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2 Computer Numerical Control (CNC)



.u:f\ Jé’

axsi Oy5e Gk o 5l SHL e sladlg) slel (blasl 2o Sl 6l B el

fagAl colas 5 )18
Hasd Sy Ll Gty £33 Ol S Glge (e (2SS w935 sl seie ]
5 o5 sloasls gl 5l Sy je a5 s5ei o )Lil U5, 5 5 lasl o5 Il s05es £S5
95 PIISE Sy ke (Culs mjsi il (5 (68 S iemen 2l Jyaze &S
oSS 5 kel oo 5 4325 slaghs) 625,150 b e som 51 )RS 3T mo IS8 a
5B i (2e,% Slagl 2 6355 sl pite 5| S S 45 L0 g on o8 Lt

Dyl sl

Forming tool

I Insulator |
Clamping plate :
Backing plate

Blank holder

Thermocouples

Indicator 1l

(V] 0,5 (& [£]0 yu (W Shgy a3 39 SlABCT (x93 (PSS ol 58 . F-) JSi
'l ST o yad o Sl —)-Y-)

Jpl e g 09 oo pll sl wled jo Il b A tew 51 oS (5,9 JK& s Wil ol e
a5 ol 4,25 (359 Sg 5l (2Yb (PO > (g, (nl )0 005 D9y (59 iy o Sl
ey Gl Giod 5o (0= JSS illas) 09 o0 wislids 5 " hke (a8 (2SS Slgie 4

5l olg oo 45 el oo soliiwl dlg) slasl (g jludanain Gl p o 20 S 3T lgie 4 by, o

! Single - point incremental forming (SPIF)
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! Two - Point Incremental Forming (TPIF)
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! Hole flanging
2 Wall grooving
® End expansion and reduction
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Abstract

The end flaring of thin-walled tubes using single point incremental forming
(SPIF) has the great importance in industries such as: aerospace, automotive and
shipbuilding. This process, has been considered by researchers due to its high
flexibility, no need to mold manufacturing and its application in the field of rapid
prototyping. Since there has not been much research on the quality of the
products made by this process, in this research, the experimental study and
statistical analysis of variables affecting the dimensional accuracy and surface
roughness of the formed samples were considered. Design of experiments was
conducted based on the response surface methodology (RSM). Then, based on
the experimental tests, the effect of input variables of SPIF process such as: tool
diameter, vertical step size, angular step and lubricant type on the tube end
diameter (TED) and roughness of internal and external surfaces of the stainless
steel tube (AISI 304) was investigated. The measured output responses were
statistically analyzed in Minitab software. The ANOVA results showed that the
variables of tool diameter, vertical step size and the interactive effect of
multiplication of tool diameter in the angular step have the most significant effect
on the tube end diameter. In the following, the linear, quadratic and interactive
effects of input variables on the roughness of internal and external surfaces of the
tube end were extracted. Multi-objective optimization of responses was done
using the desirability function. The optimum values of tool diameter, angular
step, and vertical step size were determined to be 12 mm, 4 deg, and 0.43 mm,
respectively, with the lubricant type be oil in order to achieve the maximum of
TED and the minimum of surface roughness. By examining the thickness
distribution of several specimens in the expanded area, it can be seen that by
reducing the change percentage in the TED, more thinning is achieved at the tube
end. Moreover, using spherical-head tools with greater diameters increases the

end diameter of the expanded tube and reduces the spring-back.

Keywords: Single point incremental forming, Response surface methodology, Surface

roughness, Tube end diameter, Spring-back
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