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Abstract: The linear piezoelectric ceramic motor ( LPCM) is one kind of actuators. The large tracking er—
ror was induced by the friction principle of LPCM  which is used in the photonics tracking control field.

It is compensated by the friction model feedforward approach. Firstly the driving scheme for LPCM was
introduced which is constricted by strict size and weight in special photoelectric detect application.

Then motor friction force was analyzed according to friction driving principle friction model based on the
generalized Maxwell-slip ( GMS) was presented and the parameters in pre-sliding regime and gross slid—
ing regime were identified through the special experiments. Then it is also necessary for model valida—
tion. After that control system was modeling friction compensation was added into the controller. Final-
ly the experiment results demonstrate that when the prototype run in the mode of sine guide the ampli—
tude is 0. 174 rad and frequency is 0. 159 Hz. The position tracking root mean square ( RMS) error is

15 prad less than 42.3% compared with Coulomb friction feedforward compensation. The error spikes
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are obviously weakened even reduced by 73.8% . Using classical control algorithm with friction feedfor—
ward compensation mentioned. The drive control system meets the need of performance. Based on above
research it suggests that linear piezoelectric ceramic motor can be used in the field of photonics detection
and so on.

Keywords: photonics tracking control; linear piezoelectric ceramic motor; system identification; friction

compensation; generalized Maxwell-slip model
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2.1
3
F, Fy
F, . @ (
) o ( )
w, > w
w, =w a)l<c?) F,
2 o

Fig.3 Block diagram of contact between drive

tip and ceramic ring

LC D
Fq D

D e 0 D,

wt:d):OF'l‘:MsFN:_FSO (1)
De D D, U(D,1

FT:/“LdFNSgn(wl_[Z)F]\')O (2)
D Fy = Fy + EAI(D 1)
1 if Fy#0and w, - w = 0;
sgn(x, —x Fy) ={0 if Fy =0

-1 if Fy #0 and w, - w < 0,

: Iu’s /“Ld
r Al
k
R ( 1) 13 ” R
D, ;
Fy=F,+kAl =0
F, =0 D, .
4 De -0.25 +0.24  “ ”
wlC)s)
100
50 |
D
T -

4
Fig.4 Curve of drive duty and angle velocity for

turntable without load



138

Ty
4 “ ”»
2.2
Coulomb N
Stribeck Dahl < LuGre +Leuven
10
: Dahl
LuGre
LuGre
Leuven """ Teuven
o Lampaert
Maxwell
Maxwell ( generalized
Maxwell slip GMS) Maxwell
13
GMS
. GMS
N
Maxwell 5 o
Maxwell —
z; Maxwell
F, < a;s(6) Maxwell
Fo= ki (3)
Maxwell
. . F,
F, = sgn(0) o;C(1 - —) - (4)

a;s( 6)

| F.l Jays( 6)

N  Maxwell
Fig.5 Maxwell slip model with N elements in GMS

friction model

']é+0-é:Kfu_FO

Ku = sgn( 6 s(6) +06 -

FoFo.o 6.4

6. =0.077"/

GMS

s

f:amplc = 100 Hz

(1/100) =3.73 x 10~*(rad/s) -

(8)



11 139
. Sliding Regime Pre-sliding Regime
g 1 ' ' ' " ’ E 06l approximation . o
N . ‘O [ — experiment
€ o5 z 04 =
g - 3T 02
£ 0 Z 0
= o -0.2
g 05 2 04
ks ] £ 06
£ 1 By
-02 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0. =5 0 5 10 15 20 25 30 35
Velocity/(rad/s) Displacement/ p rad
6 7 —
Fig.7 Hysteresis curve for displacement vs. fric—
Fig. 6 Mean measured friction torques for different tion torque in pre-sliding regime
constant angular velocities ( circle) and identi—
fied model curve( solid line) 2 o
7
1 R=0.911.,
Table 1 Identification parameters 2.4
( / )
Coulomb Feo /(N *m) +0.649/ -0.612 t = mT m Max—
Fs /(N'm) +0.751/ -0.743 WGH (3) (4)
o /(Nem/(rad+s")) +2.512/-2.343
. . -5 -5
Stribeck 0, /( rad/s) +8 %1077/ -8 x10 zi(m+1) = sgn 6(m+1) _0( m) +zi(m) %
. . min{| (m +1) - 0(m) +
1 Stribeck 0, 0.
Q; .
Coulomb z(m) | KFC} i=1-N.(12)
) ) (6) . Maxwell
Fsliding( 0) = Sgn( @ FC + 0-0 © (9)
(4) F(k) = Z)rjﬂ(m—j) +ZkLz(m—j) o
j= j=
. . F,
Fo=sen(0) (1= ) o (10) (13)
o , (13) n, FIR
o N n, FIR
Q;
zZ(m) = z(m) z,(m : ki = ki ky o
F._, = 0.9F.sin(2mt/10) . (11)
7 nl nu p} q}
T =1ms .
6(m) =~ > p6(m-))
/=0
. ! (14)
6(m) =~ Zq]ﬁ(m—j) o
Coulomb /=0
o (13)  (14) (6)
0 N=3
l k’ = n n
3.077 0.006 6 0.002 09 ><105( Nem) /rad o; = ]Zq}ﬂ( m-j) + O'ijﬁ( m-j) =
j=0 j=0

0.76 0.15 0.09 C=1000(N *m) /so



140 23
ny n, 60 T T T T T
Ku(m) = (Y r6(m—-j) + Y kz(m -j)) - g S0f 1
750 j=1 2 40f 1
(15) £ 30f 1
S 201 ]
(15) sl _
R n ] ny ] 5 or 4
u(m) = ;cje(m—]) +;kiz(m—]) o -10§ 5 i | I
Samples x 10°
(16) () F s
cn=max{n, n, n}y,c; = (1/K) (Jg; + op; + 05 ' ' ' ' '
) - _ ol 4 A A
(16) o 03] |
£ of ]
£ 03} ]
o - 06} ----- F{Actual Force) B
- Fpl(Model fnrf‘,e) )
8(b) F =0 2 4 6 8 10 12
Samples x 103
b) SEFR AR TG T
NOE ' ®
M . 0.15 T T T T
DZ(u(m)—u(m))ZD 0.1} 1
NOE = D= U 100% . o 005 1
i) i(m)*H = ol
3 (ulm) ~u(m) ol
-0.1} 1
(17) o ¥ ¥
8 8 ) 2 4 6 8 10 12
( C) Samples x 103
NOE =0.973% (c) AN H R 22
° 8
2.5 Fi Sr
ig.8 Validation data-set curve
9
G(s) = K,/(Js) LA
sgn( H K| Friction 0
K, K, < 1/K,
9
Fig.9 Structure diagram of the control system with
° PID friction feedforward compensation
17 PI
x 10~ i
—Coulomb Compensation|
---GMS Compensation
0 1t
Simulink E
B Op-—777 "o TSR
S g |
0, =0.174sin¢ 10(°) /s
10(°) /5 CMS 22 4 6 8 10 12 14 16 18
t/
Coulomb 2 )
10 10

Fig.10 Simulation comparison of the tracking error

curves



11

1.2
11

'K;=1.8 N*m

J=0.22 kg * m’,

Photoelectric payload

11
Fig.11 Experimental platform of the LPCM driving

system

2.5
Kp=1.2 Kp=1.

0, =0. 174sini, PD + Coulomb.

PID + Coulomb PID + GMS 3
12
2 o
2 3

Table 2 Tracking error for the three controllers

RMS /rad /rad
PD + Coulomb 1.5x107°* 3.2x1074
PID + Coulomb 2.6x107° 3.2x1074
PID + GMS 1.5x107° 8.4 x1073
12 2
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Fig.12 Tracking error curves for the three controllers
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