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A Friction Compensation Method for Low Speed Servomechanisms

Heung Seok Chang*, Jae Eung Lee**, Young Hwan Woo***, Jae Young Han***

ABSTRACT

In controlling servomechanism, such as X-Y tables, friction is one of the most significant source of tracking
crror. Existing friction models work well when the direction of the motion does not change. However, when the
direction of motion changes such as traversing a circular profile, relatively large tracking errors referred to as
‘quadrant glitches' are introduced.

In this paper, a new friction model, which has a term that can compensate the effect of the quadrant glitches,
is proposed. The performance and effectiveness of the proposed model are evaluated through the experimental
work. The results show that the controlling servomechanism with the proposed model completely remove the
cuadrant glitches.

Key Words : Friction (P}#), Friction compensation (2}22.AH), Servomechanism (A E.7)T)
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Table 2 Tracking performance and tracking
error for tooth shape trajectory

(feedrate : 75mm/min)
tracking error( x# m)
case max. |error| | standard dev.

No Friction 48.75 18.63

Coulomb 13.75 3.19
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Proposed model 7.5 2.06
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Fig. 9 Tracking performance and tracking error
using PID without any friction model
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Fig. 10 Tracking performance and tracking error
using PID with Coulomb friction model
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Table 3 Tracking performance and tracking
error for sine trajectory

(feedrate : 94mm/min)
case error( 1 m)
max. lerror| |standard dev.
No Friction 46.25 18.93
Coulomb 16.5 344
Karmnopp 12.5 2.36
proposed model 5 1.75
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Fig. 13 Tracking performance and tracking error
using PID without any friction model

3
2 e ddsired tra)
< _ ot ¥
&
£
5
g
S 00f e bbb D)
E 1000 e
- 05 1 5 2 3 35
(a) Tracking performance
20
é PYS S B DU S [N S O
g 4 o f gnmts ¥ Wiy -J\ oy
i) L ot \ ‘wt
g
£ 0 ’, IR SUUUUUUUR SOUSR F J0% SUNORTNRE OO - o
(=
&
20
o os t 18 2 25 3 35 4 45 5

time{sec)
(b) Tracking error

Fig. 14 Tracking performance and tracking error
using PID with Coulomb friction model
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using PID with Karnopp friction model

34 o AN FH AEq)

o] AL AHotg vfFrdL Al g8t A
10~20mme] AFHAH) FHETE #FF R0
ot AFZAFAE table 49 Foizltl, 24



A S -

HAd B

AF3sks] A AN17A Aed

BE .88

femv : ddsired tra)

Tracking performance(pulse)

2 25 3 35 4 45 5
(a) Tracking performance

=}
o
=]
n

¥

o

=)

Tracking ErmorfPulse)
(=]

15 2 25 3 35 a 45 5
time(sec)
(b) Tracking error

Fig. 16 Tracking performance and tracking error

using PID with proposed friction model
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Table 4 Tracking performance and tracking error
for sine trajectories with different
amplitude and frequency

diameter | Feed rate tracking error( s m)
] standard
(mm) |(mm/min)| max. |error]| deviation
94 5.00 1.16
10 126 5.00 1.35
157 6.25 1.61
188 6.25 1.84
94 5.00 1.21
20 126 5.00 1.26
157 5.00 1.33
188 6.25 1.51
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Fig. 17 Tracking performance and tracking error
using PID with proposed friction model
(diameter=10mm, feedrate=94mm/min)
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Fig. 18 Tracking performance and tracking error
using PID with proposed friction model
(diameter=10mm, feedrate=188mm/min)
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