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Since a long work piece influences the natural frequency of the entire system with a miniature
high speed spindle, a bar-feeder is used for a long work piece to improve the vibration
characteristics of a spindle system. Therefore, it is very important to design optimally support
positions between a bar-feeder and a long work piece for a miniature high speed spindle system.
The goal of the current paper is to present an optimization method for the design of support
positions between a bar-feeder and a long work piece. This optimization method is effectively
composed of the method of design of experiment (DOE), the artificial neural network (ANN) and
the genetic algorithm (GA). First, finite element models which include a high speed spindle, a
long work piece and the support conditions of a bar-feeder were generated from the orthogonal
array of the DOE method, and then the results of natural vibration analysis using FEM were
provided for the learning inputs of the neural network. Finally, the design of bar-feeder support

positions was optimized by the genetic algorithm method using the neural network
approximations.

Key Words: High Speed Machining Center (155 A HE), Spindle System (AHE A& ) Long Work-piece (7! £
i), Bar-feeder Support Positions (BT A X|E), Design of Fxperiment (& &im) Artificial Neural
Network (2! MZAZEZh, Genetic Algorithm (875 YIE[E), Optimal Desxgn{ 7‘* A

1. A&

HZ ALEE 7ol oA A
7171 $18td H A A (machining center)®] L&
S} ol2dA 1 Ut Wepd, BAY AH
& 3A Sol <Jatol wAHE A WAy
(balancing)® 7]o]9] wiz 9 wlRe] EAE 32
3171 A WAE X E (built-in motor) 4] o]
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& #Ad AEo| o] Abgdr}!

A, 298 AAY FEA? == 2PEL
33 wAYd AEHY @AY F A (dynamic
stiffness), A Ej(chatter), Wo1H A X Y= 4 gl
it BE AF7E Y7 o]FolA YA 292aF
CNC A5 dk(swiss-type CNC lathe)@} Zbo] A H]
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gt Zol 1 AFaA dF aAe AAAXE
HHzatr] g8 d dnYeEe Hed d7FE
o] Folz Aol QAP o) A A A A
of W& A9 HFAF T 7|¢lEkE HE 39
AEe g B FAa Ay JgxE A
A7 A& Aoty zelmz AHst & 7
A S nHI FA 29E A2 1
FREEA g 7= A olFoAa YA

e Ao,

AV 28T N29e AAsE o4
ATABE UL AR DAY A29 A
o T4 AN FFE A HAN d& F o
o ABAUES FHAIA dANE A
(tool tip)8} FRF G457} 714 Fa¢ Baddol 2
T e ol AFEo] AE(chatter) IF o
53 ZhgE olFLR olFoxm kB o
ToAE $AHcR AWE Ax" | A b
AETE Folve 174 AAd FHL Fud
ol AAnZE & JtEaAC 288 AYHd
&g IHPA SpFe] o|FoXE AfAY
CNC Asxgt 28E Al&gle] A9 A&7}
2 B EATE AT ARE B4 93 288
Alz=]) AA Y AHFRAFFT Qeobd § v HE
olch.

uebx, 28E Al=® dAe uRy A4S
e 7FEAAE AX e ahyy AR
AAZE Fa3tn, 2928 AEAvte E44 7
TR wet A9 dete] G ol ¢l
T IHFPAE 549 dd= whyg AAR A
of $lejA W=l s E ook Fit) A, vhy
o] ZFgaA AAF JAE AAL 9, ded
AAELELEY AR fQA)e) A g 2
AE of3te], L& F 9 g0 A1 o2
A, HHE Hsl AAsor e HHIAFe
oA, @& Azhe] AgHvh wd AAWS
o e ufFEre] WIE gAY FHA
FEHoZ g4z TEIE A w3 41 g

wetA, 2 A7 Z2XE A3 A 2 W (design of
experiment, DOE), A& A7 3] 2 % (artificial neural
network, ANN), F38 % 318]E(genetic algorithm, GA)
S HAANS HAsI =dstal N, A3 249
AR HAHE wola, Az Ade AFA
& A EY Ut

2. 25 AHE NAH ¥ BY

m;%n Jacket
(a) External shape (b) Components

Fig. 1 Spindle system with a built-in motor
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Fig. 2 Cross section of a spindle part
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Fig. 3 Spindie system with a long work-piece
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B Ao dAMA Fig 29 A2AE A2" O
F BHATAN T 20E AP v AA F
R ]ﬁ(lmpact test) 22 NG FFE SHdto 1
WG APAFTE o] FojH ! o] wf N HA

AFANTL {AEHA dA o] FlEen AH
& AAY ﬂ%ﬁ%‘?—t— i} ol A 401.16Hz 7} 1}
Aele] HFol o
o] 84 =Edd AE 7mm, 4o
AfAEHAS AA
Btk A7 uldEe] oA AddAlelr] wiEd

& AAE & gong ol

2

a28x 345472 285 AF Tmm, Ho
Im ¢ 27471 A" A$o] nhgg A A
Fo wet nfRAFEE] W WS BHE
Jorl? A" ew stgx 7 A ofs W@
AFHEFIE HASA HH, oL nPA 5
71 Y8 E ukmde AR He At wjAzE
Fa3eE A4S ¢ F A

VEF oA Tt mE 4SS dotry)
A3 B dTAE ﬁEM?‘ﬂr WA 2 A&
Tmm, Zo] 1m g AA7F AR H AL, Table 1 o &
A7 A E 7} H(condition I THEFLZ AFA

o

227 92 EQS d(condition 2~6)9] AUE Al
€] {FRAAREES YEAT ZHAA
249 ANHEL *z FAH glod, Jloj=

BHR9 ~9E T 744 1 j9 AAF] &
Ak, B A7 AAES 4 49 vk A A
HEo] Ve gtk wol 7" e £V AA
LEE B AXAARA S Aola, AA7F
g HolA #EHow FFE 9 AAE AAFA
23ty vy AXFES Fasddey HA
294 AL g} ‘
Table 2 = Table 1 2] 6 7}A ZZAE°] W& FEM
IFAFNY AHE BAFI, 4 AEE o] A
198 274589 2 W 2390 ZHAEF7T S

=

Naws fReAAAL AAE A 1A uh = AL LA OF 9 B Lew B9 4G
AEFAA 3633Hz 7F UElgon Zeg it o tho] @®olx|7] wiolth. 1} AA7E 47
A ool adlel Sa) AuMHLE Ushdths 2 whyg AAHE EASE 36 W E2ANN A
&+ AN F 2 247k AATE B & 4 Fde FHE wHAES A weiFI] o
Ao} AL H=A nEIop I AS LEE 2o, vk 9 AXFE LA FHsE AR
. Aol 1 A waRERT vhsly AXH AAAA
Table 1 Six conditions of changes in work-piece lengths (mm) resulting from cutting
Condition Support positions (from the right end of a work-piece) Cut length (mm)

1 s | 350 200 75 0

2 0 7 2 50

3 3 e 75

4 = 200

5 350

6 500
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Table 2 Natural frequency (Hz) from modal analysis with 6
conditions of Table 1

Mode Natural frequency (Hz)
2 3 4 5 6
i 369 369 207 153 159 176
2 410 410 207 153 159 177
3 458 458 369 370 370 379
4 4890 613 410 410 412 440
5 489 735 458 458 459 483
6 613 736 613 613 613 618
7 764 893 771 831 1004 1005
8 765 954 772 832 1005 1026
9 842 955 920 1005 1011 1043

Hle A mEojof & <o 4 gtk

upehA, 2 Aol A g 7}°l 4 Me] AAHE
A kel AAQE AXEE ASdE &AL
AAHREE THsE sSAl(Table 19 1, 3,4, 5, 6
wyelx FEM A S F8d 2487t o

3. 3 AN E

E oo Ad A # Y (design of experiment,
DOE)& AFgBtAA FItassi RS P,
ZElsel 4 AAE AT A7 EWartificial
neural network, ANN)Y] AAHFE] g B4
ol FAE AAdsted ol &3t EAES
HAstE o] EAHGe] IAAoRRE §d &
318 S(genetic algorithm, GA)S ] &8 ch(Fig. 4).

Optimization Start

] ANN
FEET] GA

ok

Objective

Learmng Neisral N'
values

Single Object
Optimization
by Genetic Algorithm

Convergence *k -
i Neural Network executmn

(using learned wengbg} ’

R Design
Optimization End variables

N
Fig. 4 Schematic of optimization processes

3.0 AEAEY

HAA3E AT A BGUE Fol7] A A
g ol&Ete] MHAUSL HHZ
2 IAE 3, AAsiEe d5
& 22 stsdolEE AMEshE o AEE AR
< 2% 4 A% FEM EHE #1] 9 %H@]
A ZHERE ol el 4ol B ARte] &
AR A 4l wEks B %H
W Z Ao ERE AHEEY AA 3
& Holste] Mwd A& Ay
iéA S dolE A E(set)
3 93 AARSFEE 4 A

3]
g
Holl w407 3559 ANMEREE Table 3 %
ol 97tA 9] AP dcase)® D & Ukl

Table 3 Orthogonal array (1.9(34)) of DOE

Design parameter
Case
#1 #2 #3 #4
1 0 0 0 0
2 0 1 1 1
3 0 2 2 2
4 1 0 1 2
5 1 1 2 0
6 1 2 0 1
7 2 0 2 1
8 2 1 0 2
9 2 2 1 0

3.2 t’a‘ﬂi'é! =) %—Lﬂ%

o] F d(neuron):m::i; OH—OVJ M%‘:ﬂ&.
o oH 4FE FYY F =T T4
o] T} 14
Nﬁi}im’g} Z1EH o2 A F(input layer),
Z(hidden layer), &9 c(output layer) 2.2 T4
-‘7401 gon, 7t Fof FUEL g Fo wUE
24z FVEX (W weight) o2 dZFEHS U
(Fig. 5). 2+ w7 @919 A 2] 7](processing element)
oj A A (transfer function)® o}#fe] A3 %o
E(sigmoid) TFE A3 thFig. 6).”
B AT Al 471}4 vh3 T 2] x4 <]
Ax et 2H3] AR 2H/FHAFTFE AHESSITH

rio

X
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Output
layer

Tl Output values

Fig. 5 Neural network model

T old @ JlEe BHESY rlRel} S
S7 Qe W oA wor WAH A
olete AN J1EY HHH LueSd ge

o}V olo] wel ©AF7 U3 AForRE =
#2947 A9 Ao WA el A3 A
HAA37} 7yEs] Wi B AP AE gt
9 B BEHE F5o] Aged ol A%

shrha g =shA HouH.

Initial Design data

Create 1
Generation

Evaluate fitness

Crossover
Mutation

Fig. 7 Procedure of genetic algorithm

4. HH3 4+ A FHY

y=f(net)=m )
41 AEAIEYE 0|8 RERLMY
h b A9 AHHE A AR
X, AAMSEe 2 HAE Fig 8 o JERIAY. A
: y = f(net) 3l A AE Tmm, o] 1m ¢ ¥ AE &
: HE A2dog AANSTE #1 ~ #4 7HA F 4 7]
| y- (S o g AAHY Aotk 2 A™e 1ol
X, Ast ol 150mm A AN MAYES PHE
Fig. 6 Schematic of a processing element s FAH
AWM ALY FEAM 0 & T2 FA
33 /o daes #= 2AY, 1 FNAY 280 2 LER B
#d dngES A4 A9ds AR 3 Ao R AQsiPtt. dF Eo HAMS #4 9
Ade HAAH3 7IHez Fig 7 d 4 dunyE S Fig. 8 oA HH AAY 2% o
ZEX7 JYEY U 4 dudgEe A 0~150mm AFele] F&zAAAA v " 18
(selection), I Hf(crossover), &AM o|(mutation) A4+  Z FFE 0,1,2% 74 150mm, 75mm, Omm #| 3 0]
2kt M9 (fitness) B7HE 3 HHSME B A A Gol A} Hdted HAAWS #3 o B HAH
[] : design parameters 625mm >
l«—25mm le=150mm |
ks : : : 1
guide bush support : l 41 ! ‘ 4 l ! 43 4 i 44 I

v
basic support

Fig. 8 Design parameters for optimization
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Table 4 Finite element models and design parameters (support positions from the right end of a work piece) by DOE

Design parameter (mm)
#1 | #2 | #3 | #4

Case

FEM model & support positions

1 600 | 450 | 300 | 150

2 | 600} 375|225 75

3 |600|300| 150 0

4 1525|1450 |225| 0O

5 | 525|375 150 | 150

6 525300300 75

7 | 450 1450 | 150 | 75

8 1450375300 0

9 1450|300 1225 | 150

o2 FEEAAM 150~300mm Alo]7} @A Fikolm
2, F# 0,1, 25 27 300mm, 225mm, 150mm 7}
o} olgld B2 o7 Taple 3 9 AujETol 1w
2t Rdg 743 Aol Table 4 o vt ¢l
Table 1 oA} vl 7} S Table 4 oA z+ AAH
9 AL AAY 2 EZ EYd A EE A
g o]t}

Zkzke] vh-mld Y] AL FA3HA 10° Nmm 2
ARAT &, 4 P2 dcase)nttt 7HF] <
3t A7 @ E 7] A 1 A9 A9 gete
2 &A7F vk-dy AA A %—% T3 4 A9 &
AES F7I2 283X F 5 7k Dstep)E
of i3] IHFFHAL Tﬁﬂﬁ}@“:} Table 5= 9
N AERAEY 5 7HA] dASZREH LASE |
2 AFXFTE BT, 74 Adedeig g
921 & AHAETE 4EY A FA FA8
Fow FHHAZ L& | 1 LFASFE UEss
EAIEA

4.2 MESEY &g

FAM 2APE HH3g 71ES APy
FORTRAN ZEE 2A4g3tgon o|RAL &
o =23 HAF ZzagPo=z 1}
Y3shed ALE-sSAT

A" sty ZRadeR WA AAIETY
g5g A eY SdFS 9T dolE e Table
59 AmolA Z AdEdeitt 7 ¢ o i]'
FRAEFTFE FHAZ Ee 1 IFHETE &
£33t 5 E5S A JHUS Table 4011"14
A A 4 (design parameter)”} H I & HEE 2 gl(target
Table 5 ¢ W& 13 AFAEFF 2 A

2}
&%
at
value)2

.

Table 5 1¥ natural frequencies (Hz) from natural vibration
analysis for the 5 steps of work piece lengths

Case 1* natural frequency

Stepl | Step2 | Step3 | Step4 | Step5
1 153.09 | 153.23 | 155.18 | 196.93 | 331.41
2 37471 | 15195 | 137.11 | 88.22 | 331.41
3 274.75 | 150.51 | 119.98 | 51.37 | 331.41
4 319.65 | 69.71 84.77 | 369.63 | 234.20
5 134.69 | 354.01 | 76.20 | 166.90 | 234.20
6 281.16 | 69.48 | 361.17 | 81.14 | 234.20
7 262.53 | 190.61 | 43.91 | 357.32 | 105.00
8 221.25 | 49.75 | 364.06 | 342.07 | 105.00
9 177.06 | 362.98 | 361.25 | 145.10 | 105.00
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Table 6 Parameters for neural network

Parameter name Value
number of input values 4
number of output values 2
number of data sets 9
delta 2.5
number of hidden layers 2
number of elements 15
for each hidden layer

learning coefficient 0.01
convergence ratio 0.001

Table 7 Learning results of neural network

Target value | Learned value Error
Case | (frequency) (frequency) (%)
1 2 1 2 1 2.

1 1153.09|153.23[153.04 | 153.28 | -0.033 | 0.035
2 | 8822 [137.11| 88.48 |136.98| 0.295 |-0.094
3 15137 |119.98| 51.35 |120.01 | -0.044 | 0.024
4 169.71 | 84.77 | 69.26 | 84.89 |-0.651 | 0.144
5 | 7620 |134.69| 75.97 |134.77|-0.308 | 0.061
6 | 69.48 | 81.14 | 69.72 | 81.00 | 0.341 |-0.172
7 14391 |105.00| 4470 | 104.88| 1.799 |-0.111
8 14975 |105.00 | 49.68 |105.05|-0.141 | 0.048
9 |105.00|145.10|104.84 | 145.14 | -0.157 | 0.025
AdZdaT FE5s AT A EHEL Table 6
o] A3 en] Table 7 o 2FH2ZF g

o

A EF &9 h(target value)d}t Shsol <& &
¥ &9 Zk(learned value) Alo]9] @ X}E u| w3}
S LA R 1% PRe s o] & o
BAEg &A% F Qo

g5S H8 a9 AI7FE Intel(R) Core(TM)2
Quad CPU 24GHz 9] PC &7 oA i 258 A%
7} A8 A.A-E Y H](convergence
ratio)®} &<5 7| <= (learning coefficient) 5 21743 2%

seru e 59 gol we gepd 4 gl

A

232

43 /¥ LUZ|FS 0|88 HE3}

rd dngE 75 A% g HES g
9] Table 8 ¥ o] AAFAT. A& (selective
pressure)oll wWel 53 A7 HEEE FEo]

Table 8 Parameters for genetic algorithm

Parameter name Value
number of design parameters 4
population 50
selective pressure 5
crossover ratio 0.4
mutation ratio 0.005

searching ranges of design parameters

num range division
#1 450 ~ 600mm 100
#2 300 ~ 450mm 100
#3 150 ~ 300mm 100
#4 0 ~ 150mm 100

gepAn dEskE A FAe de wEA 7Y
He HEL FolXAT =2 £HE A
o] it} aelEE AAFT H& A= Aol F
sttt AAEe] ©4 9 (searching range)S A
A 752 WA 100 SE89AM 1.5mm
(=150mm/100)F 4 = A7 33t

HAzt 22aPe TEAIIE AAH
g Az WMo 4 AdE 74%
o g Z*fé%E ke A 52 A
o} Xfij_
g EH A]ﬁ;g]gu} Xii_j_auo] B3
3E YN FFET Fig 9 &

3 HAH3 solrte FAe =4

fe) [e]

:_‘N

-

i

Jo X4

DS J -2 Y (L 1 - T )

7

o, o
JELr
[0~
R ]{Uﬂmézoﬂ.
B

o

e wj7bx] zb Aldield 7HE w2 1 A
TrE e 7H11]4 AFREF #E vl
oty A7t AFETE

o o) S o husa sie

165

&
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Fig. 9 Convergence result of genetic algorithm

E[
2

e
_VE

Sl 4 HA%D wde) 4A
W4s) a—am 1A ZHAFFE ofhe) 2ol



ol

IS UZE3| A A 26 H 113 pp. 99-107

November 2009 / 106

bt

- Best objective value : 161.68 Hz
- Design variables : 541.5, 450.0, 300.0, 150.0mm
- End generation : 61th generation

$4 S L E 61 AW W] SFaPo
o, Agte) AAuSe gtol ANHYCw 1616
Hz 9] Z42%557 U Aolat d=59t) o)A

o] FEM ;A< Y3 AAS AARASR g
F2 AFAETFE 7HXE A d&S 9n

i..

300mm 150mm

& BAsA F 5 71
A dA gF fRasd e Arsgon, 3
277t Table 9 o YERE itk of7]A4 11&741 =)
SAZE GEEA BRS e 1 A nR/AFFI}
7 W 749l 1582 Hz 2 Ve on, /\xﬂ7} o
7] Algsts 2 @A ol 2e | dART He
LHAEFE HET fd dngsd dF

Table 9 Natural frequencies of the optimum model [Hz]

Mode Natural frequency (Hz)

Step1 | Step2 | Step3 | Step4 | Step 5
1 1582 | 1594 | 171.6 | 3682 | 275.0
2 1582 | 1594 | 172.6 | 3888 | 276.5
3 3733 | 3733 | 3733 | 4042 | 396.7
4 4234 | 4234 | 4235 | 4412 | 5292
5 470.4 | 4704 | 470.5 | 478.7 | 580.0
6 6173 | 617.3 | 6173 | 618.1 | 644.5
7 767.7 | 866.7 | 1004.6 | 1004.6 | 1004.7
8 767.7 | 866.7 | 1026.4 | 1026.6 | 1029.2
9 842.2 | 1004.6 | 1043.5 | 1043.6 | 1045.0
10 1004.6 | 1013.9 | 1051.4 | 1051.4 | 1051.5

A gkol 161.7 Hz ¢ A3 v w3l A3 Larg
ol o3 &3 gol AAl FEM ¥ L 5B
R +2.15% oxE ®Bedd) o] exE F
B3 88 £ J& wE grold, o ‘%
TE e AALE T2 £ dddEe A
Z vzt A
A dug s o AHse= AAI=Y T
JJr w272 IntelR) Core(TM)2 Quad CPU
GHz ¢ PC &7olA FPHJom KA
oA FEEO] AAT TFFo 2_HE
BT} ojgs] B A7 ¢to] FAFE o] Fo
2 & g Uk e H o BF

#R gueSe ey 24 me F

¢

é

K1 o

2AE e 29

= vy
A AAY

e

2 AP AL 2 7t
23 CNC AFARAN 2AE AA
e A Re) 4AS A2 3
BRAAM HHFse 7IHE AASAT

o] 7o 23] %T%—]ﬁ]iﬂtﬂ()i 5]5\_ slo]
FoARAS AT F UL, °)E NFIET
< B ZAH ez FAsA fA dag
& o] &3 Xd"ﬁ“—i"d HHHE 7 & UJyTH

g < 1#HE 9 B2
“g; HPJM AR R HAE AR
Sl Oids] agdor A3t
Ao ] wEA
A v= A

OESL OH

me
=
o
aal
r_

=
F afes, =9 gYd &
sl AH 7Ee

B a7E agueren

A7 FHAY T 2 A
o AGgAABPYAA o

a8 A7AAY,
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