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(57) ABSTRACT 

The present invention is directed to an ultra-thick high 
strength aluminum alloy, comprising 7.5 to 8.4 wt.% Zn, 1.6 
to 2.3 wt.% Mg, 1.4 to 2.1 wt.% Cu, and 0.05 to 0.15 wt.% 
Zr. This alloy can be fabricated to produce 2-10 inch thick 
plate, extrusion or forging products, and is especially Suitable 
for aerospace structural components, especially large com 
mercial airplane wing structure applications. The aluminum 
product has a minimum yield strength of 75 ksi-0.8x(thick 
ness in inch-3.94 inch) in LT direction and 76 ksi-0.8x 
(thickness in inch-3.94 inch) in L direction for more than 2 
inch thick product in T7651 temper. Besides strength, product 
provides necessary damage tolerance performance as well as 
corrosion resistance performance Suitable for aerospace 
application. 
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ULTRA-THICK HIGH STRENGTH 7XXX 
SERIES ALUMNUMALLOY PRODUCTS 
AND METHODS OF MAKING SUCH 

PRODUCTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit, under 35 USC 
1196, of U.S. Provisional Patent application No. 61/636,695 
filed Apr. 22, 2012, the contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to ultra-thick high 
strength aluminum alloy products and methods for making 
such products having a Zn content of more than 7.5 wt.%. In 
one embodiment, the ultra-thick high strength aluminum 
alloy product is a 7XXX series aluminum alloy used for thick 
plate, extrusion and forging products applied in aerospace 
structure applications. 
0004 2. Description of Related Art 
0005 High strength 7xxx (Al-Zn) aluminum alloy prod 
ucts are extensively used in aerospace structure application, 
in which the material strength, fracture toughness, fatigue 
resistance, and corrosion resistance are required simulta 
neously. In order to aggressively reduce aircraft weight for 
fuel efficiency, ultra-thick high strength 7XXX aluminum 
alloys are being assertively pursued by airframe manufactur 
ers and aluminum material manufacturers. This is especially 
critical for large size commercial aircraft in which a signifi 
cant amount of large parts are fabricated through monolithic 
fabrication processing for cost reduction. An ultra-thick plate 
is required for Such large monolithic component. However, 
the combination of high strength and high thickness imposes 
an extreme metallurgical challenge to produce Such ultra 
thick high strength aluminum plate for the aluminum manu 
facturing industry. 
0006. In 7XXX aluminum alloys, zinc is the major alloying 
element for achieving high Strength through age strengthen 
ing. Zinc in the most commonly used 7050 and 7075 aero 
space aluminum alloys is in the range of 5.1 to 6.7 wt.%. 
Magnesium is normally added along with Zinc to produce 
Mg2n and its variant phases, which are the predominant 
precipitation hardening phases. Aluminum alloys having 
higher Znand Mg content usually have higher strength. How 
ever, higher Zn and Mg content also negatively affect stress 
corrosion cracking (SCC) resistance and fracture toughness 
performance. In 7XXX aluminum alloys, copper is added in 
order to improve SCC resistance performance. Meanwhile, 
the addition of Cu also improves material strength. Most of 
the Cu is believed to substitute with Zn in the metastable 
Mg2n phases. In general, Cu has approximately the equiva 
lent effect on strength as the same weight percent of Zn 
addition. 
0007. In order to achieve aging precipitation hardening, all 
added elements have to be in solid solution before aging. This 
is generally achieved through the processing steps of solution 
heat treatment (SHT), followed by quench. With the higher 
Mg., Zn and Cu levels, it is extremely difficult to dissolve all 
constituent particles, which consume a significant amount of 
added elements, into solid solution. Therefore, it is an 
extreme challenge to simultaneously achieve high strength, 
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high fracture toughness, and desirable corrosion resistance 
for high Zn level 7XXX aluminum alloys. 
0008. It is easier to achieve better strength and other prop 
erties for a thin cross section product than for a thick cross 
section product of high strength 7XXX aluminum alloy. As 
cross section increases the quench related cooling rate in the 
plate’s center significantly decreases, resulting in not only 
overall lower strength but also a large difference of strength 
between the plate's center and surface. This phenomenon is 
also referred to as high strength 7XXX thick plate quench 
sensitivity, which is believed to be of great concern in high 
strength 7XXX aluminum alloy. 
0009. Another challenge from thick plate high strength 
7XXX aluminum alloys is the ductility along through-thick 
ness direction, which is also an indicator for damage toler 
ance performance. The ductility is normally evaluated by 
tensile elongation along thickness direction (also called 
Short-Transverse, or ST, direction). It is well known that a 
higher strength alloy has lower elongation than a lower 
strength 7XXX aging hardening alloy. Therefore, the solution, 
although not desirable, to achieve required elongation for 
aerospace application is to sacrifice strength by using longer 
aging temper T7451 instead of higher strength T7651 temper. 
0010. Due to the extreme challenge from quench sensitiv 

ity, only very limited commercial products are currently 
available for this key aerospace application. Based on the 
most recent “Aluminum Association: 2011 Yellow?Tan 
Sheets” and “Aluminum Standard and Data 2009, only 
AA7140, AA7081, and AA7085 are registered to provide 
equal or thicker than 4 inch commercial scale aerospace 
application plates with high strength T7651 temper. It should 
be noticed that higher Zn (i.e. above 7.5%) alloy 7449 T7651 
is limited to 4" maximum gauge. AA7140, the only alloy 
without restricting 7.0 inch gauge, has a low Zn level in the 
range of 6.2 to 7.0 wt.%. No fracture toughness values are 
specified for AA7081-T7651 in Aluminum Association: 
2011 Yellow? Tan Sheets. 
0011 AA7085 is an alloy registered at the Aluminum 
Association. This alloy was claimed to be capable of produc 
ing more than 4.0" thick high strength 7xxx alloy plate for 
aerospace application. It is worth noting that a very low 
content of Mg (preferred range of 1.2-1.7 wt.%), and lower 
Cu and Zn amounts were used to improve quench sensitivity. 
Meanwhile, others have addressed the concerns related to a 
low Mg content, such as providing for the condition of “Mgs 
(Cu+0.3). The chemistry with lower alloying elements of 
Mg, Cu and Zn usually has lower strength, which is not 
desirable for weight reduction of aerospace application. 
0012. A high strength 7xxx aluminum alloy used for aero 
space application having a high Zn in the range of 7.6 to 8.4 
wt.%, a higher Cu level (2.0-2.6 wt.% Cu), and very high 
Cu/Mg ratio (1.15) is known. However, this alloy is generally 
not capable of producing thick cross section products as said 
thickness ranges from about 0.3 or 0.35 inch up to about 1.5". 
2" or even 3" inches. Also, the maximum thickness of the 
examples provided in the prior art is about 1.5". It indirectly 
implicates that thick plate quench sensitivity is an extreme 
challenge for Such alloy with normal plate processing pro 
CCSS, 

(0013. A modified 7050 alloy with very low Fe and Si 
contents and a Zn content of 5.2 to 6.8 wt %, which is basi 
cally a low Zn level alloy, is also known. In addition, a higher 
Cuthan Mg strategy is used in this alloy. More importantly, 
the plate thickness is related to low gauge products as within 
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around from about 0.35 or 0.4 or 0.45 or 0.5 to about 1.9 or 2.0 
or 2.1 inches. Even for rather low thickness products the 
moderate level of Zn, Cu and Mg along with high purity has 
to be used to improve damage tolerance properties. However, 
the challenge of quench sensitivity on high gauge product 
Suitable for aerospace application still exists. 
0014. Also known is a high strength 7xxx alloy to improve 
exfoliation through an aging process consisting of 5.9-6.9 wt. 
% Zn, 1.5-4.0 wt.% Mg, and 1.5-3.0% wt. Cu. This alloy is 
basically a low Znversion 7XXX alloy. Also, Mg, and Culevels 
are so wide that they almost include all existing 7XXX alloys. 
The chemistry is exactly the same as Aluminum Association 
registered 7150 alloy chemistry range. Therefore, this alloy is 
basically for 7050 type alloy, not for high Zn high strength 
alloys. Also, this alloy is mainly for lower gage products Such 
as the lower gage, 0.156", 0.25" and 0.8" inch plate. 
0015. Another known aerospace 7XXX aluminum alloy has 
a suitable alloy temper condition for aerospace application, 
which requires damage tolerance performance, and includes 
a low strength condition as specified as T7451 temper. It is 
well known in the art that damage tolerance property can be 
improved by lower strength aging temperfor 7XXX aluminum 
alloys. In addition, no elongation along through-thickness 
direction has been shown. It is known that ductility along 
through-thickness direction is another critical indicator for 
damage tolerance performance. It is also well known that 
higher strength has lower elongation for 7XXX age hardening 
alloys. The maximum Zn in Such prior art examples for the 
temper is only 6.4 wt.%. It is also known that the chemistry 
of 5.7-8.7 Zn, 1.7-2.5Mg, 1.2-2.2 Cu is essentially the base 
for Aluminum Association registered AA7040 alloy (5.7-6.7 
Zn, 1.7-2.4 Mg, 1.5-2.3 Cu), which is well known to be the 
lean version of 7050 alloy (6.0-6.4 Zn, 2.0-2.3 Mg, 2.0-2.3 
Cu). Considering the relationship between elongation and 
strength, there is an indirect indication that there exists a 
strong challenge for high Strength thick plate production for 
aerospace application. 
0016. In general, the current related prior art teaches that: 
1) for ultra-thick high strength 7XXX aluminum alloys, a mod 
erate amount of Zn, Mg, and Cu alloying elements, especially 
Zn, has to be used in order to reduce their adverse effects on 
quench sensitivity; 2) the strong challenge from thick plate 
damage tolerance related properties in the critical ST direc 
tion is mainly through sacrificing strength by using T7451 
temper to improve these damage tolerance related properties, 
as is well-known by those with skills in the art; and 3) there 
still is a strong need for an ultra-thick high strength 7XXX 
aluminum alloy product with good damage tolerance proper 
ties and corrosion resistance for aerospace application, espe 
cially for large size commercial aircraft. 

BRIEF SUMMARY OF THE INVENTION 

0017. Ultra-thick high strength aluminum alloy products, 
Such as plates, forgings and extrusions, Suitable for use in 
making aerospace structural components like large commer 
cial airplane wing components, comprise 7.5 to 8.4 wt.% Zn, 
1.6 to 2.3 wt.% Mg, 1.4 to 2.1 wt.% Cu, one or more elements 
selected from the group consisting of up to 0.2 wt.% Zr, up to 
0.2 wt.% Sc, up to 0.2 wt.% Hf, and the balance Al, incidental 
elements and impurities. 
0018 Preferably, the alloy has a thickness of 2-10 inch, 
more preferably 4-10 inch, more preferably 4-8 inches and 
even more preferably 2-6 inch for producing plates, extru 
sions, and forging products. The aluminum alloy product has 
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a minimum yield strength of 75 ksi-0.8x(thickness in inch 
3.94 inch) in LT direction and 76 ksi-0.8x(thickness in 
inch-3.94 inch) in L direction. In one embodiment, the alu 
minum alloy product also provides necessary short-trans 
verse ductility, damage tolerance performance as well as cor 
rosion resistance performance required for aerospace 
application. 
0019. It has been surprisingly discovered that an alumi 
num alloy having a high Zn chemistry, associated with precise 
Mg and Cu content, along with deliberately controlled ther 
mal mechanical processing, is capable of producing 2 to 10" 
gauge thick products with high strength, better damage tol 
erance, and corrosion properties never achieved before. 
0020. In one embodiment, the high strength 7xxx ultra 
thick aluminum product offers a promising opportunity for 
significant fuel efficiency and cost reduction advantage for 
commercial airplanes, especially large size commercial air 
craft. An example of such application of the present invention 
is the integral design wing box, which requires thick cross 
section 7XXX aluminum alloy products. Material strength is a 
key design factor for weight reduction. Also, important are ST 
tensile ductility, damage tolerance, corrosion resistance per 
formance, Such as exfoliation and stress corrosion resistance, 
and fatigue crack growth resistance. 

BRIEF DESCRIPTION OF DRAWINGS 

0021. The features and advantages of the present invention 
will become apparent from the following detailed description 
of a preferred embodiment thereof, taken in conjunction with 
the accompanying drawings, in which: 
0022 FIG. 1 is a graph showing the minimum yield 
strength in long transverse direction (LT) as a function of the 
product thickness for the ultra-thick high strength aluminum 
alloy product of the present invention and known aluminum 
alloy products (the testing location is quarter thickness (T/4)); 
0023 FIG. 2 is a graph showing the minimum yield 
strength in rolling direction (L) as a function of product 
thickness for the ultra-thick high strength aluminum alloy 
product of the present invention and known aluminum alloy 
products (the testing location is quarter thickness (T/4)); 
0024 FIG.3 is a graph showing the comparison of average 
Zn level and maximum gauge capacity between currently 
available T7651 high strength alloys and the ultra-thick high 
strength aluminum alloy product of the present invention; 
0025 FIG. 4 is a graph showing a comparison of Cu and 
Mg range between the ultra-thick high strength aluminum 
alloy product of the present invention and the preferred range 
in U.S. Pat. No. 6,972,100; and 
0026 FIG. 5 is a graph showing L-T and T-L orientation 
fatigue crack growth rates of 5.9 inch aluminum alloy plate in 
accordance with the ultra-thick high strength aluminum alloy 
product of the present invention. The test was in accordance 
with ASTM E647 having a specimen that is 4" widex12" 
longx0.25" thick. The stress ratio is 0.10 and frequency is 5 
HZ. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. An ultra-thick high strength aluminum alloy prod 
uct is produced using a precise chemistry range, along with 
proper thermal mechanical processes. In one embodiment, 
this ultra-thick high strength aluminum alloy product is used 
in aerospace applications. The ultra-thick high Strength alu 
minum alloy product comprises about 7.5 to 8.4 wt.% Zn, 1.6 
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to 2.3 wt.% Mg, 1.4 to 2.1 wt.% Cu, one or more elements 
selected from the group consisting of up to 0.2 wt.% Zr, up to 
0.2 wt.% Sc., and up to 0.2 wt.% Hf, and the balance Al, 
incidental elements and impurities. Preferably, the ultra-thick 
high strength aluminum alloy product, Such as plates, forg 
ings and extrusions, is Suitable for use in making aerospace 
structural components like large commercial airplane wing 
components. Preferably, the alloy has a thickness of 2-10 
inch, more preferably 4-10 inch, more preferably 4-8 inch, 
and even more preferably 2-6 inches for producing plates, 
extrusion, and forging products. The aluminum alloy product 
has a minimum yield strength of 75 ksi-0.8x(thickness in 
inch-3.94 inch) in LT direction and 76 ksi-0.8x(thickness 
in inch-3.94 inch) in L direction. In one embodiment, the 
aluminum alloy product also provides necessary short-trans 
verse ductility, damage tolerance performance as well as cor 
rosion resistance performance required for aerospace appli 
cation. 

0028. In one embodiment, the ultra-thick high strength 
aluminum alloy product includes s(). 12 wt.% Si, preferably 
s0.05 wt.% Si. In one embodiment, the ultra-thick high 
strength aluminum alloy product includes s(). 15 wt.% Fe. 
preferably s().08 wt.% Fe. In one embodiment, the ultra-thick 
high strength aluminum alloy product includes s().04 wt.% 
Mn, preferably no Mn is added to the alloy other than that 
provided as an incidental impurity or element. In one embodi 
ment, the ultra-thick high strength aluminum alloy product 
includes s0.04 wt.% Cr, preferably no Cr is added to the alloy 
other than that provided as an incidental impurity or element. 
In one embodiment, the ultra-thick high Strength aluminum 
alloy product includes s().06 wt.% Ti. In one embodiment, 
the ultra-thick high strength aluminum alloy product includes 
about 7.5 to 8.4 wt.% Zn, 1.6 to 2.3 wt.% Mg, 1.4 to 2.1 wt. 
% Cu, one or more elements selected from the group consist 
ing of up to 0.2 wt.% Zr, up to 0.2 wt.% Sc., and up to 0.2 wt. 
% Hf, s(). 12 wt.% Si,s0.15 wt.% Fe.s0.04 wt.% Mn, s().04 
wt.% Cr, and s().06 wt.% Ti and the balance Al, incidental 
elements and impurities. 
0029. In one embodiment, the ultra-thick high strength 
aluminum alloy product includes 7.65-7.95 wt.% Zn, 2.00 
2.20 wt.% Mg, 1.55-1.75 wt.% Cu, 0.08-0.11 wt.% Zr,<0.05 
wt.% Si, s().08 wt.% Fe, with the balance Al, incidental 
elements and impurities. In one aspect of this preferred 
embodiment, the ultra-thick high strength aluminum alloy 
product does not contain any additional Min, Cr, or Ti, other 
than an amount that would be an incidental impurity or ele 
ment. In another aspect of this preferred embodiment, the 
ultra-thick high strength aluminum alloy product would con 
sist essentially of 7.65-7.95 wt.% Zn, 2.00-2.20 wt.% Mg, 
1.55-1.75 wt.% Cu, 0.08–0.11 wt.% Zr, s().05 wt.% Si,s().08 
wt.% Fe, with the balance Al, incidental elements and impu 
rities. 

0030. In another embodiment, the ultra-thick high 
strength aluminum alloy product includes 7.78-7.94 wt.% 
Zn, 2.06-2.10 wt.% Mg, 1.65-1.70 wt.% Cu, 0.08-0.09 wt.% 
Zr, 0.03-0.04 wt.% Si, 0.06-0.07 wt.% Fe, about 0.03 wt.% 
Ti, with the balance Al, incidental elements and impurities. In 
one aspect of this preferred embodiment, the ultra-thick high 
strength aluminum alloy product does not contain any addi 
tional Min or Cr other than an amount that would be an 
incidental impurity or element. In another aspect of this pre 
ferred embodiment, the ultra-thick high strength aluminum 
alloy product would consistessentially of 7.78-7.94 wt.% Zn. 
2.06-2.10 wt.% Mg, 1.65-1.70 wt.% Cu, 0.08-0.09 wt.% Zr, 

Aug. 27, 2015 

0.03-0.04 wt.% Si, 0.06-0.07 wt.% Fe, about 0.03 wt.% Ti, 
with the balance Al, incidental elements and impurities. 
0031. The ultra-thick high strength aluminum alloy prod 
uct may be used to produce plates, extrusions, and forging 
products. In one embodiment, the ultra-thick high strength 
aluminum alloy product is used to produce a wrought product 
that is a rolled thick plate including any of the chemistries 
provided in the above-mentioned embodiments. The rolled 
thick plate may be manufactured using known process con 
ditions such as homogenization, hot-rolling, heat Solution 
treatments and ageing treatments. 
0032. In one embodiment, ingots of the ultra-thick high 
strength aluminum alloy product may be cast, homogenized, 
hot rolled, solution heat treated, cold water quenched, option 
ally stretched, and aged to desired temper. In one embodi 
ment, the ultra-thick high strength aluminum alloy is a plate 
subjected to a final T7651 temper in the thickness range from 
2 inch to 6 inch. The ingots may be homogenized attempera 
tures from 454 to 491° C. (850 to 915°F). The hotrolling start 
temperature may be from 399 to 443°C. (750 to 830°F). The 
exit temperature may be in a similar range as the start tem 
perature. The rolling reduction of each pass may be deliber 
ately controlled to achieve target temperature during hot roll 
ing process. The plates may be solution heat treated at 
temperature range from 454 to 491° C. (850 to 915°F). The 
plates are cold water quenched to room temperature and may 
be stretched at about 1.5 to 3%. The quenched plate may be 
Subjecting to any known aging practices known by those of 
skill in the art including, but not limited to, two-step aging 
practices that produce a final T7651 or T7451 temper. When 
using a T7651 temper, the first stage temperature may be in 
the range of 100 to 140°C. (212 to 284°F) for 4 to 24 hours 
and the second stage temperature may be in the range of 150 
to 200° C. (212 to 392 F.) for 5 to 20 hours. 
0033 FIG. 1 and FIG. 2 are graphs showing the minimum 
strength as a function of plate thickness provided in an ultra 
thick high strength aluminum alloy product in accordance 
with the present invention compared with other aluminum 
alloy products currently available based on the most recent 
“Aluminum Association: 2011 Yellow? Tan Sheets” and “Alu 
minum Standard and Data 2009. The minimum strength of 
the ultra-thick high strength aluminum alloy product in accor 
dance with the present invention is based on a significant 
number of commercial production trial lots and calculated 
based on the statistical method outlined in MMPDS-06. It 
should be mentioned that no fracture toughness values are 
specified for AA7081-T7651 in Aluminum Association: 
2011 Yellow/Tan Sheets”. AA7140, the only alloy without 
restricting gauge, has a low Zn level in the range of 6.2 to 7.0 
wt.%. 

0034. The ultra-thick high strength aluminum alloy prod 
uct in accordance with the present invention is based on a 
fundamental understanding of how chemistry affects large 
cross section quench sensitivity of 7XXX alloys. The quench 
sensitivity is affected by the thermodynamic behavior of pre 
cipitations during quenching. The thermodynamic driving 
force of precipitation is strongly affected by chemical com 
position. This is the reason that chemical composition opti 
mization is very important for high strength 7XXX production. 
0035. The favorable sites for precipitation include large 
and Small angle grain boundaries as well as particles with 
preference to fine size dispersoid particles. The fine disper 
soid particles form due to the addition of grain refiner ele 
ments such as Zr, Cr, Sc., and Mn. The fine dispersoid particles 
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are preferred sites for precipitation during quenching. Mean 
while, the dispersoid particles significantly retard grain 
recrystallization, resulting in less large angle grain bound 
aries, which are also favorable sites for precipitation. 
0036. The recrystallization is also affected by rolling his 

tory. It is also well known that hot rolling processes strongly 
affects aluminum crystallographic texture and Subsequently 
final productanisotropy mechanical property, through thick 
ness properties and quench sensitivity as discussed in the 
paper “A Study of Through-Thickness Texture Gradients in 
Rolled Sheets” by O. Engleretal. published in “Metallurgical 
and Materials Transaction A' in September 2000 and another 
paper “Through Thickness Property Variations in 7050 Plate” 
by D. J. Chakrabakti et al., published in “Materials Science 
Forum Vols., 217-211 in 1996. The thermomechanical pro 
cessing, especially hot rolling, must be precisely controlled in 
order to achieve appropriate microstructure including crys 
tallographic texture for desirable static mechanical properties 
and damage tolerance related properties. 
0037. The present invention is directed to an ultra-thick 
high strength aluminum alloy product with a high content of 
Zn in the range of 7.5-8.4 wt.% to increase strength. With a 
precise content of Mg in the range of 1.6 to 2.3 wt.% and Cu 
in the range of 1.4 to 2.1 wt.%, this ultra-thick high strength 
aluminum alloy product is Surprisingly capable of use as a 
high strength thick plate for aerospace application. Compared 
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product of the present invention and the alloys generally 
provided in U.S. Pat. No. 6,027,582 are significantly different 
partially due to different Zn levels. 
0040 Although the following examples demonstrate vari 
ous embodiment of the present invention, one of skill in the 
art should understand how additional ultra-thick high 
strength aluminum alloy products may be fabricated in accor 
dance with the present invention. The examples should not be 
construed to limit the scope of protection provided for the 
present invention. Unless otherwise indicated herein, all per 
centage amounts are 96 by weight. 

Examples 

Plant Trial 

0041 More than 20 industrial scale 508 mm (20 inch) 
thick ingots were cast by DC (Direct Chill) casting process 
and processed to different gauge plates. Those plates pro 
vided a sufficient material properties database to establish the 
minimum strength of the ultra-thick high strength aluminum 
alloy product in accordance with the present invention based 
on the Statistical method outlined in MMPDS-06. Table 1 
gives the typical chemical compositions of selected plates 
with different gauges. 

TABLE 1. 

Chemical compositions of industrial Scale ingots 

Batch 

with previously known technologies of available high 
strength thick plates, the present invention has a much higher 
Zn content and higher gauge capability as demonstrated in 
FIG. 3. 

0038. As seen in the graph provided for FIG.3, the closest 
product is AA7085-T7651, in which Zn is at the average of 
7.5 wt.% with maximum of 7" gauge capacity. AA7085 was 
registered by Alcoa and provided in U.S. Pat. No. 6,972,100. 
This patent generally provides that a preferred chemistry 
range, as shown in FIG. 4, can produce more than 4.0" thick 
high Strength 7XXX alloy plate for aerospace application. Sur 
prisingly, the ultra-high strength aluminum alloy product in 
accordance with the present invention, with distinctive chem 
istry characterized by higher Zn and Mg, is capable of pro 
ducing even higher strength thick plates, while keeping a 
good short transverse ductility and damage tolerance. 
0039. The selected content range of Mg and Cu in the 
ultra-thick high Strength aluminum alloy product in accor 
dance with the present invention is especially important for 
alloys with a high Zn range of 7.5 to 8.4 wt.% as specified for 
the present invention. Although 7040 has similar Mg and Cu 
composition ranges as the present invention, it has much 
lower Zn level. The yield strengths, as shown in FIG. 1 and 
FIG. 2, between the ultra-thick high strength aluminum alloy 

Thickness Thickness 
(mm) (in) Si Fe Cu Mg Zn T Zr 

50 2.0 O.04 OO6 16S 2.09 7.93 O.O3 0.09 
75 3.0 O.O3 OO6 1.66 2.06 7.78 O.O3 0.09 
1OO 3.9 O.O3 OO6 1.66 2.06 7.78 O.O3 0.09 
125 4.9 O.04 OO6 16S 2.09 7.93 O.O3 0.09 
140 5.5 O.04 OO6 1.65 2.08 7.94 O.O3 O.09 
150 5.9 O.04 O.O7 1.70 2.10 7.87 O.O3 0.08 

0042. Ingots were homogenized, hot rolled, solution heat 
treated, quenched, stretched and aged to final T7651 temper 
plates in the thickness range from 2 inch to 6 inch. The ingots 
were homogenized attemperature from 454 to 491°C. (850 to 
915°F). The hot rolling start temperature is from 399 to 443° 
C. (750 to 830°F). The exit temperature is in the similar range 
as start temperature. The rolling reduction of each pass was 
deliberately controlled to achieve target temperature during 
hot rolling process. 

0043. The plates were solution heat treated attemperature 
range from 454 to 491° C. (850 to 915°F). The plates were 
stretched at about 1.5 to 3% and cold water quenched to room 
temperature. A two-step aging practice was used to produce 
final T7651 temper. The first stage temperature is in the range 
of 100 to 140°C. (212 to 284°F) for 4 to 24 hours and the 
second stage temperature is in the range of 150 to 200° C. 
(212 to 392 F) for 5 to 20 hours. 
0044) Tables 2 and 3 give tensile and fracture toughness 
properties. The 0.2% offset yield strength (TYS) along rolling 
direction (L) and transverse direction (LT) were measured at 
both quarter thickness (a/4) and center thickness (a/2) under 
ASTM B557 specification. The plane strain fracture tough 
ness (K) in L-T and T-L orientations at both quarter thick 
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ness (T/4) and center thickness (T/2) were measured under 
ASTM E399 using CT specimens. 

0045 
is one important indicator for product damage tolerance per 

As described previously, the ST elongation property 

formance. The ST elongation of the samples provided in this 
examples is about 4 to 6%, which is very good compared with 
those alloys previous known in the art. The prior art with the 
closest, but not the same, chemistry is AA7449. Unfortu 
nately, AA7449 is not capable of being produced as more than 
a 4" plate based on “Aluminum Association: 2011 Aluminum 
Standard and Data Yellow? Tan Sheets'. The minimum ST 

yield strength and elongation of 4" thick T7651 temper plate 
is 67 ksi and 1% elongation. The 4" thickness is the maximum 
thickness that 7449-T7651 can offer as provided in Alumi 
num Association: 2011 Aluminum Standard and DataYellow/ 

Tan Sheets”. With the same thickness of 4", the samples 
provided herein for the ultra-thick high strength aluminum 
alloy product in accordance with the present invention have 
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72 ksi ST yield strength and 4% elongation, which are much 
higher than AA7449 alloy. It is also well-known by those 
skilled in the art that with the same 7449 chemistry, at higher 
thickness, ST elongation would be further reduced. However, 
the ultra-thick high strength aluminum alloy products in 
accordance with the present invention at 5.9" thickness has a 
ST elongation measured at 4.0%. 
0046) 
application. The standard stress corrosion testing was per 

Stress corrosion resistance is critical for aerospace 

formed in accordance with the requirements of ASTM G47 
which is alternate immersion in a 3.5% NaCl solution under 

constant deflection. Three specimens were tested per sample. 
All specimens Survived 60 days testing without failing under 
200 MPa stress level in ST direction. Meanwhile, the exfo 
liation corrosion resistance was tested according to ASTM 
G34. The specimen size was 51 mm (2") in the LT direction 
and 102 mm (4") in the L direction. Testing was performed at 
thickness positions of surface (T/10) and plate center (T/2). 
All samples were rated as pitting based on ASTMG34. 

TABLE 2 

Tensile properties of final product T7651 temper plates 

LTa2 LT a 4 La 2 La 4 ST af2 

Gauge TYS UTS EL. TYS UTS EL. TYS UTS EL. TYS UTS EL. TYS UTS EL. 
Batch (in) (ksi) (ksi) (%) (ksi) (ksi) (%) (ksi) (ksi) (%) (ksi) (ksi) (%) (ksi) (ksi) (%) 

S37041A6 2.0 78.6 83.5 12.8 8O.S 85.6 11.6 80.7 85.4 144 81.7 85.8 13.O 76.4 85.7 S4 

S37245A3 3.0 76.2 81.7 11.4 77.S 83.9 9.1 79.2 842 12.4 79.4 84.O. 11.6 75.3 81.3 6.4 

S37017A6 3.9 75.6 81.2 10.1 77.9 84.3 8.6 79.4 84.1 11.4 78.7 82.O. 11.7 73.9 8O.S 3.6 

S372O4AO 4.9 72.5 78.6 9.4 75.4 81.9 8.3 75.8 81.3 11.6 75.9 79.7 124 70.1 78.2 5.9 

S37232A1 5.5 71.4 78.3 8.O 74S 81.2 7.2 75.1 80.6 10.7 75.4 79.9 11.1 69.4 78.0 S.S 

537131A5 5.9 72.5 79.0 6.5 76.2 82.2 6.1 77.7 82.9 10.2 76.9 80.7 10.3 71.8 79.6 4.0 

TABLE 3 

Fracture toughness properties of final product T7651 temper plates 

Gauge L-T Klc at af2 L-T Klc at a 4 T-L Klc at a 2 T-L Klc at a 4 S-L Klc at a 2 
Batch in (ksi in 1/2) (ksi in 1/2) (ksi in 1/2) (ksi in 1/2) (ksi in 1/2) 

S37041A6 2.0 29.1 29.7 25.5 25.6 25.6 

S37245A3 3.0 28S 24.6 24.3 22.3 24.2 

S37017A6 3.9 28.2 24.4 23.7 21.8 20.7 

S372O4AO 4.9 29.8 25.7 23.9 22.2 23.3 

S37232A1 5.5 30.3 25.8 24.1 21.9 22.2 

537131A5 5.9 29.1 24.2 22.8 2O.S 21.9 
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0047 Smooth fatigue property was tested in accordance 
with the requirements of ASTM E466. Four LT specimens 
were tested from each plate at plate thickness center along 
transverse direction. Specimen was tested at 240 MPa (35 
ksi). All plates met the common industrially accepted crite 
rion, i.e. 120,000 cycles of logarithm average of four speci 
CS. 

0048 Crack propagation was tested in accordance with 
the testing methods established in ASTM E647. Test speci 
mens were prepared in the L-T and T-L orientations. The test 
specimen geometry was 101 mm (4") widex305 mm (12") 
long (minimum)x6.35 mm (0.25") thick. The stress ratio of 
0.10 and frequency of 5 Hz was used in the testing. By way of 
example, FIG. 5 is a graph showing L-T and T-L orientation 
sample fatigue crack growth rates for a 5.9" gauge plate using 
the ultra-thick high Strength aluminum alloy product of the 
present invention. 
0049. Although the present invention has been disclosed 
in terms of a preferred embodiment, it will be understood that 
numerous additional modifications and variations could be 
made thereto without departing from the scope of the inven 
tion as defined by the following claims: 
We claim: 
1. An ultra-thick high strength aluminum alloy product 

compr1S1ng 
7.5 to 8.4 wt.% Zn, 
1.6 to 2.3 wt.% Mg, 
1.4 to 2.1 wt.% Cu, and 
one or more elements selected from the group consisting of 
up to 0.2 wt.% Zr, up to 0.2 wt.% Sc, and up to 0.2 wt. 
% Hf, 

with the balance Al, incidental elements and impurities, 
wherein said aluminum alloy product is a 2-10 inches thick 

plate, extrusion, or forging product and has a minimum 
yield strength of 75 ksi-0.8x(thickness in inch-3.94 
inch) in LT direction and 76 ksi-0.8x(thickness in 
inch-3.94 inch) in L direction. 

2. The ultra-thick high strength aluminum alloy product of 
claim 1 comprising so.12 wt.% Si. 

3. The ultra-thick high strength aluminum alloy product of 
claim 2 comprising s().05 wt.% Si. 

4. The ultra-thick high strength aluminum alloy product of 
claim 1 comprising s(). 15 wt.% Fe. 

5. The ultra-thick high strength aluminum alloy product of 
claim 4 comprising s().08 wt.% Fe. 

6. The ultra-thick high strength aluminum alloy product of 
claim 1 comprising s().04 wt.% Mn. 

7. The ultra-thick high strength aluminum alloy product of 
claim 1 comprising s().04 wt.% Cr. 

8. The ultra-thick high strength aluminum alloy product of 
claim 1 comprising s().06 wt.% Ti. 

9. The ultra-thick high strength aluminum alloy product of 
claim 1 consisting essential of 

7.5 to 8.4 wt.% Zn, 
1.6 to 2.3 wt.% Mg, 
1.4 to 2.1 wt.% Cu, and 
one or more elements selected from the group consisting of 
up to 0.2 wt.% Zr, up to 0.2 wt.% Sc, and up to 0.2 wt. 
% Hf, 

s0.12 wt.% Si, 
s0.15 wt.% Fe. 
s0.04 wt.% Mn, 
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s0.04 wt.% Cr, 
and s().06 wt.% Ti 
with the balance Al, incidental elements and impurities. 
10. The ultra-thick high strength aluminum alloy product 

of claim 1 consisting essentially of 

1.SS-1.75 wt.% Cl 
sO.O8 wt.% Fe. 

2.00-2.20 wt.% Mg 
s0.05 wt.% Si 

with the balance Al, incidental elements and impurities. 
11. The ultra-thick high strength aluminum alloy product 

of claim 1 consisting essentially of 

7.78-7.94 wt.% Zn 2.06-2.10 wt.% Mg 
0.08-0.09 wt.% Zr 0.03-0.04 wt.% Si 
about 0.03 wt.% Ti 

1.65-17O wt.% Cu. 
0.06-0.07 wt % Fe. 

with the balance Al, incidental elements and impurities. 
12. The ultra-thick high strength aluminum alloy product 

of claim 1 wherein said aluminum alloy product is a 4-10 
inches thick plate, extrusion, or forging product. 

13. The ultra-thick high strength aluminum alloy product 
of claim 12 wherein said aluminum alloy product is a 4-8 
inches thick plate, extrusion, or forging product. 

14. The ultra-thick high strength aluminum alloy product 
of claim 1 wherein said aluminum alloy product is a 2-6 
inches thick plate, extrusion, or forging product. 

15. The ultra-thick high strength aluminum alloy product 
of claim 1 having a minimum short transverse (ST) stress 
corrosion cracking (SCC) of 25 ksi. 

16. The ultra-thick high strength aluminum alloy product 
of claim 1 having a minimum short transverse (ST) stress 
corrosion cracking (SCC) of 30 ksi. 

17. The ultra-thick high strength aluminum alloy product 
of claim 1 having a minimum short transverse elongation of 
2%. 

18. The ultra-thick high strength aluminum alloy product 
of claim 1 having a minimum short transverse elongation of 
3%. 

19. A method of manufacturing an ultra-thick high strength 
aluminum alloy product of an AA7XXX-Series alloy, the 
method comprising the steps of 

a. casting stock of an ingot of an AA7XXX-series aluminum 
alloy comprising the aluminum alloy product of claim 1 

b. homogenizing the cast stock; 
c. hot working the stock by one or more methods selected 

from the group consisting of rolling, extrusion, and forg 
1ng 

d. solution heat treating (SHT) of the hot worked stock; 
e. cold water quenching said SHT stock; 
f. optionally stretching the SHT stock; and 
h. ageing of the SHT cold water quenched and optionally 

stretched Stock to a desired temper. 
20. The method of claim 19, wherein said step of homog 

enizing includes homogenizing at temperatures from 454 to 
491° C. (850 to 915°F). 

21. The method of claim 19, wherein said step of hot 
working includes hot rolling at a temperature of 399 to 443 
C. (750 to 830°F). 

22. The method of claim 19, wherein said step of solution 
heat treating includes Solution heat treated at temperature 
range from 454 to 491° C. (850 to 915°F). 
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23. The method of claim 19, wherein said step of optionally 
stretching includes stretching at about 1.5 to 3%. 

24. The method of claim 19, wherein said step of ageing 
includes a two-step T7651 ageing process wherein a first 
stage temperature ranges from 100 to 140°C. (212 to 284°F.) 
for 4 to 24 hours and a second stage temperature ranges from 
150 to 200° C. (212 to 392 F) for 5 to 20 hours. 

25. The method of claim 19, wherein 
b. Said step of homogenizing includes homogenizing at 

temperatures from 454 to 491° C. (850 to 915°F): 
c. said step of hot working includes hot rolling at a tem 

perature of 399 to 443° C. (750 to 830°F); 
d. Said step of solution heat treating includes solution heat 

treated attemperature range from 454 to 491° C. (850 to 
9159 F); 

e. said step of cold water quenching includes cold water 
quenching to room temperature; 

f, said step of optionally stretching includes stretching at 
about 1.5 to 3%: 

g. said step of ageing includes a two-step T7651 ageing 
process wherein a first stage temperature ranges from 
100 to 140°C. (212 to 284°F) for 4 to 24 hours and a 
second stage temperature ranges from 150 to 200° C. 
(212 to 392 F) for 5 to 20 hours. 

k k k k k 
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