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Stress and Deformation Analysis of a Tool Holder Spindle using iSight®
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This paper presents the optimized approximation of finite element modeling for a complex tool
holder spindle using both DOE (Design of Experiment) with Optimal Latin Hypercube (OLH)
method and approximation modeling method with Radial Basis Function (RBF) neural network
structure. The complex tool holder is used for holding a (milling/drilling) tool of a machine tool.
The engineering problem of complex tool holder results from the twisting of spindle of tool holder.
For this purpose, we present the optimized approximation of finite element modeling for a
complex tool holder spindle using both DOE (Design of Experiment) with Optimal Latin
Hypercube (OLH) method (specifically. a module of iSight® FD-3.1) and approximation modeling
method with Radial Basis Function (RBF) (another module of iSight® FD-3.1) neural network
structure
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Fig. 1 Drawing of complex tool holder
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Fig. 2 Interference verification of 3-D model
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Fig. 3 Finite element modeling of tool holder spindle
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Table 1 Material properties of spindle

Third bearing

Firstbearing,,,
of

Property E Densi Poisson's
(unit) (MPa) (g/mm") ratio
850 7.8 03

Table 2 Material properties of bearing

Axial rigidity Radial rigidity
(N/tm) (N/um)
Bearing 40 180
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Table 3 Base line lower boundary and upper boundary of

5 design variables (unit : mm)
Initial Lower Upper
Value Bound Bound
First
29.5 11.5 37
Bearing (d1)
Second 69.5 60.5 70.5
Bearing (d2) ) ' ’
Third
. 120 115 127
Bearing (d3)
Tool holder
. . 10.5 5.5 15.5
spindle tip length
Tool holder
spindle tip 8 4 12
Thickness

A YA dY DOE(Design of Experiment)= iSight
FD-3.1 9] DOE ¥ F¢| 3l OLH & AHg3}
o #o]HE 9 lower boundary ¢} upper boundary A}
ole] zt 1¥ ¥ &Y 2UE EdY FAg 4
ol9] HEES AHHE3 MEHYsA 100 Fe HEA
ges  FHstd ZAZe A9ubtk ANSYS
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Fig. 7 iSight® FD-3.1 5 design variables simulation
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Table 4 iSight® FD-3.1 OLH simulation

first length second thick third
i1 peas 1408 5208 4.408 31.06
___g_‘gz,z? 803 £292 7152 7364
3. 352 81 6313 9414 70.45
4 13648 1207 €6.36 4727 asie
§ (15862 10.85 6182 8979 11182
27.21 1469 63863 5455 24.85
1382 1338 6948 5.778 8742
§ 13484 722 6535 6667 1697
3 1178 8§33 8535 7077 26.97
10 [29.02 263 6159 9578 107.58
11 j30.56 843 64,34 4.808 1212
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% f21e 712 5383 901 1108
% (2644 1318 6828 4243 2061
97 (2412 772 5993 7.96 5985
9 122.32 1116 5565 11515 0652
NCRLER a5k 6§66 10946 1742
_ipi2103 1138 T4 9657 3121




o

2YUZsts|x| & 27 H 935 pp. 103-110

September 2010 / 107

3.2 HEFMH

A7A sl & A HH3} duES
AR 227t T@He destel 47 w2
A ARER PEs BAF PEe T AAZ U

& sieh.

HIZE o33 AAFEFHd W BAFU
HHls BT H8d 4 JdE HF AAxETE]
AdEAt. B AFdNE  HEngineous AR
iSight® FD-3.1 & ©]&3le] H# HAE Y33
t}. iSight® FD-3.1 & 13 7}X 9] A3l dugd&EFS
olgstel AMsE sl 2A £7 7Y,
$4% 7Y, 494 JEes dE 4 Aok 2
QTN E RBE 2A1E o83t} 2ARUS
FEs dold B ¥ EY 2uE U T
st Rols) Aol Gk Fo} B Y 20T WA
9 H2A deformation I & EY 2WE B9 F
2 stress B ZolB gkl

At o2 HA HAE 438 9 FEM o2
BE A% 4 ZnE EdZ U2 g JF
o] &3lvtd &I EA X7} L]—O;(]u]- v A E 3
A ZE A4 Azke] 70 iAoy A Zl4r)
%ol ¥8=2 ﬁ}b 73-?— A A B ’\]Zl“’]

dge 4ol 3le Ao mEd B d7eA
£ RBF ZAM1H & °]%%}°El HA A< doly
g dEsgith

RBF A7 w& thabgd F3HoAM curve fitting 3}
et wakA e FH A A &
A e tabd FAANA 9 Fhhe] THE F=
RAolth. WAL Jd& HELEHN nE TAH AT
A, =28 FTE AL ol&std e WS
A3 RBF A7 49 T2E Fig. 8 ol =23 3
Kt

o i

RBF W& ZAR &3 ap&o] 23
"o gty ez oxge AR TFaof AT
iSight® FD-3.1 & AH8-3lA S| 9 Fig. 9 ol X e}t 2ol
iSight® FD-3.1 oA AFHoz FaFA €} o
71N A LxES 298% FAE A skt
AT 1000 71 S A3 WEA LA
& Z9 & Aol LAES dotry] 93 AL
A4 A8 E FYPste 2LAES v Bk

B Componemt £ditor - Approsimation

Fachraon | Dota A0 P ainetirs | Tochrivast GoAT] Bl RAThAT Boabr’ v Gaes |
- — it

.
f Pmionurn seedichon ermor e 0295 4
(IO OF rmrige YOr deftlecions

'&-r«m'}, A P W S and Combenins Data |
HF Mo -~
Ireust Parsmetory

. T

o2 - “speord’
3 - “ehiey
KA - " Lath®
o - "

Maximum pradiction emor = 0.298
{30% of range for deftection)

DR Faresetars:
WO - e
W« et oruation’

4 R i kb
Teowse
(= MmN 2 ] (=]
Fig. 9 iSight® FD-3.1 approximate expression
interpretation

Table 5 iSight® FD-3.1 RBF simulation

14.617 65.4249 125.847 14.669 11.5195

S T ()% e TN w~

fist " length | second  thick - third
1 _{13.482 68.2297 116.249 14.039 7.043
2 {20.419 69.2508 126.604 9.044 11.1351
3 22077 68.9444 126.123 15.35 8.028
4 125.644 69.0586 115.973 6.201 10.6386
5123392 66.6862 118.099 11.636 9.6777
6_{18.455 67.7072 118.303 14.029 8.9009
7 {24077 66.6201 123768 16.25 9.7738
8 24.203 67.8453 120.91 11.806 8.8448
9.119.356 69.9114 126.712 8.623 5.7618
0 {1168 66.9505 123.553 9.184 9.7097
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Fig. 8 Radial basis function neural network structure
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Fig. 10 Optimized approximation model
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deformation € 1.0695*10° ©.& stress & 16.3%
deformation 11.8%7} 1t}

Table 6 oA % AA 3 RBF &
¢} deformation & ZtS v}

E3} stress

Table 6 Comparison of initial finite element modeling
with optimized approximation model of RBF

Initial Optimized .
.. . . |Reduction
Finite element|Approximation
R Rate
modeling model

Stress .
(MPa) 267.38 223.86 16.3%

Deformation 1.3256 1.1695 o
(mm) *10° *107° 11.8%
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Fig. 11 Stress tool holder spindle interprets

Table 7 Finite element modeling and optimized
approximation model of RBF with error

Finite element
. RBF error
modeling

Stress
251.62 258.32 2.8%

(MPa)

: 1.2575 1.2903
Deformation 2 6%
(mm) *10° *10”

3.3 Tool Holder AA| & A%}
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Table 8 Comparison of initial prototype with optimized

prototype
Initial Optimized | Reduction
Prototype | Prototype Rate
Twisti
wisting 0.02 0.008 60%
Deformation

4. dE
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