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FOREWCRD

This report was prepared by the Metals Branch and was initiated
under Project No, 7360, "Materials Analysis and Evaluation Techniques®,
Task No. 73605, *Design Data for Metals", formerly RDO No, 614-13,
"Design and Evaluation Dete for Structural Metals® and was administered
under the direction of the Materials lLaboratory, Directorate of Research,
Wright Air Development (nter, with H, W. Zoeller and R. E. Wittmen
acting as project egineers,

This report covers period of work from September 1951 to April 1953.
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The mechanical and metallurgical properties of XA78S aluminum alloy
¢lad sheet, plate apd extrusions have been evaluated in this work. Long
time tests will be reported in a supplement to this work. The results when
compared with the evaluation by other investigators, may lead to the accept-
ance of this alloy as an aircraft material, The XA78S aluminum alloy has
approximately 10 percent greater strength than other high strength aluminum
allcys. I4 has corrosion resistance, fatigue strength, microstructural
characteristics, response to heat treatment end spot welding properties
comparable to other commereial aluminum base alloys containing zine,
magnesium, and copper, This alloy offers greater resistance to bending
therefore, the forming will be more difficult. As a result of this
evaluation three specifications have been issued, The deaignations for
XAT8S, 753 and 245 aluminum alloys have been recently changed to X7178,
7075 and 2024, respectively.

PUBLICATION REVIEW

Thias report has been reviewed and is approved.

FOR THE COMMANDER:

M. R. WHITMCRE
Technical Director
Materials leboratory
Directorate of Research

WADC TR 54-119 iis



TABLE OF CONTENTS

INTRODUCTION o « o » o ¢ o s o o o ¢ ¢ o o 0 0 ¢ o
MATERIALS o o o o ¢ ¢ o o s ¢ o s s v 0 06 006 s
PROCEDURES AND RESULTS
Chemical AnalySisS. o« ¢« ¢ o ¢ ¢« ¢ o ¢ s o s o o
Tensile Properties of Clad Sheet o « ¢ o o o o

Tensile Properties of 0,250 and 0,500
Inch Bare Plate P R I N T R

Tensile Properties of Extrusions + « « « o »

Compressive Properties of Clad Sheet, Bare
Plate & Extrusions . « ¢« s o o o # 5 & & « ¢ @

IQGCtPrcpﬂrtiés IR DR I B R

Effect of Solution Time on the Mechanical
Properties of KA.'TBS AllOY. RN

Natural AgANg o+ ¢ o ¢ ¢ » ¢ ¢ 0 ¢ 4 ¢ s ¢ # »
Artificial Aging -~ Constant Aging Treatment. .

Artificial Aging - Interrupted Aging
Treatment o« o s o o o 6 ¢ ¢ ¢ ¢ & ¢ 0 2 0 0 »

Effect of Delay Between Quench and Artificial
Aging on Mechanical Froperties . o« ¢ o ¢« + »

Effect of Slow Quench on the Mechanical
PrODGrtie.OfoTBS e ¢ % o 8 8 2 s e s 0 0

Dilatometer Measuremsnts . + o s ¢« ¢ o o & o ¢
Potential Measurements .'. ¢ s s a a0 0 s e
Intergranular COrrosion ¢ « o« + « ¢ ¢ o o s o
Metal to Matal Adhesions « o ¢ ¢ ¢ ¢ 6 o ¢ o »
XA78S-T6 Patigue Properties . . o o o o o o »

VADC TR 54-119 iv

. 26

« 51
o 54




TABLE OF CONTENTS (CONT'D)

Discusaion of Results , , . o ¢ ¢ o o » ¢ & » o ¢

Spot Welding Properties 785-T6 ., v o o ¢ = & o o o

Bend Properties

& & & » # & & & & & 8 & 2 & s B

Claddingm:lination....'..-....-...

Microscoplc Characteristica, . o o ¢ ¢ ¢ ¢ o o o o

CONCLUSIONS ', .
REFERENCES . s s

ACTION TAKEN , . .

[ R N R N I T T T N T S S Y R
® * @ @& & & & & ¥ 2 2 " & B " &

[ ] * » L] [ ] *» @ L - - L ] [ ] . & = @ L] L ]

CONTENT OF PART II OF TECHNICAL REPORT , . ¢ o« o o & »

TABLE I. IDENTIFI

LIST OF TABLES

CATION OF XA78S8 AIDUMINUM SPECIMENS

SHOWN IN FIGURES 1 THROUGH § . o o o v o «

TABLE II. CHEMICAL COMPOSITION OF XA78S ALUMINUM

ALIOY SH

TABLE IIX. STRENGTH

EET, PLATE AND EXTRUSIONS , . ., .

OF XA783 ALUMINUM ALIOY . o . o »

TABLE IV. SUMMARY OF TENSILE PROPERTIES OF CLAD

XA78s

« & & ¢ 5 % 5 8 8 & 5 & w5 & 2 = 2 @

TABLE V. TENTATIVE MINIMUM TENSILE PROPERTIES OF
XA?&-SEIMANDMTE & ® & & & @ * & @

TABIE VI. RELATIONSHIP BETWEEN MECHANICAL PRCPERTIES

OF XA78S

& & & ® & & + = B B 2 2 s 0 ¢ & @

TABLE VII. TENSILE PROPERTIES OF BARE XA78S-T6

PLATES

WADC TR 54119

® B & & & & % & & 5 & 2 * s 8 8

L

65

86
88
90
%
%

97
98

10

13
14
15
16

21



1IST OF TABRLES (CONT'D)

TABLE VIII. XA78S-T6 HAT & BAR BXTRUSIONS TENSILE
PROPERTIES LONGITUDINAL DIRECTION « o o o o « o o o2}

TABLE IX, COMPRESSIVE PROPERTIES OF XA78S-T6 MILL
HEAT TREATED SHEET AND PLATE ¢ « o o o o 2 o o o o 28

TABLE X,  COMPRESSIVE PROPERTIES OF XA78S-T6 HAT & ROUND
CORNER BAR EXTRUSIONS - HAT EXTRUSION
(3.5 * WIDE X 1,5* HIGH X ,125" THICK)
LONGITUDINAL DIRECTION (FLAT SPECIMENS) . o o o o +29

TABLE XI. IMPACT PROPERTIES OF XA78S-T6 ALUMINIM
AILOY ...............0-.....35

TABLE XII. EFFECT (F SOLUTION TIME ON THE
MBECHANICAL PROPERTIES OF XA78S ALIOY , , o o o o o 37

TABLE XIJI., EFFECT (F NATURAL AGING ON THE TENSILE
PROPERTIES OF CLAD XA78S ALLOY . o o o « o » ¢ ¢ 39

TABLE XIV. EFFECT OF CONSTANT ARTIFICIAL AGING ON
Tmmw mpmlm & & & & & 9 B & ° 2 &+ B2 s Chz

TABLE XV, EFFECT OF VARIOUS INTERRUFTED AGING '
TREATMENTS ON CLAD XA78S SHEET o o o o o o « o o o olib

TABLE XVI., EFFECT OF DELAY BEIWEEN QUENCH AND
ARTIFICIAL AGING ON TENSILE PROPERTIES
OF ALCIAD XA78S ALLOY ¢ ¢ s e s e s 000 s e ohY

TABLE XVII, EFFECT OF DELAY QUENCH ON MECHANICAL
PROPERTIES o.ooocoo-ooo-ooaoooosz

TABLE XVIII,CORROSION POTENTIALS OF CLAD XA78S
mmm ............'.....59

TABLE XIX. FROPERTIES OF MILL HEAT TREATED CLAD
XA785-T6, .06l In, THICK SHEET WHEN
SUBJFECTED TO HEAT TREATING AND A THIRTY
DAY SAIT SPRAY TRANSVERSE DIRECTION c o e e 63

Twmn. FATIMMRMO’“?&“ ...........66

WADC TR 54-19 vi




TABLE XXI.

TABLE XXII.

TABLE XXIII.

TABLE XXIV.

TABLE XXV,

FIGURE 1-A.
FIGURE 1-B,
FIGURE 2-4,
FIGURE 2-B,
FIGURE 3-A.
FIGURE 3-B.
FIGURE 4~A.
FIGURE }4«B.

FIGURE 5-A

FIGURE 5-B.

FIGURE 6.

FIGURE 7.

WADC TR 54=119

1IST OF TABLES (CONT'D)
Page

TENSILE STRENGTHS OF SINGLE SPOT-WELDED
mm ALmYS « 8 & 5 & 5 ® & 8 S S+ 5 > 5 & B .79

TENSILE STRENGTHS OF SPCT-WELDED
ALUMIMIMmS o® ¢ & & & » & & ..........80

FATIGUE TEST OF SPOT WEID JOINTS 4+ 4 o o o o o » & 81

BEND PROPERTIES OF CLAD XA78S ALLOY IN
ANNEALED AND T6 TEFPER ., ¢ o o o o o o « o o o o« » 87

THICKNESS OF CLADDING ON CLAD XA78S-Té
mmll!l‘llt.l!...‘.‘..‘...sg

LIST OF ILLUSTRATIONS

Clad XA78S-0, 0,032 Inch Thick o ¢ ¢ ¢ ¢ & ¢ o & »
Clad XA78S-T6, 0,032 Inch ThiCK o+ o o« o o o o o o o
Clad XAT8S=0, 0.064 Ineh Thick o o o o o o » o ¢ &
Ciad XA788-T6, 0,064 Inch 'I‘h;tekr. c o e e s s v e
Clad XA78S-0, 0,125 Ynch Thick o o o ¢ ¢ o ¢ o o »
Clad XA7B3-T6, 0.125 Inch Thick o o o ¢ o ¢ o o o o

Bare XA783-T6. 0.250 Inch Thick + + » o o ¢ ¢ ¢ o

- =~ e o nn

Bare JLA?BS-T6. 0.500 Inch Thick ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ & o

XA783-T6 Round Corner Bar Extrusion, Design
ND-6178m .....o.............-a

XA785-T6 Hat Shaped Extrusion, Design No,
119760..‘..0‘0...'...00'!0'.8

Frequency €urve Clad XA783-T6 AL1OY o o o o« o « « o 18
Tensile Stress-Strain Curves Al Clad

XA78S.T6, Nominal Thickness .06} Inch
Gage Length 2 IncheSe o« ¢ o ¢ ¢ ¢ ¢ ¢ ¢ s ¢ 2 s » & 19

vii



FIGURE 8,

FIGURE 9.

FIGURE 10.
FIGURE 11,

FIGURE 12,

FIGURE 13.

FIGURE 14
FIGURE 15,
FIGURE 16.
PIGURE 17.
FIGURE 18.
FIGURE 19.
FIGUFE 20,

FIGURE 21.

FIGURE 22,

WADC TR 54=119

LIST OF ILIUSTRATIONS (CONT'D)

Tensile Stress-Strain Curves XA783-T6 Bare
Plate, Nominel Thickness .50C Inch, Gage
Length 2 Inches . o« 4 o« ¢ ¢ v o 0 0 ¢ ¢ ¢ 0 0 o o

Tensile Stress-Strain Curves Xi-783-T6
htruﬂionﬁ. &ge Lﬂngth 2 Inches " 2 0 s & 0 & »

Compressive Streas-Strain Curves Al Clad
XA 788-T6, Nominel Thickness ,06l4 Ineh,
GagelongchInches 4 o 8 o B B s+ e s 8 s @

c::mpressive Streas-Strain Curves Bare
XA78-Té, Nominsl Thickness .500 Iach _ _
GQgBLeDatb].InGho * & * 8 & & + ¥ & B B B ® 8 @

Compressive Stress-Strain Curves XA78S-Té
Extrusions, Gage Length 1 Inch. * 2 s e 0 8 s »

Comparison of 753-'1'6 and XATES-TH o v o v o « « o

Effect of Natural Aging on Clad XA78S &
753 n Alloy L L - L] [ I [ ] . & * [ ) L [ ] L] L] [ ] L ] L]

'Effect of Artificial Aging on Properties of

Clad xmes-'rs Aluminum A110F o 4 4 o s 0 o o 0 o

Effect of Various Interrupted Aging Treatments

-on Clad KA?BS-TS Aluwni num Alloy L N B R R A

Effect of Delay Bstween Quench and Artificial
Aging on Mechenical Propertiea of XaA78S _
AluminumAllcy ® 5 8 5 & s & B & ¢ % B e+ e b s @

Effect of Delay Quench on Mechanical Properties
of Clad X.A.TBS Alwni num Alloy 2+ 4 & @ s a2 » + a

Dilatometer Measurements - Solution Treated
Condition- XA'?SS Al\mim.lm & 28 8 B & & & & .o

Dilaetometer Measurements - Fully Annealed
Condition = XATSS Aluminum ® 2 4 ¢ & 0 8 2w o a s

Dilatometer Measurements - Solution Treated &
Aged Condition = XA783 Aluminum + o o o ¢ o & + @

Cantilever Reversed Bending Paiigue XA785-T6 Bare
Aluminum Alloy Plate .250 Ineh Nominal Thickness
Krol._lae'l‘ypeSpecimens I I O O I T T T T S

viii

Page

. 22

.25

. 30

31

« 32
- 33

. 40

. 4

o 47

. 50

« 53

« 55

. 56

» 57

. 67




FIGURE 23.

PIGURE 24.

FIGURE 25.

FIGURE 26,

FIGURE 27.

FIGURE 28,

FIGURE 29,

FIGURE 30.

FIGURE 31.

FIGURE 32,
FIGURE 33.
FIGURE 3.

FIGURE 35.

FIGURE 36,

WADC TR 54-119

LIST OF ILIUSTRATIONS (CONT'D)

Botating Beam FPetigue XA78S-T Aluminum Alloy

Plate N E R EEEEEEE N

Cantilever Reversed Bending Fatigue XA78S-T6
Alclad Aluminum Alloy Sheet = .032 Inch
Nominal Thickness - Krouse Type Specimens .« « + o

Cantilever Reversed Bending Fatigue XA783-T6
Alclad Aluminum Alloy Sheet -~ ,064 Inch
Nominal Thickness - Frouse Type Specimens . . , .

Cantilever Reversed Bending Patigue XA78S-TH
Alclad Aluminum Alloy Sheet - .125 Inch
Nominal Thickness - Krouse Type Specimens . « . »

Cantilever Reversed Bending Fatigue XA783-T6
Aluminum Alloy Extrusion - Krouse Type Specimen
from Hat-Shaped Extrusion of ,125 Inch

Nominal Thicknesas ., ., o o o o o ¢ s & 2 ¢ 2 s s

Rotating Beam Fatigue XA78S-T Aluminum Alloy
BXtrusion o« s o ¢« ¢ o ¢ + & o ¢ s & 2 0 s 8 8 s @

Axial Fetigue O to Maximum in Tension XA78S-T
Alclad Aluminum Alloy Sheet 0.032 Inmek Thick . .,

Axial Patigue O to Maximum in Tension XA785-T
Alclad Aluminum Alloy Sheet 0.125 Inech Thiek , .,

Axial Fatigue of XA783-T Aluminum Alloy Extrusion
1.375 x 2,500 Cross-Section - Round Unnotched

Specimens and Round Notched Specimens ¢« v 0 oe s
XA-?BS-Ts Spot Weld Specims - . & o [ ) L] L * =
XA78S-T6 Ruptured Specimens e o e o s o 0 o s s

S-N Diagrems for Axial ILoading (0 to Maximum
Tension) of ,032 Inch Spot Welded Aluminum

Sheet..........-..-........

Sections Through Spot Welds in High Strength
MMinmAlloyﬂ ® & & & &+ 2 % P e 2 B e e e

XA785-0 Clad 0,032 Inch Thiek Sheet in
Iongitudinal Direction . o ¢ ¢ ¢ o ¢ o ¢ o » « &

ix

Page

« 70

. 4

. 83



FIGURE 37.

FIGURE 38,

FIGURE 39.

FIGURE 40.

FIGURE 41,

WAIC TR 54-119

LIST OF IILUSTRATIONS (CONT'D)

XA783-0 Clad 0,064 Inch Thick Sheet Showing

3ize and Arrangement of Constituents in
the Core of This Material , ., , « « &

XA785-W Bare 0.250 Inch Thick Plate, .

XA78S~T6 Clad 0,125 Inch Thick Sheet

Showing Distribution and Size of Consti-

tuents in the Core Material , , ., o .
XA783-T6 Clad 0,125 Inch Thick Sheet .

XA785-T6 Round Corner Bar Extrusion .

*




INTRODUCTICN

A new high strength wrought aluminum alloy designated as XA785
has been developed by the Aluminum Company of America, The material
investigated contained approximately 6.8 per cent zinc, 2,9 per cent
magnesium, 2 per cent copper, 0,13 per cent chromium, 0,29 per cent
silicon and 0,07 per cent iron, The alloy was reported by the pro-
ducer to have a tensile strength approximately 10 per cent higher
than the best commercial high strength wrought aluminum alloy in use
today. This report presents the results of preliminary investigations
made to determine various mechanical, metallurgical and corrosion re-
sistant properties of XAT8S clad sheets, bare plate and extrusions,
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MATERIALS

A total of six clad sheets, two plates and two extrusions were
obtained for testing. The sheet and plate material measured 48 x 72
inches, The thickness and temper of the sheets and plates were &as
follows: .

0,032 inch thick sheet clad XA785-0 3/
0,032 inch thick sheet clad xwas-%g/
0.064 inch thick sheet clad XA78S-0
0,06} inch thick sheet clad XA785-T6
0,125 inch thick sheet clad XA785-0
0.125 ineh thick sheet clad XA785-T6
0.250 ineh thick bare plate XA785-Té

0.500 inch thick bare plate XA783-T6é

Y -0 Annealed ‘
2/ ~Té Solution heat treated and artificially aged

An extrusion having a hat cross section end an extrusion having
approximately a rectangular cross section were received in four, twelve
fooct lengths. The hat extrusion wes 3.5 inches wide, 1.5 inches high
and had a wall thickness of 0,125 inch. The rectangular extrusion was
245 inches wide and 14375 inches high and had round corners with radii
of 0425 inche. They were in the solution heat treated and artifically
aged temper, .

Strips were cut from the material in the longitudinal and transverse

directions wherever possible. The location and identification of the
teat specimens are given in Teble I and Figuresl through 5.

WADC TR 54=119 | 2




TABILE 1
IDENTIFICATION OF XA78S ALUMINUM SPECDMOENS SHOWN IN FIGURES 1 THROUGE 4

Specimen : Shape and size i Type : Sheets, Plates and
Tested H : ‘ { Extrusions
-l AR e AR e o q o
TENSILE : 77 JF: mat  : 0.032 - 0.50 inch thick
}‘ """" - ___,."""' Sheet & plate
g _ Hat shaped & bar extrusion
FATIGUE ; [U]]TU Il i Flat : Hat shaped extrusion
: :]]]_[[[I]}zf« . Flat : 0,032 inch thick sheet
o' X 0.0Bl inch thick sheet
[“'H_ U_HUE 47+ Fiat i 0.125 inch thick sheet
i 0.250 inch thick sheet
-~
COMPEESSION ﬁﬂé.{zpi : Round : 0,2F0 inch thick plate
§ %" : Round  : 0.500 inch thick plate
Irﬂ-a"z < ”__:F i Bar extrusion
§ SRR 7 : Flat : 0,06l inch thick sheet
¥ 0.125 inch thick sheet
.L Hat shaped extrueion
SFOT WELDING : 1&“\\&\“ % : Shear ¢ 0.032 inch thick sheet
5 ’T‘_L Tensile 0.064 inch thick sheet

Fatigue : 0.032 inch thick sheet
Corrosion : 0.032 inch thick sheet

NN,
SN

l-e-—-/o

POTENTIAL  : re : Bare & Clad 0.032 inch thick sheet
MEASUREMENT i \_\\\X\S\H i 0,0B4 inch thick sheet
paakg 0.125 inch thick sheet

i w
IMPACT ; }w o4 : Charpy V : 0.500 inch thick plate

pe2 > Notched Bar extrusion

As received eheets were 4 feet wide and 6 feet long
As received extrusions were in 12 foot sections

WADC TR 54-119 | 3
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FIGURE 3-A CLAD XA785-0 0.125 INCH THICK

FIGURE 3-B CLAD XA78S-T6 0.125 INCH THICK
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FIGURE 5-A XA78S-T6 ROUND CORNER BAR EXTRUSION DESIGN NO., 6178AM

FIGURE 5-B  XA78S-T6 HAT SHAPED EXTRUCION DESIGN NO. 11976
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PROCEDURES AND RESULTS

Chemical Analysis

A chemical analysis was obtained for each sheet, plate and ex~
truded sample received for this investigation, The results are listed
in Table II,

The main alloying elements found in XA78S were zinc, magnesium,
copper, and chromium with silicon and iron evidently being residusal
elements, Variations in the percentages of alloying elements were not
great, However, in the extrusions the copper and magnesium were higher
than in the other materials, The chromium content appears to be lower
then normel for this type alloy, The amount of silicon present in the
extruded meterials was approximately 0,30 per cent higher than in the
sheet and plate material,

The cladding used on the sheet was 725 which has a nominal com-
position of 99 per cent aluminum and 1 per cent zine,

WADC TR 54-119 : 9



TABLE II

Chemical Composition of XA78S Aluminum
Alloy Sheet, Plate and Extrusions

Elements

Type of Material 7n Mg Cu  Cr PFe Si

0,032 inch = Annealed sheet 7,08 2,88  1.84 0.13 0.08 0,09

0,032 inch - T6 sheet 6,61 2,82 1.96  0.13 0,08 0,08
04064 inch - Annealed sheet 6.72 2.71 2.01 0.13 0.08 0.07
00061], ineh = T6 sheet 6.7? 2.7? 1.81 °l13 0.08 0.07

00125 inch « Annealed sheet 6.78 2.8’{. 1.8& 0.13 0.05 0.09

0.125 ineh - Té sheet 6.94  2.83 1.99 0,13 0,08 0,09
04250 inch - T6 plate 6.62 2,76 1.85 0;13 0.08 0,07
04500 inch - T6 plate 6.68 272 1.82 0.13 0,08 0.07
Hat extrusion 676 2.90. 2,01 Celd 0,03  0.50

Bar extrusim 6490 2.99 2426 0.16  0.03 0«33

WADC TR 5ke119 : 10




Tangile Properties Clad Shee

Panels for tensile specimens were taken statistically from each
clad sheet as shown in Figures 1 to 3. The legend for the type
specimens is given in Table I. BEach panel tested was represented by
at least sixtesn tensile samples, half from the transverse direction,
and the remainder from the longitudinal direction. Standard two inch
gage length specimens conforming to Specification QQ-M-151a, Type 5,
were machined from the panels. A 20,000 pound capacity Tinius Olaen
testing machine was used to determine the tensile properties. The -
deformations were obtalned nsing an Olsen sutographic extensometer and
electronic recorder for the majority of tests. For the determinatioh
of moduli of elasticity, Tuckerman optical strain gages were used.
Half of the specimena selected from each sheat were tested in the as
received condition and the other half were heat treated in the laboratory,
following the method recommended by the producer., The heat treatment
consisted of heating the specimens to 870°F & 10°F for twenty minutes
for 0.032 inch thick sheet, thirty minutes for 0.064 inch thick sheet,
and forty mimutes for 0.125 inch thick shest. After heating, the
samples were immediately quenched in cold water. The specimens were
naturally aged at room temperature for three days before artificlal
aging treatment. The material was artificlally aged at 250°F for
24 hours.

The results of tensile tests on clad material are given in
Table I1I. The averages of tests made on clad sheet, and the tentatively
set minimm properties are shown in Tables IV and V, respectively. All
of the tensile properties exceed the minimum values set by the producer.

The tensile yield strength for the mill heat treated sheet averaged
72,900 psi in the transverse direction and 73,600 in the longitudinal
direction, with an elongation of approximately 10% in both directions.
These results were some 8% over the tentative minimum values. The
ultimate tensile strength of the material was essentially the same in
both directions of rolling averaging 81,300 psi, which is 9% over the
typical tensile strength of clad 758-T6 aluminum alloy sheet. The
modulus of elasticity for clad XA785-T6 aluminum alloy sheet was
essentially the same as the clad 755-T6 aluminum alloy sheet, the
primaryggodulus being 10.3 x 10° and the secondary modulus being
9.3 x 107, '

The ultimate tensile strength of the materisl, heat treated in the

laboratory, averaged 1,400 and 2,200 psl higher than the mill heat
treated sheets in the transverase and longitudinal directions, respectively.

WADC TR 54-119 1



The ratic of the tensile yield to tensile ultimate was slightly

" greater in the longitudinal direction than in the transverse for both
mill and laboratory heat treated materials, The mill heat-treated
material, however, exhibited higher ratios than did that heat-treated
in the laboratory in both directions, This ratio tended to increase -
as the sheet thickness increased and as the thickness increased a
slight increase occurred in the yield and ultimate strengths for all
conditions tested, In Table VI is presented the ratios of various
properties for XA785-T6, The same ratios for 75S-T6 aluminum alloy
are presented for comparison, The tensile ratios for clad sheet are
aporoximately the same for the two materials, The greatest difference
is the ratic of the longitudinal yield strength to the transverse
yield strength,with that of 75S-T6 being greater than XA78S-T6, Tensile
values for 755-T6 ratios were obtained from Reference i,

Individual results obtained from the specimens in the different
tempers, with the exception of the annealed material, were plotted in
the form of a frequency curve as shown in Figure 6, The values are
identified zs the thickness of sheet, direction of rolling, and temper,
All values fell within the relatively narrow range of 73,000 % 4,000 psi
for the yield strength, and &1,500 £ 3,500 psi in tensile strength, The
elongation in all cases was 1113 per cent, Typed stress-strain curves
for the clad mill heat treated material are shown in Figure 7.

WADC TR 54-119 12




NOTES:
|
| l. Sheet delivered in annealed condition (elad XA785-0Q), Tested as received.
i 2, ©Specimens from annealed sheet. Heat treated at Research Laboratory.
! 4., Sheet delivered in heat trested condition (clad XA785-T6)., Tested as received.
|
|

TARLE I1I 4+ Specimens from heat treated sheet, Reheat treated at gesearch Laboratorg.
. . ) | 5¢ Modulus of elastieity determined to be (PRI,) 10.3 x 10 (SEC.) .33 x 10 3
STRENGTH OF XA78S ALUMINUM ALLOY : 6. Modulus of elasticity determined to be (PRL) 10.25 x 106 (SE.) 9.31 x 107,

TABLE IIT {Continued) ' TABLE III (Continued)

Thickness Locaticn Direction Yield Tensile Elongation Thickness Location Direction Yield Tensile Elongation ickness Location Direction Yield Tensile Elongation
of of Condition of Specimen of Strength Strength % in of of Condition of Specimen of Strength Strength % in | of o? Condition of Specimen of Strength Strength % in
Sheet Specimen Tested Spe¢imen Psl Psi 2 Inchea Sheet Specimen Tested Specimen Pai Psi 2 Inches | Sheet Specimen Tested Specimen Pai Psi - 2 Inches

: 1 at 16 : 0 1,700 18.5 0.125 E-1 Mill Annealed Transverse 15,100 32,100 18,5
1'i11 Annealed Transverse 12,400 30,200 0.06 Py=12 Mill Annealed Transverse 14,00 31,7
0'932 xx:; " e? . 12 :600 29:900 16 . h gé. 12 " » . 12: 900 30,700 19.5 " BE-b " » " 15,300 32,400 17.5
' 712 . . . 12,800 30,400 15.5 . R -13 . » " 13,700 31,300 18 » G-1 » . . 15,100 32,800 20
. 729 . " » 11,900 30,300 16,5 . Ty =12 . . 14,200 32,900 19 : G=6_ . : tonst :m ) .LS...Z_l gg m_ogg 2.:.5.23
. X=2 . . LODGit:ldinﬂl ig -ggg gg oggg i?’g ] P-11 . » Longitudinal 14,700 32,300 19.5 " g:; " " ne t- na 12:;00 % : 200 19.5
[ ] | § . _ 0 1 o -
. ﬁ’.'?l . " . 13:100 31:000 195 . 1.; _ig X . . iﬁ'ggg gi.gooo 1;.2 " C-19 " " . 14,500 32,600 19.5
" ' " " 13,200 30,800 1745 : -10 . " " 14,500 32,300 19.5 : G=2lL ' ' ' 15,300 31,900 8
. X-18 Heat treated at 1ab2 Tranaverae 71,400 81,800 11.5 A Rl =5 ‘ E-21 Heat treated at lab Transverse 72,900 83,600 11
. " . ® » 72,300 82'800 11.5 " P3-12 Heat treated at lab Transverse 72,900 2 800 12 L] Be26 » " ] * 73,200 8’4.1}00 12.5
. e * noe e . 72,000 82,600 11.0 " ~12 . . .o . 72,400 82,300 13 iy G-23 " . " . 73,400 84,400 11.5 -
: §l2 : : . . 1 ) 800 81' 80 11.0 " R3-13 " . " . " 73,400 82,000 12 » G-28 " . * n " 73 200 8l 400 115
. e . » » % TILongitudinal 71,600 82,500  12.5 ' T33- 12 ) " "t " 71,700 81,700  1l.5 . E-13 ’ » * » Longitudinel 76,200 82,700  11.5
. %10 . . * » . 72,300  83.700 12.5 » Rc-8 v " * +  Iongitudinal = 76,100 84,800 12,5 g E-18 ) ) . e " - 75,900 82,300 13
" Z-18 v " LI ’ 72,4300 82,800 14.0 " R5-h B . o " 734100 83,700 13 : G‘3§ : : : : : 73400 78,300 12
. 2-20 . ’ - » 73,600 82,300 11,0 » 55-5 . " .o . 73,900 84,700 12.5 G=3 75.800 82,400 12,5
" J2 Mill Heat Treated> Transverse 70,300 78,800 11 . 353-7 . " . on ’ 73,800 81,700 12 ' M-2 M.': 11 Hea:; ’I‘raa:.ed Transx:ez‘ se 734200 33 600 10.5
, I-4 b - . ?,2'233 3?'333 g-g " A.3 Mill Heat treated Transverse 2. 200 gg ,000 10.5 . g‘:% . . . . ';g 'fgg 8:23 ’ ggg lg
» J=12 . v . * ’ ’ . " h=b " " " . 72,600 500 11,0 . .
v J-14 . " . " 73,800 81,000 11 " -3 " " . " 72:h00 81:500 9.5 i : 2:2 : : : : ;3.383 gg.lgg 8
" 1-13 . » . ] 70,500 78.600 8 " -6 " » . " 71,400 81,300 10.0 o -3 \ . . \ ?3 0500 Bu‘goo 130.5
" I-14 ) * ] ] 70,500 784300 8.5 » A-13 ) " * " 73,200 82,200 9 . L85 . . . \ 7%.900 8a-h00 n
" T-11 . . * " 70,900 78,800 9 " €17 . » » » 71,200 80,500 10 . . . . . N K '
" - L] = ] L ] 00 28.200 8‘ S " = " n . " 00 82 00 10 N-l ig. '00 81.200 ll .
K=10 70,700 c-26 72,9 25 " " " ® { :
‘. Jul L] L] » Long:l.tudinal 70' 900 79 .500 1105 » A=D n " [ [} 25 300 _ 83 500 10 . M‘g . . . Long:. t\:dinal ?6. 900 81 ._500 9.5
. I-3 " " " . 71,100 794900 10.5 ® ¢-8 L . » Longitudinal 72,700 80,500 Ge5 " tll " " ® » ] '-ggg g;)..ggg ig
] J-11 " " " 73900 81,500 10 " AT " ) ) " 73,000 81,200 1.5 . o . . . . 754 5 -20 o
" J-13 . " , . 71,400 79,800 il " C-19 . " " * 72,500 82,000 10 . 13 ; . : ' TS.gOO alo, 0 1
. K-5 " . " . 72,700 ac 1300 lg » c-21 " ® » L 754500 8 +300 10.5 " IN:'?I. » " " ® ;i.ugg Bé.ggg 1‘;
. I-1 * . d * 734300 794500 " C-22 ) ) " ] 70,400 78,500 9 . * ’
. K=2 . . " » 732300  79.400 10.5 . C-25 » " . . 69:600 774700 10 . ;:26 : : : : ;2:288 gg:ggg 13.5
® I=2 " » A ] n 732300 19,300 g * A=20 " ] " L 70, 600 82,700 10 . el =N .
. 3-8 Reheat treated! Transverse 71,100 81,300 135 " AnD " " " 75,900 82,500 10 . f‘;? Helieat treated frazsvecas 74800 25 ' 203 12
" J-9 * . ' 70,500 80,900 14 . 4=18 Reheat treated Transverse 73,400 8ly, 700 12 . 0-? . . . ;i'ggg Sg.ggo ig
» 7-16 " " " 71,100 81,100 11.5 . 4-20 " . " 73,500 81,200 11 . o 12 : . . 1600 85,000 °
) 1 " » . 71,000 80,900 12,5 . 6 » " » 00 8Y,900 12 - 13,500 BL, 700 i3
J C=1 The5 b, " M " " 8 83,20
. - . . Longitudinal 71,300 81,200 13 " . ’ » 7 Longitudinal 75,800 3,200 12.5
J-8 ng ’ €-18 Th,500 85,000 12 e . . .
" I-10 . . * 71,100 81,700 13 . i . ’ Longitudinal 73,000 83,100 12,5 | M-11 754700 83,800 12.5
" J-18 . . " 7.L,700 81,600 13 ’ A:Sg " " " 72000 82,400 1.5 o 0-14 " " . 75,700 83,400 12
. 7-20 . ' . 71,400 81,900  13.5 . P! ; : : Terpe  oalko 122 " 0-12 " " . 75,400 82,900 11,5
» A-21 . " " 73,400 83,700 12
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TABLE IV
SUMMARY OF TENSILE PRCPERTIES (F CLAD XA78S

Sheet Yield Ultimate Elonga- Yield Ultimate Elonga-
Thickness Strength Strength tion % Strength  Strength tion %
Inches psi psi pei psi
Transverse Longitudinal
Annealed O\1)

3022 12,400 30,200 16,5 13,000 30,9500 18,0
L0B4 13,700 31,700 19 14,400 32,100 19.0
125 15,200 32,700 19 14,900 31,900 19
Avg, 13,800 21,500 18,5 14,100 21,000 18,5

Heat Treated at Laboratory ()

,882 71,900 82,200 11,5 72,500 82, 800 12,5
ool 72,600 82,200 12 T, 200 83,700 12.5
125 73,888 8l4, 200 11,5 72,300 g1 ,400 12
Ave, 72, 82,900 11,5 74,000 82,600 12

)
Mill Heat Treated '26(3

,ogﬁ 71,800 79,500 10.5 72,500 - 80,200 10
.0 73,100 82,200 9.5 72,900  &0,700 10
125 73,700 83,900 107 75,30 4,30 10
Avg, 72,900 81,500 10 73,000 80, 700 10

Reheat Treated at Laboratory '1'6(“')

.O%E 70,900 81,100 13 71,400 81,600 13
Rean 74,000 84,700 12 72,500 83,200 12
A5 74,600 85,000 11 75,700 83,300 12
Avg.,  73,X0 83,600 12 73,300 83,100 12

NOTE: .

(1) Sheet delivered in annealed condition (clad XA78S-0), Tested as
received,

(2) Specimens from annealed sheet, ILaboratory heat treated,

(2) Sheet delivered in heat treated condition (clad XA78S-T6), Tested as

received,

(4) Specimens from heat treated sheet, lLaboratory reheat treated.
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TABLE V

TENTATIVE MINIMUM TENSILE PROPERTIES
OF XA78S - SHEET AND FLATE

Alloy and Thickness Minimum Minimud 2) Elongation
Temper Range Tensile - Yield in 2 in,
in. Strength Strength
psi psi
Bare (1) (1)
XA78S-0 0,016 - 0,499 40,000 21,000 10
XA785-T6  0.016 - 0,040 ga,ooo 72,000 7
0,041 - 0,lsg ,000 73,000 8
Glad (1) (1)
XA785-0 0,016 - 0.l99 36,000 20,000 10
XA785.1T6 0,016 - 0,040 76,000 66,000 7
_ C.0l1 - 0,199 78,000 68,000 g

NOTE: (1) Maximun so specified to insure complete annealing,

(2) Offset = 0,2 per cent,
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NOTES TO TABLE VI
(1) (W) = Longitudinal Direction, (X) = Transverse Direction,
TS5 = Ultimate Tensile Strength
(2) TYS = Tensile Yield Strength
(3) CYS = Compressive Yield Streagth
(4) PS = Fatizue Strength at 201106 Cycles
(5) FS = Fatlzue Strength at 107 Cycles

WADC TR 54-119 17



S
"
GAGE LENGTH

444 aqmmErEeasasa000
4€4<4<4(I ETMDDT0 000 ¥ £

. 44<4<MBEIINSCOD0S00=
V4444444 <9<4«(EEEEENINNTOOe
| 4<IBE0O0ES »

12

"
ELONGATION IN % -2 IN

A
©
8

-

ﬂﬂﬂﬂﬂ]ﬂumag
QUd(4I<<Ermmay
al 1444 <4<IIIEEI™M OO 3
4444 <4<4EERRIINNNO0OSSe
1444 <4<4<IIEEO80DO0000s
O0OO8*

. BOOOOSSooRk

<5082

TRANSVERSE
MILL | LAB

NSILE STRENGTH

e

FIGURE 6
CURVE GLAD XA 785-T6 ALLOY

THICK [MILL | LAB.
N,

0.032 a%
o064 | (1
oizs | A { A
uULTIM

SHEET {LONGITUDINAL

q9Re

dggadad4d<Eme>

(4C4<<<4INDRE

SRR R Rt a0 ) L

<4444 4 EEEINNIM=S=MON0Sc00:
JHINDoOOSes®

FREQUENCY

T

=
H
ng

72
TENSILE VYIELD STRENGTH PS

B8000

3 -] ] ° @ ©
SN3WID3dS 40 MIAWNN

1=
€9

WADC TR 54-119 18




i T T T T T
X.‘m,..mg:f B R A T 1. R
ul | -9 1 H
] @ o
1. M~ ~H
a8z
: =
L
oY -
@ =
-
- ﬂ _r
A,
N E ~
H sy
- q ﬁ
o
B !
T
_ | £
EEERRN [ 1

19

WADC TR 54-119



Tensile Properties of 0,250 and 0,500 Inch Bare Plate

Six tensile specimens, three in the longitudinal and three in
the transverse direction, were tested from each mill heat treated panel
examined. The tensile strengths were determined using standard specimens
in a 60,000 1b capecity Baldwin-Southwark testing machine, The
tensile ylald strengths were obtained using a Templin asutographic strain
gage and recorder., The individual tensile results are given in Table VII.

The tensile yleld strength for the 0.250 inch thick material averaged
81,800 psi in the longitudinal direction and 77,300 psi In the transverse
direction. The ultimate tensile strength for the 0.250 inch plate was
87,500 psi for botb directions of rolling. The ultimate tensile strength
of the 0,500 inch plate averaged 87,200 psi in the transverse direction
and was 90,600 psi in the longitudinal direction,

The average tensile ultimate and yield strengths for bare XA785-T6
slunimm alloy were about ten percent above the corresponding average
properties of 758-T6 alumimm alloy. Typlcal stress-strain curves for
the 0,500 inch material are given in Figure 8,

The average ratio of the temnslle yield strength to tensile ultimate
strength was slightly higher for the bare material than for the eclad
material in the longitudinal direction and the same as clad sheet in
the transverse direction. This differed somewhat from 755-T¢ aluminum
elloy in which the ratio of tensile yield to tensile ultimate in the
longitudinal direction is slightly lower for the bare materiael than for
the clad. The same ratio in the transverse directions for both materisls
was equal. Brinell hardness of the bare materlal, using 1000 kg load
with a2 10 mm, tungsten carbide ball, aversged 170 BHN.

WADC TR 54~119 _ 20




TABLE VII

TENSILE PROPERTIES OF BARE XA78S-T6 PLATES

Specimen Plate Direction of  Yield Stength T timate Elongation %
Yo, Thickness Specimen pai Strength
Inches psi
cC-1 0.250 Longitudinal 19, 86,000 11
GCC-_% 0.250 Longitudinal 82, 87,800 13,5
ccb(1)  0.270 Longitudinal g1,500 87,800 13.5
DD 0,250 Longitudinal 82,200 87,600 1
DD-E 0.250 Longitudinal 83, EOO 87,800 12.5
DD 0,250 Longitudinal 88,000 1
Average 81, 800 87,500 13
CC~7 0.250 Transverse 80,000 89,100 11.5
£c-8 (2) 0,250 Transverse 78, '100 88,800 11,5
cc-10'8) 0,250 Transverse 79,600 88,500 10.5
ID-7 0,250 Transverse 75,200 86, 9,0
ID-8 0,250 Transverse 70,900 88,200 g.0
D9 0.250 Transverse 15,700 86,700 11.0
Average 77,300 88,000 10
AAl 0,500 Longitudinal 82,200 90,200 12
Aj 0.500 Longitudinal 83,000 90,200 12
Aﬂ.-g 0.700 Longitudinal 83,500 90,400 12,5
EB-1 0,500 Longitudinal ,000 91,200 13
BB-2 0,500  Longitudinal &3.700 90, 700 13,5
BB-3 500 Longitudinal 83,900 91,100 11,5
Average 83,400 90,600 12,5
AA-T 0,500 Transverse 716,200 gg,“foo 12
AA-8 0,500 Transverse 71,000 . 11.5
A4s-G 0.RCO Transverse 76,100 85,800 12
BB-7 0,500 Transverse 78,700 88,500 13,5
EB-8 0,500 Transverse 18,700 88,300 12,5
BB.G 0,500 Transverse 78,600 88,300 13,5
Average 17,500 87,200 12,5
NOTW:

(1) Modulus of Elasticity Determined to be 10,08X1

o

(2) Modulus of Klasticity Determined to be 10, 0631.0°
WADC TR 5U-119
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T opert

Two types of extruded asections were subjected to tensile evalu=
ation in the longitudinal direction only. Tnese sections were hat
shaped and round corner bar as shown in Figure 5. All specimens were
standerd types and were tested using the equipment described in the
procedure for the XA78S-T6 aluminum alloy bare plate, Individusal re-
sults are shown in Table VIII,

The tensile yield strength for the hat and bar sections aversged
89,200 pai and 93,300 psi, respectively and the ultimate tensile strength
98,000 psi and 100,400 psi, respectively. The tensile yield strengths
of specimens from the sides of the hat extrusion were 4.5 percent
lower and the ultimate tensile strengths 3 percent lower than for speci=-
mens taken from the flanges and top. The average values for both the
extrusions were adbout 10 percent higher than for the bare plate in the
longitudinal direction although the average ratio of the yield to ulti-
mate strengths was essentially the same as for bare plate. The elonga-
tion over a two inch gage length averaged 10.0 percent for the hat
section and 6.5 percent for the round corner bar. Specimens taken from
the bar extrusion were round which may account for the lower percentage
elongation, Stressestrain curves for these sections are shown in Figure

9e

Brinell herdness tests were conducted on both sections, the average
readings being 170 B, H. N.
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TABLE VIII
XA785-T6 HAT & BAR EXTRUSICNS
TENSILE PROPERTIES
LONG ITUDINAL DIRECTION

Extruded Specimen Specimen Yield Tensile Per Cent Brinall Hardness
Section Number Location Strength Strength  Elong, 1,000k /10ma

psi psi
Bat-A 1A-1 Bottom 92400 100100 9,0 168
2A-1 Side 86000 96200 11,0 160
1 Top 90300 99400 10,0 163
1 Side 87000 96000 11,0 159
541 Bottom 91900 99500 9.5 123
1A-2 Bottom 90000 99500 10,0 1
2A-2 Side 87200 97600 10,0 . 129
2 Top 50100 99800 10,5 161
2 Side 87900 906900 10,0 158
HA-2 Bottom 91300 99700 10.0 189
14-3 Bottom 90700 99800 10,0 168
2A-3 Side 8200 97400 11,0 126
2 Top 83100 99400 9.5 164
3 Side 86500 96500 9.5 150
Fa-3 Bottom g9800 98300 11,0 J.ga
Hat-B 1B-1 Bottom 92100 99%00 10,0 1
2B-1 Side goL400 87600 10,0 160
%—l Top 91600 99600 10,0 165
-1 Side 87200 36700 10.0 158
5B-1 Bottom 89600 97300 10,0 128
1B-2 Bottom 91800 99500 10.0 164
B2 Side 88700 96100 10,0 1gu
g-?‘- Top 91300 99200 9.5 162
-2 Side 88200 97100 9.5 161
RB-2 Bottom 90200 98000 9.5 129
1B-3 Bottom 92500 99900 8.5 165
B3 Side 89100 97400 10,0 157
25-3 Top 91800 99900 10,0 1%
B-3 Side 87500 96400 10,0 1
5B-3 Bottom 50800 G8000 10,0 161
AVERAGE VALUES ' 89200 98000 10,0 160
Bar A Al 92600 100200 6.5
A2 92000 99100 6.5
AE 52500 101200 g.o
AL 93500 100500 .5
AR SL700 100800 2,5
Ab Q4”00 100400 5
AVERAGE VALUES 93300 100400 6.5

WADC TR 54-119 . 2l
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Compressive specimens were taken from the mill heat treated
materials in both directions of rolling with the exception of the hat
extrusions. Tests on this section were condugted in the longitudinal
directioa only. A Montgomery-Templin compression jig and Templin
extensometer were used to determine the yield strengthesof standard flat
specimens from the clad sheet and hat extrusion. Round specimens of
the dimensions shown in Table I from the bare plate and hat extrusions
were tested using a Southwark Peters averaging extensometer with the
exception of the 0.250 inch material. Due to the short length of the
specimens a special compression jig with a dial gage calibrated to
0.0001 inch was used to obtain the yield strength. The compressive
yield strength was based on the stress at a 0.2% offset., Individual
results are shown in Tables IX and X.

The 0,064 and 0.125 inch clad sheet had an average compresaive
yield strength of 84,100 psi in the tranaverse direction and 76,300
psl in the longitudinal direction. Difficulty was encountered in
testing the 0.032 inch sheet and results are not presented at this
time. The results of compression tests on the 0.500 inch bare plate
were quite scattered, ranging from 77,400 psi to 92,000 psl in the
transverse direction and 80,900 psi to 87,900 psi longitudinally.
The individual specimens were etched after the tests to substantiate
the direction of rolling. The average properties of the bare plate
were determined to be 85,100 pai in the transverse and 83,300 psi in
the longitudinal direction. The strength of the 0.500 imch plate was about
the same in the transverse direction as for the 0.250 inch plate and ‘
was 3% higher in the longitudinal direction. As a comparison the
average compressive yield strengths were about 6% and 1% higher than
the tensile yield strengths for the clad and bare materials respectively
in the longitudinal direction, and 14 and 10% higher respectively in
the transverse directioni This differs from 755-T6 for which the
compressive yleld strength in the longitudinal direction is less than
the tengile yleld strength and the compressive yield strength in the
transverse direction is only 7% higher than the tensile yield strength.
No difference is shown, however, between these ratios for bare and
clad 755-T6 material which were obtained from Reference 9.

An average of thirty tests on the hat extrusion, all in the longi-
tudinal direction, gave a compressive yleld strength of 96,200 psi.
The strengths of individual specimens from the flanges and top of this
section were 5.5% higher than those from the sides. Values obtained
- from the bar extrugion averaged 94,700 psi in the longitudinal
direction and 88,800 psi in the transverse direction. The compressive
yield strength of the hat extrusion averaged 8% over the tensile
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yield strength while the average compressive and tensile yield strengths
of the bar extrusion were equal, The average strength of both extrusions
was 10,5 per cent higher than the compressive yield strength of the bare
plate,

Typical stress-strain compressive curves for the clad, bare and ex-
truded material are presented in Figures 10, 11 and 12, respectively,

A comparison of the tensile ultimnte, tensile yield and compressive
yield properties of 755-T6 and XA78S-T6 is shown in Figure 13,
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TABLE IX
COMPEESSIVE PROPERTIES CF XA78S-T6 MILL HEAT TREATED SHEET AND PLATT

LOBY" Clad Sheet 125" Clad Sheet .2H0" Bare Flate 0,500 Bare Plate
Specimen Yield Svecimen Yield Specimen Yield Specimen Yield
Number  Strength Number Strengzth Number  Strength Number Strength
(Flat) 0.,2% Offset  (Flat) 0,2% Offset (BRound) 0,2% Offset (Round) 0,24 Offset
psi psl psi psi

Longitudinal Direction

c2 72700 118 81600 ce28 g10G0 AALG 80900
c 75300 119 79200 cc2g 81200 Aal7 85500
cet 73500 L22 77100 CC30 82%88 AALB 87900
cos 78100 L23 82900 cC3l 82 Aatpg 82
A.gg 200 N8 79300 EB 84400
A '2900 N19 78000 HEBLT 86500
A27 82200 Ne2 79200
A28 75600 N23 78000

Average 77200 Average 79400 Average 81900  Average 84600

Transverse Direction

o) 79700 L% 84800 cC32 84000 AAKO 79500
30 81500 L28 84300 ey, 84400 AARL 17
G im0 15 Wb om P00 ks coros
50700
%9 a0 N6 81300 > WP Jau0
A30 85100 N28 83200 EB5L 87900
A7 87700 N §3300 EBA2 gulioo
A% 82800 Nzl 81300 BB5 81100
Average 83500 Average 82700 Average 84900 Average 85300
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TARLE X
COMPRESSIVE PRCPERTIES (F XA78S-To HAT & ROUND CORNER BAR EXTRUSIONS
EAT EXTRUSION (3,5" WIDE X1.5" HIGH X ,125" THICK )

LONGITUDINAL DIRECTION (FLAT SFECIMENS)

Specimen Specimen Yield Specimen Specimen Yield

Location Number Strength  Iocation Number Strength
Pel Psi

Bottom 14-l 102,400 Bottom 1 B2 99,800
Side 2 A-1 95,400 Side 2 B-1 2,300
Top A-l 98,500 Top B-1 97,000
Side BRI | oL, 300 Side B-1 ,500
Bottom 5 Al §&,000 Bottom 5 B-1 S0, 800
Bottom 142 99,100 Bottom 1 B-2 98,800
Side 2 A2 93,900 Side 2 B-2 93, 800
Top E A-2 ,000 Top E B-2 95,200
Side A2 96,700 Side B-2 93,000
Bottom H A2 101,300 Bottom 5 B-2 96,500
Bottom 1 4.3 Q7,100 Bottom 1 B-3 101,300
Side 2 A-3 92,700 Side 2 B-3 93,200
Top a A-3 98, 800 Top E B-3 95,600
Side A7 91,400 Side B-3 50,100
Bottom 5 A3 96,900 Bottom 5 B-3 96,300

AVERAGE 97,100 AVERAGE . 95,300

1

ROUND CORNER BAR (1,375" x 2.5" x 25" R}
ROUND SPECIMENS (0,500 Inch Dismeter)

Longitudinal Direction

Transverse Direction

tjé 82 .gag).g Al 83,300
; A2 25,300

A 91, A~ ,Eoo
Aj 97,900 A_E g%,uoo

A—g 98,500 A—E 87,800

Ao 90,500 A~ 9,900
AVERAGE gL, 700 AVERAGE 88,800

WADC TR 54-119
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Ippact Properties

Standard Charpy V-notched specimens were taken in both the longi-
tudinal and horizontal transverse directions from the XA78S-T6 0,500
inch bare plate and bar extrusion, Testing was carried out using a
Tinius-Olsen impact combinmation type machine,

More energy was absorbed in the longitudinal direction for both
materlals, The results show very little scatter within each specimen
group, The average amount of energy absorbed for the bare plate was
3,25 ft, 1bs in the transverse direction and 4,5 ft, 1bs, in the longi-
tudinal direction, The bar extrusion averaged 190 ft 1lbs in the trans-
verse direction and 5,40 ft, lbs, in the longitudinal direction., These
latter results are lower than 755-T6 extrusiorswhich average approximately
7.5 and 3,0 ft, 1bs, in the longitudinal and transverse directions re-
spectively, The test results for XA78S-T6 are shown in Table XI,

Results of Brinell Hardness tests on all specimens taken from the

bar extrusion gave velues of 170 BHN in the horizontal transverse direc-
tion and 175 BHN in the horizontal longitudinal direction,
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" TABLE XI
IMPACT PROPERTIES OF XA78S-76 ALUMINUM ALLOY

Specimen Specimen Energy Brinell Bardness
Number Direction Absorbed - 1000 kg/10mm

Round Corner. Bar Extrusion

Al Transverse 2,00 _ lgl
A2 Transverse 1,50 icl
A Transverse 2,00 171
A Transverse 2,00 lgl
ig Tranaverse 2,00 lo7
Transverse 1,50 172
AT Transverse 2,25 175
A8 Transverse 2,00 170
AVERAGE 1.90 170
Al Longitudinal 4,00 177
A2 Longitudinal 5.50 175
A Longitudinal 5.00 173
Ay Longitudinal 2.25 175
ﬁg Longitudinal 2D 17
Longitudinal 6.50 17
AT Longitudinal 5. 15 176
A8 Longitudinal 5.00 175
AVERAGE 5,40 175

0.500 Inch Thick Bar Flate

iul Transverse 3.5
T2 Transverse 3.0
T Transverse 3.0
T Transverse 3,0
gg Transverse a.O
Transverse .0
AVERAGE 3.25
h1 Longitudinal E'O
12 Longitudinal 5
i& Longi tudinal 4,0
- Longitudinal Z.O
i.g Longitudinal 4,0
Longitudinal 4,0
AVERAGE 4.5

Standard Charpy V notched specimens
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on Time the Mechanical
Properties of XA783

To determine the effect that the lemgth of eoaking time at
solution temperature has on the physicsl properties, transverse
tensile panels were taken from all three thicknesses of XA785-0 .
clad sheet, The samples were heat treated to 870°F # 10°F and held
at solution temperature for intervals of time ranging from 5 minutes
to 2 hours, The test pieces were quenched in cold water and artifici-
ally aged at 250°F for 24 hours, Two specimens were tested represent-
ing each soaking period, Results of tests are given in Table XII,

Little variation was noted in the properties due to thickness
of sheet or length of soaking time at solution temperature, Results
indicated that soaking periods at solution temperatures from five
minutes to one bour were sufficient for the alloy to develop maxi-
mm properties, A soaking period of 20 minutes for 0,032 inch thick
sheet, 30 minutes for 0,064 inch thick sheet, and 40 minutes for 0.125
inch thick sheet (the soaking time used for 755-T6) would probably be
satisfactory for general use, Microscopic examipation indicated thatea
slight diffusion of the constituents into the cladding occurred when
the material wae soaked for two hours, The diffusion in the thinner
sheets was greater than in the thicker sheets,
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TABLE XII

EFFECT QF SCLUTION TIME ON THE
MECEANICAL PROPERTIES CF XA-78S ALLOY

Sheet

Location Time at Average Average Average
of Specimen Temperature Thickness Yield Ultimte Elong.
Used (Minutes) Inches Strength Strength Per Cent
Psi Pei
7.8, 2-9 5 .032 70,200 80,000 12,5
2-10, Z-11 10 032 - 70,600 80,400 13
2.12, 2-13% 20 032 72,200 81,300 12,5
2-20, Z-21 Eg 032 72,100 82,% 12
2-36, Z-37 032 73,100 g, 13.5
%, %39 60 .032 72,000 81,500 12,5
, Z-l1 120 .03%2 73,100 8li, 500 13.5
Uz-6, Uz-T 5 LOBl 72,800 1,000 12
u3_9, U3_1o 10 o 73,900 82,700 12
03..11,03-2 20 LBk ‘(R,SOO 2,100 13
Lé.u, -5 ag OBk 74,100 , 300 12
P 8w R OBER L
"L U "'5 0 . ’ ’ ‘ hd
Ug.é W7 1% -8 R0 88700 13
E-13, E-1k 5 .125 63,000 79,400 12
E-20, E-21 10 125 73,200 83,900 13
E-15, E-16 20 .125 73,200 83,300 11.5
E-17, B-18 Eg 125 72,400 23,300 12,5
G-15, G-16 125 Ta.uoo . 12,5
G-13, G-1k 60 125 74,600 86, Lo 13
G-11, G-12 120 125 73,300 85,900 11.5
Clad XA785-0 Sheet, Transverse gpecimens
Solution treatment 870°F for time shown above
Artificially aged at 250°F for 24 hours
37
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Natural Aging

Natural aging characteristics of XA78S aluminum alloy were
studied as a possible eid in solving the forming problems, Trans-
verse specimens were taken from the 0.064 inch thick clad sheet.

They wer heat treated at 570°F & 10°F for 30 minutes and cold water
quenched, The samples were naturelly aged at room temperaturs for
periods varying from 10 minutes to 3,600 hours before testing, Two
or mcre gecimens were tested t0 represent each aging period. The
results of natural aging tests are given in Teble XIIJ and Pigure 1ll.

The properties began to increase immediately after quenching,.

- The yield strength increased rather slowly during the first hour and

then increased rapidly for the first three days, after which a definite
dowing down of the aging process occurred, After aging 1000 hours

the tensile strength exceeded the tentative minimum value desired by
the producer. At thet time the yield atrength was only 54,000 psi,
which wes far below the minimum expected for heat treated and aged
meterial.

The natural aging properties for 753, obtained from USAF Technical
Report 5129, wers also plotted on Figure lj for comparison., XA78S
aluninum alloy age hardened more rapidly immediately after guench than
did the 75S materiel. _
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TABLE XIII

FFFECT CF NATURAL AGING QN THE TENSILE
PROFERTIES OF CLAD XAT785 ALLOY

- Location Aging = Average Average Avefage
- e A =R o E
psi psi
P3.6, P3-7, By-9, By-11 0,2 hour 22,900 53,700 22
P3-10, By-2, Py-10, Pg-2 1 hour % ,600 58,500 21
Py-3, Py-4, Tj-4, -5 2 hour 29,500 60,700 a
Pg8, Py-10, ;-3 T-1 3 hour 32,700 6l,300 20
Pg_3, Pg-lt, T4 19 4 hour 33,800 65,400 19
Pg-8, P59, T1-8, T1-9 7 bour %, 400 66,200 19
P>-3, Pp-5, Tp-9, T3-10 16 hour 41,000 70,200 19
P5-10, Pg-11, 7y -6, Tg-2 24 hour 1 day 3,700 70, 800 20
Po-1, P8, S3-2, Sy-6 U8 hour 2 day 43,900 72,800 21
So0-3, So-lt 72 hour 3 day 48,300 74,700 a
S5-2, 835 168 hour 1 wk 48,400 17,300 19
5,4, $36 336 bour 2 Wk 48,400 76,600 20
S5-2, -6 672 hour 1 mo. 149,800 76,700 19
S,-5, So-1 1000 hour 51,700 78,100 19,5
$3-9, §5-10 2000 mour 53,700 0,700 19
Sy-1, Sy-3 3600 hour 55,000 79,700 17.5

Clad XA78S-O sheet materisl 0,064 inch thick, Transverse specimens
Solution heat treated 870°F x 10°F, for 30 minutes, cold water quenched.
Held at room temperature for time shown above before testing.
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tificia - Consgtant A eatment

The producer of XA78S aluminum allcy recommended an artificial aging
treatment of 250°F for 24 hours, similar to that used extensively for
755. In order to verify this aging treatment, specimens were taken from
the 0,06/ inch thick clad XA78S~0 sheet shown in Figure 2 and were numbered
in accordance with the nomenclature given in that figure. They were solution
heat treated at 870°F for 30 minutes and quenched in cold water. After the
panels had been aged at room temperature for & minimum of two dags. artifi-
cial aging was carried out at temperatures which varied from 225 F to 325 F
in steps of 25 F, For each aging temperature the period of time at temper-
ature was arbitrarily varied from 1 hour to 96 hours. The results of the
artificial aging treatments are given in Table XIV and Figure 15,

The properties shown for zero aging time in Figure 15 are those of
samples which were held at room temperature for 72 hours before testing.
At 225 °F the aging rate was slows The desired minimum yield strength of
68,000 psi was not reached until after 16 hours, The properties of test
pieces aged at 250°F increased with time up to 48 hours. As the temperature
inereased, the aging rate became morse rap1d. At 225 F the desired minimum
values were reached in 3 hours, while at 300 F they were exceeded after
the first hour. Time of aging in excess of 4 hours at 300°F and 325 F
resulted in a decrease in properties.

The artificial aglng tests indicated that the best constant aging
treatment was at 250 F for 24 hours, On the sheet material tested in
this work, longer holding time at 250 F gave even higher strengths but did
not improve ductility,
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_ TABLE XIV

Effect of Constant Artificial Aging on Tensile Properties

—

Location .of Aging Treatment Average Average | Average
Specimens Used Temperature Time Yield Ultimate Elongation
Degrees ¥ Hours Strength  Strength % in 2 Inches
pei psi o
Us-5, 65-6 225°F 4 hre 60,700 718,200 15
Us-7, Us-8 225°F 16 hrs 68,200 82,500 14
Us-9, Us-10 225°F  2Y4 hre £9,900 83,400 14
Q-5, -6 250°F 1hr 57,300 75,600 16
-3, Q-4 250" 2 hrs 62,200 71,200 14
-8, -9 250°F 3 hrs i, 600 78,600 14
Q-8, Q-9 2H0°F 4 hrs £6,600 80,400 14,5
Qe-10, Qo-11 250°F 5 hrs 68,'700 £0,100 13.5
Q-4, Q-5 250°F 16 hrs 70,900 &1 ,200 12
Q-1, Q-2 250°F 24 hrs 72,000 82,000 13
Q-10, Q5-2 250°F L8 hrs 75,000 83,500 12
-3, Q-7 250°F 96 hrs 74,000 82,500 10.5
Q-3 Qb 275°F 1 hr 63,200 76,400 13,5
-2, Q-5 - 275°F 2 hrs 67,200 18,300 13
&6, Q-7 275°F . 3 hre 69,200 78,900 13
Q-10, Qz-11 215°F 5 hre 69,600 719,300 12
Q-t, Q-6 275°F 16 hrs 72,700 80, 300 11
q;,{.é, Q-3 2TR%F 24 hrs Ti4,000 81,300 1
275°F 48 nrs - 70,900 78,800 11

-7, Q-9

WADC TR 54119
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TABLE XIV (CONT'D)

Ave

Location of Aging Treatment - Average Average
Specimens Used Temperature Time Tield Ultimate  Elongation
: Degree ¥  Hours Strength Stremgth % in 2 Inches
pal psi
To-i, Tob 300°F 1 br 70,100 80,000 13
T5-7, T8 300°F 2 hrs 71,300 80, 300 12
Te-10, Tl 300°F 4 hrs 71,700 79,800 11.5
To-8, T>-9 300°F 6 hrs 72,000 79,800 10
T>-0, Tom] 300°F 16 hrs 72,200 79,500 9.5
T,-10, Ty-11 300°F 24 hrs 71,700 79,100 10
Tyl, T2 300°F 48 hrs 70,200 78,100 10
T5-5, TF6 325°F 1l o 68, 800 77,400 1
T5-7, T5-8 325°F 2 hrs 69,600 77,400 10
T5-9, T5=10 325°F L hrs 71,300 79,100 10,5
'1'3-4, T3-6 325°F 6 hrs 70,300 78,500 10,5
rj.s, '.r3.9 3257 16 hrs 68,500 78,800 10

Clad XA785-0O sheet material QO6Y inch thick sheet,
heat treated 870°F £+ 10°F for 30 minutes, quenched in cold water,

ture for 3 days before artificial aging conducted as shown above,

' WADC TR 5 44119
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Artificial Aging - Interrupted Aging Treatment

A series of short time artificial aging treatments was lavestigated
to determine if shorter aging periods could produce physical properties
which were comparable to the constant aging treatments, A relatively low
temperature was used to start the aging cycle and a higher temperature was
employed to complete the cycle, Transverse specimens were taken from the
0,064 inch thick clad XA785-D aluminum alloy sheet material, They were
solution heat treated at S70°F for 30 minutes, quenched in cold water and
aged at room temperature for 3 days, The initial artificial aging cycle
was started at temperatures warying from 212°F to 250°F for periods of
3 to 4 hours, They were allowed to cool to room temperature before final

- aging at temperatures ranging from 300°F to 325°F for periods of 2 to &
hours, The results are given in Table XV and Figure 10,

The interrupted aging treatments produced strength properties which
sxceeded the minimum values of 68,000 pei yield strength and 78,000 psi
ultimate tensile strength while some of them had properties which approached
the properties of normally aged material, The results were lower in samples
initially aged at 212°F than they were at 250°F, The combination of the
highest ultimate strength and yield strength was obtained in the test pieces
which were initially aged at 250°F for U hours and finally aged at 300
for 4 hours, The combination of time and temperature treatments near that
aging cycle resulted in similar properties, ongation in all cases was be-
tween 10 per cent and 12 per cent,
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TABLE XV |
SFFECT OF VARIOUS INTHREUPTED
AGING TREATMENTS ON CLAD XA76S SHEET

R SR e TEE NS, SR
Spg(;ei];ens Te%pegzzl;r; T;;: . ;:2; . ng St;xiagth St;:::gth % in 2 inches
Uz-2, Uz-3 . 212°F 3 hrs 315 3 hrs 72,300 80,100 11
Up-lt, Usl  212°F bars  315°F 4 hrs 71,900 79,400 1
Ug-3, Ug-i 212°F 4 hra 3159 g hrs 71,100 78,400 10
Upe3, Ugm2 225°F 4 hrs  315°F 4 hrs 73,600 78,600 11
0;-1, U;-2 250°F 3 hrs 300°F 2 hrs 71,200 80,000 11
Up b, Up-7 250°F 3 hrs  300°F 3 hrs 71,700 80,900 11
U;-8, 13-9 250°F 3 hrs  300°F 4 hrs 72,200 80,900 11
Upl, Up2  250°F b hrs 300F 2 hrs 71,500 81,100 12
Us-k, Ux-5 250°F 4 bhrs  300°F 3 hre 72,900 81,200 11
Uz-6, Up-T 250°F Y hrs  300°F 4 hrs 73,500 81,400 12
Ux-8, U>~9 250% 3 hrs  3%°F 3 hra 73,100 80,300 10
Ux-11, Uz-1 250°F - 3 hrs  325% 4 hrs 73,600 78,600 11
250°F 24 hrs 72,000 82,000 13

Clad XA78S-0 sheet material 0,064 inch thick, Transverse specimens
Solution treated 870°F z 10°F for 30 minutes cold water quenched,

Azed at room temperature for 3 days before artificial ag'ing as shown above,
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Effect of Between Quench and Artifici ing on
Mechanical gomties

To observe if delay periods between the guenching operation and artificial
aging treatment affects the mechanical properties, a delay quench curve was
mede, Transverse tensile panels were taken from 0,004 inch thick annealed
sheet, They were solution heat treated at 870°F for 30 minutes and quenched in
cold water, The samples were artificially aged at 250°F for 24 hours, after
intervals of natural aging at room temperatures ranging up to three months, The
results are given in Table XVI and Figure 17, _

The highest mechanical properties were obtained in solution heat treated and
quenched material which was artificially aged immediately after quenching, Little
variation was noted in the properties when delays up to 1300 hours occurred between
quenching and artificial aging treatment, The minimum tensile strength was reached
after seven hours delay, and the minimum tensile yield strength after four hours
delay, The strengths were then only 1900 psi below the highest results obtained
when the alloy was artificially aged immediately after quenching, A slight decline
in the properties was indicated in the material when delays greater than five weeks
occurred, No particular variation in microstructure was observed as a result of
the delays between gquenching and artificial aging,
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TABLE XVI |
EFFECT OF DELAY BETWEEN QUENCH AND ARTIFICIAL
AGING ON TENSILE FRCPERTIES OF ALCLAD

XA78S ALLOY
Iocation - Delay betwéen Average Averege Average
of Quench and Age Yield Tensile Elongation

Specimens Strength Stremgth % in 2 Inches

Used psi pei
BRx-8, Rp-ll Sone 75,200 . 85,100 L
B1-2, B1-3 1 br 74,100 £3,800 12,5
Ra-5, Bl 2 br 75,600 84,600 13,5
R1-7, R2-1 4 nr 73,300 83,700 12
B2-6, Ra-7 7hr 73,600 83,200 13.5
B39, B3-8 16 hre 74,600 84,500 12,5
Ry-1, Ry-2 24 hrs 73,400 £3,600 12,5
Ry-lty, By-5 48 hrs 73,1400 83,500 12,5
By-l, Ry-2 96 hre 73,400 84,200 13,5
By, Ry-b 124 hrs 74,000 83,500 13,5
B9, Bz5 | 192 hrs 73,800 83,500 1T
By-7, By-8 336 hrs 73,400 83,700 12,5
B11, By-6 860 hrs 73,400 83,300 1
R~10, B3 1368 nrs 72,200 82,800 11

Clzd XATES-D alumimum alloy sheet, QD64 inch thick, transverse specimens,
Solution heat treated8J0°TF % 10°F for 30 minutes, cold water quenched,

After quenching held at room temperature for time shown above before artificial
aging, .
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Effect of Slow Quench on the Mecbanical Properties of XAT8S

To investigate the effect which the rate of quench bhas on the mechanical
properties, transverse panels were selected from the 0,06l inch thick XA785-0
sheet, They were solution heat treated at 870°FxlO°F for 30 minutes, The
first specimens were quenched in cold water as repidly as possible, Other
test pleces werse delayed at intervals ranging from 5 seconds to one minute
before quenching, The alloy was then artificially aged at 250°F for 24 hours,
after patural aging at room temperature for three days, Each delay period
was represented by two samples,

The mechanical properties are given in Table XVII and Figure 18, The
results obtained from the materials immediately quenched were the highest,
A definite decline ip the properties was not observed until after delays
greater than twerity seconds, As the delay periods increased the decrease
in the properties was more rapid, An increase in the strengths was observed
between the delay of 45 seconds and 55 seconds, A second series of specimens
was tested and resulted in similar behavior, Susceptibility to intergranular
corrosion was not observed in alloy samples which were held in air for thirty
seconds before quenching, 4Accelerated intergranular corrosion tests were made
in accordance with the provisions of Specification MIL-B-6088,

The temperature of the alloy at time of quench was determined with a
portable contact pyrometer, Semples similar to the type used in this investi-
gation were heated to 870°F, When removed from the furnasce the head of the
pyrometer was placed on the flat surface of the sample, Temperature readings
were recorded at intervals of 5 seconds, _

The results are shown in the form of a curve in Figure 18, No accurate
temperature was obtained for the first 10 seconds of cooling,
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TAELE XVII

ETECT (F IELAY QUENCE ON MECHEANICAL PROPERTIES

I'os;:cti:gn:f DeJT.ai;:d A;g:lige %1v§ni;§:e ﬁmon
Used Seconds Strength Strength % in 2 inches
1,8 Sec, 74,600 83,200 12,5
53-9, S3-10 5 Sec, 73,900 83,000 11,5
Sy~8, Sy-9 10 Sec, 73,200 82,500 12
§1-1, §-2 20 Sec, 72,900 1,800 12
$1-3, 5)-5 30 Sec, 70,700 80,100 11,5
$1-Ts -9 35 Sec, 68,600 76,100 11,5
P)-1, P)-3
Sy-l, Sy-2 40 Sec, 60, 300 71,900 11
Py-lt, P -7
S>-11, 5-2 45 Sec, 55,500 67,900 11
B -2, P10
§)-8, Som2 50 Sec, 61,800 72,300 1
Pp-2, Po>-3 |
S3-1, 53-9 60 Sec, 44,500 60,500 11,5
Fa-3, Po-5
Sp-b, Sp-2 Air Cooled 22,700 46,600 16

Clad XA78S-0 sheet material, 0,064 inch thick, transverse specimens.

Solution heat treated 870°F * 18°F for 30 mimates, €old water quenched,
Delayed at room temperature for time shown above before quenching,

WADC TR Si=119

" Artificially aged at 250°F for 24 hours,
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Dilastometer Mea t

The range over whiech precipitation occurs end degree of thermal
expansion in XA78S aluminum alloy were determined in a Lietz dilatometer
instrument. Round semples 0,185 ineh in dismeter by 2 inches long
were machined from panel CC shown in Figure 4.

One of the test samples was solution heat treated 870°F % 10°
for 30 minutes and quenched in cold water. Immediately after quenching
the specimen was placed in the dilatometer with & sample of pure
sluminum of similar size. A light beem and an cptical system were 80
arranged in the instrument that, as the pure sluminum samples expanded
the light beam moved along the abacissa onto a film, and as the A78S
aluminum alloy samples expanded the light beam moved along the ordinate.
Thus, if the two metals expanded & the same rate, a straight line at a
45 degree angle would have been recorded on the film, Small changes
in the difference of the rate of expansion cause the recording line to
vary slightly from a straight line, Heat was applied so that the
temperature inecreased at the rate of 1°F per minute. Mgure 19 shows
the heating and cooling curves for the solution heat treated specimen,
The heating curve indicates that the normal expanaion rate slowed down
between the temperatures 200°F end 450°F. The decrease im the curve
was significant in that precipitation occurrod within that range. A
" glight change was revealed scmewhere near 850°F which indicated a major
rhase near that temperature, The curves of & fully annealed specimen
are shown in Figure 20, Due t0 the absence of precipitation in the
annealed ecomdition the curves almost coincided with each other. The
phase change at approximately 850°!‘ was also noted in this test, A
mill heat treated sample tested in the dilatometer showed no evidence
of precipitation other than that which might have been due to over
aging Excessive creep and collapae of the sample at approximately
1010"F was revealed as shown in Pigure 21,
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FIGURE 19

DILATOMETER MEASUREMENTS - SOLUTION TREATED CONDITION

XA 78 S ALUMINUM
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LINEAR EXPANSION

FIGURE 20

DILATOMETER MEASUREMENTS - FULLY ANNEALED CONDITION

X A 78SALUMINUM

HEATING & COOLING RATE* I°F, PER MINUTE
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FIGURE 21

DILATOMETER MEASUREMENIS = SOLUTION TREATED & AGED CONDITION

XA 78S ALUMINUM

HEATING & COOLING RATE =I°F PER MINUTE
mm OCONDITION PRIOR TO RUN: MILL TREATMENT(870°F. f-8 HRS,
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Potential Measurements

Potential measurementis were made on strips cut from laboratory and mill
heat treated sheet material, The specimens were given various heat treatments
in pairs, after which the cladding wae machined from one of the samples of each

pair,

The specimens were abraded with No, 240 grit alundum paper, cleaned with
100% methanol and rinsed with distilled water, Wax was applied to the edges and
upper portion of the strips to eliminate edge and water line effects. This left.
a metal area sbout 1 1/2 by 3/u inch on each side of the specimen exposed to the
corrosive solution, -

The potential measurements were made with a saturated calomel electrode
and a corrosive solution of the followlng: 58,45 grams of C,P, sodium chioride,
9,1 milliliters of 30 per cent hydrogen peroxide, made up to one liter with
distilled water, A Leeds and Northrop vacuum tube potentiometer No, 7663-Al
wvas used to measure the potential difference between the metal specimen and
the calomel half cell,

The measurements were begun immediately after the samples were immersed
in the sclution and continued at ten minute interwals for one hour, and there-
~ after at one hour intervals for five hours, Steady readings were usually ob-
tained in one hour, The temperature of the corrosive solution was controlled
at 23° centigrade, ‘

The results of the potential measurements are given in Table XVIII, The
specimens with proper heat treatments either at the mill or laboratory, showed
the greatest potential difference between the clad and bare sheet, Ixtended
periods of socaking during solution treatment decreased the potential difference
between the core and the cladding of the 0,032 inch thick specimens, This was
probably caused by diffusion of the core constitutents into the cladding, Slow
cooling of the panels after soclution treatment also decreased the potential
difference between the cladding and core by shifting the core potential in the
anodic direction,
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TABLE XVIII
CORROSION POTENTIALS OF

CLAD XA78S ALUMINUM ALLOY

Location  Thickness : Surface  Potential®  Diff,
of of Condition of Sheet Condition MY MY
ecimen Sheet
sed

K-8 0,032 Mill heat treated Clad g80xx 150

1-8 Bare 730 |

A-b, A.10 0,064 Mill heat treated Clad 870 125
Bare 45

L-8, L4 0.125 Mill heat treated Clad 855 125
Bare 730

X3, X4 0,032 870°F 20 min,, cold water Clad 880 140
quench, aged 250°F 24 hrs, 3Bare 74O

X-16, X117 0,032 870°F 60 min,, cold water Clad 880 140

quench, aged 250°F 24 hrs, Bare T40

X-24, X-25 0,032 §70°F 2 hrs, cold water - Clad 880 140

quench, aged 25C°F 24 hrs, Bere 740

X-31, %32 0,032 8J0°F 4 hrs, cold water  Clad 840 70

quench, aged 250°F 2 hrs, Bare Ti0

xl2, x-43 0,032 870°F 30 min,, air colled, Clad 860 50

aged 250°F 2l hrs, Bare &5
-9, R,-10 0,064 870°F 30 min,, cold water Clad 120

Q9 B quench, aged 250°F 24 hrs, Bare %g '

Toli, Q-8 0,064 8J0°F 60 min,, cold water Clad 11
o 3 quench, aged 250°F 2i hrs, Bare %(5) ’

T.-9, -3 0,064 O°F 2 hrs, cold wat Clad 860 1

379 &3 duench. oged 307 B hrs. Dave 7% i

739, Py-8 0,064 870°F 30 min,, Air cooled Olad 850 30

aged at 250°F 24 hrs, Bare 80

Bl G289 0,125 870°F 40 min,, cold water Clad 860 120

quench, aged 250°F 24 hrs, Bare THO
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TABLE XVIII CCNTINUED

Location Thickness : Surface  Potential* Diff,
of of Condition of sheet Condition MY
Specimen Sheet
Used
B9, G-34 0,125 870°F 80 min,, cold water  Clad 855 120
quench, aged 250°F 2l hrs,  Bare %
E-25, 0.125 0,125 870°F 40 min,, air cooled  Clad 55 %
aged at 250°F 24 hrs, Bare 830

x Millivolts negative to a saturated calomel electrode.

xx Values reported to nearest 5 millivolts,
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Intergranular Cor on

Two thicknesses of XA785-T6 material were used to teat for suscepti-
bility to intergranular corrosion., Panels, each six inches by one inch,
were taken from clad 0.064 inch thick sheet and bare 0,250 inch thieck
plate. The cladding was removed from the 0,064 inch specimens by mechin-
ing. Two samples from each thickness were tested representing the mill
heat treated temper, Six other specimens from each series were sclution
heat treated at 870°F for forty minutes, Half of the strips were cold
water quenched and the other half cooled in air, They were naturally
aged at room temperature for three days before ertificial aging at 250°F
for 24 hours, The specimens wers properly cleaned, then corroded by
immersion in sodium chloride and hydrogen peroxide sclution for six
hours in accordance with Specification MIL-H-6088 paragraph 5.5.3. 4
crosse=section was prepared from each of the corrcded samples for micro-
scople examination,

No evidence of intergranular attack was detected in either the water

quenched or air cooled specimens, All the corroded specimens revealed
slight areas of surface pitting.
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Metal to Metal Adhesions

Tensile tests were conducted to determine the edvisability of using
XA785«T6 clad sheet in conjunction with metal to metal adhesives. Several
specimens from the clad 0,06j inch thick sheet in the transverse direction
were heated and then subjected tc a salt spray bath for 30 days, Specifi=-
cation QQ-M=15la procedures were followed, One group was trsated for 30 mine
utes at 300°F. another group for 2 hours at 300°F and a final group for 30
minutes at 350°F. The tensile properties for this material before and after
8alt spray corrosion exposure tests are shown in Table XIX. The results of
heating alone show & very slight drop in the tensile properties, averaging
one to two percent with no significate change in elongatione The effect of
the 30 day salt spray after heating upon the strength of the alloy was also
negligible, From these deta it can be spen that the strength properties of
XA78S-T clad sheet would not be affected to any significant extent when
adheaive bonded upon these time and temperature conditions,
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TABLE XIX
PROPERTIES OF MILL HEAT TREATED CLAD XA78S-T6, .064 In,
THICK SHEET WHEN SUBJECTED TO HiAT TREATING AND A THIRTY DAY

SALT SFRAY TRANSVERSE DIRECTION

Specimen  Yield Ultimate . Per Cent Yield Ultimate

Per Cent
Number  Strength Strenxth Elongetion Specimen Strength Strength Flongation
Dsi psi in 2 inches Number Pai psi in 2 inches
MILL HEAT TREATED 30 DAY SALT SPRAY ONLY
AT6 72,900 82,000 10,0 cs51 70,600 78,900 9.0
478 72,600 81,500 9.0 c52 70,000 78,500 9.5
c76 71,400 80,500 Ge0 €53 70,500 78,200 8.5
c77 72,200 81,300 9.0 t54 7l4100 81,800 10,0
Average 724300 81,300 9.0 Average 71,300 79,400 9,2
30 Minutes at 300° 30 Min. at 300° and 30 Day
Salt Spray Bath ,
453 754500 82,100 11.5 A51 76,300 82,500 11.0
ASh 75,100 81,500 9.5 452 754800 82,500 11.0
A55 754300 81,900 11,0 c63 73,700 80,900 11.0
A56 754000 81,500 9.5 céy 73,000 80,300 = 10,5
Average 75,200 81,800 10.4 Average Th,700 81,300 10.9
30 Minutes at 350° 30 Min. at 350° and 30 Day
Salt Spray Bath
cé0 72,000 79,800 11,0 C55 70,800 78,800 945
cé1 72,000 79,500 %e5 c56 72,300 70,100 - 9.5
cé2 71,900 80,200 945 c57 72,000 794700 10
€59 71,800 79,400 1.0 c58 72,200 79,900 1n
Average 71,900 79,800 10,2 Average 71,800 79,300 10,0
2 Hours at 399° 2 Hours at 300° and 30 Selt
Spray
AbY 72,000 79,100 7 AST 71,800 79300 10
A68 71,700 79,800 10 A59 71,800 79,100 11
A69 . 71,300 79,100 9 AG2 69,900 77500 95
A70 . 72,000 80,000 11 A63 71,400 78,100 7
Average 71,800 79.500 9,2 Average 71,200 78,500 Selt
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XA785-T6 F: tieg
Fatigue strengths were determined for the following XA78STé productsa:

Bare plate 0,250 inch thick

Bare plate 0,500 inch thiek

Clad sheet 0,032 ineh thick

Clad sheet 0.064 inch thiek

Clad sheet 0.125 inch thick )
Hate-spaped extrusion 0,12 inch thick
Extrusion 1-3% in x 2-1/2 in,

Rotating beam, cantilever‘bending and axial loading fatigue tests were made,
however, all test methods were not used on each shape of material. Following
are the test procedures used on the various shapes of material,

ROTATING BEAM

Rotating beam tests were conducted on specimens from a 0,500 in. rolled plate
and from a 1-3/8 in x 2-1/2 in. extrusion. Material from the plate was tested
both longitudinel and transverse to the rolling direction in both notched and
unnotched conditions, Material from the extrusion was tested in the longitudinal
direction only in the notched and unnotched conditions. The tests were made in
R, B, Moore type rotating beam fatigue machines at 10,000 rpm. Notched specimens
had & stress concentration factor of 2.6. Fatigue strengths at 20 x 106 and
500 x 107 cycles are shown in Table XX. SN diagrams obtained for the plate
material are shown in Figure 23; those for the extrusion ere shown in Figure 28,

CANTILEVER REVERSED BENDING

Material from the 0.250 in. bare plate, the 0125 in. hateshaped extrusion
and clad sheet in the 0.032 in., 0.064 in. and 0,125 in. nominal thicknesses
were tested in reversed cantilever bending. Tests were made in both the
longitudinal and transverde directions, except for the het-shaped extrusions,
which was tested in the longitudinal direction only. All test were made in
Krouse Plate Bending Cantilever fatigue machines at 1725 rpm. Spegimens were
of the Krouse uniform strength type. Fatigue strengths at 20 x 10° cycles
for all cantilever bending tests are shown in Table XX, S=-N diagrams obtained
in cantilever bending tests are shown in Figure 22 and Figures 24 thru 27,

AXIAY. LOADING

The 1-3/8 in, x 2-142 in. extrusion was tested axially in both completely
reversed and zero to maximum tension loading, Tests were made on round notched
and unnotched specimens in the longitudinal direction., Notched specimens had
e stress concentration factor of 3.0. Testing was dong in a 6-Ton Schenck axial
loading fatigue machine. Fatigue strengths at 20 x 10° cycles for this material
are shown in Tsble XX, S-N diagrams are shown in Figure 3l.
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Clad sheets, 0,032 in. and 0,125 in. nominal thickness, were itested in zero
to maximum tensile axial loading., Tests were made both longitudinal and transverse
to the rolling direction. These tests were dope in a 2 Ton Schenck axial loading
fatigue machine. thigug strengths at 20 x 106 and 50 x 106 cycles for the 0,032
in. sheet and at 20 x 10° eycles for the 0,125 in. sheet are shown in Table XX.
S=N diagrems are shown in Figures 29 and 30.

Discugsjon of Results

In general, the fatigue properties of XA785-T6 were equal to or higher than
those of other high strength aluminum alloys, Since the static mechanical properties
of this alloy exceed those of 75S5«T6, the strongest aluminum alloy in present use, a
comparison of the fatigue strengths of these two alloys would reveal any advantage
in fatigue strength which might be gained by using the new alloy. However available
data on 75S-T6 products cover a wide range of fatigue strength values end & quantit=
ative comparison is not practical except where comparable tests have been made using
the same testing techniques, specimen gshapes, finishes and testing machines etg.
Comparable rotating beam teats on XA78S-T6 and 755-T6 in the unnotched condifion
show fatigue strengths of 22,500 psi and 21,000 psi,respectively, at $00 x 10
cycles, For the 0,064 in. alclad material tested in reversed sheet bending, the
fatigue strengths at 20 x 16° cycles were 16,500 psi and 14,500 psi for the
X4785-T6 alloy longitudinal and transverse,respectively, while comparable tests on
aleclad 755-T6 geve fatigue strengths of 13,500 psi and 12,500 psi for the
longitudinal and transverse directions,respectively. These are the only comparable
tests made on the same thicknesses of the two alloys.

Available data on extrusions of the two alloys were made from specimens taken
from different sized and sheped extrusions so are not gtrictly comparable, However,
data furnished by the Aluminum Research lLaboratory of the Aluminum Company of America
on various 755-T6 products show a wide scatter band of test results for these
products, The S-N curves for XA78S-T6 rotating beam tests for both the 0,500 inch
plate and the extrusion fsll in the upper pert of the scatter band of the 7SS-T6
fatigue data, This indicates that the rotating beam fatigue strengths of the two
XA785-T6 products are, at least, as good as, those of 755-Té products. The notched
rotating beam fatigue strengths at 500 x 10 cycles were 11,500 psi and 10,500 pai
for the longitudinal and itransverse plate materiasl,respectively. The extrusion had
a notched fatigue strength of 13,500 psi in the longitudinal direction. These
notched fatigue strengths are within the range of values reported for similar 755-Té6
products,

The fatigue strength of the %-3/8 in., x 2=1/2 in. extrusion in reversed axial
loading was 23,500 psi at 20 x 10° cycles; in zero to maximum tensi‘e loading it

was 29,000 pai. The latter fatigue strength is approximately 7% lower than welues
reported for 75S-T6 products. The notched fatigue strengths in axial loading were in
the same range as those reported for the 755-T6 alloy for the same streas concentration
factor (Kt = 340)e

The axial fatigue strength for the 0,032 in, alclad sheet in zero to maximum
tensile loading was 16,500 psi for both the longitudinal and transverse directions.
Fatigue strengths for the 0.125 in, alclad sheet were 14,000 psi and 12,500 psi
for the longitudinal and trensverse directions,respectively, Theee fatigue strengths
appear to be low based on fatigue strengths obtained for the same material in reversed
cantilever bending. No comparable fatigue test data are available on alslad 75S-T6
sheet,
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The spot welding characteristics investigated in XA78S-T6 aluminum zlloy sheeta
were tensile and shear strength, weld ductility, fatigue properties, and effect of
corrosion on the welded area, . The material was welded at Materials laboratory,
Directorate of R.search, using a Taylor-Winfield Spotwelder, Type H. We Pa 33-302.
This equipment was of the electrostatic stored energy type.

Preliminary tests were made on & number of sample. specimens to determine the proper
settings to use in gpot welding XA785-Té. The settings found to be most suitable, and
those used in this investigation, were 2700 volts and 360 mfd: for 0.03-in. thick sheet,

- and 2600 volts and 1680 mfd. for 0.0b4=in. thick sheet. They will be referred to in this
section of the report as normal settingss To compare spot welding properties of XA785.T6
alloy with those of other mluminum alleys, similar specimens were made for each type
of test from both 24S-T3 and 755~T6 aluminum alloy sheets. In order to avoid possible
variations due to chemical cleaning, the surface oxide on all specimens was removed with
a rotary wire brush before spot welding.

Standard single-spot specimens for tension and shear tests were made from 0,032
inck sheet, Psnel J in Figure 1, and 0,064 inch sheet, Panel B in Figure 2, A Uetype
tension specimen was used to test the 0,032 in, sheet, but because the 0.06) inch sheet
of XA785-T6 alloy could not be bent in the form of a U without fracturing, & crosse
tension specimen was substituted for the U-type. Typical illustration of teat specimens
before and after fracture are shown in Figures 27 and 28, Two geries of the tension and
shear samples were made from 0,032 in. thick sheet; one series was welded at the normal
voltage setting, and the other at a slightly higher voltage setting, Capacitance on both
gseries was maeintained at normel settings. Samples spot welded at the higher settings were
used for comparison purpcses. The 0,064-in. strips were welded using the normal settings,

Double=-spot specimens for shear tests, fourwspot specimens for fetigue tests, and
ten-gpot specimens for ecorrosion tests were made from the 0.032-in. thick sheets The
double-spot and the fatigue specimens were welded at the normal settings, using a 1/2-ig.
gspacing between the welds., Fatigue tests were made in a fatigue machine in whieh the load
was varied from zero to the maximum with no reversal of stress. Four sets of ten spot
corrogion specimens were made from each of the alloys, using a one~inch weld spacinga
Two sets were welded at normal voltage settings and two at 2750 volts and 480 mfd. The
higher settings were employed to induce overheating and probable erackings. OCracking would
produce the most unfavorable conditions from a corrosion standpoint. COne set of specimens
at cach machine setting was exposed to & salt spray atmosphere for 240 hours, while the
remaining sets were left unexposed and reserved for comparison purposes,

All specimens were aged at room temperature for 72 hours or more after welding, as
teats indicate that the shear strength of the welded joint increased from 10 to 20 percent

after three to five days of natural aging.

Results of the U-tension and shear tests are given in Table XXI, and the results of
shear tests on double spot and corrosion plates are given in Table XXII, The average
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shear strength of spot welds made in XA785-Té wes adequately above the avsrage
requirements listed in Military Specification MIL-W-6860, As determined by

regults of U«tension tests given in Table XXI, the ductility of spot welds in
0.032-in. thick XA783-T6 sheet welded at normal voltage settings, compares favorable
with the other two materials, but at higher voltage settings, the ductility was
reduced substantially. From Table XXI, tests msde on 0.064~in. thick sheet indicate
thet at this thickness, spot welds in XA785-T6 are conaiderably less ductile than
those in either 245-T3 and 75S-Th, Results in Table XXII of physical tests conducte
ed on the corroded specimens revealed that shear strength of the spot weld joints
were unaffected by selt spray exposure, Results of fatigue tests are listed in
Table XXIII and Figure 34, XA785-T6 aluminum alloy has comparatively good spot weld
fatigue strength with respect to 24S-T3 and 75S-T6 alloys.

Metallurgical examinetion of sections across the spot weld showed the fused
nugget in sach alloy to be of suitable size and grain structure, Weld diesmeter and
penetration of the fusion zone were in compliance with specification requirements,
Typical sections through spot welds in each alloy are shown in Figure 35.
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“TARLE XXIII

FATIGUE TEST OF SPOT WELD JOINTS

Aoy Loea (1) Cyeles Remarks
lbas
XA785-T6 400 59,500 Failed
XAT8S-T6 300 148,300 Pailed
XAT783-T6 200 1,320,300 Failed
XA785-T6 200 616,600 Failed
XA76S-T6 150 34436,500 Failed
Xa783-T6 140 945,200 Failed
XA785-Th 140 10,941,900 Did not fail
755-Té 400 72,800 Failed
753-T6 300 165,300 Failed
758-T6 200 659,700 Failed
755=T6 175 1,299,900 friled
755-T6 160 1,482,300 Failed
755-T6 150 10,845,300 Did not fail
243-T3 420 150,000 Foiled
24S-T9 300 584,700 Failed
245-T3 200 1,510,600 Failed
245=-T3 175 4,864,800 Failed
245-T3 160 14,492,000 Did not fail

(1) Axial loading 0 to maximum loadinge
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U-TENSION TYPE 0.032"

|
&
- P | I
SHEAR TYPE 0.032"

FIGURE 32
XA783-T6 SPOT- JELD SPECIMENS
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24S-T3 0,064 INCH

. .
e e e -~

2893y-p

XA78S-T6 0,064 INCH
FPIGURE 35 SHCTIONS THROUGH SPOT WELDS IN HIGH STRENGTH ALUMINUM ALLOYS
Magn 10x Etch: Keller's Reag.
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Band Propertle

Bend teats were made on sheets of various thickness, The purposes were to
determine the minimum radius over which the sheet could be bent 180 degree with-
out showing cracks and to determine the number of times the materiml ccould be bent
to 90°. over a radius 4 times the sheet thickness. Semples were taken from the
annealed and heat treated sheet material in the longitudinel and transverse
directions., The bending was performed by securing one end of the strip in e
vise and manually bending over a rod heving the proper radius for that bend, The
results are shown in Table XXIV,

The annealed materisl was bent through 180° on itself without fracturing.
The number of 90° reverse bends which the 0.032 inch thick sheet withstood was
16 in the transverse direction end 22 in the longitudinal direction, The 0,064
ineh thick sheet endured 6 reverse bends in the transverse direction and 8 in the
longitudinal direetion while the 0,125 inch thick sheet withstood 4 and 6 reversals,
regpectively. '

The solution hest treated and artificially aged material appeared to be more
brittle than other aluminum, zine, megnesium and copper based alloys. The minimum
bend radius for the 0,032 inch thick transwerse specimens was 3T, for the 0.064
inch thick samples was 3-1/2T, while the 0,125 inch thick sheet meterial was AT,
The 0,064 and 0.125 test strips failed after one reversal.

86
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TAELE XXIV

BEND PROPERTIES OF CLAD XA783 - AILLOY
: IN
ANNEALED AND T$ TEMPER

Sheet « Condltion $ Minimum Radius to Make :No. of Repeated 90' :
Thickness , of * 180° Bend Bends Over Radius or )T
Inches ; Material . Transverae(l):Longitudinal (2) Transverae sLongi tudinal
»
: [ L] . *
. L] - .
0.032 + Annealed . oT . oT . 16 |, 22
0,064 *  Annealed . oT . oT . 6 o 8
0.125 :  annealed : oT : oT : 4y e 6
: | : : : :
0.032 :  Mil) Heat Treated a7 : 2-1/21 3 ¢ 4
0,064 o Mill Heat Treated . 3-1/2T , 3T . 1, 1
0.125 : Mill Heat Treated ° 4T : 3T ; 1 ; 1

(1) Transverse - Axis of bend parallel to direction of rolling.

(2) Longitudinel-Axis of bend normsl to direction of rolling.
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Claddi t

Microscopic ‘examineation was conducted to determine the thickness of the
claedding on the sheet material submitted and the diffusion of the core constituents
into the cladding caused by reheating at solution treatment temperatures, Panels,
3 inches square were taken from all thickness of clad XA785-T6 sheet. They were
solution heat treated at 870°F for varying periods, quenched in cold weter and aged
at 250°F for 24 hours. Metallographic specimens were prepared from each sheet in the
mill heat treated temper, as well =3 from the panels which were resolution heat
treated and aged in the lsborstory, All specimens were examined at 100 dismeters
megnification, The results are shown irn Tsble XXV,

The average thickness of the cladding was approximately /4 percent of the thick-
ness of the sheet, The values shown for the mill heat treated samples represent the
average thickness, In examining the test pieces which were reheat trecated in the
laboratory, an attempt wes made to determine the closest approagh of the core consti-
tuents to the surface of the specimen. Since the distinetion between the diffused
phase and the cledding waz not gharp the results shown in Table XXV must be considered
to be approximate,
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TABLE XXV

THICKNESS OF CLADDING ON GLAD XA788-T6 SHEZTS

Location Gage of Solution Heat Thickness of Amount of
of Specimen Sheet Treatment Undiffused Diffusion
Used Inches : Cladding Inches
Inches
I-50 0032 MILL HEAT TREATED 0.0014
I-52 0.032 870°F for 30 minutes 0,0013 0,0001
K~50 0,032 870°F for 60 minutes 040011 0,0003
K52 0.032 870°F for 2 hours 0.0010 0.0004
X-53 0.032 870°F for 4 hours - 0.0008 | _ 0.0006
=TT 0.064 MILL HEAT TREATED  0.0028
A=T9 0,064 870°F for 30 minutes 0,0028
A-80 0,064 870°F for 60 minutes 0,0028
C-78 0,064 870°F for 2 hours . 0.0024 _ 0,0004
C.81 0.06) 870°F for 4 hours 0,0023 1 0.0005
Ml 0.125 MILL HEAT TREATED 0.0058
Mely2 0.125 870°F for 40 minutes 0.0056 . #0002
Owll 0.125 870°F for 2 hours . 0.0056 . .0002
Owly3 0.125 870°F for 4 hours = .~ 0,005 L0004
O=ils ' 0.125 ~  870°F for 6 hours B 0.0052  °  .0006
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Microgcopic Characteristice

Microscopic study of XA788 - Aluminum Alloy was made in order to
distinguish the microstruocture of the alloy in different tempers and to
. obaerve the constitusnts. In the annealed sheet, as shown in Figure 36,
most of the hardening constituents, zinc-magnesium, are out of solution
and appear in the matrix as many small partlcles. The microstructure
revealed that recrystallization cocurred and the effects of plastic
deformation, resulting from oold work, had been relieved. The arrangement
and size of the constituents in the anhealed aamples are shown in Flgure 37.

When the material is solution heat treated, the principal alloying
constituents are dissolved in the solid solution matrix. By quenching
the material rapidly from the heat treating temperaturs, the soluble
alloying elemsnts are retained in solid solutlon. Left scattered in the
matrix are a few particles of insoluble Mg,Si and the constituents containing
chromium, iron, and menganese. Figure 38 shows the miocrostructure of
XA78S-W type alloy immediately after a solution heat treatment quench.

Good strengths in this material were obtained through the use of
precipitation heat treatment. The precipitation heat treatment probably
resulted in the formation of submiecroscopic precipitated particles which
strengthen and harden the matrix. A difference in grain contrast between
the heat treatsd and artificially aged material was noted in the astructures
11lustrated by Figures 38 and 39. The microstructure of the clad aluminum
alloy and the XA788-T core are shown in Figure 40. Slight diffusion of
cladding was observed at the diffusion sone.

XA783 materisal was also furnished as extrusions. The microstructure
of the shapes varied depending on metal flow during extrusion process.
Figure 41 shows the mlorcstructure of a heat treated and artificlally aged
round corpner bar extrusion., Miero etched oross sections of extrusions will
be presented in the supplementary work.J
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FI6 36 pLaTE _27955-M

MAGN ___100x piam ETcH _Kellex
REMARKS :

XA78S-0 clad 0,032 inch thick sheet in longitudinal
direction, Most of hardening constituents are out of
solution and appear in the matrix as meny small

particlea, Annealing has._relieved effects of plastic
deformation.

Fie 37  piate __28866-M

MAGN 00X pyam ETCH Keller

REMARKS :

XA788-0 cled 0,064 inch thick sheet showing size and
aerrangement of constituents in the core of this material.,
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Fic _38 pLATE _ 28867=M

MAGN ___ 900X  piam ETcH __Keller

REMARKS :
XAT8S-W bare 0,250 inch thick plate. Structure was that
of & solid solution with a few particles of insoluable
constituent appearing in the matrix, The material has been
recrystallized and has developed well defined grain bounderies,
The photomicrograph wes ohtained two hours after solution
heat treatmente.

FIG 39 PLATE 2§§ 2 2-M

MAGN ___B00X _ piam ETCH Keller

REMARKS :
XA78S-T6 clad 0,125 inch thick sheet, showing distribution
and size of constituenta in the core material,
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Fle_ U0  pLate _28916-M
magy __ 100x DIAM ETCH Keller

REMARKS :
XA783-T6 clad 0.125 inch thick sheet. Etching differentiates
between cladding and core, Diffusion zone, resulting from
migration of the alloying element into the cladding, is evident,
Particles scattered through the core are MgBSi and the chromium
bearing constituents. —_—

Fie__ 41  pLaTE _28868-
magN __ 500X piam ETCH Keller

REMARKS ;
XA785-T6 round corner bar extrusion, Structure is similar
to extruded 75S-T6 aluminum alloy. It contains particles of
chromium bearing constituent.
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CONCLUSIONS

The chemical composition of XA78S - aluminum alloy sheet and plate
material investigated was 6.8% zinc, 2,8% magnesium, 1.90% copper, 0,13%
chromium, 0.08% silicon, and 0.07% iron. The composition of the extrusions
wvas 6,9% sinc, 2.9% magnesium, 2.1% copper, 0.14% chromium, 0.42% silicon
and 0.03% iron. The cladding used on the sheet was 72S. |

The alloy developed high physical properties both in the mill heat
treated and laboratory heat treated condition. The tensile strength, tensile
yield strength and compressive yleld strength of the material averaged
approximately 10% higher than the corresponding properties of other high
strength aluminum alloys.

The average mechanical properties of the clad sheet material were
81,300 pei ultimate tensile strength, 72,300 psli tensile yield strength,
80,500 psi compressive yield strength with 11.5% elongation in 2 inches.

The lower propsrtlies obtained in any single test made in this program for the
clad alloy weres 77,800 psi ultimate tensile strength, 69,600 psi tensile
yield strength, 72,700 pel compressive yleld strength with 8% elongation.

The average properties of the bare plate material were 88,300 psi
ultimate tensile strength, 80,000 psi tensile yield strength, 83,800 psi com-
pressive yleld strength with 12.5% elongation in 2 inches. The lowest proper-
ties obtained in any single test made in this investigation for the base
material were 85,700 psi ultimate tensile strength, 75,200 psi tensile yield
strength, 72,700 psi compressive yield strength with 9% elongation.

The properties of the axtruded sections investigated were 18% above
the producers suggested minimum properties. The ultimate tsnsile strength
averaged 99,200 psi, the tenslle yield 90,000 psi, the compressive yield
96,000 psi with 10% elongation. The lowest properties obtained from any
single test taken from the extruded sections were 96,000 psi ultimate tensils
strength, 86,000 psi tenasile yleld strength, 87,300 psi compressive yield
strength with 8.5% elongation. .

The unnotched fatigue strengths of Clad XA78S-T6 sheets at 20 x 10°
cycles were 15 to 18% higher than similar clad sheets of 755-T6. In bare
sheets and extrusions the two alloys had approximately the same fatigue

strengths. -

The soaking time for solution heat treatment of XA78S materlal was similar
to that required for 75S material as given in the military heat treat
Specification MIL-H-6088. Since it has a higher slloying content than 75S,
temperatures above 830°F should be avolded in both sheet and extruded material.
Excessive soaking time will result in diffusion of core alloying constituents
into the clad material. :
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Artificial aging is necessary to develop optimum mechanicel properties.
The best constant aging treatment was 250°F for 24 hours, while the best
interrupted aging cycle was 250°F for 4 hours followed by 300°F for 4 hours.

As 1in the case of other high strength alumimm alloys, XA735-W age
hardens at room temperature. Ratural aging induced approximately the sames
ultimate tensile sirength properties as were obtalned through artificial
aging within 2,000 houra. However, the yleld atrength at that time was much
lower than would be obtained by artificial aging and it is doubtful if
maxizum yleld strength could be attained by natural aging. -

Sound spot welds can be made in XA788-T6 aluminum &’loy. The results
of this investigation indicate that spot welds have very nearly the same
strength but lower ductility than those in 24S-T2 aluminum alloy. The
physical properties of spot welds in 753-T6¢ and XA78S-T6 are approximately
the same, but spot welds in both these alloys are leas ductile and have
lower fatigue strength than those made in 2LS-T2.

The potential measurements showed a potential difference of 115 to 150
millivolts between the core and cladding of the properly heat treated sheet
material. Improper heat treatments, such as extended socaking periods and
slow cooling rates, lowered the potential differences by shifting the
potential in the anodic direction.

The material 1s more difficult to bend and form than other high strength
aluminum alloys. larger bend radii are required, therefore, forming operations
will be more difficult than for other aluminum alleys. It may be performed
while the material is in the W-condition, however, due to the natural aging
characteristics forming of the alloy should be accomplished as soon as
possible after quenching. Bending in the heat treated and aged condition is
difficult and causes localized strain within the grains of the alloy.
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ACTION TAKEN

Three specifications, MIL-A-6180 (USAF), MIL-A-9183 (USAPF) and
MIl-4-9186 (USAF) have been written and issued for United States Air
- Force use of XA78S aluminum alloy clad sheet and plate, bare sheet and
plate, and extruded metsrial,
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CONTENT OF PART 11 OF TECHNICAL REPORT

Teat results of other investigations such as tensile notched
sensitivity, fatigue axial loeding and rotating beam notched and
unnotched, streas corrosion, shear, and bearing, along with rechecks
already reported will be included in Part II to this technical

report.
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