace or insert the indicated 66 pages (35 sheets)
) Section 10.0 Replace or insert the indicated 18 pages (10 sheets)
s
3(
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Section 11.0 This is a new section on Composites; the new divider
and the new data sheets should be added,
(29 pages, 17 sheets)

Section 12.0 Replace or insert the indicated 18 pages (11 sheets)
Reference and
Bibliography Replace pages R-1 through R-16, B-1, B-7 through B-22,
B-53 through B-55 and add pages R-17 through R-23
and B-56 through B-58

The enclosed descriptive sticker is for the front of the binder just below the date.
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KEEPING YOUR HANDBOOK UP TG DATE-

So that we may continue to keep all holders of the Handbook on Materials for Superconducting Machinery
advised of supplements and new reference data, a registry of the locations of all copies is being
maintained. To assist us in keeping these records, we ask that you complete and return one of the
following seif-addressed postcards upon initial receipt of this Supplement. If responsibility of this : |
copy of the Handbook is transferred to another party, please use one of the postcards to advise us
of the change. (Please indicate that the previous card should be removed from our records). If
there are no postcards available, please write to MCIC at the address below.

i
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ADDITIONAL INFORMATION-

Any questions on the Handbook data or request for additional data should be addressed to the
attention of Mr. Harold J. Hucek, Manager of Publications at:

Metals and Ceramics Information Center
Battelle’s Columbus Laboratories

505 King Avenue

Columbus, Ohio 43201

BATTELLE COLUMBUS LABORATORIES Date
Gentlemen:

Receipt of the second supplement to MCiC-HB-04, ‘’Handbook on Materials for
Superconducting Machinery”, is hereby acknowledged. The name and address of
the person maintaining this Handbook is as follows:

Name 1
Organization
Address ‘4

Comvents:

BATTELLE COLUMBUS LABORATORIES Date
Gentlemen:

Receipt of the second supplement to MCIC-HB-04, “’Handbook on Materials for
Superconducting Machinery”, is hereby acknowledged. The name and address of
the person maintaining this Handbook is as follows:

Name 3
Organization ]
Address ’
{
Comments:
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FOREWORD

The research program that has led to the preparation of this Handbook was supported by
the Advanced Research Projects Agency (ARPA) of the Department of Defense, with Dr. Edward C.
Van Reuth as Project Monitor. The Handbook preparation task was subcontracted to Battelle
Columbus by the Cryogenics Division of the National Bureau of Standards under Contract No.CST-
8303 with Dr. Richard P. Reed as Program Manager and Contract Monitor.

The research program was conducted under ARPA Order No. 2569 and Program Code 4D10
by the Metals and Ceramics Information Center {(MCIC) with K. R. Hanby and H. J. Hucek as Program
Managers, and E. A, Eldridge and J. K. Thompson as Principal Investigators.

Contract No. CST-8303 includes two tasks. Task | provided for the compilation of low
temperature property data on selected materials for structural applications in superconducting
machinery and has resulted in the production of this Handbook. Task |l provided for research on the
thermal expansion and specific heats at low temperatures for selected structural alloys. Available
data obtained on Task il are incorporated in this edition of the Handbook. Additional data from
other concurrent ARPA/NBS programs are included in the First and Second Revisions. The effective
date for initiation of the program was September 10, 1973, and the contract expiration date was
January 15, 1977.

DISCLAIMER

The views and conclusions contained in this document are those of the authors and should
not be interpreted_as necessarily representing the official policies, either expressed or implied, of
the Advanced Research Projects Agency or of the U. S. Government.

Ay
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HANDBOOK ON MATERIALS FOR
SUPERCONDUCTING MACHINERY

1.0 INTRODUCTION

Recent advancements in the development of superconducting machinery have demonstrated
that superconducting generators, motors, transmission lines, and other electrical equipment are
more efficient, occupy less space for equivalent capacity, and have other advantages over more
conventional equipment. Because of these advantages, there is considerable incentive to develop
superconducting systems for certain military applications. New ship propulsion systems which
are being developed by the Navy represent major developments in superconducting generators,
motors, and controls. These developments involve considerable new design technology and en-
vironments that may expose the components to cryogenic temperatures as low as 4 K. Exposure
of structural materials to such low temperatures affects the mechanical and physical properties
of the materials. The purpose of the Handbook is to provide a ready reference for designers on
the effects of fow temperatures on the properties of structural materials that will be considered
in developing new designs for superconducting machinery. Formats for presentation of the me-
chanical, thermal, electrical, and magnetic property data are intended to provide best-value data
for the designer based on currently available information. The data also may be used by engi-
neers in selecting materials for certain cryogenic applications. The current list of materials was
selected based on available information and suitability for such applications. All data are based on
current state-of-the-art information.

11<
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2.0 EXPLANATION OF DATA COLLECTION
AND PRESENTATION

The structural materials property data presented in this Handbook are based on compilations of data
collected from documents in the files o1 the Metals and Ceramics Information Center (MCIC). These
documents either were originally part of the data base of MCIC or were acquired as a result of a

search of the accessions of the Cryogenic Data Center, Cryogenics Division, National Bureau of Standards
Boulder, Colorado. Documents from which the data were obtained are listed in the Reference section
according to MCIC accession number. The Bibliogr.phy, which includes cited data references, lists

over 900 citations on properties and applications of the selected materials. The 18 references for the
composite materials are listed at the end of Section 11, Composites. When more detailed information

is needed than the best-vaive data presented in later sections of this Handbook, the original sources

of the data should be consulted.

’

Data from the original sources were collected on the selected materials {discussed in Section 3) within
the following categories over the temperature range 0 to 300 K:

{a} Mechanical properties {Includes weld properties)

(b) Thermal properties
Thermal conductivity*
Thermal expansion

Specific Heat
{c) Electrical resistivity
{d) Magnetoresistance

(e} Magnetic properties.

2.1 Mechanical Properties

After compiling the available mechanical property data from the original sources, the major objective

was to reduce the data on metals, welds, composites, and polymers to best values and to present the

best-value data in formats that could be usea effectively by designers in developing new concepts in

superconducting machinery. In general, the available data for any of the parameters was not sufficient

for any material in the cryogenic range to permit a statistical analysis to yield A or B basis (minimum

design) values as in MIL-HDBK-5. However, judgment was used in analyzing the available data in order

to arrive at best-value numbers for the various parameters based on the available data. The best-value

numbers are averages obtained usually from a series of tests from one or more sources on individual

specimens. From some sources, only average data and not individual specimen data were available

for the mechanical property parameters. |f information was available on the number of specimens

tested in obtaining the original average value, the number of specimens was taken into consideration in .
arriving at the overall average or best value. |f information was not available on the number of speci- i
mens tested in arriving at an original average value, the average value reported was considered the same

as that for a single specimen in calculating the overall average. |f tensile ultimate strength or tensile i
yie!d strength data were available for eight or more replicate specimens, standard deviations were
determined and are included in the tabulations. If the original input data include average values, the
results will not be true standard deviations, but will be the best that can be determined from the
available sources.

[ -
oo A S ]
* Data include the effects of magnetic fields on thermal conductivity. 1‘2
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Data that were not representative of normally produced material (i.e., material with unusual impurity
levels, unusual grain sizes, etc.) were not included in the compilations. Furthermore, if the heat
treatment, form, or dimensions (thickness, diameter, etc.) of the material were not given or if specimen
orientation or other significant information on the specimens o test methods was not given in the
original source, the data were omitted from the compilations. When data points occurred outside the
range of the usual scatter of data points (outriders), the original source was reviewed to determine any
unusual factors that would contribute to the variation. Such an examination usually provided a basis
for omitting the outriding points.

Typical formats for compiling best values for mechanical property parameters for metals, alloys, and
polymers are shown in Tables 2.1, 2.2, and 2.3. The same formats were used to report weld data when
it was available. The parameters in Table 2.1 are for tensile properties. Most of the available mechani-
cal property data at cryogenic temperatures is limited to tensile data. When compressive, shear, impact,
fracture toughness, and/or fatigue data were available for any of the materials, the corresponding
formats in Tables 2.2 and/or 2.3 were used in recording the best-value data.

Typical forrnats for compiling best values for mechanical properties of composite materials are shown
in Tables 2.4, 2.5, and 2.6. Data are reported for uniaxial laminates and for woven-cloth reinforced
composites. Uniaxial laminate data include key mechanical properties required for orediction of
crossply properties using macromechanical composite theory, whenever such data were available.

The highly-anisotropic mechanical properties of composite materials require referencing of the properties
to the direction of fiber reinforcement. Tensile, compressive and impact data, Tables 2.4 and 2.5, are
reported for longitudinal and transverse directions of uniaxial composites. The sheet-normal direction
is included in the compressive data format. This refers to loading directions parallel to and at right
angles to the fiber direction, plus a direction normal to the plane of pressing in sheet material (press-
curr; direction). For composites reinforced with woven cloth, the longitudinal direction is taken as

the warp direction and the transverse direction is taken as the fill direction. Crossply composites
frequently display an initial and secondary modulus during the initial load cycle; consequently, both
moduli and the strength corresponding to the chanye in modulus are reported when data were available.
Moast composite data are reported as average and minimum reported values. However, compressive
strength data are reported as maximum, average, and minimum values. Here, the maximum value is

the most significant, as the average of compressive strength data tends to become strongly biased
toward low values due to experimental difficulties.

Composite interlaminar shear refers to shear between adjacent layers in a layered laminate. Composite
in-plane shear refers to shear between parallel fibers in the plane of the fibers.

Available composite fatigue data are presented graphically in the format shown in Table 2.6. In many
applications, the useful fatigue life of composite structures will be limited by a decrease in modulus
rather than ultimate fracture. The format of Table 2.6 permits data on modulus decrement to be
included when available.

Data on Tables 2.4, 2.5, and 2.6 reflect best values from flat coupons, rods or bulk specimens produced
from preimpregnated tape except where noted. References are provided for each value to facilitate
consulation of the original source for additional information on test procedures.

It is possible to fabricate composites with widely varying fiber volume fractions and widely varying
properties. Most available data have been generated for the nominali fiber volume fractions reported
in the tables, corresponding to the fiber content in off-the-shelf preimpregnated materials.

13< 2.0-2
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i & In most instances, the property data were added to the original compilation tables only when such data
were reported for tests at 77 K (-320 F) or lower. When test data were reported for tests at 77 K or
lower, all of the test data in the range 0 to 300 K were added to the original compilation tables. This
method of selecting the data eliminated much of the data that would not be significant when
considering cryogenic properties.

The headings in the tables indicate the alioy, welding method, polymer, or composite designation from
the list presented in Section 3. If a specification was identified for the material, the specification is
identified in the heading. For metals and alloys and welds, thicknesses or diameters of the material in
the form identified are given in the heading for limited ranges, since the size may have a significant effect
on the properties. The size ranges are as follows:

Sheet, Plate, and Flat Forgings and Extrusions (Thickness):

Up to 0.099 ¢m (0.039 in.)

0.100 to 0.319 cm (0.040 t0 0.125 in.)
0.320 to 0.634 cm (0.126 to 0.249 in.)
0.635 to 1.269 cm (0.250 to 0.499 in.)
1.270 to 2.540 ¢cm (0.500 to 1.000 in.)
2.541 t0 5.080 cm (1.001 to 2.000 in.)
Over 5.080 cm (2.000 in.)

Bar Stock, Forged Stock, and Non-Flat Extrusions
{Diameter or Thickness):

Up to 2.540 ¢cm (1.000 in.) |
2.541 to 5.080 cm (1.001 to 2.000 in.) ’
Over 5.080 cm (2.000 in.)

Data for the same alloy type and thickness range may be available for several different heat treatments
and/or mill processing conditions. Data for the alloy are presented for these various conditions if
they might be zonsidered for components which will be exposed to low temperatures in service.

The first column in the mechanical property tables indicates the parameters and units. Boid face
type is used for the parameters and best-value numbers (indicated as “Avg’’) so they will stand out
from the other numbers. The next column in the tables is for room temperature data which usually
are obtained in the range 291 to 300 K (65 to 80 F). The heading for this column is 297 K (75 F).
Another key temperature range for low temperature mechanical property tests is obtained by cooling
an organic liquid with dry ice. Indicated temperatures for this type of low-temperature bath are

200 to 193 K (-100 t0 -112 F). To simplify the tabulations, tests made in dry-ice baths are indicated
at 195 K (-108 F). Tests made with the specimens in liquid nitrogen, liquid hydrogen, and liquid
helium are indicated at 77 K (-320 F), 20 K (-423 F), and 4 K {-452 F), respectively. For test data
obtained at intermediate te:nperatures such as 144 K (-200 F), the data are presented in separate
columns with the testing temperature indicated in the column heading.

The primary units in the tables are S| units with corresponding English units in parentheses. Values
for stress and energy in Sl units were generally converted from English units. In most instances, the
average values in English units were not rounded off until after converting to the 8! units. The 1
- Englisn units were then rounded off usually to three digits for presentation in the tables. Because
the English units were rounded off after conversion, conversion of the three-digit numbers will not
always result in the corresponding converted Sl units in the tables. 14
3 <
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Abbreviations used in the mechanical property tables have the following meanings:

TUS - Tensile ultimate strength
TPL - Tensile proportional limit
TYS - Tensile yie!d strength

Elong. - Elongation

f RA - Reduction in area

r E - Young's modulus
Eq - Initial Young's modulus (composites)

E‘ Eo - Secondary Young's modulus (composites)
SE1 - Strength at transition between Eq and Eo
NTS - Notched tensile strength
CuUsS - Compressive ultimate strength
CPL - Compressive proportional limit

. E. - Elastic modulus in compression

F SuUsS - Shear ultimate strength

A SPL - Shear proportional limit

; G - Shear modulus
Long. - Longitudinal orientation

Trans. - Transverse orientation

Kic - Plane strain intensity factor obtained on precracked bend or compact
specimens according to ASTM E399

! Kig - Plane strain stress intensity factor obtained on part-through surface-crack
‘ specimens (requirements for validity of these tests have not been established,
but selected data are included in the compilations tc indicate the trends in
the results that have been obtained according to the current state of the art)

SN - The greatest stress which can be sustained for a given number of cycles
without fracture
Hz - Hertz, number of cycles per second
R - Fatigue ratio, algebraic ratio of the minimum stress to the maximum stress in
| one cycle
» K¢ - Stress concentration factor
S-N

Curves - Plots of stress against number of cycles to failure on testing.

Overall average data (best-value) for tensile and yield strengths of selected materials are plotted in
graphical formats to show trends in these properties over the temperature range from 0 to 300 K.

If a need occurs for comparing the tensile properties of several materials over this temperature range,
the appropriate graphs may be copied and additional data from tables for other materials may be
added to achieve the comparisons that are desired.

15<
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2.2 Thermal Properties

N

Low temperature data (in the O to 300 K range) on the thermal conductivity, thermal expansion, and
specific heat of materials identified in Section 3 have been collected and organized. The data are re-
presentative for metals in the annealed condition and for composites in the as-fabricated condition,
unless otherwise noted. All the avai!able thermal property data for the various metals and alloys were
plotted and curves were visually fitted. Data read from these curves are presented in tables at selected
temperatures in both Sl and English units according to the format shown in Table 2.7. Data for
composite materials obtained directly from the referenced literature is presented in the format of
Table 2.8. The English units are shown in parentheses. Data recorded in the superconducting state
are marked (s) while data recorded in the normal state are marked (n).

Thermal conductivity and specific heat data were expanded in the low temperature range by the use
of log-log plots. In some areas, extra curves were included to further expand the lower temperature
data for better readability.

The thermal expansion data have been referenced to 273 K (32 F). The trends of the thermal expan-
sion data did not change rapidly at the lower temperatures and therefore there was no need to expand
the data in the low temperature range.

Impurities, heat treatment, and other conditions affect the low temperature properties of the materials.
In ome cases, curves showing the effects of these variations are included on the same graph.

Table 2.9 is a list of conversion factors that can be used to convert data to Sl units or other familiar
units.

2.3 Electrical Resistivity

The electrical resistivity of materials listed in Section 3 have been collected and organized in the tem-
perature range from O to 300 K. The data are representative for metals and alloys in the annealed
condition and for composites in the as-fabricated condition, unl:ss otherwise noted. The data for the
various metals and alloys were plotted and curves were visually, fitted. Data read from these curves
are presented in tables at selected temperatures in both Sl anc! English units along with the thermal
properties in the format shown in Table 2.7. Data for compuosite materials obtained directlv from the
referenced literature are presented in the format in Table 2.8.

Electrical resistivity data were expanded in the low temperature range by using log-log plots.
Impurities, variation in heat treatment, and other conditions affect the low temperature electrical
resistivity of the materials. Several graphs show how these variables affect the electrical resistivity at

low temperatures.

A list of conversion factors for electrical resistivity are also included in Table 2.9.

2.05
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2.4 Magnetic Properties

Structural Materials

For the structural materials of specific interest in the development of superconducting machinery,
some efforts to determine their magnetic properties have been noted for at least the last 25 years.
However, recent interest in cryogenic structural applications. has brought forth a resurgence of magnetic
property determinations. Most of the data available from the scientific and technical literature is either
in the form of magnetization (M) determinatior.. or magnetic susceptibility (k or x) determinations at
various cryogenic temperatures of research interest. This is the case because the magnetic permeability
(1) of these materials generally diitcrs from unity by only a very small amount (in cgsem units).

If available from the literature, values of k are reported in the magnetic property tables in this Handbook,
since in some cases they provide a more useful alternative to u. The volume susceptibility, k, is obtained
from reported values of x, the mass susceptibility, by multiplying the fatter by the density of the ma-
terial, p. Values of k are given in mksa units { as used in the SI system) which are 4w times the cgsem
units generally used in the scientific literature. In some cases, particularly where no variation in g

may be discerned within computational limits, x is also reported in the tables.

In the magnetic property tables, u is also reported in mksa units. To obtain u in mksa units, u in cgsem
units is multiplied by 47 x 107, in the cgsem system, u = 4rk + 1. Therefore,

Fmksa= (47kegsem + 1) 4w x 10°7.

For the structural materials of interest, this relation produces extremely small numerical values of y, but
these satisfy the criterion of the consistent use of S| units for the principal values reported in the tables.
It may be noted from the magnetic property tables that u is somewhat dependent on the magnetizing
force {H) applied to the material, even for the materials that have a low value of intrinsic magnetism.

It may also be noted that copper is diamagnetic, producing magnetic moments that oppose the applied
magnetic field; hence, the susceptibilities are shown with a negative sign.

Superconductive Materials

In correlating property data for a given superconductive material, or group of materials, to achieve
optimum design in superconducting machinery, it is desirable to have data on critical current density
{J¢) versus temperature (for a given applied magnetic field) or on critical field (H¢) versus temperature
{for a given current density). Although a large research effort has been carried out during the past
decade to determine the superconducting properties of various materials of technical interest, nearly
all of the data produced has been in the form of J. versus H (for a given temperature). The majority
of this experimental data was obtained at 4.2 K. Although working wiih these data may require con-
siderable extrapolation on the part of the design engineer, it is all that the scientific literature provides
at the present time. Therefore, most of the superconducting property data presented in this Handbook
is in the form of plots of J. versus H. Data on the critical (or transition) temperature has been given if
available. It may be noted from the data presented that superconductivity is a very structure-sensitive
property for any given composition.

2.0-6
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TABLE 2.1

Alioy Designation:
L Specification:
Form:

Thickness, cm (in.):
Condition:

Testing Temperature, K (F) 297 (75)

Tomion' Longitudinal
TUS, MN/m? (ksi)(a} Avg
Min

Std. Deviation

TYS, MN/m2 (ksi) Avg
Min
Std. Deviation

Elong, percant Avg

Min

RA, percent Avg

5 Min
No. of Spec. {No. of Heats)

| E, GN/m2 (106 psi) Avg

Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

4
NTS, MN/m2 (ksi} Avg
Ky = Min
No. of Spec. {No. of Heats}
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min b
1 Std. Deviation :
Elong, percent Avg .
Min :
RA, percent Avg
Min
No. of Spec. {No. of Heats)
B
E, GN/m2 (106 psi) Avg ]
Min 3

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats} 0 1
References: 1 5«
(s} Kii x 6.895 = MN/m2 207
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TABLE 22
Alloy Designation:
Specification:
Form:
Thickness, cm (in.}:
Condition:
Testing Tamperature, K (F) 297 (75)
Comgpression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN /m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats}
Compre:tion, Transverse
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN/m2 {106 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear
SUS, MN/m?2 (ksi) Avg
Min
No. of Spec. {No. of Heats)
G, GN/m2 (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Impact, Charpy V
Long., J{ftib) (@) Avg
Min
No. of Spec. {No. of Heats}
Trans., J{ft-1b) Avg
Min
No. of Spec. (No. of Heats)
Fracture Toughness
Kjc MN/m3/2(ksivin) (b} Avg
Min
Orientation:  —
No. of Spec. (No. of Heats)
Kig. MN/m3/2(ksi in.) Avg
(From PTSC spec.){ ~ )Min
No. of Spec. (No. of Heats)
References:
{a) Ft-lb x 1.356 = Joules.
{b) Ksi Jin. x 1.093 = MN3/2,
¢ -
19-<
208
1
-
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TABLE 2.3

= Alloy Designation: 3
. 7 Spacification:

Form:

Thickness, cm (in.):

Condition:

Testing Temperature, K (F) 297 (75)

Fatigue, Axial Loading

Sy at 105 cycles, MN/m2{ksi)
Loading frequency Hz
withR=  and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 105 cycles

Sy at 106 cycles, MN/m2(ksi)
Loading frequency Hz
with R = and K¢ =
No. of S-N Curves (No. of Heats}

Ratio Sp/TUS at 106 cycles

Sy at 107 cycles, MN/m2(ksi)
Loading frequency Hz
with R = and Kt i
No. of S-N Curves (No. of Heats}

Ratio SN/TUS at 107 cycles

Fatigue, Flexural Loading

Sy at 105 cycles, MN/m2{ksi)
Loading frequency Hz
with R =  and K;=
No. of §-N Curves {No. of Heats)

Ratio Sp/TUS at 105 cycles

Sy at 108 cycles, MN/m2(ksi}
Loading frequency Hz
withR=  and K =
No. of S-N Curves (No. of Heats)

Ratio SN/TUS at 108 cycles

Sy at 107 cycles, MN/m2(ksi)
Loading frequency Hz \
withR= and K;=
No. of S-N Curves (No. of Heats)

Ratio SN/TUS at 107 cycles

References:

o ™
<>

~0=<

209
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TABLE 24
Composite Class: Type:
Specification: Fiber:
Layup: Matrix:

Nominal fiber volume fraction:

Nominal ply thickness:

Nominal density:

Comments:

Testing Temperature, K (F) 297  (75) 195  (-108) 77 (-320) | 20 (-423) 4 (-452)
Tension, Longitudinal (0°) ()
TUS, MN/m? {(ksi) Avg
Min
References:
Eq. GN/m2 (106 psi) Avg
Min
References:
SEq. MN/m2 (ksi) Avg
Min
References:
E2 GN/m2 (106 psi) Avg
Min
References:
TPL, MN/m?2 (ksi) Avg
Min
Refsrances:
Faiture Strain, 10-3 Avg
Min
Refersnces:

Poisson’s Ratio

Raferencss:

NTS, MN/m2 (ksi) Avg
l:‘ = Min
Raferences:

i NTS, MN/m?2 (ksi) Avg
Ke= Min
Referencss:

Tensi

Tension, Transverse (90°) (b}

TUS, MN/m?2 (ksi) Avg

Min
References:

E4, GN/m2 (106 psi) Avg

I Min
Refersnces:

SEq, MN/m2 (ksi) Avg

Min

References:
€2, GN/m2 (106 psi) Avg
Min

References:
TPL, MN/m? (ksi) Avg
Min

References:
Failure Strain, 103 Avg
Min

References:

Poisson’s Ratio
References:

NTS, MN/m?2 (ksi) Avg
Kt = Min
References: 2010

NTS, MN/m2 (ksi) Avg
Kt = Min
References:

<1<

(a) Warp direction in woven cloth.

{b) Fill direction in woven cloth.

I.“ =

ks - ' . VIRLIN e = " Rl . T
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TABLE 2.6
Composite Class: Type:
Specification: Fiber:
g Layup: Matrix:
Nominal fiber volume fraction: Nominal density:
wr Noniinal ply thickness: Comments:
Testing Temperature, K (F) 297 (75) 195 (108) | 77 (320) |20 (423) | 4 {-452)
Compression, Longitudinal (0°) (8}
CUS, MN/m?2 (ksi) Max
Avg
Min
References:
CPL, MN/m? (ksi) Max
Avg
Min
References:
E, GN/m2 (105 psi) Avg
Min
References:
Compression, Transverse (90°)(b}
CUS, MN/m2 (ksi) Max
Avg
Min
References:
CPL, MN/m? (ksi) Max
Avg
Min
References:
E, GN/m2 (106 psi) Avg
Min
References:
In-Plane Shear
SUS, MN/m?2 {ksi) Avg
Min
References:
[ SPL, MN/m?2 (ksi} Avg
Min
[ References:
G, GN/mZ (106 psi) Avg
Min
References:
Interlamirar Shear
SUS, MN/mZ (ksi) Avg
Min
References:
SPL, MN/m?2 (ksi) Avg
Min
References:
G, GN/m2 (105 psi) Avg
Min
Referances:
Impact, Charpy V(Cv), 1zod(l)
Long., (0°) J (fe-ib)la) Avg
Min
Referencos:
Trans., (90°) J {ft-1b)(b) Avg
e Min
References:
. W 4
5 Sheet, Normal, J (ft-ib)(€)  Avg
Min
References: 2.0-11
| 22
{a) Warp direction in woven cloth. .
{b) Fill direction in woven cloth.
{c) Press curs direction.
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TABLE 2.6
Compaosite Class: Type:
Specification: Fiber:
Layup: Matrix:
Nominal fibar volume fraction: Nominal density:
Nominal ply thickness: Comments:
Fatigue
Load orientation:
Load direction:
1.0y -
08 8
3
— O.6 =
~
& Ol =
0] A 1 | ! 1 ] | |
1.0 i
o8} =
wn
O 06 0
[
=S
2 0.4} =
[79)
02} =
0 ] | ] || - ] J 1 | | d ] J
o' 102 10 10* 10° 10 107 10! 102 0 10* 05 108 107
Fatigue ,cycles Fatigue, cycles
2.0-12
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TABLE 2.7

Allov Designation:

Specification:
Form:
Dimension:
Condition:

Testing Temperature K (F) 273 (32) 100 (-280) | 50 {-370) | 20 (-423) | 10 (-442) | 4 {-452)

Thermal Conductivity
i Watts m-! K-1

F Btu hr1 fr-1 £-1

£ No. of Spec.

1 References:

Thermal Expansion {T973 to T)
Longitudinal

t Percent

No. of Spec.

f References:

Specific Heat
Joules kg1 k-1
Btu Ib-1 F-!

No. of Spec.
References:

Electrical Resistivity
Chm m
Ohm circular mil ft3
No. of Spec.
References:

TR AR e

PN

-

<3<

2013
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7 TABLE 28
| _Composite Class: Type:
1 Specification: Fiber:
| Layup: Matrix:
! Nominal fiber volume fraction: Nominal density:
_Pl, Nominal ply thickness: Comments:
j
$ Testing Temperature, K (F) 297 (75) l19s (108) | 77 {-320) ] 20 {423) | 4 {-452)

Thermal Lorductivity
Longitudinal (0°)(a)

Watts m'1 K-1 Avg
Btuhr1 11 Avg
References:

Transverse (90°)(b)
Watts m'1 K-1 Avg
Btu hr-1 £¢-1 -1 Avg
References:

Sheat Normal(c}
Watts m*1 K-1 Avg
Bty hr'? -1 F1 Avg
References:

Thermal Expansion

Longitudinal {0°)(8)
106 AL/L Avg
References:

Transverse (90°) (b}
1064 L/L Avg
References:

: Sheet Normal(¢)
106a1 L Avg
Referances:

Specific Heat
Joules kg1 K-1 Avg
Btu Ib1 F-? Avg
Referencas:

Eleactrical Resistivity
Longitudinal (0°)(a)

Ohm m Avg
References:

Transverse (90°}{b)
Ohm m Avg
References:

Sheet Normal(c)
Ohm m Avg
Referencos:

(a) Warp direction in woven cloth.
{b) Fill direction in woven cltoh.
{c) Press cura direction.

25< {

2,0-14
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TABLE 2.7
Conversion Factors
o o)
T 4 Temperature (IPTS)
°F= 9/5°C+ 32 °K=5/9 (°F + 459.67)
= 9/5 (°K-273.15) + 32 =°C + 273.15
= °R - 459.67 = 5/9 °R
To Convert To From Multiply By
" Thermal Conductivity and Magnetothermal Conductivity {(Thermochemical Units)
*Watts m-1 K1 Btu hr1 -1 F-1 1.730
Btu in. he-1ft2 F-1 1.441 x 10-1
Cal sec'1 cm-1 C-1 4.184 x 102
Watts cm-1C-1 1 x102
Btu he-1ft1F-1 *Watts m-1 K-1 5.782 x 10-1
Watts cm-1 C-1 57.82
Cal sec-1 cm-1 C-1 2.419 x 102
Btu in. hr-1 ft2 -1 8.333 x 10-2
Specific Heat (Thermachemical Units)
*Joules kg-1K-1 Btu Ib-1 F-1 4.184 x 103
Cal g-1c-1 4.184 x 103
Btu ib-1 F-1 *Joules kg1 K-1 2.390 x 104
RN Cal 9'1 C'1 1
b
Thermal Expansion
Percent *m m-1 1 x 102
in. in.-1 1 x 102
cm cm-1 1 x 102
Electrical Resistivity
*Ohm m Ohm circular mil ft-1 1.662 x 109
Ohm cm 1 x 102
Ohm circular mil ft?! *Ohm m 6.015 x 108
Ohm cm 6.015 x 106

i i

* Sl Units

Sl aEme
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3.0 SELECTED MATERIALS FOR DATA COLLECTION

b d

Materials selected for data collection for the second revision of this Handbook are presented in Table 3.1.
These materials have been selected from the following classes of materials:

Aluminum and aluminum alloys
Copper and copper alloys
Nickel alloys

Alloy steels

Stiainless steels

Titanium and titanium alloys
Special metals and alloys
Composites

Polymers

The two major factors that were zonsidered in selecting these materials were (1) is the material
suitable for certain cryogenic components or does it have certain intrinsic properties at cryogenic
temperatures for superconducting machinery?and (2) are property data available on the material at
cryogenic temperatures?

This second revision also includes properties of welded materials where information was available.
When data is reported, the welding method, the type of filler metal, test direction, and test material
3 {i.e., weld metal, or base material plus weld metal) is given.

Because of certain aerospace applications, a considerable amount of data at cryogenic temperatures
are available in the literature on alloys such as 2219 aluminum alloy, Type 301 stainless steel, and
Ti-5AI1-2.55n alloy. For other materials, applicable data from the literature may be limited to a few
references or may not be available.

At i inielatadltl o i

' The heat treatments and/or processing conditions for the selected alloys are intended to represent 1
conditions that would be most appropriate for cryogenic applications, e.q., conditions that would

yield a suitable degree of toughness at cryogenic temperatures. At the same time, the condition of the

alloy should be such that it represents a reasonable strength level for the alloy. As an example, |
3 mechanical property data are presented for welded Ti-6Al-4V (ELI) alloy in the solution-treated,

p annealed condition. The annealed alloy has better toughness and develops high strength at very low

; temperatures. Both the extra low interstitial (ELI} and the normal interstitial eontent versions of the .
alloy are considered although the alloy with normal interstitial levels has lower ductility and

toughness. 1

The materials listed in Table 3.1 are divided into numbered sections and subsections to permit adding l
other materials within each section and subsection while retaining the same numbering system for
presenting the data.

The numbering system used for the metals and 2!'oys is carried through to the tables and graphs with
additional code letters to identify the properties presented. The code letters are as foliows:
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ME  Mechanical properties
Thermal conductivity
E Thermal expansion
Specific heat
Electrical resistivity
TR  Combined thermal and resistance properties
MR  Magnetoresistance
MA  Magnetic properties

Thus, the first graph on thermal conductivity of 1100 aluminum will be Figure 4.1.4-C1. The alloy
code number 4.1.4 is for 1100 aluminum, the C indicates thermal conductivity, ard the 1 is for the
first figure of the series. Figures for thermal conductivity of 1100 aluminum for any temper will be
found in this series. The data on welded alloys are indicated in the mechanical properties (ME) sections
of the appropriate alloy section.

T )

A,
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TABLE 3.1. NOMINAL COMPOSITIONS OF ALLOYS AND CORRESPONDING SECTION NUMBERS

Section
400 Alurmi and Al Alloys
Unified
410  Unalioyed No. Composition in Weight Percent!d) .
Aluminum System Si Cu Mn Mg Cr Zn Others
411 99,99Al A91199
4.1.2 EC A91145 (99.45 min Al)
413 1080 A91050 0.25 0.05 0.05 0.05 0.05 (99.50 min Al}, 0.40Fe
414 1100 A91100 1.0(Si+Fe) 0.050.20 0.05 0.10 (99.00 min Al)
420 2000 Series
421 2014 A92014 0.5-1.2 3.9-5.0 0412 02908 0.10 0.26 0.7Fe, 0.16Ti
422 2219 A92219 0.20 5.86.8 0204 0.02 0.10 0.3Fe, 0.020.10Ti
423 2024 A92024 45 06 15
430 5000 Series
431 5083 A95083 0.40 0.10 04-1.0 4049 0.050.25 0.26 0.4Fe, 0.15Ti
4.3.2 5456 A95456 0.15 Q.7 0.5 0.15
44.0 6000 Saeries
441 6061 A96061 0.4-08 0.16-0.40 0.16 08-1.2 0.040.35 0.25 0.7Fe, 0.15Ti
45.0 7000 Series
45.1 7038 A97039  0.30 max 0.10 max 0.25 28 0.20 4.0 0.4 max Fe, 0.10 max Ti
45.2 7005 A97005 0.35 max 0.10 max 0.20.7 1.0-18 0.060.20 4250 0.010.06Ti, 0.06-0.202Zr,
0.35 max Fe
453 7006 - 0.10 0.04 0.22 2.24 0.12 4.10 0.17Fe, 0.01Ti
500  Copper and Copper Alloys CDA Composition in Weight Percent!a)
6.1.0 99.9+Cu No. Cu Pb Fe Zn Others
51.1 99.96Cu C10100 101 99.96+ 0.0003 max P, 0.001 max Pb
56.1.2 Electrolytic C11000 10 99.9+
Tough Pitch
513 OFHC C10200 102 99.95
51.4 Phosphorized C12200 122 99.9+ 0.02P
520 Cu-Zn Ailoys
6.2.1 80Cu-202Zn C24000 240 80 0.06 max 0.05 max 20
52.2 70Cu-302n C26000 260 70 0.07 max 0.05 max 30
524 90Cu-102n C22000 220 90 0.05 max 0.05 max 10
53.0 Cu-Ni Alloys
5.3.1 90Cu-10Ni C70600 706 Bal. 0.05 max 1.0 1.0Mn, 9.0-11 ONi
63.2 80Cu-20Ni C71000 710 Bal. 0.05 max 1.0 max 1.0 max 1.0 max Mn, 19.0-23.0Ni
53.3 70Cu-30Ni C71500 76 Bal. 0.05 max 04-0.7 1.0 max 1.0 max Mn, 29.0-33.0Ni
54.0 Cu-Be Alloys
541 Cu Be(1.6-1.8) C170G0 170 Bal. 1.6-1.88e, 0.20-.40Co
54.2 Cu-Be(1.8-2.0} C17200 172 Bal. 1.8-2.0Be, 0.20 min {Ni+Co}
0.60 max (Ni+Co+Fe)
55.0 Cu-Sn Alfoys
5.5.1 95Cu-55n Cc51800 518 Bal. 0.02 max 4.0-6.0Sn, 0.10-0.35P
§.5.2 92Cu-8Sn €52100 521 Bal. 0.05 max 0.10 max 0.20 max 7.0-8.0Sn, 0.03-0.35P
65.3 90Cu-10Sn C52400 6524 Bal. 0.05 max 0.10 max 0.20 max 9.0-11.0Sn, 0.03-0.35P
56.0 Cu-Zr Alloy
5.6.1 Cu-0.22Zr C15000 150 99.8 0.10-0.20Zr
{Amzirc)
5.7.0 Cu-CrCd Alloy
6.7.1 Cu-0.4Cr-0.4Cd - = Bal. 0.4Cr, 0.4Cd (Te deox.)
(PD-136) .
{a) max = maximum, min = minimum.
-
<9<
3.03
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TABLE 3.1. (Continued)
4
58.0  Cu-Al0g
I' Alloys
58.1 ' Cut0.2A1,03 (AL-10) - Bal. 0.2A1,05 dispersion
58.2 Cu+0.7Ai503 (AL-35) - Bal. 0.7A1,03 dispersion
58.3 Cu+1.1A1,03  (AL-60) - Bal. 1.1A1,03 dispersion
E {GlidCop
¥ Alloys)
5.9.1 Cu-A! C61400 6.0-8.0A1, 1 0 max Mn
0.01 max Pb, 2.5Fe, 0.20 max Zn
6.0.0 Nickel and Cobalt Alloys
Unified
No. Composition in Weight Percend'®}
61.0 Ni-Cu Alioy System Ni Cr Fe Mn Si C Others
6.1.) K Monel NOBEGD Bal. “— Ti0 08 015 015 295Cu, 2.8Al, 057
(K-500)
6.2.0 Ni-Cr-Fe Alloys
6.2.1 Inconel 600 N0O6600 Bal, 158 7.2 02 02 0.04 0.10Cu
6.2.2 Inconel X-750 NO07760 Bal. 16.0 675 0.7 0.04 08Al, 2.5Ti, 0.85Nb
62.3 Inconel 718 NO7718 Bal. 18.6 185 0.04 0.4Al, 09Ti, 50Nb, 3.1Mo
6.2.4 Inconel 706 N09706 3944 16 Bal. 0.35 035 006 0.35max Aj,0,010.028,
i max m8xX max 3Mb, 1.5-2.0Ti
6.3.0 Controlled Ex-
£ pansion Alloys
| 6.3.1 Inver 36 - 36 Bal.
6.3.2 Ni-Span C - 42.1(Ni+Co) 64 484 0.40 2.4Ti, 0.65Al
6.3.3 Unnamed inco - 39.6 56.4 0.22 0.12 0.01 0.22Al, 1.4ATi,
LEA Alloy 2.90Nb+Ta
640 Pure Nickeis
6.4.1 High-Purity Ni —
6.4.2 Nickel A’ -
7.00  Alloy Steels Composition in Weight Percent!?!
710 Nickel Steels Cmax Mnmax Pmax S max Si Ni Others
710 9-Ni Steel - 0.13 080 003 004 0165030 8595
7142 18Ni(200) = 0.03 0.10 0.01 0.01 0.10 1719 8.5Co, 3.25Mo,
Maraging 0.20Ti, 0.10AI
720 Fe-Si Steel
T21 Trarsformer
Steel
7.3.0 Carbon Steels
1 731 AlS1 1010 G10100 0.08-0.13 .30-0.60 0.040 0.050
7.4.0 Other < srrous Materials
7.4 Armco Irue
743 5-Ni Steel 0.15 0.30060 0.035 0.035 0.20.35 50 [0.20-0.35Mo, 0.05.0.12A1,
7.44  Iron (47-50)Ni Alloy 0.02 max Ni
800  Stainless Steels Composition in Weight Percent!?!
8.1.0 300 Series (5] Mn P max S Si Cr Ni Mo Others
8.1.1 AlSI 301 $30100 0.15 max 2.0 max 0.045 0.03 max 16-18 68
8.1.2 AISI 304 S30400 0.08 max 2.0 max 0.045 0.03 max 1.0 max 18-20 8-10.5
8.1.3 AlSI 304L $30402 0.03 max 2.0 mex 0.045 0.03 max 1.0 max 18-20 8-12
814 AlS) 310 $31000 0.25 max 2.0 max 00456 0.03 max 1.5 max 24-26 19-22
8.1.6 AlSI 316 $31600 0.08 max 2.0 max 0.045 0.03 max 1.0 max 16-18 10-14 2.0-3.0
816 AISE 321 $32100 0.08 mex 2.0 max 0.C45 0.03 max 1.0 max 17-19 9-12 {5xC)Ti min
8.1.7 AISt 303 $30300 0.16 max 20 max 020 0.16 min 1.0 max 17-19 8-10 0.6 max
(or Zr)
8§18 AlSI 3105 S31008 0.08 max 2.0 max 0.045 U.03 mex 1.5 max 24-26 19-22
819 AlS1 347 $34700 0.08 max 2.0 max 0.046 0.03 max 1.0 max 17-19 913 {10xC)}Nb+Ta
8110 AlSI 410 $41000 015 1.0max 0040 0.03 max 1.0 max 11.5-135
8.1.11  AISI 416 $41600 015 125max 0.06 1.0 max 1214 0.6 max 0.153 min
8.2.0 Other Stainless Steels
8.2 A-286 K66286 0.05 14 04 15 26 125 0.2Al, 2.15Ti,
g 0.0038, 0.3V
8.2.2 Kromal'c-ss(b) - 0.03 9.3 0.006 0.005 0.0 16.5 23 2.2 0.02Al, 0.0082Zr,
max 0.01€8, 0.16V, 0.17Ni
8.23 Armen 21-69 - 0.08 max 8.0-10.0 18.0-21.6 6.5-2.5
824 Armco 22-13-6 - 0.06 max 4.0-60 1.0 mex  20.6-23.5 115-1356 1.6-3.0 0.1-0.3Nb, 0.1-
0.3V, 0.204N
{a) max = maximum, min = minimum. 304
30 db) Anslysis of Westinghouse plate used in evaluation program.
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TABLE 3.1. (Continued)

L . Section
9.0.0 Titanium and Titanium Alloys

Composition in Weight Percent!®)

9.1.0 Unalloyed Ti Al Sn v Fomax Omax Cmax N max
9.1.1  Ti65A 020 007
9.1.2  Ti-76A 040 020 007
920  Alpha Ti Alloys
921  Ti-6Al.2.55n¢) 4060 20-30 050 020 0.15 007
922  Ti-6Al-2,65n 4766 2030 0.0 0412 008 005
(EL){d
9.3.0  Alphs-Beta Ti
Alloy
931  Ti-6AI4V 5.56.5 3545 015 013 008 005
(ELyia)
932  Ti6AI4vid 6.566.75 3645

10.0.0  Special Metals
and Alloys

10.1.0 Nb and Nb Alloys

10.1.1  Nb
d 10.1.2  NbsSn
' 10.1.3  Nb-zr
b 1014  Nb-Ti
10.1.5 Nb-Ti+Cu
composites

10.2.0 V-Ga Alioys

10.2.1 V3Ga

10.3.1 Magnesium Alloy
AZ31R (3Al, 1Zn, 0.2Mn)
Mg-Al-Mn Alloy

11.0.0 Composites

11.1.0 Glass-Epoxy J
11.1.1  181/Epox 828

11.1.2 1581/E-787 (58-68R)
11.1.3  S-901/NASA Resin 2

11.20 Boron-Epoxy ‘]
11.21 4.0 mil Boron/2387 ]
11.22 5.0 mil Boron/2387 i
11.3.0  Graphite-Epoxy 1
11.3.1  AS/NASA Resin 2 ;
11.3.2 HT-S/X-904 '
11.4.0 Boron-Aluminum 1
11.4.1 5.6 mjl Boron/6061

12.0.0 Polymers

121 PE Polyethylene i
12.1.2 PCTFE Potychlorotrifiuoroethylene

1213 PTFE Polytetrafluoroethylene

12.21 PMM Poiymethyimethacrylate

12.31 PS Polystyrene

1241 PVA Polyvinylacetate |

a»

€ (a) max = maximum, min = minimum.
{c) Normal interstitial content.
{d) ELI = extra low interstitial type. 31<
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TABLE 4.1.1-TF1 Al
Alloy Designation: Aluminum
Specification:
Form:
Dimension:
Condition: Annealed
Testing Temperature K (F) 273 (32) 100 {-280) | 50 {-370) | 20 (-423) | 10 (-442) | 4 (-452)
Thermal Conductivity“)
RAR-30000 Wattsm™1 K1 236  (136) 302 1230 14000 59500 96400
Btu hri fr1 F1 {136) {175) (7111) (8090) (34400) (55700)
RRR-10000 Watts m-V K-} 236 302 1230 13200 39000 36500
Bty hrl 1 F1 (136) (175) (FARY! (7630) {22500) {21100}
RRR-3000 Wattsm-? K-? 236 302 1230 11100 19100 11600
Bty hr-l -1 F-1 {136) (175) 711) (6420) {11000} (6710)
RRR-1000 Wattsm™1 K-} 236 301 1210 7020 8150 3960
Btu hrl fr} F-1 {136) (174) (700) (4060) (4710) (2290}
RRR-300 Wattsm'1 K-1 235 299 1140 3570 2770 1200
B hrlfrl -l (136) (173) (659) (2060) (1600) (594)
RRR-100  Wattsm3 K- 234 293 920 1560 963 398
Btu hr-1 fr-1 F-1 {1386) {169) {532) {902) {557} (230)
No. of Spec.
References: 90170, 90224
Thermal Expansion {T273 to T)
Longitudinal
Percent 0 -0.325 -0.361 -0.368 -0.368 .0.368
No. of Spec. 5 5 6 6 2 2
References: 40911, 48571,
90208, 90458, 90323, 90366
Specific Heat
Joutes kg'? K1 860 480 142 8.8 15 0.33
Btuib 1 F1 (0.206) {0.115) {0.0339) (0.00210) {0.00036) (0.000079)
No. of Spec. 3 3 3 2 4 5
References: 49011, 42219,
90223, 90328
Electrical Resistivity!?}
RRR-30000 Ohm m 2.43x108 4.60x 109 4.96 x 10°10 7,02 x 10-12 1,00 x 10°12 8.15 x 10-13
Ohm circular mit ft- {14.6) (2.77) (2.98 x 10°Y) (431 x 10°3) (6.02 x 10-4) (4.90 x 109)
RRR-10000 Ohm m | 243x 108 4.60 x 109 497 x 1010 8.64 x 10-12 262x 1012 2.43x 10°12
Ohm circular mil ft-1 (14.6) (2.77) (2.99 x 10°1) (5.20 x 10-3) (158 x 10-3) {1.46 x 10°3)
RRR-3000 Ohmm | 243x 108 461x 109 503 x 10-10 1.43 x 101 8.29 x 10-12 8.10 x 10°12
Ohm circular mil ft-1 (14.6) 2.77) (3.03 x 10°1) (8.60 x 10-3) (4.99 x 10-3) (4.87 x 10-3)
RRR-1000 Ohmm | 2.43x 108 463x109 5.19x 10-10 3.05x 10-11 245 x 10-11 243 x 10-11
Ohm circutar mil ft-1 (14.6) (2.78) (3.12x 101y (1.83x 10'2) (1.47 x 10°2) (1.46 x 10-2)
RRR-300 Ohmm | 2.44 x 108 4.68 x 109 5.76 x 1010 8.74 x 101 8.14 x 1011 8.12 x 101
Ohm circular mil ft'1 (14.7) (2.82) (3.46 x 10°1) (5.26 x 10-2) (4.90 x 10-2) {4.88 x 10°2)
RRR-100 Ohmm 2.45x 108 485 x 109 7.40 x 10-10 252x 1010 2.45x 1010 2.45x 10°10
Ohm circular mil ft-1 (14.7) (2.92) (4.45 x 10°1) (152 x 10°1) (1.47 x 10°7), (1.47 x 10°1)
No. of Spec.
Referencas: 90178, 90209,

90224, 96886

(1) (nterpolated from numerous data usinq theoretical correlations.

49<
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¥ TABLE 4.1.1-MA1

| JABLE 4. L1I—NMAT

1

i Alloy Designation: High-Purity Aluminum

: —— . )

i Specification: Impurities, ppm: 30Mg, 5Fe, 3Si, 2Cd, 1Cu, 1Na, 1Ag

&

] Form: Cylindrical rod

Diameter, cm {in.): 0.4 (0.0157)

i Condition: Argon arc melted, vacuum homogenized at a temperature
just below the solidus for about 7 days and quenched in
ice water. Machined specimens were vacuum strain

| annealed for about 24 hours.

The temperature dependence of the magnetic susceptibilities (x) of pure

1 aluminum and an aluminum-silicon ailoy is shown in the figure.

: ¢ o8

: - | ®%a, 00 .

: e - LLE. v .

1 2 2- - ﬁ'ﬁ'

| £ o6k Ll ce cs. 3 eY
%— E
% 04 | | 1 _] |
> 0 50 100 200 300

Temperature, K

-_-:Mw&‘ b,

(a)
Pure aluminum, Taylor (1961).
Pure aluminum.
Aluminum + 0.85% silicon.

¢ ® O

N =

Reference: 90493

e "fb. o
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1099-0
Plate
TABLE 4.1.4-ME1
Alloy Designation: 1099-H14 Aluminum
Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: H14
Testing Temperature, K (F) 297  (75) 195 (108) | 77 (-320)| 20 (-423)| 4 (-452}
Tension, Longitudinal
TUS, MN/m2 (ksi} Avg {91.0 (13.2) | 102 {148) | 159 (23.1)} 289 (41.9)|332 (48.1)
Min
Std. Deviation
TYS, MN/m?2 {ksi) Avg |86.2 {125) | 869 (126) | 986 (143)] 106 (154}]130 {18.9)
Min
Std. Deviation
Elong, percent Avg 22.6 38.4 57.2 605 467
Min
RA, percent Avg 84 83 81 79 56
Min
No. of Spec. (No. of Heats) {1) {1 (1) (1) n
E, GN/m? (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K' = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Ceviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {Nu. of Heats)
E, GN/m2 (106 psi} Avg
Min
No. of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
o)
NTS, MN/m2 (ksi) Avg
Ky = Min
Na. of Spec. {No. of Heats)
=
2Jd<

References: 72563

4.1.4-1 (11/75}



http://www.abbottaerospace.com/technical-library

NToCAL LR ARTY

ABBEOTTAERDSFACE.COM

. 1100-H112
E TABLE 7.1.4-ME1.1 Plate-Weld Metal
3 Alloy Designation:  1100-Aluminum Afloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 1100 Al filler
R Thickness, cm (in.): 1.270 to 2.540 {0.500 to 1.000}
K Condition: Plate: H112; weld maetal tested as welded
4
Testing Temperature, K (F) 297 (75) 77 {-320)
Tension, Longitudinal
; TUS, MN/m2 {ksi) Avg
1 Min
5 Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
€long, percent Avg
Min
RA, percer.* Avg
Min
No of Spec. {No. of Heats)
E. GN/m? {106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 {ksi) Avg
Ky = Min
No. of Spec. (Na. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 800 (11.6) 157  (22.8)
Min
Std Dewiation
TYS, MN/m2 (ksi) Avg |42 (8.1) 56  (8.0)
Min
Std. Deviation
Elong, percent Avg 26.5 31.0
Min
RA, percent Avg 5.0 9.0
Min {1 1
No. of Spec. {No. of Heats)
€, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 123 (17.8) 222 (32.2)
d Ke= 16 Min
t No of Spec. (No. of Heats) 1 1
NTS, MN/m2 (ksi) Avg
-1 Kt = Min
i No of Spec. (No, of Heats)
References: 63362
[ 4.1.4-1.1 (11/76)
4=
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TABLE 4.1.4-ME2

L Alloy Designation: 1100-0 Aluminum
A d Specification:
Form: Bar
Diameter: Up to 2.540 cm (1.000 in.)
Condition: Annealed (0) (ASTM Grain size 3.5)
Testing Temperature, K (F) 297  (79) 195 (-.108) | 77 (-320) | 20 (-423)

Tension, Longitudinal_
TUS, MN/m2 (ksi) Avg 931 (135) | 114 (165) | 191 (27.7) | 328 (47.6)
Min 1924 (13.4) 1M (18.1) 188  (27.3) | 327 (47.4)

Std Deviation

TYS, MN/m? (ksi) Avg |48 (6.9} 50 (7.2) 62 (9.0) 65 (9.4)
Min |45 6.5) 49 (7.1) 61 (8.9) 64 (9.3)
Std. Deviation

Elong, percent Avg 45.9 50.0 56.4 54.2

Mia 441 47.4 55.8 526

RA, percent Avg 88.4 85.6 81.2 60.C

Min 86.8 85.6 79.7 578

No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 (1} 2 %
E, GN/m2 (106 psi) Avg
Min

Na. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K‘ = Min
| i No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

References: 54986

«»
4

7
C«"'l
I

4.1.4-2 (11/75) i
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1100-0
Rod
TABLE 4.1.4—ME3
E Alloy Designation: 1100-0 Aluminum
i Specification:
1 Form: Rod
Thickness, cm (in.): Up to 2.540 (1.000) ¥
Condiud ™ Annealed (0) 620 K (650 F), FC
F_
L Testing Temperature, K (F} 297 (75) 200 (-103) 100 {-280) 0" (-460)
i '
Compressian, Longitudinal ]
CYS, MN/m2 (ksi) Avg ;
Min 3
3 ] No. of Spec. (No. ot Heats)
E
Ec, GN /m2 (105 psi) Avg E
Min i
No. of Spec. (No. ot Heats)
Compression, Transverse
CYS, MN/m2 (ksi) Avg
Min
i No. of Spec. (No. of Heats)
Ec, GN/m2 (106 psi) Avg
Min
No. ot Spec. {(No. of Heats)
Shear{a)
SUS, MN/m?2 (isi) Avg
Min
No. of Spec. (No. of Heats)
G, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heals)
3
| Dynamic Modul:
? E, GN/m?2 (106psi) Avg 69.4 (10.1) 72.8 (10.6) 75.8 (11.0) 76.9 (11.2)
- Min
G. GN/m2 (108psi) Avg 259 (3.76) 27.3 (3.96) 28.5 (4.13) 28.9 {4.14)
Min
B, GN/m2 (10Bpsi) avg | 7240005 | 738(307) | 749(109) | 75.1(10.9)
Min
; Poisson’s Ratio Avg 0.340 0.336 0.331 0.329
Min
1 No. of Spec. 1 1 1 1
impact, Charpy V
Long., Nm{ft-Ib) Avg
Min
No. of Spec. (No. of Heats)
Trans., Nm(ft-Ib) Avg
Min
No ot Spec. (No. of Heats)
Fracture Tou@ms(b)
Kjo MN/m3/2(ksis in.} Avg
I Min
Orientation -
, No of Spec. {No. of Heats) |
1 i
1 Kig, MN/m3/2(ksi/ in.) Avg
4 {From PTSC spec.)t — IMin
3 No of Spec. (No. of Heats)
E References; 94206C ‘,
3 o s
' (a) Indicate specimen design and orientation for shear specimens: ]
J{b) Indicate specimen design for K¢ data:
. 4.1.4-2.1 (11/75) I
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1100-0
Bar
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FIGURE 4. 1-ME]l, EFFECT OF TEMPERATURE ON THE
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Alloy Designation:

Aluminum 1100-0

AL

Specification:
Form:
Dimension:
Condition:

Annealed (0)

Testing Temperature K (F)

273 132}

100

(-280)

50 (-370)

20 (-423)

10 (-442)

4 (-452)

Thermal Conductivity

RRR-32.6 Wattsm1 K-
Btuhrl fr1 F-d
Watts m-1 K1

Btu hrt f-1 =-1

No. of Spec.
References: 90111, 90225,
96888
Thermal Expansion (T273 to T}

Longitudinal

RRR-14

Percent
No. of Spec.
References: 48134

S&iﬁc Heat
Joules kg'1 -1
Buw b1 F-1

No. of Spec.
References:

Electrical Resistivity

RRR-326 Ohmm

Ohm circular mil ft-1

Ohmm

Ohm circular mil ft-1
No. of Spec.

References: 79561, 90111

RRR-14

Magnetothermal Conductivity
RRR-32.6 H
tesla
watts m-1 k-1 0
Btu hr'l - 1E-1
Watts m1 k-1 1
Buhrlflf1
Watts m'1 K1 4
Btu hrl i1 F1
Watts m-1 K-1 8
Btu hr'l f-1 F-1
No. of Spec.
References: 96888

* Extrapolated and Interpolated.

225+

{130)*
205

(119)

-

267x108
(16.1)
2.80x 108
(16.8)
2

225*

(130)*
224"

(130)*
222+

(128)*
220*

(127}

310"

228

0.315

2

310*

260*

240"

230*

PR ——

(179)*

(132)

5.10 x 109

(3.07)

6.43x 109

(3.87)

(179)*
{150)*
{139)*

(133)*

520*

(301)*
315

(182)

-0.355

1.70 x 109
{(1.02)
2.87x109
(1.73)
2

520*

(301)*
340*

(196)*
275*

(159)*
240"

(139)*

4.1.4-4 (11/76)

el

493

225
{130)

-0.364

8.40 x 10:10
{0.505)
2.11x 109
(1.27)
2

493

{285)
377

{218)
273

(158)
243

{141)

270

113
(65)

8.20 x 1010
{0.493)
2.03 x 109
(1.22)
2

270

(156)
247

(143)
215

(124)
198

(114)

117

(26.0)

8.20 x 10-1C
(0.493)
2.00 x 10°9
(1.20)
2

117

(67.6)
112

{64.8)
98.3

(56.8}
81.7

(47.2)
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FIGURE 4.1.4-C1. THERMAL CONDUCTIVITY VERSUS TEMPERATURE FOR i
ALUMINUM ALLOY 1100-0
. 4.1.45 (11/76)
60~
]



http://www.abbottaerospace.com/technical-library

Temperature, F

“/ 1000 "“?0 -‘QO -3(])0 -2o]o -|?o ;rz
- "--“\
-
-
o “
- - e, L
~s~ \\
> ~
e e ~~~\\
h---—--__-_:=~=~‘_\\§
] 100 _
i O Tesla _Eh
E 1O Tesla =
X |
—'E L 40 Tesla T
i 80 Tesla— =
:’_’ -~
° " m.
; -9
> T 2
S o
= 3
S T B
=S A N T Extrapolated and interpolated E
£ 2
3 =
= 1ok
—1
-
[ | ] 1t 1 l i L1 1 |
| 10 100 300

Temperature, K

FIGURE 4.1.4-C2. THERMAL CONDUCTIVITY VERSUS TEMPERATURE FOR
ALUMINUM ALLOY 1100-0 AT SEVERAL MAGENTIC
FIELD STRENGTHS (RRR-32.6)

N ol
4.1.45.1 (11/76) 61



http://www.abbottaerospace.com/technical-library

T o m ————— -

0-0011 AOTTV WNNINNTV
dOJ FENILVIIdAWHL SNSYHIA NOISNVAXE TVWHIHL "1d-% [ % JINOIA

W ‘ainjoladwa]

02¢ 082 ov2 00z 09l ozl o8 ot 0 Pk
s ._._...\..\.!l
i =i
m ...\\\l ﬂ = »
M r.\\.. o M
m ..\.._\. |
] <
<
: = 5 _
% ¥ E =
g - ~
20-3 =
\ 0o
he) <
1 S
\ R
(o]
S j
\\ 1'0- - _J
©
@
>l e _ﬂ
4 =
D :
7 ]
3
<
[ | Ui | o N
2¢ 00I- 002- 00¢€- 00t - o]

4 'aunjosadwaj



http://www.abbottaerospace.com/technical-library

ABBOTTAEROSFACE.COM

Temperature, F
-450 -400 -300 -200 -100 32
| ! | | I

Electrical Resistivity, ohm m x (0®
o
Electrical Resistivity, ohm circular mil ft-!

O [ 10 100 300

Temperature, K

FIGURE 4.1,4-R1. ELECTRICAL RESISTIVITY VERSUS TEMPERATURE i
FOR ALUMINUM ALLOY 1100-0 ki

63<
4.1.47 (11/74)



http://www.abbottaerospace.com/technical-library

"MMTELCANGCAL LTBRXRY T

Temperature, F
o -450 -400 -300 -200-100 32
1 L | | 0 o
i —
2
Jio E
8
3
T - .
x L E
E [¢]
E I E
S =
3 =z
S
E :
- =
§ B RRR - 14 E
E - 3
= wl
£
o ol
o RRR-32.6
—30.i
0.0i 1 | Lasmli=s] =4 S R | | s
I 10 100 300
Temperature, K
FIGURE 4.1.4-R2. ELECTRICAL RESISTIVITY VERSUS TEMPERATURE FOR
ALUMINUM ALLOY 1100-0
“ <
6 1 4.1.4-7.1 (11/76)



http://www.abbottaerospace.com/technical-library

Alloy Designation:  2014-T6 Aluminum Alloy

TABLE 4.2.1-ME1

ABBOTTAEROSPACE.COM

2014.T6
Sheet

Specification:

AMS-4029A, ASTM B203

Form: Sheet
Thickness, cm (in.): Up to 0.099 (0.039)
Condition: T6
Testing Temperature, K (F) 297 (75) 77 (-320) 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 483 (70.0) 562 (81.5) | 681 (98.8)
Min 669  (97.0)
Std Deviation
TYS, MN/m2 (ksi) Avg | 427 (62.0) 510 (74.0) 543 (78.8)
Min 517 (75.0)
Std. Deviation
Elong, percent Avg 9.0 10.8 14
Min 13
RA, percent Avg
Min
No. of Spec. (No. of Heats) {n {1 3 (m
E. GN/mZ (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (Kksi) Avg | 476 (69.0) 559 (81.1) 674 {97.8)
Min 661  (95.8)
Std. Deviation
TVYS, MN/mZ (ksi) Avg | 421 (61.0) 485 (70.4) 520 (75.4})
Min 517 (75.0}
Std. Deviation
Elons;, percent Avg 9.0 11.3 15
Min 15
RA, percent Avg
Min
No. of Spec. (No. of Heats) (1) {1 2 {1
E, GN/m2 (106 psi) Avg
Min

No. ot Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

References: 42002

4211 (11/78)
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TABLE 4.2.1-ME2 Sheet
| Alloy Designation: 2014-T6 Aluminum Alloy
Specification: AMS-4029A, ASTM B209
Form: Sheet
Thickness, ¢cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T6
Testing Temperature, K (F) 297 {(75) 195 (-108) |144 (-200) 70 (-320) [20 (423) |4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg |490 (71.1) | 515 (74.7) |[524 (76.0) 585 (84.9) (687 (99.7) |669 (97.0)
Min 1461 (66.8) | 489 (70.9) 558 (81.0) {664 (93.9)
Std Dewiation 126 (1.83} | 1.10 (1.59) 13.0 (1.88) [ 18.2 (2.64)
TYS, MN/m2 {ksi) Avg |445 (64.6) | 472 (68.8) |490 (71.0) 52,0 (754) |572 (85.0)
Min 1413 (59.9) | 447 (64.9) 496 (72.0) |534 (77.4)
Std. Deviation 127 (1.87) | 9.3 (1.35) 13.6 (1.97) 18.4 (2.67)
Elong, percent Avg 9.8 9.6 9.3 11.6 128 10.4
Min 6.5 5.5 7.0 8.0
RA, percent Avg
Min
No. of Spec. (No. of Heats) 22 (1 12 (6) (1) 23 (1) 19 (9) (1)
E, GN/m2 {106 psi) Avg |705 (10.2) | 745 (10.8) 807 (11.7) {834 (12.1)
Min 166.2 {9.6) 66.9 (9.7) 745 (108) (758 (11.0
No. of Spec. (No. of Heats) 0.29 0.32 0.25 0.25
Poisson’s Ratio 0.29 0.32 0.25 0.25
{ Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 518 (75.1) | 537 (77.9) 581 (84.2) | 652 (94.5)
Ke= 6.3 Min | 511 (74.1) 528 (76.6} 549 (79.6) 681 (84.2)
Nc. of Spec. (No. of Heats} 7 (2) 7 {2) 7 (2) 7 (2)
NTS, MN/m2 (ksi) Avg [ 446 (64.7) | 418 (60.7) 392 (56.9) |512 (74.2}
Ke = 19+ Min | 431 (62.5) | 363 (52.6) 354 (79.6) | 464 (65.8)
No. of Spec. {No. of Heats) 6 (2) 5 (1) 6 (2) 6 (2)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 489 (71.0) 511 (74.1) 687 (85.1) 693 (100.5)
Min [ 457 (66.3) | 485 (70.3} 550 (79.7) | 648 (94.0)
Std. Deviation 10.1  (1.46) 106 (1.58) 15.2 (2.20) 18.6 (2.70)
TYS, MN/m2 (ksi) Avg (439 (63.7) | 451 (s5.4) 501 (72.6) | 565 (82.0)
Min [ 403 (58.4) | 429 (62.2) 460 (66.7) |5C5 (73.2)
Std. Deviation 134  (1.95) { 11.0 (1.59) 26.8 (3.88) | 225 (3.26)
Elong, percent Avg 10.2 98 1.6 129
Min 6.5 6.5 45 7.5
RA, percent Avg
Min
No. of Spec. {No. of Heats) 15 (7 11 (4) 18 (7 15 (6)
€, GN/m2 {108 psi) Avg | 714 1 4) | 738 (0.7 80.0 (11.6) | 82.1 (11.9)
Min | 66.9 (../) 66.2 (9.6) 71.0 (10.3) 71.7 (104)
No of Spec. {No. of Heats) [¢] {3) 7 {2) 10 (3) 8 (3)
Poisson’s Ratio 0.27 0.52 0.26 0.23
Work Hardening Coef
NTS, MN/m2 (ksi} Avg | 491  (71.2) | 502 (72.8) 543 (78.7) | 608 (88.2)
K¢ = Min | 465 (67.5) | 491 (77.2) | 522 522 (75.7) | 564 (81.8)
No ot Spec. (No. of Heats} 8 (2) 8 (2) 8 (2) 8 (2)
NTS, MN/m2 (ksi) Avg | 412 (59.7) | 372 (53.9) 430 (62.4) | 478 (6S.4)
Ke = Min | 398 (57.7) | 352 (51.0) 366 (53.1) | 403 (58.4) 3
No. of Spec. (No. of Heats) 6 (2) 5 (3} 6 (2) 6 (2)

References: 42002, 47334, 51156, 58024, 580:0, 69310, 69800, 70806, 80104, 90073, 90076, 90188, 48652 :
“egv . !
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Alloy Designation:

TABLE 4.2.1-ME4.1

2014 Aluminum Alloy {Weld Metal)

MRl NI AL L ILDIXAS L

ABBOTTAERDODSFACE.COM

2014-T6
Sheet-Weld Metal

Specification:

Form: Sheet-MIG welded, 4043 Al filler

Thickness, cm ({in.):

0.100 to0 0.319 (0.040 to 0.12%,;

Condition: Sheet: T6; weld metal *-.ced as welded
Testing Temperature, K (F) [ 207079 77 (320) [20  (-423) =
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 319  (46.3) 420 (609) |414 (60.0)
Min
Std. Deviation
TYS, MN/m2 {ksi) Avg | 261 (37.8) 323 (46.8) 352 (€1.0)
Min
Std Dewviation
Elong, percent Avg 28 20 1.2
Min
RA, percent Avg
Min
No of Spec. {No. of Heats) 3 (1) 3 (1 3 (&)}
£, GN/m?2 (106 psi) Avg
Min
No of Spec. (Mo. of Heats}
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg | 296 (42.9) 315 (45.7) 351 {50.9)
Ke= 15 Min
No. of Spec. (No. of Heats) 3 (1) 3 (1 3 (1
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 {ksi) Avg | 355 (515) 421 (61.1) |410 (59.49)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 260 {37.7) 328 (47.6) 360 (52.2)
Min
Std. Dewiation
Elong, percent Avg 20 2.1 1.2
Min
RA, percent Avg
Min
No. ot Spec. (No. of Heats) 3 (1) 3 {1 3 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt & Min
No. of Spec. (No. of Heats)
NTS, N/m2 (ksi) Avg
K! Sl Min
No. of Spec. {No. of Heats)

References: 90076
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2014-T6
TABLE 4.2.1-ME4.2 Sheet-Weld Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
Spacification:
Form- Sheet-TIG welded, 2014 Al filler
Thickness, cm {in.): 0.100 to 0.319 (0.040 to 0.125)
Conition: Sheet: T6; weld metal tested as welded
Testing Temperature, K (F) 297 {75} 77  (-320) |20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg (290 (42.0) 330 (47.9) (314 (456)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 234 (34.0) 240 (34.8) |218 (31.6)
Min
Std Dewiation
Elong, percent Avg 1.2 10 1.0
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg | 745 (10.8) 84.1 (12.2) |96.5 (14.0)
Min
No. ot Spec. (No. of Heats) 1
Poisson’s Ratio 0.31 0.31 -
Work Hardening Coef
NTS, MN/m2 (ksi} Avg
i Kt 38 Min
| No. of Spec. (No. of Heats)
NTS, MN/mZ2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
.
f Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
3 Std Dewviation
1 TYS, MN/m2 (ksi) Avg
Min
Sta Deviation
3
3 Elong, percent Avg
L Min
RA, percent Avg
Min
I, ot soec {No. of Heats)
€, GN/m2 (108 psi) Avg
Min
Mo of Spec. (No. of Heats)
1 " Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K = Min
L No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min ;
No. of Spec. [No. of Heats) .
3
References: 69800
4 LT 4.2.1-4.2 (11/76)
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2014-T6
TABLE 4.2.1-ME4.3 Sheet-Weld Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
Specification:
hod Form: Sheet-TIG welded, 2319 Al filler

Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)

Caondition: Sheet: T6; weld metal tested as welded

Testing Temperature, K (F) 297 (75) 200 (-100) | 144 (-200) |77 (-320) 20 (423) |4 (-452)

é‘ Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 379 (549) | 390 (565) | 393 (57.0) |440 (63.8; 499 (72.4) |552 (80.0)
Min [ 353 (51.2) | 368 (53.4) 416 (60.3) 430 (62.3)
Std. Dewviation i7.7 (2.56) 15.2 {2.21) 15.8 (2.29) 34.6 (5.02)
TYS, MN/m2 (Ksi) Avg [ 290 {42.1) | 284 (41.2) | 292 (424) (332 (48.1) 448 (65.0) |422 (61.2)
Min
Std. Deviation
Elong, percent Avg 2.3 16 1.1 14 14 24
Min 1.5 1.0 0.5 1.0
RA, percent Avg
Min
No. of Spec. {No. of Heats) 12 (4) 9 (3) 1 12 (4) 15 (4) 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg | 404 (58.6) | 401 (58.2) 453 (65.7) 509 (73.8)

Min 1396 (57.5) | 400 (58.0) 439 (63.6) 483 (70.1)
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg 1.8 15 10 13
Min 1.5 1.0 1.0 1.0
RA, percent Avg
Min
No. of Spec. (No. of Heats) 5 (1) 5 (1) 5 (n 5 (1}
€, GN/m2 (106 psi) Avg
Min 1
No of Spec. (No. of Heats) 1
3
Poisson’s Ratio 3
)

Work Hardening Coef y

NTS, MN/m2 (ksi) Avg 4
Kt o Min
No. of Spec. (No. of Heats)

NTS, MN/m?2 (ksi) Avg {
K¢ = Min |
No. of Spec. (No. of Heats) é

.( T

References: 48652, 53308, 58060, 90078 ()J‘:
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2014-T6
TABLE 4.2.1-ME4.s Sheet-Weld Metal

Alloy Designation: 2014 Aluminuza Alloy (Weld Metal)

Specification:
Form: Sheet-TIG welded, 4043 filler
Thickness, cm {in.):  0.100 to 0.319 (0.040 to 0.125)
Condition: Sheet: T6; weld metal tested as welded
Testing Temperature, K (F) 297 (75) 195 (-108) 77  (-320) |20 (-423)
Tension, Longitudinat
TUS, MN/m2 (ksi) Avg | 363 (52.7) (372 (54.0) 425 (61.7) (479 (69.4)
Min {352 (51.1) |363 (52.7) 406 (58.9) |471 (68.3)
Std Deviation 9.58 (1.39) 15.3 (2.22)
TYS, MN/m2, Avg | 241 (34.9) 395 (57.3)
Min | 234 (34.0) 392 (56.9)
Std Devigtion
Elong, percent Avg 1.7 14 0.7 0.6
Min 1.0 1.0 0.5 0.0
RA, percent Avg
Min
No of Spec. {No. of Heats) 11 (3) 5 (1 11 (2 5 (3)
E, GN/m2 {106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Woik Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {(No. of Heats)

NTS, MN/m2 (ksi) Avg
K‘ = Min

No. of Spec. [No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg | 366 (53.0) (371 (63.8) 439 (63.7) |480 (69.6)
Min ) 357 (61.8) |365 (52.9) 425 (61.7) |[463 (67.2)

Std Deviation
TYS, MN/m2 {ksi) Avg
Min
Std. Dewviation
Elong, percent Avg 1.8 13 08 09
Min 1.5 1.0 0.5 05
RA, percent Avg
Min
No. of Spec {No. of Heats) 9 {(3) 8 {2} 9 (3} 8 (2)
F. GN/m2 (108 psi) Avg
Min

No of Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef 3
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats) b
L
NTS, MN/m? (ksi) Avg i
K¢ = Min

No. of Spec. (No. of Heats)

References: 42002, 51156, 51527, 69310
70< 42.14.4 (11/76)
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2014-T6
TABLE 4.2.1-ME4 5 Sheet-Weld Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
. Specification:
by Form: Sheet-TIG welded, 4043 filier
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: Sheet: T62; weld metal tested as welded
‘ Testing Temperature, K {F) 297 (75) 195 (-108) 77 (-320) |20 (-423)
Tension, Longitudinal (to transver:
TUS, MN/m2 (ksi) Avg | 368 (53.4) |345 (50.0) 421 (61.1) |454 (65.8)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
Mo of Spec. (No. of Heats) 3 (1 3 (1} 3 (1) 3 (1)
E, GN'm2 (106 psi) Avg
Min
No. ot Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats}
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. ot Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m?2 (ksi} Avg
Mir,
Std Dewviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E. GN/m2 {106 psi) Avg i
Min
No. of Spec. (No. of Heats) 4
Poisson’s Ratio 1
Work Hardening Coef §
NTS, MN/m2 (ksi) Avg 3
K¢ = Min 1
No. of Spec. (No. ot Heats)
PR
H NTS, MN/m2 {ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
References: 51156 R g I
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Alloy Designation:  2014-T6 Aluminum Alloy

2014-T6
Sheet

Specification: AMS-4029A, ASTM B209
Form: Sheet
Thickness, cm (in.):  0.320 to 0.634 (0.126 to 0.249)
Condition: T6
Testing Temperature, K (F) 297 (75} 77 (-320) | 20 (-423)
20
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 498 (72.3) 530 (85.5) | 662 (96.0})
Min | 487  (70.7) 578 (839} | 630 (91.4)
Std Deviation 5.0 {0.72) 76 (1.10) 16.5 (2.40)
TYS, MN/m2 (ksi) Avg | 443 (64.2) 505 (73.2) | 573 (83.0)
Min | 418  (60.6) 483  (70.1) | 550  (79.7)
Std. Deviation 13.4 (1.95) 240 (3.48) 130 (1.89)
Elong, percent Avg 9.8 1.6 9.8
Min 7.0 9.0 8.8
RA, percent Avg
Min
No. of Spec. {No. of Heats) 65 65 24
E, GN/m2 {106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt £ Min

No. of Spec. {(No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std. Deviation
TYS, MN/m2 (ksi) Avg
Min

Std Dewviation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K( 82 Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
Ke = Min

No of Spec. (No. of Heats)

References: 69310, 79301
p?z( 4.2.1-5 (11/74)
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2014-T6
TABLE 4.2.1-ME5.1 Sheet-Weid Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
oy
! Specitication:
o Form: Sheet-TIG welded, 4043 filler
Thickness, cm (in.): 0.320 to 0.634 (0.126 to 0.249)
Condition: Sheet: T6; weld metal tasted as welded
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 334 (48.5) 396 (57.4)
Min | 324 (47.0) 284 (55.7)
Std Dewviation
TYS, MN/m2 {ksi) Avg | 236 (34.3) 393 (57.0)
Min | 236 (34.2) 386 (56.0)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No of Spec. (No. of Heats) 3 (1} 5 (1)
€, GN/m2 (105 psi) Avg
Min

No of Spec. (No. of Heats}
Poisson’s Ratio

Work Hardening Coef

NTS, MN/mZ (ksi) Avg
Kt b Min
No. of Spec. (No. of Heats)
L
NTS, MN/m2 (ksi) Avg
K¢ = Min

No. of Spec. (No. of Heats)

Tension, Transv "/ se

TUS, MN/m2 (ksi) Avg
Min

Std. Dewiation
TYS, MN/m2 (ksi) Avg
Min

Std Dewviation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/mZ (108 psi) Avg
Min

No. of Spec. {No of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. ot Heats} R

).
c.
A

References: 9310
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2014.T6
TABLE 4.2.1-ME5.2 Plate-Weld Metal
Altoy Designation: 2014 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 716 filler 5
Thickness, cm (in.): 0.635 to 1.219 (0.250 to 0.449)
Condition: Plate: T6; weld metal tested as welded
Testing Temperature, K (F}) 297 {75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 301 (43.7) 341 (49.5)
Min | 294 (42.6) 336 (48.7)
Std Deviation
TYS, MN/m2 (ksi) Avg | 213 (30.9) 239 (34.6)
Min | 205 (29.7} 237 (34.4)
Std. Deviation
Efong, percent Avg 1.5 1.5
Min 1.5 1.0
RA, percent Avg
Min
No. of Spec. {No. of Heats) 5 (1) 2 (1)
E, GN/m2 {106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. ot Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
Nc. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m? (ksi) Avg
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std Dewiation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats)
Poisson’s Ratio i
Work Hardening Coef |
NTS, MN/m2 (ksi) Avg i
K( = Min i
No of Spec. (No. of Heats) 1
NTS, MN/m2 (ksi) Avg
K¢ = Min ’
No of Spec. (No. of Heats) ]

References: 55021
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2014-T6

TABLE 4.2,1-ME5.3 Plate-Weld Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
I, Specification:
N Form: Plate-MIG welded, 2319 filler
Thickness, ¢cm (in.): 0.635 to 1.269 (0.250 to 0.449)
f Concition: Plate: T6; weld metal tested as welded
1 Testing Temperature, K (F) 297 (715) 77  (-320)
| Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 283 (41.0) 344 (49.9)
Min | 234 (34.0) 334 (48.4)
Std Deviation
TYS, MN/m2 (ksi) Avg [ 197 (28.6) 264 (38.3)
Min | 188 (27.3) 259 {37.6)
i Std Beviaton
Elong, percent Avg 24 15
Min 1.0 1.5
RA, percent Avg
Min
No of Spec. (No. of Heats) 5 1) 2 (1}
E, GN/m2 {106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg
Ky = Min
No. of Spec. (No of Heats}
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avy
Min
Std. Oeviation :
E
A
Elong, percent Avg
Min
p
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 {106 psi) Avg 3
Min
No of Spec. (No. of Heats) 1
1
Poisson’s Ratio
|
Work Hardening Coef é
NTS, MN/m2 (ksi) Avg q
Ky = Min 3
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg 1
K¢ = Min
No of Spec. (No. of Heats}
References: 55021 Py - -
A
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2014-T6
TABLE 4.2.1-ME5 .4 Plate-Wald Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
| Specification:
Form: Plate-MIG welded, 4043 filler
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.449)
Condition: Plate: T6; weld metal tested as welded
Testing Temperature, K {F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 256 (37.2) 310 (45.0)
Min | 248 (36.0) 303 (43.9)
Std Dewiation 4.4 (0.64)
TYS, MN/m2 (ksi) Avg (23.1) 201 (29.2)
Min (19.4) 171 (24.8)
Std Dewviation (2.95)
Elong, percent Avg 24 16
Min 2.0 1.0
RA, percent Avg
Min
No of Spec. {(No. of Heats) 10 (2} 4 {2
E, GN/m2 (108 psi} Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/mZ (ksi) Avg
K‘ = Min

No. of Spec. {No of Heats}

Tensicn, Transverse

TUS, MN/m?2 (ksi) Avg
Min
Std Dewiation
TYS, MN/m2 (ksi) Avg
Min
Std Dewiation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No of Spec. (No of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec. {No of Heats}

NTS, MN/m2 (ksi) Avg
Ky = Min

No of Spec. {No. of Heats) |

References: 55021
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2014-T6
L. TABLE 4.2.1-MEb.5 Plate-Weld Metal
4
; Alloy Designation: 2014 Aluminum Alloy {Weld Metal)
g 3 Specification:
hd Form: Plate-MIG welded, 5356 filler
Thickness, em (in.): 0.635 t0 1.269 (0.250 to0 0.449)
. Condition: Plate: T6; weld metal tested as welded
:. Testing Temperature, K (F) 297 (75) 77  (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 243 (35.3) 333 (483)
Min | 156  (22.6) 332 (48.1)
Std Deviation
TYS, MN/m2 (ksi) Avg | 177 (25.6) 205 (29.8)
Min | 169 (24.5) 190 (27.6)
Std. Deviation
Elong, percent Avg 19 25
Min 1.0 1.0
RA, percent Avg
Min
No of Spec. (No. of Heats) 5 (1 2 (1)
E, GN/m2 (106 psi) Avg
Min
No. ot Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. [No. of Heats}
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Efong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min ‘
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef f
NTS, MN/m? (ksi) Avg 3
Ky = Min f
No. of Spec. (M9. of Heats)
- > L
NTS, MN/m2 (ksi) Avg
Ke = Min
No of Spec. (No of Heats)
Lep L PP
References: 55021 A
42155 (11/76) .
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Alloy Designation:

TABLE 4.2,1-ME5.6

2014 Aluminum Alloy (Weld Metal)

Specification:
Form: Plate-MIG welded, 556 filler
Thickness, cm {in.): 0.635 to 1.269 (0.250 10 2.449)
Condition: Plate: T6; weld metal tested as welded
Testing Temperature, K (F) 297 (75, 77  (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 225 (32.6) 323 (46.9)
Min | 160 {23.2) 314 (45.5)
Std Dewiation
TYS, MN/m2 (ksi) Avg (25.4) 219 (31.7)
Min (24.3) 205 (29.7)
Std. Deviation
Elong, percent Avg 1.6 20
Min 1.0 20
RA, percent Avg
Min
No. of Spec. {No. of Heats} 5 (1) 2 (1)
E. GN/m2 {106 psi) Avg
Min
No. of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K( = Min
Mo. of Spec. (No. of Heats)
NTS, MN/m2 (ksi} Avg
K¢ = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No of Heats}
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min

t
No. of Spec. (No of Heats)
NTS, MN/m? {ksi)
Kt o
No. of Spec. {(No. of Heats)

References: 55021

7R

Avg
Min

i A e

4.2.15.6 (11/76)
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Alloy Designation:

2014-T62 Aluminum Alloy

ABBEOTTAEROSPACE.COM

o

Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: T62
Testing Temperature, K (F) 297 (75) 77 (-320) | 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 476 (69.0) 572 (83.0) | 648 (94.0)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 427 (62.0} 496 (72.0) | 524 (76.0)
Min
Std. Deviation
Elong, percent Avg 1
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) {1} (1) (1)
E. GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m? (ksi)

K¢ =

No. of Spec. (No. of Heats)
NTS, MN/m?2 (ksi)

Kt %

No. of Spec. (No. of Heats)

Tension, Transverse

Avg
Min

Avg
Min

TUS, MN/m2 (ksi) Avg
Min

Std. Deviation
TYS, MN/m2 (ksi) Avg
Min

Std. Deviation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. {No. of Heats)
E. GN/m2 (106 psi) Avg
Min

No of Spec. (Nc. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K‘ = Min
No of Spec. (No. of Heats)

NTS, MN/m2 {ksi) Avg
Ky = Min

No. of Spec. {No. of Heats)

References: 79816

4.2.1-6 (11/74)
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2014-T62
Plate

TABLE 4.2.1-ME7

3 Alloy Designation: 2014-T62 Aluminum Alloy

Specification:

Form: Plate

Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: T62

Testing Temperature, K (F) 297 (75) 77 (-320) | 20 (-423)

Compression, Longitudinal

CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats) ]

d Ec, GN/m2 (106 psi) Avg E |
Min
No. of Spec. (No. of Heats)

Compression, Transverse

F CYS, MN/m2 (icsi) Avg
Min

E No. of Spec. (No. of Heats)

Ec, GN/m?2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)

Shear(a)

SUS, MN/m?2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

: G, GN/m2 (106 psi) Avg
[ Min
No. of Spec. (No. of Heats)

Impact, Charpy V
Long., Nm(ft-b) Avg
Min
No. of Spec. (No. of Heats) ]

Trans., Nm({ft-Ib) Avg
Min
No. ot Spec. (No. of Heats)

Fracture Tou@ness(b) 1
Kiec MN/m3/2(ksi in.) Avg
Min
Orientation
No. ot Spec. (No. of Heats)

Kig, MN/m3/2(ksivin.) Avg 1440  {40.3) 431 {39.4) | 53.3 (488 |
{From PTSC spec. (L — S )Min 420 (38.4)
No. of Spec. (No. of Heats) 1 (1) 2 m 1 m

References: 79816

{a) Indicate specimen design and orientation for shear specimens:
(b) Indicate specimen design for K| data:

4.2.17 (11/74)
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TABLE 4.2.1-ME8

Alloy Designation:  2014-T651 Aluminum Alloy

N Specification: AMS.4014, ASTM B209
Form: Plate
Thickness, cm (in.}: 1.270 to 2.540 (0.500 to 1.000)
Condition: T651
Testing Temperature, K (F) 297 (75) 77 (-320) | 20 (-423}

Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 456 (66.2) 579 (84.0) | 659 (95.6)

Min | 430 {62.4)
Std Deviation

TYS, MN/m2 (ksi) Avg | 420 (60.9) 525 (76.1) | 553  (80.2)
Min | 396 (57.5)

Std. Deviation

Elong, percent Avg 12.2 12.0 15.0
Min 1.0
RA, percent Avg 33.2 22 23
Min 24.0
No. of Spec. (No. of Heats) 6 2) (1) (1)
£, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m?2 (ki) Avg | 548  (79.5)
Ky = 6.4 Min | 629  {76.7)
No. of Spec. (No. of Heats) 5 (1)
NTS, MN/m?2 (ksi) Avg | 571 (82.8) 687 (99.6) | 710 (103)
| K¢ = 16 Min
No. of Spec. (No. of Heats) (1 (1) {1}

Tension, Transverse

TUS, MN/m2 (ksi) Avg | 479 (69.5) 587 (85.1) 665  (96.4)
Miny
r Std Deviation
¥ TYS, MN/m2 (ksi) Avg | 432 (62.7) 513 (74.4) | 534 (77.4)
Min
Std. Deviation
|
Elong, percent Avg 8.8 9.0 1.0
Min
RA, percent Avg 16 12 15
Min
F No. of Spec. (No. of Heats) (n (1 (1)
E, GN/m2 {105 psi) Avg
Min
1 No. of Spec. (No of Meats)
Poisson’s Ratio 1
] Work Hardening Cocf 3
N
NTS, MN/m2 (ksi) Avg | 560 (79.8) 573 (83.1) 646 (93.7)
K¢ = 16 Min
No of Spec. (No. o+ Heats) (R3] ¢l (n
i NTS, MN/mZ (ksi) Avg
Ky = Min

Mo of Spec. (No of Heats)

References: 64373, 72563 51«
4.2.18 (11/74)

N —— a—



http://www.abbottaerospace.com/technical-library

ABBOTTAEROSPACE.COM

TABLE 4.2.1-ME9

T EREHAC AL L IRRARY

2014-T651
Plate

Alloy Designation: 2014-T651 Aluminum Alloy

Specification: AMS-4014, ASTM B209

Form: Plate

Thickness, cm {in.): 1.270 10 2.540 (0.500 to 1.000)

Condition: T651

Testing Temperature, K (F) 297 (75) 77 (-320})

Compression, Longitudinal

CYS, MN/m2 (ksi) Avg
Min

No. of Spec. {No. of Heats)
Ec. GN/m2 {106 psi) Avg
Min

No. of Spec. {No. ot Heats)

Compression, Transverse

CYS, MN/m? (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear(a)
SUS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
G, GN/m2 (106 psi) Avg
Min

No. of Spec. {No. of Heats)

Impact, Charpy V

Long., Nm(ft-ib} Avg
Min
No of Spec. (No. of Heats)

Trans., Nm{ft-Ib) Avg
Min
No of Spec. (No. of Heats)

Fracture Toughness“’)

Kie MN/m3/2(ksi/ in.) Avg |23.2 (21.2) 285 (26.1)
Min |22.6 (20 7)
Orientation T — L
No. of Spec. {No. of Heats) 5 m (n

Kig, MN/m3/2(ksi/ in.) Avg
{From PTSC spec.) - JMin
No. of Spec. (No. of Heats)

References: 80995

{a) Indicate specimen design and orientation for shear specimens:
{b) Indicate specimen design for K). data: Notched bend specimens

4.2.19 (11/74)



http://www.abbottaerospace.com/technical-library

~

2014-T62

TABLE 4.2.1-ME9.1 Plate-Weld Metal
Alloy Designation: 2014 Aiuminum Alloy {(Weld Metal)
Specification:
Form: Plate-T1G welded, 2319 alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 2614-T62: Plate, tested as welded
Testing Temperature, K {F) 297 (75) 77  (-320) 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 330 (47.8)* 383 (55.5) 437 (63.4)
Min | 326 (47.3) 376 (54.6) 432 (62.7)
Std Deviation
TYS, MN/m2 (ksi) Avg | 179 (26.0) 228 (33.1) 300 (435)
Min | 179 (26.0) 226 (32.8) 296 {42.9)
Std Deviation
Elong, percent Avg 15 10
Min 14 10
RA, percent Avg
Min
2 2 2

No. of Spec. (No. of Heats)
E, GN/m2 (108 psi

No of Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi}

Ky =

No. of Spec. (No of Heats)
NTS, MN/m2 (ksi)

K¢ =

No. of Spec. {No. of Heats)

Tension, Transverse

Avg
Min

Avg
Min

Avg
Min

TUS, MN/m2 (ksi) Avg
Min
Std Dewviation
TYS, MN/m2 {ksi) Avs
Min
Std Dewviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 {106 psi) Avg
Min

No of Spec. {Mo. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ke = Min

No of Spec. (No of Heats

References: 75531

* Both specimans broke in HAZ outside weld metal.

4.2.191(11/786)
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2014-T62
TABLE 4.2,1-ME9.2 Plate-Weld Metal
Alloy Designation: 2014 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-TIG welded, 4043 alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 2014-T62: Plate; tested as welded
Testing Temperature, K {F) 297 (75} 77  (-320) 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 317 (46.0) 382 (55.4) 436 (63.2)
Min | 303 (43.9) 366 (53.1) 419 (60.8)
Std Deviation
TYS, MN/m2 (ksi) Avg [ 198 (28.7) 244 (354) |261 (37.8)
Min | 197 (28.5) 242 (35.1) 252 (36.5)
Std Deviation
Efong, percent Avg 10 8
Min 6 6
RA, percent Avg
Min
No. of Spec. {No. of Heats) 2 2 2
E, GN/mZ2 (105 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

N1S MN/m2 (ksi) Avg
Ky = Min

No of Spec. (No. of Heats)

Tension, Transver:e

TUS, MN/m2 (ksi) Avg
Min

Std Dewiation
TYS, MN/m2 (ksi) Avg
Min

Std. Deviation

Elony, percent Avg
Min
RA, percent Avg
Min

No of Spec. {No. of Heats}
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 {ksi) Avg
K¢ = Min
No of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K‘ = Min

No of Spec (No of Heats)
References: 75531

8.;< 4.2.1.8.2 (11/76)
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2014-T651
TABLE 4.2.1ME9.3 Piate
Alloy Designation: 2014-T651 Aluminum Alloy
Specification:
Do Form: Plate
Thickness, cm {in.): 2.541 to 5.080 (1.001 o0 2.000)
Condition: T651
Testing Temperature, K (F) 297 (75) 77 {-220) i
|
i Tension, Longitudinal |
[ TUS, MN/m2 (ksi) Avg | 476 (69.0) 579 (84.0) |
Min
I Std Dewviation 1
|
i TYS, MN/m2 (ksi) Avg | 438 (63.5) 525 (76.1) |
i Min
Std Deviaton
I Elong, percent Avg 10.2 120
Min
E
RA, percent Avg
Min
No of Spec. (No. of Heats) 1 1
L
i E, GN/m2 1106 psi) Avg 2
Min E
No of Spec. (No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg | 603 (87.4) 837 (103}
Ke= 24 Min | 521 (75.6) 619 (89.8)
No. of Spec. (No. of Heats) 2 n 2 (1)
! NTS, MN/m2 (ksi) Avg | 538 (78.1) 638 (92.6)
Ke= 133 Min | 506 (75.6) 619 (89.8}
No of Spec. (No of Heats) 2 (1) 2 4}
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 479 (69.5) 587 (85.1)
1 Min
Std. Dewviation
TY. . MN/m2 (ksi) Avg | 432 (62.7) 513 {74.4)
Min |
Std Dewiation 3
!
1 { Elnng, percent Avg 88 9.0 3
Min
i
RA, porcent Avg
l Min
E No. of Spec. (No of Heats) 1 1
1 E. GN/m2 (106 psi) Avg
3 Min
E No of Spec. (No of Heats)
E Poisson’s Ratio
1 Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 590 (855) 695 (100.8)
Ke= 24 Min | 521 (75.6) 610 (88.4)
No of Spec (No of Heats) 9) (1 2 ()
NTS, MN/m2 (ksi) Avg 1527 (76.4) 581 (84.2}
Ke= 133 Min | 503 (72.9) 573 (83.1)
No of Spec {No ot Heats) H i
€L~ o
References: 90188 L“‘-) =~ g
4.2.1.93 (11/76) ¥
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TABLE 4.2.1-ME10

Alloy Designation:  2014-T6 Aluminum Alloy

Specification: AMS-4121C, QQ-A-225, ASTM B211
Form: Bar
Diameter: Up to 2.54 (1.000)
Condition: T6
Testing Temperature, K (F) 297 (75) 195 (-108) |77 (-320) 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 513 (74.4) (520 (75.4) |581 (84.2) 814 (118)
| Min | 481  (698) [506 {73.4) [|555 (80.5)
I Std Deviation
TYS, MN/m2 (ksi) Avg | 458 (66.4) [456 (66.7) |498 (72.2) 703 (102)
Min | 415 (60.2) [443 (64 3) 474 (68.7)
Std Deviatio
Elong, percent Avg 16 13 15
Min 15 15
RA, percent Avg 32.7 28.2 29.3
Min 3205 27.5
No of Spec (No. of Heats} 5 (2) 3 {1) 8 (2) 3 (1)
E, GN/m2 (106 psi) Avg | 722 (105) |81.4 (11.8) [79.2 (11.5) 82.0 (11.9)
Min t 662 (96) 800 (11.6) 738 (107}
No. of Spec. (No. of Heats) 5 2) 3 (1) 6 (2) 3 ah
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi} Avg
Min
Std. Deviation
TYS, MN/m2 (ksi} Avg
Min
Std Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heals)
E, GN/m2 (106 psi) Avg
Min

No ot Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K‘ = Min
No of Spec (No. of Heats)

NTS, MN/m2 (ksi) Avg
K¢ = Mie

N f Spec N f Heat

References: 47735, 89543 |
4.2.1.10 (11/74)
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~ .
E @ A RT Open p'oLm; for _
> 250 t— 0 77K(-320 F) unnotched specimens
= 1500 | @ O 4K(-452 F) Solid points for notched
g 2200 |— specimens (Ky >17)
bt wy
» & -
o 1000 |— o 150
S G gk T
) S P s e e -
500 — 3 — =
é E 50 %
5 O= a- 2 3 4 s &

Fatigue Life, cycles

FIGURE 4,2, 1-ME2, FATIGUE LIFE CURVES FOR AXIAL LOADI
LONGITUDINAL SPECIMENS OF 2014-T6 A ! -
NUM ALLOY SHEET 0,152 CM (0.060 IN,) Ttilux
AT CYCLIC FREQUENCIES OF 3.3 AND 0.27 HERTZ,
AT R =0.14

Reference: 70906

87~

42113 (11/74)
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2014-T62
W
Stress Intensity Factor Range, AK, ksi:/in.
0] 20 40 60 80 100 200 400 1000
= T LR = T - 10-4
n O Room temperature
a 77K (=320 F) 4
|0-4 b -
: i
= 1
2 o5 @
2 17 3
- (&)
£ T s
£ i e
- 5 0.5-inch thick weld |
z 107F with 4043 Alloy filler] z
S . - 3
° T S
g E ! o | L1 aJioe &
o o
@ @
= E o I B I T ™ 04 <=
z S
S - |8 o Room temperature 7 S
< a 77K (-320F) | <
SRR = . S
(& E S
® E .
3 w
g f
= a 105 B
L 1
ID‘”EL 0625-inch thick weld T
- with 2319 Alloy filler |
=
e 1 i L1 dios
I 22 44 66881IC 220 440 1100 i
Stress Intensity Factor Range, AK, MN/m3/2 ]
g
FIGURE 4.2.1-ME4. FATIGUE CRACK GROWTH ..ATE OF 2014-T62 ALUMINUM ALLOY ,

PLATE, TIG-WELDED [755.1] [Plate thickness 2.540 cm (1.000 in.),
machined to 1.27 ¢cm (0.500 in.) or 1.59 cm {0.625 in.) in vncmlty of
weld before welding]

il =

4.2.1-13.2 (11/76) N9«
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Alloy Designation: 2014-T6 Aluminum Alloy

TABLE 4.2.1-TR1

OTTAEROSPACE.COM

Specification:
Form:
Dimension:
Condition: -T6

Testing Temperature K (F)

273 (32)

100 (-280) | 50

{-370) | 20 (-423)

10 (-442)

4 (-452)

Thermal Conductivity
Watts m-1 K-1
Btu he1 11 F-1
No. of Spec
References: 90218

Thermal Expansion (T273 to T}

Longitudinal
Percent
No. of Spec.
References: 48571

Specific Heat
Joules kg" K-1
Btu ib-1 F-1

No of Spec.
References:

Electrical Resistivity (n

Otm m

Ohm circutar mil ft-1
No. of Spec.

References: 79561

{1} T-651 Temper

90~

160
(92.5)

4.25 x 108
{25.6)
1

103 72
(59.6)

-0.312 -0.335

2.15 x 108

(12.9)
1 1

4.2.1-14 (11/76}

165 x 108

32
(41.6) {18.5)

151 x 108
{9.92) {9.14)
1

16
{9.25)

150 x 108
{9.02)
1

6.3
(3.64)

1.50 x 108
{9.02)

|
]
i
|
i

u__J
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Thermal Conductivity , watts m-! K-
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Temperature, K

100

300

THERMAL CONDUCTIVITY VERSUS TEMPERATURE

FOR ALUMINUM ALI.OY 2014-T6

4.2.1-15 (11/76)

Thermal Conductivity, Btu hr-! ft™! F-!
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2219-T81
Sheet

! TABLE 4.2.2-MES

Alloy Designation:

2219-T81 Aluminum Alloy

Specification: MIL-A-892CA, ASTM B209
Form: Sheet
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T81
Testing Temperature, K {F) 297 (75) [195 (108) |77 (-320) | 20  (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 447 (64.8) (481 (69.8) |566 (82.1) | 667 (96.8)
My | 438 (636} |460  (66.8) | 553 (80.2) | 600 (87.0)
Std Deviation 903 (1.31)[143 (2.07) 12.3 (1.79y | 271 {393}
TYS, MN/m2 (ksi) Avg | 348 (50.4) (374 (54.3) [423 (61.3) | 476 (69.0)
Min | 339 {49.2) 1362 (525) {413 (59.9) | 439 (63.7)
Std Deviation 6.69 {0.97)[109 (1.58) 8.13 (1.18) 20.7  (3.00}
Elong, percent Avg 8.8 9.1 10.7 134
Min 43 6.5 8.8 7.C
RA, percent Avg
Min
No of Spec. (No ot Heats) 12 (%) 10 (4) 10 {4) 14 (6
E. GN/m2 (105 psij Avg | 685 (9.94) (724 (105} (80.0 (11.6) | 82.0 (11.9)
Min | 64.1 (9.3) |66.9 {9.7) 73.1  (10.6) 765 (011
No of Spec. (No ot Heats) 8 {2) 7 {2) 7 {2 5 (2}
Poisson’s Ratio 0.327 0.335 0.335 6.33
Work Hardening Coef
NTS, MN/m?2 (ksi} Avg | 427 (62.0):459 (66.6) |514 (745) | 565 (82.0)
Ky =6.3 Min 416 (60.4) 1442 (6A V) 438 2.2 483 (701
No. of Spec. (No. of Heats 1 (3) 7 (2) 7 (2) 9 (3)
NTS, MN/m2 (ksi) Avg | 363 (52.6) (351 (509} |414 (60.0} | 467 (67.8)
K¢ = 19 Min 349 (50.6) 335  (48.6) 300  (57.9) | 458 {664}
No. of Spec. (No. of Heats} 5 {1 o] (m 5 ) 5 (N
Tension, Transverse
TUS, MN/m2 (ksi) Avg 450 (65.2}|488 (70.8) | 563 (81.6) | 673 (97.6)
Min 436 (63.2)|478  (69.3) | bHH  (80.5) | 625 (907)
Std Deviation 807 (117y|7.31  {1.06) 132 (1.92) | 220 (3.19)
TYS, MN/m2 (ksi) Avg 341 (49.5){367 (53.2) (414 (60.0) | 466 (67.6)
Min 322 {46.7)1330 {47.9) 405 (58.8) | 452 (G5.6)
Std Deviation 105 (1.52)]148 (2.15) 127 (1.84) 108 {1.57)
Elong, percent Avg 9.7 9.6 10.1 121
Min 7.3 8.0 7.0 60
RA, percent Avg
Min
No ol Spec. (No. of Heats) n (4) 10 (4) 10 4) 9 (4)
€, GN/m2 (106 psi) Avg 69.0 (10.0)|73.8 (10.7) |79.3 (115 | 814 (11.8)
Min 66.2 (9.6) (703 (10.2) 738 (10.7) 746  (10.8)
No of Spec. (No of Heats) 8 (2) 7 (2) 7 (21 5 (2)
Poisson’s Ratio 0.325 0.325 0.335 0.34
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 432 (62.6)(449 (65.2) | 514 (745) | 590 (85.6)
K¢ = 6.3 Miry 412 (60.9) | 440 (63.8) 504 (731} 567 (82 3)
No of Spec. (No of Heats) 7 (2) 7 (2) 7 2 7 (2}
NTS, MN/m2 (ksi; Avg 363 (52.6)|322 (46.7) | 392 (56.9) | 423 (61.2)
Ky = 19 Min H3 (51201318 (46.1) 4 (51 4) 2 (6 8)
No of Spec. (No of Heats) % (1 . P m Y (1 2] (1

References: 42002, 51156, 51527, 56755, 61688, 30078
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2219-787

TABLE 4.2.2-ME6 Sheet

Alloy Designation:

2219-T87 Aluminum Alloy

Specification: MIL-A-8920A, ASTM B209
Form: Sheet
Thickress, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T87
Testing Temperature, K (F) 297 (75! |195 {-108) 144 (-200) 77 (-320) 20 (-423)
Tension, Longitudinai
TUS, MN/m2 (ksi) Avg | 471 (68.3) |504 (73.1) |513 (74.4) | 589 (854)| 665 (99.4)
Min | 458 (66.4) 1489 (70.9) 562 (81.5) | 647 (83.9)
Std. Deviation 9.1 (1.32) 18.2 (2.64) ] 19.7 (2.85)
TYS, MN/m2 (ksi) Avg [ 388 (56.3) (410 (59.5) (427 (61.9) |474 (68.8) | 501 (72.6)
) Min | 372 (53.9) {379 (55.0) an (61.0) | 469  (68.0)
Std. Deviation 86 (1.24) 365 (5.30) | 40  (3.05)
Elong, percent Avg 95 9.8 125 115 148
Min 6 6 7.0 8.6
RA, percent Avg
Min
No. of Spec. (No. of Heats) 24 oy |7 (3) 3 (n 20 (8) 20 (10)
E. GN/m2 (106 psi) Avg | 738 (10.7) (105) 807 (11.7) 865 (12.4)
Min } 70.3  (10.2) (10.1) 73.8 (10.7) | 75.2 (10.9)
No. of Spec. (No. of Heats) 5 (4) 2 (1) 6 (4) 8 (4)
Poisson’s Ratio 0.30 0.24 0.28 0.27
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 480 (69.7) |[514 (74.6) 589 (85.4) 658  (95.5)
K¢ = 6.3 Min 475 (689) |512 (74.2) 586  (85.0) 656  (95.1)
No. of Spec. {No. of Heats) 2 (1 2 (1) 2 (1 2 {n
NTS, MN/m2 (ksi) Avg 441 (64.0) 523 (75.8) 8§32 (77.2)
K¢ = 10 Min 437  (63.4} 519 (75.3) 508 {73.7)
No. of Spec. {No. of Heats) 2 (2) 2 {2) 2 (2)
NTS, MN/m2 {ksi) Avg 321 (46.5) |378  (54.8) 354 (51.3) 426 (61.8) 461 (67.0)
K‘ =22 Min
No. of Spec. (No. of Heats) 3 {1 3 (1 3 (1) 8 m 3 (n
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 473 {68.9) {506 (73.4) 598 (86.7) | 701 {101.6)
Min | 452 (65.5) {483 (70.1) 571 {82.8) | 648 (94.0)
Std. Deviation 125 {1.81) 17.2  (249)} 234 (3.39)
TYS, MN/m2 (ksi) Avg | 388 (56.3) |404 (58.6) 467 (67.8)] 507 (735)
Min ( 356 (51.7) {374 (54.3) 432 (62.7)| 463 (67.2)
Std. Deviation 15.7 (2.28) 220 (3.20) | 23.7 (3.43)
Elong, percent Avg 9.0 7.9 9.9 12.8
Min 7.0 6.5 6.0 7.5
KA, percent Avg
Min
No. of Spec (No. of Heats) 13 (7} 4 {2) 10 (6) 15 (8)
E. GN/m2 {106 psi) Avg | 738 (10.7) (11.9) 848 (12.3)| 834 (12.1)
Min | 67.6 (9.8 (11.7) 77.2 {(11.2}| 75.8 (11.0)
No of Spec. (No. of Heats} 4 (3) 2 (1) 6 (3} 7 (3)
Poisson’s Ratio 0.31 0.30 0.24 0.27
Work Hardening Coef
NTS, MN/m2 {ksi) Avg 480 (69.7) {507 (73.6) 577 (83.7) 656 (95.2)
K¢ = 6.3 Min 474 (68.8) |00 {725) 576 (83.6) 656 (951
No ot Spec. {No. of Heats) 2 ) 2 (1) 24 () 2 (1)
NTS, MN/m2 (ksi} Avg 433 (62.8) 505 (73.3) £54 (80.3)
Ke = 10 Min 437 162.6) 03 (729 | 52¢ (76 €)
€9).3 < No of Spec. (No_ of Hear | , W

References: 58024, 58060, 64658, 66103, €9310, 69759, 69800, 80104, 84318, 90078
4226 (11/79)
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2219-187
Sheet

TABLE 4.2.2-ME?7

Alloy Designation:  2219-T87 Aluminum Alloy y

Specification: MIL-A-8920 A, ASTM B209
Form: Sheet i
Thickness, cm (in.):  0.100 to 0.319 (0.040 to 0.125)
Condition: 187

Testing Temperature, K (F) 297 (75) 77 (3200 | 20 (-423)

Fatigue, Axial Loading
S at 10° cycles, MN/m2(ksi) 207 (30} 221 (32) 358 (52)
Loading frequency Hz
with R =-1 and K¢ = 1
No. of S-N Curves (No. of Heats}

(1 1 (n 1 ()
Ratio Sp/TUS at 105 cycles 0.45 0.38 0.53

Sy at 106 cycles, MN/m2(ksi) 152 (22) 1M+ (17to | 276 (40)
Loading frequency Hz 172 25) i
with R =-1 and K; =1
No of S-N Curves {No. of Heats)

(n 1 (1) 1 (1)
Ratio Sp/TUS at 106 cycles 0.32 0.22 to0 0.29 0.40

Spy at 107 cycles, MN/m2(ksi)
Loading frequency Hz
withR=  and K; =
No ot SN Curves {No. of Heats)

Ratio Spy/TUS at 107 cycles

Fatigue, Axial Loading, Notched Specimens

Sy at 105 cycles, MN/m2{ksi) 75.8 (11.0) 758 (110} 100 (14.5) ?
Loading frequency Hz
with R =-1 and K; = 3.5
No. of S-N Curves {No. of Heats)

(1} 1 (3} 1 (1)

Sy at 106 cycles, MN/mZ(ksi) 51.7 (7.5) 48.2 (7.0 55.2 (8.0
Loading frequency Hz
with R =-1 and Ky =3.56
No of S:N Curves (No. of Heats) |1 {1 1 {(n 1 {(n

Sy at 107 cycles, MN/m2(ksi)
Loadina frequency Hz
with® -  and Ky =
No. of S-N Curves {No. of Heats)

References: 53308, 56753, 58024, 61996

4y
i
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2219-T6E46
TABLE 4.2.2-ME7.1 Shest
Alloy Designation: 2219-T6E48
Specification:
Form: Sheet
Thickness, cm {in.): 0.100 to 0.319 (0.040 t00.125)
Condition: TEE46
Testing Temperature, K (F) 297 (75) 77  (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/mZ (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K( = Min
No. of Spec. {No. of Heats)
NTS, MA/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
Tension, Transve:se
TUS, MN/m2 (ksi) Avg | 455 (66) 558 (81)
Min
Std. Ceviation
TYS, MN/m2 (ksi) Avg | 331 (48) 393 (57)
Min
Std. Dewviation
Elong, percent Avg 12 13
Min
RA, percent Avy
Min
No. of Spec. {No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kf 2 Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
d Kt & Min
Na. of Spec. (No. of Heats)

QO Reterences: 87196

4.2.2.7.1 (11/76)

e

B T —

R TNEr————



http://www.abbottaerospace.com/technical-library

Vs
[ 4
G

T

e . Atk il e .

e ——

— Iy p——— gy L o

TECHNICAL

L BRARY.

ABBOTTAERDSFACE.COM

2219-T31
TABLE 422ME7.2 Sheet Weid Mot
Alloy Designation: 2219 Aluminum Alloy (Weid Metal)
Specification:
Form: Sheet-TIG welded, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.123)
Condition: Sheet-T31, weld metal tested as welded
Testing Temperature K (F) 297 (75) 77 (3200 | 20 (423)
Tension, Longitudinat
TUS, MN/m2 (ksi) Avg 1320 (46.4) 381 (553) | 446 (64.7)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (n 3 (1) 3 (1)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std Deviation
TYS, MN/m? (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. [No. ot Heats)
E, GN/m2 (105 psi) Avg
Min
No of Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {(No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt =, Min
No. of Spec. (No. of Heats)
Referances: 51156 rey
9 /<
42272 (11/76) TS
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2219-T6
TABLE 4.2.2-ME7.3 Shest-Weld Metal
Alloy Designation: 2218 Aluminum Alloy (Weid Metal)
Specification:
Form: Sheet-TiG welded, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.318 (0.040 to 0.125)
Condition: Sheet-Tt, weld metal tested as welded
Testing Temperature, K (F) 297 (75} 200 (-100) |144 (-200) 77 (-320) [20 (-423) 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 296 (43.0) 319 (46.3) |3561 (50.9) 427 (62.0) |510 (73.9) 518 (756.1)
Min
Std Deviation
TYS, MN/m?2 (ksi) Avg | 209 (30.3) 210 (30.4) {234 (33.9) 273 (39.6) |362 (52.5) 349 (50.6)
M:n
Std Deviaton
Elong, percent Avg 20 20 20 20 33 23
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 (1) 3 (1) 3 (1 3 (§))] 3 (1) 3 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
Tension, Trangverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. ot Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
References: 58060
4.2.2-.7.3(11/76)
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2219-762
TABLE 422ME74_ ShestWeld Metai
Alloy Designation: 2219 Aluminum Alloy (Weid Metal)
Specification:
Form: Sheet-MIG weided, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to0 0.125)
Condition: Shest-T62; Re-hest treated and aged to T62 after weiding
Testing Temperature, K (F) 297 (75) 195 (-108) |77  (-320)
Tension, Longitudinal (grain)
TUS, MN/m2 (ksi) Avg | 418 (60.6) | 459 (665) |521 (75.8)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg [289 (419) | 321 (465) [361 (52.3)
Min
Std. Deviation
Elong, percent Avg 79 9.2 89
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 4 2) 2 (1) 4 (2)
E, GN/m? (106 psi) Avg (793 (118) 848 (12.3)
Min | 75.8 (11.0} 77.2 {(11.2)
No. of Spec. (No. of Heats) 2 (n 2
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg [ 583 (84.5) 529 (90.8) {681 (98.7)
Ke= 234 Min
No. of Spec. (No. of Heats) 2 n 2 (1} 2 1
NTS, MN/m2 (ksi} Avg
Kt = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std Dewviation
TYS, MN/m?2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {(No. of Heats)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
Reforences: 87612, 90069 Q 9 o«
al

42274 (11/76)
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2219-T62
TABLE 4.2.2.ME?7.5
| Atloy Designation: 2219 Aluminum Alioy (Weld idetal) i
Specification: i
Form: Sheet-MIG welded, 2319 Al filler :
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.126) i
Condition: T62 Sheet, tested as weided, heat treated [808 K (995 F) 4 hr, WQ; and aged RT-96 hr, 463 K (375 F)-36 hr] ;
;
Testing Temperature, K (F) 297 (75) 77 (320
Tension, Longitudinal A
TUS, MN/m2 (ksi) Avg |415 (60.2) 508 (73.7)
Min {412 ({59.8) 501 (72.7} A
Std Deviation
TYS, MN/m2 (ksi) Avg 285 (41.4) 355 (51.5)
Min [283 (41.0) 355 (51.5)
Std. Deviation 3
Elong, percent Avg 75 8.0
[ Min 6.6 6.3
RA, percent Avg i
Min
No. ot Spec. {No. of Hears) 2 (1) 2 (1) F
€, GN/m2 {106 psi) fvg | 793 (115) 848 (12.3) }
Min |75.8 (11.0) L 77.2 (11.2) 3
No. of Spec (No. of Heats) 2 (n 2 {1 ]
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min ~
No. of Spec. (No. of Heats) s
:
NTS, MN/m2 (ksi) Avg :
Ky = Min ;
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg !
Min %
Std. Deviation
TVS MN/m2 (ksi) Avg 4
Min ]
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Acg 3
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio i
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 4
Ky = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of Meats)
References: 87612 1
100~ 42275 (11/76) i
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2219-T162
TABLE 4.2.2-ME7.6 Shest-Weld Metal

Alloy Designation: 2219 Aluminum Alloy (Weld Metal)

Specification:

Form: Sheet-TIG welded, 2319 Al filler

e Thickness, cm (in.}: 0.100 to 0.319 (0.040 to 0.125) 1

Condition: Sheet-T62, tested as weided ]

Testing Temperature, K (F) 297 (75) 77 (320} 20 (423)

Tension, Longitudinal (grain) i

TUS, MN/m?2 (ksi) Avg {313 (45.4) 372 (54.0) | 436 (63.2) ;

Min b
Std. Deviation
TYS, MN/m2 (ksi) Avg |210 (305 274 (39.7) | 345 (80.0)
Min
Std. Deviation
Elong, percent Avg 27 23 6.0 ]
Min
3
RA, percent Avg
Min
No. of Spec. (No. of Heats) |6  (2) 6 (2 6 (2 :
E. GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)

Poisson’s Ratio 3

Work Hardening Coef

NTS, MN/m2 {ksi) Avg (326 (47.3) 390 (56.5) | 408 (59.2} 3
K‘ = 30.3 Min |
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg 3
K¢ = Min 3
No. of Spec. (No. of Heats)

Tension, Transverse (grain) b

TUS, MN/m2 (ksi) Avg [ 312 (45.2) 401 (58.1) 414 (60.0)

Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 212 (308} 245 (35.6) 286 (415)
Min
Std. Dewviation .
Elong, percent Avg
Min
RA, percent Avg }
Min
No. of Spec. {Na. of Heats} 3 (1) 3 (1) 3 (1)
E. GN/m2 (108 psi) Avg
Min
No. ot Spec. (No. of Heats)

Poisson’s Ratio 1

Work Hardening Coef 4

NTS, MN/m? (ksi) Avg | 310 (449) 391 (56.7) 412 (59.8)

Ke = 303 Min
No. of Spec. (No. of Heats) 3 (&) 3 (0 3 {1

NTS, MN/m2 (ksi) Avg Ui g
Ke = Min BN
No_ of Spec. (No. of Heats}

References: 61996, 90076 10i1<
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2219-T62
TABLE 4.2.2-ME7.7 Sheet-Weid Metal
Alloy Designation: 2219 Alumi Alloy (Weld Metal)
Specification:
Form: Sheet-TIG weided, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T62 sheet, welded, re-heat treated to T62, tested
Testing Temperature, K (F) 297 (75) 77 (-320) 20 (423)
Tension, Longitudinal(grain)
TUS, MN/m2 (ksi) Avg [ 417 (60.5) 518 (75.2) 563 (81.6)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg [ 300 (43.E) 357 (51.8) 403 (58.5)
Min
Std Ceviation
Elong, percent Avg 75 75 40
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (0 3 (1) 3 (1)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 {ksi) Avg | 410 (59.5) 503 (73.0) | 543 (78.7)
K¢ = 303 Min

No. of Spec. {No. of Heats) 3 Iz (N 3 (8]
NTS, MN/m2 (ksi) Avg

K = Min

No of Spec. {No. of Heats)

Tension, Transverse (grain)

TUS, MN/mZ (ksi) Avg (415 (60.2) 509 (73.8) 547 (79.4)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 295 (42.8) 352 (51.1) 394 (57.1)
Min
Std. Deviation
Elong, percent Avg 9.2 6.2 4.3
Min
RA, percent Avg
Min
No. of Spec. {No, of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 400 (58.0) 483 (70.0) 513 (74.4)
Ke= 303 Min
No. of Spec. (No. of Heats) 2 m 3 (1) 3 (n
NTS, MN/m2 (ksi} Avg
Ky = Min

No. of Spec. No. of Heats)

References: 90076

141G~ 4.2.2:7.7 (11/76)
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2219-T62

TABLE 4.22-ME78 Shest-Whid Metal
Alloy Designation: 2219 Aluminum Alloy {Asld Metal)
== Specification:
| & Form: Sheet-TIG weided, 2319 Al filler E
b d Thickness, cm (in.): 0.100 to 0.319 {0.040 to 0.125) i
Condition: T62 Shest weided, re-huat treatsd to T62, tested
Testing Temperature, K (F) 297 (75) 195 (-108) |77  (-320) 20 (-423) 'g
Yension, L to T {grain)
TUS, MN/m2 (ksi) Avg [349 (50.6) 321 (485) |423 (61.3) 459 (66.6)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Dewviation
Eiong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 (1) 3 (1 3 (n 3 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats} +
Poisson’s Ratio
Work Harder.ing Coef
NTS, MN/m?2 (ksi) Avg
Ke = Min §
No. of Spec. INo. of Heats) 1
NTS, MN/m2 (ksi) Avg
Kt = Min L
No. of Spec. (No. of Heats)
Tension, Transverse 1
TUS, MN/m2 (ksi) Avg
Min
Ctd Deviatior,
TYS, MN/m?2 (ksi) Avg
Min
Std. Deviaticn
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (108 psi} Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m? (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m? (ksi) Avg
Kt o Min
No. of Spec. (No. of Heats)
References: 51156
»
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2219-T81
TABLE 4.22.ME7.9 Sheet-Wald Metal !
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
Specification:
Form: Sheet-MIG welded, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.318 {0.040 to 0.125)
Condition: T81 Sheet- tested as welded
Testing Temperature, K {F) 297 (75) 195 (-108) [77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation |
TYS, MN/m2 (ksi) Avg |
Min i
Std. Deviation |
|
Elong, percent Avg |
Min |
g
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min 3
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg 1

K‘ - Min
No. of Spec. {No. of Heats)

Tension, Transverse(grain)
TUS, MN/m2 (ksi) Avg | 321 (46.6) 335 (48.6) 467 (67.8)
Min

Std. Deviation

TYS, MN/m2 (ksi) Avg | 229 (33.2} 232 (336) |269 (39.0)
Min
Std. Deviation

Elong, percent Avg 18 22 3.2
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats) 2 (1) 2 (1) 2 (1)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {Nou. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg [ 391 (567) | 416 (60.3) | 470 (68.2)
Ke= 234 Min
No. of Spec. {No. of Heats) 2 (1) 2 [R)] 2 (1)
NTS, MN/m2 (ksi) Avg
Kt= Min

No. of Spec. {No. of Heats)

Referer.ges:” = 90069

10 5 l P 4.2.2.79 (11/76)



http://www.abbottaerospace.com/technical-library

TTECANICAL [TERARY s

ABBEOTTAERDSFACE.COM

2219-T81 !
TABLE 4.22-ME7.10 Sheet-Weid Meta! ,j
2o e sl ‘
L Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
i >l Specification:
E &% Form: Sheet-MIG welded, 2319 Al filler
r Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T81 Sheet- welded, aged, tested
Testing Temperature, K (F) 297 (75) 195 (-108) |77 (-320) 1
Tension, Longitudinal 3
TUS, MN/m?2 (ksi) Avg ;
Min :
Std. Deviation ]
TYS, MN/m2 (ksi) Avg ;
Min i
Std. Deviation J:
Elong, percent Avg 14
Min %
:
RA, percent Avg 3
Min 3
9. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt & Min
No. of Spec. {No. of Hests)
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
Tansion, Transverse (grain)
TUS, MN/m?2 (ksi) Avg {334 (48.4) 348 (50.4) 463 (67.2)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg {277 (40.2) 331 (48.0) 344 (49.9)
Min
Std. Deviation
Elong, percent Avg 15 08 22
Min
RA, percent Avg
Min
No. of Spec. (No. ot Heats) 2 (§)) 2 (1) 2 (%]
E, GN/mZ (10€ psi) Avg
Min
to. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m? {ksi) Avg 1396 (57.5) 447 (64.8) 470 (68.1)
K¢ = 234 Min
No. of Spec. (No. of Heats) 2 n 2 (1 2 (1)
. NTS, MN/m2 (ksi) Avg
K; o Min
No. of Spec. (No. of Heats}
References: 90069
VT
4227.10(11/76) 1 o
.



http://www.abbottaerospace.com/technical-library

TABLE 4.2.2-7.11

Alloy Designation: 2219 Aluminum Alloy (Weld Metai)

TTEETNICAL LIBRARY

ABBEOTTAERDSFACE.COM

2219-T81
Sheet-Weld Metal

Specification:
Form: Sheet-TIG welded, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)

106~

Condition: T81 Sheat, tested as welded
Testing Temperature, K (F) 297 (75) 200 {-100) |77 {(320) ! 20 {423}
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 325 (47.1) 332 (48.1) |425 (61.6) 474 (68.7)
Min 316 (45.8) 316 (45.9) |405 ({58.7)
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg 24 33 25 17
Min 2.0 2.5 20 1.6
RA, percent Avg
Min
No. of Spec. {No. of Heats) 8 2) 8 (2) 8 {2) 1M1 (3
E. GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 328 (47.5) 313 (45.4) |397 (57.6) 462 (67.0)
Min 313 {45.4) 310 (44.9) | 388 (56.3)
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg 20 1.7 25 0.8
Min 2.0 1.0 25 0.9
RA, percent Avg
Min
No. of Spec. (No. of Heats) 5 (1) 5 {1) 5 {1 8 (2)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. {No. of Heats)

References: 51156, 51527, 90078

j i-
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2219-181
TABLE 4.22-7.12 Sheet-Weld Metal
Alloy Designation: 2219 Alumnium Alloy (Weld Metat)
Fes Spacification:
4 Form: Shest- TIG welded, 2319 Al filler
- Thickness, cm (in.): 0.100 to 0.319 (0.040 to0 0.125)
Condition: T81 Shest, tested as weided
Testing Temperaturs, K (F) 297 (75) 77 (-320) 20  (423)
Tension, L to T {(grain)
TUS, MN/m2 (ksi) Avg | 324 (47.0) 405 (58.8) 451 (65.4)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg
Min
Std Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 n
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min '
Std. Deviation |'
TYS, MN/702 (ksi) Avg |
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg it
Min
No. of Spec. (No. of Heats)
E, GN/m2 (108 psi) Avg
Min
Nc. of Spec. (No. of Hezts)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min s
No. of Spec. (No. of Heats) ]
:
NTS, MN/m2 (ksi) Avg ]
K¢ = Min Ig
No. of Spec. (No. of Heats)
. o m
References: 51156 1(}’7‘: @ s 2
4.2.2.7.12 (11/76)
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2219-T81
TABLE 4.2.2-ME7.13 Sheet-Weld Metal
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
Spacification:
Form: Sheet-TIG welded, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T81 Sheet, weided, re-heat treated to TB1, tested
Testing Temperature, K (F) 297 (75) 195 (-108) |77 (320} | 20 (423)
Tension, ( 10T {orain)
TUS, MN/m< (ksi) Avg | 339 (49.1) 328 (47.5) 428 (62.1) 449 (65.1)
Min
Std. Deviation
TYS, MN/m2 (ksi} Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 (1) 3 (1
E, GN/m2 (108 psi) Avg
Min

No. of Spec. {No. of Haats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K= Min
No. of Spec. (No. ¢f Heats)

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. {Ho. of Hezats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std. Deviation
TYS, MN/m2 (ksi) Avg
Min

Std. Daviation

tlong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. {No. of Heats)
E., GN/m2 (108 psi) Avg
Min

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coet

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ke= Min

No. ot Spec. {No. of Heats)

: Re?efmces: 61156
1058 422713 (11/76)
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2219-T87
TABLE 4.22-ME7.14 Sheet-Weid Metal
Alloy Designation: 2219 Aluminum Alioy (Weid Metal)
Specification:
Form: Sheet-MIG weided, 2319 Al filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T87 Sheet, tested as welded
Testing Temperature, K (F) 297 (75) 195 (108) |77 (-320)
Tonsion! Longitudinal
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi} Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt 3 Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi} Avg
Kt = Min
No. ot Spec. {(N2. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 319 (46.2) 334 (485) (463 (67.2)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg (219 (31.8) 239 (346) |256 (37.0}
Min
Sto. Deviation
Elong, percent Avg 22 2.0 35
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 2 (1 2 (1 2 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg | 368 (534) 445 (64.6) | 476 (69.1)
Ky = 234 Min
No. of Spec. (No. of Heats) 2 {1 2 (1) 2 (1)
NTS, MN/m2 (ksi) Avg
K‘ & Min
No. of Spec. (No. of Heats)
References: 90069 .
109<
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Alloy Designation:

T TE TR AL TTEE

TABLE 4.2.2-ME7.15

2219 Aluminum Alloy (Weid Metal)

2219-187
Sheet-Weld Metal

Specification:
Form: Sheet-MIG weided, 2319 Al filler
Thickness, cm {in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T87 Shest, welded, aged, tested
Testing Temperature, K (F) 297 (75) 195 (-108) |77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 363 (52.6) 376 (54.6) | 482 (69.9)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 279 (40.4) 281 (40.7) | 310 (45.0)
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg 20 15 20
Min
No. of Spec. (No. of Heats) 2 (1 2 (1)
E, GN/m2 {106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg | 381 (56.2) | 414 (60.1) | 445 (64.6)
Ke= 234 Min

No..of!Spec. (No. of Heats)

NTS, MN/m2 (ks:) Avg
K‘ = Min
No. of Spec. (No. of Heats)

)
References: 9006Y
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2219-T87
TABLE 4.2.2-ME7.18 Sheet-Weid Metal
Alloy Derignation: 2219 Aluminum Alloy (Weld Metal)
Specification:
Form: Sheet-TIG weided, 2319 Al filler
o Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T87 Sheet, tested as welded
Testing Temperaturs, K (F) 297 (75) 200 (-100) |77 (-320) 20  (423)
TomionI Longitudinal
TUS, MN/m2 (ksi) Avg |312 (46.3) | 341 (495) |402 (58.3) | 482 (69.9) |
Min | 268 (37.4) 334 (48.5) 361 (52.3) 441 (64.0) 1
Std. Deviation 35.3 {5.12) 30.8 (4.47) 30.3 (4.40) |
TYS, MN/m2 (ksi) Avg | 202 (29.3) 286 (41.5) 276 (40.1)
% Min |172 (25.0) 200 (29.0) 184 (26.7) |
1 Std. Deviation 20.1 (2.93) 779 {11.3)
1
Elong, percent Avg 24 37 3.2 2.1
i Min 1.3 3.0 2.0 3.5
3
RA, percant Avg 285 23.2 1
Min
No. of Spec. (No. of Heats) {21 (7) 3 m |1. e 6 () 1
E, GN/m2 (106 psi) Avg |67 (9.7) 938 (13.6) 102 (14.8) )
Min |61 (8.9) 1 1 |
No. of Spec. (No. of Heats)
1 Poisson’s Ratio 0.21 0.26 0.29
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
E Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (Mo. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg |
Min
Std. Deviation
Elong, percent Avg ]
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) k
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt e Min
< No. of Spec. (No. of Heats)

References: 53308, 68310, 69800, 84318, 84319, 80983, 90078
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2219-T87
TABLE 4.2.2.ME7.17 Shest-Weid Metal
Alloy Designation: 223 Aluminum Alloy (Weld Metal)
Specification:
Form: Sheet-TIG welded, 2319 Alloy filler
Thickness, cm (in.): 0.320 to 0.634 (0.126 to 0.249)
Condition: T87 Sheet, testad as welded
Testing Temperature, K (F) 297 (75) 77__(320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 312 (453) 411 (69.6)
Min | 310 (45.0) 407 (59.0)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 184 (267) 338 (49.0)
Min | 178 (25.8) 335 (48.6)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min 1
No. of Spec. (No. of Heats) 4 (1 5 (1) |
|
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats) |
Poisson’s Ratio |
Work Hardening Coef
NTS, MN/m2 (ksi) Py
Kt Ly Min
No. of Spec. (No. of Heats) i
NTS, MN/m2 (ksi) Avg ‘
Kp = Min
No of Spec. (No. of Heats) i
Tension, Transverse {
TUS, MN/m?2 (ksi) Avg ‘
Min 1:
Std. Deviation
TYS, MN/m2 (ksi) Avg |
Min
td. Deviation !
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GM/m2 (108 psi) Avg i
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min |
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt e Min
No. of Spec. (Mo, of Heats)
3,08
References: 69310 1
112<
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TABLE 4.2.2-ME8

Alloy Designation: 2219-T81 Aluminum Alloy

e’ Specification: MIL-A-8920A, ASTM B209

Form: Plate

Thickness, ¢m (in): 0.635 to 1.27 (0.250 to 0.499)

Condition: T81

Testing Temperature, K {F) 297 (75) 20 (-423)

Tension, Longitudinal

TUS, MN/m2 (ki) Avg | 442 (e4.1) 652 (94.6)
Min

Std Deviation

TYS, MN/m2 (ksi) Avg | 343 (498) 483  (70.0)

Min

Std Deviation

Elong, percent Avg 85 13
Min
RA, percent Avg 20.5 25.6
Min 251
No of Spec (No. of Heats) 1 (1} 2 (1
E. GN/m2 {106 psi) Avg
Min

No. of Spec. (No of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 420 (61) 483  (70.1)
K¢ = 6.3 Min | 334 (57 1) 480 (69 7)
No. of Spec. (No. of Heats) 4 () 2 R}

NTS, MN/m2 (ksi) Avg
Kl = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. ot Spec. {No. of Heats)
E, GN/mZ2 {106 psi) Avg
Min

No of Spec. (No. nf Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No of Spec. (No. of Heats)
References: 66080 Y«
4228 (11/74) 11 3
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2219-T81
Plate

TABLE 4.2.2.ME9

Alloy Designation: 2219-T81 Aluminum Alloy
Specification: MIL-A-8920 A, ASTM B209
Form: Plate
Thickness, cm (in.): 0.635 to 1.27 (0.250 to 0.499)
Condition: T81
Testing Temperature, K (F) 297 (75) 20 (-423)
Compression, Longitudinal
CYS, MN/m?2 (ksi} Avg
Min

No. of Spec. {No. of Heats)

' Ec, GN /m2 (106 psi) Avg
i Min
| No. of Spec. (No. of Heats)
i
3 Compression, Transverse .
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN/mZ (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear(a)
SUS, MN/m2 {ksi) Avg |256 (37.2) 498  (72.3)
Min
No. of Snec. {No. of Heats)
G, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)

Impact, Charpy V

Long., Nm({ft-lb) Avg
Min

No. of Spec. (No. of Heats)
Trans., Nm(ft-Ib) Avg
Min

No. of Spec. (No. of Heats)

Fracture Toughness(b)

Kie MN/m3/2(ksi/in.) Avg
Min

T T

Orientation -
No. of Spec. (No. of Heats)

Kig. MN/m3/2(ksi in.) Avg
{From PTSC spec.{ ~ JMin
No. of Spec. (No. of Heats)

References: 56754

{a) Indicate specimen design and orientation for shear specimens:
(b} Indicate specimen design for K| data:

114~
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Alloy Designation: 2219-T87 Aluminum Alloy

AERDSPACE.COM

TABLE 4.2.2-ME10

- Specification: MIL-A-8920A, ASTM B209
2 8 Form: Plate
o Thickness, cm {in.): 0.635 to 1.269 (0.250 to 0.499) |
Condition: 187 E
3
Testing Temperature, K (F) 297 (75) 77 (-320) | 20 (423)
Tension, Logitudina]_
TUS, MN/m? (ksi) Avg | 463 (62.2) 578 (83.8) 671 (97.3) #
Min | 458  (66.4) 576  (835) | 665 (96.5)
Std. Deviation
TYS, MN/m?2 {ksi) Avg | 380 (55.1) 458 (66.4) | 487 (70.6) :
Min | 376  (545) 454  (659) | 485 (70.3) 3
Std. Deviation
Elong, percent Avg 10.8 125 14.2
Min 10.7 12.2 125
I RA, percent Avg .
Min
No. of Spec. (No. of Heats) (2) 2) (2)
E, GN/m2 (106 psi) Avg
Min E
E [ No. of Spec. (No. of Heats) ﬁ
E Poisson’s Ratio 4
E r Work Hardening Coef
L NTS, MN/m?2 (ksi) Avg | 454 (65.8) 547 {79.4) 578 (83.8)
! Ky = 10 Min | 452  {65.6) 540 (78.3) 574  (83.2)
{ No. of Spec. {No. of Heats) (2) (2) (2)
| NTS, MN/m2 (ksi) Avg
1 % = Min
§ No. of Spec. (No. of Heats)
-
Tension, Transverse
| TUS, MN/m2 (ksi) Avg | 467 (67.8) 500 (85.6) | 684 (99.2)
] Min | 464 (67.3) 685  (B4.9) 678 (98.4)
3 Std. Deviation
p
| TYS, MN/m2 (ksi) Avg | 378 (54.8) 454 (65.9) | 480 (69.7) {
Min | 374 (B4.3) 449 (65.1) 476 (69.0) |
: Std. Deviation
1 Elong, percent Avg 104 11.6 14.6
Min 9.8 11.2 14.3 |
RA, percent Avg |
Min
No. of Spec. (No. of Heats) (2) (2) (2) }
E, GN/m2 (105 psi) Avg
Min
No. ot Spec {No of Heats)
Poisson’s Ratio
Work Hardening Coef
8 NTS, MN/m2 {ksi) Avg | 448 (65.0) 644 (78.9) 567  (82.2)
£ Ke =10 Min | 447 (64.8) 640  (78.3) 564  (81.8)
] No. of Spec. (No. of Heats) (2) (2} (2)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)

References: 64658

4.2.2-10 {(11/74)
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TABLE 4.2.2-ME10.1

Alloy Designation: 2219-T6E46
Specification:
Form: Plate
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.449)
Condition: TBE46, Aged from T42 condition st 450 K (350 F), 12 hr.
Testing Temperature, K (F) 297 (75) 185 (-108) {77 (-320) 20  (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg 1432 (62.7) | 450 (65.3) 539 (78.2) 625 (90.6)
Min |430 (624) | 429 (62.2) (517 (75.0) 580 {84.1)
Std Deviation
TYS, MN/m2 (ksi) Avg [312 (45.3) | 330 (47.8) |370 (53.6) | 405 (58.8)
Min 1309 (44.9) | 303 (44.0) |361 (52.4) 391 (56.7)
Std. Deviation
Elong, percent Avg 165 217 24.3 (24.0)
Min 14,0 21.0 22.0 {21.0)
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1) 3 (1) 4 (1) 3 (1)
E, GN/m2 (106 psi) Avg |71.0 (103) | 75.2 (109) [80.7 (11.7) 779 (11.3)
Min | 64 (9.3) 73.1 (106) 779 (11.3) 73.1 (10.6)
No. of Spec. (No. of Heats) 3 n 3 m 4 (1 3 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt= Min
No. of Spec. {(No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 453 (65.7) | 479 (695) (549 (79.6) 655 (95.0)
Min | 449 (65.1) | 463 (67.2) {543 (78.7) 627 (90.9)
Std. Deviation '
TYS, MN/m2 (ksi) Avg | 332 (48.1) | 350 (50.7) |[394 (57.1) 435 (63.1)
Min | 325 (47.2) | 344 (49.9) (389 (56.49) 430 (62.4)
Std. Deviation
Elong, percent Avg 143 165 16.8 165
Min 14.0 15.0 16.0 16.0
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 {n 3 (1) 3 (1 3 (1)
E, GN/m2 (106 psi) Avg | 758 (11.0) | 765 (11.1) |80.0 (11.6) | 786 (11.4)
Min | 745 (10.8) | 69.0 (10.0) | 76.5 (11.1) 67.6 (9.8)
No. of Spec. (No. of Heats) 3 (1) 3 {1 3 (1) 3 (1)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt d Min

No. of Spec. (No. of Heats)

f 4
(R; erences: 58761

» ~

4.2.2-10.1 (11/76)
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22190 i
TABLE 422 ME102 Plate Woid Metal
|’
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
I Specification:
Form: Plate-TIG welded, 2319 Alloy filler
Thickness, cm (in.): 0.636 to 1.269 (0.250 to 0.449)
Condition: 22190 Plate: tested as welded and heat treated to T6E46 {T42 + 450 K (350 F), 12 hr.
Testing Temperature, K (F) 297 (75) 77 (320) |20 (423)
Tension, Longitudinal '
TUS, MN/m2 (ksi) Avg | 473  (68.6) 522 (75.7) |662 (94.8) |
Min {470 (68.2} 500 (72.5) {613 (88.9)
Std. Deviation
I TYS, MN/m2 (ksi) Avg | 348 (504) 380 (66.1} 462 (66.5) |
Min | 343  (49.8) 378 (54.8) |431 (62.5)
Std. Deviation
Elong, percent Avg 11.0 105 10.9 |
| Min 10.5 7.5 7.5
RA, percent Avg i
Min |
| No. of Spec. (No. of Heats) 3 (1N 3 8)] 4 (1 !
i £, GN/m2 (108 psi) Avg I
Min
No. of Spec. (No. of Heats) !
Poisson’s Ratio |
|
Work Hardening Coef |
13, MN/m2 (ksi) Avg |
K¢ = Min |
No. of Spec. (No. of Heats) l
NTS, MN/m2 'ksi) Avg ]
Ke = Min |
| No. of Spec. (No. of Heats) |
Tension, Transverse !
TUS, MN/m?2 (ksi) Avg
Min
| Std. Deviation
TYS, MN/m?2 (ksi) Avg 1
Min |
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of lHeats)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats) |
1
Poisson’s Ratio
.
Work Hardening Coef ]
NTS, MN/m2 (ksi) Avg
Kt e Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg 'I.
Ky = Min |
No. of Spec. (No. of Heats) 1
| References: 58761 b |
| 117%y |
4.22.10.2 (11/76) |
4
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2219-T87
Plate
TABLE 4.2.2-ME11
Alloy Designation:  2219-T87 Aluminum Alloy
Specitication: MIL-A-8920A, ASTM B209
Form: Plate
Thickness, cm (in.}: 1.27 to 2.54 (0.500 to 1.000)
Condition: T87
Testing Temperature, K (F) 297 (75} 195 (-108)1144 (200} | 77 {-320) | 20 {-423) {4 {-452)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 460 (66.8) | 496 (72.0)|513 (74.4) | 578 (83.8) | 676 (98.1) |674 (S7.8)
Min | 432 (626) ] 483 (70.1)|507 (735) | 559 (81.1) | 655 (95.0)|672 (97.5)
Std Deviation 135 (1.96) 9.6 (1.40) 1.8 (1.72) 176 (254)
TYS, MN/m2 (ksi) Avg | 376 (54.6) | 409 (59.3)|427 (61.9) | 456 (66.2) | 496 (71.9) 512 (74.2)
Min | 350 (B0OB)| 393 {57.0)|420 (60.9) | 434 {629) | 470 (68.1)|505 (73.2)
Std. Deviation 119 (1.73)| 98 (1.43) 125 (1.82) | 1565 (2.25)
Elong, percent Avg 134 13.8 125 15.2 16.3 15.2
Min 97 12.5 12.0 1.0 12.0 15.0
RA, percent Avg 304 27.8 29.2 26.2 23
Min 240 26.5 28.0 25,5 22
No. of Spec. {(No. of Heats) 3 (12) 7 (4) 2 (1 26 {11} 24 (10 2 (1}
E. GN/m2 (106 psi) Avg | 68.1 (9.88) 77.2 (11.2) | 841 (12.2)
Min | 63.4 (9.2) 71.0 (103) | 72.4 (10.5)
No. of Spec. {No. of Heats) 14 (3) 12 (3) 1 (3)
Poisson’s Ratio 0.33 0.33 0.37
Work Hardening Coef
NTS, MN/m?2 {ksi) Avg | 463 (67.2) 5568 (81.0) | 583 (84.5)
K¢ =10 Min | 499  (66.6) 556  (80.7)
No. of Spec. {No. of Heats) 2 (2) 2 (2} 2 (2)
NTS, MN/m2 (ksi} Avg | 567 (82.3)| 571 (82.8) 631 (91.5) | 707 (102.5]690 (100}
K¢ =16 Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi} Avg | 468 (67.9)] 494 (71.7) 585 (84.8) | 689 (99.9)
Min | 460 (66.7)] 491  {71.2) 565 {81.9) | 638 {92.5)
Std. Deviation 6.2 (0.90) 123 (1.78) | 169 (2.45)
TYS, MN/m2 (ksi) Avg 378 (54.9) 393 (57.0) 455  (66.0) 493  (71.5)
Min | 365 (63.0){ 378 (54.8) 4417 (64.0) | 458 (66.5)
Std. Deviation (1.21) 10.3  (1.49) 175 (2.54)
Elong, percent Avg 10.3 12.2 120 13.4
Min 75 113 9.3 9.8
RA, percent Avg 225 19.8 20.7 19.8
Min 13.0 16.7 14.0 12.0
No. of Spec. (No. of Heats) 29 (12) 4 2) 28 (12) 25 {10}
E, GN/m2 {106 gsi) Avg | 703 (10.2) 786 (11.4) ] 882 (12.8)
Min | 648 {9.4) 73.1  {(106) | 71.0 (10.3}
No. of Spec. (No. of Heats) 16 (4) 15 (4} 13 (3)
Poisson’s Ratio 0.34 0.33 0.38
Work !{ardening Coef
NTS, MN/m2 (ksi) Avg 456 (66.2) 524 {76.0} 654 (80.3)
K¢ = 10 Min 449  (65.1) 520 (754) ]| 547 (79.3)
No. of Spec. {No. ot Heats} 2 {2) 2 {2} 2 (2)
NTS, MN/m2 (ksi} Avg
Kt o H Min
No. of Spec. (No. ot LIeats)

References: 62292, 64373, 64658, 66167, 72563, 84319, 90169, 90184
LS

4.2.2-11 (11/78)
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TABLE 4.2.2 — ME12

Alloy Designation: 2219-T87 Aluminum Alloy

Specification: MIL-A-8920 A, ASTM B209
Form: Plate
Thicknass, cm {in.): 1.27 to 2.54 {0.500 to 1.000)
Condition: T87

¢h

Testing Temperature, K (F) 297 (75) 77 (-:320) | 20 (-423)

Compression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

Ec, GN/m2 (106 psi) Avg 3
Min
No. of Spec. (No. of Heats)

Compression, Transverse

CYS, MN/m2 (ksi} Avg
Min
No. of Spec. (No. of Heats)

Ec, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)

i

Shear(a)
SUS, MN/m2 {ksi) Avg
Min
No. of Spec. (No. of Heats)

RO

G, GN/m2 {106 psi) Avg
Min
No. of Spec. (No. of Heats)

atianhinfiin i i el eeian

{mpact, Charpy V_
Long., J{ft-ih) Avg 8 (5.9)
Min (5.5)

No. of Spec. (No. of Heats) (1)

N
SN

Trans., J{ft-Ib) Avg
Min
No. of Spec. {No. of Heats)

Fracture Toughness( b)

Kjc MN/m3/2(ksiv in.) Avg
Min

e

Orientation.  —
No. of Spec. (No. of Heats)

Kig, MN/m3/2(ksi [in.) Avg |45.2 (41.4) 485 (44.4) )
{From PTSC speci T —S)Min |384 (35 1) 36.4 (33.3) ]

No of Spec. {No. of Heats) 8 (3) 7 (3}

References: 5¢ 50, 84319

{a} Indicate specimen design and orientation for shear specimens:
{b} Indicate specimen design for K|. data:

119~
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2219-T6E46
TABLE 42.2ME12.1 Plate
Alloy Designation: 2219-T6E46
Specification:
Form: Plate
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: T6EAS [Aged from T42 condition at 450 K (350 F}, 12hr.]
Testing Temperature, K (F) 297 (75) 195 (-108) [77  (-320) 20  (423)
4 Tension, Longitudinal
f TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
4 No. of Spec. (No. of Heats)
9
3 E, GN/m2 (106 psi) Avg
I Min

No. of Spec. (No. of Heats}
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. {No. of Heats)

Tension, Transverse

TUS, MN/m?2 {ksi) Avg | 452 (65.5) 531 (77.0) 638 (92.5)
Min | 445  {64.6}) 507 (73.6! £97 (86.6)
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 314 (45.6) 369 (53.5) 419 (60.8)
Min | 305 (44.2) 350 (50.8) 403 (58.4)
Std. Deviation
Elong, percent Avg 15.2 18.0 18.8
Min 15.0 16.5 185
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 (1) 3 n 3 (n
E, GN/m2 {106 psi) Avg | 793 (115) 80.0 (11.6) -
Min | 72.4 (10.5) 745 (10.8) =2
No. of Spec. {No. of Heats) 3 (1} 2 (1) =

Poisson’s Ratio

Work Hardening Coei

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ke = Min

No. of Spec. (No. of Heats)

References: 58761

1<V~ 422121 (11/76)
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TABLE 4.22ME12.2

2219-T851
Plate

Alloy Designation: 2219-T851
Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000) ]
Condition: T851 i
Testing Temperature, K (F) 297 (75) 196 (108) [77 (320) | 20 (423) |4 (462) 1
Tension, Longitudinal i
TUS, MN/m2 (ksi) Avg |466 (67.6) | 492 (714) |569 (82.5) 659 (95.6) | 660 (85.7) ;
Min 657 (96.3) 3
Std. Deviation !
TYS, MN/m2 (ksi) Avg [371 (538) | 397 (57.6) (440 (63.8) 474 (68.8) |[485 (70.3) ;
Min 476 (69.0)
Std. Deviation ‘
Elong, percent Avg 110 ns 138 16.0 15.0 |
Min 14.0 j
RA, percent Avg 27 28 3 28 255
Min 25.0 1
No. of Spec. (No. of Heats) 1 1 1 1 2 (1 X
E, GN/m2 (10% psi) Avg
Min
No. of Spec. (No. of Heats) E
Poisson’s Ratio
Work Hardenirg Coef %
b
NTS, MN/m2 (ksi) Avg | 547 (79.4) | 581 (84.3) | 652 (94.5) 14 (1035) { 708 (102.1) 1
Ke= 16 Min ..
No. of Spec. {No. of Heats) 1 1 1 1 1 1
NTS, MN/m?2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats}
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 458 (66.4) | 490 (71.0) |572 (83.0) 667 (96.7) | 660 (95.7)
Min 658 (95.5;
Std. Deviation
TYS, MN/m2 (ksi) Avg | 3563 (51.2) | 379 (55.0) | 421 (61.1) 465 (67.5) | 481 (69.8) 4
Min 479 (69.5) 3
Stc. Deviation k
Elong, percent Avg 10.2 10.5 12.2 15.8 13.0
Min 125
RA, percent Avg 22 22 24 25 20.5 1
Min 20.0 ®
No. of Spec. {No. of Heats) 2 (1) j
E, GN/mZ (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio ¢
Work Hardening Coef
NTS, MN/m2 (ksi} Avg | 531 (77.0) | 562 (815) | 624 (905) 665 (96.5) | 665 (96.5)
Ke= 16 Min
No. of Spec. (No. of Heats) 1 1 1 1 1
NTS, MN/m?2 (ksi) Avg !
K' . Min

No. of Spec. (No. of Heats)

Referances: 72563

4.2.212.2 (11/76)
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Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (Nou. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi} Avg
Kt = Min
No. of Spec. (No. of Heats}

NTS, MN/m2 (ksi) Avg
Kt & Min

No. of Spec, (No. of Heats)

References: 58761

* T42+ 450 K (350 F), 12 br.

122<
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2219-TBE46
TABLE 4.22-ME12.3 Plate-Weld Metal

Alloy Designation: 2219 Aluminum Alloy {Weld Metal)

Specification:

Form: Piate-TIG welded, 2315 Alloy filler

Thickness, cm {in.): 1.270 to 2.540 {0.500 to 1.000)

Condition: TEE48* Plate, tested as welded

Testing Temperature, K (F) 297 (75) 195 (-108) 77 (320) [20 (423) |

T
Tension, Longitudinal |
TUS, MN/m2 (ksi) Avg [259 (37.5) | 273 (39.6) 331 (48.0) |[412 (69.9) |
Min |239 (34.6) | 249 (36.1) 274 (39.8) | 386 (56.0) |
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 154 (22.4) | 168 (24.0) 184 (26.7) | 265 (38.4)
Min | 147  (21.3) | 157 (22.7) 171 (24.8) (249 (36.1) |
Std. Deviation .
1
Elong, percent Avg 45 44 39 3.6 |
Min 3.0 3.0 2.0 3.0
|
RA, percent Avg
Min 4
No. ot Spec. (No. of Heats) 4 {1 4 {1 4 (1) 4 (1) |
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {(No. of Heats)

Poisson’s Ratio

Work Hardening Coef i

NTS, MN/m2 (ksi) Avg 1
Kq = Min k
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg 4
K¢ = Min b
No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg

Min
Std. Deviation b
TYS, MN/m2 (ksi) Avg
Min 3
Std. Deviation j
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2219-T62
TABLE 422ME124 Plata-Weid Metal
N Alloy Designation: 2219 Aluminum Alloy (Weid Metal) |
wr Specification:
Form: Plate-MIG welded, 2310 Alloy filler :
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000) 3
Condition: T62 Plate, we'ded and tested as heat treated to T62 1
Testing Tomperature, K {F) 297 (75) 195 _ (-108) 77__ {-320) 4  (452) ]
Tension, Longitudinal Zi
TUS, MN/m2 (ksi) Avg |3956 (57.3) | 416 (60.4) 475 (68.9) 498 (72.0) :
Min i
Std Deviation 3
4
;
TYS, MN/m2 (ksi) Avg 1277 (40.2) | 279 (40.5) 321 (46.6i 356 (51.5)
Min
Std. Deviation ;
Elong, percent Avg 76 6.5 55 35 5
Min 3
:
RA, percent Avg 7 8 6 5 3
Min 3
No. of Spec. (No. of Heats) 1 1 1 1 1
E. GN/m2 (105 psi) Avg '
Nin 1!
No. of Spec. (No. of Heats) j
Poisson’s Ratio 1:
;
Work Hardening Coef 3
NTS, MN/m2 (ksi) Avg 3
Kq = Min ‘
No. of Spec. (No. of Heats) ‘
NTS. MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats) ;
Tension, Transverss }
~ A
TUS, MN/m?2 (ksi) Avg 1399 (57.9) | 437 (63.4) 512 (74.2) -
Min 3
Std. Deviation 3
;
TYS, MN/m2 (ksi) Avg | 287 (41.6) | 311 (45.1) 362 (51.0)
Min
Std. Deviation
Elong, percent Avg 48 8.3 7.0
Min
RA, percent Avg 4 7 8
Min !
No. of Spec. {No. of Heats) 2 (1) 2 (1) 2 8} 3
£, GN/m2 {708 psi) Avg i
Min !
No. of Spec. (No. of Heats)
Poisson’s Ratio :
Work Hardening Coef j
NTS, MN/m2 (ksi) Avg i
Ke = Min .
No. of Spec. (No. of Heats} 1
NTS, Mid/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
References: 90069, 90072 oy
~d= 1
422124 (11/76) j
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TABLE 4.2.2.ME125

2219 Aluminum Alloy {(Weld Metai)

Ghoh e LhrsR

2219-T81
Plate-Weld Metal

Specification:
Form: Plate-MIG welded, 2319 Alloy filler
Thickness, cm {in.): 1.270 to0 2.540 (0.500 to 1.000)
Condition: T81 Plate, tested as welded
Testing Temperature, K (F) 297 (75) 195 (-108) 77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
= Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 278 (40.3) | 285 (41.4) 372 (54.0)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 172 (25.0) | 177 (25.6) 204 (29.6)
Min
Std. Deviation
Elong, percent Avg 5.2 5.2 4.0
Min
RA, percent Avg 3 3 2
Min
No. of Spec. (No. of Heats) 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
KQ = Min
Naq, of Spec. {No. of Heats)

References- 90069

12.1<

4.2.2-12.5 (11/76)
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2219-T81
TABLE 422ME126 Plate-Weld Meta ,
Alloy Designation: 2219 Alumiinum Alloy {Waeld Metal)
&, Specification:
Form: Plate-MIG welded, 2319 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 t01.000)
Condition: T81 Plate, testsd as weided and aged to T81
Testing Temperature, K (F) 297(75 | 195 (-108) 77 (:320)
Tension, Longitudinal
TUS, MN/mZ (ksi) Avg
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg |330 (47.8) | 357 (518) 450 (65.2)
Min
Std Deviation
TYS, MN/mZ (ksi) Avg {262 (380} | 276 (40.0} 323 (468}
Min
Std. Deviation
Elong, percent Avg 3.0 3.0 4.8
Min
RA, percent Avg 2 2 -
Min
No. of Spec. (No. of Heats) 1 1 1
E, GN/m2 (108 psi) Avy
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
|. Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt & Min
: No. ot Spec. {No. of Heats}
¥
4 NTS, MN/m2 (ksi) Avg
1 Ke = Min
No. of Spec. (No. of Heats}
. 1o
Refersnces: 90069 1<5<
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2219.787 1
TABLE 4.2.2.12.7 Plate-Wold Metal i
Alloy Designation: 2219 Aluminum Alloy (Weld Metal) fi
Specification:
Form: Plate-MiG welded, 2319 Allay filler ~
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: T87 Plate, tasted as welded
i Testing Temperature, K (F) 297 (75) 196 (-108) |144 (2000 |77 (3200 |20 (423)

Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg |282 (409) | 285 (41.4) |310 (45.0) 393 (57.0) 427 (61.9)
Min 1259 (37.5) | 285 (41.3) [308 (44.7) 365 (53.0) [425 (61.6)

Std Deviation

TYS, MN/m2 (ksi) Avg [170 (24.8) | 172 (25.0) |186 (28.4) 204 (29.6) |268 (38.8)
Min 1118  (17.1) [ 163 (236) (189 (27.4) 163 (22.2) [267 (38.7)
Std. Deviation

TR T RN . TR TR T T T rre—

Elong, percent Avg 5.2 45 53 7.6 4.0

Min 3.0 35 5.0 3.0 35
1 4
RA, gercent Avg 25.7 18.3 ! E

3 Min 16 (2) 2 {1 2 (1) 8 (2) 2 (1)
No. of Spec. {No. of Heats} 3
E, GN/m2 (106 psi) Avg :
| Min k-
No. of Spec. {(No. of Heats) «1
I Poisson’s Ratio i
Work Hardening Coef 3

; NTS, MN/m2 (ksi) Avg 249 (36.1) 299 (43.3)
: K¢ = 132 Min 3
No. of Spec. (No. of Heats} 1 1
NTS, .aN/m2 (ksi) Avg
K‘ = Min

No. of Spec. {(No. of Heats)

Tension, Transverse

] TUS, MN/m?2 {ksi) Avg |279 (40.4) | 287 (41.6) 390 (56.6)
, Min 1
Std. Deviation
TYS, MN/m?2 (ksi} Avg | 172 (25.0) | 192 (27.8) 201 (29.2)
Min 3

Std. Deviation

Elong, percent Avg 5.2 6.2 35
Min
RA, percent Avg
Min 2
No. of Spec. (No. of Heats) 2 (R))] 2 (1 2 (1
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats}
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec {No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt o Min

No. of Spec. (No. of Heats)

References: 76455, 90069, 90184

e 4.2.2.12.7 (141 /76)
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2219-187 1

TABLE 422ME128 Plata-Weid Meta! A

] Alloy Designation: 2219 Aluminum Alloy (Weld Metal) !

o Specification: ‘j

Form: Plate-MIG welded, 2319 Alloy filler 1

Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000) ;

Condition: T87 Plate, tested as welded and heet treated to T87 4

Testing Temperature, K (F) 297 (785) 196 (-108) 77__ (320} 1

Tension, Longitudinal 4
TUS, MN/m2 (ksi) Avg

. k.
Min

Std. Deviation ‘

3

TYS, MN/m2 {icsi) Avg 1

Min A

Std. Deviation 1

A

Elong, percent Avg ]

Min 1

p

RA, percent Avg u

Min 3

No. of Spec. (No. of Heats) i
E, GN/m2 {105 psi} Avg
Min

No. of Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K‘ 3 Min
No. of Spec. (No. of Heats}

NTS, MN/m2 (ksi) Avg
K! = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg | 324 (47.0) | 341 (495) 425 (61.7)
Min
Std. Deviation
TS, MN/m?2 (ksi) Avg | 234 (34.0) | 239 (34.6) 272 (39.4)
Min
Std. Deviation
Elong, percent Avg 35 3.8 3.2
Min
RA, percent Avg 2 2 2
Min
No. of Spec. (No. of Heats) 2 (1 2 () 2 (n
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 {ksi) Avg
Kf = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No of Spec. (No. of Heats) | N

>
r’.
Y

I

References: 90069

4.2.2.12.8 (11/76)
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2219-187
TABLE 4.2.2-ME12.9 Plate-Weld Metal
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-TIC welded, 2319 tiiia
Thickness, cm {in.): 1.270 to 2.540 (0.600 to 1.000)
Condition: T87 Pliate, tested as welded
Testing Temperature, K (F) 297 (75) 195_(-108) | 144 (-200) 77 (-320) |20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avp | 276 (40.0) | 283 (41.0) |301 (43.6) 409 (59.3)
Min | 172 (25.0) | 279 (40.5) |277 (40.2) 383 (55.5)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 163 (238) | 171 (24.8) |181 (26.2) 192 (27.8)
Min |108 (15.8) | 165 (280) |170 (24.6) | 162 (23.5)
Std. Deviation
Elong, parcent Avg 6.5 45 49 9.5
Min 4.0 40 3.0 4.0
RA, percent Avg 25.6 221
Min 22.2 19.8
No. of Spec. (No. of Heats) 8 (3) 2 (1 4 (1) 9 (3}
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 266 (38.6) 281 (407) | 323 (46.8)
Ke= 132 Min
No. of Spec. {(No. of tieats) 1 1 1
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 276  (40) 386 (66) 462 (67)
Min
Std. Deviation
TYS, MN/m2 {ksi) Avg {138 (20) 172 (25) 193 (28)
Min
Std. Deviation
Elong, percent Avg 8 9 1
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 1 1 1
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats}
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. ot Heats)

References: 62292, 76455, 87195, 90184

1<8<

42.2.12.9 (11/76)

i b



http://www.abbottaerospace.com/technical-library

T e ———— T T —p— z e - - - -
: TP LINIIP AL 1T 1T PDA DN
- | | == -

2219-T87
TABLE 4.2.2.ME12.10 Plats-Weld Metal
-
Alloy Designation: 2219 Aluminum Alloy (Weid Maetal)
N, Specification:
Form: Plate-TIG welded, no filler ]
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)} 2
Condition: TE7 Piate, tested as welded
1
Testing Temperature, K (F) 297 (75) 77 (320) |20 (423) i
Tension Longitudit.al :
TUS, MN/m2 (ksi) Avg | 282  (409) 387 (562) |461 (66.8) 4
Min | 249 (26.1) 274 (39.7) 432 (62.6) ;
Std. Deviation 46.3 (6.72) ;
TYS, MN/m2 (ksi) Avg {141 (20.4) 181 (26.3) [245 (35.5) 1
Min 1102  (14.8) 148 (21.4) 213 (30.9) L
Std. Deviation 27.5 (3.99)
| Elong, percent Avg 129 127 40
Min 5.0 6.5
RA, percent Avg 21.3 21.7 9
Min 129 13
No. of Spec. (No. of Heats}) 8 (3) 10 (3 4 (2)
E, GN/m2 (106 psi) Avg |66  (9.5) 765 (11.1) | 67.6 (9.8)
Min
No. of Spec. (No. of Heats) 2 (1) 2 (1) 2 (1)
Poisson’s Ratio 0.33 0.20 0.36
Work Hardening Coef
NTS, MN/m:2 (ksi) Avg
Kq = Min
No. of Spec. (No. of Heats}
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {(No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E. GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K‘ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
MR ¥ Ve
References: 76465, 84318, 89983 1" 9 e
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Alloy Designation:

2219-T87 Aluminum Alloy

TABLE 4.2.2-ME13

2219.T87

Plate

Spacification: MIL-A-8920A, ASTM B209
Form: Plate
Thickness, cm (in.): 2.541 to 5.08C {1.001 to 2.000)
Condition: 187
Testing Temperature, K (F) 297 (75) [195 (-108) |144 (200} | 77  (-320) | 20  (-423)
Tension, Longitudinal
TUS, MN/mn? (ksi) Avg | 469 (68.0)[536 (77.7) |573 i83.1) | 596 (86.4) | 695 (100.8)
Min | 448  {65.0) 573 (83.1) | 680 (98.7)
Sta Deviation 152 (2.20) 19.2 {279 | 107  {1.56)
TYS, MN/m2 {ksi) Avg | 383 (55.6) [433 (62.8) |475 (68.9) | 463 (68.0) | 510 (74.0)
Min | 361  (52.4) 441 (64.0) | 496 (71.9)
Std Deviation 16.0 (2.32) 225 (326) | 95 (1.38)
Elong, percent Avg 11.2 14 13 14 134
Min 10 105 7.5
RA, percent Avg
Min
No. of Spec. {No. of Heats) 10 (4) 3 (0 3 (1) 10 (4) 10 (4)
E, GN/m2 (106 psi) Avg | 67.7 (9.82) 752 (109) | 77.2 (112}
Min | 655 {9.50} 731 (0861l 737 (107}
No. of Spec. (No. of Heats) 5 (1) 5 (1) 3 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 480 (69.6} 561 (81.4) ] 601 (87.2)
K¢ =10 Min | 478 (69.4) 548  (795) | 598  (86.7)
No. of Spec. (No. of Heats) 2 (1) 2 {n 2 (1)
NTS, MN/m2 (ksi) Avg | 363 (52.6}|405 (58.7) | 396 (57.4) | 449 (65.1) | 455 (66.0)
K¢ =216 Min
No. of Spec. (Mo, of Heats) 3 {1 3 {1 3 {1 3 (1) 3 (1
Tension, Transverse
TUS, MN/m2 (ksi) Avg 467 (67.8)|518 (75.2) | 540 (78.4) | 585 (84.9) | 683 {99.0)
Min 444 (64.4) 547 (79.4) 659 {95.6})
Std Deviation 149 (2.16) 209 (3.04) 17.4  (2.53)
TYS, MN/m2 (ksi) Avg 381 (55.2)[424 (61.5) | 444 (64.4) | 459 (66.6) | 498 (72.2)
Min 353 (51.2) 433  (62.8)| 478 (69.4)
St4 Dewviation 185 (265 217 (3.15) 185 (2.68)
Elong, percent Avg 9.4 85 9 10.6 10.6
Min 80 7.0 6.3
RA, percent Avg 16 18 22
Min 19
No. of Spec. (No. of Heats) 13 (5) 3 (1) 3 m 13 (6) 14 (6}
€, GN/m2 (106 psi) Avg 70.3 (10.2) 758 (11.0)| 786 (11.4)
Min 695 (101) 724 1105} | 752 {109)
No. of Spec. (No. of Heats) 4 (1) 5 {1} 5 (1
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 448  (65.0) 536 (77.8)| 545 (79.1)
Ke = 10 Min 414 (60.1) 494 V7V 814 (74.6)
No. nf Spec. {No. of Heats) 2 (1) 2 (1) 2 (1)
NTS, MN/m2 (ksi) Avg 350 (50.8)]364 (52.8) | 366 (61.7) | 396 (57.5)| 378 (54.8)
K¢ = 21.6 Min
(1) 3 (1) 3 (1) 3 (1)

Nc of Spec, (No. of Heats) 3 n 8

References: 64658, 84319, 90180
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2219-187
TABLE 422ME21.2 Plate-Weid Matal
Alloy Designation: 2219 Aluminum Alloy (Weld Metat)
o Specification:
W Form: Plate-EB weided, 2319 Alloy filler
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87 Piste, tested as weided
Testing Temperature, K {F) 297 (75) 77 (-320)
Tension, Lou!'(udiml |
TUS, MN/m2 (ksi) Avg | 236 (34.2) 361 (52.3) ‘
Min 1132  (19.2) 254  (36.8) |
Std. Deviation '\
|
TYS, MN/m2 (ksi) Avg [132  (19.1) 172 (24.9) 1
Min [116  (16.8) 145 (21.0)
Std. Deviation 4
Elong, percent Avg |
o
n
RA, percent Avg k
Min
No. of Spec. {(No. of Heats) 10 (1) 6 (1)
E, GN/m2 (106 psi) Avg | 745 (10.8) 84.1 (122)
Min 1634 (9.2 779 (11.3)
No. of Spec. (No. of Heats) 6 (1) 4 (1)
Poisson’s Ratio )
Work Hardening Coef
N™5, MN/m2 (ksi) Avg
K‘ = Min L1
No. of Spec. (No. of Heats) - A
'E
NTS, MN/m2 (ksi) Avg ’
Ke = Min 3
No. of Spec. (No. of Heats) #
Tension, Transverse 3
TUS, MA./.n2 (ksi) Avg
Min ]
Std. Deviation ) ]
TYS, MN/m2 (ksi) Avg
Min
Std Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
y No. of Spec. (No. of Heats)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
% NTS, MN/m2 (ki) Avg
Ky = Min
No. of Spec. (No. of Heats)
References: 88109 1 i) o«
o o B

A.2.2-21.2 (11/76)



http://www.abbottaerospace.com/technical-library

13

Alloy Designation:
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TABLE 4.2.2ME21.3

2219 A’aminum Alloy (Weld Metal)

2219-Aged
Plate-Weld Metal

Specification:

Form: Plats-EB welded, 2319 Alloy fitler

Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87 Plats, tasted as welded and aged at 436 K (325 F) 24 hr.
Testing Temperature, K (F) 297 (76} 77 (-320)
Tension, Lomimdinal
TUS, MN/m?2 (ksi) Avg {288 (418) 416 160.2)
Min | 161  (23.4) 349  (50.6
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 187 (27.1) 264 (36.9)
Min | 163  (23.6) 242 (35.1)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 8 (1) 5 (1)
E, GN/m?2 (106 psi) Avg |745 (108) 813 (11.8)
Min {73.1  (106) 8C.0 (11.6)
No. of Spec. {No. of Heats) 4 {t) 3 n

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 {ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi} Avg
Kt = Min

No. of Spec. {No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std. Deviation
TYS, MN/m2 (ksi) Avg
U Min

Std. Deviation

Elong, percent Avg
: Min
RA, percent Avg
Min

No. of Spec. {No. of Heats)
E, GN/m?2 {106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Mis
No. of Spec. (No. of Heats}

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

References: 88109
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Alloy Designation: 2219-T87 Aluminum Alloy

TABLE 4.22-ME14

Specification: MIL-A-8920A, ASTM B209
Form: Plate
Thickness, cm (in.): 2.541 to 5.080 {1.001 to 2.000)
Condition: T87
Testing Temperature, K (F) 297 (151 | 77 (3200{20  (423)
I
Tension, Short Transverse
TUS, MN/m2 (ksi) Avg | 441 (64) 6523 (75.9)| 544 (78.9)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 374  (54.3) 524 (76.0}{632 (77.1)
Min
Std. Deviation
Elong, percent Avg 4.3 2.7 1.3
Min (1 (1) (1}
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats}

NTS, MN/m2 {ksi) Avg

= Min

No. of Spec. (No. of Heats)

References: 64658
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2219.T87
Plate

TABLE 4.2.2-ME15

Alloy Designation: 2219-TG? Aluminum Alloy

Specification: MIL-A-8320A, ASTM B209
Form: Plate

Thickness, cm (in.): 2.541 tc 5.080 {1.001 to 2.000)
Condition: T87

Testing Temperature, K (F) 297 (75) 77 (-320) | 20  (-423)

Compression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

Ec, GN /m2 (106 psi) Avg
Min ?
No. of Spec. {No. of Heats)

Compression, Transverse 4

CYS, MN/m2 (ksi} Avg ?
Min
No. of Spec. (No. of Heats)

Ec, GN/mZ (106 psi) Avq .
Min
No. of Spec. (No. of Heats}

Shear(a) 4

SUS, MN/m?2 (ksi) Avg
Min
No. of Spec. (No. of Heats}

G, GN/m2 (106 psi) Avg
Min
No. ot Spec. {No. ot Heats)

I Impact, Charpy V
Long., Nm(ft-Ib; Avg
Min
No. of Spec. (No. of Heats)

Trans., Nm(ft-Ib) Avg *
Min ‘
No. of Spec. (No. of Heats) ]

Fracture Toughness( b)

Kie MN/m3/2(ksiJ in.) Avg
Min

Orientation:
No. of Spec. (No. of Heats)

Kig. MN/m3/2(ksi in.) Avg | 403 (369) 255 (416) ] 482 (44.3)
{From PTSC spec T — SMin [ 392 {359) 443 '18)| 469 (429)
No. of Spec. {Na. of Haats) 6 (4) 6 3) &) {2)

References: 84319, 84320

{a} Indicate specimen design and orientation for shear specimens:
(b) Indicate specimen design for K|, data: 4

i i -t
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TABLE 5.2.2ME16.1 Plate
Alloy Designation: 2218-TGE48
L Specification:
Form: Plate
Thickness, cm ({in.): 2,541 to 5.080 (1.001 to 2.000)
Condition: T6E46 [Aged from T42 condition of 450 K (360 F), 12 hr.) :
4
Testing Temperature, K (F) 297 (75} 77 {-320) 20  (-423)
Tension, Longitudinal
TUS, MN/m2 (Li Avg
Min
Std. Deviation
TYS, MN/m? {ksi) Avg
Min '
Std. Deviation 1
Elong, percent Avg 1
Min
RA, percent Avg .
| Min 1
| No. of Spec. (No. of Heats) 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt & Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 442 (64.1) 541 (78.5) 671 (97.3)
Min | 437 {63.4) 530 (76.7) 665 (96.5)
Std. Deviation
TYS. MN/m2 (ksi} Avg (301 (437} 352 (51.1) | 403 (58.4)
Min 1206 (43.0) 340 (49.3) 388 (56.3)
Std. Deviation
Elong, percent Avg 173 20.3 16.7
Min 16.0 18.0 15.0
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1 3 (1) 3 (1)
E, GN/mZ (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poiston’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
‘ NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)

%
|

References: 58761
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2219-T62
TABLE 4.2.2-ME15.2 Plate
Alloy Designation: 2219-T62
Specification:
Form: Plate
Thickness, cm {in.): 2.541 to 5.080 (1.001 to 2.000)
Condition: 162
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
S1d. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (105 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi} Avg
Ky = Min
No. of Spec. (No. of Heats}
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 423  (61.3) 523 (75.9)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 292 (423 330 (47.9)
Min
Std. Deviation
Elong, percent Avg 120 14.0
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 1 1
E. GN/mZ2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 434 (71.6) 603 (87.5)
Ke= 6.3 Min
No. of Spec. {No. of Heats} 1 1
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

References: 90084
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2219-T861
TABLE 4.2.2-ME16.3 Plate-Weid Metal
R =

Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 2319 Alloy filler

Thickness, cm (in.): 2.641 to 6.080 (1.001 to 2.000)
Condition: TE51 Plate, tested as welded

Testing Temperature, K (F) 297 (75) 196 {-108 77 (-320) 4  (452)

¥ S e —
TN Y

Tension, Longitudinai

TUS, MN/m?2 (ksi. Avg {226 (32.7) | 281 (40.8) 366 (61.7) 411 (59.6) 5
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 186 (28.8) | 172 (25.0) 193 (28.0) 277 (40.2)
Min
Std. Deviation
Elong, percent Avg 20 40 35 25 ;
Min
RA, percent Avg 5 15 10 10 ]
Min !
No. of Spec. {No. of Heats) ‘|1 1 1 1
E, GN/m2 (106 pai} Avg |
Min K

No. of Spec (No. of Heats)
Poisson’s Ratio ]

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats) 3
3
NTS, MN/m2 (ksi) Avg :
Kt (= Min "
No. of Spec. (No. of Heats) 1
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
” TYS, MN/m? (ksi) Avg ]
Min 3
| Std. Deviation
Y Elong, percent Avg 3
p Min i
i RA, percent Avg
r Min 4
No. of Spec. (No. of Heats) i
E, GN/m2 (108 psi) Avy
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt & Min
No. of Spec. {Nr, of Heats)

NTS, MN/m?2 (icsi) Avy
Ke = Min

No. of Spec. \No. of Heats)

PR N T T T e——

References: 90072
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TABLE 4.2.2-ME16

Alloy Designation:  2219-T81 Aluminum Alloy -
Specification: MIL-A-8920A, ASTM B209 :
Form: Plate 1
Thickness, cm (in.): Over 5.080 (2.000) 1
Condition; T81 1
1
Testing Temperature, K (F) 297 __(75) 77___(:320) .
Tension, Longitudinal '
TUS. MN/m?2 (ksi) Avg | 445 (64.5) 676 (83.5) |
Min i
Std Deviation f
TYS, MN/m2 (ksi) Avg | 348  (50.5) 436 (63.3) |
Min
Std. Deviation
Elong, percent Avg 9 10
Min
RA percent Avg 16 17
Min
No. of Spec. (No. of Heats)
E, GN/m2 (108 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K¢ = Min

No. of Spec. (No. of Heats}

Tension, Transverse

TUS, MN/m2 (ksi) Avg | 440 (63.9) 511 (74.1)
Min

Std. Deviation

TYS, MN/m2 (ksi) Avg | 337 {48.9) 399 {57.9)
Min

Std. Deviation

Elong, percent Avg 6 3
Min
RA, percent Avg 9 7
Min
: No. of Spec. (No. of Hexts)
f €, GN/m2 (108 psi) Avg
Min

No. ot Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef 3
1 NTS, MN/m2 (ksi) Avg
3 K¢ = Min
4 No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min

No. of Spec. {No. of Heats)

References: 62292
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2219-T81
Plate
TABLE 4.2.2-ME17
Alloy Designation:  2219-T81 Aluminum Alloy 1
- Specification: MIL-A-8920A, ASTM B209
" Form: Plate
b Thickness, cm {in): Over 5.080 (2.000)
Condition: 81 1
Testing Temperature, K (F) 297 (75) 77 {-320) J
Tension, Short Transverse l
TUS, MN/m?2 (ksi) Avg | 402 (58.3) 487 (706) ]
Min
Std Dewiation
TYS, MN/m2 (ksi) Avg | 335 (48.6) 382 (554)
Min
Std. Deviation
4 Elong, percent Avg 3
g Min
RA, percent Avg 8 3
Min {1y m
No. of Spec. {No. ot Heats)
E, GN/m2 (108 psi) Avg .
Min E
No. of Spec. (No. of Heats)
§ Poisson’s Ratio i
! Work Hardening Coef i
NTS, MN/m? (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
' NTS, MN/m2 (ksi) Avg ]
K¢ = Min ?
No. of Spec. (No. of Heats)

References: 62292
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Alloy Designation:

2219-T87 Aluminum Alloy

TABLE 4.2.2-ME18

2219-787
Plate

References: 64658, 84319, 93338
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4,2.2-18 (11/76)

Specification: MIL-A-8920A, ASTM B209
Form: Plates
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87
Testing Temperature, K (F) 297 (75) 77 (320) | 20  (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 472 (68.5) §91 (85.7) 676 (98.1)
Min | 455 (66.0) 560 (81.2) 576 (83.6)
Std. Deviation ne .72 211 {3.06) 47.9 (6.95)
TYS, MN/m2 (ksi) Avg | 383 (56.6) 465 (675) | 612 (74.3)
Min | 368 (53.4) 428 (62.1) 490 (71.0)
Std. Deviation 10.8 (1.58) 23.8 (3.45) 28.8 (4.18)
Etong, percent Avg 97 109 104
Min 6.3 5.8 47
RA, percent Avg 19 231 15.9
Min 15.1 19 134
No. of Spec. (No. of Heats) 11 (3) 10 (3) 10 (3)
E, GN/m2 {106 psi) Avg | 738 (10.7) 924 (134) | 80.0 (11.8)
Min { 70.3 (10.2) 73.8 (10.7) 73.1 {10.6)
Nn. of Spec. (No. of Heats) 4 (1) 3 (1} 2 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 461 (66.8) 547 (79.3) | 586 (85.0)
Ke =10 Min 441 (63.9) 517  (75.0) 556  (EV.6)
No. of Spec. (No. of Heats) 5 (1 5 (1) 5 (1)
NTS, MN/m2 (ksi) Avg
Kt 53 Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 470 (68.1) 585 (84.8) | 664 (96.3)
Min | 443  (64.3) 554 (80.4) 595 (86.3)
Std. Deviation 1.1 (1.61) 15.9 (2.31) 39.7 (5.76)
TYS, MN/m2 (ksi) Avg | 382 (55.4) 451 (65.4) | 491 (71.2)
Min | 370 (53.7) 427 (61.9) 474 (68.8)
Std. Deviation 7.0 (1.02) 15.7 (2.27) 20.2 (2.93)
Elong, percent Avg 8.3 9.1 8.6
Min ') 4.7 4.8
RA, percent Avg 13.2 159 125
Min 9.6 9 11.1
No. of Spec. (No. of Heats) 10 {3) 1 @3 10 3
E., GN/m2 {165 psi) Avg | 758 (11.0) 834 (12.1) | 703 (10.2)
Min | 73.8 {(10.7) 67.6 (S.8) 64.8 (9.4)
No. of Spec. (No. of Heats) 3 n 4 (1} 3 n
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 384 (55.7) 435 (63.1) 452  (65.5)
K¢ =10 Min 356  (61.7) 404  (58.6) 438  (63.6)
No. of Spec. (No. of Heats) 5 n 5 (n 5 (nm
NTS, MN/m2 (ksi) Avg
K! = s Min
No. of Speé. tNo. of rleats)

ilaaaiy
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2219-T87
Plate

TABLE 4.2.2-ME19

Alloy Designation:  2219-T87 Aluminum Alloy

- Specification: MIL-A-8920A, ASTM B209
Form: Plate
Thickness, cm (in.): Over 5.080 (2.000)
Condition: Va7
Testing Temperature, K (F) 297 (7%) 77 (-320)| 20 (-423)

Tension, Short Transverse

TUS, MN/m?2 (ksi) Avg | 472 (68.5) 533 (77.3) | 545 (79.1)
Min | 445  (64.6) 459 (66.6) | 449 (85.1)

Std. Deviation

TYS, MN/m2 (ksi) Avg | 376  (545) 452 (6565) | 483 (70.0)
Min | 376 (54.4) 413 (59.9) | 480 (69.6)
Std. Deviation

Elong, percent Avg 78
Min 7.0
RA, percent Avg 74 55
Min 6.7
No. of Spec. (No. of Heats) 4 (2} 3 (2 3 (2)
E, GN/m2 (106 psi) Avg | 724 (105) 64.1 (9.3)
Min { 70.3 (10.2) 56.2 (8.0)
No. of Spec. (No. of Heats) 4 (§))] 2 (1

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 283 (a1.1) 322 (46.7)[ 362 (52.5)
Ky =10 Min
No. of Spec. {No. of Heats) () {1) 1
NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

References: 64658 , 93338
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TABLE 4.2.2-ME20

Alloy Designation: 2219-T87 Aluminum Alloy

Results of Boeing program to determine design allowable properties

Form: Sheet and Plate
Thickness, cm (in.): 0.081 to 10.2 (0.032 10 4.00)
Condition: 187
Testing Temperature, K (F) 297 (715) 77 {-320) | 20 {-423)
Tension, Longitudinal
TUS, MN/m2 {ksi) Av? 474 (68.7) 578 (83.8)| 685 (99.3)
99% P, 95% C, Fm(a 443  (64.3) 537  (779}] 625 (30 .5}
TYS, MN/m2 {ksi) Avg | 391  (56.7) 454  (65.9) | 498 (72.2)
99% P, 95% C, F‘y(a 354 (51.4) 410 (59.4) | 454 (65.8)
Elong, percent Avg
Min
RA, percent Avg
Min
M3 ot Spec. {No. ot Heats)
E, GN/m2 {106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
4 No. of Spec. {No. of Heats)
i Tension, Transverse
TUS, MN/m2 (ksi) Avg | 476 (69.0} 585 (848)| 692 (100.4)
°9% P, 95% C, Fy,(@ 1445 (64.6) 543 (787)| 649  (94.1)
TYS, MN/m?2 (ksi) Avg | 388 (56.2) 454  (65.9) | 495 (71.8)
99% P, 95% C, F,y(a 350 {60.7} 412 (59.8) | 446 64.7)
3
Elong, percent Avg
3 Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
] E, GN/m2 {106 psi) Avg
Min
5 No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No ot Spec. (No. of Heats)

References: .84319

{a) A’ values corresponding to 99 percent probability, 95 percent confidence level.
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2219-T87
Plate |

TABLE 4.2.2-ME21

Alloy Designation: 2219-T87 Alumi Alloy

1 J Specification: MIL-A-8920A, ASTM B209
Form: Plate
Thickness, cm (in.)* Over 5.080 (2.700)
Condition: T87

Testing Temperature, K (F) 297 (75) 7 (-320) | 20 (-423)

Comprassion, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

T T— T —

Ec, GN /m2 (106 psi) Avg
Min |
No. of Spec. (No. of Heats)

Compression, Transverse

CYS, MN/m2 (ksi) Avg |
Min |
No. of Spec. {No. of Heats)

Ec, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear(8)
SUS, MN/m?2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

B R e L L

G, GN/m2 (105 psi) Avg
Min
No. of Spec. (No. of Heats}

Im| , Charpy V
Long., Nm{ft-ib) Avg
Min
No. of Spec. {(No. of Heats)

Trans., Nm{ft-Ib} Avg |
Min
No. of Spec. (No. of Heats)

Fracture Tan(b)
Kje MN/m3/2(ksiin.) Avg | 39.7 (36.3 46.3 (424)| 525 (48.0)
Bend Specimens Min | 39.6 (36.2 455 (41.6)| 516 (47.2) 1
Orientation: T — S
No. of Spec. {No. of Heats) 2 (1) 2 (1) 2 (1)

e B o

Kje MN/m3/2(ksi / in.) Avg | 28.6 (26.2 343 (314)]| 37.2 (34.0} i
Compact Specimens Min {285 {26.1 342 (31.3) 36.1  (33.0)
Orientation: T — §
No. of Spec. (No. of Heats) 2 (1) 2 (1) 2 (N

—— T W E———

K. MN/m3/2(ksiv in.) Avg | 495  (46.3) 527 (48.2) 1
(From PTSC specHT — S)Min | 430  (38.3) 436 (39.9) -
No. of Spec. (No. of Heats) 5 @ | 6 (2)

Ng 2,7 (66.3)
Kig, MN/m3/2(ksi/in.) Avg | 633 {48.7) 2
(From PTSC spec X — JMin | 50.3  (46) 59.1 (54)
No. of Spec. (No. of Heats) 3 {1 6 (2)

References: 84319, 93338

(a) Indicate specimen design and orientation for sheer specimens:
(b) Indicate specimen design for K|, data:

133<
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2219-181
TABLE 4.22ME21.1 Plate-Weld Metal
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
Specitication:
Form: Plate-MIG welded, 2319 Alloy filler
Thickness, cm {in.): over 5.080 (2.000)
Condition: T81 Plate, tasted as welded
Testing Temperature, K (F) 297 (75) 77 {-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Az |268  (38.9) 315 (45.7)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 140  (20.3) 164 (23.8)
Min
Std. Deviation
Zlong, percent Avg 8 7
Min
FA, percent Avg 15 9
Mn
No. of Spec. (No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio ]
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats) :
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min 1
Std. Deviation
4
TYS, MN/m2 (ksi) Avg |
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
f E, GN/m2 (106 psi) Avg ]
3 Min ;
i No. of Spec. {No. of Heats) :
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg ]
Kt = Min
No. of Spec. {(No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
¥ No. of Spec. (No. ot Heats)

References: 62292
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2219-T87
TABLE 4.2.2ME21.4 Piate-Weld Metal
Alloy Designation: 2219 Aluminum Alloy (Weid Metal)
Specification:
Form: Plate-MIG welded, 2319 Alloy filler
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87 Plate, tested as weided
Testing Temperature, K (F) 297 (75) 7 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 236 (34.2) 261 (37.9)
Min 1196  (28.4) 218 {31.7)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 139 (20.1) 171 (24.8)
Min | 116 (16.7) 152 (22.0)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 8 (1) 5 (1)
E, GN/mZ (108 psi) Avg | 710 (10.3) 807 (1.7}
Min 166.2 (9.6) 786 (11.4)
No. of Spec. (No. of Heats) 8 (1) 5 (1)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

NTS, MN/m?2 (ksi} Avg
K¢ = Min

1
No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, perient Avg
Min
Mo. of Spec. (No. of Heats)
E, GN/m2 (108 psi) Avg
Min

No. of Spec. {(No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

t
No. of Spec. (No. of Heats)

References: 88109
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2219-T87

TABLE 4.2.2.ME21.5 Plate-Weid Metal
Alloy Designation: 2219 Aluminum Alioy (Weid Metal)
Specification:
Form: Plate-MIG weided, 2319 Alloy filler
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87 plate, tested as welded and aged at 436 K (325 F) 24 hr.
Testing Temperature, K (F) 297 (75) ' 77 {-320} 3
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg |276  (40.1) 305 (44.2)
Min [243 (35.2) 213 (30.9)
Std Dewviation
TYS, MN/m2 (ksi) Avg | 166  (24.1) 226 (32.8
Min 1141 (20.4) 186  (27.0)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 4 (1) 5 (1
E, GN/m?2 (106 psi) Avg |66 (9.5) 80.0 (11.6) 3
Min | 58 (8.4) 779 (11.3)
No. of Spec. (No. of Heats) 4 (1 5 (1)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m?2 (ksi) Avg
K = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats:

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ki) Avg
Min
S*d. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/mZ2 {106 psi) Avg
Min

No. of Spec. (Nu. of Heats)
Poisson’s Ratio

Work Hurdening Coef

NTS, MN/mZ (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No of Spec. {No. of Heats}

References: 88109
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2219-187
TABLE 4.2.2ME21.6 Plate-Weld Metal

Alloy Designstion: 2219 Aluminum Alloy (Weld Metal)

Specification: :
Form: Plats-MIG welded, 2319 Alloy filier

Thickness, cm {in.): Over 5.080 (2.000)

Condition: T87 Plate, tested as welded and asgad at 436 K (325 F) 24 hr.

Testing Temperature, K (F) 297 (75) 77 (-320)

Compression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. {No. of Heats)

Ec, GN /m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats}
Compression, Transverse
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

WL TR AT T - e D mpmeeweroa, T g

Ec, GN/m2 (106 psi) Avg ;
Min !
No. of Spec. (No. of Heats)

Shearla)
SUS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

G, GN/m2 {106 psi) Avg ;

Min 3

No. of Spec. {No. of Heats} E
Im , Charpy V

Long., Nm({ft-Ib) Avg

Min i
No. of Spec. {No. of Heats)

Trans., Nmift-Ib) Avg
Min
No. of Spec. (No. of Heats)

Fracture Touﬂnes(b) 1

Kic MN/m3/2(ksiv in.) Avg ]
Min

Orientation:  —
No. of Spec. (No. of Heats)

Kig, MN/m3/2(ksi in.) Avg | 337 (309) 337 (30.9)
{From PTSC spec.){ — IMin | 30.1 (27.6) 307 (28.1)
No. of Spec. {No. of Heats) 5 (1) 4 (1)

References: 88109

{a) Indicate specimen design and orientation for shear specimens:
{b} Indicate specimen design for K. dsta:
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Alloy Designation:

TECHNICAL LIERFARY

TABLE 4.2.2-ME21.7

2219 Aluminum Alloy (Weld Metal)

2219-187
Plate-Weid Metal

Specification:
Form: Plate-Pulse TIG welded, 2316 Alloy filler
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T87 Plae, tested as welded
Testing Temperature, K (F) 297 {75) 77 (-320)
Tension, Longitudinal
TUS, MN/..2 (ksi) Avg | 290  (42.0) 375 (564.4)
Min |263 (38.2) 320 (46.4)
Std. Deviation
TYS, MN/m2 (ksi) Avg |145  (21.0) 189 (27.4)
Min | 124  (18.0) 161 (23.3)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 8 (1) 4 (R}]
E, GN/m2 {106 psi) Avg (731 (106) 848 (12.3)
Min |71.0 {10.3) 82.1 (11.9)
No. of Spec. (No. of Heats) 8 (1) 4 (1
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m? (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (Noc. of Heats)
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats}
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ke = Min

No. of Spec. {No. of Heats)

References:

148<."

88109
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2219-1T87
TABLE 42.2.21.8 Pists-Weid Metal
Alloy Designation: 2219 Aluminum Alloy (Weld Metal)
o Specification:
| Form: Plate-TIG weided, 2319 Alloy filler
Thickness, cm (in.): Over 5.020 (2.000)
Condition: T87 Piats, teated as weided snd aged &t 436 K (325 F) 24 hr.
Testing Temperature, K (F) 297 (75) 77 (-320—
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg 308 (44.7) 337 (48.9)
Min {305 (44.2) 231 (33.5)
Std. Deviation
TYS, MN/m? (ksi) Avg [192  (27.8) 224 (325)
Min 178  (25.8) 197 (28.5)
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 4 (1) 4 (1}
E, GN/m2 (108 psi) Avg [772 (112) 883 (12.8)
Min | 73.1  (10.6) 786 (11.4)
No. of Spec. (No. of Heats) 4 {1) 3 (1)

roisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K‘ - Min
No. of Spec. INo. of Heats)

NTS, MN/m2 (ksi) Avg
K‘ =i Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percant Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt - Min
No. of Spec (No. of Heats)

NTS, MN/m2 (ksi) Avg
K, = Min

t
No of Spec. (No. of Heats)

149<

References: 88109
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2219-787
TABLE 4.2.2-ME219 Piate-Weld Metal
Alloy Daesignation: 2219 Aluminum Alloy (Weld Metal) |
Specification:
Form: Plate-Pulse TIG welded, 2319 Alloy filler
Thickness, cr (in.): Over 5.080 (2.000)
Condition: T87 Plate, tested as welded and aged at 436 K (325 F) 24 hr.
Testing Temperature, K (F) 297 (75) 77 {-320) §
Compression, Longitudinal 3
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN /m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats) 1
Compression, Transverse ;
CYS, MN/m2 (ksi) Avg |
Min i
No. of Spec. (No. of Heats) y
Ec, GN/m2 {106 psi) Avg i
Min 3
No. of Spec. [No. of Heats) {
S_hear(a) ]
SUS, MN/m?2 (ksi) Avg
Min 2
No. of Spec. (No. of Hea's) i
G, GN/m2 (106 psi) Avg i
Min 4
No. of Spec. (No. of Heats)
Im , Charpy V E
Long., Nm{ft-Ib) Avg
Min i
No. of Spec. {(No. of Heats) !
Trans., Nm(ft-Ib) Avg j
Min 4
No. of Spec. (No. of Heats) 3
Fracture Togmnes(b) 1
Kie MN/m3/2(ksivin.) Avg 1
Min 4
QOrientation: -
No. of Spec. {No. of Heats)
Kg, Mt/m3/ (ksis in.) Avg | 440 (40.3) 415 (38.0)
(From PTSC spec.{ — Min | 39.7 (36.4) 40.7 (37.3)
No. of Spec. (No. of Heats) 3 (1) 3 (1)

References: 88109

s b A At i 5

(a) Indicate specimen design and orientation for shear specimens:
{b) Indicate specimen design for K. data:
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TABLE 4.2.2.ME22

Alloy Designation:  2219-T852 Aluminum Allov

Specification: QQ-A-367F
Form: Forgings
Thickness, cm (in.): Over 5.080 (2.000)
Condition: 1852
Testing Temperature, K {F) 297  (75) 77 (-220)
Tension, Radial
TUS, MN/m2 (ksi) Avg | 446 (64.7) 543 (78.8)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 333 (483) 395 (57.4)
Min
Std. Deviation
Elong, percent Avg 13 15
Min
RA, percent Avg 25 36
Min
No. of Spec. {No. of Heats)
E. GN/m2 {106 psi} Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m? (ksi) Avg
Kq = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. {No. of Heats)

Tension, Tangential

TUS, MN/m2 (ksi) Avg | 448 (65.0) 540 (78.4)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 345 (50.1) 399 (57.9)
Min
Std. Deviation
Elong, percent Avg 10 14
Min
RA, percent Avg 17 25
Min
No. of Spec. (No. of Heats)
E, GN/m?2 (106 psi) Avg
Min

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec (No. of Heats)

References: 62292
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Testing Temperature, F
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FIGURE 4.2.2-ME3,

Testing Temperature, K

EFFECT OF TEMPERATURE ON THE STRENGTH
OF 2219-T87 SHEET AND PLATE FROM BOEING

PROGRAM TO DETERMINE DESIGN ALLOWABLE
PROPERTIES (84319)
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Stress, MN/m?

80 552
X 293 K (70F)
o 77 K (-320 F)
0 20K (-423 F)
R=0.06
70 o — 483
L SOR= 414
_&:
@
)
0N
50} —345
0 — 276
30 ¢ 1 lllllll 1 1 lllllll 1 1 lljllll 1 1 [ 207
| o} 102 103 104

Fatigue Life, cycles

I FIGURE 4.2.2-ME4. FATIGUE LIFE CURVES FOR AXIAL LOADING ON NOTCHED SPECIMENS
| FROM ALUMINUM 2219-T6E46 PLATE 1.9 cm (1.25 in.) THICK [58761]
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Fatigue Crack Growth Rate, da/dN, mm/cycle
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FIGURE 4.2.2-ME6. FATIGUE CRACK GROWTH RATE OF 2219-T87 ALUMINUM ALLOY PLATE
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Stress Intensity Factor Range, AK, ksi./in. ;
10 20 40 60 80 100 200 400 600 800 1000 :
- T T LN B S B B T T e R i 1072 [
Plate Thickness: 2.54 cm (1.00 in.) 31
e Specimen Thickness: 0.38 to 0.51 cm (0.15t0 ]
~ o 0.20 in.) i i
e Cycled at 0.33 Hz with 0g = 302 to 412 MN/m? | .
(43.8 to 59.8 ksi) .
Temperature: 77 K (-320 F)
1073 .
- L I
[ % I ]
2 - . . [}
2 o
g i o® 5 &
E - ® om —_ 10 5 ;
° - £ q
z e < - f
s . ] £
3 . s
[\ N - E
5 ®e o
x s o A
e 107% : ° 0
-— ® L
N . 3
) 9 2 i
x i [ ] O T
8 L osd § ¥
io¢ ©
g | 3‘3‘ {0™* 1
o ® 3 1
5 4 ] i 2 ]
e ..~.. — E i
L s o gl
o 5|
~:~ 1 1
P o8 i
:
: ;.... =
y P
L ° .QO ®
= o .
L (| S (| 1 T B B A (TS
] 22 44 66 88 |10 220 440 660 88011
Stress Intensity Factor Range, AK, MN/m/?2
FIGURE 4.2.2-ME7. FATIGUE CRACK GROWTH RATE OF 2219-T87 ALUMINUM ALLOY PLATE
[Crack orientation T-S: crack plane parallel to rolling direction; propagation
through the plate thickness] [89716]
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2219-187
Stress Intensity Factor Range, AK, ksiv/in. Plate
10 20 40 60 80 100 10 20 40 60 1
L o T s e B AN 5 | F T T @1 1 1 . 10-2
Plate Thickness: 2.54 cm (1.00 in.) b
N Specimen Thickness: 1.27-2.54 cm I
, (0.500-1.00 in.) 1
Cycled at 0.33 Hz with g, in the range
172-448 MN/m2 = 25-65 ksi; R =0 .
1073}~ Re) - L e -
- % i [ :o y
S i r o 2 |
> = = " by 1
£ & 4 o3 =
E 7 - LY - 2 |
z © i ‘ :1 =
T Z
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@ ) . - Iy
| e o] $ °
r P ] o & . 5 é - = i
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0] 8 00 - 5 (3
S r o0 - 4 &
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e} ] &° ] i ) 5 3
2 l o ) ! ] &
1073} g n i 9
F O Room temperature - ® 20 K (-423 F)
I 1 1 1 e ] i 1 i [ | | 0‘5
| I 22 44 66 88 110 I 22 44 66 88 llé)
Stress Intensity Factor Range, AK, MN/m3/2
FIGURE 4.2.2-ME8. FATIGUE CRACK GROWTH RATE OF 2219-T87 ALUMINUM ALLOY
PLATE AT ROOM TEMPERATURE AND -20 K (-423 F) [Crack

orientation T-S: crack plane parallel to rolling direction, propagation
through the plate thickness] [86296]
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Stress Intensity Factor Range, AK, ksiv/in.

i Plate Thickness: 2.54 cm (1.00 in.)
i Specimen Thickness: 1.27-254cm 42 S0 60 B9 00 <
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FIGURE 4.2.2-ME9. FATIGUE CRACK GROWHT RATE OF 2219-T87 ALUMINUM ALLOY
PLATE AT 77 K (-320 F) [Crack orientation T-S: crack plane parallel
to rolling direction, propagation through the plate thickness] [89716]
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Stress Intensity Factor Range, AK, ksiv/in. 2219.T87
| 2 4 6810 20 40 60 100 Plate
T T T T T —T—T T 10°
L 6 Electron-Beam Weld
10°I~ A O Room temperature
a0 77K (-320 F) fo) —410°
A A Tested as welded
105} 0 ® Tested as welded and &
aged at 436 K( 325F) o
for 24 hr 0p 4 {io*
Cycled at 00110 Hz ~ Ba%
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S 191 4 0 Room temperature s S
3 A0 77K (-320 F) o B P |
f S A a Tested as welded o 1
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10! 1 s I (R i
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Stress Infensity Factor Range, AK, MN/m3/2 _ .
FIGURE 4.2.2-ME10. FATIGUE CRACK GROWTH RATE OF 2219-T87 ALUMINUM ALLOY i

PLATE EB AND MIG WELDED (2319 ALLOY FILLER) [Transverse

weld orientation] [88109]
Plate thickness=8.25 cm (3.25 in.) ;Specimen thickness=5.08 cm (2.00 in.)
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Fatigue Crack Growth Ratre, da/dN, mm/cycle

1076

FIGURE 4.2.2-ME11. FATIGUE Ci ACK GROWTH RATE OF 2219-T62 ALUMINUM ALLOY

Stress Intensity Factor Ronge,AK,ksi/ﬁ

40 60 80 100 200 400 600 800 1000
T T 1 ] ! T T eeRlon
]
Loaded toog =332 NiN/m?(48.2 ksi)
then cycled at 0.8 Hz, R=0 at
various levels of o, < og —ios
Plate Thickness Specimen Thick
A —
o e 032e¢m (0125in) 0.23c¢m (0.90in.)
as [|.27em {0.50inr.) 0.46cm (0.18in.)
O O Room temperature
[ I ] 77K(‘320°F‘ _IO'G
Pl
| ] . ] | L1 Jio7
I 22 44 66 88 10 220 440 660 880 1100

Stress Intensity Factor Range, &K, MN/m ¥2

[Crack orientation L-S: crack plane transverse to rolling direction,
propagation through the plate thickness] [87612]
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Stress Intensity Fuctor Range, AK, ksiVin.

L) 10 20 40 60 80 10 200 400 600 800 1000 _,
T T e T T 1 10

—1

Loaded toog = 332 MN/m?(48.2 ksi)
then cycled at 0.8 Hz, R=0 at
various levels of oy < og

Fatigue Crack Growth Rate, da/dN, mm/cycle
Fatigue Crack Growth Rate,da/dN, inch/cycle

1o~
Plate Thickness Specimen Thick
o ® 032cm(0)25in) 023 cm(090in) |
D@ [|.27ecm{050in.) 0.46cm(0.18in.)
0 O Room temperature
e 8 77K(-320°F) —{10°¢
1978
- I ] ] el | { \ t ho
it z2 44 66 88 110 220 440 660 880 1100

Stress Intensity Factor Range, AK, MN/m %2

FIGURE 4.2.2-ME12. FATIGUE CRACK GROWTH RATE OF 2219 ALUMINUM ALLOY PLATE
MIG WELDED (2319 ALLOY FILLER), HEAT TREATED TO T62, AND
TESTED [Transverse weld crientation] [87612]
16c<
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Ailoy Designation: 2219-T81 Aluminum Alloy

"TECHNICAL LIBRARY

ABBEOTTAEROSPACE.COM

TABLE 4.2.2-TR1

Specification:
Form:
Dimension:
Condition: -T81

Testing Temperature K (F)

273 (32)

100 (-280)

50 (-370)

20 (-423)

10

{-442)

4

(-452)

Thermal Conductivity
Watts m-1 K-1
8tu hr'! ft-1 £-1
No. of Spec.
References: 90218

Thermal Expansion (To73 to T)

Longitudinal
Parcent
No. of Spec.
References: 48571

Specific Heat
Jouies kg‘1 K-1
Btu Ib-1 F-1

No. of Spec.
References:

Electrical Resistivity
Ohm m
Ohm circutar mil ft-1
No. of Spec.
References:

Y
o
A

118
(68.2)

(39.3)

-0.313

(26.3)

-0.346

4.2.2-28 {11/75)

26.3
(15.2)

-0.350
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Alloy Designation*
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2024-T3 Aluminum Alloy

ABBOTTAEROSPACE.COM

2024-T3
Sheet

Specification: QQ-A-355
Form: Sheet
Thickness, cm {in.}: Up to 0.099 (0.039)
Condition: T3
Testing Temperature, K {F) 297 {75) 195  (-108) 77 {-320) | 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Av, | 468 (67.9) |484 (70.2) 600 (87.0) | 758 (110)
Min | 467  (67.8) {482  {69.9) 584  (86.1) | 752 (109)
Std Deviation
TYS, MN/m2 (ksi) Avg | 327 (47.4) |337 (48.9) 420 (60.9) | 504 (73.1)
Min | 324  (47.0) [332 (48.1) 415 (60.2) | 489 (70.9)
Std Dewiation
Elong, percent Avg 18 21 22 17
Min 18 20 22 14
RA, percent Avg
Min
No. ot Spec. (No. of Heats) 3 (n 3 (1) 3 (1 3 (1)
E, GN/m2 (106 psi) Avg | 703 (10.2) |72.4 (10.5) 752 (108) | 786 (11.4)
Min
No. ot Spec. (No. of Heats) 3 [} 3 (1) 3 (1) 3 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 415 (60.2) 422 (61.2) 525 (76.2) | 612 (88.8)
Ky= 63 Min 1412 {59.8}) 1414 (60.0) 520 (75.4) | 585 (84.8)
No. of Spec. {No. of Heats) 3 nm 3 (1) 3 {i 4 (1
NTS, MN/m2 (ksi) Avg
Ky = Min
No. ot Spec. [No. ot Heats)
Tension, Transverse
TUS, MN/m2 (ksi} Avg | 454 (65.8) [467 (67.8) 575 (834) | 738 (107)
Min | 451  {65.4) (467 (67.7) 574 (83.2) | 731  {108)
Std Deviatron
TYS, MN/m2 (ksi) Avg | 303 (43.9) | 307 (44.5) 387 (56.1) | 476 {69.0)
Min | 302 (43.8) |303 (44.0) 384 (55.7) | 475 (68.9)
Ste Dewiation
Elong, percent Avg 18 21 22 18
Min 18 21 22 17
RA, percent Avg
Min
No. of Spe  No. »f Heats) 2 n 2 (1 2 (1 2 (1
E, GN/m2 (106 psi) Avg | 710 {10.3) ]731  (10.6) 758 (11.0) | 793 (115)
Min
No of Spec. {No of Heats) 2 (1) 2 (%)) 2 (1) 2 (N
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 434 (62.9) | 433 (62.8) 515 (74.7) | 598 (86.8)
Kiy= 63 Min | 432 {626) | 432 {62.7) 510  (73.9) | 589 (85.4)

No. of Spec (No. of Heats)

NTS, MN/m2 (ksi)
Kl =

No of Spec. INo. of Heats)

Avg
Min

References: 90073, 90078
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Alloy Designation:

TABLE 4.2.3ME2

2024-T4 Aluminum Alloy

2024-T4
Sheet

Specification: QQ-A-355
Form: Sheet
Thickness, cm (in.): Up to 0.099 (0.039)
Condition: T4
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) { 20 {-423)
Tension, Longitudinal
TUS, MN/m2 {ksi) Avg | 467 (67.7) |481 (69.8) 585 (84.9) | 738 (107)
Min | 461 (66.9) |480 (69.6) 578 (83.9) | 710 (103}
Std Deviation
TYS, MN/m?2 (ksi) Avg | 295 (42.8) {301 (43.7) 373 (54.1) [ 505 (73.3)
Min | 294  (42.6) |296 (43.0) 361 (52.4) | 489 (70.9)
Std. Deviation
Elong, percent Avg 19 22 27
Min 19 20 24
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 (1) 3 (1) 3 (1) 3 (1
", GN/m2 (106 psi) Avg [ 738 (10.7) |73.7 (10.7) 772 {(11.2) | 800 (11.6)
Min
No. of Spec. (No. of Heats) 3 [R1] 3 (n 3 (n 3 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 407 (59.0) |419 (60.7) 496 (718) | 609 (88.3)
Ky= 6.3 Min | 402 (58.3) [414  (60.1) 491 (71.2) | 588 (86.3)
No. of Spec. (No of Heats) 3 (1) 3 (1) 3 (1} 3 (1}
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 463 (67.1) |469  (68.0) 564 (81.8) | 669 (97.1)
Min | 447 (64.8) |463 (67.2) 561  (81.3) [ 650 {94.3}
Std Dewviation
TYS, MN/m2 (ksi) Avg | 286 (415) |294 (42.7) 3706 (53.6) | 465 (67.5)
Min | 279  (40.5) | 292 (42.4) 369 (63.5) | 461  (66.8)
Std. Deviation
Elong, percent Avg 20 24 19 10
Min 20 23 16 10
RA, percent Avg
Min
No. of Spec. (No. of Heats) 2 1) 2 (1) 2 () 2 (1
E, GN/m2 (108 psi) Avg | 717 (104) | 737 (10.7) 758 (11.0) | 80.0 (11.6)
Min
No of Spec. (No. of Heats) 2 (n 3 (1) 2 (1) 2 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 396 (57.5) | 406 (58.9) 470 (68.2) { 589 (85.4)
Ky = Min | 396 (57.5) 453 (65.7) | 587 (B5.1)

6.3
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi)
K =

t
No. of Spec. {No. of Heats)

References: 90073, 90078
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2024-T3

TABLE 4.2.3-ME3 Sheet

Alloy Designation: 2024-T3 Aluminum Alloy

T R PIE (P —

e, Specification:
¥ Form: Sheet
N Thickness, ¢m {in.): 0.100 ta 0.319 (0.040 to 0.125)
Corndition: T3
Testing Temperature, K (F) 297 {715) 195  (-108) 122 {-240) {77 {-320) 1
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 467 (67.8) {490 (71.0) {517 (750} |566 (82.1) 2«1
Min | 459  {66.6) 565 (82.0) .
Std Deviation ]
TYS, MN/m? (ksi) Avg | 306 {44.4) {310 (450} | 345 (0.0} |377 {54.7) '}
Min | 303 (44.0) 372  (54.0) |
| i Std Deviaty ;
Elong, percent Avg 20.0 13.0 115 18.8 b
M 20.0 1.0
RA, percent Ave
Min
No. of Spec. (No. of Heats) 2 (2) 1 1 2 (2)
E, GN/m2 {106 psi) Avg
Min
No ot Spec (No. of Heats)
; Paisson’s Ratio
1
Work Hardening Coef
- NTS, MN/m2 {ksi) Avg | 406  (589) {427 (82.0) | 462 (67.0) {487  {70.6)
Ke= 111 Min | 399 {57.8) 470  (68.2)
No. of Spec. tNo. of Heats) 2 12) 1 1 2 (2)
|
i NTS, MN/m2 {ksi) Avg | 376  (54.6) 445  (64.6)
| Ky = 150 Min
| No. of Spec. {No. of Heats) 1 1
Tension, Transverse
TUS, MN/m2 (ksi} Avg
Min
Std Dewiation
i TYS, MN/mZ (ksi) Avg
Min
i Std Deviation
;
't Elong, percent Avg
Min
RA, percent Avg
Min
No of Spec (No. of Heats)
€, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
" NTS, MN/m2 (ksi) Avg
i K¢ = Min 1
No of Spec. INo. of Heats)
NTS, MN/m2 (ksi) Avg
Ka = Min

No of Spec. (No of heats)

References: 47334, 90188
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2024-T86
TABLE 4.2 3-ME4 Sheet
Alloy Designation: 2024-T86 Aluminum Alloy
Specification:
Form: Sheet
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T86
Testing Temperature, K {F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 523 (7538} 629 (91.2)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 492 (71.3) 576  (83.5)
Min
Sta Deviation
Elong, percent Avg 5.2 8.0 1
Min |
RA, percent Avg |
Min {
No of Spec. (No. of Heats) 1 1 2
E. GN/m2 {106 psi) Avg |
Min
No. of Spec. INo. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 444 (64.9) 449  (65.1)
Ke= 1.9 Min
No. of Spec. {(No. of Heats) 1 1 1
NTS, MN/m2 (ksi) Avg | 456  (66.2) 488  (70.8) !
Ke= 15 Min
No. of Spec. ("o. of Heats} 1 1
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min y
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min

Std Dewiation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = ¥ Min
No. of Spec. (No. of Heats)
] NTS, MN/m2 (ksi) Avg !
Kt & Min

No of Spec. (No. of Heats)

Meferences: 90188
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2024-T351
TABLE 4,2.3-ME5 Plate
4 Alloy Designation: 2024-T351 Aluminum Alloy
3 Specification: 4
[1 8 Form: Plate
\ b Thickness, em {in.): 1.270 to 2.540 {0.500 to 1.000)
Condition: 1351 |
1
Testing Temperature, K (F) 297 (75) 20 (-423)
4
Tension, Longitudinal 1
} TUS, MN/m?2 (ksi) Avg | 463 (67.1) 738 (107) ]
d Min | 456  (66.1) 724 {105} i
Std Deviation
TYS, MN/m2 (ksi) Avg | 347  (50.3) 532 (77.2)
Min | 343 (49.7) 523  (75.9)
Std Dewviation
Elong, percent Avg 21.6 223
Min 20 17
RA, percent Avg 282 203
Min 23 18
No of Spec (No. of Heats) 5 (1 5 (m
E, GN/m2 {106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio 1
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 502 (72.8) 659 (95.6) 1
Ki= 64 Min | 481  (69.8) 574 (83.2)
No of Spec. (No of Heats) 5 (n 5 (1)
NTS, MN/m2 {ksi} Avg
K¢ = Min 3
No. 0! Spec. (No. of Heats)
Tension, Transverse 1
TUS, MN/m?2 (ksi) Avg
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg
Min
Std Dewvtation
Elong, percent Avg
Min
RA, percent Avg |
Min
No. of Spec (No. of Heats)
E, GN/mZ (108 psi) Avg
Min
No of Spec. {No ot Heats)
§
i Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
K! £ Min
No of Spec. (No. of Heats)

References: 64373

4.2.35(11/76)

165«



http://www.abbottaerospace.com/technical-library

2024-T4
TABLE 4.2.3-ME6 Plate
Alloy Designation: 2024-T4 Aluminum Alloy
Specification: QQ-A-355 4
Form: Plate
Thickness, cm {in.): 2.541 to 5.080 (1.001 to 2.000)
Condition: T4
Testing Temperature, K (F) 297 (75) 195  (-108) 77 {-320) | 20 {-423)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 467 (67.7) {480 (69.6) 557 (80.8) | 651 (94.4) 4
Min | 451  (65.4) {474 (68.7) 546 (79.2) | 632 (91.6)
Std Deviation 13.4  {1.45) 1.1 (1.61) | 126 (1.82)
TYS, MN/m2 (ksi) Avg ] 357 (53.3) (377 (54.7) 459 (66.5) | 656  (80.6)
Min 15589 (52.1) |370 (53.6) 445 (64.6) | 550 (79.8)
Std Deviation 10.0 (1.45) 807 (1.17) | 7.10 (1.03)
Elong, percent Avg 174 17.2 11.3 7.9
Min 11.5 16.5 6 5 :
RA, percent Avg 17 4 n 9 i
Min 12 2 " 5 1
No. of Spec. (No. of Heats) 9 (2) 7 (2) 9 2) 9 (2)
E, GN/m2 (106 psi) Avg | {72.4) (105) |73.1 (10.6) 75.2 (109) | 80.0 (11.6)
] Min
p £ No. of Spec. {No. of Heats) 3 (n 3 {1 3 [R))] 3 1))
R P Poisson’s Ratio
Work Hardening Coef
4 4 NTS, MN/m2 (ksi) Avg | 478 (69.3) |508 (73.7) 581 (84.3) | 672 (97.4) 1
1 K¢= 63 Min | 412 (59.8) |437 (63.4) 529 (76.7) | 606 (87.9)
] No. of Spec. (No. of Heats) 9 {2) 7 (2) 9 (2) 9 (2)
i NTS, MN/m2 (ksi) Avg 1
Ke = Min |
No ot Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 461 (66.9) |458 (66.4) 556 (80.6) | 645 (93.6)
Min | 457 (66.3) {450 (65.3) 554  (80.4)
5 Std Dewiation
TYS, MN/mZ (ksi) Avg | 314 («£.5) [312 (45.2) 350 (50.7) | 479 (69.4)
Min | 312 (45.3) 1
4 Std Dewiation 1
" Elong, percent Avg 16 16 15 8
Min 16 12
RA, percent Avg 15 9 12 9 ]
Min 15 5 %
No. of Spec. (No. of Heats) 2 (1) 2 (1) 2 (1) 1 7
i E, GN/m2 (106 psi) Avg | 73.1  (10.6) [73.1  (10.6) 765 (11.1) | 793 (11.5)
Min
| No. of Spec. (No. of Heats) 1 1 1 1
; Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 525 (76.2) | 534 (77.4) 620 (89.9) | 655 (95)
Ke= 63 Min | 519 (75.3) | 513 (74.4) 616 (89.4) | 655 (95)
No of Spec. (No. of Heats}
NTS, MN/m2 (ksi) Avg
Kt < Min
No of Spec. (No. of Heats)
F
References: 51070, 90073, 80078 3
E LY <
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2024-T851
TABLE 4.2.3-ME7 Plate
Alloy Designation: 2024-T851 Aluminum Alloy
Specification:
Form: Plate
Thickness, cm (in.}: 2.541 to 5.080 (1.001 to 2.000)
Condition: T851
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 496 (72.0) |536 (77.8) 688 (99.8) 720 (104.4)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 454 (65.8) (492 (71.3) 574 (83.3) 625 (90.7)
Min
Std Deviation
Elong, percent Avg 78 6.0 7.7 95
Min
RA, percent Avg 17 14 13 14
Min
No ot Spec. (No. of Heats) 1 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 578 (83.8) (581 (84.2) 623  (90.4) 733  (106.3)
K‘ = Min
No. of Spec. (No. ot Heats)
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec {(No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 488 (70.8) |524 (76.0) 605  (87.7)
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg | 444 (64.4) 477 (69.2) 545 (79.0)
Min
Std Dewiation
Elong, percent Avg 7.2 6.8 7.5
Min
RA, percent Avg
Min
No. of Spec [No. of Heats) 1 1 1
£, GN/m2 (106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, Mi;m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats
NTS, MN/m2 (ksi} Avg ;
K¢ = Min
No. of Spec. (No of Heats)

References: 72563, 80995
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b 2024-74
A TABLE 4.2.3-MES8 Bar
b
Alloy Designation: 2024-T4 Aluminum Alloy
Specification:
Form: Bar
l Thickness, ¢ (in.): Up to 2.540 (1.000)
1 Condition: T4
F» Testing Temperature, K (F) 297 (75) 195 (-108} 122 (-240) {77 {-320) { 20 {-423) 1 4 {-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 488 (70.8) {502 (72.8) 538 (78.0) |616 (B89.4) 752 (109) | 738 (107)
Min | 483  (70.0) (488 (70.8) 600 (B87.0) | 752 (109)
Std Deviation
TYS, MN/m2 (ksi) Avg | 363 (52.6) [365 (52.9) 379 (550) |470 (68.1) 586 (85) 524 (76)
Min | 345 (50.0) 354 (51.4) 441  (64.0) 586  (85)
Std Dewviation
] Elong, percent Avg 20.2 208 200 18.8 175 200
i : Min 195 20.0 15.0 15.0
47 RA, percent Avg 29.7 258 26 18.1 186 208
Min 26.6 243 16.5 18.0
No. of Spec. {No. of Heats) 3 2 3 {(2) 1 3 (2) 2 (1 1
E, GN/m2 {106 psi) Avg
Min

No. of Spec. {No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg

1 Kg = Min
1 No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg

K( = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi} Avg
Min

Std. Dewiation
TYS, MN/m?2 (ksi} Avg
Min

Std. Deviation

Elong, percent Avg
Min
L
RA, percent Avg
Min
1 No. of Spec. {No. of Heats)
4 E, GN/m2 (106 psi) Avg
¥ Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
4 No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg ’
Kt £ Mm

No of Spec. (No. of Heats}

References: 35611, 47334
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2024-.T4
TABLE 4.2.3-ME9 Bar
Alloy Designation: 2024-T4 Aluminum Alloy
e Specification:
Form: Bar
L ¥ 4 Thickness, cm (in.): Up to 2.540 (1.000)
Condition: T4
Testing Temperature, K (F) 297 (75) 195 (-108) (122 (-.240) | 77 (-320)
Compression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. {No. of Heats)
Ec,GN /m2 (106 psi) Avg
Min
No. of Spec. {(No of Heats)
Compression, Transverse
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
| Ec, Gi m2 {106 psi) Avg
Min
No. of Spec (No. of Heats)
Shear(al
SUS, MN/m2 {ksi) Avg
Min
No. of Spec. (No. of Heats)
G, ¢ N/m2Z (106 psi) Avg
Min
No. of Spec. (No. of Heats)
g Impact, Charpy V
[ Long., Nm(ft-ib) Avg {128 (94) 122 (9.0) (101 (7.4) 8.7 (6.4)
Min
No. of Spec. (No. of Heats) 1 1 1 1
Trans., Nm({ft-{b} Avg
Min
No. of Spec. {No. of Heats)
; Fracture Toughness(b
Kic MN/m3/2(ksi/ in.) Avg
Min
Orientation -
] No. of Spec. {No. of Heats})
Kig, MN/m3/2(ksiv in.) Avg
{From PTSC spec.l — JMin
No. of Spec. (No. of Heats}
References: 47334
. {a) Indicate specimen design and orientation for shear specimens:
a (b} Indicate specimen design for K|, data:

17:<
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| 2024-T86
TABLE 4.2.3-ME10 Bar
| Alloy Designation: 2024-T86 Aluminum Alloy
Specification:
Form: Bar ;
Thickness, cm {in.): Up to 2.540 (1.000) -y :
Condition: T86 ’i
Testing Temperature, K (F) 297 (75) 1956  (-108) 77 (-320) | 20 (-423)
Tension, Longitudinal i
TUS, MN/m2 (ksi) Avg | 512 (74.2) |562  (80.0) 633 (91.8) | 723 (104.9) ;1‘
Min { 510 (73.9) 1551 (70.9) 628 (91.1) | 720 (104.4) 4
Std Deviation 1
TYS, MN/m2 (ksi) Avg | 494 (716) |526 (76.3) 590 (85.6) | 643 (93.2)
Min | 493 (71.5) |525 (76.1} 590 (85.5) | 641 (93.0) E
Std Dewviation :
Elong, percent Avg 95 9.4 10.7 15.1 ]
Min 9.3 9.1 10.6 14.6 3
RA, percent Avg 26.6 23.2 214 244
Min 25.7 22.3 20.8 231
No. of Spec. (No. of Heats} 4 n 2 N 2 n 2 (1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg
Ky = Min
No. ot Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Dewiation
TYS, MN/m2 (ksi) Avg
Min
Std. Dewiation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec {No. of Heats)
E, GN/m2 (108 psi) Avg
Min
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg .
K‘ . Min {
No. of Spec. (No. of Heats)

References: 54986

4.2.310 (11/76)
175~



http://www.abbottaerospace.com/technical-library

T MECHNICAL LIBRARY

References: 54986

(a) Indicate specimen design and orientation for shear specimens:
(b} Indicate specimen design for K| data:
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2024-186 h
TABLE 4.2.3-ME1 Bar b
S eSO ’
3
Alloy Designation: 2024-T86 Aluminum Alloy "1]
Specification:
Form: Bar
Thickness, cm (in.}): Up to 2.540 (1.000)
Condition: T86 E
1
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) g
Compression, Longitudinal !
E
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. {No. of Heats)
Ec, GN /m2 {106 psi) Avg ‘i
Min
No. of Spec. (No. ot Heats)
Compression, Transverse
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. {No. of Heats)
Ec. GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear(a)
SUS, MN/m? (ksi) Avg
Min
No. ot Spec. (No. ot Heats)
G, GN/m2 (108 psi) Avg
Min
No. of Spec. (MNo. of Heats)
Impact, Charpy V
Long., Nm(ft-ib) Avg (4.8 (3.5} 4.1 (3.0} 48 (3.5)
Min | 4.1 {3.0} 4.1 (3.0 4.8 (3.5)
No. of Spec. {No of Heats} 4 {1 4 (1} 3| (1)
Trans., Nmift-1b) Avg
Min
No of Spec. {No of Heats})
Fracture Toughness( b)
Kjc MN/m3/2(ksi/ in.) Avg
Min
Orientation -
No. of Spec. (No. of Heats)
Kig, MN/m3/2(ksi in.) Avg
(From PTSC spec.t — IMin
No. of Spec. {No of Heats)
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Alloy Designation:

TABLE 4.2.3-ME12

2024-T351 Aluminum Alloy

2024-1351
Bar

Specification:
Form: Bar
Thickness, cm (in.): 2541 to 5.080 (1.001 to 2.000)
Condition: T351
Testing Temperature, K (F) 297 {75} 77 {-320)
Tension, Longitudinat
TUS, MN/m?2 (ksi) Avg | 479  (89.4) 610 (885)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 365 (53.0) 4718 (69.3)
Min
Std Deviation
Elong, percent Avg 19.5 19.0
Min
RA, percent Avg
Min
No of Spec. {No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 562 (81.5) 682 {9t .9)
Ke= 24 Min | 607  (73.6) 599  (86.9)
No. of Spec. {No. of Heats) 2 (1 2 {1}
NTS, MN/mZ (ksi) Avg | 518  {75.2) 625 (90.6)
Ke= 133 Min | 479 (69.5) 553 (80.2)
No. of Spec. {No. ct Heats) 2 (N 2 (1
Tension, Transverse
TUS, MN/m2 (ksi} Avg | 472  {68.4) 594  (86.1)
Min
Sid. Deviation
TYS, MN/m2 {ksi) Avg | 327 (47.4) 428  (62.1)
Min
Std. Deviation
Elong, percent Avg 17.2 145
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 544  (78.9) 654 (94.8)
Ke= 24 Min | 499  (72.4) 576  (83.6)
No. of Spec. (No. of Heats) 2 N 2 {1
NTS, MN/m2 (ksi) Avg 1497 (72.1) 595 (86.3)
Ke= 133 Min 1 463 (67.2) 545  (79.1)
No. of Spec. {No. of Heats) 2 (1) 2 (1)

&

References: 90188
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2024-0 Aluminum Alloy

- ™

2024-0

Specification:
Form:
Dimension:
Condition:

(0)

Testing Temperature K (F)

273 (32)

100 (-280)

50 (-370)

20 (-423)

10 (-442)

4 (-452)

Thermal Conductivity
Watts m-1 K-!
8ty hr-1 f-1 F-1
No. of Spec.
References: 90195

Thermal Expansion {T273 to T)

Longitudinal
Percent
No. of Spec.
References: 74405

Specific Heat
Joules kg"' K-1
Btu Ib-1 F-1

No. of Spec.
References:

Electrical Resistivity
Ohm m
Ohm circular mit ft-1
No. of Spec.
References: 90164, 90195

184
{(106)

3.26 x 108
{19.6)
13

158
(91.4)

-0.303
1

1.15x 108
(6.92)
13

150
(86.7)

-0.342

0.700 x 108

(4.21)
13

4.23-13 (11/76)

(45.0)

-0.348

0.608 x 108

(3.66)
13

395
(22.8)

-0.348

0.605 x 10-8
(3.64)
13

(Y

~3

C4
A

-0.348

0.605 x 108
(3.64)
13

N ———
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Alloy Designation:

ABBOTTAERDSPACE.COM

2024-T4 Aluminum Alloy

2024-14

Specification:
Form:
Dimension:
Condition:

T4

Testing Temperature K (F)

273 (32} 100 (-280) | 50 (:370) | 20 (-423)

10 (-442)

4 (-452)

Thermal Conductivity
Watts m-1 K-1
Btu hr-? ft-1 F-Y
No ot Spe
References: 90225

Thermal Expansion (T273 to T)

Longitudinal
Percent
No. of Spec.
References:

Srecific Heat
Joules kg1 K1
Btu Ib-? F-1
No of Spec
References: 90223

Electrical Resistivity
Ohm m
Ohm circutar mil ft-1
No of Spec.
References: 90164

64.5 39.0 17.0
(37.3) (22.6) (9.83)

828 530
(0.198) (0.127)

5.54 x 108 3.60 x 108 3.20 x 108 3.08 x 108
(33.3) {21.6) (19.2) (185}

5 5 5 5

|

I

[

42.317 (11/76)

(4.81)

3.08x 108
(18.5)
5

3.15
(1.82)

3.08 x 108
{18.5)
5
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Alloy Designation:

2024-T6 Aluminum Allay

TARBRLE 4.2.3-TR3

2024-T6

Specification:
Form:
Dimension:

Condition: T6

Testing Temperature K (F)

273 (32}

100

(-280) | 50

(-370}

20 (-423)

10 (-442)

4 (-452}

Thermal Conductivity
Watts m-1 k-1
Btu hr-1 fr-1 F-1

No ot Spec
References:

Thermal Expansion {T973 to T)

Longitudinal
Percent
No ot Spec.
References:

Specific Heat

Joules kg'1 K-1

Btu Ib-1 F-?
No of Spec

References:

Electrical Resistivity

Obhm m
Ohm circular mil ft°1
No ot Spe

References: 90164

461x 108
{27.7)

2.47 x 108

(14.9)

2.05x 108
(12.3)
3

42321(11/76)

1.99 x 108
(12.0)
3

193 x 108
(11.9)
3

1.98 x 108
(11.9)
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Alloy Designation:

2024-T86 Aluminum Alloy

ABBOTTAEROSPACE.COM

TABLE 4.2.3-TR4

2024-786

Specification:

Form:

Dimension:

Condition: T86

Testing Temperature K (F)

273 (32)

100 (-280)

50 (-370)

20 (-423)

10 (-442)

4 (-452)

Thermai Conductivity

Watts m-1 K1
Btu hi'1 fr-1 £-1

Nig t Spec
References: 90195

Thermal Expansion (T273 t0 T)
Longitudinal
Percent

'Y

Ny '>r~‘
References: 74405

Specific Heat

Joutes kg~ 1 K-1

Btu Ib-1 F-1
'.- " DeC

References:

+

Electrical Resistivity

Ohm m
Ohm circular mil ft-1
No ot Sp

References: 90164, 90195

150
(86.5)

422x108
(25.4)
2

(58.4)

-0.308

2.13x 108
(12.8)

(41.1)

-0.348

169 x 108
(10.2)

42.3231(31/76)

(18.4)

-0.353

159 x 108
{9.56)
2

15.7
(9.08)

-0.353

159 x 108
19.56)
2

156~

-0.353

159 x 108
{9.56)

i e

Sk

i
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5083-H113
TABLE 4.3.1-ME2.1 Plate-Weld Metal
Alloy Designation: 5083 Aluminum Alloy (Weld Metal)
Specification:
Form: Piate-MIG welded, 5183 Alloy filler
Thickness, cm (in): 0.635 10 1.269 {0.250 to 0.499)
Condition: 5083-H113 Plate, tested as welded
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
i Min
E Std Deviation
' Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
; E, GN/m2 (106 ps)) Avg
Min
No. of Spec. (No. of Heus)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt -3 Min
No. of Spec. (No. of Heats)
; Tension, Transverse
TUS, MN/m2 (ksi) Avg | 285 (41.3) 409  (59.3)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 141 {20.4) 177 (25.7)
Min
Std. Deviation
Elong, percent Avg 16.3 219
P Min
RA, percent Avg
| Min
' No. of Spec. (No. of Heats) 3 {1 9 (1)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kl - Min
No ot Spec. {No. of Heats}
NTS, MN/m2 (ksi) Avg
Kl = Min 1
No of Spec. {No. of Heats) |
References: 90083 1 Gy )“

43.1:2.1 (11/76)
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Alloy Designation:

TABLE 43.1-ME22

65083 Aluminum Alloy (Weld Metal)

65083-H113
Plats-Weld Metal

Specification:
Form:

lhid(;uou, em {in.):

Condition:

Plate-MIG welded, 5183 Alloy filler
0.636 to 1.260 (0.250 to 0.499)
5083-H113 Plate, tested as welded

Testing Tempersturs, K (F)

297 (76)

(-320)

Fatigue, Axist Loading
SN st 106 cycles, MN/m2(ksi)

Loading frequency Hz
withR=  and K=
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 105 cycies

Spy at 108 cycles, MN/m2(ksi)
Loading frequency Hz
with R =  and K=
No. of S-N Curves {No. of Heats)

Ratio Sp/TUS at 108 cycles

Sy at 107 cycles, MN/m2(ksi)
Loading frequency Hz
withR=  and Ky =
No. of S-N Curves (No. of Heats)

Ratio Sn/TUS at 107 cycles

Fatigue, Flexural Loading

S st 105 cycles, MN/m2(ksi)
Loading frequency Hz
with R = -1 and Ky =
No. of S-N Curves {No. of Heats)

Ratio S\/TUS at 105 cycles

Sy at 108 cycles, MN/m2(ksi)
Loading frequency Hz
withR= _ and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 106 cycles

Sy at 107 cycies, MN/m2(ksi)
Loading frequency Hz
with R= -1 and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Si/TUS st 107 cycles

References: ~1083

191~

141

(20.5)

(1)

(13.0)

(1)

(8.75)

(1)

4.3.1:2.2 (11/76)

m

130

(24.8)

(n

(18.8)

{1)

(14.3)

(1)

AV 4
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References: 39134, 48561, 90187, 80190

43.1-3 (11/76)

Q>
1 \)l&c(:

5083-0
TABLE 4.3.1-ME3 Plate 1
Alloy Designation:  5083-0 Aluminum Alloy ]
Specification:
\ Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000}
Condition: Annealed (0)
Testing Temperature, K (F) 297 (75) 144 (200) {116 (-250) |77 (-320) |20 (423) |4 (452) 4
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 319 (46.3) | 347 (50.3) |376 (54.6) |436 (63.3) |687 (85.2) | 657 (80.8) |
Min | 314 (45.5) 425 (61.7) |582 (B4.4) | 556 (80.6)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 143  (20.7) | 142 (20.6) (150 (21.7) [ 159 (23.0) (174 (25.2) | 179 (25.8)
Min | 138  (20.0) 154 (22.4) [172 (25.0) | 179 (25.8)
Std. Deviation i
Elong, percent Avg 20.2 314 331 344 32 32
Min 18.0 31.0 30 32 1
RA, percent Avg 293 456 43.2 36.2 24.3 33.1 |
Min 22 29 24 317 ]
No. of Spec. {No. of Heats) 13 (4) 6 (1) 6 (1 12 (4) 3 (R} 3 nm I
E. GN/m2 (106 psi) Avg |
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio j
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 354 (51.4) 409 (59.4) 1409 (59.3) | 430 (62.3)
Ke= 14 Min | 330 (47.8) 393 (57.0) [406 (59.0) | 419 (60.8)
No. of Spec. (No. of Heats) 6 (2) 5 (2) 3 (1) 3 (1)
NTS, MN/m2 (ksi) Avg | 336 (48.8) | 376 (54.5) (387 (56.2) | 408 (59.2)
Ky¢= 15 Min |
No. of Spec. (No. of Heats) |
Tension, Transverse |
TUS, MN/m2 (ksi) Avg | 316 (45.8) [ 340 (49.3) (367 (53.3) | 426 (62.8) |
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 143 (207) | 144 (209) |150 (21.8) | 160 (23.2)
Min
Std. Deviation
Elong, percent Avg 233 31.3 329 341
Min {
RA, percent Avg 327 40.4 38.8 343 |
Min
No. of Spec. {No. of Heats) 7 (2) 6 (N 6 (1) 7 (2)
€, GN/m?2 (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 323 (468)| 359 (52.0) |372 (53.9) | 388 (56.3)
Ke= 15 Min
No. of Spec. (No. of Heats) 6 (1 6 (1) 6 [§1] 6 (1) -
- )
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. {No. of Heats)
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5083.-0
TABLE 4.3,1-ME3.1 Plate-Weid Metal
g Alloy Designation: 5083 Aluminum Alloy (Watd Metal)
1 3
4 Spacification:
Form: Plate-MIG weided, 5183 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 {0.500 te 1.000)
Condition: 5083-0 Plate, tested as welded
Testing Temperature, K (F) 297 (75) 195 (-108) |144 (200) ] 116 ({260) |77 (320) | 4  (452)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 301 (43.7) | 303 (439) [337 (48.8) | 372 (64.0) [416 (B04) | 381 (55.3)
Min | 293  (42.5) 401 (58.2)
Std. Deviation
] TYS, MN/m2 (ksi) Avg | 151 (219) | 143 (20.7) |161 (234) | 169 (245) [175 (25.4) | 174 (25.2)
1 Min | 139  (28.1) 154  (22.4)
1 Std. Deviation
H.'- Elong, percent Avg 184 31.0 216 295 208 270
4 Min 17.4 19.0
] RA, percent Avg 337 44 313 375 220 37
Min 20
No. of Spec. {No. of Heats) 4 (2) 1 3 " 3 (1 4 2) 1
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 314 (455) | 344 (499) (340 (508) | 370 (53.6) {365 (52.9) | 372 (53.9)
, Ky = 15-16 Min | 308 (44.7) 345  (50.1)
No. of Spec. {No. of Heats) 4 (2j 1 3 (1} 3 (1 4 {2) 1
i NTS, MN/m2 (ksi) Avg
= Min

No. of Spec. (No. of Heats)

Tension, Transverse
TUS, MN/m?2 (ksi)

Std. Deviation
TYS, MN/m2 (ksi)
Std. Deviation

Elong, percent

RA, percent

No. of Spec. (No. of Heats)
E, GN/m2 (108 psi)

No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi)

K( =

No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi)

K' &

No. of Spec. (No. of Heats)

References: 90072, 90187

Avg
Min

Avg
Min

Avg
Min
Avg
Min

Avg
Min

Avg
Min

Avy
Min

4.3.1-3.1 (11/76)
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5083-H113
TABLE 4.3.1:ME3.2 Plate-Weid Metal
Alloy Designation: 5083 Aluminum Alloy (Weld Metat)
£ Specification:
l} Form: Piate-MIG welded, 5556 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 5083-H 113 Plate, tasted as welded
Testing Temperature, K (F) 297 (75) 77 (520
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 284 (41.2) 414  (60.1)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 146 (21.2) 170 (24.7)
Min
Std. Dewviation
Elong, percent Avg 125 20.0
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg |
Ke = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min k
No. of Spec. {No. of Heats)
Tension, Transverse .
TUS, MN/m?2 (ksi) Avg X
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation i
Elong, percent Avg I
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) ;
3
E, GN/m2 (106 psi) Avg !
Min
No. of Spec. (No. of Heats) ‘
Poisson’s Ratio j
Work Hardening Coef 3
NTS, MN/m2 (ksi) Avg
K= Min
No. of Spec. (No. of Heats)
o NTS, MN/m2 (ksi) Avg
<y Ke = Min
No. of Spec. {No. of Heats)
. ‘ .
Reforences: 48787 19, }<

4.3.1-3.2(11/76)
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5083-H113
TABLE 4.3.1-ME3.3 Plate-Weld Metal

Alioy Designation: 5083 Aluminum Alloy (Weld Metat)

Specification:
Form: Plate-MIG welded, 5568 Alloy filler
Thickness, cm {in.):  1.270 to 2.540 (0.500 to 1.000)
Condition: 65083-H113 Plats, tested as welded
Testing Temperature, K (F) 297 (7%) 77 {-320)
Fatigue, Axial Loading
SN at 105 cycles, MN/m2(ksi) 193 (28.0) 221 (32.0)
Loading frequency Hz
with R= 0 and K¢ =
No. of S-N Curves (No. of Heats) 1 1

Ratio SN/TUS at 105 cycles

Sy at 105 cycles, MN/m2(ksi) 138 (20.0) 179  (26.0)
Loading frequency Hz
with R =0 and K¢ =
No. of S-N Curves {No. of Heats) 1 1

Ratio SN/TUS at 105 cycles

Sn at 107 cycles, MN/m2(ksi)
Loading frequency Hz
Wwith R=  and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 107 cycles

Fatigue, Flexural Loading

SN at 105 cycles, MN/m2(ksi)
Loading frequency Hz
with R = and K¢ =
No. of S-N Curves {No. of Heats)

Ratio Spy/TUS at 105 cycles

Say at 106 cycles, MN/m2(ksi)
Loading frequency Hz
withR= and Ky=
No. of S-N Curves (No. of Heat:)

Ratio Sp/TUS at 106 cycles

;: Sn at 107 cycles, MN/m2(ksi)

: Loading frequency Hz
withR= and K=

No. of S-N Curves {No. of Heats)

Ratio Sp/TUS at 107 cycles

References: 48787

4.3.1-3.3(11/76)



http://www.abbottaerospace.com/technical-library

5083-H321

Tension, Transverse

TUS, MN/m2 (ksi)
Std. Deviation
TYS, MN/m2 (ksi)
Std. Deviation

Elong, percent

RA, percent
E, GN/m2 (108 psi)

Poisson’s Ratio
Work Hardening Coef

NTS, MN/m2 (ksi)

o~ NTS, MN/m2 (ksi)
K( -

References: 90072

No. of Spec. (No. of Heats)

No. of Spec. (No. of Heats)

No. of Spec. (No. of Heats}

No. of Spec. (No. of Heats)

No. of Spec. {No. of Heats)

Ky = 16 Min

No. of Spec. (No. of Heats) 1 1
NTS, MN/m2 (ksi) Avg

K' = Min

Avg
Min

Avg
Min

Avg
Min
Avg

Min

Avg
Min

Avg
Min

Avg
Min

4.3.1-3.4 (11/76)

1

TABLE 4.3.1ME3 4 Plate-Weid Metal
Alloy Designation: 5083 Aluminum Alloy (Wekd Metal)
» - Specification:
' W Form: Plate-MIG welded, 5183 Alloy filler
: Thickness, cm {in.): 1.270 to 2,540 (0.500 to 1.000)
Condition: 5083-H321 Piate, tested as wekied
Testing Temperature, K (F) 297 (75) 195 _ (-108) 77 (-320) 4 (-452)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 306 (442) | 324 (47.0) 446  (64.7) 456 (66.1)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 179 (26.0) | 181 (26.2) 217 (31.4) 246 (35.7)
Min
Std. Deviation
Elong, percent Avg 14.0 19.0 19.0 9.0
Min
RA, percent Avg 39 48 23 14
Min
No. of Spec. {No. of Heats} 1 1 1 1
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Hests)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 376 (545) | 410 (59.5) 430  (62.4) 405 (58.8)

1
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J 6083-H321
I TABLE 4.3.1-ME35 Plate-Weid Metat
Alloy Designation: 5083 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG weided, 5358 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 5083-H321 Plats, tested as weided
Testing Temperature, K (F) 297 (75) 1 -108) 77 {-320) 4 (452
| Tension, Longitudinal
| TUS, MN/m?2 {ksi) Avg | 286 (41.5) | 303 (43.9) 427 (81.9) 455 (66.0)
| Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 168 (24.3) | 186  (27.0) 201 (29.1) 235 (34.)
| Min
Std. Deviation
Elong, percent Avg 135 145 15.5 3.0
Min
RA, percent Avg 47 52 33 17
Min
No. of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 371 (538) | 396 (57.5) 418 (60.6) 398 (57.7)
Kl b3 16 Min
No. of Spec. {No. of Heats) 1 1 i 1
NTS, MN/m2 (ksi) Avg
Kt 2 Min

No. of Spec. {No. of Heats)

Tension, Transverse

—tee
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
€, GN/m2 (108 psi} Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avy
Kt = Min

No. of Spec. {No. of Heats)

1 €)1 «- Referances: 90072
as
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SSEP———

S I ——

TR e T


http://www.abbottaerospace.com/technical-library

P TECHNICAL CTBRARY —
s e -

ABBOTTAERDSPACE.COM v

. 5083-H321
' TABLE 4.3.1-ME3.6 Plate-Weld Metal
Alloy Designation: 5083 Aluminum Alloy (Weld Metal)
i: Specification:
Form: Piate-MIG walded, 5556 Aloy filler
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 65083-H321 Plate, tested as weided
Testing Temperature, K {F) 297 {75) 195 (-108) 77 (-320) 4 (-4562)
Tension, Longitudinai
TUS, MN/m?2 {ksi) Avg | 306 (444) | 319 (46.3) 450 (65.3) 474 (68.8)
Min
Std Deviation
TYS, MN/m? (ksi) Avg | 177 (256) | 184  (26.7) 211 (30.6) 239 (34.6)
Min
Std. Deviation
Elong, percent Avg 14.0 185 205 13.0
Min
RA, percent Avg 36 46 26 17
Min
No. of Spec. (No. of Heats) 1 1 ! 4
E, GN/m2 {108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 370 (63.7) | 401  (58.1) 417  (60.5) 399 (57.9)
Ke= 16 Min
No. of Spec. (No. of Heats)
.
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. (No of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats}
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats}
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats) LA
Qg <
feferences: 90072 1 o 5
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Alloy Designation:  5083-O Aluminum Alloy (Weld Metal)

Plate-Weld Metal

5083-0

Specification:
Form: Plate-MIG welded, 5183 Alloy filler
Thickness, cm {in.): 2.541 to 5.080 (1.001 to 2.000)

Condition: 5083-O Plate, tested as welded
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 205 (4238) 419 (60.8)
Min | 280 (40.6) 405 (58.8)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 146 (21.2) 177 (256)
Min | 129 (18.7) 160 (23.2)
Std. Deviation
Elong, percent Avg 225 245
Min 17.7 20.8
RA, percent Avg
Min
No. of Spec. (No. of Heats) 10 (1) 10 (1)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 {ksi) _Avg
Ke = Min

No. of Spec. (No. of Heats)

Tension, Trancverse

TUS, MN/m?2 (ksi) Avy
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats}
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. [No. of Heats)

NTS, MN/m?2 (ksi) Avg
Ke = Min

No. of Spec. {(No. of Heats)

References: 96684

.

43.13.7 (11/78)



http://www.abbottaerospace.com/technical-library

TECHNICAL LIERARY
- s _— AB OTTAEROSPACE.COM
6083-0
TABLE 4.3.1-ME3.8 Plate-Weld Metal
—_— Alloy Designation:  5083-0 Aluminum Alloy (Weid Metal)
wr Specification:
Form: Plate-MIG welded, 5358 Alloy filler
Thickness, cm (in.): 2.541 to 5.080 (1.001 to 2.000}
Condition: 5083-0 Plate, tested as welded
Testing Temperature, K {F) 297 (75) 7 {-320)
3 Tension, Longitudinai
% TUS, MN/m?2 (ksi) Avg | 291 (422) 407 (59.1)
! Min | 288 (41.7) 387 (85.2}
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 145 (21.2) 172 (24.9)
' Min | 142 (206) 171 (24.8)
i Std. Deviation
I Elong, percent Avg 179 23.2
ﬁ Min 16.1 20.5
| RA, percent Avg
B .
| Min
| No. of Spec. (No. of Heats) 4 (1 4 4}]
|
| E, GN/m?2 (106 psi) Avg
i Min
F No. of Spec. (No. of Heats)
i Poisson’s Ratio
l Work Hardening Coef
NTS, MN/m2 (ksi) Avy
Kt J Min
] No. of Spec. {No. of Heats)
E NTS, MN/m?2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 1108 psi) Avg
Min
No. of Spec. {No. o7 Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K = Min
- No. of Spec. {No. of Heats)
NTS, MN/m?2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
References: 96694 20 0(
b 4.3.1-3.8 (11/76)
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TABLE 4.3.1-ME4. RESULTS OF ALCOA ANALYSIS FOR DEVELOPMENT OF MAXIMUM
ALLOWABLE DESIGN STRESSES2) FOR 5083-0 SHEET AND PLATE AT
CRYOGENIC TEMPERATURES (90174)

Testing
Temperature Min, TUS Min TUS/4 Min. TYS Min. TYS x 2/3 Design Stress
K F MN/m2  Ksi MN/m2 Ksi MN/m2 Ksi  MN/m2  Ksi  MN/m2  Ksi
Thickness 0.130 to 3.810 cm (0.051 to 1.500 in.)
297 75 276 40.0 69.0 10.0 124 18.0 82.7 12.0 69.0 10.0
255 0 276 40.0 69.0 10.0 124 18.0 82.7 12.0 69.0 10.0
227 -50 276 40.0 69.0 10.0 124 18.0 82.7 12.0 69.0 10.0
200 -100 278 40.4 69.6 101 124 18.0 82.7 12.0 69.6 10.1
172 -150 285 41.4 71.7 10.4 126 18.3 84.1 12.2 71.7 10.4
144 -200 302 43.8 75.8 11.0 129 18.7 86.2 12.5 75.8 11.0
117 -250 332 48.2 82.7 12.0 133 19.3 88.9 12.9 82.7 12.0
111 -260 340 49.3 84.8 12.3 134 19.4 88.9 12.9 84.8 12.3
89 -300 368 53.3 91.7 13.3 136 19.8 91.0 13.2 91.0 13.2
77 -320 381 55.2 95.2 13.8 138 20.1 92.4 13.4 92.4 13.4
Thickness 3.811 to 7.620 cm (1.501 to 3.000 in.)
297 75 269 39.9 66.9 9.7 117 17.0 77.9 11.3 66.9 9.7
255 0 269 39.0 66.9 9.7 117 17.0 77.9 11.3 66.9 9.7
227 -50 270 39.1 67.6 9.8 117 17.0 77.9 11.3 67.6 9.8
200 -100 272 39.4 67.6 9.8 117 17.0 77.9 11.3 67.6 9.8
172 -150 278 40.4 69.6 10.1 118 17.2 79.3 11.5 69.6 10.1
144 -200 294 42.7 73.8 10.7 121 17.6 80.7 11.7 73.8 10.7
117 -250 324 47.0 81.4 11.8 125 18.2 834 12.1 81.4 11.8
111 -260 332 48.1 82.7 12.0 126 18.3 84.1 12.2 82.7 12.0
89 -300 358 52.0 89.6 13.0 129 18.7 86.2 125 86.2 12,5
77 -320 371 53.8 92.4 13.4 130 18.9 86.9 12.6 86.9 12.6
Thickness 7.621 to 12.700 cm (3.001 to 5.000 in.}
297 75 262 38.0 65.5 9.5 110 16.0 73.8 10.7 65.5 9.5
255 0 262 38.0 65.5 9.5 110 16.0 73.8 10.7 65.5 9.5
227 -50 263 38.1 65.5 9.5 110 16.0 73.8 10.7 65.5 95
200 -100 265 38.4 66.2 9.6 110 16.0 73.8 10.7 66.2 9.6
172 -150 272 39.4 67.6 9.8 112 16.2 745 10.8 67.2 9.8
144 -200 287 41.6 71.7 10.4 114 16.6 76.5 1.1 71.7 10.4
117 -2%0 316 45.8 78.6 11.4 118 17.1 78.6 11.4 78.6 11.4
111 -260 323 46.8 80.7 11.7 118 17.2 79.3 11.5 79.3 11.5
89 -300 350 50.7 87.6 12.7 121 17.6 80.7 11.7 80.7 1.7
77 -320 362 52.5 90.3 13.1 123 17.8 82.0 1.9 82.0 11.9

P —————

(a) Allowable design stresses are determined on the basis of the lower of (1) one-fourth of the minimum tensile
strength or (2) two-thirds of the minimum yield strength. Classical statistical methods were not used in
reduction >f the data.

4.3.1-4(11/75)
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5083-0
Plate
TABLE 4.3.1-MES8
Alloy Designation:  5083-0 Aluminum Alloy
Specification:
Form: Plate
Thickness, cm (in.): Over 5.080 (2.000)
Condition: Annealed (0)
Testing Temperature, K (F) 297  (75) 110 (-260)| 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 297 (43.1)] 383 (555)|412 (69.7)
Min | 273 {39.6) 374 (543}
Std. Deviation
TYS, MN/m2 (ksi) Avg| 132 (19.5)] 151 (219)[ 148 (215)
Min | 121 (17.6) 141 (20.5)
Std. Dewviation
Elong, percent Avg 22.3 317 30.1
Min 15.0 15
RA, percent Avg 26.8 37.0 2385
Min 14 19
No. of Spec. {No. of Heats} 9 4) 3 (2) 9 (4)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
Ky = Min
No. of Spec. (No. of Heats}
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 294 (427)| 396 (57.4) 387 (56.1)
Min | 262 (38.0) 351 (50.9)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 133 (19.3){ 157 (22.7)| 16¢ (21.8)
Min 121 (17.5}) 141 (20.4)
Std. Deviation
Elung, percent Avg 18.3 293 225
Min 14 15.5
RA, percent Avg 227 28.7 23.2
Min 14 17
No. of Spec. (No. of Heats) 11 {4) 3 (2) 8 (4)
€, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
g b
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of Heats) D
xil Ou<

Referances: 90176, 96690, 96691

4.3.1.9 (11/76)
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5083-0
TABLE 4.3.1.ME9 Plate
Alloy Designstion:  5083-0 Aluminum Alloy
Specification:
Form: Plate
Thickness, cm (in.): Over 5.080 (2.000)
Condition: Annesled (0)
Testing Temperature, K (F) 297 (75) 110 (-260) |77 {-320)
Tension, Short Transverse
TUS, MN/m2 (ksi) Avg | 268 (388)| 323 (46.8)|332 (48.1)
Min | 245  (35.6) 316  (45.8)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 127 (184)| 156 (22.6)| 144 (209)
Min | 116 (16.8) 136 (19.6) i
Std. Deviation i
Elong, percent Avg 1.0 10.0 11.38 ;
Min 10 95 ’
RA, percent Avg 1.5 1.0 12.0 ]
Min 1 1
No. of Spec. (No. of Heats) 5 (3 m (s @ ]
£, GN/m2 (106 psi) Avg ;
Min
No. of Spec. (No. of Heats) T
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min !
No. of Spec. (No. of Heats)
NTS, MN/m?2 (ksi) Avg
Kt - Min
No. of Spec. (No. of Heats) i

Referer.os: 90176, 96691

™
=
¢

A
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60830
TABLE 4.3.1 ME9.1 Plata-Weid Mets!

Alloy Designation: 5083 Aluminum Alloy (Weld Metal)

Specification:

Form: Plate-MIG welded, 5183 Alloy filler

Thickness, cm (in.):  Over 5.080 (2.000)

Condition: 5083-O Plate, tested as welded

Testing Temperature, K (F) 297 (75) 11 (-260) | 77 {-320)

Tension, Longitudinal

TUS, MN/m2 (ksi) Avg | 283 (41.0) 368 (53.4) | 394 (57.1)

Min | 247 (35.8) 339 (49.2) | 341 (49.4)
Std. Deviation 17.7 (257} 29.9 (4.34)
TYS, MN/m2 (ksi) Avg | 159  (23.0) 131 (26.3) | 185 (26.8)
Min | 144  {20.9) 160 (23.2) | 167 (24.2)
Std. Deviation 9.38 (1.36) 125 (1.82)
Elong, percent Avg 15.4 189 18.3
Min 6.5 11.0 9.8
RA, percent Avg 224 248 201
Min 12 16 14
No. of Spec. {No. of Heats) 12 (3) 6 (2) 12 (3)
E. GN/m2 {108 psi) Avg
Min
No. of Spec. {No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt & Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K‘ = Min
No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg

Min
Std. Deviatior
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec (No. of Heats)
€, GN/mZ {108 psi) Avg
Min
No. of Spec. {No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt -, Min
No. of Spec. (No. of Heats)

NTS, MN/m2 {ksi) Avg "
Kt =, Min A ,'
No. of Spec. (No. of Heats) %

2 .1<

90176, 96690

References:

4.3.1-10.1 (11/76)
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Alloy Designstion: 5083-O Aluminum Alloy

TABLE 4.3.1-TR1

Specification:
Form:
Dimension:

Condition: Annealed (-0), H113

Testing Temperature K (F)

273 (32)

100 (-280)

50 (-370)

20 (-423)

10 (-442)

4 (-452)

Thermal Conductivity (-0)
Watts m*1 K-1
Btu hr-? f1 F-1
No. of Spec.
References: 90225

Thermal Expansion (T272 to T)

Longitudinal (-H113)
Percent

No. of Spec.
Refersnces: 74405

ific Heat
Joules kg1 K-1
Bty tb-1 F-1

No. of Spec.
References:

Electrical Resistivity (-0, -H113)
Ohm m
Ohm circular mil ft-1
No. of Spec.
References: 79581, 90164

5.70 x 108
(34.3)
4

(36.8)

3.60 x 108
(21.7)

(22.0)

3.20 x 108
(19.3)

4.3.1-12.3 (11/76)

173
(10.0)

305 x 108
(1.76)

86
(4.9)

305 x 108
(1.76)

3.05 x 108
(1.76)

T
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TABLE 4.3.2-ME1 Sheet
Alloy Designation: 5456-0 Aluminum Alloy
Specification:
Form: Sheet
Thickness, cm {in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 0
Testing Temperature, K (F) 297 (75) 77 (-320) |20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 381  (509) 587 {85.1)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 183  (265) 210 {305)
Min
Std. Deviation
Elong, percent Avg 168 248
Min
RA, percent Avg 26.1 254
Min
No. of Spec. (No. of Heats) 2 1)) 2 (1
E. GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg | 332 (48.1) 307 (445}
Ke= 63 Min
No. of Spec. {No. of Heats) 4 (1) 4 (1
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 323 (46.9) 440 (63.8)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 177  (25.7) 200  (29.0)
Min
Std. Deviation
Elong, percent Avg 242 405
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 1
E, GN/mZ (108 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 287 (416 296  (43.0)
= 1.1 Min
No. of 3pec. (No. of Heats) 1 1
NTS, MN/m2 (ksi) Avg | 274  (39.7) 3056 (44.3)
Ke= 15 Min
No. of Spec. (No. of Heats) 1 1
e« 4 <
Referances: 56755, 90188 <1l

4321 (11/76)
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Alloy Designation: 5456-H24 Aluminum Alloy

5456.H24
Sheet

Specification:
Form: Sheet
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: H24
Testing Temperature, K (F) 297 (75) 77 (-320) |20  (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 376 (545 518 (75.1) |596 (86.4)
Min 589  (85.4)
Std Deviation
TYS, MN/m2 (ksi) Avg | 289 (419) 382 (55.4) 1389 (56.4)
Min 379  (55.0}
Std. Deviation
Elong, percent Avg 13.7 13.2 7.7
Min 7.5
RA, percent Avg
Min
No. of Spec. (No. of Heats) 1 1 5 {1
E. GN/m2 (106 psi) Avg 80.0 (11.6) |88.3 {12.8)
Min
No. of Spec. (No. of Heats) 1 1
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K‘ £ Min
No. of Spec. (No. of Heats)
NTS, MN/m?2 (ksi) Avg
Kt - Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 {ksi) Avg 376 (54.6) 475 (68.9) (571 (82.8)
Min 557  (80.8)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 274 (39.8) 330 (47.9) {384 (55.7)
Min 384 (55.7)
Std. Deviation
Elong, percent Avg 116 89 8.0
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 2 (2) 2 (2) 2 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg | 343 (d9.7) 331 (48.0)
Ke= 111 Min
N~ of Spec. (No. of Heats) 1 1
NTS, MN/m2 (ksi) Avg | 313  (45.9) 325 (47.2)
Ke= 15 Min

Ng. of Spec. (No. of Heats)

References: 42002, 90188

4.3.2-2 (11/76)
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5456-H24
TABLE 4.32ME3 Shest teid Metal
Alloy Designation: 5456 Aluminum Alloy {(Weld Metal)
Specification:
Form: Sheet-TIG weided, 4043 Aljoy filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 5456-H24 TIG wekded and tested
Testing Temperature, K (F) 297 (75) 77 (-320) |20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 341 (484) 409 (59.3) 372 (54.0)
Min 353 (51.2)
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. [No. of Heats) 1 1 10 nm
E. GN/mZ (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K‘ =3 Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢y = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 351 (509) 411 (59.6) | 387  (56.1)
Mir 372 (54.0)
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 1 1 4 m
E, GN/m2 (106 psi) Avy
Min
No of Spec. {No. of Heats)
Poissc:’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avy
Ky = Min
No. of Spec. {No. of Heats) q .~
wlc<

References: 42002

4.3.2.3(11/76)
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Alloy Designation:

5456-H321 Aluminum Alloy

TABLE 4.3.2-ME4

5456-H321
Sheet

Specification:
Form: Sheet
Thickness, ¢cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: H321
Testing Temperature, K (F) 297 (75) 77 (-320) |20 (-423)
Tension, Lor_‘gitudin_al_
TUS, MN/m2 {ksi) Avg | 396 (57.4) 528 (76.6) [6656 (96.4)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 272 (395) 322 (46.7) |363 (52.6)
Min
Std. Deviation
Elong, percent Avg 145 26.8 217
Min
RA, percent Avg
M:n
No. of Spec. {No. of Heats) 3 (1) 3 (1) 3 %))
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 328 (47.6) 363 (52.7) |392 (56.9)
K¢ = 30.3 Min
No. of Spec. (No. of Heats) 3 &) 3 m 13 )
NTS, MN/in2 (ksi) Avg
= Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 399 (67.9) 500 (725) | 613 (88.9)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 273 (39.6) 322 (46.7) {373 (54.1)
Min
Std. Deviation
Elong, percent Avg 175 235 148
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
€, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 332 (48.2) 366 (53.1) | 389 (56.4)
Ke= 303 Min
No. of Spec. (No. of Heats) 3 {n 3 (1) 3 (&)}
NTS, MN/m2 (ksi) Avg
Kt & o Min
No. of Spec! (No. of Heats)

References: 90076

4.3.24 (11/76)
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5456-H321
TABLE 4.32-ME5 Sheet-Weld Metal 1
Alloy Designation: 5456 Aluminum Alloy (Weld Metal) |
Specification:
L Form: Sheet-TIG \celded, 5556 Alloy filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 5456-H321 Sheet, welded and tested 3
1
Testing Temperature, K (F) 297 (75) 77 {-320) |20 (-423) ]
Tension, Longitudinal j
TUS, MN/m2 (ksi) Avg | 358 (326 439 (687} (407 (59.1) ]
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 225 (32.6) 260 (37.7) (341 (495) ]
Min
Std. Deviation
Elong, percent Avg 13.0 15.8 35
Min I
RA, percent Avg
Min
No. of Spec. {No. ot Heats) 3 (1 3 (1) 3 (1)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats}) ;
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 375 (54.4) 412 (59.7) |412 (59.7) %
Ky = 303 Min i
No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 (4] ]
NTS, MN/m2 (ksi) Avg !
K¢ = Min 3
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 375 (51.7} 435 (63.1} {428 (62.1) |
Min
Std. Deviation
|
TYS, MN/m2 (ksi) Avg | 209 (30.3) 247 (358) |379 (55.0)
Min .]
Std. Deviation
Elong, percent Avg 85 95 5.0
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 (1)
E. GN/m2 (105 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 357 (518) 394 (57.1) |384 (55.7)
Ke= 303 Min
No. of Spec. (No. of Heats) 3 (1 3 m 3 (1)
&
NTS, MN/m2 (ksi) Avy
P Kt - Min
No. of Spec. {No. of Heats)

:1':1‘:

References: 90076

4325 (11/76)
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| 5456-H343
| TABLE 4.3.2-ME6 Sheet
| Alloy Designation: 5456-H343 Aluminum Alloy
Specification:
Form: Sheet
Thickress, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: H343
Testing Temperature, K (F) 297 {75) 195 (-108) (144 (-200) | 77 (-320) |20 (-423) | 4 (-452)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 395 (57.3) [ 401 (58.2) |427 (62.0) [ 510 (73.9) {592 (859} (86.5)
Min | 389 (56.4) | 393  (57.0) 488 (70.8) [554 (80.4)
Std Deviation 531 (0.77) 10.0 (1.45) 1266 (3.86)
TYS, MN/m2 (ksi) Avg | 323 (46.8) | 344 (49.9) (324 (47.0) | 377 (54.7) (412 (59.8) (57.0)
s Min | 288 (43.2) | 310 (45.0) 348  (50.5) |372 (63.9)
Std. Deviation 19.9 (2.88) 23.7 (8.43) |33.4 (4.84)
k-
Elong, percent Avg 84 9.9 1.7 115 94 95
Min 7.0 9.3 7.0 8.0
RA, percent Avg
Min
No. of Spec. (No. of Heats) 9 (3) 6 (2) 1 9 (3) 9 (3) 1
E, GN/m2 (106 psi) Avg | 71.7 (104) | 738 (10.7) 738 {10.7) {77.9 (113}
Min | 70.3 (10.2) | 69.6 (10.1) 70.3 (10.2) [75.2 (10.9)
No. of Spec. (No. of Heats) 6 (2) 5 (1) 6 (2) 6 (2)
Poisson’s Ratio
E Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 405 (58.8) 489  (70.9) |542 (78.6)
Ky = 35 Min | 402 (58.3) 485 (704) [535 (77.6)
No. of Spec. (No. of Heats) 3] (1) 3 (1) 3 (1)
NTS, MN/m2 (ksi) Avg | 393 (57.0) | 394 (57.2) 444 (64.4) |472 (68.5)
Ky= 63 Min | 390 (56.6) | 392 ({56.8) 442  (64.1) |463  (67.1)
No. of Spec. (No. of Heats) 5 (1) 5 (1) 5 (n 5 (1)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 403  (58.4) | 401 (58.1) 499 (72.4) |566 (82.1)
Min | 401 (58.1) | 394 (57.2) 496  (72.0) | 527 (76.4)
Std. Deviation
TYS, MN/m? (ksi) Avg | 297 (43.1){ 302 (43.8) 356 (51.7) | 390 (56.5)
Min | 296 (43.0) | 299 (43.3} 348 (50.8) |376 (54.5)
Std. Deviation
Elong, percent Avg 9.7 11.2 120 7.7
Min 9.5 10.5 11.5 5.0
RA, percent Avg
Min
No. of Spec. {No. of Heats) 5 (1 5 (1) 5 (1) 5 (1)
€, GN/m2 (106 psi) Avg | 703 (102)| 73.1 (10.6) 73.1 (10.6) (80.7 (11.7)
Min | 69.0 (56.7)| 383 (55.6) 394 (57.2) (413 (59.9)
No. of Spec. {No. of Heats) 5 (1 5 (1) 5 (1) 5 (1)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 395 (57.3)| 392 (56.9) 410 (59.4) 1422 (61.2)
K‘ = 6.3 Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K' - Min
No. ot Spec. (No. of Heats)

References: 48652, 58060, 61996
3A (Ja
o §9
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5456-H343
TABLE 4.3.2-ME7 Sheet-Weld Metal
Alloy Designation: 5456 Aluminum Alloy (Weld Maetal)
Specification:
ww Form: Sheet-TIG welded, 5356 Alloy filler
Thickness, cm {in.): 0.100 to 0.319 (0.040 to 0.125) 7
Condition: 5456-H343 Sheet, welded and tested ]
3
Testing Tenperature, K (F) 297 (75) 195 (-108) 77 (-320) |20  (-423) ]
1
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 365 (53.0) | 363 (52.6) 471  (68.3) |457 (66.3) §
Min | 363 (52.6) | 360 {52.2) 469 (68.0) {439 (63.7)
Std Deviation
TS, MN/m2 (ksi) Avg
o
Min :
Std. Deviation i
Elong, percent Avg 49 49 9.0 25 i
Min 4.5 45 9.9 1.5 5
RA, percent Avg [
Min I
No. of Spec. (No. of Heats) 5 (§))] 5 (1 5 (1) 5 (1 ]
E, GN/m2 {106 psi) Avg | ﬂ!
Min
No. of Spec. (No. of Heats) 1
Poisson’s Ratio 3
L
Work Hardening Coef ]
NTS, MN/m2 (icsi) Avg $
Ky = Min 1
No. of Spec. {No. of Heats) j
NTS, MN/m2 (ksi) Avg i
K‘ = Min ke
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 354 (614)] 34% (504) 450 (65.3) | 459 (66.6)
Min | 353 (51.2)| 28° {40.8) 441 (64.0) |44C (£3.8)
Std. Deviation
TYS, MN/m?2 (ksi) Avg 1
Min
Std. Deviation !
Elong, percent Avg 42 4.6 7.4 3.2
Min 3.5 4.5 6.0 25
RA, percent Avg
Min
No. ot Spec. (No. of Heats) 5 (1) 5 (1} 5 {1} 5 (1}
E, GN/mZ 1106 psi) Avg ]
Min
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 {ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
. [ e 4 £
References: 48652 ~ _Lbf\_ re
4.32.7 (11/76) §
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5456-H343
TABLE 4.3.2.MES8 Sheet-Weld Metal
Alloy Desigaation: 5456 Aluminum Alloy {Weld Metal)
Specification:
Form: Sheat-TIG welded, 5556 Alloy filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 5456-H343 welded and tested
Testing Temperature, K (F} 297 (75) 196 (108} (144 (-200} | 77 {-320) {20 {423) | 4 (452)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 342 (496) | 328 (475) |368 (534) | 422 (612) (403 (585) | 443 (64.2)
Min | 330 {47.9) 399 (57.8) {364 (52.8)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 198 (28.7) | 207 (30.0) |214 (31.0) | 240 (34.8) {272 (39.5) | 264 (38.3)
Min
Std. Deviation
Elong, percent Avg 4.6 53 6.3 6.9 35 4.3
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 6 (2) 3 (1) 3 (1) 6 (2) 9 (2) 3 (1)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef

NTS, MN/m2 (ksi)

Ne. ot Spec. {No. of Heats)

NTS, MN/m2 {ksi)

No. of Spec. {No. of Heats)

Tension, Transverse
TUS, MN/m2 (ksi)

Std. Deviation
TYS, MN/m2 (ksi)
Std. Deviation

Elong, percent

RA, percent

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi)

No. of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m? (ksi)

K =

No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi)

K' b

No. of Spec. (No. of Heats}

References: 58060, 61996

Avg
Min

Avg
Min

Avg
Min

Avg
Min

Avg
Min
Avg
Min

Avg
Min

Avg
Min

Avg
Min

43.28(11/76)
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TABLE 432ME9

Alloy Designation: 5456-0 Aluminum Alloy

54560
Plate

Specification:
Foim: Plate
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.449)
Condition: 0
Testing Temperature, K (F) [ 29775 20 (423)
t
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 351 (509) 587  (85.1)
Min | 346 (30.2) 583 (84.6)
Std. Dewiation
TYS, “AN/m?2 (ksi) Avg | 183  (265) 210  (30.5)
Min | 179 (25.9) 203 (29.5)
Std. Deviation
Elong, percent Avg 168 248
Min 16.0 23.5
RA, percent Avg 26.1 255
Min 26.0 229
No. of Spec. (No. of Heats) 2 (1) 2 (1)
E, GN/m2 {106 p;si) Avg
Nin
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 332 (48.1) 305 (44.3)
Ky = 6.3 Min | 326 {47.2) 305 (44.3)
No. of Spec. (No. of Heats) 4 (1 2 (1)
NTS, MN/m?2 (ksi} Avg
Kt = Min

No. of Spec. (No of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Dewviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
£, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats}

Refevences: 66080

4.3.29 (11/76)
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5456-0
TABLE 4.3.2-ME10 Plate
Alloy Designation: 5456-0 Aluminum Alloy |
Specification: |
Form: Plate
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.499) |
Condition: 0
]
Testing Temperature, K (F) 297 (75) 20 (-423)
Compression, Longitudinal 3
CYS, MN/m?2 (ksi) Avg
Min
No. of Spec. {No. of Heats) 5
Ec, GN/m2 (106 psi) Avg j
Min
No. of Spec. (No. oi Heats) 1
Compression, Transverse 1
CYS, MN/m2 (ksi} Avg 4
Min
No. of Spec. (No. of Heats)
Ec, GN/m2 (106 psi) Avg ]
Min 3
No. of Spec. (No. of Heats)
Shearla) ‘
SUS, MN/m2 (ksi) Avg | 210 (30.4) 407  (59.0) 1
Min
No. of Spec. (No. of Heats) 7 (1 7 (1) !
G, GN/m2 (106 psi) Avg ;
Min 4
No. o’ Spec. (No. of Heats) j
Impact, Charpy V ,|
Long., Nm{ft-ib) Avg |
Min
No. of 3pec. (No. of Heats) s
1
Trans., Nm(ft-ib} Avg A
Min ’
No. of Spec. (No. of Heats) |
5
Fracture Toughnsss(b) 4
Kje MN/m3/2(ksiv in.) Avg
Min :
Orientation: — :i1

No. of Spec. (No. of Heats)

Ki1E. MN/m3/2(ksi/ in.) Avg
(From PTSC spec.){ — IMin
No. of Spec. (No. of Heats)

Refersnces: 56754

(a) Indicate specimen design and orientation for shear specimens:
{b) Indicate specimen design for K| data:

Ll
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TABLE 4.32-ME11
Alloy Designation: 5456-H321 Aluminum Alloy
- 3 Specification:
\\‘} Form: Plate
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.499)
Condition: H321
Testing Temperature, K (F) 297 {75)
Compression, Longitudinal
CYS, MN/m?2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN /m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Compression, Transverse
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. {No. of Heats)
Ec, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Shear(a)
SUS, MN/m2 (ksi) Avg | 228 (33.0) 443  (64.3)
Min
No. of Spec. (No. of Heats) 7 (1) 7 (1)
G, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Impact, Charpy V
tong., Nm(ft-ib) Avg
Min
No. of Spec. {No. of Heats})
Trans., Nm(ft-ib) Avg
Min
No. of Spec. (No. of Heats)
Fracture Touﬂness( b)
Kic MN/m3/2(ksiJ in.) Avg
Min
Crientation:  —
No. of Spec. {No. of Heats)
Kjg. MN/m3/2(ksiv in.) Avg
(From PTSC spec.{ — JMin
Mo. of Spec. {(No. of Heats)
References: 56754
{a) Indicate specimen design and orientation for shear specimens:
(b) Indicate specimen design for K| data:
. ca )<
<
. ., '— 7
4.32-11 (11/76) k
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5456-0
TABLE 4.3.2.ME12 Plate
Alicy Designation: 5456-0 Aluminum Alioy
Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 t01.000}
Condition: 0
Testing Temperature, K (F) 297 (75) 195 (-108) 77 {-320) 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 338 (49.0) ]| 338 (49.1) 455 (66.0) 203 (295)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 160 (232)1} 163 (23.6) 180 (26.1) 203 (29.5)
Min
Std Deviation
Elong, percent Avg 218 265 345 30.7
Min
RA, percent Avg 31 43 35 24
Min
No. of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 {106 psi) Avg
Min
Nn. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 351 (50.9) 411 (59.6) 420 (60.9)
Ke= 16 Min
No. of Spec. {No. of Heats) 1 1 1
N1S, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m? (ksi} Avg
Min

Std. Deviation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

."-:l < References: 72563

4.3.2.12(11/76)
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5456-H321
TABLE 4.32ME 13 Plate
Altoy Designation: 5456-H321 Aluminum Alloy
Specification:
Form: Plate
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: H321
Testing Temperature, K (F) 297 (75) 195 (-108) 77 (320) |20 (423) | 4 {-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 363 (51.2) | 379 (55.0) 492 (71.3) |636 (922) | 638 (92.6)
Min | 339 (49.2) 475 (68.9) |622 (90.2)
Std Deviation
TYS, MN/m2 {ksi) Avg | 235 (34.1) | 236 {34.3) 275 (39.9) |303 (43.9) 321 {46.5)
Min | 225 {22.7) 273 (396) (273 (39.6)
Sid. Deviation
Elong, percent Avg 135 205 258 18.2 236
Min 1 245 14
RA, percant Avg 11.3 31 28 15.8 25
Min 7 15
No. of Spec. (No of Heats) 7 (3} t 2 {2) 5 (1) 1
E. GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg | 411 (59.6) 461  (66.8)
Ke= 64 Min | 403 (58.4) 392 (56.8)
No. aof Spec. {No. of Heats) 5 [4}] 5 [R1]
NTS, MN/m? (ksi) Avg | 412 (59.7) 456 (66.2) 523 (75.8)
Ke= 16 Min
No. of Spec. {No. of iHeats) 1 1 1
Tension, Trans: -se
TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratic
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
= Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt - Min
No. of Spec. {No. of Heats)
LAY
LAk,

References: 48787, 64373, 72563

4.3.2-13(11/76)
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5456-H321
i TABLE 4.32ME14
| Alloy Designation: 5456-H321 Aluminum Alioy
Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 t01.000)
Condition: H321
Testing Temperature, K (F) 297 (75) 77 (-320)
Fatigue, Axia. Lo.ding
Sn at 105 cycles, MN/m2(ksi) 290 (42.0) 324 (47.0)
Loading frequency Hz
withR= 0 an K¢ =
No. of S-N Curves {No. of Heats) 1 1
Ratio Sp/TUS at 105 cycles
Sy at 105 cycles, MN/m2(ksi} 248 (36.0) 283 (41.0)
Loading frequency Hz
with R = Oand K¢ =
No. of S-N Curves (No. of Heats) 1 1
Ratio Spy/TUS at 106 cycles
S at 107 cycles, MN/m2(ksi)
Loading frequency Hz

withR= and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 107 cycles

Fatigue, Flexural Loading

Sy at 105 cycles, MN/m2(ksi)
Loading frequency Hz
with R = and Ky =
No. of S-N Curves {No. of Heats)

Ratio Sp/TUS at 105 cycles

sy at 106 cycles, MN/m2(ksi)
Loading frequency Hz
withR=  and K¢ =
No. of S-N Curves (No. of Heats)

Ratic S/TUS at 108 cycles

S at 107 cycles, MN/m2{ksi)
Loading frequency Hz
withR= and Ky =
No. of §-N Curves {No. of Heats)

Ratio Sp/TUS at 107 cycles

References: 48787

<R3~
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5456-H321
TABLE 4.3.2-ME15 Plate-Weid Metal
“
Alloy Designation: 5425 Aluminum Alloy (Weid Metal) ;
Specification: {
Form: Plate-MIG welded, 5556 Alloy filler 1
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 5456-H321 Plate, welded and tested
4
Testing Temperature, K (F) 297 (75) 77 (-320) j
Tension, Longitudinat 1
TUS, MN/m? (ki) Avg | 308 (44.6 407  (59.0)
Min
Std Dewiation v
TYS, MN/m2 (ksi) Avg | 155 (225) 181 (26.2) q
Min ']
Std Deviation 1
Elong, percent Avg 13.0 145
Min i
RA, percent Avg 1
Min
No. of Spec. {No. of Heats) 1 1
E, GN/m2 (106 psi) Avg ‘
Min 1
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
.= Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min 1
No. of Spec. {No. of Heats) |
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/mZ (106 psi) Avg !
Min |
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg .
K; = Min g
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)
>
Te <
References: 48787 LA 4
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5456-H321
TABLE 4.3.2-ME16 Plate-Weld Metal

Alloy Designation: 5456 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 5556 Alloy filler

Thid(_n.es, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 5456-H321 Plate, welded and tested

Testing Temperature, K (F) 297 (75) 77 (.320)

Fatigue, Axial Loading

Sy at 105 cycles, MN/m2(ksi) 207  (30.0) 241 (35.0)
Loading frequency Hz
withR= 0 and Ky = i
No. of S-N Curves {No. of Heats) 1 1

Ratio Spn/TUS at 105 cycles

Sy at 106 cycles, MN/m2(ksi) 159  (23.0) 209  (30.0)
Loading frequency Hz ]
with R=0 and K, =
No. of S-N Curves (No. of Hzats) 1 1

Ratio Sig/TUS at 106 cycles

S at 107 cycles, MN/m2({ksi)
Loading frequency Hz
withR= and K;=
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 107 cycles

Fatigue, Flexural Loading

Spy at 105 cycles, MN/m2(ksi)
Loading frequency Hz
with R = and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 105 cycles

sy at 106 cycles, MN/m2{ksi)
Loading frequency Hz
withR= and K¢ =
No. of §-N Curves (No. of Heats)

Ratio S\/TUS at 106 cycles

S at 107 cycies, MN/m2{ksi)
Loading frequency Hz
withR=  and Ky =
No. of S-N Curves (No. of Heats)

Ratio SpN/TUS at 107 cycles

Referencos: 48787
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5456-H.343
TABLE 4.3.2ME17 Plate
Alloy Designation: 5456-H343 Aluminum Alloy
Specification:
W Form: Plave
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
Ccerdition: H343
Testing Temperature, K (F) 297 (75) 196 (108) (144 (200) | 77 {-320) |20 (-423)
Tension, Longitudinal
TUS, MN/m? (ksi) Avg | 387 (66.1) | 383 (55.6) |416 (60.3) | 497 (72.1) |516 (74.8)
Min | 385 (55.9) 491 (71.2)
St Deviation
TYS, MN/m2 (ksi) Avg | 30C (44.4) | 308 (446) |326 (47.3) | 361 (52.3) |378 (54.8)
Min | 305 (44.2) 360 (52.2)
Std. Deviation
Elong, percent Avg 10.2 125 15.5 139 7.0
Min 10.0 11.0
! RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1} 1 1 S (1) 1
E, GN/m2 (109 psi) Avg
Min
No. of Sper. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 367 (53.3)[ 360 (52.2) (373 (54.1) | 422 (61.2)
Ky = 132 Min 372 (54.0)
No. of Spec. (No. of Heats) 1 1 2 {1) 1
NTS, MN/m2 {ksi) Avg
Ke = Min
No. ot Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E. GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratiu
Work Hardening Coef
NTS, MN/m? (ksi) Avg
K¢ = Min
No. of Spec. (No of Heats)
NTS, MN/m< (ksi) Avg
Ke = Min
No. of Spec. {No. of Heats)
Las " w)
‘o bty <
References: 90184 ~aty |
b
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5456-H343
TABLE 4.3.2-ME18 Plate-Weld Metal
Alloy Designation: 5456 Aluminum Alloy {Weld Metal)
Specification:
Form: Plate-MIG welded, 5356 Alloy filler
Thicknaess, cm (in.): 1.270 to0 2,540 (0.500 to 1.000)
Condition: 5456-H343 Plate, welded and tested
Testing Temperature, K (F) 297 (75) 195  (-108) [144 (-200) | 77 (-320) {20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 270 (39.1) | 269  (39.0) (300 (435) | 319 (463) {319 (46.2)
Min | 242 (35.1) | 250 (36.2) {275 (39.9) | 304 (44.1) (290 (42.1)
Std. Deviation
TYS, MN/m2 (ksi) Avg | 177 (256} | 184 (26.7) (194 (28.1) | 210 (30.5) | 228 {33.1)
Min | 170 (24.6) | 184 (26.7) {183 (26.5) | 200 (29.0! {217 (31.5)
Std. Deviation
Elong, percent Avg 45 5.8 6.0 4.9 4.0
Min 3.5 5.5 5.0 48 3.5
RA, percent Avg (|
Min
No. of Spec. (No. of Heats) 3 (1) 2 (1) 2 (n 3 (1) 3 (1}
E, GN/m2 (105 psi) Avg
Min |
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef i
NTS, MN/m?2 (ksi) Avg i
Ky = Min 14
No. of Spec. (No. of Heats)
L
NTS, MN/m2 (ksi) Avg
Ky = Min 3
No. of Spec. (Mo. of Heats) ]
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ks;) Avg ]
Min
Std. Deviation ’
Elong, percent Avg
Min
RA, percint Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef i
NTS, MN/m?2 (ksi) Avg I
Kt = Min i
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt o Min .
No. of Spec. {No. of Heats) 1
References: 90184 k
Y v
i = 4.3.2.18 (11/76)
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5456-H343
TABLE 432ME19 Plate Weid Metal
N Alloy Designation: 5456 Aluminum Alloy (Weld Metal)
=’ Specification:
Form: Plate-TIG welded, 5356 Alloy filler
Thickness, em (in.): 1.270 to 2,540 (0.500 to 1.000)
Condition: 5456-H343 Plate, welded and tested
Testing Temperature, K (F) 297 (75) 195  (-108) 144 (200) |77  (-320) |20  (423)
Tension, Longitudinal
TUS, MN/m2 {ksi) Avg | 287 (416) | 315 {457) [299 (434) | 352 (51.1) |345 (50.0)
Min | 261 (36.4) [ 314 (45.5) [283 (41.1) | 296 (429) 1326 {47.3)
Std. Deviation
TYS, MN/m?2 (Ksi) Avg | 181 (263) | 179 (259) [192 (278) |214 (31.0) |228 (33.0)
Min | 178 (25.8) { 172 {25.0) }185 (26.B) 206 (29.9) |223 {32.4)
Std. Deviation
Elong, percent Avg 6.5 85 6.3 5.5 4.0
Min 5.0 7.0 6.0 3.0 315)
RA, percent Avg
Min
No. of Spec. {No. of Heats) 4 n 2 (1) 4 (1 4 (1) 2 (1)
E, GN/m2 (105 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats}
E, GN/mZ (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
.
L) NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats) PR &
PP B
References: 90184
43219 (11/76)
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5456-H321
TABLE 4.3.2-ME20 Plate

Alioy Designation: 5456-H321 Aluminum Alloy

3oy
=Y KN

aiaihane v iihadtiingio e buadi P

S

Specification:
Form: Plate
Thick1ess, cm (in.): 2.541 to 5.080 (1.001 to 2.000)
Condition: H321
TTesting Temperature, K (F) 297 (75) 77 (320
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg 382 (55.4) 506 (73.4)
Min
Std. Deviation
TYS, MN/m?2 (ksi) Avg | 247 (35.8) 288 (41.8)
Min
Std. Deviation
Elong, percent Avg 13.2 26.0
Min [
RA, percent Avg
Min
No. of Spec. {No. of Heats} 1 1
E, GN/m2 (106 psi} Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg | 430 (62.4) 558 (81.0)
Ke= 24 Min
No. of Spec. {No. of Heats) 2 (1 2 (1)
NTS, MN/m2 {ksi} Avg | 412 (59.7) 486  (70.5)
Ke= 133 Min
No. of Spec. (No. of Heats} 2 n 2 {1
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 382 (55.4) 483  (70.0)
Min
Std. Deviation
TYS, MN/m2 (Kksi) Avy | 230 (33.3) 259 (37.5)
Min
Std. Deviation
Elong, percent Avg 165 250
Min
RA, percent Avg
Min
No. ¢f Spec. (No. of Heats) 1 1
E, GN/m2 (105 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 430 (62.3) 541 (78.4)
Ky = 24 Min
No. of Spec. (No. of Heats) 2 (1) 2 (1)
NTS, MN/m2 (ksi) Avg | 405 (58.7) 472 (88.4)
Ke= 133 Min
No. of Spec. {No. of Heats; 2 (1 2 (1)

) - References: 90188
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Alloy Designation:

T TECHNTICAL CLTBRARY

ABBOTTAERDSPACE.COM

TABLE 432-TR1
5456-H343 Atuminum Alloy

5456-H343

Specification:
Form:
Dimension:
Condition:

H343

Testing Temperature K (F)

273 (32)

100 (-280)

50 (-370)

20 (-423)

10 (-442)

4 (-452}

Thermal Conduc\ivig
Watts m-1 K-1
Btu hr'! -1 F-1

109
(63.0)

(37.0)

(25.4)

27.0
(15.6)

No. of Spec. 1 1 1 1
References: 90218 1

Thermal Expansion (T273 to T)
Longitudinal
Percent 0.00 0.332 0.367 -0.367
No. of Spec, 1 1 1 1 1 1
References: 48571

§&iﬁc Heat
Joules kg“ K-1
Btu Ib-1 F-1
No. of Spec.
References:

g T
e

Electrical Resistivity

Ohm m 592 x 108 3.80x 108 3.35x 108 3.26 x 108 3.26 x 108 3.26 x 108

Ohm circular mil ft-1 {25.6) (22.9) (19.6) 119.6) (19.6)
No. of Spec 1 1 1 1 1 1

References: 90164
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Temperature, F

Temperature, K

333 ALLOY 5456-H343
4.3.2-24 (11/76)
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FIGURE 4.3.2-C1. THERMAL CONDUCTIVITY VERSUS TEMPERATURE FOR ALUMINUM
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6061-T4 1
TABLE 4.4.1-MEO.1 Sheet
| Ailloy Designation: 6061-T4 Aluminum Alloy
| Specification: QQ-A-327
‘* Form: Sheet
LV 4 Thickness, cm {in.): Up to 0.099 (0.039)
Condition: T4
Testing Temperature, K (F) 297 (75) 195 (-108) 77 (-320) | 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 279  {405) | 305 (44.2) 400 (58.0) | 598 (86.8)
Min | 277  {40.2) | 301 (43.6) 399 (57.9) 1597 (86.6)
Std Deviation
TYS, MN/m2 (ksi) Avg | 211 (306) | 221  (32.0) 259 (375) | 325 (47.2)
Min } 210 {30.4) 217 {31.5) 256 (37.2) | 320 (46.4) ]
Std Deviation
Elong, percent Avg 17.2 20.3 28.7 31.2
Min 17.0 20.0 275 31.0
RA, percent Avg ]
Min 1
No. ot Spec. {No. of Heats) 3 (1) 3 (1) 3 (1) 3 (1
E, GN/m2 (106 psi) Avg
Min 3
No of Spec. tNo. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg {283 (41.0) | 292 (424) 353 (51.2) | 427 (62.0) i
Ke= 63 Min | 276  (40.1) | 290 (42.1) 345 (50.0) | 423 (61.8) 1
No. of Spec. (No. of Heats) 2 (1) 3 (1) 3 (1) 3 (1)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. ot Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 274 (39.7) | 300 (435) 392 (56.9) | 636 (92.3) |
Min | 272  (39.4) | 299 (43.3) 390 (56.5) [ 635 (92.1)
Std. Dewiation
TYS, MN/m2 (ksi) Avg | 181 (263) | 201 (29.1) 217 (315) | 294 (42.6)
Min | 180  (26.1) | 200 (29.0) 211 (30.6) | 290 (42.0)
Std. Dewviation
Elong, percent Avg 17.3 21.0 29.9 34.3
Min 17.0 20.0 28.0 34.0
RA, percent Avg
Min
No. of Spec. (No. of Heats) 2 (n 2 (1) 2 (1) 2 (1)
E, GN/mZ (106 psi) Avy
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio ]
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 271 (39.3) | 288 (41.8) 352 (61.1)| 432 (62.6)
Ke= 6.3 Min | 265 (38.4) | 284 (41.2) 348 (50.5) [ 427 (62.0)
No. of Spec. (No. of Heats) 3 (1 2 (1) 2 n 2 (1)
" NTS, MN/m?2 (ksi) Avg !
K‘ =4 Min
- No of Spec. {No of Heats) o3 7 s
~LB=
References: 40988 !
4.4.10.1 (11/76) |
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6061-T4
TABLE 4.4.1-ME0.2 Sheet

6061-T4 Aluminum Alloy

Alloy Designation:

Specification:
Form: Sheet
Thickness, cm (in.): 0.100 to 0.219 (0.040 to 0.125) E:
Condition: T4
Testing Temperature, K {F) 297 {75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 282 (409) 419 (60.7)
Min | 265  (38.4) 394 (57.1)
Std Deviation
TYS, MN/m2 (ksi) Avg | 159 (23.0) 209 (30.3)
Min | 146 (21.2) 192 (27.8)
Std Deviation
Elong, percent Avg 213 338
Min 25
RA, percent Avg
Min
No of Spec. (No. of Heats) 6 (2) 6 (2)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 297  (43.0) 414 (60.0)
Ke= 3 Min | 288  (41.7) 403  (58.5)
No. of Spec. (No. of Heats) 6 (2) 6 (2}
NTS, MN/m2 {ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 279  (405) 403  (58.4)
Min | 265  (38.4) 396 (57.5)
Std Deviation
TYS, MN/m2 (ksi) Avg | 155 (22.5) 197  (28.5)
Min | 146 (21.2) 194  (28.1}
Std. Deviation
Elong, percent Avg 238 343
Min 23 32
RA, percent Avg
Min
No. of Spec. (No. of Heats) 6 {2) 6 (2)
E, GN/mZ (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ki) Avg | 293 (42.5) 392 (568)
Ke= 3 Min | 285 (41.4) 350 (50.7)
No of Spec. {No. of Heats} 6 (2) 6 (2)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No. of Heats)

Refer s, 52862
ARPE

44102 (11/76)
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6061-T6
Sheet

TABLE 4.4.1-ME3

Alloy Designation: 6061-T6 Aluminum Alloy i
A
' Specification: AMS-4027G, QQ-A-250/11D
7 Form: Sheet
Thickness, cm (in.): 0.100 to 0.318 (0.040 to 0.125) :
Condition: T6 i
Testing Temperature, K (F) 297 (75) 77 -320) | 20 (-423)
Fatigue, Flexural Loading, Surface Finish 150 rms, Rockwell B 39 3
Sy at 105 cycles, MN/m2(ksi) 172 (25) 255  (37) 275  (40) E
Loading frequency Hz ;
with R =-1 and K¢ = 1
No. of $-N Curves (No. of Heats) |1 (1) 1 (1) 1 (1)
Ratio Sp/TUS a. 105 cycles 0.60 0.66 0.58
Sp at 106 cycles, MN/m2(ksi) 158 (23) 220 (32) 234 (34) 1
Loading frequency Hz
with R =-1 and K¢ = 1
No of §-N Curves (No. of Heats) |1 ()] 1 (1) 1 {1
Ratio Sp/TUS at 106 cycles 0.55 9.57 0.49 i
Sy at 107 cycles, MN/m2(ksi) 152 (22) 214 (31) ;
Loading frequency Hz %
with R =-1 and K; =1
No. of S-N Curves (No. of Heats) |1 (1) 1 (1)
Ratio Sp/TUS at 107 cycles 0.52 0.55
Fatigue, Flexural Loading, Surface Finish 20 rms, Rockwell B 44
Sy at 105 cycles, MN/m2(ksi) 186  (27) 255 (37) | 290 (a2)
Loading frequency Hz E
with R = -1 and K¢ = 1
No. of S-N Curves (No. of Heats) {1 {h 1 (1) 1 (S} ;
Ratio Sp/TUS at 105 cycles 0.63 0.65 0.60
i S at 108 cycles, MN/m2(ksi) 165 (24) 228 (33) 228 (33
Loading frequency Hz
withR=-1 and Ky =1 1
No. of $-N Curves (No. of Heats) |1 (1) 1 (n 1 (1
Ratio Sp/TUS at 106 cycles 0.57 0.58 0.47
S at 107 cycles, MN/m2(ksi) 152 (22) 200 (29)
Loading frequency Hz
withR=-1 and K¢ =1
No. of S-N Curves {No. of Heats) |1 (R}] 1 (1 1 (1)
I Ratio Sn/TUS at 107 cyiles 051 051
References: 83417 |

e B

4.4.1-3 (11/74)
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Alloy Designation:

TABLE 4.4.1-ME3.1

6061 Aluminum Alloy (Weld Metal)

6061-T4
Sheet-Weld Metal

Specification:

Form: Sheet-MIG welded, 4043 Alloy filler |

Thickness, cm {in.): 0.100 to 0.319 {0.040 to 0.125)

Condition: 6061-T4 Sheet, welded and tested as welded

L

Testing Temperature, K (F) 297 (75) 77 (-320)

Tension, Longitudinal 4

TUS, MN/m2 (ksi) Avg (248  (35.9) 375 (54.4) j

Min | 240 (34.8) 367 (53.2)
Std Deviaton
TYS, MN/m2 (ksi) Avg | 138 (20.0) 179  (25.9)
Min | 128  {18.5) 167  (24.2) 1
Std. Deviation
Elong, percent Avg 123 19.4 J
Min 10 2
3
RA, percent Avg 3
Min
No. of Spec. (No. of Heats) 6 (2) 5 (2) 1
E. GN/m2 (106 psi) Avg
Min E
No. of Spec. (No. of Heats)
Poisson’s Ratio
E

Work Hardening Coef E

NTS, MN/m2 (ksi) Avg | 176  (255) 224  (54.5) ;
K¢= 3 Min | 161 (23.4) 195  (29.3) 4
No. ot Spec. (No. of Heats) 4 (2) 3 (2)

NTS, MN/m2 (ksi) Avg j
K = Min ]
No. of Spec. {No. ot Heats)

E

Tension, Transverse

TUS, MN/m?2 (ksi) Avg | 236 (34.2) 376 (54.5)

Min | 2256  (32.6) 369 (53.5)
Std Dewviation
TYS, MN/m2 (ksi) Avg | 136 (19.7) 197 (285) i
Min | 128 (18.7) 181 (26.2) :
Std. Deviation
Elong, percent Avg 15
Min 8
RA, percent Avg
Min
No. of Spec. (No of Heats) 6 (2) 5 (2)
E, GN/m2 (106 psi) Avg k
Min
No of Spec. (No. of Heats)

Poisson’s Ratio |

Work Hardening Coef

NTS, MN/m2 (ksi} Avg | 189 (27.4) 223 (323)

Ke= 3 M:in | 179 (26.0) 213 (30.9)
No of Spec. (No. of Heats) 6 {2) 6 (2)

NTS, MN/m?2 (ksi) Avg
Ky = Min
No of Spec. (No. of Heats)

References: 52862
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6061-T4
TABLE 4.4.1-ME3.2 Sheet-Weld Metal
Alloy Designation: 6061 Aluminum Alloy (Weld Metal)
= Specification: {
k Form: Sheet-MIG welded, 4043 Alloy filler
e Thickness, cm {in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 6061-T4 Sheet, welded, aged to T6, and tested
3

Testing Temperature, K (F) 297 (75) 77 (-320) 1

Tension, Longitudinal 3

TUS, MN/m?2 (ksi) Avg [304  (a41) 397 (57.6) |

Min | 274 (39.7) 386 (56.0)
Std Deviation
TYS, MN/m2 (ksi) Avg | 277  (40.2) 326 (47.3)
Min | 264  (36.8) 316 (45.9)
Std. Deviation 3

Elong, percent Avg 45 5.2 1

Min 3 2 1

RA, percent Avg

Min E

No. of Spec. (No. of Heats) 8 (2) 7 (2) ;
E, GN/m2 (105 psi) Avg i
Min a

No of Spec. {No. of Heats) 7

Poisson’s Ratio !

Work Hardening Coef ‘i

NTS, MN/m2 (ksi) Avg | 249 (36.1) 284 (41.2) |
Ky= 3 Min | 226  (32.7) 263 (38.1) p
No. of Spec. (No. ot Heats) 5 (2) 6 (2)

NTS, MN/m2 (ksi) Avg 3
Kt =] Min 1
No. of Spec. (No. of Heats) ?

Tension, Transverse

TUS, MN/m2 (ksi) Avg | 301 (43.6) 399 (57.9)

Min | 283 (41.0) 349 (50.6)
Std Dewviation
TYS, MN/m2 (ksi) Avg | 262 (38.0) 332 (48.2) :
Min | 208  (30.1) 348  (50.5) :
Std. Deviation .
Elong, percent Avg 44 5.9 ‘}
Min 3 1.5
RA, percent Avg
Min
No. of Spec. (No. of Heats) 7 (2) 8 (2)
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats) i

Poisson’s Ratio

Work Hardening Coef |

NTS, MN/m2 (ksi) Avg | 250 (36.2) 290 {42.0)

Ke= 3 Min | 232 (33.6) 259  (37.5)
No. of Spec. {No. of Heats] 5 (2} 5 (2) 1

NTS, MN/m2 (ksi) Avg

5 Ky = Min 1
No. of Spec. (No. of Heats)
References: 52862 (=
<JY=<
| 4.4.1-3.2 (11/76)
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6061-T6 -|
TABLE 4.4.1-ME3.3 Sheet-Weld Metal
Alloy Designation: 6061 Aluminum Alloy (Weld Metal)
Specification: ;
Form: Sheet-MiG welded, 4043 Alloy filler
Thickness, cm (in.): 0.100 to 0.319 {0.040 to 0.125)
Condition: 6061-T6 Sheet, weided and tested
Testing Temperature, K (F) 297 (75) 77 {-320) j 20 (-423) 1
Tension, Longitudinal !
TUS, MN/m?2 (ksi) Avg |222 (32.2) 327 (47.4) {452 (65.5)
Min i
Std Deviation 1
i
TYS, MN/mZ (ksi) Avg [ 160  (23.2) 199 (28.8) {221 (32.0) ;;
Min 1
Std. Deviation z
Elong, percent Avg 53 105 108
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats) 3 (1} 3 {1 3 (1}
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Werk Hardening Coef
NTS, MN/m2 (ksi) Avg | 235 (34.9) 262 (38.0) | 288 (41.8)
Ky= 303 Min
No. of Spec. {No. of Heats) 3 (1) 3 (1) 3 (1)
NTS, MN/m2 (isi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 216 (31.3) 325 (47.2) | 413 (59.9)
Min
Std. Deviation
TYS, MN/m2 (ksi} Avg | 171  {(248) 196 (28.4) | 413 (59.9)
Min
Std. Deviation
Elong, percent Avg 5.0 85 6.5
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1 3 (1) 3 )
E, GN/mZ (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. {No of Heats)
NTS, MN/m?2 (ksi) Avg
K' > Min
No of Spec. (No. of Heats)

References: 90076

<3t

4.4.1-3.3(11/76)

Lram



http://www.abbottaerospace.com/technical-library

AR, T e=rm L n i A

6061-T6
TABLE 4.4.1-ME3.4 Sheet-Weld Matal
[ ] Alloy Designation: 6061 Aluminum Alloy (Weid Metal) j
o Specification: E
i Form: Sheet-TIG weided, 4043 Alloy filler .
- Thickness, ¢m (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: 6061-T6 Sheet, welded and tested
1
Testing Temperature, K (F) 297 (75) 77 (-320) | 20 {-423) 1
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 203 (29.4) 308 (44.6) | 412 (59.7)
Min 410 (59.4)
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min 3
Std. Deviation 3
€long, percent Avg i
Min j
RA, percent Avg 3
Min b
No. of Spec. (No. of Heats) 1 1 6° (1)
! E, GN/m< (106 psi) Avg
l M:n
i No. of Spec. {No. of Heats)
t Poisson’s Ratio
Work Hardening Coef
| NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
$ No. of Spec. (No. of Heats})
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 201 (29.2) 310 (44.9)
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
i
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min
: No of Spec. {No. of Heats)
' Poisson’s Ratio
Work Hardening Coef 9
i NTS, MN/m2 (ksi) Avg
K' ¥ Min
No. of Spec. {No. ot Heats) 3
5
- NTS, MN/m2 (ksi) Avg i
K' = Min
No. of Spec. (No. of Heats)

References: 42002 o
* 6 specimens tested at 20 K (423 F) each had longitudinal grain orientation on one side of the weld, transverse on the other. AL * ¢, 5.

4.4.1-34(11/76)



http://www.abbottaerospace.com/technical-library

P —— T T E O NI AL LIBRARY - : -

e i ABBEBOTTAEROSFPACE.COM

TABLE 4.4.1-ME4

Alloy Designation:  6061-T6 Aluminum Alloy

Specification: AMS-4027G, QQ-A-250/i1D )
Form: Plate
Thickness, cm (in.):  0.635 to 1.269 (0.250 to 0.499)
Condition: T6
Testing Temperature, K {F) 297 (75) 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 310 (45.0) 496  (72.0)
Min | 309 (44.8) 494 (71.6)
Std Deviation
TYS, MN/m2 (ksi) Avg | 288 {41.9) 362 (52.5)
Min | 288 (41.8) 358  (562.0)
Std. Deviation 3
Elong, percent Avg 1.5 23.8 I
Min 1" 225
RA, percent Avg 33.6 33.6
Min 32.4 331
No .f Spec. {No. of Heats) 2 (1) 2 (n
Z, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 303 (44.0) 421 {61.0)
Ky =6.3 Min | 292 (42.3) 414 (60.0)
No. of Spec. (No. of Heats) 4 (1) 2 (1)
NTS, MN/m2 (ksi) Avg
= Min

No. of Spec. {No. of Heats)

Tension, Transverse
TUS, MN/m?2 (ksi)

Std Dewviation
TYS, MN/mZ (ksi)

Std Deviation

Avg
Min

Avg
Min

Elong, percent

RA, percent

No. of Spec. (No of Heats)

E, GN/m2 {106 psi)

No. of Spec. {No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi)
K¢ =

No ot Spec. (No. of Heats)

NTS, MN/m2 (ksi)
Kt =

No of Spec. INo. of Heats)

References: 66080

<33

Avg
Min

Avg
Min

Avg
Min

Avg
Min

Avg
Min

4.4.1-4 (11/74)
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6061-T6
TABLE 4.4.1-ME6.1 Plate-Weld Metal
Alloy Designation: 6061 Aluminum Alloy {Weld Metal)
s - Specitication: E
ot Form: Plate-MIG welded, 4043 Alloy filler i
Thickness, cm {in.): 1.270 to 2.540 (0.50C to 1.000) |
Condition: 6061-T6 Plate, welded and tested 1
Testing Temperature, K (F) 297 175) 195 (-108) 77 (-320) 4 (-452)
Tension, Longitudinal &
TUS, MN/m2 (ksi) Avg |[214 (31.0) | 239  (34.6) 303 (44.0) 339 (49.1)
Min
Std Deviation
TYS, MN/m? (ksi) Avg | 144 (209} | 163 (23.6) 178 (25.8) 259 (37.6)
Min :
Std. Deviation
Elong, percent Avg 6.0 6.0 55 45
Min
i
RA, percent Avg 19 19 12 9 f
Min
No. of Spec. (No of Heats) 1 1 1 1 /
E. GN/m2 (106 psi} Avg ;
Min 1
No. of Spec. (No. of Heats) 'j
Poisson’s Ratio l
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 234 (34.0) | 266 (38.6) 273 (32.6) 275 (39.9)
Ke= 16 Min
No. of Spec. (No. of Heats) 1 1 1 1
NTS, MN/m2 (ksi) Avg ]
Ky = Min 1
- No. of Spec. (No of Heats) 3
¥
| 3 Tension, Transverse
: TUS, MN/m?2 (ksi) Avg ]
Min o
3 Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg :!
Min j
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 {108 psi) Avg
Min
No of Spec. (No. of Heats)
3
Poisson’s Ratio 1
Work Hardening Coef i
NTS, MN/m2 (ksi) Avg |
Ky = Min i
No of Spec. (No. of Heats)
NTS, MN/m2 (ksi} Avg
K¢ = Min i
No. of Spec. (No. of Heats) !
3.1 <
References: 90072 <34 |
4.4.1.6.1(11/76) ) :
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6061-T6
Plate-Weld Metal

TABLE 4.4.1-ME6.2

Alloy Designation: 6061 Aluminum Alloy {Weld Metal)

Specification:
Form: Plate-MIG welded, 4043 Alloy filler
Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)

Condition: 6061-T6 Piate, welded, heat treated to T6, and tested %
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) 4 (-452)
Tension, Longitudinal i
TUS, MN/m2 (ksi) Avg | 296 (433) | 330 (47.8} 395 (57.3) 452  (65.6) 3
Min i
Std Deviation
TYS, MN/m?2 (ksi) Avg | 248 (359) | 264 (38.3) 292 (42.3) 309 (44.8)
Min
Std Deviation 3
Elong, percent Avg 11.0 215 16.5 15.0 E
Min [
RA, percent Avg 44 38 12 16 i
Min ;‘
No of Spec. (No. of Heats) 1 1 1 L 3
E, GN/mZ (106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio A
Work Hardening Coef :
NTS, MN/m2 (ksi) Avg | 396 (57.5) | 424 (61.5) 447 (64.8) 463 {67.2)
Ke= 16 Min

No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg ]
Ky = Min
No. of Spec. {(No. of Heats) ]
E
Tension, Transverse |
TUS, MN/m2 (ksi) Avg ;
Min -
Std Dewiation
TYS, MN/m?2 (ksi) Avg
Min
Std. Dewviation
Elong, percent Avg
Min
RA, percent Avg p
Min 1
No. of Spec. (No. of Heats)

E, GN/mZ (106 psi)
No of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg ]
Kt = Min 3
No of Spec. (No. of Heats) I

NTS, MN/m2 (ksi) Avg
K( H Min

No of Spec. (No. of Heats)

References: 90072

£45<

Avg
Min

1

4.4.16.2 (11/76)
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6061-T6
TABLE 4.4.1-ME6.3 Plate-Weld Metal
Alloy Designation: 6061 Aluminum Alloy (Weld Metal)
f "%, Specification:
\,; Form: Plate-MIG welded, 5356 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 6061-T6 Plate, welded and tested
Testing Temperature, K (F) 297 (75) 195 _ (-108) 77 (-320) 4 {-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 226 (32.7) | 256 (37.1) 324 (47.0) 398 (57.7)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 156 (226} | 170 (24.7) 188 (27.3) 243  (35.3)
! Min
Std Deviation
Elong, percent Avg 8.0 9.0 135 135
Min
RA, percent Avg 31 36 39 24
Min
No. of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec {No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 323 (46.9) | 345 (50.1) 373 (54.) 367 (63.3)
Ke= 16 Min
No. of Spec. (No. of Heats) 1 1 1 1
5 NTS, MN/m2 (ksi} Avg
Ke = Min
No. of Spec. {No. ot Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg
Min
Std Dewviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
€, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats) o e
i<

References: 90072
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6061-T6
TABLE 4.4.1-ME6.4 Plate-Weld Matal
Alloy Designation: 6061 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 5356 Alloy filler
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 6061-T6 Plate, welded, heat treated to T€, and tested
Testing Temperature, K (F) 297 (75) 195 (-108) 77 (-320) 4 {-452)
Tension, Longitudinal
TUS, MN/m2 /ksi) Avg | 279 {405} | 320 (46.4) 394 (57.1) 476  (69.1)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 202 (29.3) | 242 (35.1) 234 (339) 307 (44.5) .
Min 'I'
Std Dewviation !
Elong, percent Avg 95 120 20.0 19.0
Min #
RA, percer.? Avg 33 44 29 24
Min
No of Spec. (No. ot Heats) 1 1 1 1
E, GN/m2 {106 psi) Avg
Min
No. ot Spec. {No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg 399 (57.8) 458 (66.4) 419  (60.8)
Ky= 16 Min 1
No. of Spec. {No. of Heats) 1 1 1
NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

Tension, Transverse

sl a8 .

TUS, MN/m2 (ksi) Avg
Min

Std. Deviat-on
TYS, MN/m2 (ksi) Avg
Min

Std. Dewiation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No of Spec. (No of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec. (No. of Heats)
References: 90072 A
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6061-T6
Bar
TABLE 4.4.1-ME9
1 LASE T LEAI 2
3
E = Alloy Designation: 6061-T6 Aluminum Alloy
F 3 Specification: GQ-A-325B
Form: Bar
] Diameter: Up to 2.54 c¢m (1.000 in.)
F Condition: T6
!
Testing Temperature, K {F) 297 _(75) 195 (-108) | 122  (-240) | 77 (-320) ] 20  (423)| 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 523 (46.8)| 344 (49.9) | 407 (59} 429 (615} | 522 (75.7)|572 (83.0)
Min | 305 (442)] 332 (48.1) 412 (59.7} | 520 (75.4)
Std Deviation 1
E
TYS, MN/m2 (ksi) Avg | 288 (41.8)| 294 (426) | 333 (49.0) [ 339 (492)) 370 (53.7)[ 400 (58.0) ]
Min | 270 (39.2)| 277 (40.2) 310 (45.0) | 35 (517) k
Std Deviation i
Elong, percent Avg 17.6 19.6 19.0 238 29.9 22.0 4
Min 153 16.5 19.0 290 [
RA, percent Avg 53.8 525 455 47.2 446 39.2 1
Min 50 50 416 43.4
No. of Spec. (No. of Heats) 8 (4) 5 (3) (1) 8 {4) 5 (2) (n
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats) ;
L
Poisson’s Ratio i
Work Hardening Coef 4
]
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No of Heats}
NTS, MN/m2 (ksi) Avg ;
Ky = Min
No. of Spec. (No. of Heats) l
Tension, Transverse 3
TUS, MN/m2 (ksi) Avg {
Min -
Std Deviation
TYS, MN/m?2 (ksi) Avg j
Min 1
Std. Deviation
Elong, percent Avg 1
Min
RA, percent Avg
Min
No. of Spec (No. of Heats)
E, GN/m2 (108 psi) Avg
Min E
No of Spec. |No of Heats)
Poisson’s Ratio i
Work Hardening Coef 1
NTS, MN/m2 (ksi) Avg ]
K = Min 4
No. of Spec. {No. of Heats) i
NTS, MN/m2 (ksi} Avg ‘ |
Ky = Min .
No of Spec. (No. of Heats) L.}B S

References: 47311, 47334, 54986, 83417, 90203
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| TABLE 4.4.1-ME10

Alloy Designation: 6061-T6 Aluminum Alloy

Specification: QQ-A-325B

Form: Bar

Diameter: Up to 2.54 cm (1.000 in.)
Condition: T6

L
L
Testing Temperature, K {F) 297 (75) 1195 (108) | 122 (240) { 77 _ (-320) 16 (441} :
| |

| Compression, Longitudinal
CYS, MN/m2 (ksi) Avg
Min
No. of Spec. (No. of Heats)
Ec, GN /m?2 (106 psi) Avg 1
Min 1
No. of Spec. (No. of Heats)

Compression, Transverse
cYS, MN/m2 (ksi) Avg
Min
No. ot Spec. (No. ot Heats)

Ec, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats) J

Shearta)
SUS, MN/m?2 (ksi) Avg
Min
No. of Spec. (No. of Heats)

G, GN/m2 {106 psi) Avg
Min
No. of Spec. (No. uf Heats)

Impact, Charpy V
Long., J(ft-1b) Avg |17.1 {12.6)] 17.6 {13.0) 175 (129) | 17.2 (12.7) 17 (12.6)
Min

No. of Spec. {No. of Heats) 1

Trans., J{ft-1b} Avg
Min |
No. of Spec. {No. of Heats) i

Fracture Toughness(b)

Kjc MN/m3/2(ksi s in.) Avg
Min
Orientation
No ot Spec. {No. ot Heats)

Kig, MN/m3/2(ksi/ in.} Avg
{From PTSC spec.){ Min
No. of Spec. (No. of Heats)

References: 47311, 47334

{a) Indicate specimen design and orientation for shear specimens:
{b} Indicate specimen design for K data:

249~

4.4.1-10 (11/74)



http://www.abbottaerospace.com/technical-library

ABBOTTAEROSPACE.COM

6061-T6
Bar

TABLE 4.4.1-ME11 L

\ % Alloy Designation: 6061-T6 Aluminum Aljoy

Specification: QQ-A-325 B

Form: Bar

Diameter: Up to 2.54 cm (1.000 in.)
Condition: T6 J

Testing Temperature, K (F) 297 (75) 77 (-320)

Fatigue, Axial Loading

SN at 10° cycles, MN/m2(ksi)
Loading frequency Hz
with R = and K¢ =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 105 cycles

Sy at 106 cycles, MN/m2(ksi) 193 (28) 331 (48)
Loading frequency 28 Hz
with R =0 and Ky =1
No ot S-N Curves {No. of Heats) |1 (1) 1 (1)

Ratio Sn/TUS at 106 cycles 0.58 0.76

Sn ar 107 cycles, MN/m2(ksi) 145 (21) 296 (43)
Laading frequency 28 Hz
witi, R=0 and Ky =1
No. of $-N Curves {No. of Heats) |1 {n 1 (1)

Ratio Sy/TUS at 107 cycles 0.44 0.68

Fatigue, Flexural Loading

Sy at 10% cycles, MN/m2(ksi)
Loading frequency Hz
with R = and K¢ =
No. ot S-N Curves (No. of Heats)

Ratio S\g/TUS at 105 cycles

Sy at 106 cycles, MN/m2(ksi)
Loading frequency Hz
withR=  and K¢ =
No. of S:N Curves (No. of Heats)

Ratio Sp/TUS at 106 cycles

Spy at 107 cycles, MN/m2(ksi)
Loading frequency Hz
withR= and K;=
No. of S-N Curves (No. of Heats)

Ratio Sy/TUS at 107 cycles

References: 83417
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6061-0
TABLE 44.1ME11.1 Rod
Alloy Designation: 6061-0 Aluminum Alloy
Specification:
Form: Rod
Thickness, cm (in.): Up to 2.540 (1.000) e
Condition: 0
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 123 (17.8) | 138  (20.0) 228 (33.1}
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg | 43 (6.2) 50 (7.2) 58 (8.4)
. Miri
Std. Deviation
Elong, percent Avg 405 485
Min
RA, percent Avg 72 74 67
Min
No. of Spec. (No. of Heats) 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. {No. of Heats)
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. (No. of ¢ieats)
Tension, Transverse ]
TUS, MN/m?2 (ksi) Avg
Mo
Std. Deviation 3
TYS, MN/m2 (ksi) Avg
Min
Std Dewviation E
Elong, percent Avg
Min
RA, percent Avg
Min
No. ot Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ke = Min
No of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No of Spec. {No. of Heats)
References: 90203
) < 4.4.1-11.1 (11/76)
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TABLE 4.4.1-ME11.2 Rod
Alloy Designation: 6061-T4 Aluminum Alloy
Specification:
L Form: Rod
e Thickness, cm (in.): Up to 2.540 (1.000)
Condition: T4
Testing Temperature, K (F) 297 {75) ' 195  {-108) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg [278 (40.3) | 304 (44.1) 399 (57.9)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg {150 (21.8) | 160 (23.2) 203 (29.4)
Min
Sta Deviauon
Elong, percent Avg 325 36.6
Min
| RA, percent Avg 57 54 a1
Min
No of Spec. (No. of Heats) 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. INo. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K = Min
No of Spec. (No of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min
|| Std Deviation
TYS, MN/m2 (ksi) Avg 1
Min
ll Std Dewviation |
Elong, percent Avg
Min
RA, percent Avg
i Wi b
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min
No of Spec. {No. of Heats}
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi) Avg
K‘l = Min
No of Spec. [No. of Heats)
NTS, MN/m2 (ksi) Avg
K( e Min
b No of Spec. (No. of Heats)
; 2/ LAY o
References: 90203 20 a.c.‘:

4.4.1-11.2 (11/76)

it i T SR LSS NS FR SR P Lo P RN s J



http://www.abbottaerospace.com/technical-library

T"?'Fm - im E "_g 'Em ) -‘A ﬁ“ 7 ol T T .

ABBOTTAEROSPACE.COM

6061-T91
TABLE 44.1-ME11.3 Rod
Alloy Designation: 6061-T91 Aluminum Alloy
Specification:
Form: Rod
Thickness, ¢cm (in.): Up to 2.540 (1.000)
Condition: T91
Testing Temperature, K (F) 297 (75) 195  (-108) 77 {-320)
Tension, Long:tudinat
TUS, MN/m2 (ksi) Avg | 392 (568) | 431 (62.5) 509 (723.8)
Min | 381 (55.2) | 414  (60.0) 490 (71.1)
Std Dewiation
TYS, MN/m?2 (ksi) Avg | 387 (56.1) | 415 (60.2) 472 (68.4)
Min | 376 (546} | 398 (57.7) 448  (65.0)
Std. Deviation
Elong, percent Avg 44 15.3
Min 4.2 15.3
RA, percent Avg 38.5 395 38
Min 37 37 37
No ot Spec. (No. of Heats) 2 (1) 2 (1) 2 (1)
E, GN/m2 {106 psi) Avg
Min

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ke = Min

No. ot Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std Deviation
TYS, MM/m2 (ksi) Avg
Min

Std Deviation
Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec {No. ot Heats)
E, GN/m2 (105 psi) Avg
Min

No ot Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No ot Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No of Spec. (No. of Heats)

References: 90203
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TABLE 4.4.1-ME12

Alloy Designation:  6061-T6 Aluminum Alloy

— E————

Specification: AMS-4127

Form: Forgings, rolled rings and other shapes

Thickness, cm (in.):

Condition: T6

Testing Temperature, K (F) 297  (75) |195 (108} | 77 {-320) | 20 (-423) I
T

Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 310 (44.9)[348 (50.6) | 434 (63.0) 499 (72.4)

Min 285  (41.4)]1323 (469} 416 (60.2) 440  (63.8)
Std Deviation

TYS, MN/m2 (ksi) Avg | 275 (39.9)|301 (43.7) | 326 (47.3) | 379 (54.9)
Min | 255  (37.0)]295 (42.8) {305 {44.2) | 352 (51.1)
Std Dewviation

Elong, percent Avg 19.8 19.8 245 24.9
Min 19.0 17.0 24.0 23.0
RA, percent Avg 51.5 50.8 415 38.6
Min 349 38.0 34.3 328
No of Spec. {No. of Heats) 6 (2) 6 (2) 6 (2 6 (2)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg 436 (63.3)|463 (67.2) | 542 (786) | 562 (81.5)
Ki=61t0 8 Min 431 {62.5)|451 (65.4) | 536 (778) | 529 (76.7)
No. of Spec. {No. of Heats) 4 (1) 4 (1) 4 (1} 4 (1)
NTS, MN/m2 {ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std Deviation
TYS, MN/m2 (ksi) Avg
Min

Std. Dewiation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
€, GN/m2 (106 psi) Avg
Min

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K = Min

No. of Spec. {No. of Heats)

References: 35611, 66080
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7039-78
Sheet

TABLE 4.5.1-ME3

Alloy Designation: 7039-T6 Aluminum Alloy

{‘ }; Specification:
" Form: Sheet
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Condition: T6

Testing Temperature, K (F) 297 (75) 77 (3200 | 20  (-423)

Fatigue, Axial Loading (R = -1)

Sy at 108 cycles, MN/m2(ksi) 138 {20) 214 (31) 276 (40)
Loading frequency Hz
withR =-1 and Ky =1
No of §-N Curves (No. ot Heats) {1 (1) 1 (n i (n

Ratio Sp/TUS at 106 cycles 0.31 0.40 043

Sy at 106 cycles, MN/mZ(ksi) 82 (N 482 (7) 621 (9)
Loading frequency Hz
with R =-1 and K; =6.3
No of S-N Curves {No. of Heats) {1 (1) 1 (nm 1 {1}

Sp at 106 cyctes, MN/m2(ksi) 379  (55) 737 (107) | 793 (11.5)
Loading frequency Hz
withR=-1 and K¢ =8
No. of S-N Curves (No of Heats) |1 () 1 {1 1 {(n

Fatigue, Axial Loading (R = 0.01)

Sy at 109 cycles, MN/m2(ksi)
Loading frequency Hz
with R= and Ky =
No. of S-N Curves (No. of Heats)

Ratio Sp/TUS at 105 cycles

Sy at 106 cycles, MN/m2(ksi) 228 (33) 331 (48) 441 (e4)
Loading frequency Hz
with R = 0.01 and K¢ = 1
No. of S-N Curves {No of Heats) |1 tn 1 n 1 (n

Ratio Sp/TUS at 108 cycles 0.51 0.61 0.67
Spy at 107 cycles, MN/m2(ksi)
Loading frequency Hz
withR=  and K¢ -
No. of S-N Curves (No of Heals)

Ratio Sp/TUS at 107 cycles

References: 58024, 61996
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7039-T6
TABLE 45.1-ME3.1 Sheet-Weld Metal
Ailoy Designation: 7039 Aluminum Alloy {Weld Metal) ]
Specification:
Form: Sheet-MIG weided, 5183 Alloy filler
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125) L
Condition: 7039-T6 Sheet; welded natural aged 15-30 days, and tested b
Testing Temperature, K (F) 297 (75) 77 (-320}) 4
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 367 (53.2) 391 (56.7)
Min
Std Deviation :
E
TYS, MN/m2 (ksi) Avg | 240 (348} 299 (43.4)
Min ‘
Std. Deviation i
3
Elong, percent Avg 7.0 38 TJ
Min '
RA, percent Avg .
Min y
No. of Spec. (No. of Heats) 1 1 :
E, GN/m2 (105 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m?2 (ksi} Avg | 405 (58.7) 434  (63.0)
Ke= 63 Min
No. of Spec. {No. of Heats) 1 1
NTS, MN/m2 (ksi) Avg
K = Min
No. of Spec. {No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min
Std Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, parcent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (108 psi) Avg
Min
Mo. ot Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. {No. of Heats}
NTS, MN/m2 (ksi) Avg .
Ky = Min b
No. of Spec. (No. of Heats) E

il

References: 900?2
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Alloy Designation:

7039 Aluminum Alloy (Weld Metal)

7039-T6
Sheet-Weld Metal

Specification:
Form: Sheet-"'Fusion’’ welded, filler not specified
Thickness, cm (in.): 0.100 to 0.319 (0.040 to 0.125)
Coidition: 7039-T6 Sheet, welded and tested
Testing Temperature, K (F) 297 (75) 195  (-108) 77 {-320) | 20 (-423)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 383  (55.5) 1388  (56.3) 405 (58.8) | 354 (51.4)
Min | 372 (53.9) {378 (54.8) 361 (52.9) {303 (43.9)
Std Dewiation
TYS, MN/m2 (ksi} Avg
Min
S'd Deviation
Elong, percent Avg 9.1 8.4 7.2 09
Min 7.5 4.0 6.0 0.5
RA, percent Avg
Min
No. of Spec. (No. of Heats) 5 (1 5 (1 5 (1) 5 (1)
E. GN/m2 (106 psi) Avg
Min
No. of Spec. (No. ¢f Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
K = Min
No. of Spec. (No. of Heats}
NTS, MN/m2 (ksi} Avg
= Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 379 (549) [387 (56.2} 404 (58.6) | 392 (56.9)
Min | 375 (54.4) |371 (53.8) 390 (56.6) | 381 (55.3)
Std Deviation
TYS, MN/m2 {ksi) Avg
Min
Std Deviation
Elong, percent Avg 9.4 9.4 5.6 0.7
Min 8.0 7.0 6.0 0.5
RA, percent Avg
Min
No. of Spec. (No. of Heats) 5 (n 5 (1) 5 (1 5 (1
E, GN/m2 (108 psi) Avg
Min

No of Spec. (No of Heats)

Poisson’s Ratio
Work Hardening Coef

NTS, MN/m?2 (ksi)
Kt =

No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi)
Kt =

No of Spec. {(No. of Heats)

References: 56261
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Alloy Designation:

7039-T61 Aluminum Alloy

TABLE 4.5.1-ME4

ABBEOTTAERDSFPACE.COM

Specification:
Form: Sheet
Thickness, cm (in.):  0.320 to 0.634 (0.126 to 0.249)
Condition: T61
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m? (ksi) Avg | 400 (58.0) 494  (NM.7)
Min
Std Deviation
TYS, MN/mZ (ksi) Avg | 326 (47.3) 366  (53.1)
Min
Std. Deviation
Elong, percent Avg 145 18.1
Min
RA, percent Avg
Min
No of Spec. (No. of Heats) 3 (1) 3 (1)
E. GN/m2 (106 psi) Avg
Min
No. of Spec. {Nc. of Heats)
Poisson’s Ratic
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg | 409  (59.3) 532 (77.2)
Min
Std. Deviation
TYS, MN/m2 (ksi} Avg | 328 (47.6) 384 (55.7)
Min
Std Dewviation
Elong, percent Avg 129 15.5
Min
R/, percent Avg
Min
No. of Spec. (No. of Heats) 3 (1 3 {1
E, GN/m2 {106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg
K¢ = M:n
No of Spec. {(No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec. {No. of Heats)

Rofevon,ops: 90575
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7039-T61
TABLE 45.1-ME4.1 Sheet-Weld Metal
Alloy Designation: 7039 Aluminum Alloy {Weld Metal)
Specification:
Form: Sheet-T1G welded, no filler
Thickness, cm (in.): 0.320 to 0.634 {0.126 to 0.249)
Condition: 7039-T61 Sheet, welded and tested
Testing Temperature, K (F) 297 (75) Vi (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 317 (46.0) 422 (61.2)
Min
Std Deviation
TYS, MN/m2 {ksi) Avg | 177  (25.6) 209 (30.3)
Min
td Dewviation
Elong, percent Avg 9.6 145
Min
RA, percent Avg
Min
No of Spec (No. of Heats) 2 ) 3 {1)
E. GN/m2 {106 psi) Avg
Min
No. ot Spec. {No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std Dewiation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec {No of Heats)
E, GN/m2 {108 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec. (No. of Heats)
AR =X DY 7
References: 90075 g d\’ =
U LD
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7039-T61
TABLE 45.1-ME4.2 Sheet-Weld Metal
Alloy Designation: 7039 Aluminum Alfoy (Weid Metal)
Snecification:
Form: Sheet-TIG welded, no filler
Thickness, cm {in.): 0.320 to 0.634 (0.126 to 0.249)
Condition: 7039-T61 Sheet, welded, natural aged 15 days, and tested
Testing Temperature, K (F) 297 {75} l77 {-320) -
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 353 (51.2) 445  (64.6)
Min
Std Deviaiion
TYS, MN/m2 (ksi) Avg | 210 (304) 254 (36.9)
Min
Std. Deviation
Elong, percent Avg (114 14
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats) 2 {1 3 (1
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
':t = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kt = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min
Std. Deviation
TYS, MN/m2 (ksi) Avg
Min
Std. Deviation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K! &l Min

No of Spec. {No. of Heats)

References: 90075
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7039-T6
Plate
TABLE 4.5.1-ME5
Alloy Designation: 7039-T6, T61 Aluminum Alloy
Lo Specification: AMS-4024A, MIL-A-8877 1
s Form: Plate 1
Thickness, cm ({in.): 0.635 to 1.269 (0.250 to 0.499)
Condition: T6, T61
Testing Temperature, K (F) 297 (75) |195 (-108) | 144 (-200) | 77 (-320) | 20 {-423)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg 429 (62.3)(478 (69.3) 501 (72.7) 549  (79.7) 654 (94.8)
Min | 402  (58.3) 523  {75.9)
Std Deviaticn
TYS, MN/m2 (ksi) Avg | 372 (53.9)|427 (62.0) | 449 (65.1) | 438 (63.7) | 504 (73.1)
Min | 328 {47.5) 378 (548)
Std. Deviation
Elong, percent Avg 16.3 12.7 12.7 18.4 15.7
§ Min 1256 141
A RA, percent Avg
4
] Min
§ - No. of Spec. (No. of Heats) 7 (3 1} (8} 7 {3) (1)
' E, GN/m2 {106 psi) Avg
{ Min
§ | No. of Spec. (No. of Heats)
Poisson’s Ratio
{, ; Work Hardening Coef
1]
E NTS, MN/m2 (ksi) Avg | 503 (72.9) 561 (81.4)
: Kt =6.3 Min
: No. of Spec. {No. of Heats) 3 (1) 3 (n
NTS, MN/m2 (Kksi) Avg 483 (70.0)(510 (73.9) | 521 (756) | 557 (80.8} | 560 (81.2)
Ky = 10 Min
No. of Spec. (No of Heats) (1) (1) (1) (1) (1) [
Tension, Transverse i
TUS, MN/m?2 (ksi) Avg 434 (63.0){479 (69.5) | 514 (745) | 566 (82.1) | 651 (94.4)
Min 401 (58.2) 539 (78.2)
| Std. Deviation
TYS, MN/mZ (ksi) Avg 369 (563.5)|426 (61.8) 450  (65.2) 439 (63.7) 518 (75.2)
Min 325 (47.2) 385 (559} ]
Std. Deviation y
Elong, percent Avg 145 1.0 121 15.4 1.7
Min 10.5 11.3 E
RA, percent Avg
Min I
< No. of Spec. {No. of Heats) 7 (3) (R3] {1) 7 (3) (RB] ;
E, GN/m2 (106 psi) Avg
Min
Nc. of Spec. (No. of Heats)
|
Poisson’s Ratio 1
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 504 (731) 538 (78.2)
K¢ = 6.3 Min
No. of Spec. (No. of Heats) 9 n 3 (1) :
NTS, MN/m2 (ksi) Avg 483 (70.1)[507 (735) [ 516 (74.9) | 506 (73.4)| 494 (71.6)
Ky = 10 Min
No of Spec. (No. of Heats) (n th (n (1) (1
References: 90082, 90107 nbi<
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703976 ’
TABLE 45.1-ME5.1 Plate-Weld Metal

Alloy Designation: 7039 Aluminum Alloy (Weld Metat)

Specitication:

Form: Plate-MIG welded, 5083 Alloy filler

Thickness, cm {in.): 0.635 to 1.269 (0.250 to0 0.499)

Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested

Testing Temperature, K (F) 297 (75) 77 {-320)

Tension, Longitudinal

TUS, MN/m2 (ksi) Avg | 362 (51.1) 433 (628)

Min
Std Deviation |
TYS, MN/m? (ksi) Avg | 203 (29.4) 254  (3a6.3)
Min :
Std. Deviation .‘
Elong, percent Avg 14.0 14.0
Min i
RA, percent Avg
Min
No of Spec. (No. of Heats) 4 (1} 4 (1
E, GN/m2 (106 psi) Avg
Min ]
No. of Spec. {(No. of Heats)
Poisson’s Ratio 3
3
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 399 (57.9) 411 (59.6)
K‘ = 6.3 Min
No. of Spec. {No. of Heats) 4 (1 4 (1)

NTS, MN/m2 (ksi) Avg E
K¢ = Min 1
No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg ]

Min 4
Std Deviation
TYS, MN/m2 {ksi) Avg
Min
Std Dewiation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
£, GN/m2 (106 psi) Avg f
Min

No. of Spec. {(No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m?2 (ksi} Avg |
K‘ = Min
No of Spec. (No. of Heats) 3
NTS, MN/m2 (ksi) Avg
Kt 2 Min

No. of Spec. (No. of Heats)
References: 90082
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7039-T6

TABLE 45.1-MES5.2 Plate-Weld Metal

Alloy Designation:

7039 Aluminum Alloy (Weld Metal)

Specification:

& Form: Plate-TIG welded, 5032 Alloy filler
/s Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.499)
Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
Testing Temperature, K (F} 297 (75) 77 (-320) i
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 361  (52.4) 380 (55.1)
Min | 348 (50.5) 362 (52.5)
Std Deviation |
TYS, MN/m2 (ksi) Avg | 220 (31.9) 266  (38.6)
Min | 214 (31.0) 260 (37.7) !
Std Deviation
Elong, percent Avg 10.2 5.0 'i
Min 9.3 4.0
RA, percent Avg
Min :
No of Spec. (No. ot Heats) 8 (2) 8 (2)
E, GN/m2 (106 psi) Avg
Min
No of Spec. (No. ot Heats) ]
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 346 (50.1) 348  (50.4)
Ky= 63 Min A
No. of Spec. (No. of Heats) 8 (2) 8 (2)
NTS, MN/m2 (ksi) Avg ;
Ky = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg 1
Min ]
Std. Deviation
TYS, MN/m2 (ksi) Avg
Mir

Std. Deviation

Elong, percent Avg
Min
RA, percent Avg
Min

No of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 {ksi)
K‘ =

No of Spec {No. of Heats)

NTS, MN/m2 (ksi)

Avg
Min

Avg

Ky = Min
No of Spec. {No. of Heats)

References: 90082
45.15.2 (11/76)
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7039-T6
TABLE 4.5.1-ME5.3 Plate-Weld Metal
Alloy Designation: 7039 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-TIG welded, no filler
Thickness, cm (in.): 0.635 to 1.269 (0.250 to 0.499)
Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
Testing Temperature, K (F}) 297 (75) 77 {-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 368  (534) 420 (60.9)
Min
Std Deviation
TYS, MN/m? (ksi) Avg | 224 (326) 268 (38.9)
Min
Std. Deviation
Elong, percent Avg 9.5 75
Min
RA, percent Avg
Min
No. of Spec (No. of Heats) 4 (1 4 m
E, GN/m2 (106 psi) AvY
Min
1 No. of Spec. (No. of Heats)
E Poisson’s Ratio
! Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 355  (515) 384 (51.4)
Kt = 6.3 Min
No. of Spec. (No. of Heats) 4 (1) 4 (1)
] NTS, MN/m2 (ksi) Avg
] K¢ = Min

No. of Spec. (No. of Heats}

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min

| Std. Deviation
TYS, MN/m2 (ksi) Avg
] Min

E Std Deviation
Elong, percent Avg
1 [ Min
k E RA, percent Avg
L 3 Min

No. of Spec. (No. of Heats)
I

f ¢ E, GN/m2 {108 psi) Avg
1 Min

No of Spec. (No. of Heats)

Poisson’s Ratio

Work Hardening Coef

NTS, MN/m?2 (ksi) Avg
K¢ = Min
No of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Kg = Min

No of Spec. (No. of Heats)
t

References: 90082
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7039-764
TABLE 4.5.1-ME5.4 Plate-Weld Metal
Alloy Designation: 7039 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welded, 5039 Alloy filler
o Thickness, cm {in.): 0.635 to 1.269 (0.250 to J.499)
Condition: 7039-T64 Plate, welded and tested
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 359  (52) 448  (65)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 224 (32.5) 279 (405)
Min
Std Deviation
Elong, percent Av 8.0 6.8
Min
RA, percent Avg
Min
No. of Spec (Mo, of Heats) 1 1
€, GN/m2 (106 psi) Avg
Min
No of Spec (No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Kt - Min
No. of Spec. (No of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min
No. ot Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg
Min [
Std Deviation
TYS, MN/m2 (ksi) Avg | j
Min | |
Std. Dewiation |
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
E, GN/m2 (106 psi) Avg
Min "
No of Spec. (No. of Heats)
1
Poisson’s Ratio i
Work Hardening Coef k|
A
NTS, MN/m2 (ksi) Avg ‘4
K¢ = Min
No of Spec. {No. of Heats)
. NTS, MN/m2 (ksi) Avg
K¢ = Min
P No of Spec. {No. of Heats)
. L
vbo<

References: 67769
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TABLE 4.5.1-ME6

Alloy Designation:

7039-T6, T61 Aluminum Alloy

Specitication: AMS-4024A, MIL-A-8877
Form: Plate
Thickness, cm (in.):  1.270 to 2.540 (0.500 to 1.000)
Condition: 76, T61
Testing Temperature, K (F) 297 (75) | 195 (-108) | 144  {-200) | 77 (-320) | 20 (-423)
Tension, Longitudinal
TUS, MN/m2 {ksi) Avg | 437 (63.4)]486 (705) | 507 (735) | 589 (854)] 675 (97.9)
Min | 407 (59.1)1445 (646} | 467 (67.7) | 525 (76.2)| 623 (90.4)
Std Deviation 29.3  (4.29) 186 (2.70)| 347 (5.04)
TYS, MN/m2 (ksi) Avg | 396 (57.4)[429 (62.2) | 446 (64.7) | 477 (69.2)| 516 (74.9)
Min | 352 (510)1381 (653) {399 (679) | 432 (62.7)| 466 (67.6)
Std Dewviation 31.7 (4.60) 338 (491)
Elony, percent Avg 13.5 14.0 145 16.6 14.0
Min 11.8 13.3 14.2 16.7 12.0
RA, percent Avg
Min
No. of Spec. {No. of Heats) 15 (5) 3 (1) 3 m 15 (5) 9 {3)
E, GN/m2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 634 (91.9) 645  (93.5)
K¢ = 6.3 Min
No. of Spec. {(No. of Heats) {2) {2)
NTS, MN/m2 (ksi) Avg | 530 (76.8){553 (80.2) |563 (81.7) | 561 (81.4) | 553 (80.2)
Ky =10 Min | 486 (705){512 (74.2) |632 (772} | 660 (79.7) | 534 (77.5)
No. of Spec. (No. of Heats) 3 (1) 3 (n 3 (1) 3 (1 3 (1)
4 Tension, Transverse
TUS, MN/m2 (ksi) Avg | 445 (64.6)|484 (70.2) | 510 (73.9) | 578 (83.9) | 658 (95.5)
Min 405 (58.7)|442 (64.1) | 467 (67.7) | 528 (76.6) | 611 (88.6)
' Std. Deviation 28.7 (47 21,1 (3.06) | 19.7 (2.86)
3§ | TYS, MN/m2 (ksi) Avg | 384 (55.7)|416 (60.3) | 432 (62.6) | 464 (67.3) | 491 (71.2)
Min | 346 (50.2) 1377 (54.7) | 394 (67.1) | 423 (61.4) | 441 (63.9)
3 Std. Deviation 31.4 (455} 37.4 (543) | 427 {6.20)
Elong, percent Avg 131 12.6 12.8 13.6 11.8
Min i1.8 12.0 10.7 10.0 8.0
1 RA, percent Avg
E Min
3 No. of Spec. (No. of Heats) 15 (5} 3 (1 & (1) 15 (5} 9 (3)
: i E, GN/m2 (108 psi) Avg
Min
| No. of Spec. {No. of Heats}
4
Poisson’s Ratio
Work Hardening Coef
3
NTS, MN/m2 (ksi} Avg | 621  (90.0) 607 (88.0)
Ky - 6.3 Min 787  (85.2) 594  (86.1)
| No of Spec. (No. of Heats) 6 () 6 2)
{ NTS, MN/m2 (ksi) Avg 510 (74.0){525 (76.2) |534 (77.4) | 520 (754) | 498 (72.3)
| K¢ = 10 Min 468  (67.9)|491 (71.2) |512 (742) | 516 (74.8) | 488 (708)
4 No. of Spec. (No. of Heats) 3 (R} 3 n 3 (n 3 (1 3 (1)
P References: 90082, 90084, 90107
€ e 45.1-6 (11/74)
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Alloy Designation:

7039 Aluminum Alloy (Weld Metal)
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LTBRARY

ABBOTTAEROSPACE.COM

7039-T6
Plate-Weld Metal

Specification:

Form: Plate-MIG welded, 5C19 Alloy filler
1.270 to 2.540 (0.500 to 1.000)

Thickness, cm (in.):

Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
Testing Temperature, K {F) 297 {75) 77 (-320)
Tension, Longi: udinal
TUS, MN/m?2 («si) Avg | 356 (51.7) 446  (64.7)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 223 (32.3) 279 {40.4)
Min
Std Devtation
Elong, percent Avg 8.2 6.7
Min
RA, percent Avg
Min
No. ot Spec. {No. of Heats) 4 (1) 4 (1
E. GN/m2 (106 psi) Avg
Min
No. of Spec. {No. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 413 (59.9) 439 (63.6)
K¢ = 63 Min
No. of Spec. {No. of Heats) 4 (1 4 (1)
NTS, MN/m?2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std Dewiation
TYS, MN/m2 (ksi) Avg
Min

Std Dewiation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/mZ (108 psi) Avg
Min

No of Spec. {(No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt = Min
No of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

References: 90082

45.1-6.1 (11/76)

k.
(a9

%}

A

I—————



http://www.abbottaerospace.com/technical-library

M E N NIC AL LIEBRARY  TEm——

ABBEOTTAERDSFACE.COM

7039-T6 |
M&_g Plate-Weld Metal
Alloy Designation: 7039 Aluminum Alloy (Weld Metal)
Specification:
Form: Plate-MIG welZed, 5183 Alloy filler B
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000) <
Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
_ ]
Testing Temperature, K (F) 297 (75; 77 {-320)
Tension, Longitudinal j
TUS, MN/m?2 (ksi) Avg | 208 (426) 419 (60.8)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 169 {2455) 205 (29.7)
Min
Std. Deviation
Elong, percent Avg 9.8 10.2 |
Min |
RA, percent Avg
Min
No ot Spec. (No. of Heats) 4 (1) 4 (1)
E, GN/m2 (106 psi) Avg
! Min
i No. of Spec. {No. of Heats)
% Poisson’s Ratin
[ Work Hardening Coef
1 NTS, MN/m2 (ksi) Avg | 355  (51.5) 406 158.9)
f K¢ = 6.3 Min
k No. of Spec. (No. of Heats) 4 (N 4 (1
. NTS, MN/m2 {ksi) Avg
F K¢ = Min {
'- No of Spac. (No. of Heats) 3
Tension, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg
Min
Std. Dewiation
Elong, percent Avg
Min
| RA, percent Avg
Min L
No. of Spe.. (No. of Heats)
i £, GN/m2 (108 psi) Avg
Min
No of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 {ksi) Avg
K¢ = Min
No of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K' £ Min
No of Spec. (No. of Heats)

References: 90632 f
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Alloy Designation:

7039 Aluminum Alloy

ABBOTTAERDSPACE/COM

TABLE 45.1-ME6.3

st T BTN, Wb .

7039-T6
Plate-Weld Metal

Specification:

Form: Plate-TIG welded, 5039 Alloy filler
1.270 to 2.540 (0.500 to 1.000)

Thickness, cm {in.):

Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
Testing Temperature, K (F) 297 (75) 77 {-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 347 (503 441 (64.0)
Min | 343 (49.8) 432  (62.6)
Std Dewiation
TYS, MN/m2 (ksi) Avg {217 (315) 266  (38.6)
Min | 216 (31.2) 2A?  (38.2)
St Deviation
Elong, percent Avg 111 6.7
Min 10.1 4.0
RA, percent Avg
Min
No ot Spec. {No. of Heats) 8 (2) 8 (2)
E. GN/m2 {106 psi) Avg
Min
No of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 336  (48.7) 328 (47.6)
Ky= 63 Min | 334 (48.5) 321 (46.6)
No. of Spec. {No. of Heats) 8 (2) 8 (2)
NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats}

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min
Std Dewiation
TYS, MN/m2 (ksi) Avg
Min
Std Dewation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. {No. of Heats)
E, GN/m2 (108 psi) Avg
Min

No of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Ke = Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
K¢ = Min

No of Spec. (No, of Heats)

References: 90082
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7039-T6
TABLE 4.5.1-ME6.4 Plate-Weld Metai

Alloy Designation: 7039 Aluminum Alloy (Weld Metal)

Specification:

Form: Plate-TIG welded, 5183 Alloy filler

Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)

Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested

Testing Temperature, K {F) 297 (75) 77 (-320)

Tension, Longitudinal
TUS, MN/m?2 {ksi) Avg | 342 (49.6) 441 (64.0)
Min

Std Deviation

TYS, MN/m2 (ksi) Avg | 200 (29.0) 250 (36.2)
Min
Std Deviation

Elong, percent Avg 120 12.0
Min
RA, percent Avg
Min

No. of Spec. {N~. of Heats) 4 (1 4 (1)
E, GN/m2 (106 psi; Avg
Min

No. of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 319 (46.2) 328 (47.6)
Ky= 63 Min
No. of Spec. (No. of Hears) 4 (1} 4 (1
NTS, MN/m2 (ksi) Avg
Ke = Min

No. of Spec. {(No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg
Min

Std Deviation
TYS, MN/m2 (ksi) Avg
Min

Std. Deviation

Elong, percent Avg
Min
RA, percent Avg
Min

No. of Spec. (No. of Heats)
E, GN/mZ (106 psi) Avg
Min

No of Spec. {No. of Heats)

b e L e

"

Poisson’s Ratio

F Work Hardening Coef
NTS, MN/m2 (ksi) Avg
K = Min

No of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
K¢ = Min
No of Spec. {No. of Heats)

References: 90082
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TABLE 4.5.1-ME6.5

7039 Aluminum Alloy (Weld Metal)

7039-T6
Plate-Weld Metal

Specification:

Form: Plate-T1G welded, no filter
1.270 to 2.540 (0.500 to 1.000)

Thickness, cm (in.):

Condition: 7039-T6 Plate, welded, natural aged 15 days, and tested
Testing Temperature, K (F) 297 (75) 77 {-320)
Tension, Longitudinal
TUS, MN/m?2 (ksi) Avg | 370  (83.7) 443 (64.2)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 237 (34.4) 2900 (42.1)
Min
Std. Deviation
Elong, percent Avg 11.2 9.1
Min
RA, percent Avg
Min
No ot Spec. (No. of Heats) 4 (1) 4 (1
E, GN/m2 (108 psi) Avg
Min
No. of Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 359  (52.0) 365 (52.9)
Ky = 6.3 Min
No. of Spec. (No. of Heats) 4 (1) 4 (1
NTS, MN/m?2 (ksi) Avg
Ky = Min
No. of Sper  (No. of Heats)
Tznsion, Transverse
TUS, MN/m2 (ksi) Avg
Min
Std. Deviation
TYS, MN/mZ (ksi) Avg
Min
Std. Dewviation
Eiong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats)
£, GN/m2 (106 psi) Avg
Min
No. ot Spec. (No of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg
Ky = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Min

K¢ =
No. of Spec. (NN, of Heats)

References: 90082

45.1-6.5 (11/76)
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| 7039-T61
' w Plate-Weld Metal
, Alloy Designation: 7039 Aluminum Alloy (Weld Metal}
! Specification:
.. Form: Plat.  11G welded, 5039 Alloy filler

Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)

Condition: 7039-T61 Plate, welded, natural aged 27 days, and tested

Testing Temperature, K (F) 297 (75) 77 (-320) | 20 (-423)

Tension, Longitudinal

TUS, MN/m2 {ksi) Avg | 357 (518} 402 (58.3) | 376 (54.5)

Ain
Std Dewviation

TYS, MN/m?2 (ksi) Avg | 214 (31.) 249  (36.1)
; Min
& Std. Deviation
i Eiong, percent Avg 9.3 9.3 @2
;| Min
[ RA, percent Avg 227 123 35
1 Min

No. ¢ $pec. {No. of Heats) 3 (1) 3 n 3 1
E, CN/m2 (106 psi) Avg
Min

‘ No. of Spec. {No. of Heats)
i Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 359 {62.1) 374 (54.2) 327 {47.9)
Ke=15 Min
No. of Spec. (No. of Heats) 3 (1) 3 (1) 3 (N
£ NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. {No. of Heats)

Tension, Transverse

TUS, MN/m2 (ksi) Avg

i Min
E Std Dewviation

TYS, MN/m?2 (ksi) Avg

Min

Std. Dewviation

Elong, percent Avg

Min

RA, percent Avg

i‘l Min
I No. of Spec. (No. of Heats)

E, GN/m2 {106 psi) Avg

Min

No. of Spec. {No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
K¢ = Min
No. of Spec. {No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

! Nn of Spec. (No. of Heats)

References: 90082
PR A 45.1-6.6 (11/76)
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7039-T6151
TABLE 4.5.1-ME6.7 Piate
Alloy Designation: 7039-T6151 Aluminum Alloy
Specification:
{ % Form: Plate
N’ Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: T6151
Testing Temperature, K (F) 297 (75) 144  (-200) 116 (-250) |77 {-320) 4 (-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 405 (588} |471 (68.3) | 498 (722) 1550 (79.8) 649  (94.2)
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg | 334 (485} 364 (52.8) 380 (55.1) (401 (58.2) 476  (69.0)
Min
td Deviatiun
Elong, percent Avg 149 15.1 15.7 16.3 155
Min l
RA, percent Avg 38.1 33.0 31.4 28.1 22
Min |
No of Spec \No. of Heats) 7 2) 6 () | 6 (1 7 (2 | 1
£, GN/m2 (108 psi} Avg |
Min 1
No ot Spec. INo. ot Heats) |
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi} Avg | 525 (76.1} |562 (81.5) 576 (83.5) | 587 (85.2) 614 (89.1)
K¢ = 1516 Min
No. ot Spec. (No. of Heats 7 (2) 6 (1) 6 (1) 7 {2) 1
NTS, MN/m2 (ksi) Avg
Ke = Min
N t Spec. (No of Heats)
Tensior, Transverse !
TUS, MN/m2 (ksi) Avg | 399 (57.8) [463 (67.1) | 490 (71.1) {632 (77.2) 626  (90.8)
M
S, Dey
TYS, MN/m2 (ksi) Avg | 3256 (47.2) |360 (52.2) | 371 (53.8) (396 (57.5) 455  (66.0)
Min
Std. Deviation
Elong, percent Avg 141 143 148 15.7 | 125
Min I
RA, percent Avg 346 299 28.3 26.5 15
Min
No of Spec (No. of Heats) 7@ (s 6 (M |7 @ (1
{
E, GN/mZ {105 psi) Avg
Min !
No ot Spec. {No of Heat
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 518 (75.1) |554 (804) | 562 (815) |564 (81.8) 586  (85.0)
Ky = 15-16 Min
No_ of Spec. (No of Heat 7 (2 6 (R} 6 {n 7 (2) 1
NTS, MN/m2 (ksi) Avg
K™ Min
No of N f Heyt | |
Refe 5. 90070, 90187 0 "
eferences (S 7. y =
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Alloy Designation:

ABBEOTTAEROSPACE.COM

TABLE 4.5.1-ME6.8

7039 Aluminum Alloy (Weld Metal)

7039-T6151
Plate-Weld Metal

Rl 2

Specification:
Form:

Thickness, cm (in.):
Condition:

Plate-MIG welded, 5039 Alloy filler
1.270 to 2.540 {0.500 to 1.000)
7039-T6151 Plate, welded and tested

Testing Temperature, K (F}

297 (75) 144 (200} | 114 (250} (77 (-320}

Tension, Longitudinal
TUS, MN/m? (ksi)

Std Deviation
TYS, MN/m?2 (ksi}
Std Dewviation

Elong, percent

Avg | 357 (91.8) {385 (55.8) 414 (60.1) (422 (61.2)
Min

Avg | 236  (34.3) {259 (37.6) |272 (394) (279 (405)
Min

T TSN TSN T TR romm e eap—
o

RN MDY P I A

%—__

RA, percent

No. of Spec. (No. of Heats)
€, GN/m?2 {106 psi)

No of Spec. {Na. ot Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi)

Ky = 15

No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi)

Kt =

No. of Spec. (No. of Heats)

Tension, Transverse

Avg 100 9.3 119 5.7
Min
Avg 18.8 147 127
Min

6 (1) 6 (1) 6 (1) 6 (1)
Avg
Min

Avg | 406 (58.9) |431 (62.5) 422 (61.2) (412 (59.7)
Min

6 (1 6 (1) 6 m 6 (1)
Avg
Min

TUS, MN/m2 (ksi) Avg
Min
Std Dewiation
TYS, MN/m? (ksi) Avg
Min
Std Dewiation
Elong, percent Avg
Min
RA, percent Avg
Min
No. of Spec. (No. of Heats}
E, GN/m2 (106 psi) Avg
Min

No. of Spec. {(No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/mZ (ksi)

Ke =

No of Spec. {No. of Heats)
NTS, MN/m2 (ksi)

Ky =

No of Spec. (No of Heats)

References: 90187

R S

Avg
Min

Avg
Min
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7039-T6351
TABLE 45,1-ME6.9 Plate
Alloy Designation: 7039-T6151 Aluminum Alloy
Specification:
Form: Plate
Thickness, cm (in.): 1.270 to 2.540 (0.500 to 1.000)
Condition: 16351
Testing Temperature, K (F) 297 (75) 195  (-108) 77 {-320) 4 {(-452)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg (463 (67.2) 1520 (75.4) 610 (88.4) 711 (103.7)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 390 (665) (428 (62.1) 467  (67.8) 527 (76.4)
Min
td Deviation
Elong, percent Avg 145 145 17.0 175
Min
RA, percent Avg 32 23 20 19
Min
No. of Spec. {No. of Heats) 1 1 1 1
£, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 611 (886} (634 (91.9) 589  (85.9) 617  (89.5)
Ke= 16 Min
No. of Spec. {No. of Heats) 1 1 1 1
NTS, MN/m2 {ksi) Avg
K¢ = Min
No of Spec. (No of Heats)
Tension, Transverse
TUS, MN/m2 (ksi} Avg | 459 (665) |502 (72.8) 601  (87.1) 699 (101.4)
Min
Std Dewviation
TYS, MN/m2 (ksi) Avg | 390 (56.6) |423 (61.4) 476  (69.0) 636 (77.7)
Min
Sitd Deviation
Elong, percent Avg 13.0 125 135 13.0
Min
RA, percent Avg 33 23 19 15
Min
No of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 (108 psi) Avg
Min
No ot Spe.. {No. of Heats)
Poisson’s Ratio
Work Ha dening Coef
NTS, *AN/m2 (ksi) Avg | 607 (88.0) |584 (84.7) 518  (75.1) 556  (80.6)
K' = 16 Min
No of Spec (No of Heats} 1 1 1 1
NTS, MN/m?2 (ksi} Avg
Ky = Min
No of Spec (No of Heats)
References: 90070 . —a
Ae ?n » =
4516.9(11/76)
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7039-764
TABLE 4.5.1-ME6.10 Plate-Weid Metal
5
f Alloy Designation: 7039 Aluminum Alloy (Weld Metal)
3
f Specification:
£ Form: Plate-MIG welided, 5039 Alloy filler
£ Thickness, cm {in.): 1.270 to 2.540 (0.500 to 1.000)
‘. Condition: 7039-T64 Plate, welded and tested
S =
1 Testing Temperature, K {F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 359  (52) 448 (65)
Min
Std Deviation
L
TYS, MN/m2 (ksi) Avg | 224 (325) 279  (40.5)
Min
Std Deviation
1 Elong, percent Avg 8.0 6.8
Mhn
] RA, percent Avg
Min
1 No. of Spec. (No. of Heats) 1 1
b
E, GN/m2 {106 psi) Avg
1 Min
No ot Spec. (No. of Heats)
j Poisson’s Ratio
¥
i Work Hardening Coef
i
E | NTS, MN/m2 (ksi) Avg
) Kt = Min
No. of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No. of Heats)

Tension, Transverse

TUS, MN/m?2 (ksi) Avg
Min

Std Dewiation
TYS, MN/m2 (ksi) Avg
Min

Std Dewviation

T

E Elong, percent Avg

1 Min

2 RA, percent Avg

l Iy Min
} 1 No. of Spec (No. of Heats)

€, GN/m2 (106 psi) Avg

1 Min

No of Spec. (No of Heats)

Poisson’s Ratio

o

| Work Hardening Coef
1 NTS, MN/m2 (ksi) Avg
L Ky = Min
| No of Spec. (No. of Heats)
NTS, MN/m2 (ksi) Avg
K¢ = Min

No of Spec (No of Heats)

Referonces: 67769
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No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg | 676  (98) 690  (100)
Ke= 6.3 Min
No. of Spec. (No. of Heats) 1 1

NTS, MN/m2 (ksi) Avg
Ky = Min

No. of Spec. (No of Heats)

Tension, Transverse

TUS, MN/m2 {ksi) Avg
Min

Std. Dewviation
TYS, MN/m?2 (ksi) Avg
Min

Std Deviation

Elong, percent Avg
| Min
RA, percent Avg
Min
No of Spec. {No. of Heats)
E, GN/m2 (108 psi) Avg
Min

No of Spec. (No. of Heats)
Poisson’s Ratio

Work Hardening Coef

NTS, MN/m2 (ksi) Avg
Kt == Min
No. of Spec. (No. of Heats)

NTS, MN/m2 (ksi) Avg
Ky = Min

No of Spec. (No. ot Heats)

References: 67769

45.1.8.1 (11/76)

7039-T64
TABLE 4.5.1-ME8.1 Plate
Alloy Designation: 7039-T64 Aluminum Alloy
Specification:
Form: Plate
s Thickness, cm (in.): 2.541 t0 5.080 (1.001 to 2.000)
Condition: T64
Testing Temperature, K (F) 297 (75) 77 (-320)
Tension, Longitudinal
TUS, MN/m2 (ksi) Avg | 48 (65.0) 586  (85.0)
Min
Std Deviation
TYS, MN/m2 (ksi) Avg | 400  (58.0) 490 (71.0)
Min
Std Deviation
Elong, percent Avg 14 17
Min
RA, percent Avg
Min
No of Spec. {No. of Heats) 1 1
E, GN/m2 (106 psi) Avg
Min

sk 2iai
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7005-T6351
TABLE 4.5.2-ME2.1 Plate 3
i
Alloy Designation: 7005-T6351 Aluminum Alloy i
= Specification: J
i Form: Plate !
LW 4 Thickness, cm (in.}: 1.270 to 2.540 (0.500 to 1.000} ]
Condition: T6351 'I
|
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) 4 (-452) !
Tension, Longitudinal 1
TUS, MN/m2 (ksi) Avg | 392 (56.8) | 451 (65.4) 538 (78.0) 606 (87.9) ;
Min !
ot Dewsation i
TYS, MN/m2 (ksi) Avg [ 341 (494) | 363 (52.7) 409 (59.3) 441 (63.9) 1
Min 3
L VIALION
Elong, percent Avg 18.0 16.5 18.0 16.5
Min
RA, percent Avg 50 41 34 29
Min
No of Spec (No ot Heats) 1 1 1 1 3
E, GN/m2 (106 psi) Avg
Min
No of Spec {No of Heats)
Poisson’s Ratio 3
Work Hardening Coef i
NTS, MN/m2 {ksi) Avg | 561 (813} | 610 (88.4) 678 (98.3) 689  (39.9) :
K¢= 16 Min
No._ ot Spec. (No. of Heats) 1 1 t ! ]
|
NTS, MN/m2 (ksi} Avg
Ky = Min
No of Spec. (No. of Heats)
Tension, Transverse
TUS, MN/m2 {ksi) Avg | 378 (54.8) | 442 (64.1) 517  (75.0) 583  (84.6) ||
Min i
Std. Deviation -
TYS, MN/m2 (ksi) Avg | 329 (47.7) | 368 (53.4) 402  (58.3) 421 (61.1) 4
Min E
Std Dewviation k
Elong, percent Avg 175 16.2 17.8 18.0
Min 4
RA, percent Avg 48 42 32 K1
Min
No of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 {106 psi} Avg
N Min
e g No ot Spec (No of Heats)
£ 1
’ Poisson’s Ratio j
Work Hardening Coef 1
NTS, MN/m2 (ksi) Avg | 561 (81.4) | 610 (88.4) 663  (96.2) 685  (99.4) Q
Ky = 16 Min 1
No of Spec. (No. of Heats) 1 1 L ' [
)
NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec IN f Heats
3 L )
References: 90070 = 75 =
45221(11/76)
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7005-T6351
TABLE 45.2-ME2.2 Plate
Alloy Designation: 7005-T6351 Aluminum Alioy
Specification:
Form: Plate
Thickness, cm (in.): Over 5.080 (2.000)
Condition: T6351
Testing Temperature, K (F) 297 (75) 195  (-108) 77 (-320) 4 (-452)
Tension, Longi’ + 'inal
TUS, MN/m2 (ksi) Avg | 363 (526) | 423 (61.4) 486  (70.5) 590  (85.6)
Min
Std Devwton
TYS, MN/m?2 (ksi) Avg | 317 (46.0) 351  (50.9) 370 (53.7) 420 (60.9)
Min
Std Deviation
Elong, percent Avg 19.8 18.0 19.0 195
Min
RA, percent Avg 52 a4 34 25
Min
Mo of Spec [No. of Heats) 1 1 1 1
E, GN/m?2 (106 psi) Avg
Min
No. of Spec. (No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 546 (79.2) | 596 (86.4) 643 (93.2) 652 (94.6)
K¢ = 16 Min
No. of Spec. (No of Heats) 1 1 1 1
NTS, MN/m2 (ksi) Avg
K¢ = Min
No. ot Spec. {(No of Heats)
Tension, Transverse
TUS, MN/m?2 (ksi) Avg | 367 (633} | 427 (61.9) 502 (72.8) 595  (86.3)
Min
Std Dewviation
TYS, MN/mZ (ksi) Avg | 320 (46.4) | 353 (51.2) 394 (57.1) 432 (62.7)
Min
Std. Dewviation
Elong, percent Avg 18.0 148 16.5 165
Min
RA, percent Avg 44 33 25 20
Min
No. of Spec. (No. of Heats) 1 1 1 1
E, GN/m2 (106 psi) Avg
Min
No. of Spec. {No. of Heats)
Poisson’s Ratio
Work Hardening Coef
NTS, MN/m2 (ksi) Avg | 547 (79.4) | 596 (86.4) 620 (89.9) 632 (91.6)
Ke= 16 Min
No of Spec. INo. of Heats) 1 1 1 1
NTS, MN/m2 (ksi) Avg
Ky = Min
No of Spec (No of Heats)

References: 90070
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INDEX TO MATERIAL CODES FOR
SECTION 5.0

COPPER AND COPPER ALLOYS

MATERIALS MATERIAL CODE

COPPER, 99.96+ 5.1.1

ELECTROLYTIC TOUGH PITCH Cu 5.1.2

OFHC COPPER 5.1.3

COPPER, PHOSPHORIZED 5.1.4

80Cu-20Zn 5.2.1

70Cu-302Zn 522

65Cu-35Zn 5.2.3

90Cu-10Zn 5.2.4 ;

COPPER-NICKEL ALLOYS 5.3.0 |

90Cu-10N; 5.3.1

8CCu-20Ni 5.3.2

70Cu-30Ni 5.3.3

Cu-Be 5.4.2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>