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Resonance of Machine Tool Feed Drive System
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Abstract

In this paper, we implement a method for measuring resonance frequency to suppress mechanical resonance based
on a notch filter in a machine tool feed drive system. The machine tool feed drive system model is developed using
Matlab-Simulink to conduct simulation in an environment similar to the actual feed drive system. In order to measure
the resonance frequency for designing a notch filter which is usually used as a resonance suppression method, a
swept sinusoidal signal input is applied to a speed controller, and a frequency response is analyzed. Based on the
implemented feed drive system model and resonance frequency measurement method, a simulation is conducted to
measure the resonance frequency and suppress mechanical resonance by designing the notch filter. The simulation
results verify that the measured resonance frequency is highly close to the actual one measured by an acceleration
sensor and the mechanical resonance is significantly suppressed by applying the designed notch filter.

Keywords
machine tool feed drive system, mechanical resonance, resonance frequency, notch filter

* gt 7AedTd A7 - Received: Dec. 15, 2021, Revised: Jan. 05, 2022, Accepted: Jan. 08, 2022
- ORCID: http://orcid.org/0000-0002-5946-8279 + Corresponding Author: Joon-Young Choi

o Baktstw 7182383 A Dept. of Electronic Engineering, Pusan National University, 2,
- ORCID: http://orcid.org/0000-0002-6317-4759 Busandachak-ro 63beon-gil, Geumjeong-gu, Busan, 46241, Korea,

o BT AAFEEH W WAIA A Tel.: +82-51-510-2490, Email: jyc@pusan.ac.kr

- ORCID: http://orcid.org/0000-0002-5160-3739


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2022.20.1.87&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

fd
4B

=
ol

s
[Red
>

i
R
N

_—

—_—

—
—_
—

3]
—

o S
frt

¥0, ok

>~
iy

A

[>
o

Noofy oY ¥ oy N

i

off o M) ofv 1o
o

=
N

_

s
i)
b
-

N

il

12
ofr
wa, rlr

oF
> o
o
oF
o rE

12 ©

Eoﬁ

B

r

2 1
N

1

%0,
R
Al

rE o oo
Ipr
b
2L
2
N

N = rE o

&

o

i
V)
fr ©

of M

(2

2L

rlo

a2
P‘E
=2
P‘E

XL o
ol
fr &
oZ  |m
£ ol
O

oft

—_

H

_,_
i
O
i)
rlo
2

2

A

T
=

3¢
Wi
2=
[

g fr

-

ol
o
to

-

ol

f
i
o

o Mo
[RAA
off o=
=2
A
T
4
ol
o
fr o
o]I

o> N2
E)
E,
e

o

o
oL
rlo

>

F

o2
X
e

4o

N
=
[o
= e
rr
s
23]

24 ol ol ot O o M o o

-

2
L2 2

o

N

_—

ofr
(IS (R V]

flo oo [ o2l N

ok
X o @

oft rlo

2

@ o
)
N
W o
2o

=
|
|

12
o

—_

Bt

-
)

ol
=

i oo X
O

T S offt

i
‘o0

‘

A

pr

>
N
m?l_g
FARTTES

x
broo 2 @

1ol =2

I\

< &

oF it

I As 24 9 oA Iy 5o 23 g
g Ale] WSS Al olFAzEl] At A
oo e B AR wldo] Hasttelo].
L3 olFA2E] Alo) B4 e FE WA=
AAE AAsAY £43817] AsiMe 7hedt Al

.]
AZEIT} AR molad mele] Fje] Wasitin)
o|e)at 271 AR TEste] £ =EAAE o
o

A Fure °
&% Aojzle| Frbsha Fukd
=:]

FANUC Are] i< A-gsto]

=
ZU,E 7o g x| PEHE
ndo Agsly mo|AFS F8ste A

e d5< 4
[e]

oo e 1x
ofd
2

Lo
112
o

)
e

i
b
ﬁ

2

i)
kr
b
(i
)
X
R
o
o
o N,
> -
b :
ui
AN
o3l
2
R
tlo kI rF oE o of

II. SZ7|H O|BSAIA- DE

B Ao A= Matlab-Simulink 7]5F 2o]AHS ¢
7NA o)A 28 S e} o]fA 2
2 FATA A7|7t B A Al met
A71A F] A} SEE Aojste sk
O0Z FFY AQAnEE o] FATE 98-S dk
a9 1 FAIA oA 2" F2E YERH
a9 194 B A3 Zo] oA 2" Fx
MBE Aoig 714 F22 FEHT AR A
Z5 UWESL Alo)7], AME FAE

ot
o
Y

4o



Journal of KIIT. Vol. 20, No. 1, pp. 87-93, Jan. 31, 2022. pISSN 1598-8619, elSSN 2093-7571 89

I control i Mechanical |
| Structure | | Structure |
| Coupling | Table | I
I J| Power L1 s|vot NUt Prrr s A I
I “1 Electronics Iy~ otor Lead |
| % ead screw |
: : | Bed :
|
l 1 _ e _____ |
- __ . _ _d1_ _ "\ ___
! |
| &
Current ¢ QQE Velocity Position Position |
: Control + Control Control Command :
|
L]
8 1. SET|A o|SAIAE” =
Fig. 1. Machine tool feed drive system architecture
el 97 ¢ 9F Puo] dIElst © 237 BES ASUT S 237 BEe 3
EH £5 AL 93 ZEY dFH, AF AlA A 5 3 5 Wl g3 385 AAS)
g o]gsle W ATE AL AAVE F of el s 37 v ¥xY npEY &
ZANA JIMEHE T3 EHE Tt 714 & & AMggth =39 AARke Fdsh] 9% 2
© & 23R, &9, BH, A9 502 7 F, 44, 39 E55 AMEsta, WEE FEs)
AEH AR AE T3 REVF FEEUE AEY A A A4, #Y £S5 AT ZAlnty
% 949 Bl 23R A5 Aol o] YAE Puo] A= BES Agsiel 243,
it T £5& 2HEY dIUE AHEst 4%
o olgA2HoM REI% PE 235 o|gAZEY AR Alo] TxE REIE FEA)
T AEPOE A d4Ho Ja VES} A4 7] 13 AMES} SVPWM EE, PI AF{ Alo7],
AWts ZetA d2Ho doka 7Sk g & PI £% Ao7], P 94X A& AHEETE A
79} UEE ZstA 9dso] IA v 7H4 ME A AxHA = AF A7 &5 2

2375 FF BAH AQdAnte] HE0E Yre

2 EFET13] o)HA AlzHEle
et Fxol7] W] RE|Y A]H EF| o
Agdtrs 78 7 . A9grY
Tt X FarE A ASE F o
B¢} g& 237, Y
E7} ZetAl dAE A ¥ ME FFE F7I
ol ol#d ARG T A3 o]FA2~H
mdo] ¥ g3jt},

AA o)FA 2T AR Bojdd RES 9E)
Matlab-SimulinkE 7]¥S. 2 Simscape =75 ©]-83F
t}. Simscape™ Simulink oA =8 Al~®e Fd
&t7] flgt BE& At k. o]FAIAEY Y]
ATz 5

=]
ALY
o Wy 2%

[
&
o = fo
>
2
o
opr
>
[
i)
rlo
o

S 73] e PMSM EE23 RE
Z9 AL 93 ~xy 22 g

[

2 9
A A BE F12 BAST Qo) AEY &
S W BEL ke AR AN 4= 8
92 Ao}/ BTh B ME S T 5 Y5
A, e ol$A2d peldd 2Ee 19 29

2.



4R A b a . v
Motol] 3 R f > ]
Motor Linear
curent MOtOI’ Encoder | COUD|Ing| | Lead SCI'eW| |Tab|e| Encoder
Sensor — ‘ ‘ _ _ RronC, s SGEN R-'A‘A'C D ‘ RT_, .

J
et
Ti:Frlctlon

o [Bed]
L1

idq_ref

OH
w_ref < p_ref [—| = j
oo

Power Current Velocity Position
Electronics Controller |-l ] Controller = Controller
w e w p<-<< P
=G

Inverter Current Controller Velocity Control Position Controller
a8 2. TR ZolAy mHE
Fig. 2. Developed simulation model

FAE MAs] fJ8) AF AA glo] F Torque Command Swept
A% ?JE—:]‘% o] 43t 5(;,_;3 —Z,»II}—’,\— %‘78] Ho]"jé] Measurement Ssigi;r;mislﬁgdpﬂt
ARSI 12] C\é?:]?:l:gd* Velocity N " _[Mechanical
22 FuE 2A37] YA o]EA|AHY h Control Structure
T SES 4o g T SHES B4 Velocity Feedback
7 A2 dEgel Pe Azde HLYSE 183 BN FI 5B
Fal= AolAuk o)A 2 e EHsk Al ~H Fig. 3. Resonance frequency measurement
o ABYET o o) ol meby H@s
29 AEE QST FTE A8 T4 59
& T PHS A8TTHY] g =
3% 3 olgAzde B4 FA4E 4] 8
A% S epIth 19 304 B AT 2ol <
&% Aoly] 2¥9l B3 APe] 4@ 29 A%
g Agsta QI AE7 TPEA e EA A T Y fmesery YT
Hs 29t (@) Maint A8 AE
08 4= FA Fo4 2 23S Jeith 1 (@) Swept sinusoidal signal
@ d@old 1E Az ol A} 29 AsE A bl Toraue Commarm
Aol Fo4E O5H0E FRIES el Fa g Enveiope
G7} ARt AgH 0 vEe|A FTkeke AET =
123 4p)elA BE A 2] A B AFd g o0
£ U4 AEn 29 A5 Fus g0l 9 o
Re Alzd ol 23sol gloh 243 Ea A o 1z a4 s
3 Aze) 2o wet Fg £4E B Time (Sec)

(b) £3 x|y 2
A 6 _ (b) Torque command output
T SHeR A 2% 4 33 Fas 53 2o
Fig. 4. Resonance frequency measurement result



Journal of KIIT. Vol. 20, No. 1, pp. 87-93, Jan. 31, 2022. pISSN 1598-8619, eISSN 2093-7571 91

s?+ 2¢,w,s + u)i
s) = ' (D

s24+2¢, K, w,s +w

mn onon

A7NA, w, & AAGF sk FahF =4 F34
o], ¢, & FuF WHE YEle A F,
=2 FIro A 2715 UERATHS]. 34
A Fupel 4715 uig o s 3714 ger|H
Aato] x| FEIE AR AAE w4 ZH
&5 A7l 2ol A&t TN Fu HE

A AR

n

w5
o rjr N ol rlo ¥

IV, 2Oo|AIS

41 2olAY 3ty
RoAE L Ao A e Matlab-Simulink =&

S 7o g i), RO A Yo A ALESE o] $:A]

28] gghEe= & 13 2o

E 1. 0|& Ala"l majolg

Table 1. Feed drive system parameters

Parameter Value (Unit)
Motor inertia 0.04 (kg:m?)
Coupling stifiness 8520 (N-m/rad)
Lead screw inertia 0.00823 (kg-m?)
Lead screw damping 1.95 (N-s/m)
Table mass 138 (kg)
Table stiffness 1.95X10% (N/m)
Table damping 500 (N-s/m)
Bed mass 570 (kg)
Bed stiffness 1.83X10% (N/m)
Bed damping 800 (N-s/m)
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Fig. 5. Resonance frequency measurement using swept
sinusoidal signal
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