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e T

&y Lo o Siilo— gud i 4l 3l Cmnlo (g yo— g0 «5”‘9 Gala




330 cymiolo 65l cilizie gl Coound

structural Components
~—~——

Frame and bed

\//_\

&y Lo o Siilo— gud i 4l 3l Cymnlo (g y0— g0 «5”" Gala




3 eblo ol sla (o1,b glgil

Seucturad oo in a0 opeo S maching wol

C or G (knee) frames bridge or gantry structure

v

&y Lo o Siilo— gud i 4l 3l Cymnlo (g y0— g0 «5”‘9 Gala




« Two structure design concepts are used, the open-loop and closed-
loop configurations. In the first case the process forces are conducted
to the ground. through just one structural way, whereas in the closed
case forces are derived by several ways to the ground. Obviously, in
the first case the structure is weaker, therefore a higher error
measured at the tool tip position is produced by machine
deformation due to the cutting forces; in the second case, stiffness
measured at the tool tip increases. On the other hand, and for the
same machine size, the first type usually offers more workspace and
workzone accessibility for part handling than the second.
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The characteristic open-loop for milling machines is the C or G (knee)
frames, very common in small machines. The access to the workzone is
easy, but this structure is sensitive to thermal and mechanical charges
(torsion and flexion) with an asymmetrical response. The frame overhang
produces Abbe errors on the workpiece (see Sect. 6.2.3). In Fig. 1.10 two
designs are presented. Thus, case (a) is the “fixed column”, stiffer but
affected by heat coming from the machining process, and moving different
masses depending on the workpiece weight as well. The second is the
“travelling column”, less stiff but moving the same mass all the time;
another advantage is that it allows the part to be set up in one zone while
milling runs in the other if the machine table is sufficiently long.

With respect to closed-loop frames, the bridge or gantry structure is used
for medium and large machines, which usually perform heavy-duty work
or finishing on big parts. In some cases the bridge is fixed and table moves,
in others the workpiece is fixed and all movements are by the bridge or a
travelling beam placed on the bridge (case c in Fig. 1.10).
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Abbe’s Error

Measuring
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Two different machine designs. a With Abbe’s error. b With Abbe’s error reduction
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Polymer concrete Granite
Young’s modulus E 0.4-0.5-10° MPa 0.47-10° MPa
Density 2,300-2,600 kg'm™ 2,.850kg'm™
Damping ratio D=0.002-0.03 D=0.03
Thermal expansion 11.5-14-10° K™ 810°K™"
Steel Grey cast iron Ductile cast iron
Young’s modulus 2.1-10° MPa 0.8-1.48-10° MPa 1.6-1.8-10° MPa
Density w SUKg 7,100-7.400kgm™  7,100-7,400kg-m™
Damping ratio : 0.001 0.0002-0.0003
Thermal exp. coeff. 11-110°K™ 11-12-10° K™ 11-12-10°K™"
/ Middle modulus High modulus Ultra-high modulus
Young’'s modulus 1-1.8-10° MPa 1.7-2-10° MPa 2-3.7-10° MPa
Density 1(550-1.600kgh™  1,550-1,600kg'm™  1,550-1,600 kgm™
Damping ratio 0.001—0.05 0.001-0.05 0.001-0.05
Thermal expansion 12:10°K 12-10°%K" 12-10°K"
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Deformation of an electro-discharge machine, calculated by FEM. Maximum
deformation is = .1 when it holds a heavy electrode
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0Cess Average force in feed direction Acceptable deformation

Roughing Conventional tools: 1.500N Average: 100 um
100-125 mm. diam. tools: 3,000N

Semi-finishing Conventional tools: 1,000 Average: 50um
Finishing Conventional tools: 200N Average: 10um

Nerage forces and acceptable deformations for different milling operations
N
AN

% N
ok o L Slal

&y Lo o@ﬁd‘é—‘saﬁjy Sl cmiilo (o yo— g0 4.5]'9 Gab




o g o0 08 L (obe dlagram

Depth of cut (mm)

I |
200 400 600 800 1000
Spindle Speed (pm)
o O (0 Iy Jusl S pu 9 g0 G iy il 58 (o al il W jlogad (ol 0,9) cewns sl
Dgud (0 ey Ol 3 eolawl b 510605 9wl oo Cawd W Ji wilS 18 Llio b Gos o

&y Lo oLi.&S‘é—‘_gJ.g)gS Sl cmiilo (o yo— g0 4.5]'9 Gab




i il 0 ) Klac 5yl l (69, loleiy) 4 b

Bf E7 E7
£ Bl itreeiiatiionieiiniiadonais £ 6}-- £ 6|
=5l =5 podt
3 4} 3 4}.- 3 4y
B 3 B 3 B 3 -
g 2V i Y g 2 £ 24 devaesdeeoresd
] i ek e i Lt I 2R ns SRR S MR e et SR e
O 07500 200 s00 800 1000 © ® 200 400 600 800 1000 © ° 200 400 600 800 1000
Spindle Speed (rpm) Spindle Speed (rpm) Spindle Speed (rpm)
- 90° =
T -
E i 130 ¢ 45° A V]
= g ~] PN -
3 4} 3 4l- s
“ 3l . s B3 :
£ 2 180°@ »0 o 3 1
R oo oy AT e -] B oGl S R
) , ) | &l i 2 T Tiiian:
oA S/ 3 A 200 400 600 80O 1000 i s 200 400 600 800 1000
U ) JJ ‘_—_LWP]I.E_W_{W!L ALl Jlr 0_:_ .__I._* Sp!ndle SpEEd {rpm}
: =7 =7 |27
'EE ; : : : EEL__‘ i 1 : " EE : : : :
:E‘I 5 - E. 5 - "'é" L ] " : ‘E'-IE -w
'3 4f-- - | R | 1 B4}
15 3 5 3| | L 513,
1S 2 £ 2 serborcsoat f VD
| & TINR : . : o 1A : - ¢ a1} : : ;
0 0 ‘ e T YT T 1 Op0 e
'~ [)200 400 600 800 1000 200 400 600 800 1000; | 200 400 600 800 1000
! Spindle Speed (rpm) Spindle Speed (rpm) ' Spindle Speed (rpm)

Lobe diagrams for a position of a milling machine, along several feed directions

An example is described in Fig. 1.13, for a milling machine making a rough downmilling on steel
along several directions. In the dashed square in this figure are the two most restrictive
directions. Along them, an axial depth of cut less than 1 mm must be applied to avoid chatter.

&y Lo o Siilo— gud i 4l 3l Cymnlo (g y0— g0 «5”" Gala




ol ez ST eile SLOL,/ £y

Due to the machining process———

Workpiece-Fixturin
chatter

Spindle-toolholder-tool
chatter

Machine-tool structure
chafter

Forced vibration

Due to the motion of the machine: Inerial forces

Feed drive
|

0 10 100 1000 Hz
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Carriage

Working
table

Eccentricity

r Base
L S ’

Front Base

Major components of the grinding machine tool

Ref: Baotong Li, Jun Hong, Zhifeng Liu, Stiffness design of machine tool structures by a
biologically  inspired  topology optimization method, International Journal  of
MachineTools&Manufacture 84(2014)33-44.
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Deformation

1.O1E-05
! 8.98E-06
7.86E-06
6.73E-06
5.61E-06
4.49E-06
3.37E-06
2.24E-06
. 1.12E-06
: " 0
Original column Bionic column
Comparnson of the mechanical properties.
Column Weight (kg) Max deformation (pm) First frequency (Hz)
Original design  1189.3 10.10 125.19
Bionic design 11745 8.56 133.97
Variation (%) 1.24 15.25 L7.01
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Active damping devices
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STRUCTURE / MACHINE
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Active Damping Device
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Control Unit

Controller
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The fundamental frequency. fn. of a simple cantilever beam

1s given by:

foka | H (14)
"2z \ pAL?
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From the tables of hyperbolic and trigonometric functions
[23]. the values of kn for the first five modes of a cantilever
beam are: «1=1.875. «2=4.694. «3=7.855. «4=10.996.
k5=14.137. The corresponding modal shapes for the first five
frequencies are shown in Table III. The Material and physical
properties of cantilever beam are given in Table IL

Fig. 4 Cantilever beam with rectangular cross-section.
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TABLEII

MATERIAL AND PHYSICAL PROPERTIES OF CANTILEVER BEAM [24]

Material Cast ron
Young’'s Modulus 2#10°8 kg/em?
Poisson’s Ratio 0.22
Moment of Inertia Ixx 0.0833cm?
Moment of Inertia Iyy 0.0833cm?
Density 7.8*10-3kg/em’
Breadth (B) lem
Depth (B) lem
Cross-sectional Area lent’
Length (L) 10cm
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TABLEIII
COMPARISON OF NATURATL FREQUENCIES OF COMPUTED EESULTS WITH

EESULTS FROM ANSYS
Order Number Natural Frequencies in HZ Percentage Error
Amnalvtical solufion  Results from
{from closed form ANSYS
solution)
1* order 810 808.46 0.19%
2 order 5060 5009.2 1.004%
1% order 12500 12551 0.408%
longitudinal
vibration
3" order 14160 13781 2.67%
bending
4% order 27800 26354 5.2%
bending
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Process Dampin

/ / Unstable Regions

N=3 N=2 N=1

Depth of Cut 00C) R

limit |

Stable Regions

Revolutions Per Minute (RPM)

MetalMAX Training Manufacturing Laboratories, Inc. MMOVER-26
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