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ABSTRACT

The aim of this thesis is analyzing the optimize tool path for applying to control the
engraving machine by based on designed database in AutoCAD being standard of ASCII Drawing
Interchange File (DXF). The software is developed with AutoCAD to analyze search path and control
actuators. The simulation of path is used for checking direction path on personal computer before
milling actual materiel. In part of the motor drive, position data will be translated into frequency of
pulse supplied to control stepping motor. The analyzed data is sent to control actuators then the results
which reduce all time of movement are gotten. This research performs a generic model to control

position and direction of 2-axis movement for many applications.
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MANHIN Y.

A1519N V.1 LAAIAIUDY Cutting speed 1AL Feed rate YDIIUNA

Surface cutting speed (Meters/Minute)
Cutting Tool Workpiece Material
Material AL Alloy Brass Cast Iron Mild Steel
HSS 120 75 18 30
Carbide 500 100 120 200
MILLING FEED RATE (MILLIMETERS/TOOTH)
HSS SINTERED CARBIDE
WORKPIECE END MILLS FACE AND END MILLS FACE AND
MATERIAL AND SHELL END AND SHELL END
SLOT DRILLS MILLS SLOT DRILLS MILLS
MILD STEEL 0.13 0.25 0.25 0.50
CAST IRON 0.20 0.40 0.25 0.50
BRASS 0.18 0.36 0.15 0.30
AL. ALLOY 0.28 0.56 0.25 0.50
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Precision Control X-Y Table Using Dual Modulus Technique

V. Tipsuwanporn, C. Mitravakin, P. Ukakimaparn, S. Kulpanich and V. Kongratana
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang,Bangkok, 10520 Thailand
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Abstract: This paper presents the control X-Y table being the precise movement by point-to-point in the x-y plane. The dual modulus
technique is used for our system to control the frequency of pulse supplied to the motors. Such technique is used to stop motor of both
axes accurately as the desired target point in the same period. Both motors are stepping motor. To improve steps per revolution, we
employ ministep form to drive motors. In system, personal computer, using parallel port, is used for computing algorithm in open-loop
form to control motors. In experiment, our system applies on the X-Y table for drawing to test system performance.

Keyword: X-Y table, dual modulus, ministep
1. Introduction

Nowadays, the X-Y table is widely used in the machining
processes such as a lathe, a milling machine and a x-y plotter.
The machines are used for precise operations in the
manufacturing field, fast and precise control of the X-Y table is
required. In this paper, control technique of stepping motors are
designed to allow both rotation and translation motion.
Advantage of stepping motor over other types of motor is the
possibility of digital and open-loop control. Improvements in
electronics and microprocessor technology have significantly
contributed to amend the performance and a broader utilization of
stepping motor drive. Conventional stepping motors usually have
problems about its movement. First, the oscillation occurs during
each moving step. Second, the number of steps per revolution is
not sufficient for some applications. The ministep is used for
improving a resolution and smooth motion so stepping motors are
applied more efficiency. The control of X-Y table is the
movement by point-to-point in the plane, the problem found is
the different movement of distance on both axes. Main objective
in our paper is implementation of the dual modulus technique to
control the frequency of pulse for the precise movement of
motors.
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Fig.1. Overview of control X-Y table

Conventional stepping motor is controlled by the
microprocessor or microcontroller complicated in the operation.
The people who want to use the stepping motor must learn the
structure and language of microprocessor or microcontroller.
Furthermore, we must know the detail of hardware of the
machine, so the people, who don’t know or have the participation
in the proceed, will be difficult to bring the stepping motor to use
or solve the mistake. This paper is used the pattern of controlling
stepping motor which is easy and flexible to develop, we can then
use more efficiency stepping motor. Overview system shown Fig.
1 is in open-loop form.

October 17-21, Cheju National Univ. Jeju, Korea

468

2. Principle and Theory

To maintain the stepping motor control rotating continuously as
same as the DC motor, the motor shall be supplied pulse
continuously.

Mode of excitation

Single-phase Excitation

The single-phase excitation mode for four-phase motors. The
shaded parts in table 1.1 represent the excited state, and the white
blanks show the phases to which current is not supplied and so
are not excited. When a motor revolves clockwise in the
excitation sequence of Phl—Ph2—Ph3 ..., it will revolve
counter-clockwise by simply reversing the sequence to Ph3—
Ph2—Phl ...

Two-phase Excitation

A big characteristic difference between the single-phase exciting
and two-phase exciting appears in the transient response. The two
phase exciting the oscillation damps more quickly than is the case
of the single-phase exciting. The step sequences are shown in the
table 1.2.

Half-step mode Excitation

The excitation scheme is a combination of the single-phase and
two phase excitation. The two phase excitation is used to
suppress oscillation. In another method, the equilibrium position
of both the single and two-phase excitations are used for
positioning. The half-step mode reduce the step angle to half. The
step sequences are shown in table 1.3. This principle is used for
control the motor drives, which has the ministep movement by
control current coil of motor[1,2,3].

Table 1.1. Excitation sequence in the single-phase operation

Sequence | Phl Ph2 | Ph3 Ph4
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Table 1.2. Excitation sequence in the two-phase operation

Sequence | Phl Ph2 | Ph3 | Ph4

1 . .

2 . .

3 . .
4 o .
5 . .

6 . .

7 . .
8 @ .

Table 1.3. Excitation sequence in the half-step operation

Sequence | Phl Ph2 Ph3 Ph4
1 .

2 . .

3 .

4 & .

5 .

6 . .
7 .
8 . 1

The speed of rotation of a stepping motor is given in term of
the number of step per second, which is called stepping rate. The
term stepping rate can indicate the rotation speed. The relation
between the rotation speed and the stepping rate is given by [3]

60 f
n—— rpm (1)
s

where  n = rotation speed
S = stepping rate (Hz)
s = step number

3. Dual Modulus Prescaling

In the equation (1), see that the speed of motor relate the
frequency of pulse supplied to motor. Dual modulus prescaling
principle is used to synthesize the frequency for motor. Dual
modulus prescaling provides a method of achieving high-speed
performance in the feedback path without compromising system
performance. Frequency tuning resolution and a high value for

fR can be maintained as if only divide by N counters were

being used. This is marked advantage over fixed prescaling value
in order to maintain the same VCO frequency step capability. A

reduction in f " is, of course undesirable because it corresponds

to a degradation in potential performance of the system.
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Fig. 2. Block diagram of a dual-modulus prescaling
approach to frequency synthesis

Basically, the dual modulus technique as shown in Fig. 2
combines relatively low frequency programmable counters with a
dual-modulus prescaling IC, such that the combination behaves
like a programmable counter having a speed capability equal to
that of the prescaler. Because the prescaler is requied to divide by

only two values, P and P+ X, it can be designed for
operating speeds comparable to those of fixed dividers. Proper
operation is accomplished by configuring the lower speed
counters in two sections and employing special decoding/control
logic that makes it possible to select the divide value P or

P+ X . The value of X' normally made equal to one.

The total system divide value, Nlml , that results with dual-
modulus prescaling is a function of P, X', the value (A4)
programmed into the < A counter and the value (N)
programmed into the = N counter[4]. Therefore, by using a
prescaler whose divide values are P and P + 1 the VCO step

size becomes fR in value and the defining division equation is:

N, , =W)P)+ 4 )
where N 2 A

The value required for NV is dictated by the VCO
frequency and step size required, that is :

fw:a
Yo = &)

Jx

f-lvco Modulus f
— count -
(N _.)

toral

Fig. 3. Applied dual modulus technique
In the Fig. 3, the modulus count programmed into the

computer , we synthesized frequency by computer. The point-to-
point movement is in the plane as shown in Fig. 4.
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dy

dx

Fig. 4. Movement in the plane

In the Fig. 4, determined the relative speed of x-axis and y-
axis motor in the movement at any position. It can be regarded as
a linear system being in the equation (4)[5].

V. = V,cosf

r=F sin @ (4)
K. b

de dy

where P; = speed of x-axis motor

Vy = speed of y-axis motor
dx = distance of movement in x-axis
dy = distance of movement in y-axis

In the equation (4), when we supply pulse to the motor of
both axes, the speed of one axis motor is stable and others is
changed as following the distance. Therefore, the motor of both
axes reach to the desired target point accurately. Frequencies
supplied to motors are shown in Fig. 5.

Al N N L.

F_nnnnnan.

Y. n.n

F__1 N | -

Fig. 5. Frequencies supplied to motors

4. Experimental results

We test the accuracy motor movement by drawing on |3cmx9cm
X-Y Table at any position in the plane and measure it in the
centimeter’s unit. We can get the results as following ;
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Fig. 7. Applied movements

As the results shown in the Fig. 6, the motors of both axes
reach to the desired target point accurately at any position in the
plane. The speed of one axis motor is stable and others is changed
by the distance. The motors will then stop at the desired target
point in the same period. Furthermore, system apply to move the
X-Y table as the arc, circle and letter. These results are shown
that the dual modulus technique can be used to control X-Y table
precisely.
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5. Conclusion

In order to control speed of stepping motors of both axes, we use
dual modulus technique to control the frequency of pulse. Our
system apply to control X-Y table. It is the precise movement by
point-to-point and employ to stop motors of both axes at the
desired target point in the same period. To improve the number of
steps per revolution for movement more accurately as the arc,
circle and letter, the ministep is used. Moreover this principle can
be used with the X-Y table for x-y plotter, milling and others.
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Abstract

This paper presents a research and development of 2-axis
actuators which are controlled by using AutoCAD graphic
and text database in text file being standard of ASCII
Drawing Interchange File (DXF). The graphic data have a
position data that can control actuators instantaneously. In
text data, contour text technique is improved to get the text
data having the position which can apply to control the
actuators by applying function of AutoCAD. The database
is analyzed for optimizing the path to reduce the time of
movement, saving energy in order to reduce budget in
manufacturing. Dual modulus pre-scaling is used to
translate analyzed data for controlling 2-axis actuators to
move as any number of prototype such as circle, square and
text accurately.

Keywords

contour text, dual modulus pre-scaling, optimize path.

1. INTRODUCTION

Nowadays, the position control is widely used in the
mechanical industries. The position control of machine or
actuators that have required the path in Cartesian
Coordinate System is applied to use for machines and
instruments such as Sticker cutting machine, Photo
recorder, X-Y plotter, machinery controlling by computer,
etc. Normally, the motor such as DC motor, servo motor or
stepping motor which depend on the job is used as power
source of machinery for making movement. The control and
command method of both motors to move as the required
path has the special processing for each type of motor.
Especially, method of entering data into control to move as
the designed prototype is different in machine and
instrument. In case, directly sending of data being a special
technology will be useful as plotter and CNC machine. If
we will produce a new product or machine, position data
knowing of prototype is necessity. The standard drawing
program (CAD) has all data in the text file, which is
standard of ASCII Drawing Interchange File (DXF). The
mentioned data will be used to develop a computer program
for machine control.

0-7803-7620-X/02/$17.00 © 2002 IEEE
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There are many types of the drawing program such as
Cadkey, GenericCAD, FastCAD, AutoCAD, PC-
basedCAD and Corel Draw, which provide various data.
One of those, AutoCAD is widely used in the design and it
is easy to learn. The designed drawing in AutoCAD [1], the
graphic database in text file has the position data of shape
text but the text database has not one. The contour text
technique by applying the function of AutoCAD is
improved to get the text data containing the position data
being able to control actuators.

In this paper we study the method to control the movement
of 2-axis actuators. The stepping motor [2,3] is actuator to
move as the prototype in AutoCAD. We study the graphic
and text database especially in the creation of the text for
getting position data. After we will analyze the position
data to search the optimal path for reducing the time of
movement. The analyzed data is then processed by
mathematical algorithm. Visual basic programming is
developed to compute one. In order to move as the
prototype correctly, the controlling signal to control 2-axis
actuators is generated. In this system computer to control 2-
axis actuators is used as open loop form via parallel port.

2. PRINCIPLE AND DATABASE

The principle is applying the data from text file to control
operating of machine or 2-axis actuators to move as
designed prototype in AutoCAD. In designing procedure,
user can draw in various jobs because the researcher has
program’s fundamental entities of graphic image consisting
of LINE, ARC and CIRCLE. The procedure of operation is
shown in figure 1.

The data in the part of entity will be used to control motor
and to know the type of entity. Starting and ending point on
X-axis and Y-axis, radius, starting and ending point of
curve are different and depend on a type of entity.

The data shown in figure 2(a) is the position data used to
control motor instantaneously. Text data shown in figure 2
(b), which is not the position data of shape text, only
consists of the starting position data, height, width and data
ordering. The mentioned text data can not be used to control
motor. The method able to control actuators is improved by
applying AutoCAD that is, drawing the graphic of the text



by contouring various fundamental entity. These entities are
included to shape text, then stored in database. when we
want to control actuators, database must be accessed. In the
mentioned method, it is complicated not only to draw text
and cover all of fonts but also to consume long time. The
other method is to use tool or command to separate text in
AutoCAD into fundamental entities consisting of the edge
line of text and inner-structure and also erasing outer-
structure line.

Design by software AutoCAD

v

Translate picture into standard data by
command — dxfout

v

Using the data of ENTITIES section to
control

.

Analyze the optimize path

v

Translate data for movement

.

Commanding and controlling actuators

.

Actuators work as command

Figure 1: The operation in process.

AcDbLine AcDbCircle
10 10
0.0 20.0
20 20
0.0 30.0
30 30
0.0 0.0
11 40
40.0 10.0
21 100
40.0 AcDbArc
31 50
0.0 0.0
0 51
220.0
0

(a) Line and Arc data of DXF file
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AcDbMText
10

10.0

20

50.0

30

0.0

40

20.0

41

5.0

71

1

72

5

1
\fTimesNeRoman|b0[i0|cO[p18;\C2;ABCD
0

(b) Text data of DXF file
Figure 2: Data of DXF file.

For drawing the long sentence, this method is not
convenient to erase inner-structure, which not only must
consume long time but also may occur some mistakes from
erasing. The edge line of text is minor entities without
continuity which very spend to control actuators and also
may write program to order entities. The method which
results the minor entities with edge line of text and
continuos sequence to reduce time and cover all type of
fonts shown in figure 2(a) is presented to build the text by
applying the function of AutoCAD. When text data contain
position data, optimize paths will be then analyzed from
ones and the result data is translated to control. Dual
modulus pre-scaling [4] is used to transmit signal for
controlling both of stepping motor which ones control
movement of 2-axis actuators as the designed prototype.

3. CONTOUR TEXT TECHNIQUE

The mentioned method is complicated because the standard
tools of AutoCAD have not for changing text data to edge
line of text data. Available functions based on are applied
having details as following:

1. Specify control system variable Text Fill as 0 for
showing only edge line of text.

2. Create the desired text using tools or commands in
AutoCAD program.

3. The graphic of text obtained has not edge line of text,
then sends the text to Encapsulated Postscript (EPS) file.

4. EPS file brought back is the graphic only contained
edge line of text at which EPS file is imported into
AutoCAD drawing as block.



5. Separate object by commands or standard tools to result
minor entities and continuous sequence as edge line of
text that look like sequence vectors.

Translate all graphic into text file being standard (DXF)
and the obtained data is the same position data as data
shown in figure 2(a) to control actuators.

The data with edge line of text results from the presented
technique. Entities for the edge line of text are the minor
entity sequence for controlling 2-axis actuators which
reduce time and error from not sequence path together with
more accuracy.

3.1 Analysis of the optimize path

Analysis searches optimize paths to reduce time of
movement of actuators. The graphic from controlling
actuators must be the same as prototype. Storing graphic
data in AutoCAD has sequence of drawing graphic that may
not continue depended on experience of designer and
operator. After applying function of AutoCAD, the text data
is continuos sequence data but the starting point of each
font of text such as Angsana New, Times New Roman is
different. To reduce time of movement or the distance of
wasting time concerning with tool not touch material must
be reduced and continued as shown in figure 3.

4

Y

(0.0)

Figure 3: Path as same as prototype.
_ 2 2 12
=X, =X, ) e —¥_) (1

where r is distance of wasting time,

Xe » ,Yem are final point before tool up,

Xs,;,Ys,, are new point at tool down.
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The conditions are used to consider as following:

1. start at original (prototype) point, new path at the
nearest reference point.

start at original point, new path at
point before tool up.

start at the nearest reference point, new path at the
nearest reference point.

start at the nearest reference point, new path at the
nearest final point before tool up.

2 the nearest final
3.

4.

Total distance at wasting time is

N
Dzsmml - 2

i=1

i

@

From the mentioned conditions, each condition resulting the
minimum total distance of wasting time is selected to
generate the optimize path. This process reduce time of
movement that save cost in manufacturing and the dual
modulus pre-scaling is used for translating data to control
actuators.

4. DUAL MODULUS PRE-SCALING

The movement of actuators in the plane can be divided into
2 parts, 1-axis and 2-axis. In case of 2-axis, both motors
reach to the designed target point in the same period [5].
Dual modulus pre-scaling principle is used to synthesize the
frequency of pulse fed to motor and also provides a method
of achieving high-speed performance in the feedback path
without compromising system performance. Frequency

tuning resolution and a high value for Jp can be
maintained as if only divided by N counters were being

used.
fa : f
—»  Phase R b
f) Detacto 4’{ Filter vCco
]
Modulus control signal
[— Control Dual-madulus
logic |° prescaler
— T - _
kwcounter < » A counter

Figure 4: Block diagram of dual-modulus pre-scaling
principle to synthesize frequency.

Basically, the dual modulus technique [6] shown in figure 4
combines relatively low frequency programmable counters
with a dual modulus pre-scaling IC. All system divide

value, N
rota

, and that result with dual modulus pre-scaling



is a function of P, X , the value (A4) programmed into the
- A counter and the value (N) programmed into the
= N counter. The definition of division equation is

Ny, =P +4 @
where N = A

The value required for N, is dictated by the VCO

frequency and step size required as shown in figure 5, that
1s

— fVCﬂ
Nto.ra! - (4)
T
fvca Modulus )
— count .
(Nwml )

Figure: 5 Applied dual modulus technique.

=<

Figure 6: Movement in the plane.

Movement in the plane shown in figure 6 can be considered
as a linear system [7].

Vx = VR cos@

(3)
V = V¥V sinf
¥ R

where V_is speed of x-axis motor,

Vy is speed of y-axis motor,

V, is Required speed.

Dual modulus pre-scaling is used to approximate the
various positions along path. This research developed linear
and circular interpolation program to translate position data
from analyzed and standard data to control actuators as
command.
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5. EXPERIMENTAL RESULTS

Experimental is by drawing on 2-axis actuators having the
working area of 130mmx90mm. By which the operation in
Cartesian coordinate system, the reference point is at the
left bottom of comner.

Q
O
),

c
1+

(a) Analyzed path

7
O

(b) Not analyzed path

Figure 7: The results of movement as graphic prototype.
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VWXYZ
VWEYZ VWXYZ

(a) Analyzed path (b) Not analyzed path

1) Angsana New height 13

(a) Analyzed path

(b) Not analyzed path

~—t

2) Times New Roman height 20

efghij ImpA opagrstu

3) Times New Roman height 10 4) Tahoma height 12 5) Verdana height 8

Figure 8: The results of movement as text prototype.
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Table 1: Shown results of time comparison between analyzed path and not analyzed path.

8

Figure 7 ] 2 3 2 5

Time of
73.46 | 70.96 3 70.94 | 60.2 ;
Analysis(s) 99.13 9 5| 59.10
Time ofnot | g4 96 | 7588 | 102.76 | 71.65 | 60.58 | 59.82
Analysis(s)
Analysis faster | 55 64 | 10.04 | 353 | 099 | 0.54 | 120
than(%)
The results in figure 7 show that actuators move as the REFERENCES

designed graphic correctly. Contour text technique
shown in figure 8 see that proposed method can be
applied to control 2-axis actuators to move as type and
size of text correctly as designed prototype in AutoCAD.
In analyzing the optimize path, start at point 1 and follow
as arrow when reach to point 1 then start at point 2 and
repeat loop until the end. The paths are different between
analysis and not analysis. Table 1 shows time
comparison between analyzed path and not analyzed
path at the same speed. These results can reduce time of
movement. This process can save energy together with
cost reducing in manufacturing and produce work more
quantity.

6. CONCLUSION

Database in text file being standard of ASCII Drawing
Interchange File (DXF) in AutoCAD for applying to
control 2-axis actuators is used in this research. The
graphic data can control actuators instantaneously. In
text data, the text having position data for controlling
actuators results from the improved contour text
technique. This technique is convenient and
uncomplicated and also covers all fonts of text. Position
data is analyzed to search the optimize paths for reducing
time of movement that save energy and cost in
manufacturing. The dual modulus pre-scaling is used to
translate the analyzed data into control signal to control
actuators. This experimental results show contour text
technique and analysis of the optimize paths applying to
control actuators efficiently. Actuators can move as the
designed prototype. The various machine can be
developed by adding or decreasing the desired function
of each work.
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