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Hybrid layered manufacturing is one of the key methods among rapid manufacturing techniques
in which layer of molten metal is deposited on the substrate and desired geometry is completed
by stacking the layers. Low cost, high rates of deposition and great applicability are some of the
characteristics of hybrid layered manufacturing. Welding and face milling are the two steps of the
process. In welding phase, metal is built up by weld lines to cover given surface and in milling
phase weld beads are truncated to achieve flat and integrated layer. The focus in this article is to
optimize two contradictory objectives, namely reduction in machining volume and increase in
deposition rate. Thus, the first task is to formulate the bead model considering the metal build-up
effect. Then, the situation needed for achieving quasi-flat layers in welding phase is studied and
the unified model is extracted. Moreover, GA is used to find optimum values for the proposed
model based on heat and process constraints. Finally the model is verified and conclusions are
drawn. This article presents new criterion by defining the heat constraint for the multi-objective
function. Results show that for the 0.8 mm wire ER70S6 optimum values are 8.6 m/min for wire
speed and 0.6 m/min for torch speed that yield deposition rate of 4224 mm3/min without
violating heat constraint.
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1- Gas Metal Arc Welding 

2  ]4[

    
3 ]5[  

2-   
 . 

  . 
)  (

) ) ( ()  (
 .

 .
) )   ()  ( (

  .  
  

 
 ]6[ .

]7 -9[   .

 .

]4[ .  

 .
]10-13[  .

 .
]14[ 

 . 
 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

         

139415 9  155  

  .]7[ 
  .

]10[ . 

]4[ ]5[   

2-1-   
4 

 
 

]15-18[   
   .  

 
5   

a  c 5  
w h ]4[:  

   )1 (                                                  
  

)2(                                                               

 .
)  A (

 ]4[.  
     

= )3(                                                                             

   

=                 )4 (
  

4 

5     ]4[   

  

= = )5(
5 ) w (

  

= )6(
  ]4[   

  
  .  

)7            (  
 ER70S6 

8/0h  
 ]4[:  

= 0.29945 02 = 0.25610 + 01

0.13833 + 00 = 0.18947 + 00

0.49778 + 01 = 0.30299 + 01
6 

  

2-2-   
  

  
 .

 )t ( .
)  (

 . 
 .t  

 .  
]5[  

 7 

    .
  

)8(                                                                                                  

)9(                                                   ( )                                 

)10                                           (: + ( )
R m 

 .R m hw P 
 ]4[.

6     ]4[  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        

  

156  139415 9  

7    ]4[

3-   

  

 .

  .

 ]4[ .  

 .  
P  .  

 8 

)8-  (   

)8-  (  

)8-  (  

)8-    
8   : 

 :  :  :]4[

3-1-   
  

   .  
 .

  
   

  
  )11-  (                                   ) EFG (= ) HGJ(  
 )11-(                                      ) EIG (=  )HLG(  

)11 -(                                       ) FIG (= ) HLG(  
  

( ) = = =  

= )11 -(

 ]5[.  

3-2-   

3  .
  

3 :  
 = )12(                                                            

 
 .

 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

         

139415 9  157  

 ) ( . 
   7 

    .  

4-     
7 

 .
  

4-1-  
 

ER70S6 8/060 120 
 . 7/4 

4/10 6/0 1/1 
]4[ .9 

ER70S6 8/0 
    8/0  .  

4-2 -    

 
8/0 ER70S6 

 
 1 .

 

 .
 

HAZ   
    

  
=       )13(

9    ER70S6 8/0  

1 8/0 ER70S6 ]4[  

I  
(Amps)

60  70  80  90  100  110  120  
vw  

(m/min)7/4  6/5  5/6  4/7  4/8  4/9  4/10  

H   
    .  

  
8/0 ER70S6   

cftool 
 .

  
0.1665 + 13.03 + 2.371     )14(  

  
 .  

10   
  

 -
 ]19[ .11 

 
13  .  

 
  .

 .  

11
40 300 :   

= 0.07 + 10.5     )15(
 

 .

10    

11 -
]19[

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

        

  

158  139415 9  

  .
 .  

]20[ 155/0 
2/0 .

 

 .
 18/0  

  :  
= =< 0.18          )16(  

14   
16 

 .  
16  .

12 16 

   

5-  

 .
 .  

5-1-    
  

GA 
 . .

 .  
20 80 

 .  

13  .G F 
  .

 
2

12   

13  GA  
2   

vt (m/min)  vw (m/min)

6/0  4/8  

07/2 
  .  

61/5 
 .114/3 

 . 
12 04/7  .

175/0   
    

=  )17                                                                      (
     

  . 
mm3/min 4224   .

5-2-  

  ]4[ 
 .3    

ER70S6 8/0
  .67 
14 

 .4  .
67 14 

 
 .4 

 67 14 

 .
18/0 

4 
 .

  
.

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

         

139415 9  159  

3  8/0 ER70S6 ]4[
vw

(m/min)  
vt

(m/min)
h

(mm)
vw

(m/min)  
vt

(m/min)
h

(mm)
17/4  6/0451/1227/4  9/0  001/1
26/56/0571/1  236/59/0001/1
35/6  6/0813/1245/6  9/0108/1
4  4/76/0686/1254/79/0152/1
54/86/006/2264/89/0  282/1
64/96/009/2274/99/0316/1
74/106/0553/2284/109/0498/1
87/47/0436/1297/41724/0
96/57/053/1306/51023/1
105/67/0604/1315/61154/1
114/77/0734/1324/71307/1
124/87/0905/1334/81198/1
134/97/0847/1344/91277/1
144/107/0189/2354/101470/1
157/4  8/0171/1367/4  1/1784/0  
166/58/0304/1376/51/1982/0
175/68/0423/1385/61/1138/1
184/78/0460/1394/71/1185/1
194/88/0523/1404/81/1210/1
204/98/0661/141  4/91/1289/1
214/108/0997/1  424/101/1394/1

4       
  vw
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vt

(m/min)
h

(mm)
I

(A/s)
V

(volt)
H

(kJ/mm)
5  4/8  6/0  07/2  075/100  5/17  175/0  

 6  4/9  6/0  09/2  14/110  2/18  2005/0  
7  4/10  6/0  553/2  883/119  9/18  2265/0  
14  4/10  7/0  189/2  883/119  9/18  194/0  
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