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ABSTRACT

Friction stir welding (FSW) is a new solid-staténjag process. It can be applied to all aluminuioya without
hot cracking, porosity or other common problemoeaisged with fusion welding process of aluminumefrhal effects
such as contraction and distortion are also avodtlerto the absence of fusion. The absence ofeatdts also in clean
joining process with no ultraviolet or electromatinegadiation hazards. No spatter or fumes or oft@lutants in this
joining process, FSW. Excellent mechanical propsriif the friction stir welded joints promotedaigplications in various
industrial fields such as aerospace, automotiveitime, ...etc. Aluminum alloy 7075 has special im@aoice due to its
high strength properties which promoted its usageaérospace industry. Friction stir welding of AABOreceived
considerable emphasis in the literature. The podi$sb of joining dissimilar metals using FSW enecaged investigators

to build dissimilar joints between AA7075 and othegtals including aluminum alloys, magnesium arrs.
KEYWORDS: Friction Stir Butt Welding, Aluminum Alloys, WeldinResearch
INTRODUCTION

Friction stir welding (FSW) is a solid—state, hdtear joining process [1-3] in which a rotating toath a
shoulder and terminating in a threaded pin, movesgathe butting surfaces of two rigidly clampeatps placed on a
backing plate. The shoulder makes firm contact it top surface of the work—piece. Heat generhgeftiction at the
shoulder and to a lesser extent at the pin surfafsns the material being welded. Severe pldsticrmation and flow of
this plasticized metal occurs as the tool is tr@esl along the welding direction. Material is tyam$ed from the front of
the tool to the trailing edge where it is forgetbia joint. Different joint types can be frictiotirsvelded such as butt, lap
and fillet joints. This process (FSW) was invenbsgdthe TWI in 1991[4-5]. From that time researchd aievelopment in
FSW and associated technologies has taken gree¢spia many companies, research institutes andersiiies and

international conference series dedicated to utdyst

The #&xx aluminum alloys are age hardenable, with good coatlin of strength, fracture toughness, and
corrosion resistance in both thick and thin wrougittions. The addition of zinc with other elememnistably copper,
magnesium, and chromium, produces very high strefgtluding the highest strength available in amgught aluminum
alloy. Aluminum alloy 7075 is a high strengtkxkalloy. Its composition limits is: 1.20 to 2.0 Cul2o0 2.9 Mg, 0.30 Mn
max, 0.40 Si max, 0.50 Fe max, 0.18 to 0.28 Crt®A.1 Zn, 0.20 Ti max, 0.05 max other (each)50ribx others (total),
bal. Al [6]. This alloy is used in aircraft strucali parts and other highly stressed structuraliagiibns where very high

strength and good resistance to corrosion are nejuiThe weldability of this alloy by conventionision welding
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techniques is not good. Therefore, there has beesiderable research into the ability to join AABQY using the solid-

state friction stir welding technique [7, 8, 9] dwdts importance in aerospace industry.

The FSW has been focused on welding aluminum alloygstigations of FSW have been carried out thep
alloys such as copper alloys [10-17], magnesiumyal[18-27], titanium alloys [28-32], steels [33}4dickel alloys [42-
44] and also molybdenum [45].

In addition considerable work has focused on uiBV to join dissimilar aluminum alloys [46-72] Ligteight
vehicles has pushed research towards dissimilaingiof aluminum alloys to other metals, includialyminum to
magnesium [73-80] aluminum to metal matrix compessii81], aluminum to steel [82-87], and aluminuntépper [88-
94].

Because of the advantages FSW provides, it haglfasiplace in many industrial applications; sushtfose in
marine like fishing vessels [95], large steel ceuships [96], and the Japanese fast ferry “Ogasdvjar]. In aerospace
like fuel tanks for unmanned Delta Il and later tAdV rockets [98-100], the manufacturer Boeing &arde fuel tank for
the Space Shuttle [101-103], and the Eclipse 5@&iess jet [104]. Friction stir welding has beeplegal in rail such as
the Japanese Shinkansen [105-107], in automotiveh as Mazda Rx-8 sports car, bonnet and rear d&68] and in
lightweight armored vehicles [109-110]. Replacirapger by aluminum has potential applications sisicilar electric
properties can be achieved at a lower price andwerl density [111]. Aiming at replacing copper wigluminum
successfully, the welding of these two metals ikeg problem to be solved. The welding of dissimitaaterials is
generally more difficult than that of homogeneoustenals. High-quality Cu-Al dissimilar joint is tthto be produced by
fusion welding techniques due to the large diffeeeaf melting points, brittle intermetallic compalsnexistence and crack
formation[111-112]. Friction stir welding is the diesolution for this joining [113]. Limited reseams have been carried
out in this field.

General reviews have been introduced by many relseer about friction stir welding covering wide ganof
materials [114], or concentrates on heat generatih tool/material flow interaction [115], and ASh&ndbook which
cover FSW and FSP [116]. Recently, a concentragxiew on aluminum alloy FSW has been introduced7]11
The aluminum alloy 7075 has a special importance@rgmother aluminum alloys due to its high strengtid age
hardenability. It is used extensively in aerospmchistries and researches gave considerable interdés weldability,
either by conventional fusion welding which is diffit or by solid-state welding such as frictionr skelding FSW
process. Therefore, this present review will drawaowide selection of published data dealt withtion stir welding of
aluminum alloy 7075 either in as a similar joiniog dissimilar joining with other aluminum alloys cantmaterials to
summarize current understanding of the complexioziship between welding parameters, microstructun@ properties

for AA7075. Besides, the weldability of this alloydissimilar manner with other materials is disac
Similar Friction Stir Welding of AA7075

The 7xxx aluminum alloys are age hardenable, withoad combination of strength, fracture toughnesel
corrosion resistance in both thick and thin wrouggttions. Weldability of the high-strength 7xxximinum alloy by
conventional fusion welding techniques is not gaodany temper. However, some investigations shoagctessful
examples for fusion welding of 7xxx, and specificaBA7075 [118-120]. There is a considerable ingtren the

high-strength 7xxx aluminum alloys in aerospacaugid/, which encouraged many researchers to useSki¢ technique
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instead of conventional fusiomelding processes [121-124]. Examples for similar frict&in welding of AA7075 can be
found in many references [7-9, 1254]. There is a wealth of data on strain rate and spilaaticity condition [132, 134-
142], corrosion and stress corrosionacking [129-130, 152-161], mechanical propertj@81, 144, 146], microstructure
and compositional characterizatidia8l through the majority of the last mentionexsearche and others [133, 143, 145],
material transfer [145], the role oftermetallic compound [144], fatigue [131, 144], imp§t44], failure mode [143], and
temperature effect [145]. Importaapplication of FSW were introduced by NASA [14@hd others [148]. There is no

surveys were done —to the bksbwledgt of the author- for the friction stir welding 8A7075.

Mechanical Properties

The microstructure across fection stir weld is non-uniform which results iconsiderable change in yield
strength, tensile strength, amilictility over very short distances [152]. Therefore, thsults can be very different
according to whether the welds haheer tested in the longitudinal or transverse direciicnordin( to the weld as shown
in Table 1. Width and length of thes piece will also change the stress-strain respbasaus of their effects on residual

stresses and average ductilityspectivel [117].

A study of the deformatioon AA7075-T7541 [149] has demonstrated tragiability in strain across transverse
tensile samples. Tensile properties=&W AA7075-T651 in longitudinal and transverdigection: have been recorded at
room temperature [146] as shownTiable 1. Table 1 indicates a decrease in strengthdactllity in transverse directions
compared to longitudinal directicemc greater decrease when compared to base wedtsés HAZ represents the low-
strength zone due to the precipitatearsenin and the development of precipitate-framne: PFZs. Figure 1 shows the
high strain level (12-14%) at HAZompare to weld zone (2-5%), therefore, fractuvecurs in the HAZ. Transverse
direction of the weld always exhildibw strength and ductility allover its long. Othe&tudie: have been conducted using
mini tensile specimens in order determin: the tensile properties at different locatiarfsthe FSW welds of AA7075.
Similar results were obtained whegetypical variation of tensile properties with tpesitior across the weld of FSW
AA70Q75 is shown in Figure 2.

Table 1: Longitudinal and Transverse Tensile Properties of FSW AA7075-T651 aRoom Temperature [146]
UTS (MPa) | YS (MPa) | Elongation (%)

(Chelel Long.|Trans.|Long.|Trans.| Long. | Trans.
Base metalT651 622| 622 571 571 14.% 145
As-FSW 525 468.' 365 | 312 15 7.5r
Postweld agéreatmer T6 | 469 447' 455 312‘ 3-‘ 3.5

0.15

Strain

0051

HAZ HAZL N
Fracture Weld Nudgget
0.00 1 i L L 1 L L
-20 -15 =10 -5 4] 5 10 15 2

Distance from Weld Centra, mm

Figure 1: Tensile Strain Distribution within the HAZS and Weld Nugget of FSW7075a-1651 Weld [146]
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Figure 2: Variation of Tensile Properties with thePosition across the Weld in an FSW 7075al Alloy [7§

Table 2 illustrates transverse tensile propertieE@Wed AA7075 at different conditions; as welded after
postweld aged. Joint efficiency for each case lsutated and put in the table. FSWed AA7075 joifiiceency ranges
from 74% for AA7075-T651 [146] to 96% for AA70757351 [153]. It is worth noting that these values far transverse
tensile strength which is the lowest value as dised in the above paragraphs. These values arevhigih compared with
conventional welding processes, especially thatetlaee difficulties when welding this high strengitbat treatable alloy
7075.

Table 2: Transverse Tensile Properties of FSWed A&75 [116]

Condition UTS (MPa) Efficiency (%)|YS (MPa)Ref
Base metal 553 - 486
7075-T6 Fas Fsw 410 74 333 |25
Base metal 622 - 571 121
468 75 312
7075-T651) ASFSW —0r 78 340 | 126
T6 447 72 312 | 127
Base metal 515 - -
1075 T3 A s Fsw| 416 81 ~ | ®
Base metal 472 - -
7075-T735 AS-ESW 455 9% i 186

Dissimilar Friction Stir Welding of Aa7075

One of the most advantages of friction stir weldggs ability to join dissimilar materials. Foretals, aluminum
is the most common metal to be joined by FSW insainhilar joint. Friction stir welding had been dsi join different
aluminum alloys, copper alloys or aluminum allogsother metals [150, 151, 154-169]. Many dissimijténts of various
aluminum alloys were made to fulfill many applicatirequirements. Aluminum alloy 7075 had been j@iwith AA2024

in many applications which can be considered asoftiee most common aluminum alloys joined with AXB due to its
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importance in aerospace applications [170-188]nAtwum alloy 7075 was also joined with AA6061 [1895], AA5754
[196-197], AA2219 [57, 60, 198], AA6262 [199], AA2D [151, 165], and AA1100 [151]. AA7075 was joingldo with

magnesium alloy [176].

Various parameters and topics have been studiedigsimilar joining of AA7075 with other aluminumiays
and metals. These parameters include: mechaniopkpgres [170-171, 173- 178, 182, 189, 191, 196-19B8], bending
strength [191], fatigue life [171-172, 174, 179-18®3], microstructural characterization [170-17¥5-176, 192-193,
199], tool position [172], defects [173], effect pfocess parameters [174, 190], weld temperatdeetefl89], failure
mode [197], and repair weld [198]. Joints were laitits [170-172, 175-176, 189-192, 196-199], [6@] and lap joints
[173-174, 177, 187].

AA7075-AA2024 Butt Joints

Dissimilar friction stir welding of AA7075-AA2024 eceived considerable interest in the literatures
[170-173, 175-178, 182-188]. These joints have bdesigned to be butt or lap configurations depemdim the

application.

In case of butt joint configuration [170-172, 17861 178, 182], the main parameters investigatede wer
mechanical properties including tensile and harsimasasurements, and microstructural investigati@tigue life and
fatigue crack propagation was mainly investigatadtie 7075/2024 joints. As shown in Table 3 tHeieihcy approached
for this type of joint was considerably high rangiinom 85 to 95% of AA2024 base material in aver&mme specimens
showed less and some showed higher but the majodtyin the above mentioned range. ihlkaestigations
showed that the joint gives better efficiency wiAex2024 (the softer material) is put in the advaggcade and AA7075 in
the retreating side. Meanwhile the fracture locatdter tensile test was always at the HAZ of AA20Reduced ductility
of the joints AA7075/AA2024 was attributed to laeald deformation in the low-strength HAZs. The pl#ticknesses of
both alloys were mainly ranging from 3 to 4 mmwias found that the optimum process condition isO1&im for the
rotational speed and 120 mm/min as welding or tsevespeed especially for 3.0 mm. thick plate. Tateytie test for
FSWed AA7075/AA2024 joints showed a fatigue life2ofLl06 cycles which corresponds to 44 MPa whichsatisfactory
level compared to the base metal AA2024 [290]. WR8KVed AA7075/AA2024 joints were examined undeabtatal
stress control mode under fully in tension condgidR=0.1) the fatigue life recorded was 3x106 cycles cqoesling to
105 MPa when the tool had been displaced from #mec of weld line towards AA2024 by 1.0 mm [1782]L
Microstructural examinations for various FSWed spens for AA7075/AA2024 showed the common oniorgsirat the
WZ/SZ as clearly shown in Figure 3 (a), and esplgc high rotational speed, Figure 3 (b). The mostructure at Wz/SZ
is a mixed structure of equiaxed fine grains. Witbreasing the heat input which results from insieg the rotational
speed and with severe plastic deformation remagkaialler grains compared to base metal is obtai#destimated
length3 005 um [171, 178]. Grain size increases in with movingagvfrom the WZ/SZ up to the HAZ where the grain
size is almost the same as the base metal. Alsoe thre large amount of resident base metal siasppear. The
precipitates at this region are coarsened. In ¢geon adjacent to the WZ/SZ which is TMAZ, there deformed grains
with size nearly similar to that of base metal [[LAnalysis of WZ/SZ using EDS showed nearly simiteass percentages
of Cu, Mg, and Mn in positions 1, 3, and 5 (Fig@ré&)) to their contents of AA2024 while the contcations of Zn, Mg,
and Mn at positions 2, 4, and 6 were close to A&7plate [170].
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Figure 3: (a) SEM Image of SZ forFSW 7075/2024 at 1200 rpm [289] and (b) ONWlacrograph of the Cross-Section
of Condition FSW 7075/2024 At 200 Rpm [178]

Table 3: Summary for FSWAA7075/AA2024 — BUTTJoints

2024-T3 - - - 327 461 29.5 - -
7075-T6 - - - 498 593 17.7 - -
2024- 275 395 13.6 86
42 HAZ-202¢
T3/7075-T6 270 392 12.1 85
282 404 14.5 88
72 HAZ-202¢
264 394 12.5 85
290 423 14.9 HAZ-202¢ 92
102 170
3 1200 280 381 9 wz 83
287 398 11.4 86
198 wZ
283 340 7.5 74
7075-
T6/2024-T3
2024-T3 - - - 380 490 17 - -
7075-T6 - - - 503 572 11 - -
171
2024-
25 - 160 325 424 6 HAZ202¢ 87
T3/7075-T6
2024-T3 - - - 380 490 17 - -
7075-T6 - - - 503 572 11 - -
0* 325 424 6 HAZ-202£" 87
© 0.
E = 340 435 7 HAZ-202£" 89 1721
S 82
5 [1] 4 | 1600| 120 )
~ 395 460 4.5 HAZ-202¢ 94
< 0*
AN
o
I3V 1. "
= 285 390 2.5 HAZ-202¢ 80
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2024-T3 - - - [ 327 | 461 | 295 - -
7075-T6 - - - | 498 | 593 17.7 - -
2024- 400 291 | 399 14 | HAZ-2024 | 87
T3/7075-T6 275 | 302 11.4 | HAZ-2024 | 85
500 286 | 407 143 | HAZ2024 | 88
292 | 395 13.4 | HAZ-2024 | 86
290 | 423 149 | HAZ-2024 | 92
1200
280 | 381 9 wZ 83 175,
1600 283 | 392 125 wZ 85 176
3 100
280 | 386 115 wZ 84
274 | 363 75 wZ 79
2000
234 | 293 7.5 wz 64
7075-
T6/2024-T3
2024-T3 - - - | 305 | 458 18 - -
7075-T6 - - - | 491 | 565 13 - -
. 400 269 | 438 71 | HAZ2024 | 9 178
3 [ 1000 | 254 [ 224 | 447 8 HAZ-2024 | 98
T6/2024-T3
2000 253 | 445 78 | HAZ2024 | 97

Colored cellsare for AA2024 positioned at AS.

*Tool position from center of weld line towardA2024

+Expected from microhardness readings
CONCLUSIONS

Aluminum alloys %xxis age hardenable, with good combination of sttenfyacture toughness, and corrosion
resistance in both thick and thin wrought sectidrtee addition of zinc with other elements, notatxypper, magnesium,
and chromium, produces very high strength, inclgdime highest strength available in any wroughmahum alloy.
Aluminum alloy 7075 is a high strengtlx alloy. This alloy is used in aircraft structuralisaand other highly stressed
structural applications where very high strengtd good resistance to corrosion are required. THdabdity of this alloy
by conventional fusion welding techniques is nobdjoTherefore, there has been considerable resedccthe ability to

join AA7075 by using the solid-state friction stielding technique due to its importance in aerospagustry.

Similar joint of this alloy 7075 received considela interest from investigators from various poirfitviews.
Process parameters -including the tool profilee&fbn microstructural and mechanical propertieseveenong the major

topics investigated. The main concluding remarks ar

e Most friction stir welds of AA7075 and heat-tredabluminum alloys in general, welded in the pegédaor
overaged conditions (T6/T7 tempers), exhibit a abt@ristic hardness profile; W-shape. This alldy7&)
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spontaneously age at room temperature, continoitgutden essentially forever even at a decreaateg r

» Strength and ductility in transverse directionsénbwer values compared to longitudinal directidAZ
represents the low-strength zone due to the ptatéptoarsening and the development of precipftatezones
PFZs.

» Fatigue fracture location is usually located betw&®AZ and HAZ in the advancing side in the weld¥675-
T6 at lower welding speed and in the nugget zorsehagher welding speed. Fatigue strengths of waldsearly

the same as those of the parent material of 7085- T

» Dissolution of larger precipitates and reprecipitain the weld center during FSW of AA7075-T658irates

that the maximum process temperatures are 400-280 o

* Aluminum alloy 7075 spontaneously age at room teatpee, continuing to harden essentially foreveareat a
decreasing rate. Softening occurs in the HAZ with@d drop in hardness as the TMAZ is approachbd.
greatest strength recovery occurs in the nuggeh Boarsening and dissolution lead to a drop idhess, but

strength recovery only occurs following dissolution

e Aluminum alloy 2024 is one of the most common alomnmn alloys joined using FSW with AA7075 due to its

importance in aerospace applications.

» Dissimilar FSW between AA7075 and other aluminuhayal including AA2024 reaches efficiency ranges

between 74-95% which considered high compared edttventional fusion welding processes.

e Itis recommended in dissimilar FSW of aluminunogdl to place the weaker alloy in the AS and thengfer one

in the RS to ensure better mix at stir zone.
e Failure of dissimilar joint usually occurs at th&Hof the softer alloy with low hardness.

e In both similar and dissimilar FSW of AA7075, thevpess conditions namely; rotational speed, trapekd, tool

profile have great effect on microstructure evaatitensile properties, and fatigue life.
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