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Abstract 

This work involves studying the potential of laser direct 

overlapped joining between transparent polymethamethyleacrylate 

(PMMA) and stainless steel 304 (st.st.304) sheets using a pulsed mode 

Nd:YAG laser. This modality of joining, to the best of our knowledge, is 

investigated for the first time. The process was done in two modes 

according to the direction of laser irradiation. These modes are laser 

transmission joining (LTJ) and conduction joining (CJ). The former mode 

is achieved when the joint is irradiated from the polymer side and the 

latter mode when the joint is irradiated from the opposite side (metal 

side). Many working parameters were employed in this work covering the 

pulsed light and process parameters. Peak power (Pp), pulse duration (τ), 

pulse repetition rate (PRR), scanning speed (v) and pulse shape were 

manipulated to see their effects on the joint strength (Fb), joint bead width 

(b), joint quality and appearance.  

 The first phase of the investigation was based on one factor at 

a time method (OFM) as an experimental method. The best results 

obtained for the joint strength and bead width for both cases LTJ and CJ 

are 925 N, 7.25 mm and 495 N, 8 mm respectively. The process 

conditions in this method are Pp=3 kW, τ= 5 ms, PRR= 20 Hz for CJ and 

25 Hz for LTJ, v=4 mm/s and rectangular pulse shape (RC). The best 

results of OFM in the investigation were considered according to best 

joint quality, highest joint strength and minimum bead width.  

The second phase of the investigation was carried out with 

design of experiments method (DOE) based on response surface 

methodology (RSM) as an empirical modeling. RSM was used to 

optimize the experimentally obtained data, to build mathematical models 

for correlating the working parameters (Pp, τ, PRR and v) and the 

responses (Fb and b) and to investigate the interaction between different 

parameters and their effect on the responses. The predicted values 

obtained by the mathematical model in RSM methodlogy are in good 



agreement with the actual values. The obtained response surface graphs 

and contour graphs offer the exploration of the best combination of 

working parameters that give the optimum results of joint strength and 

bead width. 

The third phase of the investigation was based on ANSYS
®
 

simulation based on finite element method (FEM) as an ab-initio 

modeling. ANSYS
®
 simulation was used to apply spatial and temporal 

thermal analysis for the joints and fully explore the thermal environment 

of the joints during joining (heating time) and after joining (cooling time). 

The same process conditions for both modes (CJ and LTJ) are applied in 

ANSYS
®
 simulation and IR thermography. The conditions are Pp=3 kW, 

τ= 5 ms, PRR= 20 Hz and v=4 mm/s. 

IR thermography by means of IR thermal camera was used for 

in-process monitoring and taking thermal image during joining. The taken 

images were used for ANSYS
®
 simulation results validation.  The results 

of IR imaging and ANSYS
®
 simulation were in close outcome. The 

computational results of CJ show that the PMMA/st.st.304 interface 

temperature is 975 
o
C at the laser spot center line during heating. Also, a 

temperature of 1200 
o
C for the joint upper surface (metal side) at the laser 

spot center line is obtained from the computational work versus 1150 
o
C 

in the case of IR imaging results. In LTJ the computational results show 

PMMA/st.st.304 interface temperature of 650 
o
C at the laser spot center 

line versus 825 
o
C for the IR imaging results. The reason of the incorrect 

results in LTJ is related to the type of joint mode configuration which 

results in the problems of IR radiation absorption by the PMMA. It is 

found that the monitoring of LTJ mode with IR thermography is not a 

correct choice.  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

انً  PMMA وشذح سثظ ػشض انذسصحو ــرقٍُ

st.st.304  ثأعزخذاو نُضسNd:YAG ٍانُجض    
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 هندسة ميكانيكية – فلسفة في الليزر هدكتورالاستكمال متطلبات نيل درجة 

 

 وصاسح انزؼهُى انؼبنٍ و انجسث انؼهًٍ
 

 خـبيـؼـــــخ ثــغـــذاد



  خلاصخال

ثبشش ثٍُ ثىنًُش انجىنٍ يثُم انى سثظ انزشاكجٍال دساعخ ايكبَبد َزضًٍهزا انؼًم 

الأَذَبك رو  نُضس ثبعزخذاو AISI st.st.304و انفىلار انًقبوو نهصذأ  PMMA يُثبأكشَلاد

اَدضد انؼًهُخ . قذ ثسث نهًشح الأونً انً زذ ػهًُب, هزا انطشاص يٍ انشثظ .انًُظ انُجضٍ

و ( LTJ)انُفىر انهُضسٌ ةهزاٌ انًُطبٌ هًب انشثظ  .اػزًبدا ػهً اردبِ رشؼُغ انهُضس ثًُطٍُ

اَدض انًُظ الأول ػُذيب شؼؼذ انىصهخ يٍ خهخ انجىنًُش ايب الاخش (. CJ)انشثظ انزىصُهٍ 

اعزخذيذ ػذح يؼهًبد رشغُم  (.انًؼذٌخهخ )كظ ااَدض ػُذيب شؼؼذ انىصهخ يٍ الأردبِ انًغ

انقذسح انؼظًً رًذ انًُبوسح ة. شبيهخ يؼهًبد انضىء انُجضٍ و يؼهًبد انؼًهُخ فٍ هزا انؼًم

(Pp)   انُجضخ  صيٍو(τ ) و عشػخ انًغر(v )يؼذل ركشاس انُجضخ  و(PRR )وشكم انُجضخ 

  .انىصهخ و ػشض انذسصح و خىدح ويظهش انىصهخ نًلازظخ رأثُشهى انًشزشك ػهً قىح

طشَقخ رغُُش انًؼهى نًشح وازذح فٍ كم  يػمفٍ هزِ انذساعخ  يالأول انصفسخ اعغذ

نقىح انىصهخ و ػشض انذسصح ونكلا  انًغزسصهخأفضم انُزبئح  .كأعهىة ردشَجٍ (OFM)يشح 

انشثظ نًُظ  b= 7.25 mmو ػشض دسصح  Fb= 925 N هٍ قىح وصهخ CJو  LTJانًُطٍُ 

 انشثظنًُظ  b= 8 mmو ػشض دسصح  Fb= 495 N قىح وصهخ و( LTJ)انُفىر انهُضسٌ ة

كُهى واط  3( = Pp)انقذسح انؼظًً نهُجضخ  اٌ ششوط انؼًهُخ نهزِ انطشَقخ هٍ .(CJ) رىصُهٍال

هُشرض نهشثظ انزىصُهٍ  20( = PRR)يؼذل ركشاس انُجضخ  يهٍ ثبَُخ و 5( = τ) انُجضخصيٍ  و

َجضخ الوثبعزخذاو شكم  ثبَُخ/يهى  4 (= v)عشػخ انًغر  و هُشرض نهشثظ انُفىر انهُضسٌ 25و 

 فضميؼبَُش ا فٍ هزِ انذساعخ طجقب OFM طشَقخافضم انُزبئح ل اخزد .RCَىع انًغزطُم 

 .و أقم ػشض دسصح وصهخو أػهً قىح  َىػُخ سثظ

( RSM) الأعزدبثخاعغذ انصفسخ انثبَُخ فٍ هزِ انذساعخ ػهً يُهدُخ عطر 

ونجُبء ًَبرج  ٍَ انجُبَبد انزدشَجُخ انًغزسصهخنغشض رسظ  RSMاعزخذيذ  .كًُزخخ وضؼُخ

ونذساعخ انزفبػم ثٍُ  (Fb and b)سَبضُخ نغشض انزشاثظ ثٍُ يؼهًبد انزشغُم والأعزدبثبد 

ضُخ فٍ طخ يٍ انًُبرج انشَبةٌانًغذ رىافقذ انقُى. خبثبديؼهًبد يخزهفخ ورأثُشهى ػهً الأعذ

و انشعىيبد  الأعزدبثخ وو انجُبَُخ نغطىذانشط رقذو. خُذا يغ انقُى انسقُقُخ RSMيُهدُخ 

كشف لأزغٍ رشكُهخ يٍ انًؼهًبد انزٍ رؼطٍ افضم انُزبئح نقىح انىصهخ  انجُبَُخ انًسُطُخ

 .وػشض انذسصح

ANSYS)الأَغُظ  يسبكبحٌ هزِ انذساعخ ػهً فاعغذ انصفسخ انثبنثخ 
®

انًجُُخ ( 

 د يسبكبحاعزخذو .(ab-initio) أونُخأعظ ػهً كًُزخخ  (FEM) انًسذدحانؼُبصش  ػهً

نزطجُق رسهُم زشاسٌ يكبٍَ وصيبٍَ نهىصهخ ونلأعزكشبف كهُب انجُئخ انسشاسَخ الأَغُظ 

طجقذ َفظ ششوط انؼًهُخ  (.ثؼذ انزغخٍُ)و ثؼذ انشثظ ( وقذ انزغخٍُ)نهىصلاد اثُبء انشثظ 

ششوط انؼًهُخ هٍ . فٍ يسبكبح الأَغُظ و انزصىَش انسشاسٌ (CJ and LTJ)نكلا انًُطٍُ 



يهٍ ثبَُخ و يؼذل ركشاس  5( = τ)كُهى واط و صيٍ انُجضخ  3( = Pp)انقذسح انؼظًً نهُجضخ 

 .ثبَُخ/يهى  4 (= v)هُشرض و عشػخ انًغر  20( = PRR)انُجضخ 

( IR thermography)أعزخذو انزصىَش انسشاسٌ ثبلأشؼخ رسذ انسًشاء  

. صىس زشاسَخ خلال انشثظ دوأخز ح اثُبء انؼًهُخثىاعطخ انكبيُشا انسشاسَخ فٍ انًشاقت

كبَذ َزبئح انزصىَش انسشاسٌ و . َزبئح يسبكبح الأَغُظ نهزسقق يٍاعزخذيذ انصىس انًأخىرح 

دسخخ ثأٌ  CJأظهشد انُزبئح انسبعىثُخ نهًُظ انزىصُهٍ . يسبكبح الأَغُظ راد زصُهخ يزقبسثخ

انخظ انًسىسٌ  َذع دسخخ يئىَخ 975 هٍ (PMMA/st.st.304)زشاسح انغطر انىعطٍ 

دسخخ يئىَخ نهغطر انؼهىٌ  1200اَضب اعزسصهذ دسخخ زشاسح  .ح انهُضس أثُبء انزغخٍُنُقظ

فٍ  يئىَخ دسخخ 1150 ثًقبثم انخظ انًسىسٌ نُقطخ انهُضس ػُذ( ػهً عطر انًؼذٌ)نهىصهخ 

اظهشد انُزبئح انسبعىثُخ نهشثظ ثبنُفىر انهُضسٌ ثأٌ دسخخ . زبنخ َزبئح انزصىَش انسشاسٌ

دسخخ يئىَخ ػُذ انخظ انًسىسٌ  650هٍ  (PMMA/st.st.304)زشاسح انغطر انىعطٍ 

رطبثق َزؼهق عجت ػذو  .فٍ زبنخ َزبئح انزصىَش انسشاسٌ يئىَخ دسخخ 825نُقطخ انهُضس ثًقبثم 

ح ًَظ انشثظ انزٌ َؤدٌ انً يشبكم ايزصبص الأشؼخ انزسذ انسًشاء ثىاعطخ انُزبئح ثهُئ

اعزُزح ثأٌ يشاقجخ ًَظ انشثظ ثبنُفىر انهُضسٌ ثبنزصىَش انسشاسٌ ثبلأشؼخ رسذ  .انجىنًُش

  .انسًشاء نُظ ثبنخُبس انصسُر

 

  

 

 

 

 

 

 


