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Abstract: X-Y two-axis micro-fabrication platform was controlled by double CPU. The interpolation algorithm 
and system model were discussed. The repositioning accuracy reached 6.21 μm with moving rate of  
2000.00 mm/min. The rate decreased to 1000 mm/min, the contour error is 53.3 μm. The position error and 
contour error existed due to reverse clearance, reverse step blunt, and servo mismatch. The round error is greater 
with the increase of moving rate. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

An X-Y micro-fabrication platform control 
system consisted of a double CPU, servo driver, 
power supplier, encoder etc. [1-8]. The slave CPU 
was PMAC motion control card by Delta Tau 
Company, which implemented real-time motor 
position and speed control. The master CPU handled 
task such as track algorithm [9-18], graphics display, 
and dynamic simulation. 
 
 
2. Hardware and principle 
 

The CPU of IPC and CPU of PMAC are master-
slave double CPU structures. The PMAC controlled 

the X-Y motion, and the IPC managed the system. 
The control system included control PC, servo 
drivers, mechanical motion parts and detectors parts.  

PMAC motion card was a programmable multi-
axis motion card by Delta Tau Company, which 
utilized DSP56001/56002 to manipulate 1-8 axes. 
The card performed motion program, PLC program, 
and multi-task, communicated with main CPU. 

Servo driver was an AC servo motor 
MSMA043A1A by Panasonic. The speed frequency 
response reached 500 Hz. The AC permanent magnet 
servo MOTOR was MSMA042A1C, which reached 
3000 r/min. 

The actuators were made up of AC MOTOR, 
clutch, ball screw nut pair, the linear rolling guide,  
X-Y platform. The platform motion stroke was 
300×300 mm. AC motor is connected by ball screw. 

http://www.sensorsportal.com/HTML/DIGEST/P_RP_0147.htm
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3. Control System Software 
 

A control software included interpolation module, 
servo drive module, PLC monitor module, processing 
program explanation module, data collecting and 
digital processing module [19-24]. 

The interpolation module is made up of linear 
interpolation and circular interpolation etc. Slave 
CPU supplied PVT motion module in addition. The 
interpolation program is the following: 

CLOSE 
&1 
#1->2000X 
#2->2000Y 
; 
OPEN PROG 1  
CLEAR 
RAPID X1 Y4 
F500 
LINEAR Y13 
CIRCLE1 X2 Y14 I1 J0 
LINEAR X3 
CIRCLE1 X4 Y13 I0 J-1 
LINEAR Y7 
CIRCLE1 X7 Y4 I3 J0 
LINEAR X13 
CIRCLE1 X14 Y3 I0 J-1 
LINEAR Y2 
CIRCLE1 X13 Y1 I-1 J0 
LINEAR X4 
CIRCLE1 X1 Y4 I0 J3 
CWELL 100 
RAPID X0 Y0 
CLOSE 
The AC driver module utilized PID position loop. 

The filter is adjusted by hardness, damp to minimize 
stable error. The P, I, D parameters are set as 30000, 
1280, 10000. The speed forward gain is 2560 to 
minimize following error caused by less damp, and 
the acceleration gain is 25600 to minimize following 
error caused by system inertia. 
 
 
4. System Model 
 

The platform was connected with the AC servo 
motor through ball screws, and its transfer function is 
modeled as:  
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where ( )i sθ  is the input parameter, 0 ( )X s  is the 

output parameter, Js is the equivalent moment of 
inertia, Cs is the equivalent viscous damping 
coefficient, and K is the equivalent stiffness. The 
model is a 2-order system. 

The AC servo driver part included position 
control unit, speed control unit and servo motor. The 
AC servo driver model is: 
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where Km is the motor gain and Tm is the time 
constant. Therefore the feeding system model is: 
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where J is the moment of inertia of shaft, C is the 
viscous damping coefficient of shaft, m is the mass of 
moving parts, and Km is the stiffness of ball screw nut 
pair. 
 
 
5. The Analysis of System Precision 
 

The dynamic characteristics and servo precision 
of feed system are the main characteristics.  

The whole system is simplified as follows  
(see Fig. 1). 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1. System model. 
 
 

where T is the system time constant, K is the servo 
regulation parameter. The system is I-type system. 
The stable error is 0 with step input; the stable error 
is / sV K with ramp input. 

P* is the expected position vector; P is the real 
position vector; P1* is the position vector closest to 
P. the contour error vector is defined as:  
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The motion axis had track speed. Therefore E is 
defined as: 

 
 *

*
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x x x

y yy

E P P
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E PP

    
= = − = −    

     
, (5) 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Curve contour. 

 
 

The error is deduced:  
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where θ is the intersection angle between P* tangent 
and X-axis.  
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Therefore the error is: 

 
 sin cosr x ye E Eθ θ= − , (8) 

 
The contour error depended on position error 

( ),
T

x yE E  and track speed ( ),
T

x yV V . Kvx and Kvy 

are X, Y speed error coefficients respectively. The 
stable errors are: 
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Hence:  
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The X-axis and Y-axis transfer functions are: 
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The linear error is: 

 
 sin 2 1 1

( ) ( )
2ss
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The static linear contour error is 0 when 2 0θ = . 

The error is maximum when 45θ = . The error is: 
 

 1 1
( ) ( )
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V
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= − , (14) 

 
The static linear contour error is 0 as 2-axis 

dynamic characteristics matched. 
The circular static error is: 
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6. Experiments 
 

In Fig. 3 curve 1 shows the ideal contour while 
curve 2 shows the real contour. Curve 1 is round 
since x axis and y axis dynamic characteristics 
matched well. The static contour error became larger 
in curve 2 while the dynamic characteristics 
mismatched. 

Position precision and repositioning accuracy 
were detected when there was not loaded. Six point 
data were chosen, and each point data was measured 
seven times to calculate average value and scatter 
errors ±3Sj. The whole data are showed in Table 1. 
The repositioning accuracy reached 6.21 μm 
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( max min( 3 ) ( 3 )j j j jA X S X S= + − − ) with moving 

rate of 2000.00 mm/min. the position precision 
reached 6 μm. 

The real contour was ellipse when machine made 
a round motion. 

The Renishaw QC10 ball bar instrument was 
utilized to measure round error, and the measuring 
radius was 150.00 mm. The following figures showed 
round errors at rate of 1000.00 mm/min and  
2000.00 mm/min. 

When the feedrate is 2000 mm/min, the contour 
error is 83.3 μm. The rate decreased to 1000 mm/min, 
the contour error is 53.3 μm. When the feedrate 
decreased, the interpolation precision increased and 
the system precision increased. 

 
 

Fig. 3. Contour error. 
 
 

Table 1. Position precision. 
 

Position number 1 2 3 4 5 6 
Position 25.485 72.610 147.725 196.445 242.560 283.385 

Deviation 
(μm) 

1 0.5 1 1 2.5 5 6 
2 1 0.8 1 4.5 6 5.5 
3 1 0.5 0 2 5 5.5 
4 0.5 1 2 2.5 5 3.5 
5 0.6 -0.2 1 3.0 5 4 
6 1 0.7 1 3.0 4.5 3.5 
7 1 0.7 1 2.8 5.2 5 

Mean deviation Xj 0.8 0.7 1 2.9 5.1 4.7 
Standard deviation Sj 0.252 0.416 0.577 0.787 0.451 1.035 

Max deviationMj 1 1 2 4.5 6 6 
3Sj 0.755 1.249 1.732 2.362 1.353 3.105 

Xj+3Sj 1.555 1.949 2.732 5.262 6.453 7.820 
Xj -3Sj 0.045 -0.549 -0.732 0.538 3.747 1.609 

 
 

 
 

Fig. 4. Contour curve at feedrate of 1000.00 mm/min and 2000 mm/min. 
 
 

6. Conclusion 
 

There were reverse clearance, reverse step blunt, 
and servo mismatch, which resulted in position errors 
and ellipse track. 

The reverse clearance is classified as positive, 
negative and un-equivalent value. The system 
clearance is un-equivalent value which showed 
different reverse clearance in double direction. The 
reasons were as follows: 

1) There was clearance between drivers system; 
2) The end of ball screw was floating; 

3) The screw was reversed for over larger 
preload; 

4) There are clearance or floating between rolling 
guide. 

The reverse step blunt was small peak in Fig. 4 in 
X-axis. The reasons were as follows: 

1) The torque was not enough, thus caused 
viscous pause at the direction-changing point. 

2) The servo response time was incorrect at 
reverse clearance compensation, which didn’t 
compensate in time. Therefore the shaft paused. 
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3) The servo response was insensitive between 
the direction and changing point, which caused delay 
between shaft changing directions.  

The figure was ellipse at servo mismatch. 
The servo loop gain mismatch at different shaft 

which caused servo mismatch, therefore one shaft 
advanced before the other. The advanced shaft had a 
large gain.  

Moreover, different feed rate had an influence on 
contour. The larger was the feed rate, the larger was 
round error. The Fig. 4 demonstrated the phenomena. 
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