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ABSTRACT 

Materials titanium and aluminum are of technological interest in 

automotive, aerospace and smart sensor industries. The challenges for 

welding them result from the large difference in thermophysical and 

mechanical properties, besides limited solubility of each metal in other. Thus 

welding them using laser, will reduce intermetallic phases (IMP) formation 

to acceptable limits, since the weld itself is narrow. 

In the present work a special form of laser spot welding is introduced 

to joint overlapped titanium Ti Grade 2 to 3105-O aluminum alloy, with 1 

and 0.5 mm thicknesses respectively. A welding tactile seam tracking design 

using following pulses that result to a circular seam, leads to spot like shape 

laser welding. For this study, laser welding parameters were: pulse energy 11 

J; pulse duration 6ms; pulse frequency 20Hz; argon gas flow rate 20 l/m and 

welding speed (4 - 6.7) mm/s.  

Welding speed was observed to have the strongest effect on heat input, 

where 4 mm/s (76% overlapping) speed has led to better energy absorption 

and wider more uniform melted area at Ti-Al interface, thus 70 MPa  joint 

strength was obtained. Examination of the joint region using scanning 

electron microscopy (SEM), energy dispersive X-ray spectrometry (EDS) 

and X-ray diffraction (XRD) showed the formation of different IMP in the 

Ti-Al welding zone. Ti fusion zone (FZ) near the interface was mainly 

containing Ti3Al. Crakes were observed in Al (FZ) near the interface as a 

result of mechanical and thermo physical properties gradient.  

Inorder to reduce IMP formation and relaxes the high gradient in 

thermophysical and mechanical properties in the welding zone, four fillers 

metals (Al-5Si, Al-12Si-2.5Mg, pure Nb and Al-0.2Sc-0.36Zr), with three 

different thicknesses for each filler, were prepared. Al-5Si filler has positive 

effect on the joint strength where Si has reduced the IMP harmful effect via 

replacing Al atoms substitutionaly in TiAl3 at the interface, thus joint 
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strength was increased to 80MPa instead of 70MPa. Al-12Si-2.5Mg filler has 

improved the joint strength to 87MPa where the shear strength of Al base 

metal of 82MPa was exceeded. Due to its high melting point pure Nb filler 

prevented penetration of bottom Al sheet, thus it was unsuitable to use for 

the present work conditions. A  new Al-0.2Sc-0.36Zr filler was used for the 

first time in the present work and has very positive impact to the joint 

strength 103MPa, where the joint has fractured from Al base metal.  

In comparison to the corrosion rate of Ti base metal, joints without 

using filler and with the new Al-0.2Sc-0.36Zr filler metal, have decreased 

the corrosion rate by 51% and 72% respectively, while joints with Al-5Si 

and Al-12Si-2.5Mg filler metals, have increased the corrosion rate by 68% 

and 80% respectively.        

 

 

 

 الخلاصة

امىٞااواٗاىاؼاايوٞواٗاىَت ظااضااظااْيػي اىتيقااٚاإتَاايًاتقْااٜا ااٜاٍاا٘ا ااىتٞتاايًّٞ٘اٗامىَْٞااً٘ا

اىَ٘اطاااي ااىخزٍ٘ ٞشٝيوٞااواختااتلالااىن ٞاازا ااٜالاىواّتٞجاإااٜااىذمٜ.اىت اااٝي ااىتااٜات٘احاأاى اايٌٍٖا

هااىيٞشرطاٞقيوا,ىاذىلاى ايٌٍٖابيطاتؼَياػي وااىٚااىذٗبيّٞوااىَ اٗ ةاىنواٍؼاُا ٜاامختزاٗاىَٞنيّٞنٞو,

اٍْطقوااىي يًاّاظٖياػٞقوا.ميّتااتنِ٘ٝااماؽ٘ارااىَؼاّٞوااىؼيرةاىَي

تزام ٞاياٍاغاا2اوًااىيٞاشرٛااىْقطاٜاىازبؾاتٞتايًّٞ٘ارت اقاًاشنواختيصاٍِااىي ايا ٜإذاااىؼَو

ى ا ااىتظاٌَٞاا,,اٍِاختلاهاى يًا رسا اوزٛػيٚااىت٘اىٍٜيٌاا5.0.1بيطَيكااO-3105اىًَْٞ٘ا ط ٞنوا

ىٖذٓااىاراطواميّتاٍؼيٍلا ا.اا  ااىٚاى يًاش ٞٔاىي يًااىيٞشرٛااىْقطّٜ ؼي اىٞشراٍتؼيق وااوظتؼَٝ

ٕزتش,تاا  ا20تاز  ااىْا غاا ,ٍياٜاحيّٞاوا6ؼاواح٘ه,اٍاةااىْ 55ى يًاااىيٞشراميمتٜ:اؽيقوااىْ ؼوا

 .ٍيٌ/حيّٞوا(6.66-4)ااىي يًاىتز/ قٞقواٗطزػوا20غيساامرمُ٘ا

طازػواااى زارةااىااختيواىَْطقوااىي ايًاحٞاجػيٚااامق٘ٙاميُي يًاطزػوااىتأحٞزااُىقااى٘حعا

%ػيٍااواتااااختوااىْ ؼااي (,اقااااا  ااىااٚاا ؼااوااٍتظاايصاىطيقااوااىيٞااشراٗامخاازا66ٍيااٌا/حاايا)ا4ى اايًا

ا60MPaٚاىاذىلاتاٌااى ظا٘هاػياTi-Al, تجايّضاٗػازعاىيَظايحوااىَْظاٖزةاػْاااٍْطقاواتاااختوا

,اSEMاىَجٖزااىَيطا اامىنتزّٗاٜااخااًبيطتاىي يًاا  ضاٍْطقواٗطيواظٖزااٍقيٍٗواٗطيوااىي يً.



  iv  

 

تناُ٘ااماؽا٘اراا XRD,ٍقٞايصااّ ازالاامشاؼوااىظاْٞٞوٗ EDS امشاؼوااىظاْٞٞو ٍقٞيصاتشتتاؽيقو

  ا Ti3Al.ػاَتاؽا٘رTi-Al اىَْطقوااىَْظاٖزةاىيتٞتايًّٞ٘اقازناٍْطقاواتاااختوا.اااىَؼاّٞوااىؼيرة

ااىؼايىّٜتٞجاواامّ اااراTi-Al, اىتاااختواقازناٍْطقاواٍْطقواامىًَْٞ٘ااىَْظاٖزةاىشق٘قاى٘حظتا ٜا

اخ٘اصااىَٞنيّٞنٞواٗاىخزٍ٘ ٞشٝيوٞو.ااىا ٜ

صاا.امّ اارااىؼيىٜا ٜااىخ٘ااااىؼيرةاٗتخاٞفاااماؽ٘ارااىَؼاّٞوااٍِااحوااىتقيٞواٍِاتنُ٘ ا 

ا,ااربؼوااّ٘اعاٍختياوااٍِااى ش٘ا ااىَؼاّٞواىخزٍ٘ ٞشٝيوٞواٗاىَٞنيّٞنٞو  

                   (Al-5Si, Al-12Si-2.5Mg, pure Nb and Al-0.2Sc-0.36Zr)   

ميُاىٖياتيحٞزااٝجيبٜااAl-5Siحش٘ةاا.حؼز ا ٜإذاااىؼَوٍغاحلاحوااطَيكاٍختياوااىنواحش٘ةاقاا

ؽ٘ارااىَؼاّٞوااىؼيرةاٍِاختلاهاتؼ٘ٝغاىلاقيوااىتيحٞزااىؼيراSi ػيٚاٍقيٍٗواٗطيوااىي يًاحٞجااُا

-Al-12Si.حش٘ةاMPa70باهاMPa80 اىٚسا  ا يُاٍقيٍٗوااى٘طيواىذىلااTi3Al ٜااAlذرا ا

2.5Mgااىٚا ااى٘طيو اٍقيٍٗو احظْت ااMPa87قا اٍقيٍٗو ابذىل ىتزابؾاا MPa82اىقضٍتجيٗسة

 Alٍْؼتاى يًاطاٞ وااNbحش٘ةااىْٞ ًٞ٘اااىْقٜآااىؼيىٞو,ااّظٖيرّتٞجوا رحواا.اAlاىَؼاُاامطيصا

اا,اىظايٚا إذٓ اميّتىذىل اطتؼَيهاٍْيط وزغٞااى ش٘ة ااىلا اٗ   ااىي يً ااىؼَو.ىشزٗؽ اميُااٖذا ىقا

طتؼَيتامٗهاٍزةاٍِاختلاهإذاااىؼَواتيحٞزااٝجيبٜاحاااااىتٜااAl-0.2Sc-0.36Zrىي ش٘ةااىجاٝاةا

ااىي يًا اتزابؾاٗطيو ٗىٞضاٍِااAlحٞجااُااىنظزاحاثاٍِااىَؼاُاامطيصااMPa103ػيٚاق٘ة

اامختت ير.اختلاهاى٘طيو ابيىَقيرّاػَيٞو ااىتيمو اٍقيٍٗو اٍغ ااظٖز امطيصااىتٞتيًّٞ٘اىَؼاُو ا,

اٗبيطتؼَيهاطلا اى٘ احش٘ة ااطتؼَيه انا Al-0.2Sc-0.36Zr حش٘ةاباُٗ ااىتيمو ابَؼاه ّقظيُ

ابيىتؼيقباا62ٗا%ا%15 اAl-5Si,Al-12Si-2.5Mgبيطتؼَيهاحش٘ا ااظٖز ااى٘طلا ابَْٞي

ا.بيىتؼيقبا60ٗا%ا00%اانااىتيمواهاسٝي ةابَؼ
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