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Modeling and Dynamic Analysis of Electro-mechanical

System in Machine Tools (2™ Report)
- Modeling and Dynamic Analysis of Feed Drive System -

Yong-Hwan Park’, Heung-Chul Shin’, Hee-Sung Moon" and Song-Yul Choe’

ABSTRACT

In the feed drive systems of machine tools that consist of many mechanical components such as motor., coupling.
ballscrew, nut or table, a torsional vibration is often generated because of its elastic elements in torque transmission.
Generally, the accuracy of motion control system is strongly influenced by the dynamic behavior of coupled
transmission components. Especially, a torsional vibration caused by the elasticity of mechanical elements might
deteriorate the quick movement of system and lead to shorten the life time of the mechanical transmission elements. So,
it is necessary to analyze the electromechanical system mathematically to optimize the dynamic characteristics of the
feed system.

In this paper, the mathematical model of a feed drive system was developed and its mechanical characteristics were
analyzed on the basis of the proposed model. The design concepts of speed control loop to stabilize a feed drive system
were also proposed.

Key Words : Machine tools(Z 2} 7] Al), Feed drive system(©]4:74]), Mathematical model(5=3t3 2.4), Mechanical
resonance(7] Al 2 F3), Speed control(Zr = o])
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Fig. 3 Frequency response of feed system



gg %Y B4 HFE

XYY INHR] A 16 A2 E

Table 1 Influence of mechanical elements on resonance

mode of feed drive system
olgA Y 71A8 &

= | A=y [geam

= Holg
=
74

25

Bjzed

Lk et
3

2R

sagry
TS

ol
[\

s 1A

LIk
3
s

3

ta

7 3
2

e
AT

3]
e

A
2714 9

ol&A7t Mz AFsH NYEEE

AN=F AAHojor grt Uty

et SmAo}A o £3 4o

@ He Foks N9EL 2ES AAWT. 19
R RIS CENEE BIOEES £ BEE
Foh5 AR A AAL AAF B2
2ol g 2el7h wEal Fuislolol @ of

g g0} SEAlCiA WA vl oA A1A
4 FARET TYHA, S2A7H SEAl
Aol AzkslE ARYGe Fate YReAM 717
4 gazaed Age Tir JEe F2
FHA7A R#7) B, ol 5A} WY 5

[e]

—

k. wad SEAAE e %5}
Foadze gEs dAsE, JAH FAFAE
Beh Re FarddM Yo ARHEE 3
olof dnl, Hiol AN FARES FFE F
25 B4+ AER stelok Pk BF &5
AolAel Fihs IBL ofr & olgoz 4
@ 2987} 9 390l AY FARES} YIS
Bt w5 FAFdd FHHES ol5AE T
Hake AALRE 4P 2 AT ol FolAo}
gk,

& [o]
@ we

=

21

3. AEE AdE « ABOIA bl

E "HolME FA MAutr|Fe] A|@7]e] g
Ex oA Fos 298 AE5FHE, B =&
oAA AN olgA Zdx A SxAojAE 2
daslo] Algdlold ANE HEFF AR viu
oz Aoty ol4A 2do g3 A I
A olEAE EF} SEAoAL o5 O
A 1 #2sdr)

Table 2 = A&3A Ao ALET A} A F7]
9 Z+ # JA .4 SepdE kg Akt Ha e
Roltl &, 7|Aaite] AHAFTE o]EF ARl
ol AdL B ZFo] sty Wi A%

& AHg ek
Ag7lel A8 Ael7le TP 7]o]0,
AF AolAY = AoiAT AHgHE BEY 2

A& 125 usec = 5 Y35to) Fig. 4 © A E#HoIAE
Al mdgg olFdAE Tste FEAlAY
EYHEE Uehd Aotk oA AL 2(8)
~(12)9] 4 $RHez FAHY O, o) FA B

Table 2 Parameter values of mechanical elements

714 stetoE gt
X & 7%
EE K] 8.5¢4 30.0e4
A3 S Kgm’] 2.5¢-6 2.5e6
AEB ¥ [Kgn'] 4.0e4 4.0e4
E2T3 534 Kgn] 3.1697e-4 | 11.2458¢4
Ho] B3 71 3[KemY || 6.585%4 | 11.6722e4
SE}73[Nm/rad] 3.1604 9.0504
=0 7 [Nmvrad] 2.8¢3 2.8¢3
AE% 743 [Nmvrad] 1.0314¢4 1.0314e4
B2 3774 [Nmvrad] 8.4295¢3 1.53994
Blo) B-5 7 3 Nmirad] || 1.8673¢2 3.7769¢2
SEIZAH]%) 001 0.02
A A HI%) 0.02 0.02
ASH NI 0.04 0.06
B2 3 7732]8][%) 0.01 0.01
H ol E-5712411][%] 0.12 0.06




e - A%H - 284 - A58 ¢ ALISEA e A2%

Table 3 Speed controller gains of each axis Fig. 5, Fig. 69 v dsg Ay R A&
X & 7 = old A7t Alg7lel ojFAE EE LA

= Aol 548 2 wdstn AeE AW 5 Aok

SEAeAZAN ¢ 07 07 For 9ol Age EEAoIY oS ARA
SEAANAURT Agy H | 70 70 SEAAZ 10Hz o) HAZE 2EE stgou,
A3 3| AP Keml] 224503 | 5711e3 L& 7IAZARES GFor dA WAt F
BlEolS K, Nmseoradl | o746 | 17162 HaA BYEL & Al X5 2 14
RIS K, [Nerad] TRAFIAFE 9 10Hz, 22 FJFIHFE %
AR 1034 | 2631 700Hz oA WeRtn 9lw, 2% FAmEe) A
) o] %ao T E ?‘_]_Eiﬁ]o] Z}W-‘HB}:O]E} 280 0" 2 —'-5’—1]—2,—:1}_[_0]])\«]_,] )\]'EHZJO Ol“—;{ﬁo] 3
gy 99 A UERER Qo 23 Fumed @

A AF A 2" E (current prefilter)= A H
(low-pass filter) == 2] D E(notch filter) 2 /3 5
o, 393 dels £ A7t AdstA ?\—f&
nFEd i AFG FrpH oz A=
g &3, =XNUHE EF T4 g -r-l}
F AR A = o] ExAlo]r| =Y A

7IAH JAFeo] AL ~A7F A #F ¢ ok
22t FAF T Y ol5F o] 23 WFA
Folpo Ao oS E Rt 34 Yehvz Qe
g, o]AL ALY S FHeE FEHF A4 &
of wjste] 5315 @Al ol A7 rqHOJ e

e =g Aol o o . ok B X &9 Afels F oo 2
21@:;;@;“ PASAN AL &= g yoaeg 2o mds Agsd 24 305
Fig. 5. Fig 6 & A19719] 2 &o] taje} 2 STToIAS AU ol5g ol Hudlel
Ao Fohe ust wadeay sae 4 A% HARE F o Al dAsel 24 sAw
2453, Table 2] 71 shepdEIgtos Agd o) D98 SR AL AT 725 Ao
olHS *HG T Ao 7 $US Huma gojry 2 FUEETR OF 500Hz )M YERGa glom,
SYeld BAe 433 $YE ushye, aae X FRHT AADIE A guAd oisdel 1
2 274 A YEd AT Table 2 ) 717 T}

Agdold A%E vehdeh of W, SE Aol _
o oEUAE TEAo7]) oSHYe] p NS AH B 25 Aol AZHD T4

S e L oz mHE w4l gl U 3a3 weel ¢
Zol AL WHe AgHAeH, F % 2
Smaonel G G o o fae dqes O N80 XA A5 gudos de
Ay & W2 FEANAS 8A Age ay  HIE A 2EANG 2 4 FHES W
shgom, Table 391 2 %9 Aojols Auge X TEUT A2uRT A ASE T AU
;33]3]_%1—/]_(6)' @%@ﬂa%a% Eﬂgl% ZkHZQJ '(’)‘%1 TJ}‘TO‘]}\-]*] ’—‘TEX‘HO']Z““ ]*-1%1‘34 ?:"”“
AASALEE o Agetdon, AnAoiAr oA ABAAE nAs) AANE E Yo
o 1tz o) A EL RES AKACI\Y Aoje) O T Fig 49 SHEAM & T slel A3
o 2439 $E9 PSS BT SEA0l71Y) AT

e "o

L mlo

S K, e
n, - e ozzhow N ,Zi_} ; [T X =AX+BT a,,
T —e > TF(z) > @ e — e
-x AT, -x | : A ilstRyy | T, Y=Cx
> K, s TneEygel | K ‘ e e
T TR A Tl\ olgA 2d
J—EHIOUI ‘ |
MR oA
R o 1z-1
T z

Fig. 4 Block diagram of speed control loop in feed drive system
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