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Corrosion and microstructure evolution of ultrasonic (UaFSW), induction (i-FSW) and laser heating assisted macro and micro (μFSW) dissimilar friction stir welding and friction stir spot welding (FSSW) (surface and underwater deep sea) steels and Aluminum alloys.


Muhammad Musaddique Ali RAFIQUE


Abstract

This study entails and details corrosion (galvanic, pitting, intergranular, stress corrosion cracking (SCC), erosion, fretting, crevice, corrosion fatigue, high temperature, cryogenic, biological (microbial)) and microstructure evolution of ultrasonic (UaFSW), induction (i-FSW) and laser heating assisted macro and micro (μFSW) dissimilar friction stir welding and friction stir spot welding (FSSW) steels, aluminum and its alloys in various arrangements and configurations at surface and underwater (deep sea) with a focus on Fusion (oxygen dispersion strengthened (ODS), Reduced activation ferritic martensitic (RAFM)) and Space Engineering
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Friction stir welding (FSW) [1-80] is a solid-state joining [8, 69, 81, 82] technique wherein two similar or dissimilar [13, 22, 39, 40, 45, 47, 60, 63, 73, 76, 78, 81, 83-239] materials can be joined together by virtue of heat generated [240-246] by rubbing [22] them against each other in various manifestations. Since its inception almost 30 years ago [28, 41, 76, 247], it has shown out to be a promising technique for joining metals [248], plastics [249-251], and composites [57, 252-259]. It is especially beneficial for welding dissimilar [76, 138, 140, 157] difficult to weld metals in butt [89, 108, 127, 181, 187, 225, 239, 253, 256, 260-283], T and lap [92, 94, 98, 129, 133, 137, 140, 141, 149, 153, 167, 168, 177, 193, 194, 201, 211, 233, 274, 284-342] weld arrangement in manual [248] or automatic configuration [266, 267, 343, 344]. It has many other advantages such as it does not have large distortions, solidification cracking, macro and micro segregation, coarse dendritic structures, gas and shrinkage porosities, solid inclusions, surface oxidation or discoloration, the formation of brittle intermetallics between dissimilar materials, a wide heat affected zone (HAZ), Controlled thermomechanical transformed zone (TMTZ), good to excellent control over post weld heat treatment (PWHT), high energy consumption and environmental pollution.

In this study, weldment [345-347] characterization (phase formation, transformation, fusion zone, heat affected zone (HAZ) [348] and base metal) is extensively studied for Aluminum alloys (different grades and heat treatments) with Al [147, 175, 301, 349-355], Cu [121, 152, 177, 205, 213, 356-360], Ni base superalloys [125], Mg [219, 361-364], ceramics (Al2O3), CNTs [365, 366] and Fe alloys (steels [261, 286, 367-369]) of space shuttle external tanks with a focus on 2024 – T3 [157, 286, 325, 370-374], T351 [370], 2139 [357], 2219 [375], 5083 [117, 263, 376-378], 6061 [210, 255, 258, 266, 366, 379-383], 6063 [384-386], 6082 [387], 7075 – T6 [157, 158, 388-391], 304L SS [368, 371] and Ti and its alloys (Ti6Al4V) [392-394]. Post weld heat treatments (PWHT) [284] are ascertained and quantified. Tool [395] rotation rate [396] and traveling speed are optimized for 7075 T 651 – Sc alloy in fusion, base metal and HAZ [157]. Shoulder [382, 387, 397] diameter [383] to pin [398] diameter (D/d) ratio is accounted for [385], thick section (plates [201, 261, 367, 371, 399-401]) and thin sections [261, 285, 301, 367, 399] are studied, and mechanical properties with residual stresses [157, 261, 368, 370, 372, 384, 400, 402-411] are quantified. Fatigue crack growth, its behavior [36, 257, 284, 287, 345, 370, 412-414], effect of ultrasonics [415] and underwater [77] is also ascertained. Modeling and simulation [157, 261, 367, 368, 371, 384, 400, 405, 409, 416-425] steady state and transient [245] (including residual stresses [355] and their distribution [157, 261, 368, 370, 372, 384, 400, 402-409]) with or without [14] artificial intelligence [426] is carried out to compliment, approve or disapprove aforementioned.

Mico friction stir welding (μFSW) [58, 70, 76, 274] is a variant of friction stir welding [3, 7-9, 11-24, 26-31, 33, 34, 36-40, 42-44, 46-48, 50, 51, 53-75, 77, 78, 80, 353, 427-429] used to join dissimilar metals, materials and alloy sheets typically < 1000 microns. Other variants are ultrasonic assisted (UaFSW) [46, 136, 186, 280, 400, 415, 430-465], laser assisted [150, 288, 466-474], induction heating assisted FSW (i-FSW) [44, 109, 475-480]., Friction spot stir welding (FSSW) [80, 128, 481-483], electrically assisted FSW [428, 484-488], and underwater FSW [77, 489, 490], for joining Al [12, 26, 71, 72, 78, 206, 349, 351, 416, 491], Cu [113, 356, 492-501], Steels [21, 37], Mg [9], Al-Steels [30, 78], Al-Mg [69], Al-Cu [31, 40, 54, 73, 84, 103, 113, 120, 121, 152, 153, 182, 191, 192, 204, 205, 211, 220, 234, 235, 281, 296, 317, 342, 357-360, 492, 501-517], Cu-Steel, Ti-Al, Metal matrix composites [16, 23, 57], Polymers [24, 67], in various configurations such as butt weld [89, 108, 181, 225, 256, 260, 262, 263, 265-269, 274, 275, 278, 281, 283, 472, 514, 518, 519], T weld [43], lap weld, circular pipe [59]. Properties (e.g. Fatigue [36], tensile, microhardness, corrosion resistance, and microstructure [28, 39, 53, 80, 476, 520, 521]) of resulting metal or materials greatly vary (improve or deteriorate) as compared to original native or virgin metal depending on process, its control, operation [427] and optimization (e.g. by conversion from milling machine [66]). Modeling and simulation of various aspects of its operation is also carried out to understand nugget, weld metal (fusion zone), HAZ, TMTZ, PWHT, 

Friction stir welding (FSW) [20, 23, 41, 49, 57, 62, 76, 79, 248, 347, 522-526] is an important class of modern welding processes re discovered to weld similar [117, 136, 138, 216, 527], dissimilar [22, 39, 40, 45, 47, 60, 63, 73, 76, 78, 81, 117-149, 151-155, 158-160, 162-180, 182-213, 215-233, 235-239, 314, 315, 528-536], soft, easy and difficult to weld metals, plastics [251, 480, 537-542], polymer composites [543, 544], and metal matrix composites [16, 253, 259, 545-549] with each other. It makes use of intense heat generated as a result of friction between two surfaces when they are rubbed against each other in any configuration (a) Horizontal plates: one static, one moving; both moving, (b) Horizontal plate and a plate at an angle (0 – 360o) to it, one static, one moving; both moving, (c) Horizontal plate and a circular rod at an angle (0 – 360o) to it, one static, one moving; both moving) and (d) Horizontal plate and an arbitrary shaped (e.g. ellipse, oval) rod at an angle (0 – 360o) to it, one static, one moving; both moving). These configurations have further degree of freedom whose discussion is beyond the scope of present project and is described elsewhere in later studies. Different types of steels such as mild steels, high carbon steels, high strength low alloy steels, tool steels, high alloy steels, stainless steels, oxygen dispersion strengthened (ODS) steels, and reduced activation ferritic martensitic (RAFM) steels [550] are welded.

Further, it has three forms. Friction stir welding (FSW), Friction stir processing (FSP) (Surface modification), and Friction stir compositing (FSC) (Composite production). Former two have virgin or native metal being processed while in third, composite materials are processed. Thus, the processed zone consists of secondary particles along with base metal. 
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Fig 1: (Above) Three processes of FSW, (Below) FSW head in conventional milling machine 


FSW literature is summarized [1, 2, 6-13, 83-115, 262, 263, 269, 270, 288-292, 375, 386, 430, 431, 433-435, 467-469, 475, 476, 484, 485, 492-494, 510, 518, 525, 537, 538, 543, 551-725][79, 80, 234-239, 259, 267, 336-342, 347, 353, 368, 377, 394, 401, 409, 419, 425, 461, 463-465, 474, 483, 509, 550, 726-830][74-78, 228-233, 266, 283, 334, 335, 348, 351, 362, 382, 480, 491, 549, 831-943][57-73, 81, 210-227, 240-247, 252, 265, 281, 282, 286, 333, 344, 355, 359, 366, 372, 378, 387, 390, 395, 400, 406-408, 413, 414, 418, 422, 428, 429, 456-460, 473, 479, 517, 542, 944-1107][3-5, 42-56, 194-209, 268, 328-332, 371, 388, 391, 393, 396, 411, 415, 451, 452, 454, 455, 478, 516, 521, 540, 541, 548, 944, 945, 1108-1287][35-41, 177-193, 249, 250, 253, 258, 264, 279, 280, 323-327, 343, 345, 354, 358, 360, 367, 369, 379, 380, 389, 392, 412, 427, 443-447, 449, 450, 482, 487, 488, 490, 500, 501, 514, 515, 1108, 1288-1462][26-34, 155-177, 322, 349, 352, 356, 361, 385, 424, 439-441, 466, 486, 499, 508, 522, 527, 1463-1654][21-25, 133-155, 248, 254, 260, 261, 277, 278, 284, 285, 287, 306-321, 350, 365, 370, 384, 397, 399, 404, 410, 417, 423, 426, 437, 438, 498, 505-507, 511-513, 531-533, 547, 1655-1817][14-20, 82, 117-133, 251, 255-257, 274-276, 294-305, 357, 363, 364, 373, 374, 376, 398, 402, 403, 416, 421, 436, 471, 477, 481, 489, 495-497, 502-504, 544-546, 1818-1988][1, 2, 7-13, 83, 87-116, 269-273, 289-294, 381, 431-435, 467-470, 475, 476, 484, 485, 493, 494, 510, 537-539, 543, 588-725, 1989-2018]
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Fig 2: Schematic of friction stir welding (FSW) [1215] dissimilar metals [201] lap joint
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Fig 3: Nomenclature of FSWs  



This feature has enabled it to be exploited as one of main techniques in modern joining processes specially for extreme applications such as defense [1472, 1955], aerospace, nuclear, fusion, marine and automobile [2019]. Its advantages include, inexpensive (material and tooling) [23, 62, 1472], short time (quick), lower down time, versatility across range of materials, flexibility for mechanical configurations and clean (not requiring post weld operations (post weld heat treatment (PWHT), finishing)). Its disadvantages may include, careful control, not a bulk technique, it is only restricted to small and intricate geometries, may involve prior weld preparation (e.g., weld (butt, lap, fillet) preparation), very small heat affected zone (HAZ), solid state material anomalies such as strength variation and loss across profile [1847], inhomogeneous and inconsistent weld microstructure, anisotropy (texture [1668]), banding, loss of toughness (induction of brittleness (weld embrittlement [1481, 1778])), and extremely sensitive to environment and corrosion [1174, 1215-1218, 1717]. Various efforts have been made in past to account for these employing protective or shielding gas, fluxes, post weld heat treatment (e.g., artificial ageing [1218]) and / or control of process parameters (torque, horizontal velocity, peak temperature [1845]) but none have proved out to be satisfactory. This study accounts for this by employing a special technique called micro friction stir welding (μFSW). Role of longitudinal and transverse, axial and circumferential shear stresses and shear forces and corrosion [1215-1218] in heat affected zone (HAZ), thermomechanical zone (TMZ) and dynamically recrystallized zone (DXZ) and its types (e.g. corrosion fatigue, fretting corrosion, stress corrosion cracking (SCC), pitting [1190], intergranular corrosion) is elaborately studied and discussed [1717]. Role of travelling speed in enhancing corrosion resistance of aluminum alloys is also studied [1174].  [image: ]A holistic technique is developed for space shuttle external tanks made up of aluminum alloys (researched previously). 

OEBPS/d2d_images/cover.jpg
Corrosion and Microstructure
Evolution of Ultrasonic
(UaFSW), Induction (i-FSW)
and Laser Heating Assisted
Macro and Micro (uFSW)
Dissimilar Friction Stir Welding
and Friction Stir Spot Welding
(FSSW)

Muhammad Musaddique Ali Rafique





OEBPS/d2d_images/image034.png
Asial Force





OEBPS/d2d_images/chapter_title_corner_decoration_right.png





OEBPS/d2d_images/image035.png





OEBPS/d2d_images/image032.png





OEBPS/d2d_images/image033.png





OEBPS/d2d_images/image038.png
Stirr line





OEBPS/d2d_images/image037.png
PartB





OEBPS/d2d_images/image041.jpg





OEBPS/d2d_images/image040.png
Weld





OEBPS/d2d_images/image002.png
Heat Affected
Zone (HAZ)





OEBPS/d2d_images/image046.png





OEBPS/d2d_images/image000.png
Tool Movement Direction

©

HAZ “Tool Movement Direction

TMAZ above the tool «






OEBPS/d2d_images/image005.png
Fusion Zane





OEBPS/d2d_images/image006.png
as





OEBPS/d2d_images/image003.png





OEBPS/d2d_images/image004.png





OEBPS/d2d_images/image048.png





OEBPS/d2d_images/image009.png
FSW





OEBPS/d2d_images/image007.png
Fusion Zane





OEBPS/d2d_images/chapter_title_above.png





OEBPS/d2d_images/chapter_title_corner_decoration_left.png





OEBPS/d2d_images/image050.png
Bead





OEBPS/d2d_images/image051.png





OEBPS/d2d_images/image012.jpg





OEBPS/d2d_images/image056.png





OEBPS/d2d_images/image013.png
Tool





OEBPS/d2d_images/image057.png





OEBPS/d2d_images/image010.png
Weld





OEBPS/d2d_images/image054.png





OEBPS/d2d_images/image011.png





OEBPS/d2d_images/image055.png





OEBPS/d2d_images/chapter_title_below.png





OEBPS/d2d_images/image017.png
Tool rotation (Torque)





OEBPS/d2d_images/image014.png
PatA





OEBPS/d2d_images/image058.png





OEBPS/d2d_images/image019.png





OEBPS/d2d_images/image023.png
FSW Tool
@ 0

Pin Parameters

“Tool Materia
ool Prfile
Pin Length
[ s _Pin Dismeter (1)
- Sholder Dianeter (D)
D Ratio
Fe SSlTeTitAngle

FSP (Composite Production)

Daricle Shape
Paricle Chermcal Composiion
Semiy Py Number of Pasies





OEBPS/d2d_images/image024.png





OEBPS/d2d_images/image021.png





OEBPS/d2d_images/image022.png





OEBPS/d2d_images/image027.jpg





OEBPS/d2d_images/image028.png





OEBPS/d2d_images/image026.png





OEBPS/d2d_images/image029.jpg





