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Abstract: In order to realize long stroke and high precision displacement control in scopes such as opti-
cal-mechanical structure, integrated circuit and so on, a precision hybrid amplification driving circuit
was designed by using non-resonance piezoelectric inchworm stack linear motor based on the high volt-
age power operational amplifier. Resolution and amplitude-frequency characteristic of driving circuit
were verified by Bode diagram gotten by theoretical analysis and experiment. Taking FPGA as core
processor and grating ruler as feedback element, through analyzing various operation modes of non
resonant piezoelectric linear motor, according to the operation sequence of linear motor, a control
strategy combining the open loop large range whole step mode with closed-loop and small-range single
step operation mode was designed and finished. Two types of control algorithms of PID and compound

control of combination between PID and feed forward of hysteresis inverse model of piezoelectric ce-
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ramic were designed respectively in single step operation mode. Experimental results indicate that the
control strategy can realize precise displacement control. Compound control algorithm has more supe-
rior control effect than PID. Moreover, its closed-loop position control precision can reach 1.5 nm in
large stroke of 21 mm. Linear motor can realize maximum driving force of 300N and satisfies applica-
tion demands of high-precision displacement control in large stroke.

Key words: non-resonance piezoelectric ceramic; hysteresis inverter model; long stroke and high preci-

sion displacement control ; FPGA; compound control algorithm
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Fig.1 Piezoelectric linear motor and its internal structure map
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Fig. 4 Drive timing diagram of full step mode
2.2
3, : PZT .
. o 4( )
3 . C1 1.3 “
. PZT”,C2 28.4 “ PZT”, D1
18.3 28.4 183 “ PZT”,D2 28.4 “
, , PZT”,
, 1&.3 .
284 , ,
, + .
,18.3 28.4 .
,18.3 284 ,
. , 3
18.3 28.4 PZT ,
/ , , 3.1
PZT ,
5 6 . .
Labview o
Altera EP3C40F32417N  FPGA
4 +
3 (OP07+PA95)
Fig. 3 Full step and smooth motion modes of linear motor A .

’



2142
20 ym . 16 : :
IC-TWS8 .

. AB FPGA. AB (o100 :
b b 7 o
FPGA :
4 20 DA AD5791.,
4 .

7
Fig. 7 Diagram of drive circuit for DC amplified

OP07
PA95 , 7 (R4
+R3)/R3=5,(R2+ R1)/R1 =15,
OP07 3,PA95 S,
15 N
PA95 5mV,
OP07 75 qu
OP07 s 75 ‘uV X 15
5 =1.125 mV, o
Fig.5 Prototype of linear motor control system ’
R() CL
AOI ’ :
fp:1/<27TR()C1,). @p)
7450 ’ ]
[11] s
C s ,
6 1
Fig. 6 Schematic diagram of linear motor control system
3.2 , Sx 45°

. 0. 001 44, 1. 639 54,
8.194 09 V., FPGA AD5791



8 s : 2143

1LSB, 9 )
R , AD5791 o s ,
3 1, 15.048 7,—3 dB 20.1 kHz,
75%, s
1 100 Hz,
Tab.1 Resolution of drive circuit for linear motor
1 2 3 4 3.3
/V /V /V /V V/LSB

1 0.00144 0.00175 0.00Z2 0.00226 0.00025
2 1.63954 1.63982 1.64012 1.64041 0.00029
3 8.19409 8.19431 8.19454 8.19478 0.00023
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Fig.8 Testing system of dynamic characteristic Fig. 10 Open loop control scheme for piezoelectronic
ceramics
11

Fig. 11  Block diagram of hybrid control for piezo-
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Fig. 9 Bode diagram of drive circuit
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Fig. 13 Flow chart of software control program
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Tab. 2 Output displacement of piezoelectric liear motor
/nm
1 141 324.7 5.1 1.53
2 141 324.7 5.3 1.59
3 141 324.4 5.2 1.56
4 141 325.8 5.3 1.59
5 141 324.6 5.2 1.56
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Fig. 17 Drive force experiment setup
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Fig. 18 Test results of pulling force
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Fig. 19 Test results of press force
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