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Nonlinear Friction Compensation using the Information of Integral Controller

Jinil Song*, Young-Hun Choi**, Jee-Hwan Ryu*** , Dong-Soo Kwon***

ABSTRACT

This paper presents simple and effective nonlinear friction compensation methods. When the direction of position
command reverses, the integrator output of the PID controller does not change the sign of its output instantaneously, due
to friction at zero velocity, i.e. stiction resulting tracking errors, that results in continuous push even though the
command direction has been changed. To overcome this problem, we attempt to reverse the sign of the integrator
output as the sign of velocity changes. The effectiveness of this approach is demonstrated by experiments on a 3-
PRPS(Prismatic-Revolute-Prismatic-Shperical joints) in-parallel 6-D.O.F manipulator. The control strategy has been
analyzed for stability. Also discussed are disturbance observer and velocity observer approaches for friction
compensation.

Key Words : Nonlinear Friction Compensation(8]%1% v} 1 Ah) Integral Controller(%-%]¢]7]), Disturbance
Observer(2] & W3 7)), Velocity Observer(S = #371)

1. ME s FE ool A HAG P a2y v

o] 542 Fate] W, 2o Wd, §8743H,

MR AF7IE o8 FFA AxF g Z1A ®Fo 74d ws, 7149 =8 el wet

ol ditgog ﬂ}i‘% Add o3 4 FF ety fEeol A obF 2dS F8k7)= oY

a8 st EEA AxHY Heg Az v EY, Z 2AE FIFE J/EI AXA

A} whEe] g 2, viE 2de] 9@ g 548 AEE B4 Arig I H49d sie
g F3 R opEe P_%é A g2 4771 ol s whEo] g FdF¥E BY oA @

g HUh 14 AuiHo g viF Ede FF viE,  #3] PID Aoutog® vtF ®WAol Jhesith “".
HAdulZd, 29 A, Stribeck A2 Zg o] o3 X a8} o9} e WS HEdE HiE ul$ n)
4 4 =F BA3e 941‘.5} ATE wF 2dg RN A YPEI AAM7L Bestnz v
Mo g g dFEA A" & H(stick-slip) THE0] o}, HZAE o]&std oy FH A
U 2% vhEse U%E” o] g3t F#ol PD YZol dig u]Ag el2g BAdsr] fg el
%L PID A o|7]o A (Feedforward) Aojol] 2] AT Bl 2y o] WHE Ao]r]e] stetn]

* gxAgrled A% L 4ATHS
b LGax
e gzagrIed NAZH

110



79 - 34T - SAY - A AFALFHHAN AT A ALE

HE 2HsEe g dol wg H3siy 22 o o] 28 Hr} & EoFS W F dre &7t
A 42 8] W] A Aol ot B &% ko] wlHy] wiiol Wako] viHEE FoA
o, H2 23L& o]§g viF BAgo] Ezbg uld FZ0a7F B4 A Hrh wEtA B =FolA
Y Ajx=Eo] HEG FARE glols AEAEY A = ko] uiyE F7bo AR Aojrle &8
alo)) olsle] FA@JHoE Aojgd F Yok HAA AA sk AR Aelrle] g wbd A7 F PI
B9 o] Har 9l —7-31"} o] Y2 Aol & Fsted wo] vl E HolA EXsIe £
B 49 detueE A8 oF 3h dAIRe] A g4 2 uxyg opEte] B WS AU
7 =22l Zo 9345l wat dARA =23
Baed = @do] ot 28z, v o@oes T A7l vAdEy epE 24w oS
sk oo ois) Aol Ao TS €71 ¥ =g AF  sigen vl WHE  3-
gt o oF BHE o] & Bl A PRPS((Prismatic-Revolute-Prismatic-Shperical) 33
At B g} olg @) dgEe g U EolHE o]&3le Uz EFA wiE WA
7ﬂ§- Asto] Hx 9] Hgko] upy = FoA] EX3) of H&sted Aldd WEy ads AFEonH
= 2¥ M(stiction)t #oj 1Fuo] 9o o3| A vnE Y8 olg #SV 2 £ #EUE
M A o] Ho] X dde] 9, dor o] &g WAMY npE WA WS 74 sl
F #E5719 o9& A4 sHd —’}“Xé Ase B =79 FALE & Zoh 2 FoAe
GAHAT wolm o] Frksle FHq o g ALg® 3PRPS WHE wiyFdolH ¥H3

> o] &ste] AEE oA wolRFE Qe AjAF T2 9 Ahgd dRFoolge v dgsta 3

He ots A7 4 .
EOAE WEVNE ol 88 M1 AxY
DeatEd 5849 Y w2 1
> AR AT Ak WY obE ua
fhg BAE gaA @, HHe Aol
Gt A% Aole) HuE 0§k o
A7 g4 olde] talAls A
Aerg ot o, A

Ae dHol

qoz A

C}EH XA ]‘a xﬂﬂ ]'}; A= =1
Alz=glo] Al EASE % vhEe A, v9d
Fakol dlaiAle 4 fl@eR 3 e = V)
A A2 Aoty E BT AY YH 244G
AA Fhssteh iy wheol niHE &3be)
Aok vAdY whEel diaixz: F+F LAHE
gk dg B0 TN 4T A
AP AT Rold] St Wi ol
2Apl oJ@ A4 3¢ B8 fRs
ofst Azith HEAol7)E AHgEHE
v = o] wpEa e odo
Feoha bgeE, g4 Y oA 2
28e ol e} wepy Pkol nly
&l BRI EYo) o] oW oL
3§ vl 2e 9ol 79l w AAZ 9
SEA &% AF W] HHolE AR
2 v} ¢kx, WBrao] miE &
AEd $A4 237t HE7])

718 Zg§ PID Aol £9

OE}CZOLFELOE‘O?_@,
>
T

N T

Y
1}
ér“’ e
3 Mo 1o o b

= 3
T o
o
R
o

}5}o)

—_—

H
©

fH
T
=
bt

A
o]

111

Follde A Aol i AP 4 2F o
3 PID Aole) H4F AAE AAEH. 4 FNA
T AR Aoy) FRE o8 wMY wtF BA
B 3 AY Z2FHE AAST 5 FedAE At
vpEk B vl s oy U BgAe AZ
gtk 6 Aol e olF BH7]e g vhE H Aol
a7 224 2aE A @

2. 83 oy Eaolgle Y3 Fx

nAEE7IFEA Jtd BE WY EdelH

€ Fig. 1o Yehidah 7I7As 24 3449
o oozl AR FAEFH F EAF, vt
EAEF 74 HAHe A5k 3709 4 I3,
st ERF dZ" 3709 9 a2 7Y
o AR ERES 2 Hae B ZYEeal

join)E AZA M, EV*] T3 J3E I 2UE(pin
join)oll oA £H B39 AZdAY. WY
EHolH T2 E 2AEqA dAstE
gHe FAT 5 Jon, fiiEe mpFEe
HA9 W £JE oy AAF E F3
o Wlojg AdRAA TG T 5 ok
Zr §3E VCM(Voice Coil Motor)oll ofafM <=3/
Z=2) ugko]l M3 $ES T 4 9l=d ol g
% ZY(moving coil)4] 8] A7) WAool H

Z#:2 g(Lorentz force)S ©] R3O FA wWe

oo rlr Ho



209 - 485 - 448 - W54 9RRLIRAN A A A1
% 4u9 SHgong H¥sE ¥ B4 b @ AN 2F ANT AR, ANEE A
Selth Z, Fig 20149 2ol 4719] Atk ule.  Ei oF 5 um olth
OE-B-3ANdFeB) AN Abolo] A=A
29% AANY 9 2Al AR 1§ AR o}
et 22 g F,, of Yol LAgch
Foy=-1[Bxad o)

o714 B & AEUE|I 4 & =YY f54do)
o]t}

top plate

Fig. 1 Photograph of the developed parallel manipulator

position sensing

magnetics device tixed mirror

moving direction

maoving mirror

Diode
LASER

Fig. 2 Joint actuator with an optical sensor

2YL obdra WH FFv|H od AFE
g g &F ZYL A AtololA 5 mm

of FFARE A, 2 F2 HH HolA
Asel 2715 vaol JpRA Yol 2718 2R
2 ang adg=zg 239 #& Fig 39 JelS
o & By ged 2del wAsE WL
LE5FYY o BAGo] A7tE AF A7
o s A& € 5 Atk =z Hd W
ol Z4d P& 08 [NAJeIH o]} § BF
Kol 4347 9ae 4% Mg AR
=R35171 95te B o]A 2 PSD(Position Sensing
Device)E& 23t ym @99 Y= £Ho] 715

112

Fig. 3 Relationship between current and force of VCM
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