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Values of tensile strength and hardness of different welding joint area has great importance. In
this study combination of welding processes including Friction Stir Welding (FSW) and
ultrasonic welding has been used in butt joint for ABS type plastic sheets. Ultrasonic vibrations
are put on FSW rotary tool, then some parameter effects such as tool rotary speed, travel speed
and tool shoulder diameter on tensile strength and hardness of welded samples have been
studied. Taking parameter numbers and related levels for each into consideration, Taguchi
method L18 array has been selected for performing experiments. Parameter effects has been
studied separately. Results showed that ultrasonic vibration improves tensile strength and
hardness of welded joint. After ultrasonic vibration, tool rotary speed, tool shoulder diameter and
travel speed were the most effective parameters on tensile strength and hardness of joint
respectively. Results from optimization with analysis method showed that ultrasonic vibration
resulted in rotary speed of 1200 RPM, travel speed of 60 mm/min and tool shoulder diameter of
22 mm causes the highest hardness and tensile strength of joint simultaneously.
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Fig. A schematic figure of the friction stir welding process
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Table 1 Physical and mechanical properties of high density ABS sheet 

  ABS  
   )MPa(  6.9  

 ) kJ/m2(  38-4  
K-1(  6-10×150-100  

) centigrade(  160  
) g/cm3(  0.905  
) Shore D(  82  

  

Fig. 2 The tools used by geometry of the threaded pin(Tool shoulder
diameter) 

2 D(  

1 ASTM D-638
2 Santam STM-250
3 Shore
4 Mitutoyo
5 SEM

  
Fig. Ultrasonic package mechanism and its appurtenances mounted on
milling machine 
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Fig. Profile specimens and tensile test (dimentions to mm)
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Table 2 Process factors and their levels

   /  1  2  3  
  US  Without  With  -  
  N(RPM)400  800  1200  

  T(mm/min)40  60  80  
  d(mm)18  20  22  

  

    L18 )33 × 21 (
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Table Design matrix and obtained values of responses

  
  

  
(US)  

  
N (RPM)  

  
T(mm/min)  

  
d (mm)  

  
T.S (MPa)  

  
H (Shore D)  

1  Without  400  40  18  2.9948  
2  Without  400  60  20  2.820  57  
3  Without  400  80  22  2.91  56  
4  Without  800  40  18  3.81  56  
5  Without  800  60  20  3.64  65  
6  Without  800  80  22  3.7664  
7  Without  1200  40  20  4.87  57  
8  Without  1200  60  22  4.69  60  
9  Without  1200  80  18  3.66  59  

10  With  400  40  22  4.64  60  
11  With  400  60  18  3.31  63  
12  With  400  80  20  3.44  68  
13  With  800  40  20  5.0870  
14  With  800  60  22  4.90  73  
15  With  800  80  18  3.87  72  
16  With  1200  40  22  6.13  65  
17  With  1200  60  18  4.80  68  
18  With  1200  80  20  4.9373  

  

  
Fig. Effect of ultrasonic vibration on tensile strength 
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Fig. Macrostructure of the weld zone (A) without vibration (Test No. 7) (B)
with vibration (Test No. 16) 
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Fig. Comparison of tensile strength of welded samples, no vibration and
vibration with welded sample 
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Fig. Effect of rotary speed on tensile strength 
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Fig. 9 Macro structure of welding cross-section with the rotational speeds of
the different tools (A) Test No. 11 (B) Test No. 13
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Fig. 10 Create burns in the area in the spin speed of 1200 RPM (Test No. 16)
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Fig. 11 Effect of travel speed on tensile strength 
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Fig. 12 Image welding line at speeds travel to 80 mm (Test No. 12) 
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Fig. 13 Effect of shoulder diameter on tensile strength 
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Fig. 14 Create hunk in the line of welding effect on the choice of diameter
18 mm tool shoulder (Test No. 11)
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Fig. 15 Effect of ultrasonic vibration on hardness 
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Fig. 16 Electron microscopic observations of the porosity of the surface of
the image, A) without vibration (Test No. 5), B) with vibration (Test No. 18)
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Fig. 17 Porosity changes in effect apply with ultrasonic vibration 
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Fig. 18 Effect of rotary speed on hardness 
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Fig. 19 Changes the amount of porosity on different tools rotation A) Test No.
10, B) Test No. 14, C) Test No. 16
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Fig. 20 Porosity changes with tool rotary speed
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Fig. 21 Effect of travel speed on hardness 
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Fig. 22 Changes the amount of porosity on different advance (A) Test No.
(B) Test No. 6
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Fig. 23 Porosity changes with travel speed 
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Fig. 24 Effect of shoulder diameter on hardness 
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Fig. 25 Porosity changes with tool shoulder diameter 
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Table 4 Grey relational generations, 0is grey relational coefficients, and grey relational grades of experimental data

    (GRG)  )0i((GRC)  (GRG)  
  TS  H  TSHTS  HValueRank  
1  0.0514  0  0.9486  10.3452  0.3333  0.1696  18
2  0  0.36  1  0.64  0.3333  0.4386  0.1930  16
3  0.0272  0.32  0.9728  0.68  0.3395  0.4237  0.1908  17
4  0.2991  0.32  0.7009  0.68  0.4164  0.4237  0.21  15
5  0.2477  0.68  0.7523  0.32  0.3993  0.6098  0.2523  10
6  0.284  0.64  0.716  0.36  0.4112  0.5814  0.2482  12
7  0.6193  0.36  0.3807  0.64  0.5678  0.4386  0.2516  11
8  0.565  0.48  0.435  0.52  0.5347  0.4902  0.2562  8
9  0.2538  0.44  0.7462  0.560.4012  0.4717  0.2182  14

10  0.5498  0.48  0.4502  0.52  0.5262  0.4902  0.2541  9
11  0.1480.6  0.852  0.4  0.3698  0.5556  0.2314  13
12  0.1873  0.8  0.8127  0.2  0.3809  0.7143  0.2738  7
13  0.6828  0.88  0.3172  0.12  0.6118  0.8065  0.3546  4
14  0.6284  1  0.3716  0  0.5737  1  0.3934  3
15  0.3172  0.96  0.6828  0.04  0.4227  0.9259  0.3372  5
16  10.68  0  0.32  1  0.6098  0.4024  1
17  0.5982  0.8  0.4018  0.2  0.5544  0.7143  0.3172  6
18  0.637510.36250  0.57971  0.39492

1- Grey relational analysis
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Fig. 26 Response of process factors to grey relational grade
26   
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Table Results of confirmatory experiment

     
US-FSW  

  
US-FSW  

    
  US1N1d1t1US2N3T2d3US2N3T2d3

   2.996.13  -  
  48  65  -  

   0.1696  0.4024  0.4024  
     %= 57.85  
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