43 -34 .40 e 6 o lesis 6 093 1398 HIT Yl sl IWgs 9 DA lw wdiye Alxo

D9 3y sole doliolo

Ol g g SOl (qunige

www.smeir.org

/4

U552 ey slg ol mhaw gLl il axdllae

*2‘5..\93.0 (WPRVE ‘1‘;44)9 Soxo

RS iy ph Sxio olRsls (SHlSe (smigee § 25 szl -1
u‘)ﬁ) oy ph (Saio oKisls (Sl (eI ol -2
movahhed@sharif.edu 11365-11155 ., sgaro (s ™

ouuS>

"

alio CleMb!

g p Mg o (owiin GlaShs ik (S Olpea gl Glabiodl Glgpmas el b Sl 6555wl
D3 oS0 4l il sl o Jos ) b G ol 5o il 8,00 s axkss oolal CBs et o 5 65558
logyei p labiod Sl aslllae & cadly andls 3 ) o Slabionl oo p8 oS SligSas lg il ghaw 5 59,5 e (A 558
Al 51 b Gigy @50 b g SetcilSo Joo 5l ealizl b (6)0575,8 (slog s ol pslise onl 4y 105 g0 ailoy o )5758
@ e @2lpe ;3 35z ge @l b Joe 5l Jolo gl dnliie b s B9 o0 (S3lae (B calpd anuloe (sl hle 4 alete
o SIS S 2 65550 Gos 5 e slalil S el Slllas pladl L aalsl o 1090 aislsy o (5 liSans
ISty (215 52 il e jake (255 5 s slalizdl il (50,0 Fas o 45 a3 e (i saalusod; it 05 e
Slog i 2 laliosl 1 el (slabiznl 51 paseiun polie ;3 ccmizran )l lagys 2 1) 5l (28 Came (g 0 5 (Sles Ul
o sl aw slabowl 5l oSG 0 (61550 Goe 2ol L s O )lear oo RPN 62553 Bes SR L 552
Al C8 o sy Sg0c axis o paw bl a5 wies o lis saslciisdy bl (pisren (WS o 0 )lg bl jo 1) 6555

Jol5’ g allia

1397 615 il 0
1398 0,98 281 5 pd
1398 LT icole o @)

LB lguals
Slogaass gl
$9)5 po S 58
s slalind
85558

.‘.\,)bwo\.ﬁa\)o c]a&&_gLvd\Agws)lf)‘)é &_gLag):.}f_L_g)f)f

Investigating the effect of sculptured surface curvatures on milling forces

Mohammad Ghorbani, Mohammad Reza Movahhedy”
Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran
*P.0.B. 11365-11155 Tehran, Iran, movahhed@sharif.edu

Article Information

Abstract

Original Research Paper
Received 5 January 2019
Accepted 17 April 2019
Auvailable October 2019

In the milling of sculptured surfaces, cutting forces and the final part accuracy can be affected by surface
curvatures. In this paper, an analytical formulation containing the explicit form of the principal curvatures of
surface is developed for extracting the engagement boundaries between a ball-end mill and a sculptured
surface, and the effect of surface curvatures on the milling forces is investigated. To this end, first, a

Keywords: mechanistic cutting force model is presented for calculating the milling forces acting on a ball-end tool.

Sculptured Surface Orthogonal to oblique cutting technique is used to calculate the cutting force coefficients, and the model is

?S'r:(;izdc"lfr'\'l'awres verified by comparing the predicted milling forces with the existing ones in the literature. Then, parametric

Milling studies are performed to investigate the effects of cutting depth and surface curvatures on the milling forces.
The results show that at a constant cutting depth, the milling forces are more influenced by the surface
curvatures at the concave and saddle regions of the surface in comparison with the convex regions.
Furthermore, for constant values of curvatures, the effect of surface curvatures on the milling forces increases
as the cutting depth decreases. In other words, as the cutting depth decreases, neglecting the effect of surface
curvatures results in more relative error in the calculated milling forces. Furthermore, the obtained results
show that the surface curvature perpendicular to the feed direction has more influence on the milling forces
than the curvature in the feed direction.
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Fig. 1 lllustration of the geometry of the process and used parameters
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Fig. 3 A schematic view of the CWE region (top figure) and its map
on the z,¢y, diagram (bottom figure)
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Fig. 5 Comparison of the CWE boundaries calculated by the proposed
analytical model and solid modeling method for a spherical surface: (a)
convex, (b) concave
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Fig. 8 RMS per Avg. value of milling forces vs. cutting depth
(surface curvature radius is equal to the tool radius)
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