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Experimental verification of accelerometer-less adaptive chatter avoidance
with disturbance observer using high resolution linear encoder in NC machining
Takaki Shimoda*, Hiroshi Fujimoto (The University of Tokyo)

Norihiro Kumagai, Yuuki Terada ( DMG Mori Seiki Co., Ltd.)

Abstract

Chatter vibration highly limits the accuracy and the removal rate of NC machining operation. Chatter detection

and avoidance were proposed in previous researches. However, they needed additional external sensors such as ac-

celerometers in general, which results in the cost increase. Recently, there has been a growing trend toward including

high resolution linear encoders as standard equipment for high precision machining. In order to reduce external

sensors, accelerometer-less adaptive spindle speed selection strategy with disturbance observer using high resolution

linear encoder is proposed to avoid chatter vibration. Experiments show the effectiveness of the proposed method.
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Mg(t) + Cq(t) + Kq(t) = Fo(t),-++vvvovvvvereneennnn. (1)
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(a) Model. (b) Block diagram of 2DOF milling.

Fig. 1: 2DOF milling.
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Fig. 2: Stability lobe diagram. Colored area represents
unstable cutting condition.
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Fig. 3: NC machining table (ball-screw-driven) with linear

encoders
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Fig. 4: Estimation of self-excited chatter ¥, via distur-
bance observer (DOB) with band-pass filter (BPF) for the
stage (load side).

3. J0ooo0oooobooooooooboo

gbooooobooooboooobobooboobooo
000000O0O00O0oooOoo®000O0O0O00 Fig. 30
ooooboooooooboooooooooooboboogo
ug@uooodxo)obooboobooboobodg
gboboobooboooobobooooobooogn

U3nb ooooooboobooooobog @ooB)boog
gooooo @ephuboooooboooooooooboog

2/6



F; Proposed Method ¢, .
2 S DOB F; u| Kalman Calc “new w
Rate | Stage > 3 s s sp
Con. | _|Stage BPF Filter || Wnew [ -#] Con.
Controller | Ut
z 9 Wsp Torque
sSp , N
Yt | | Milling — Spindle
—> | > q sp
h hO 33, y
. 0 —l
Cutting Force 4 Plant

Fig. 5: Proposed sensor-less adaptive chatter avoidance (Con. denotes a controller.).
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Tab. 1: Parameters.

(a) Mechanical. (b) Adaptive filter.

Symbol Symbol

M 0.40 I (kg) s 200 (us)
c 83.0 I (Ns/m) Ny 2

K 30.1 1 (MN/m) R, 10701
K, 0.980 (GPa) Ry 0.3

K: 0.294 (GPa) P[0] 10721

q 4 ow | 10000 (N?)

Stage mass 273 (kg)

(c) Machining condition

Description
Axial depth of cuta, | 3.5 (mm)
Radial depth of cut 2 (mm)
12 (mm)
Stage feed velocity | 0.5 (mm/s)

Diameter of tool
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Fig. 6: Condition in all simulations and experiments in the
stability lobe. ‘“const.” describes the initial spindle speed
2800 rpm. “prop.” describes wyey, in the 7-th stability lobe.

5. DOoboOoooooboo

gobooobooboooboboooooboobooo10000
gobooooboobobooobbooobbo40,80Hz000
goooboobooooboooobooboooobooog
oo02800mpmO00000000Fg. 4000000000
gboboobooboobooboobooboooboobooog
gboboobobooobybOoO0OO0O0ObOO0O0O0OO0ObOO0O0Og
gboooboooooobooboog

Fig.6 00 2800rpm 00000000 3.5mmO0000
gboboooooobooboboboboooooobon
ubo0 Fg700000000000000000O0O00
FPO0000000000040000000000Fig 7d
gooboooobo1b000 13900Hz0000000 prew
U0 000 70000000000 @HOO whew O
1390/7/4-60 =2980rpm U OO 0OFig 6 DOOOOODOODO
gooobooooobooooobobooooobobooobbOFg.

4/6



3400

Z 3200
o

=

= 3000 —f—
g

0 0.05 0.1 0.15 0.2
Time (s)

new spe

(SIS}
S ®
S 2
S 3

Acceleration (m s~2)

2400

(a) Accerlation in the y-direction. (b) Spindle speed.

600 1500
400
200 = 1000
JSTY:

-200

-400

:
76000 0.05 0.1 0.15 0.2 F0 0.05 0.1 0.15 0.2
Time (s) Time (s)
(c) Estimated Disturbance Fy. (d) Estimated chatter frequency.

Fig. 7: Simulation results.
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Fig. 10: Experimental results.
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