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Abstract

The automatic wood carving and decoration machine is considering all
technology that the human was discovered, since it collects between several of

techniques:. electrical, computer, and mechanical techniques.

The automatic wood carving and decoration machine operations based on
carve and decorate the wood automatically using some of a high technology

controller was discovered.

The reasons of using the automatic wood carving and decorating instead of
manual operation which consider more cheap, that the process become difficult,
don’t satisfy the ask of accuracy and consume aong of time, so that the process must
be automated.

To satisfy the automatic operation, one type of controller like, PC, PLC, and
microprocessor can be used, the comparison between these controllers is taken from
many aspects i.e. ease of control, time response, range of control for speed and

position.

Since the use of the computer is flexible and make the control of the machine
more safety, easier, faster, beside that the wood carving and decoration need high
accuracy, difficult time response, high range for speed and position control, and
control of three dimensions, it is represented as the ask controller, by this we reached
the highest technical machine which is the computer numeric control (CNC).

The plant (machine) consists of (in general) four motor, sensors. Three of the
motor use to control the moving of the drilling (cutting) that used to carve the wood
in the three direction; one for X-axis, the second for Y-axis, and the third for Z-axis,



the forth motor that is an AC synchronous motor used to rotate cutting part. The
moving of the motorsis restricted in specific range determined by the sensors.

The schematic of the Automatic wood carving and decoration machineis

shown in Figurel and Figure 2:

Figure 2: The body of automatic wood carving and decoration machine
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Chapter 1

I ntroduction

Invention of the semiconductor components like: diodes, and transistors
which are the central components used to process the electrical signals that arise in
communication, computation, and control systems, and using it in developing some
important devices such as. computers, microprocessors, programmable logic devices
(PLC’s) which become used in automatic control process and so resulted in

improvement the industry and industrial automation.

With this huge advance there are many types of controller, the compression
of it takes from many aspects, i.e. ease of control, time response, and range of control

of speed and position.

Automatic wood carving and decoration machine needs fast response, high
range of control of speed and position, and complex control techniques; so the
controller that is used in it is the computer, which makes it representing the all
technology that the human has been reached.

1.1 General description of the project:

The machine operation based on: using a free drawing subprogram (on the
computer), which gives the user the capability to draw any three dimensional shape,
then the operating machine receives the information from the computer through an

interfacing circuit and carving the request shape on the wood.



1.2 Project selection

v" The project makes the woodcarving and decoration safely, faster, easier, and
more accurate.

v" We can carve decorate any shape on the wood using this machine.

v To meet the needs of the Palestinians market in the field of industry.

1.3 Previous studies

There is lake in researches and papers considered CNC machine and servo
motor. The literature review describes of this title are mainly in form of papers,

sections in textbooks, projects, and Internet sources.

In internet sources we found many projects about servomotor and stepper
motor used in different applications such as “ Engraving CNC machine “, “ Fluted-

Bit Cutting Machine” and optical scanner.
1.4 Timeplan

1% week to 8" week we studied the project and collected data from the
Internet and books about the machine and its components, from 8" week to 14"
week we wrote some of the documentation, and we made a simulation of the project,
and from 16" to 30" we built the machine hardware and complete the

documentation and the simulation. Table 1.1 explains the time plan.



Table 1.1: Time plan

# Weeks

Collecting data about the
machine and its
components and
understanding it.

Write some of the
documentation and
simulating the project.

# Weeks 28

Building hardware of the

machine

Performing the

simulation programs

Experiments and testing
to the machine

operations.

Complete the

Documentation




1.5 Finance study

The estimated cost of project listed in table 1.2:

Table 1.2: The estimated cost of the project

Part Cost ($)
AC servo motors systems (3) 6000
AC synchronous motor 340
Slides (6) 5000
Linear bearings (10) 875
Pinions (3) 45
Work plan iron 900
Profiles 630
Screws 200
Connecting Wiresladders 166
Transformer, cables 5000
Racks (6m) 280
Painting 1000
Milling operation 3000
Computer (P4) 500
Amplifier and voltage decreasing circuits 100
Interfacing cir cuit 100
Total cost $24136




Chapter 2
CNC Machines

2.1 Introduction

The appearance of numeric control technique as a root conversion in the way
of machines controlling, as a response to the limitation of the machine capability,
which results in heavy chains and limitations on the engineering designs and its

progressively requirements due to the degree of accuracy and complexity.

And before the beginning of dealing with this technique, it's necessary to
introduce the frame where CNC machines work, and when its usage is useful due to

the economical side.

Definition of Automation: it is a technique specidized in applying
mechanical system, electronics system, and systems, which use the computer to
operate the production operations controlling it.

The automation can be divided in the following three types:
1. Fixed Automation:
It is a system in which the sequence of operations is constant in respect to the

nature of the composition of production machine itself. This type of automation is

controlled by the human and uses a simple electrical control circuit, and it couldn’t



accept any variation in the work (to make this variation, the control circuit must be
changed).

2. Programmabl e automation:

It is a system in which the production machines are designed with capability
to change the sequence of its operations, The control of these sequence operations is
done using a special program, and this makes the machine that uses this type of
automation able to produce various shapes (the control of the sequence of operation

isdone using a specia program).

3. Fexible Automation:

It is an extension to the programmable automation system; that is no time lost
in doing the programmable process again (change over from one product to another),
this type of machines uses the numeric control, which is applied to couple between

the computer technique and electronics technique in industrial controlling field.
Definition of a numeric control systems and a comparison between them:
1- Numeric Control (NC):
It’s one of the programmable automation forms; it controls the manufacturing
apparatus by using a specia program. When the work piece is changed, the program
will be changed too, this makes this type of machines is suitable to low and medium

production.

An example on this type of machines is the milling machines, and assembly

machines.



The basic rule in operating this type of machines is the control of the cutting
part position with respect to the work piece.

2- Computer Numeric Control (CNC):

It’s a numeric control system using the computer (has a memory to save the
programs) to control the machine; the computer is considered as the main part in
CNC machines. The CNC machine can be directly programmed using the keyboard
of the computer, or by using a punched tape that the computer reads.

The CNC product is not as accurate as the NC product, but it’s faster in

operating as program transfer prompts to the control unit.

3- Direct Numeric Control (DNC):

It’s a manufacturing System contains of one computer; this computer is directly
controls several machines, that a particular work piece program is transferred from

the computer directly to the numeric control machine.

2.2 The comparison between the CNC and traditional machines

The general form of the CNC machines is similar to the traditional machines
but there is a basic difference in the source, which required moving the machine in
different directions. If wee took the traditional machine we find that there is one
motor in it, but the CNC machine contain more than one motor, which control the

various movements.

The CNC machine motors control by one computer, but in the traditional
machine, moving the machine in the different directions is done manualy or



mechanically, so the operation process accuracy depends on the worker skills, but in

the CNC machines depends on control system type and its capability. We can

summarize the comparison between the CNC and traditional machines as in table

2.1:

Table 2.1 shows the comparison between the traditional and CNC machines:

Contrast field

Traditional machine

CNC machine

The Genera form

Like the CNC machine

Like the traditional machine

Some of design details:

a. Structure

M ore soft than the CNC

More hard than the traditional

machine.

b. Motion source

One AC motor.

Specia motor to each direction
of motion called (Servo motors)
from the family of stepper or
hydraulic motors.

Operation process accuracy

Reaches to 0.01 mm and

Reaches to about 0.01 mm and

depends on the worker | depends on control system type
skills. and its capability.
The cost Relatively low High, reaches to about 5 times

than the traditional one.

Motion control

Manually or mechanically

Numeric control program.

2.3 Economical advantages and disadvantagesto CNC machines

There are many reasons to the bulky usage of CNC machines in industry. The

CNC machine reduces the cost of production to the industries which characterized




with a low production amount such as construction of the auxiliary parts required in
aircraft industry, hydraulics circuit parts, and CNC machine itself.

The use of the CNC machine in the previous industries satisfies the following

utilities;

Reduce the time loss without actual production to the machine.

Using fixture equipments more simple than the traditional machine used.

The flexibility in the production process.

Accept the changes in bits design as these needs to change only the bit program.

AN NEENEEN

Increase the manufacturing accuracy and reduce the workers mistakes.

The preceding discussion shows that the CNC machines are suitable in
particular cases; we can conclude that the operation process that gives economical

benefits has the following properties:

1- Small and medium pieces which continuously produced.

2- Complex pieces engineering according to the shape.

3- Operating the pieces needs a number of processes.

4- Large amount of rapish.

5- Design changes are expected.

6- The pieces have high cost; this is shown especially when
manufacturing mistakes are occurred.

7- Needsto the best production.

But the use of CNC machinesin a plant resultsin the following problems:

- Increasing the electrical maintenance in the plant.
- Theinitia cost to the CNC isrising.



- Machine operating cost isrising.

- Training the worker to understand the CNC system, its programming, its
operation, and its maintenance.

2.4 CNC motion types

The CNC machines can be categorized in the following three groups (with
respect to control type in relative motion between the cutter part and the work piece):

1. Positional control machines (point to point).
2. Linear path control machines (straight cut).

3. Continuous (contouring) control machines.

The menu mentioned above is arranged progressively with respect to the

complexity level and the modernity of the system, that means that the contouring
control machinesis the most developed type.

(1) The positional control (point to point):

The am of this type of control is to move the cutting part to a location
determined previously without the importance of the speed or the path that the
cutting part follows to reach this location, and when the cutting part reaches the
requested location, the machining operation starts at that location, and no

machining will occur until the required motion is compl eted.



Figure 2.1: The positional control

The best example for this type of control is computer numeric control of

drilling machines.

In spite of the lack of importance of the path that the cutting part follows to
reach the point of operation, we have to make a complete certainty of programming
process to avoid the shocking between the cutting part and the work piece or the

fixing preparation, which fixes the piece.

This controlling system is the ssimplest one, and so it is considered to be the
cheapest of the three types mentioned above.

Usualy in such a system we find that the supplying power and speeds of the
cutting part with respect to the work piece is controlled by the worker of the factor
more than the program, which is prepared for the work piece.

And the speed which the cutting part moves to the required location between

5.000 and 10.000 mm / min., according to the abilities of numeric control machine.



(2) Linear path control machine (straight - cut):

Those systems are characterized with the ability of moving of the cutter part
in parald to any of the principal axes with a controlled speed which is suitable for
operation, and machines of this type has a positional controlling ability. An
example of this type is the sorting CNC machines, which can be used in drilling
machines. In such a system we can’t get more than one movement at a time in
different axes, and so we cant execute straight cutting processes in an incline
direction (with an angle) on any of the principal axes. The last statement is true if
we took only the traditional definition of the linear path control machines, but if we
treated with the non-traditional definition (which means the ability of a control
system to move the cutting part in two different axes at the same time) and so we

can execute straight cutting process in an incline direction on the principal axes.

Figure 2.2: The linear path control

(3) Continuous path control (contouring):

This type of controlling types is the most complex, flexible, and highest cost,
and contains inside it the abilities of the previous two types of control, in addition
to its recognizable property, that it has the ability of movement controlling in more
than one axis at atime, thus, in this system getting movement in a straight direction



or in an incline direction with an angle, or circular and conic paths and any curve
that can be defined with an certain arithmetic formula can be achieved.

An example of this type of motion control which is used in milling and

engraving machines.

Figure 2.3: The continuous path control

The non-traditional definition of this system is its ability to move the cutting
part in more than one axis at atime.

Classification of CNC machines according to the number of controlling axes

in a continuous path:

CNC machines classification in the past stimulated problems and doubts,
that’s because it was established only in respect to the type of the continuous
controlling. And machines which operating a control in two axes (known as 2D)
which means two dimensions, and if that control was in three axes (known as 3D),
whereas if the machine of that control was in two axes and the third axis supply is
controlled to reach a specified location, means that it has a linear path controlling
(known as 2.5D).



Figure 2.4: Three dimension contouring control

And to vanish those problems, classification system was created, which takes
in consideration the control type whatever it was, and aso the number of axes it
works on, thus, the positional control was symbolized as (P), linear control as (L),
and continuous control as (C), then, instead of calling it as (2.5D), it can be called
as(2C, L).

Figure 2.5: (2C, L) control

From the previous discussion we can classify the Automatic Wood Carving
and Decorating Machine as (2C, L) CNC machine.



Chapter 3
Machine block diagram

3.1 Introduction

The automatic wood carving and decorating machine system configuration is
closed loop, so before discussion its block diagram we show the comparison between

the two control systems configuration: open loop and closed loop.

Definition of control system: control is a process in a system by which one or
more input quantities affect other quantities (output quantities) according to a

specific legality (program).
We build control systems for four primary reasons:
Power amplification.

Remote control.

Convenience of input form.

A w0 DdpRE

Compensation for disturbance.

We now describe the two-control systems configuration: open loop and

closed loop, as the following:



3.2 Open loop systems

A generic open-loop system is shown in Figure 3.1. It starts with a subsystem
caled and input transducer, which converts the form of the input to that, used that
uses by the controller .The controller drives a process or a plant. The input is
sometimes called the reference, while the output can be called the controlled
variable. Other signals, such as disturbances, are shown added to the controlled and
process outputs via summing junctions, which yield the algebraic sum of their input
signals using associated signs. For example, the plant can be a furnace or air
conditioning system, where the output variable is temperature .The controller in a

heating system consists of fuel valves and the electrical system that operates the

valves.
Ditarbance 1 Disturhance 2
+
Input [nput - Wsoen _+ Output
or —M # Controller — — or

Reference | transducer o or Plant

SUmming Summing C“m-'}'“h

jumcinn juwtpn ~ virzhle

Figure 3.1: Open loop system

The distinguishing characteristic of an open _loop system is that add to the
controllers driving signal (Disturbance 1 in Figure 3.1. For example, if the controller
is an electronic am-pilfer and Disturbance 1 is noise, then any additive amplifier
noise at the first summing junction will also drive the process, corrupting the output
with the effect of the noise .The output of an open-loop system is corrupted not only
by signals that add to the controllers command but aso by disturbances at the output

disturbance to the Figure 3.1. The system can't correct for these disturbances, either.

Open-loop systems then do not correct for disturbances and are simply

commanded by the input .For example; toasters are open-loop systems, as anyone



with burnt toast can attest. The controlled variable (output) of atoaster is the color of
the toast. The device is designed with the assumption that the toast will be darker the
longer it is subjected to heat. The toaster doesn’t measure the color of the toast; it
doesn’t correct for the fact that the toast is rye, white, or sourdough, nor does it

correct for the fact that toast comes in different thick nesses.

Other examples of open-loop systems are mechanical systems consisting of a
mass, spring and damper with a constant force positioning the mass. The greater the
force, the greater the displacement. Again, the system position will change with a
disturbance, such as an additional force, and the system will not detect or correct for
the disturbance or assume that you calcul ate the amount of time you need to study for
an examination that covers three chapters in order to get an A. If the professor adds a
fourth chapter a disturbance- you are an open-loop system if you do not detect the
disturbance and add study time to that previously calculated the result of this

oversight would be alower grade than you expected.
3.3 Closed loop (feedback control) systems
The disadvantages of open loop systems, namely sensitivity to disturbance

and inability to correct for these disturbances, may be overcome any closed loop

systems. The generic architecture of aclosed loop system is shown in Figure 3.2.
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Figure 3.2: Closed loop system



The input transducer converts the form of the input to the form used by the
controller. An output transducer, or sensor, measures the output response and
converts it into the form used by the controller. For example, if the controller uses
electrical signals to operate the valves of a temperature control system, the input
position and the output temperature are converted to electrica signals. The input
position can be converted to a voltage by a potentiometer, and the output temperature
can be converted to a voltage by a thermistor (a device whose electrical resistance

changes with temperature).

The first summing junction algebraically adds the signal from the input to
the signal from the output, which arrives via the feedback path, the return path from
the output to the summing junction. In Figure 3.2, the output signal is subtracted
from the input signal. The result is generally called the actuating signal. However, in
systems where both the input and the output transducers have unity gain (that is, the
transducer amplifiesits input by 1), the actuating signal’s value is equal to the actual
difference between the input and the output. Under this condition, the actuating

signal is caled the (error).

The closed loop system compensates for disturbances by measuring the
output response, feeding that measurement back through a feedback path, and
comparing that response to the input at the summing junction. If there is any
difference between the tow responses, the system drives the plant, via the actuating
the signal, to make a correction. If there is no difference, the system doesn’t drive the

plant, since the plant’s response is already the desired response.

Closed loop systems, then, have the obvious advantage of greater accuracy
than open loop systems. They are less sensitive to noise, disturbances, and changesin
the environment. Transient response and steady-state error can be controlled more
conveniently and with greater flexibility in closed loop systems, often by a simple
adjustment of gain (amplification) in the loop and sometimes by redesigning the



controller. We refer to the redesign as compensating the system and to the resulting
hardware as compensator. On the other hand closed loop systems are more complex
and expensive than open loop systems. A standard, open loop toaster serves as an
example: it is simple and inexpensive. A closed loop toaster oven is more complex
and more expensive since it has to measure both color (through light reflectivity) and
humidity inside the toaster oven. Thus, the control systems engineer must consider
the trade-off between the ssimplicity and low cost of an open loop system and the

accuracy and higher cost of a closed loop system.

In summary, systems that perform the previously described measurement and
correction are called closed loop systems. Systems that don’t have this property of

measurement and correction are called systems.

3.4 Computer controlled systems

In many modern systems, the controller (or compensator) is a digital
computer. The advantage of using a computer is that many loops can be controlled or
compensated by the same computer through time-sharing. Furthermore, any
adjustments of the compensator parameters required, to yield a desired response can
be made by changes in software rather than hardware. The computer can aso

perform supervisory functions, such as scheduling many required applications.

3.5 Introduction to project:

The Automatic carving and decoration machine contains of four AC motors,
one AC synchronous motor and three AC servo motors(X, Y, and Z), these four
motors are controlled automatically by the computer -which include a subdrawing
program which give the user the ability to draw any three dimensions shape- and
manually by the microcontroller, the information's are transferred from the computer
or the microcontroller to the motors through an interfacing circuit and amplifiers.



The power required to operate the AC synchronous motor is directly
connected to it from the 3-ph source, but the power required to operate each of the

three AC servo motors is connected to them through a transformer.

The sensors in the machine are used to restrict the motors motion in specified
rang and to indicate that the wood board is fixed on the correct position on the work

plane.

From the previous paragraphs, the machine divided into three major
components. Software component, Interfacing circuit, and Hardware component, the
following simple block diagram shows the arrangement of these parts, as shown in

Figure 3.3:

software Componenis

Interfacing Circuit

Hardware Components |

Figure 3.3: Simple block diagram



3.6 Thegeneral block diagram:

Figure 3.4 shows the automatic wood carving and decorating machine block

diagram, that is the controller is the computer, the process is the machine which

consist of (in general) four motors, the input is the desired position and speed, the

output is the actual position and speed, and the transducer is the six sensors.

Power Supply System

Power Power Tawer Puwer
Swelech Sl Suelich Sudich
T 1
Computer g
oo T — —{ uiplifia
5 s B0 z
i g W 5 [
= —— g | Amplifier
" 5- g Tarmflrine Tomdermer | | Tormd s Tomgormer
b s E s Amylilln
i T
. !
; '_ Comeyal Caintral Camtrsl :{'w'ul
| Flemest Flemenr | Flemeni | Elotmemt
Mator
Mater Mater LI L Tu ials
K-azm Yo Toaind “;:I“
s
Sensor 3
Sensey
: Operating Machine

I':

4]

sl

WIS 2

fietiam L

|

Figure 3.4: General block diagram




The components of the machine block diagram are explained in the following
subsections:

3.6.1 Servo motors

It is a type of special motors, it is used in the position, speed and torque

control, thus is sometimes called a “control motor”.

Pulse Input -
=M Serveo Speed/Position
i
Direction Input Motor
=i

There are many applications using the servo motor such as: the radar devices,
the antennas, the printing devices, and in moving the airplanes wings, from the
mentioned applications we can notice that these applications work on low speeds, so

the servo motor characterizesin low speeds.

To operate such previous loads the following properties must be existed in

the servomotors;

1. Fast response that is the motor speed reaches the rated value (steady state)
at once when switching it on with the input supply, also at once stops
when disconnecting the supply.

2. The relation between the voltage and the speed is linear to simplify the
control system and its components, and to improve it's effectively.

3. Themotor accepts connecting and disconnecting operations whatever they
repeated.

Thus when designing the servo motor, the previous properties must be
existed, for example to obtain the fast response, the value of the rotor moment of



inertia must be reduced, and this can be done by reducing the rotor diameter and
increasing its length.

The servomotors are classified into tow types. AC servomotors, and DC
servomotors, most of these motors depend on the armature control way to satisfy the
position control by varying the voltage value.

Each of AC servo and DC servo motors has advantages and disadvantages,
for example the DC servo motor characterized with: Linear relation between the
voltage versus speed, and between the torque versus the speed; so the control system
of them is effective and simple, but it is more expensive, has a higher weight than the
AC servo motor, needs the maintenance, and we cant use it in the dangerous places

because of sparks they may occur when operating.

The AC servo motor characterized with ssmple constitution, low cost, and
power of endure, but it is a type of high-coupled machines, that the angle between
rotor and stator fields isn’t (90 ©), and the relation between the speed and the voltage

and the relation between the speed and the torque isn’t linear.

We will use three AC servomotors to operate the machine, one to moving the
cutting part in the X-axis, the second is to move the cutting part in the Y-axis, and
the third is to move the cutting part in the Z- axis. These motors receive the
information that reaches from the computer (the graph that the program performs)

through the parallel port or from the microcontroller and perform it on the wood.

The cutting part moves in the X and Y-axes in whole directions but the

movement with a specified depth in the Z-axes (one direction).



The digital AC servo system is typicaly available with six modes. In our
project we need to use the position mode after determining the speed of each type of

the wood.

3.6.2 Synchronous motor

The synchronous motor is a type of the AC motors, and it is caled

“synchronous” because its speed is directly related to the line frequency:
NS=(120* f) /P revimin...............coooiiiiiiiiii i, (3.1

Where:

ns: the synchronous speed.

f: the source frequency.

P: number of poles.

Ac voltage | gy mehmonous | Speed

Motor

¥

In our project we need the synchronous motor to rotate the cutting part
process, thus it must be operated when the machine starts its operation and then other
motors are operated, and when this motor is turned off, also other motors must be
tuned off too.

3.6.3 PC controller

The controlling of the machine operation’s would be done using the personal

computer, this can be performed by using one of the programming languages like



Java, or visua basic, these languages contain an instruction which goes to the
parallel port and to the interfacing circuit, and then we can take them as digital

signals.

Data Digital Signal
—— »  Program »

(Voltage) )

3.6.4 Microcontroller

We would use the microcontroller to control the machine externally by its
keypad (we can move the motors of the machine manually using it), and the signal
out from the microcontroller goes to the interfacing circuit and to the operating

machine through the amplifiers.

Digital
Data Microcontroller I.gl 2 .
Signal

¥

3.6.5 Amplifier

After we take the digital signal from the interfacing circuit, the signa is
represented as voltage of (5 V), and the motor needs to voltage higher than that value
to control its operation, so we are used an amplifier to increase the (5V) to a value

suitable to the motor.

Low Hiah
——  Amplifier 3 -
Voltage Voltage




The transfer function of the amplifier is:

G(S) =VOUL/ VINZ K. e (3.2
Vout = K * VN oo e (3.3
Where:

Vout: isthe output voltage of the amplifier.
Vin: istheinput voltage of the amplifier.
K: isthe gain of the amplifier.

3.6.6 The power supply

Itis 3-ph (380V) used to supply the machine (the motors) with request power,

and it has a switch between it and the motors to turn the motor on or off.

Input .| Power Switch Qutput
Voltage (On/OFf) Voltage

i

3.6.7 Thetransformer

Transformers are used extensively for AC power transmissions, and for

various control and indication circuits.

The construction of the transformer is a common iron core with the primary

and secondary windings and isolated electromagnetic sheets.



AC Input Voltage AC Output Voltage
Transformer ————

(380 V) (220V)

The power required to operate the AC servo motor is 3-Ph (220V) so we need
the transformer to transfer the 3-ph AC voltage (380V) to 3-ph AC voltage (220V) to

supply the AC servo motors.

3.6.8 Thesensors

A sensor is atransducer, which converts a physical parameter to an electrical

signa.

Physical Electrical
. Sensor ———»
Parameter Signal

In our project, we need six sensors situated on different locations on the
machine, two of those sensors limits the movement of the motor with respect to the
X-axis, the other two sensors limits the movement of the motor with respect to the Y -
axis, the fifth sensor indicates that there exists a wood board on the correct position
on the machine, the last sensor used in the Z-direction to protect the cutting part

movement from going into awrong depth, which causes a problem in the machine.

Where:

Sensor X+: It isthe sensor used to restrict the movement of the X-servo motor in
the positive X-direction.
Sensor X-: it isthe sensor used to restricted the movement of the X-servo motor



in the negative X-direction.
Sensor Y +: It isthe sensor used to restrict the movement of the Y-servo
motor in the positive Y -direction.
Sensor Y- : It isthe sensor used to restrict the movement of the Y -servo motor
in the negative Y -direction.
Sensor Z- : It isthe sensor used to restrict the movement of the Z-servo motor
in the negative Z-direction.
Sensor W: It is the sensor used to indicate that the wood board was putted on the
work plane of the machine.



Chapter 4
AC servo motor system

4.1 Introduction

The main part in the Automatic Wood Carving and Decorating Machine
hardware is the motors, which must be used to perform its operation. The servo or
stepper motor can be used in the Automatic Wood Carving and Decorating
Machine, but we used the servo motor instead of stepper, this refers to the

following reasons:

Servos are better because:;

1) Dynamic response, accelerate faster when starting and stopping, and changing

direction.
2) Easy to setup, plug and play.
3) Always cool to the touch, no thermal effects.

4) More Power, Servo motor torque curve is linear. Full power is available at both

low and high rpm.

5) No lost steps, if the motor is asked to position where it cannot (like through a

vise), it will fault and stop.

6) Faster feed and rapid speeds.



7) Fault condition stops all axes.

8) Closed loop system always knows where it is located, and following error is less

than the accuracy of the machine.

9) Higher resolution than steppers.

Steppers-not because:

1) Much slower acceleration without losing steps.

2) Heat buildup affects machine accuracy and axis linearity.

3) Resonance causes lost steps at certain speeds and cutting loads.

4) Requires slower speeds to avoid losing steps.

5) Much higher voltages required approaching servo speeds, and then thermal losses
increase geometrically.

6) Noisy - stepper drivers and motors make an audible hissing and stepping noise.

7) Machine dide and lead screw maintenance is critical as the least bit of sticking,

binding, or bumping can cause loss of position.

4.1.1 Comparison between servo and stepper motors

The main differences between servo and steeper motors in some of contrast

fieldsis shown in the following:



1. Maintenance

Steeper motors: stepper motors are brushless. They experience little or no wear, and

are virtually maintenance-free.

Servomotors. brush-type servomotors require a change of brushes, typically, after

5,000 hours of heavy use otherwise they are virtually maintenance free.

2. Cost

Steeper motors. in general, stepper motor systems tend to be only dlightly less
expensive than servo motor systems and the price difference is getting smaller.

Servomotors. Servomotors tend to be 5% to 15% more expensive than similar

stepper systems.

3. Resolution and accur acy

Steeper motors. for a given screw pitch, typical four phase stepper motors can
produce 200 full steps, 400 half steps, and up to 25,000 micro steps per revolution. It
is significant to note that since the stepper motor is open loop, it does not necessarily
achieve the desired location, especialy under load. Particularly poor positional
accuracy can result when using micro stepping, which is mostly useful for

smoothness of motion.

Servomotors. servo motor resolution depends upon the encoder used. Typica
encoders produce 2,000 to 4,000 pulses per revolution, and encoders with up to
10,000 pulses per revolution are available. Since servos are closed loop, they can
and do achieve the available resolution and they are able to maintain positional

accuracy.



4. High speed and power

Steeper motors:. steppers have very poor torque characteristics at higher speeds. This
condition is improved only slightly by micro stepping; however, unless the stepper is
used in a closed loop mode, it does not usually perform as well as a servo. Once the
stepper is used in a closed loop mode, it usually becomes more expensive than the

servo system of comparable size.

Servomotors. servos can produce speeds and powers two to four times that of
similarly sized steppers. This improvement is a direct result of the closed loop (i.e.,
constant position feedback), which alows for higher speed and greater reliability.
The closed loop nature of the servo aso allows such a system to better utilize peak
torque capabilities.

5. Open loop compared to closed loop

Steeper motors. stepper motors are amost aways used in an open loop
configuration. This means that the motor is commanded to move a certain amount
but the computer does not know if the motor has or has not moved that amount. In
some cases, resonance or vibrations can cause a stepper motor to lose steps or stall
out before completing the motion. Thisis an ever-present possibility.

Servomotors. by nature, servomotors have constant position feedback from the
optical encoder. This device sits on the back of the motor and keeps the controller
informed of how far the motor has actually moved. This position feedback is used to
correct any discrepancy between a desired and an actual position. This constant
corrective action results in faster speeds (up to three times the throughput), and
increased power (up to three times the torque) at high speeds. The closed loop nature
of the servo also ensures that stalling cannot occur unless there is an immovable
object in the path.



6. 3D carving and contouring

Steeper motors: steppers can be made to do 3D carving applications but because of
the drop in torque at high speeds, they usualy have to move slower than servo
motors to make sure the motor does not stall or miss steps.

Servomotors. servos can perform high-speed continuous motion much more
reliably, making them much better than steppers in three-dimensional contouring
applications. We have found time reductions of up to 80% on some applications.
The continuous motion also results in better finish quality. In addition, the servo's
reliable high-speed continuous motion can reduce the possibility of scorching and

melting when working with woods and plastics.

4.2 AC servo system torque

Understanding the operation of a high performance dc servo system is an

excellent place to begin before we proceed with a discussion of the ac servo system.

4.2.1 DC servo motor torque

The control structure for adc servo system isidentical to the ac servo system
and the principle of torque production in a dc servo motor will be used to draw the

close parallel to torque production in the ac servo motor.

4.2.1.1 Cascade control structure

The most common structure of a high performance dc servo system is shown
in Figure 4.1. There is virtually universal agreement that the cascaded control
structure is the most effective approach to high performance servo systems. The
cascade control structure includes an innermost current (or torque) regulator, a speed



regulator around the current (or torque) regulator, and an outermost position
regulator around the speed regulator. The sequence of position, speed, and current
(torque) is natural as it matches the structure of the process to be controlled. Position
is the integral of speed while speed is proportional to the integral of torque. The 4
guadrant power supply just means that the power converter can handle operation of
the motor for al combinations of torque (current) and speed (voltage).

The cascade control structure will operate properly only if the bandwidths of
the various regulators have the correct relationship. Bandwidth is the range of
frequencies over which the controlled quantity tracks and responds to the command
signal. In the cascade control, the current regulator has the highest bandwidth, then
the speed regulator, and finally the position regulator has the lowest bandwidth.
Therefore, the system is properly adjusted beginning with the innermost current
regulator and working outward to the position regulator. The cascade control
structure also has the benefit of easily limiting each variable by just limiting the

commanded value for that variable.
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Figure 4.1: Cascade control structure of high performance DC servo system

4.2.2 Torque production with a DC servo motor

Understanding the principle of torque production with a dc servo motor
(brush-type servo motor) is an excellent foundation for the later discussion of torque



production with an ac servo motor (brushless servo motor). Please refer to the
representation of a dc servo motor with a mechanical commutator as shown in Figure
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Figure 4.2: DC servo motor principle of operation
The magnetic field created by the permanent magnets is fixed in space and is
represented by the vector labeled “Magnetic Field Vector”. A torque is produced by
the interaction of the magnetic field and the current-carrying conductors. The torgue
iIs a maximum value when the magnetic field vector is perpendicular to the
“Armature Current Vector”. The magnitude of the torque is described by the
equation:

Torque=K B 1A SINO. ... (4.2

Where:
K isaconstant determined by the specific motor design.
B isthe magnetic flux density.
la isthe armature current.

0 is the angle between the two vectors (the torque angle).



The motor torque produced by the interaction of the current-carrying
conductors in the magnetic field will cause rotation of the rotor until the torque angle
is zero degrees and further motion would not be possible. The dc servo motor
eliminates this condition by using a mechanical commutator on the rotor. The
commutator causes the current in each conductor to be progressively reversed as the
conductor connected to a commutator bar passes beneath the brushes. The physical
location of the brushes in a dc servo motor is such that the torque angle is 90 degrees
for both directions of rotation. The result is torque generation that is proportiona to

armature current.

The classic equations that describe the dc servo motor are as follows:

Torque = KT LA .. o e (4.2)
EG=BEMFVoltage=KE nM.........c.ccoiiiiiiiiiiii e 4.3)
Where:

KT isthe torgue constant.
KE isthe voltage constant.
BEMF is back €lectro-motive force.

nM is the motor speed.

The speed voltage EG is created by the armature conductors moving through
the constant magnetic field. EG is referred to as BEMF (back e ectro-motive force)
or CEMF (counter electromotive force) because the polarity is such that it will
produce armature current that will interact with the magnetic field in such away asto
oppose mation.

The complete block diagram for the dc servo motor including the armature

resistance and inductance is shown below in Figure 4.3. Now we can see how the



torque of a dc servo motor can be easily adjusted by accurately and rapidly

controlling the armature current.
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Figure 4.3: DC servo motor block diagram

Where:

RA = armature resistance.
LA = armature inductance.
nM = motor speed.

TM = motor torque.

JM = motor moment of inertia.

Unfortunately, while the control of torque with the dc servo motor is very
straightforward, the mechanical commutator introduces many limitations. Some of

these limitations include:

¢ Periodic maintenance due to brush wear and brush replacement

¢ RFI (radio frequency interference) caused by brush arcing



¢ Voltage (speed) and current (torque) limits caused by the mechanical commutation
process

¢ Higher rotor inertia due to armature windings and commutator located on the rotor
¢ A poor thermal situation due to I2R losses in the armature windings on the rotor

¢ And the cost of the commutator system, which needs to be very precise.

The ac servo system with an electronic commutator was developed to

eliminate the limitations of the dc servo motor’s mechanical commutator.

4.3 AC servo system

The permanent magnet dc servo system or brush-type servo has served as the
industry workhorse for many decades. While it is straightforward to control torque
with a permanent magnet dc servomotor, the mechanical commutator introduces
many serious limitations as listed in the previous section. The brushless servo system
was devel oped to eliminate the limitations imposed by the mechanical commutator of

adc servo system.

The first implementation of a brushless servo system used three-phase
permanent magnet motors and square-wave or rectangular shaped currents. The back
EMF waveform of the brushless motors ranged from sinusoidal to trapezoidal. The
basic idea was to emulate the brush-type dc servomotor by electronically
“commutating” the current from one pair of motor windings to another. Completing
the analogy with a brush-type servo system, the motor-mounted feedback devices for
a velocity controlled brushless servo system included a commutation encoder and
brushless tachometer. The commutation encoder provided the position signals used
to transition the current electronically from one pair of windings to another. The
analogy to the dc servo system resulted in names for these early brushless servo
systems such as brushless dc servo, ECM (electronically commutated motor), Six-

step servo, and trapezoidal brushless servo.



With careful design, these early brushless servo systems had good
performance and they demonstrated the possibility for replacing the brush-type
servomotor with a brushless servomotor. However, the design chalenges and extra
cost of these early brushless servo systems limited applications to larger power levels
and situations where the extra cost could be justified. This early type of brushless
servo israrely used today in high performance servo systems.

Fortunately, the analogy to a dc servo system can also be extended to
sinusoidal current excitation of a permanent magnet motor with sinusoidal back
EMF. This technology is commonly referred to as ‘“field-oriented” or “vector”
control. Compared to the first generation of brushless servo systems with square-
wave currents, a brushless servo system with sinusoidal back EMF and sinusoidal
current is much more practical to manufacture and inherently has much smoother
torque production due to the gradual commutation process. This type of brushless
servo system is commonly referred to as an ac servo, PM (permanent magnet) ac

servo, or sinusoidal brushless servo.

The field-oriented or vector control can also be extended to ac induction
motors. Variable speed drives (VSDs) with this technology are referred to as vector
drives. Vector drives can be applied as servo drives but the induction motors do not
have the performance of the permanent magnet ac servo motors due to higher inertia
and larger size. However, vector drives are adequate for some servo applications
(particularly larger power applications where permanent magnet ac servo systems are
not readily available).

4.3.1 Torque production with an AC servo motor
The best way to understand the principle behind the ac servo system is to

develop an analogy to the dc servo system. As discussed earlier, the dc servo motor
has a magnetic field that is fixed in space and the mechanical commutator causes the



armature current vector to be perpendicular to the field vector at any motor speed or
position. The torgue produced by the dc servo motor is easily adjusted by controlling
the armature current level. As we will soon see, we have an analogous method for

controlling the torque of an ac servo motor using vector or field-oriented control.

Let’s start with the magnetic field of the ac servo motor. Figure 4.4 shows a
simple representation of an ac servo motor with a permanent magnet rotor and three-
phase stator where the windings are spaced by 120 degrees. The magnetic field
vector established by the permanent magnets is labeled B. Unlike the dc servo motor
where the permanent magnets are stationary, the magnets of the ac servo motor move
as they are mounted on the rotor. The challenge of the field-oriented control strategy
is to generate the three-phase stator currents in such a way as to keep the composite

current vector perpendicular to the magnetic field vector at all times.

Figure 4.4: AC servo motor with permanent magnet field and three-phase stator

Now let’s review the generation of the composite current vector using Figure
4.5. The three-phase stator currents are represented as three sine waves that are
displaced in space by 120 degrees with axes labeled as U, V, and W. As examples,
the composite current vector is developed for angles of 60 and 90 degrees. Notice for



every angle that the composite current vector has a magnitude equal to 1.5IT where
IT is the amplitude of the phase currents and 1.51T has an angular position equal to

the angle o.
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Figure 4.5: Current vector for three-phase AC servo motor

Let’s stop and review. We have a fixed amplitude magnetic field vector
created by the permanent magnets that rotates synchronously with the rotor of the
motor. We also have a composite current vector that rotates at the angular frequency
of the phase currents and has amplitude that is proportional to the peak value of the
sinusoidal phase currents. Maybe you can see that we have our answer on how to

simply control the torque of the ac servo motor.

Let the angle of the motor rotor be called & and let 6 be the angular frequency
of the sinusoidal phase currents. Then, we just establish 8 = 00 so that the current
vector is perpendicular to the magnetic field vector. In practice, this is accomplished
by physically orienting the rotor position sensor (usually an encoder or aresolver) so
that the composite current vector is perpendicular to the magnetic field vector.
Actually, the motor BEMF signal is easier to measure and is uniquely related to the
magnetic field vector so the position feedback deviceis oriented to the BEMF signals
during the manufacturing process. In this way, no matter what motion the rotor might
make, the current vector will always be perpendicular to the magnetic field vector.

We now have an ac servo system where the torque can be controlled just like the dc



servo system and where the ac servo motor “looks” just like the dc servo motor to the
speed and position regulators. Let’s draw a picture of the vector control for an AC

servo motor as shown in Figure 4.6.
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Figure 4.6: Cascade control structure of the high performance AC servo system with

field-oriented control

4.3.2 AC servo system modes of operation

The digital ac servo system istypically available with six modes of operation:

1. Torque Control Mode

Anaog input is the current command signal, which we know from earlier
discussions, is proportional to motor torque. No tuning is required but some

adjustment may be required to scale the analog input to current or torque.

2. Velocity Control Mode
Anaog input is the velocity command. The velocity regulator is tuned for the

motor and load.



3. Position Control Mode

Step and Direction (stepper emulation) is the position command. Both the
velocity regulator and the position regulator must be adjusted for a specific motor
and |oad.
4. Velocity-Torque mode:

This mode is used when the process require velocity and torque control.

5. Velocity-Position mode:

This mode is used when the process require velocity and position control.

6. Position-Torgue mode:

This mode is used when the process require position and torque control.

4.3.3 Block diagram of AC servo system
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Figure 4.7: Block diagram of AC servo system



1. The AC servomotor

The permanent magnet ac servomotor has a very straightforward and rugged

construction.

The stator has three symmetrical windings, which are internally connected in
awye configuration. The neutral connection is not brought outside the motor so only
three power wires are available from the motor. Compared to the dc servomotor, the
construction of the ac servomotor is thermally more effective because amost all of
the losses are in the stator where they can be more easily routed to the outside

ambient.

The rotor contains the permanent magnets, which can be mounted in different
ways depending on a specific supplier’s technology. The permanent magnet material
ranges from low cost ceramic (ferrite) to the more expensive rare-earth materials
such as samarium cobalt or neodymium iron boron (“neo”). Most recent ac servo
motor designs use “neo” as a good compromise between magnetic properties,
availability, and cost. The rotor also includes a rotary position sensor. The multi-
purpose position sensor is used for commutation (or generation of the sinusoidal

current commands), velocity feedback, and position feedback.

The equivalent circuit of an ac servomotor is shown in Figure 4.8. Thisfigure
is very useful in developing an understanding of the relationship between voltage and

current in the ac servomotor.
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Figure 4.8: Per phase equivalent circuit of an AC servo motor

R: per phase resistance.

(Phase-to-phase resistance = 2 R).

L: per phase inductance.

(Phase-to-phase inductance = V3 L).
VUV: Phase-to-Phase Voltage = V3 VUN.
nM: motor speed.

TM: motor torque.

JM: motor moment of inertia

EG back emf voltage (line to neutral).

EG SN M Y KO o (4.9

The vector control of the ac servomotor allows the phase current to be kept in
phase with the BEMF at al times and by controlling the amplitude of the phase
current we can adjust the level of motor torque. The voltage relationships and torque-
speed curve for an ac servo system are shown in Figure 4.9 as developed from the ac

servo motor equivalent circuit in Figure 4.8.
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Figure 4.9: Voltage relationships

Vun: required phase to neutral terminal voltage to establish the desired phase current.
VL: voltage across the phase inductance.
VR: voltage across the phase resistance

Figure 4.10 show the speed-torque curve for AC servo system.
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Figure 4.10: Torque-Speed curve for AC servo system



The voltage and current relationships are important because they determine
the torque-speed operating boundary for the ac servo system. With vector control, the
torque is adjusted by the level of phase current and by keeping the phase current in
phase with the BEMF. The termina voltage required to create the necessary phase
current can be determined as shown in Figure 4.9.

The current controlled power converter has a maximum available voltage as
determined by the ac supply. When the maximum available terminal voltage has
been reached due to requested torque (current) or speed, then the phase current can
no longer be properly controlled and we no longer have the proper relationship

between torque and current.

The following equations can be used to calculate the ideal maximum voltage
available from the power converter. The actual voltage will be lower due to various

voltage drops in the system.

VBUS T V2VAC ..ot (4.7)
Where:

VAC: AC Supply Voltage.
VBUS: DC Bus Voltage
Maximum VUN = VBUS = (V3V2) ..o, (4.8)

Where:

Maximum VUN: Maximum available line to neutral volts



2. The position sensor

The ac servomotor has a rotary position sensor, which is mounted on the non-
drive end of the motor. As we have seen in Figure 4.7, the position sensor is used for
the electronic commutation of current, speed feedback, and position feedback. The
most common position sensor used with ac servomotors is the optical incremental
encoder. In specia cases, where homing the load on power-up is not acceptable, a
more costly multi-turn absolute position feedback device is used instead of the
incremental encoder.

Today’s ac servo systems are almost all digital optical incremental encoders,
which provide digital information is easily interfaced to digital servo, drives where
they offer high resolution and accuracy at an attractive cost. The basic operation of a
“wire saving” incremental encoder is shown in Figure 4.11. The low-resolution
absolute position start-up signals are only necessary during power-up to initialize the
rotor angle inside the digital servo drive. The high-resolution data tracks and marker
pulse (C signal) are used after power-up and during normal operation of the system.
By using the “wire-saving” design, the same 6 wires can be used for both start-up
and normal operation, which minimizes the cost and diameter of the cable running
between the drive and motor. Including the dc supply wires, the “wire-saving”
encoder only requires 8 total wires. However, in practice, small gauge wireis used so
it is common to double or even triple-up on the supply lines in order to minimize
voltage drop over longer cable lengths. As an aternative, some drives use a pair of
voltage sensing lines to measure supply voltage at the encoder and then adjust the

supply voltage at the drive to maintain the proper voltage at the encoder.
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Figure 4.11: Principle of operation for a “Wire-Saving” incremental optical encoder

A representation of the signals from the incremental optical encoder is shown
in Figure 4.12. For simplicity, the signals are shown without the complement signals
from the line drivers. However, in practice, differential feedback signals are essential

to eliminate noise problems and to facilitate long cable lengths.

The encoder is attached to the ac servomotor in a very particular and precise
way during the assembly of the motor. From earlier discussions, the rotor angle must
be defined so that the composite current vector is kept perpendicular to the magnetic
field at all times. The start-up signals provide low-resolution absolute position
information to initialize the rotor angle in the servo drive. The resol ution of the start-

up signals provide for + 30 degree accuracy of the torque angle.

Astorgue is proportional to the sine of the torque angle, we have at least 86%
of maximum torque available to move the load up to one mechanical revolution until
we pick-up the C signal or marker pulse. After we detect the marker pulse, the torque

angle is set to the exact value necessary for a 90-degree torque angle.



The marker pulse has a unique position relative to the start-up signals which
is determined by the manufacture of the encoder and which is specified by the
supplier of the servo system. The marker pulse also has a unique relationship to the
motor BEMF signal and is precisely aligned during the installation of the encoder
onto the motor. The accuracy of the marker pulse to the motor BEMF signd is
usually at least £ 2 mechanical degrees, which provides more than 99% of maximum

torque for 4, 6, and 8 pole motors.

Finally, the A and B data signas typicaly provide 2000 cycles per
mechanical revolution. The servo drive encoder interface circuit is designed to detect
all of the edge transitions for the data signals so the 2000 “line” encoder provides

8000 counts or pulses per revolution (ppr).
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Figure 4.12: Representation of the incremental encoder signals



Electrical Degrees = (Mechanica Degrees) (Pole Pairs)

(Example: a4 pole motor has 2 pole pairs)

3. Thecurrent controlled power converter

As discussed earlier, the ac servo motor produces torque, which is

proportiona to the amplitude of the composite current vector. As you can imagine,

the ac servo drive must produce current accurately and with high response. This

extremely important task is the work of the current controlled power converter as

shown in Figure 4.13.
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Figure 4.13: Block diagram of the current controlled power converter



The system is supplied by the ac mains, which typicaly is required to be
single phase or three phase voltage at 230 Vrms (+10%/-15%) and 60 Hz (x 3%).
Sometimes the ac supply is buffered by a transformer in order to provide the correct
voltage level. The primary attribute of the ac supply is that it needs to maintain the
required voltage level even as it is loaded by the servo drive(s) or other items
attached to the supply.

The diode rectifier converts the ac input into a dc voltage, which is called the
“dc bus”. Included with the diode rectifier is a circuit to control the inrush current(s)
during power-up. Without the “soft start” or “soft charge” circuit there would be very
large inrush currents to charge the dc bus capacitor. After initial power-up, the
rectifier circuit is free to provide the necessary energy to the servo system as

required.

The dc bus capacitor has a large value, which serves two purposes. One
purpose is to act as a large filter so that a smooth dc bus voltage is available to the
inverter. The second purpose is to help absorb energy during regeneration or braking
of the motor and load. While the diode rectifier can supply power during motoring or
driving, it cannot return power to the ac supply during braking. The regeneration
energy is absorbed by the dc bus capacitor until it charges to a maximum allowable
voltage and then the regeneration circuit “dumps” excess energy in the regeneration
resistor where it is eliminated in the form of heat. Most ac servo drives include a
small built-in regeneration resistor while having the provision for adding an externa

resistor with amuch larger wattage.

The inverter is designed with power switches that are turned “on” or “off”.
These power switches can be bipolar transistors or power FETSs but most ac servo
drives today use a newer switch referred to as an IGBT (insulated-gate bipolar
transistor). The IGBT combines the rugged output of the bipolar transistor with the
gate drive and fast turn-off time of the power FET. The inverter topology, with the



six switches and the “flyback” diodes, provides four quadrant operation of the ac

servo motor by allowing energy to flow to and from the motor.

Let’s take a look at the current controller design for one of the three phases.

The other two phases operate in an identical fashion.

The desired current or current command is U and it can be limited to a user
defined value (up to a maximum as determined by design limits). The current
command is compared to the current feedback to produce a current error. As you can
imagine, the current sensors must be very accurate and responsive devices, as they
must absolutely produce a faithful reproduction of actual current.

The current error is processed by the current regulator to produce the voltage
command. The current regulator has a high-gain to minimize the current error over
the operating range of the system. The voltage command is compared to a triangle
voltage to generate the PWM (pulse width- modulated) signals that command the
power switches to turn-on and turn-off. The switching frequency of the PWM
inverter is usually in the range of 5 to 20 kHz in order to support the high current
loop bandwidth and to minimize the audible noise and level of current ripple. The —

3dB bandwidth of the current loop is usually well over 1,000 Hertz.

The power switches are not perfect and they do take some time (typically a
few usecs) to turnoff after receiving the command to turn-off. Unfortunately, the
switches respond to the turn-on signal more rapidly so the “on” and “off” commands
are processed by some specia circuitry to prevent the upper and lower switches from
simultaneously conducting current. Such a condition is referred to as a “shoot-
through™ and it is as bad as it sounds. The “lock-out” circuitry introduces a small

delay in the turn-on signal to prevent shoot-through conditions.

Now for the best news of al the current controller is the domain of the ac
servo system manufacturer and requires no user adjustment at all! The operation of



the current controller is absolutely critical to the performance of the servo system and
the necessary adjustments only involve knowledge of the servo drive design and the
motor design. Therefore, the servo system manufacturer has all the information
necessary to provide for the optimum set-up with a minimum of user intervention. At
most, the user will be asked to supply the drive with the motor model number or
similar identifier.

Finally, a dynamic brake (DB) circuit is shown between the inverter and the
ac servo motor. The DB is used in the event of a servo drive fault condition to help
brake the motor. Often, the DB circuit is included inside the servo drive, which is
very convenient. The DB circuit uses contactors to disconnect the motor from the
inverter and to connect the motor windings together through resistors. If the motor is
rotating, the BEMF causes current to flow in such a way as to retard rotation or to
dynamically brake the motor.

4. Thevelocity regulator

Let’s begin with a block diagram of the velocity controlled servo system as
shown in Figure 4.14. The most common choice for the velocity regulator is a Pl
controller (proportiona plusintegral controller). The proportional gain (Kvp) and the
integral gain (Kvi) are adjusted to achieve the desired response. The well-damped
current controller can be approximated at the lower frequencies as a first order lag.
Recall from the previous section that the current controller is set-up by the servo
system supplier and no adjustments are required by the user. The load and motor are
modeled as a pure inertia but can be complicated as required to model any actual
load. Also, notice that the velocity controller has two inputs to consider: the speed

command and the often overlooked load or disturbance torque.
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Figure 4.14: Block diagram of the velocity regulator

The Kvp term is increased to achieve faster response but unfortunately also
has the effect of simultaneously slowing down the response of the integrator. The
Kvi term is raised to increase the response of the integrator (reduce the integrator
time constant). This unfortunate interaction is better seen by rearranging the block
diagram of the Pl regulator into a form equa to Kvp (1 + 1/Tvis) where the
integrator time constant is Tvi = Kvp/Kvi. The interaction of Kvp and Tvi makes it
difficult to intuitively tune the PI controller. Fortunately, the digital ac servo driveis
able to perform the math so that the proportiona gain and the integrator time
constant can be independently adjusted without the interaction. Figure 4.15 shows
the revised block diagram of the velocity regulator with independent adjustment of
gain and integrator time constant where we have also assumed perfect current control
for additional simplicity.
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Figure 4.15: Block diagram of PI controller with Kvp and Tvi adjustments



In practice, the velocity regulator is tuned or adjusted to result in a well-
behaved control system as defined by stability, steady-state accuracy, and transient

response, let’s discuss these design objectives in some more detail:

1. Stability

The most common method of manually tuning the velocity controller is to
observe the speed response to a small-signal step change in the speed command. For
best results, this must be done with the motor connected to the actual mechanical
load. Small-signal means that the current command is not reaching a limit condition
during the tuning process. The desired response is one that reaches the set point with
acceptable rise time, overshoot, and settling time. The objective is to find values for
Kvp and Tvi that minimize rise time, overshoot, and settling time while still alowing
for some safety margin in the stable operation. It is not good practice to tune the
system with gain values that leave the system on the verge of instability. Figure 5.16
shows some examples of velocity responses to small-signal step changes in the

velocity command as we make various changes to Kvp and Tvi.
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Figure 4.16: Velocity response to small signal step change in velocity command



2. Steady-State accuracy

The well-tuned servo system should not have any steady-state error for a step
change in the velocity command or load torque. The closed loop transfer functions
developed from Figure 4.8 are shown below (where we have also assumed an ideal

current controller):

o/ o* = (Kvp/I)(st Kvi/Kvp)/(S2+ (Kvp/)s+KVi D) ..o 4.9
®/Troap = (1) s/ (S2+ (Kvp /) s+ KVi/T) oo (4.10
3/ TLoap =2/ (2+ (KVP/I) S+KVI/T) ceoviiiiiiiiiiiieee e (4.11)

Using the final value theorem, the steady-state error for step-command inputs
can be determined. The first two equations show that the velocity error is zero for a
step change in the velocity command or the torque disturbance. However, the last
equation shows that there is a steady state position error for a step change in load
torque where 8/TLOAD = 1/Kvi. The static position error or “stiffness” of the
velocity loop isimproved with higher Kvi values or a smaller value integration time
constant. Do not be concerned at this time with the static position error as we will
show in the next section that when the position loop is closed, the static position
error for a step change in load torque will also be zero. So, we can conclude that the
Pl controller as a velocity regulator provides excellent attributes for steady-state

accuracy.

3. Transient response

The transient response is analyzed in much the same manner as the relative
stability. We are looking for a response to a step change in command or load torque



that has acceptable rise time, overshoot, and settling time characteristics. The closed-
loop response of a well-tuned control loop often has characteristics that are
dominated by a pair of under damped complex poles. For this case, a useful rule of
thumb that relates the rise time and closed loop bandwidth is as follows:

(Rise Time) (Closed Loop Bandwidth in Hertz) = .45.

Once again, the objective for the tuning is to provide just enough response
and stiffness without leaving the system on the verge of instability asin Figure 4.17.
We want a safety margin to allow for any changes in a particular system and to
provide standard tuning values that can be reapplied on multiple systems.

Figure 4.17: Velocity response bordering on instability

4. The position regulator

Position control applications fall into two basic categories: contouring and

poi nt-to-point.

In general, contouring applications are focused on following a path.
Contouring applications require the actual position to follow the commanded
position in avery predictable manner and to have high stiffness to reject the effect of
any load torque disturbances. Point-to-point applications are not usually concerned
with path control but are concerned with move time, settling time, and the velocity

profile.



Independent of the positioning application, the basic position controller is
shown in Figure 4.18. The velocity controller is modeled as a first order lag where
the time constant is determined by the useful bandwidth.
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Figure 4.18: Block diagram of the position regulator

Understanding the operation of the position regulator with only proportional
gainisagood first step. The gain of the open loop frequency response for the system
in Figure 4.18 crosses 0 dB at a value equal to K. Therefore, the bandwidth of the

position loop can be expressed as follows:

K =16.66 rad/sec = 2.65 Hz = 1 meter/min/mm = velocity/position error.

The actual position controller contained within the ac servo drive will have a
gain KP that has useful units such as rad/sec. This is very helpful when tuning the
position loop.

Now, let’s take a look at the static stiffness of the simple position loop. From
Figure 4.18, we can see that the steady-state position will equal the commanded
position due to the effect of the velocity integration into position. The effect of a step
change in load torque is a little more difficult to analyze. However, referring to



Figure 4.19, we can laboriously develop the transfer function between position and

load torque as having the form:
0 = (L) (s2+ (1) (GC) (StKP)) TLOAD. . v (4.12)

If the velocity controller (GC) isa Pl controller then we can now demonstrate
using the fina value theorem that there is no position error in the steady-state
condition when there is a step change in load torque. This is another good feature of

the PI controller in the velocity loop.
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Figure 4.19: Block diagram of position loop with torque disturbance

The actual position regulator can be more complicated than a simple

proportiona gain. A more general position controller is shown in Figure 4.20.
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Figure 4.20: General structure of position regulator

Let’s quickly review the features of the general position regulator shown in

Figure 4.20.

The proportional gain remains the most important term. The proportional gain
will generate a velocity command that is proportional to position error. In other
words, with only a proportional gain, motion will occur only if there is a position
error. In fact, the position error will increase with increasing speed. The dynamic
position error or following error can only be reduced by increasing the proportional
gain. However, there is a limit on position loop gain (determined by the useful
bandwidth of the velocity loop) and if the gain is increased too much then the actual
position will begin to overshoot the commanded position which is normally not
acceptable. However, recall that the static position error is zero if the position

command is not changing.

The feedforward gain is used to reduce the following error. The feedforward
gain generates a velocity command signal that is proportional to the derivative of the
position command. ldealy, 100% feedforward would generate the exact velocity
command without the need for a position error. However, in practice, the system is
not ideal and it is prudent to use less than 100% feedforward since too much



feedforward will cause the actual position to go farther than the commanded position.
In any event, the use of feedforward will significantly reduce the following error
even though the proportional gainis at alevel for proper stability as shown in Figure
4.21.
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Figure 4.21: Actual velocity for aramped velocity command and the

effect of velocity feedforward on following error



Chapter 5
M achine Simulation

5.1 Simulation

As we have mentioned in the previous chapters that the automatic wood
carving and decorating machine contains four motors. three AC servomotors, and
one AC synchronous motor. To make a simulation to these motors and to the
machine we would use a computer program called (SIMPLPORER).

The simulation process passed through number of steps:

= Construction of the equivalent circuit of each motor.
= Construction of the control circuit of each motor individually.
= Construction of the control circuit of the machine.

511 TheAC servo motor equivalent circuit

To construct the equivalent circuit of the AC servo motor we need the
following elements from the (SIMPLPORER) program:

o Voltage sources (1X): Basics\Circuit\Sources\V oltage source.

0 Thyristors (4X):Basics\Circuit\Semi conductors System Level\Thyristor.



o Capacitor (1X): Basics\Circuit\Passive Elements\Capacitor.
o ldeal Switch (6X): Basics\Circuit\ldeal Switches\ideal Switch.

0 Diodes (6X): Basics\Circuit\ Semiconductors System Level\Diode.

o PM AC Motor (1X): Basics\Circuit\Electrica Machines\PM Synchronous
With Damper.

After collecting these elements we construct the equivalent circuit of the

power converter of the AC servomotor as shown in Figure 5.1:
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Figure 5.1: The equivalent circuit of AC servo motor



5.1.2 TheAC servo motor control circuit
To construct the control circuit to the previous equivalent circuit we need to
the following elements from the (SIMPLPORER) program:
0 State (10X): Basics\States\Statell.
0 Trangition (10X): Basics\States\Transition.
o Constant (1X): Basics\Blocks\Sources blocks\Constant value.
0 Saw Tooth (2X): Basics\Tools\Time Functions\Saw-Tooth.
We need tow control circuits one to trigger the thyristors in the controlled
rectifier (B6C) which used to control the input DC voltage, and the second to control
the 3-PH inverter operation and (the sequence of the switches) to use it to convert

the voltage from DC to AC.

Before explaining the control process procedures, we will show the function of

each element used in it:
1. Stategraphs

Control process can be realized in SIMPLPORER very fast and easy using
State Graphs. This concept is based on analyzing the control task in States with
dominant properties. An actual state is designed as active. The process procedure is

represented as sequence of states. To specify the action of each stat, double-click on

F-a
the state and then on the icon i---i and choose from the list the desired action. At the



simulation start, a start state must be defined. Definition of start stat is achieved by
clicking on the square area as shown in the following Figure:

ﬁ selected m deselacted
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In the Transition >| , the conditions for the switching from one state to the
next are defined. The switching from one state to the other will follow if the

transition has the logic value “true”.
2. The constant

It’s a block where the firing angle will be later saved.

CONST +

3. Saw-Tooth

It is afunction which will be used as a help function for comparing the firing

}74]74_,
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angle with the value of it.

4. Thecontrol circuit of theinverter

The control circuit of the inverter is shown in Figure 5.2:
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Figure 5.2: The control circuit of the inverter

The states and the transitions in the Figure used to control the states of the
switchesin the AC servomotor equivalent circuit to satisfy the inversion. The control
process must consider the graphs of Figure 5.3, which show when the switch is ON
or OFF.

From the Figureb.3, we noted that at every (60°) the switches a case is
changing, that is three switches are turned on, and the other three switches are turned
off.



Figure 5.3: Inverter switches timing diagram



The control process is done as the following:

Named the control signa of each switch by double click on the switch and
choose a suitable name to its control signal, for example control signa of
switch (S1) is (SC1).

Determine the start state as we have mentioned.

Determine the period of switches signal according to the voltage source
frequency, to determine the time at (60°).

Double-click on the transition and determine the time which you would like
the case of the state is transferred to the next after it (here the time that
matching 60°).

The following Figure shows that for (Transition 1):
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Each state works after (3.333ms) from the previous state.

Thetime at (60°) equal here to 3.333ms as the input source period equal to
20ms (F=50Hz).

Double-click on each state and determine which switch is ON or OFF

according to the Figure 5.3
For example, in the first 60°, S1, S5, and S6 are switched ON, and S2, S3,

and 4 switched OFF, as shown in figure 5.3, this could be done in the
SIMPLPORER as the following Figure for State 1:
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(SET: t0:=1) to load the first state with the time in the finish step (after the
period is ended) to repeat the process, which makes the output, signd

periodic.

v The control circuits of the controlled rectifier (B6C) are shown in Figure 5.4 and
Figure 5.5.
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Figure 5.4: Control circuit for triggering the firing angles of TH1 and TH4
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Figure 5.5: Control circuit for triggering the firing angles of TH2 and TH3

The first circuit used to trigger the firing angles of the thyristors TH1 and
TH4 as these tow thyristors are working at the same time( in the positive haf wave

of the voltage source).

The second circuit used to trigger the firing angles of the thyristors TH2 and
THS3, asthey are working at the same time (in the negative half wave)



The frequency and period of ST1 must be identical with the frequency and period
of the voltage source (here F=50Hz and T = 20).

The phase of ST1 must be synchronized to the phase of the voltage at the
terminals of TH1 and TH4 (the positive half wave of the source).

The amplitude of ST1 must be equal to (180 V).

Figure 5.6 shows the form of ST1.:
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Figure 5.6: Theform of ST1

The frequency and period of ST1 must be identical with the frequency and period
of the voltage source (here F=50Hz and T = 20).

The phase of ST2 must be synchronized to the phase of the voltage at the
terminals of TH2 and TH3 (the negative half wave of the source).

The amplitude of ST2 must be equal to (180 V).



Figure 5.7 shows the form of ST2:

0172

Figure 5.7: The form of ST2

Now name the control signal of each thyristor, (the control signal name of TH1
and TH4 must be identical and the control signal name of TH2 and TH3 must be
identical too).

In Transition 9 write (STL.VAL>=CONST1.VAL).

In Transition 10 write (TH1.1=0).

In Transition 7 write (ST2.VAL>=CONST1.VAL).

In Transition 8 write (TH2.1=0).

Choose the value of firing angle of the thyristors by double-click on the CONST
block.

In State 9 set the value of the control signal of the TH1 and TH4 to (0) to switch
off them as the pervious transition of it say that their holding current is equal to
zero(TH1.1=0).

In State 10 set the value of the control signal of the TH1 and TH4 to (1) to switch
on them, as the pervious transition of it say that the firing angle of them it reached
(STL.VAL>=CONSTLVAL).

Do the same thing to the other two thyristors.



From the previous control circuits we can control the speed of the AC

servomotor.

Figure 5.8 and Figure 5.9 show the curves of the speed and the torque of AC
servo motor at 50Hz frequency and 20° firing angle:
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Figure 5.8: The AC servo motor speed curve
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Figure 5.9: The AC servo motor torque curve

M achine control circuit

Movement of the machine motors takes the following arrangement to satisfy

the machine operation:

1. The synchronous motor works firstly, after the machine is switched on.

2. The Z-axis motor works secondly.

3. The X-axis and Y-axis motors work in determined strategist to applied the
shape which come from the computer on the wood, for example if there is an

arc in the shape, x-axis and y-axis motors must work at the same time.

We used the (SIMPLPORER) program to simulate the sequence of the motor
operations, by take the various probabilities that the motors are operated.



The machine control circuit based on the following sequence:

= QOperating the synchronous motor firstly.

= Operating the z-axis motor after 20ms after the synchronous.

= Operating the x-axes motor after 20ms after the z-axis.

= Switching off the x-axis and operate the y-axis motor after 20ms.

= QOperating the x-axis and y-axis motors after 20ms.

The machine control circuit is shown Figure 5.10:

STATEA STATEZ STATES STATE4 STATES

Lo I . T . | o e el o P il

= | W e
TRANSA TRAHNSS TRANSA TRAHSS TRAMSE

Figure5.10: Machine control circuit

Figure 5.11 to Figure5.14 show the speed of the motors based on the previous control

circuit;
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Figure 5.11: The AC synchronous motor speed curve
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Figure 5.12: The AC Z-servo motor speed curve
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Figure 5.13: The AC X-servo motor speed curve
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Figure 5.14: The AC Y -servo motor speed curve



Chapter Six
Machine Design

6.1 Body of the machine

Figure 6.1 describes the body of the automatic carving and decoration
machine; we can divide this body into four magjor parts: three sliding bridges, and the
base of the machine which contain the work plane. One of the dliding bridges is
(250CM) length and (30CM) width and (20 CM) height, this sliding bridge moving
in the Y -direction, the second dliding bridge is (45CM) length and (45CM) width and
mounted on the Y-diding bridge but moving in the X-direction, the third sliding
bridge is ( 20 CM) length and (20 CM) width and moving in the Z-direction, the base
of the machine is (90 CM) height and (250 CM length) and (200 CM) width.

The work plane of the machine contain a four plates, each plate is (122 CM)
length and (97 CM) and weight (75 Kg), there a (6 CM) space between these plates,
in this space we put the clamp (vise) which is use to fix the wood board on its

position to become ready to carving and decoration operations.

The body contains four motors, three AC servo motors (X, Y, and Z) and one
AC synchronous motor, three racks and pinions, and six linear bearings. The three
AC servo motors are employed the pinions and the racks to tangentially drive the
load in the X, Y and Z directions. The linear bearing used to reduce the friction and

to make the equilibrium in the bridges and its load.

The Y- motor used to move the first sliding bridge and its load in the Y-

direction and it is mounted on the base of the machine, the X- motor used to move



the second dliding bridge and it load in the X- direction and its mounted on the first
dliding bridge of the machine, the Z- motors used to move the third sliding bridge
and its load in the Z- direction and its mounted on the second sliding bridge of the
machine, the AC synchronous motor used to rotate the cutting part carving part and
its mounted on the third sliding bridge of the machine.

X-moter - Z-motor

SBynchromengwetor

W-munnaor

Figure 6.1: The body of automatic wood carving and decoration machine

Note: to watch another pictures of the machine see Appendix C.



6.2 Motor power calculations

The three AC servo motors use the rack and pinion gear to tangentially driven
the load.

Let a mass (m) having a trandation velocity (X ) be coupled to another mass

(of mass moment of inertia Jo) having a rotational velocity (q) as in the rack and
pinion arrangement shown in Figure 6.2. These two masses can be combined to
obtain either (1) a single equivalent translation mass meq or (2) a single equivalent

rotational mass Jeq as shown below:

Ftioty mass moment of tnertia (Jo)

Faclk, tasaim)

Figure 6.2: Trandation and rotationa masses in a rack and pinion

arrangement

1. Equivalent trandational mass. The kinetic energy of the two massesis

given by:

and the kinetic energy of the equivalent mass can be expressed as:



1 , 1, 1. as

T =R ) G 6.3
2 2 2" °&R 5 63
Thet is,

My = M (6.4)

2. Equivalent rotational mass. Here g, =q and X =qR , and the equivalence of

T and Teq leads to:

1. ., 1 .. 1. .

I 02 = oMAR) ST 2 6.5
> ol > @R) > Ko (6.5)
or

Jeg Td0FMRZ Lo (6.6)

6.2.1 Y-motor power calculation

The gear of the Y-motor with itsload is shown in Figure 6.3:

ml

"'

Figure 6.3: The Y-motor gear and its load without drilling operation




1 5 1 .
KE ZE(J”‘ +J3.)4° +§(mm Mo Em)X?

We neglect the friction as we used a linear bearing but there is a viscous damping:

Equivalent damping = %Ceqq'2

(PE=0).
Lagrange (L) = KE-PE

:%g(Jm +J))+(m, +m_ +m)r *ga’- 0

=283, +3,) 4 (m, +m, £, g

dafls 1L TR _o

dt&I9s 9 Tq
‘HL
1q

d AL
Yl

®-o

fa

1R
T =C
Tq q

gJ +J )+(m +m, +m1)r

gJ +J )+(m +m +m1)r

gJ +J )+(m +m, +ml)r 1+C q STy

Here the transverse force from the drilling tool is not included.



During drilling:

F,

t
Figure 6.4: The transverse force during the drilling operation

Now additional torque required by the motor is:
L PP (6.11)
Where:

T, : The motor torque required to overcome the transverse force during the drilling
process.

F, : The transverse force during the drilling operation.

r, - The pinion radius.

ng +Jm)+(mp +m,, +m)r,*8q +Cd, =T, - T,

\ Ty =3, +3, )+ (M, +my +m)r 280 +C 0 +T, s (6.12)

Where;

T, : Thedriving torque of the motor.

Jp : Pinion moment of inertia.

J,,: Motor moment of inertia



m, : Pinion mass.
m., : Motor mass.
m, : The mass of the load which the Y -motor drive.

C,, - Damping factor.

m, = m (linear bearing) +(X-linear bearing) + m (Z-linear bearing) + m (sliding
bridges) + m (X-motor) + m (Z-motor) + m (rotating motor) + m(X-rack) + m
(Z-rack).

ml@22Kg+ (35+54 +4 +32) Kg+5+5+4+5+3.

@ 169 Kg.

m. =5Kg.
m, =0.2Kg.

To calculate the pinion moment of inertia, let the pinion shape asin Figure 6.5:

13 =16 mm 11=20 mm

12 =11 1o

Figure 6.5: The pinion which coupled to the Y -motor



=6.075" 10°+12.5" 10°°
\ J, =18.575 10"°Kg.m?

To calculate the moment of inertia of the motor, let the shape of its rotor and

its shaft as shown in the Figure 6.6:
C@:@ N

Figure 6.6: the Y -motor rotor with its shaft

r} =30 1w

Where;

my : The shaft mass.

m, : The rotor mass.

3 :%(0.011)20.3+%(0.03)20.8



=1.815"10°+36" 10°
\ J_=37.815 10°Kg.m’

Let the maximum linear speed (V) of theload is 0.15 m/s, and the maximum
acceleration (a) of theload is0.25m/s?.

q V0D ooas,
r 0.02

p

(Thevaueof C, isdetermined experimentally by tangentially pulling the Y -motor

load in a known constant speed (q =0) using spring balance and measure the required

force to moveit)

Where:

F : The value of the force which given from the spring balance.

mesured

F. @95 N. (thevalue of F, isdetermined experimentaly).
\ T,=95*0.02=19N.m.

T, =§18.757" 10°° +37.815" 10°°) +(0.2+5+169)0.02°J12.5+0.36" 7.5+1.9



= §39.69" 10°+6.9" 10°? gl2.5+2.7+19
T, =5.4675N.m
Py T W ettt e e

=5.4675" 209.44
The value of (w._, ) istaken from the data sheet.

\ P,=1145.1W
P =12P,
=1.2" 11451

\ P, =1374W

Where;

P, : The'Y-motor power.

w,, : The Y-motor speed.

6.2.2 X-motor power calculation

The gear of the X-motor withitsload is shown in Figure 6.7:

m2

"

Figure 6.7: The X-motor gear and its load without drilling operation

The driving torque equation of the X-motor is:



Ty =4I, +3, )+ (M, +m +m,)r,2Hg +C oG +T, oo, (6.18)

Where:

m, : The mass of the load which the X-motor drive.
m,=m (linear bearing) + m (Z-linear bearing) + m (sliding bridges) + m (X-motor)

+ m (Z-motor) + m (rotating motor) + m (Z-rack).

=12+ (35+5) + 5+ 5+ 3+ 4+ 3

=72Kg.
Cep =am,
C
a =—eq=@=2.13' 10°N s
m, 169

Co1 =2137107°" 72
\ C,,=0.1534N .ms

T, = §18.575" 10°° +37.815" 10°°) + (0.2 +5+58)0.022 12,5+ 0.1534" 7.5+1.9

= 33.96' 104 +3° 10"2812.5+1.15+1.9
\ T, =3.43N.m
P, =T, W,

=3.43" 209.44
=3.43" 209.44

\ P,=7185W



P =1.2P,
=1.2" 7185

\ P =862.13W.

Where:

P, : The X-motor power.

w_ : The X-motor speed.

6.2.3 Z-motor power calculation

The gear of the Z-motor with itsload is shown in Figure 6.8:

ma

Figure 6.8: The Z-motor gear and its load without drilling operation
KE =240, +3,)+(m, +m)r, 2§
_58( p F ) (Mg + M) WA

(PE=0).
Lagrange (L) = KE - PE



1. .
ZEng +J_)+(mg +m3)rDZHq2- 0

1. .
:Eng +‘]m)+(mR +m3)rp2Hq2

dedTLo || ﬂR

‘Hq gJ +J )+(m +m3)r

dadlo_

o 8ﬂQg gJ +J )+(m +m3)r

Ty =43, +3, )+ (Mg +m)r 20 +C g +T, +m," g7 1o,

Where;

m, : The mass of the load which the X-motor drive.
Mg : The Z-rack mass.

g : The gravity acceleration.



F, : Thedrilling force.

T, : Thetorque required to overcome the drilling force.

m, = m (linear bearing) + m (sliding bridge) + m (rotating motor).

=1+2+3
=6 Kag.

Let F,=110N

Cyo=am,

eq2

=213"10°" 6

\ C,,=0.0128N ms

T, =896 10* +(3+6)0.02% HL2.5+0.0128" 7.5+22+6" 9.81" 0.02

=0.05+0.096+2.2+1.177

\ T, =3.523N.m
P, =T, W,

=3.523" 209.44
\ P, =737.86W

P =12P,
=1.2" 737.86
\ P_ =885.43W.



6.2.4 AC synchronous motor power

The power of the AC synchronous motor (rotating motor) is chosen

experimentally and the value of it equal to (370W).

The name plate of this motor is shown in table 6.1:

Table 6.1: AC synchronous motor name plate:

E.M.G. ELCTROMECCANICA
Tel.0444/295111-GAM BUGL IANO(VI) ITALY
Tipo 71/2 Num. 665y55960
VD  230-265 VoA 400-460
KW  0.37-04 A 1.9/1.1
RPM  2810-3370 Cosf 065
Hz 50/60 Ip 55
3-ph
CL F
Madein ITALY |EC60034

6.3 Machineamplifiers

The voltage out from the interfacing circuit is represented as a (5 V), this
value isn’t sufficient to control the motors operations, so as to the voltage from the

interfacing circuit must be amplified.

Each motor needs (24 V DC) to control its processes, so the request amplifier
amplifies the signal from (5V) to (24V), as shown in Figure 6.9:
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LED

1
Figure 6.9: The machine amplifier circuit

The maximum voltage of the Optucoupler is (2.2 V), and the maximum
current of the LED is (20 mA).

L RLF 2255 i (6.23)
002" R1+22=5

(R1=140W)

24=0.02R2.....iiiiiiie e (6.24)

(R2=1.2KW)
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Figure 6.10: The voltage decreasing circuit
|, " RA+22=24 o (6.25)
0.02" R4+22=24
\ (R4=1090W)
5= 0.02R 6. .. (6.26)
\ (R6=250W)

Notel: The layout of these circuitsis shown in Appendix A.
Note 2: to see the machine amplifier circuits after constructing them practically,

return to Appendix C.
6.4 Design of beams and legs of the machine
Beams and legs of the machine are designed according to the load and

resistance factor method LRFD specification for structural steel construction (1995)
by the American institute of steel structure AISC.



6.4.1 Load analysis

Dead load = Plates + Beam.

Liveload = moving motors + wood plate.
Dead load (D) = 300 kg.

Liveload (L) =500 Kg.

The load will be transfer to the (2.5m) length beam across the short length of

the machine.
_ mass
Llongihy *+777
D =399 _190kg /m.
2.5m
_ mass
Length
L =299K9 _500kg /m.
Factored load:
Oy TL2D FLBL oo
=1.2(120) + 1.6 (200)
=464.0Kg /m

6.4.2 Design of beam

a. Design of the moment:

Assume compact section method:



M, =362.5Kg.m (seethe moment diagram in Figure 6.11)
f, =280MPa=280" 10°Kg /m?’

f =0.9 (reduction factor of nominal moment).

;3 362.5Kg.m
* 0.9 280" 10°Kg/m?

=14.3cm®

Select tube (60mm” 60mm” 3.25mm)

z =17.0cm?

xprovided

4 >Z

xprovided xreq.



qu = 464 Kg/m

580 Kg 580 Kgq
| 2.50 m |
580 Kg

Shear force
diagram (Kg)

- 580 Kg

362.5 Kg.m

Bending moment
diagram (Kg.m) _

Figure 6.11: Bending moment and shear force diagram

b. Design of shears:

fv, 3V,

ff, .ht,V 3V,
V, =580Kg (seethe shear force diagramin Figure 6.11)

f, =280" 10°Kg /m?



h, =0.06m (for the selected profile).
t, =0.035 (for the selected profile).

f =0.75 (reduction factor of the nominal shear).

\ 0.75" 280" 10°" 0.06" 0.0353 580K g

c. Design of the deflection:

d.. (For nomina dad and liveload) £ %(for simply supported beams).

2.5 10°mm
360

£

£7.0mm

_5q'Lf
Mo T g [T
g =464Kg/m
| rovided =1966 10°m*
E =200GPa

E =27 10°Kg/m?
5 464" 2.5

M 3847 27 10°° 1966 10°°
=6 10*m

\ d

=0.6mm < 0.7mm.



6.4.3 Design of the support

D = 60 Kg/m*

Figure 6.12: Machine supports

Effective length factor (k, =k, =1.0)
L, =L, =90cm =0.9m
kL, =k,L, =1° 0.9=0.9m

X

Assume —= K, =100
r
Where: r isthe modulus of gyration.

F oo 8_ = 1oo =151.7MPa

=151.7" 10°Kg /m?



f'pn3 pu

O PP

\ f 'Fcritical 'Agreq. 3 pn

Ag =P

req.
f 'Fcritical

_ 580
0.85" 151.7" 10°

=45 10°m?

= 45mm?

Select tube (60mm”~ 60mm

>A

9 provided 9 req.

" 3.25mm)



Chapter 7
I nterface Design and Testing

7.1 Introduction to parallel port

The paralld port is the most commonly used for interfacing different projects
especially home project. The port will alow the input of up to 8 bits or the output of
12 bits at any one given time, thus requiring minimal external circuitry to implement
many simpler tasks. The port is composed of 4 control lines, 5 status lines and 8 data
lines. It is found commonly on the back of our PC as a D-Type 25 Pin femae

connector. There may also be a D-Type 25 pin male connector.

Newer paralel ports are standardized under the IEEE 1284 standard first
released in 1994. This standard defines 5 modes of operation, which are as the

following:

Compatibility Mode.

Nibble mode.

Byte mode.

EPP mode (Enhanced Parallel Port).

ECP mode (Extended Capabilities Mode).

O O O O o

The aim was to design new drivers and devices, which were compatible with
each other and also backwards compatible with the standard paralel port (SPP).
Compatibility, Nibble and Byte modes use just the standard hardware available on
the original parale port cards while EPP and ECP modes require additional
hardware which can run at faster speeds, while till being downwards compatible

with the standard parallel port.



Compatibility mode or "Centronics Mode" as it is commonly known can only
send data in the forward direction at atypical speed of 50 Kbytes per second but can
be as high as 150 Kbytes per second. In order to receive data, we must change the
mode to either Nibble or Byte mode. Nibble mode can input a nibble (4 bits) in the
reverse direction. e.g.; from device to computer. Byte mode uses the paraléel's bi-
directional feature (found only on some cards) to input a byte (8 bits) of datain the

reverse direction.

Extended and Enhanced paralel ports use additional hardware to generate
and manage handshaking. To output a byte to a printer (or anything in that matter)
using compatibility mode, the software must,

1. Writethe byte to the data Port.

2. Check printer status. If the printer isbusy, it will not accept any data, thus any
data, which iswritten, will be lost.

3. Takethe strobe (Pin 1) low. Thistellsthe printer that there is the correct data on
the datalines (Pins 2-9).

4. Put the strobe high again after waiting approximately 5 microseconds after putting

the strobe low.

This limits the speed at which the port can run at. The EPP and ECP ports get
around this by letting the hardware check to see if the printer is busy and generate a
strobe and /or appropriate handshaking. This means only one I/O instruction need to
be performed, thus increasing the speed. These ports can output at around 1-2
megabytes per second. The ECP port also has the advantage of using DMA (Direct
Memory Access) channels and FIFO (First In First Out) buffers, thus data can be

shifted around without using 1/O instructions.



7.2 Hardware properties

Below is a table of the "Pin Outs" of the D-Type 25 pin connector and the

centronics 36 pin connector. The D-Type 25 pin connector is the most common

connector found on the parallel port of the computer, while the centronics connector

is commonly found on printers.

Table 7.1: Pin assignments for parallel port connector

D-25 type Centronics 36 type SSP function Direction | Register | Invert
1 1 Strobe In/Out Control v
2-9 2-9 Datalines Out Data

10 10 Acknowledge In Status

11 11 Busy In Status v
12 12 Out of Paper In Status

13 13 Select In Status

14 14 Auto feed In/Out Control v
15 15,32 Error In Control

16 16,31 Init In/Out Status

17 17,36 Select In In/Out Status v
18-25 18-30,33 GND Gnd

- 34,35 N/C Gnd




The IEEE 1284 standard however specifies 3 different connectors for use with
the parallel port. The first one, 1284 Type A isthe D-Type 25 connector found on the
back of most computers. The second is the 1284 Type B, which is the 36 pin

centronics connector.

IEEE 1284 Type C however, is a 36 conductor connector like the centronics,
but smaller. This connector is claimed to have a better clip latch, better electrical
properties and is easier to assemble. It also contains two more pins for signals which
can be used to see whether the other device connected, or has power. 1284 Type C
connectors are recommended for new designs, so we can look forward on seeing

these new connectors in the near future.

The letter used "n" in front of the signal name to denote that the signal is active
low. If the printer encounters an error then thislineislow. Thisline normally is high,
should the printer be functioning correctly. The "Hardware Inverted® means the
signa is inverted by the parallel card's hardware, such as busy line. If +5v (Logic 1)
was applied to this pin and the status register read, it would return back a O logic in
bit 7 of the status register.

The output of the parallel port isnormally TTL logic levels. The current you can
sink and source varies from port to port. Most parallel ports implemented in ASIC,
can sink a source around 12mA; however some of them, sink/source 6mA, source
12mA/sink 20mA, sink 16mA/source 4mA, sink/source 12mA. As we can see they
vary quite a bit. The best is to use a buffer, so the least current is drawn from the
parallel port. Figure 7.1 shows the detail s about the parallel port.



D?ID6[DS‘M]D3|D2|D1‘DO‘
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Figure 7.1: 25-way female D-type connector

8 output pins accessed via the data port (pin#2 — pin#9)

5 input pins (one inverted) accessed via the status port (pin#l0 — pin#l3,
pin#15)

4 output pins (three inverted) accessed via the control port (pin#l, pin#l4,
pin#l6, pin#l7)

The remaining 8 pins are grounded (pin#18 — pin#25)

7.3 Interface circuit objectives

The main objectives behind the interface circuit are:

1. Controlling the power circuit that consists of motors to move into 3-
dimension.
2. Inputs to the power circuit from package software run on PC computer via

paralel port.



3. Inputs from power circuit via driver to reflect the motor state and then from
interface circuit to the paralel port and finally this informative signal resulted
into massage in the program software to issue an action.

4. Isolating low-level voltage signa comes from parallel port from high-level

voltage signal available in the motor drivers.

7.3.1 Interface circuit block diagram

Figure 7.2 represents both forward and backward interface circuit.
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Izalator Circuit
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Strong Signa [ 24 W) l
L

Figure 7.2: Interface circuit block diagram




7.3.2 How interface circuit works

The interface circuit is designed mainly to support the following two functions:

The interface circuit is designed such that support receiving signa from PC
package software via paralel port to provide the availability of 24 volt dc on
the driver that would trigger the motor to work into the required direction if
the signal on the port islogic 1.

The interface circuit is designed such that support receiving signal from
power circuit by virtue of some errors occurs in the power circuit reflected by

the availability of 24 volt dc on motor driver.
7.4 Basic circuit with opt-isolation

Below is simple example of opt-isolated output circuit for parallel port based
on 4N25 opt-coupler or 4N26.

Control Inputl °F .

&
*“ 5+ Outputl
2 ™ bt - output?

Ground Input?

N5

Figure 7.3: Basic circuit with opt-coupler

The above opt-isolator is to protect the ports, no connection between
port's electrical contacts. The circuit is powered from external power supply, which
is not connected to PC. This arrangement prevents any currents on the external

circuits from damaging the parallel port.



The opt-isolator's input is a light emitting diode; R resistor is used to limit the
current when the output from the port is on.

The output side of the opt-isolator is just like a transistor with the collector at
the top of the circuit and the emitter at the bottom. When the output is turned on (by
the input light from the internal LED in the opt-coupler), current flows through the
resistor and into the transistor turning it on. This allows current to flow into output
circuit; the output current from the opt- coupler should be around range (depending

on exact opt-isolator type and components variations).

Turning the input on the parallel port off causes the output of the opt-
isolator to turn off, so no current flows through it into the transistor and the transistor
turns off. When transistor is off no current flows into the output driver circuit. So o it

switches off.

Characteristics:

0 The 4N25 opt-coupler device has a driving current reach at max 60mA
(forward current).

0 The maximum voltage output that can isolate reach 450V.

o0 Inputl can be attached to the controlling signal like parallel port, while
input2 is grounded with parallel port ground, and outputs to the circuit to be
controlled at the right polarity.

0 Between the controlling device and opt-coupler inputl there is resistor R
that works as current limiter to protect the opt-coupler LED.

o0 Thetwo terminal input and output is electrically isolated.

0 Switching can be achieved while maintaining high degree of isolation
between driver and load circuits.

o Very high current transfer 500% and also high isolation resistance.



7.5 Circuit design

We divided the design into two main parts:

o Forward interface circuit.

o0 Backward interface circuit.

7.5.1 Forward circuit calculation

In order to design the forward controlling circuit we need to do some

caculations; this calculation related with resistor that limits the current.

From the datasheet the maximum barrier voltage of the driving LED bears
reach 2 volt, and the maximum current that can flow in from inputl to ground input2
isat maximum 60mA, and the voltage output from parallel port is about 5 volt or less

than, and taking the forward current less than or equal to 60 mA eg; 60mA.

According to the ampere’s low
V=17 RLIMIt e (ampere’s low)
By substitution in equation (1),

RLimit= (V- VBarrier)/l  >>RLimit = (5-2) V/60mA=50W

So we found that RLimit must be equal to 50W, according to these

calculations we designed the forward interface circuit



7.5.2 Backward circuit calculations

In order to design the backward controlling circuit we need to do some
calculations; this calculation related with resistor that limits the current.

From the datasheet the maximum barrier voltage the driving LED bears reach 2
volt, and the maximum current that can flow in from inputl to ground input2 is at
maximum 60mA, and the voltage input from driver is 24 volt, and taking the forward

current less than or equal to 60 mA eg; 9.36mA.

According to the ampere’s low

V=17 RLIMit e (Ampere’s low)

By substitution in equation (1),
RLimit= (VDriver- VBarrier)/l >>RLimit =(24-2) V/9.36mA= 2.35kW.

So we found that RLimit must be equal to 2.3kW, according to these

calculations we designed the backward interface circuit.

By combining both forward circuit and backward circuit, we will produce the
interface circuit that serves the following functions:
o0 Isolate the low voltage signal from high voltage signal of power circuit.
0 Theinterface circuit will worksin forward as switch (logicl or logic 0).

0 Backward circuit works as switch (availability of 24 volt or not).

So the interface circuit design is shown below in the figure 7.4.
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Figure 7.4: Interface circuit design




7.6 The board shape

After constructing the full design of interfacing circuit that consist of
forward interfacing circuit and backward circuit; we obtained the following board.

The board of interface circuit is shown in figure 7.5 below.

Figure 7.5: Board shape



7.7 Optucoupler description

An opt-coupler, aso called optoisolator, is an electronic component that
transfers an electrical signal or voltage from one part of a circuit to another or from
one circuit to another, while electrically isolating the two circuits from each other. It
consists of an infrared emitting LED chip that is optically in-line with a light-
sensitive silicon semiconductor chip, al enclosed in the same package. The silicon

chip could be in the form of a photo diode, photo transistor, photo Darlington.
7.7.1 Optucoupler function

To isolate one section of a circuit from another, each section having
different signal voltage levelsto ensure compatibility between them.

To prevent electrical noise or other voltage transients that may exist in
a section of a circuit from interfering with another section when both
sections have a common circuit reference. Noise or voltage transients

can be caused by a poor printed circuit board layout.

7.7.2 Principle of operation

When a forward bias voltage is applied to the input terminals of the LED
(positive to the anode), an input current, and limited by the series resistor, RS, will
flow in the LED circuit. The current produces the infrared light emission at about

900 nanometers that impinges on the photosensitive silicon chip.

On the other hand, Optucoupler are similar in its operation; it differsin its types.



7.8 Testing interface cir cuit
7.8.1 Testing the forward interface cir cuit

The forward interface circuit is consisting of 8-lines from PC parallel port to the

power circuit.

The eight lines begin from DO up to D7 until it reaches the driver that will trigger
the motors. The Figure 7.6 below shows the circuit for forward interface circuit

taking the DO as an example.

=T SESTEGE FOdCE
e 1 —
e i P
[LINT 'RT] }::L"" I'~--.|_ _.I}
1 4 ok e
AIHZA
] (L.

R i —

Y

1 CEENE TR
T
i

Figure 7.6:DO0 data line for forward interface circuit

When we apply an output logic 1(+ 5volt) from PC paralel port through DO as a
data output line, current flow in forward section of opt-coupler limited by RLimit as
aresult the backward section of opt-coupler is switched on and also when apply logic
0 the backward section is switched off so no current flows in both two section,

pin#25 of parallel port is ground of forward section of opt-coupler.

We design the following program to investigate the result; we found that the
forward circuit works properly for DO as a first data line. The Figure 7.7 below

shows the result.



EEI Parallel Port

Address |aas

Value[1 or 0] i

Out

Ctput Logic:

In

Figure 7.7: Do dataresult from circuit



Also we have seen the output of the circuit on board, the following Figure 7.8
illustrate the result using power supply 24 volt adjusted on the driver.

Figure 7.8:DO0 result output

With same approach we used hardware duplication to build the rest of the
forward circuit beginning from DO up to D7 that consume the pins number pin#2 up

to pin#9 respectively.

By the same way we built the interface circuit in forward by duplication of the
previous state for D1, D2, D3, D4, D5, D6 and D7, and when the address of port
begins with 888 decimal (378H) we increment it by one for each bit, e.g.; D1 take the
address 889 until we reach D7 that take the address 896.and the result of connection
isreflected also by parallel port pins from pin#2 for DO until pin#9 for D7.



7.8.2 Testing the backward interface cir cuit

The backward interface circuit is consisting of 3-lines from the power circuit to
paralel port.

The three lines begin from S1 up to S3 to reflect the availability of driver voltage
in order to notify the computer system via a signa entered from parallel port status
lines the Figure 7.9 below show the circuit for backward interface circuit taking the

S1 asan example.

“ohaga sourcel

o

oo3a
L‘h A

ST
)
Rlimir e
1 % voh de
# S y
TEAK .,-'-\-\. R
{+ | 1 it i

walage soucal” — 130 2hm
it ‘-.-Dlt de LCDO

—bp B2y L

e
ogr
L2
:4

|

u}
ke

b

S

hlﬁdﬂl$¢kﬁklﬂlﬁl$0£0klﬁdﬂj

I

.
-
W

Hamlld pert

Figure 7.9: S1 status line for backward interface circuit

When we apply an input voltage 24 volt dc on the driver from motor,
current flow in forward section of opt-coupler limited by RLimit as a result the
backward section of opt-coupler is switched on and also when apply 0 volt dc the
backward section is switched off so no current flows in both two section. After the
availability of 24 volt dc on the opt-coupler terminal the backward section is fed by 5
volt to close the circuit with paralel port status lines to input logic 1 when 24 volt dc
available and to input 0 logic when the no voltage available at the motor driver.



Also we have seen the output of the circuit on board, the following Figure 7.10
illustrate the result using power supply 24 volt adjusted on the driver an input signal

to opt-coupler.

Figure 7.10:S1 result output

By the same way we investigate the result of s2 and s3 as a status input lines.

Note: S2 is connected to 13 and S3 is connected to 12 of parallel port pins.



Chapter 8
Practical Results

8.1 Results
The following points summarize the important results out from the project:

1. from the driving torque equation of the AC servo motor in the automatic

carving and decoration machine we note that:
T, = ng +Jm)+(mp +m, +m1)rp2L‘LJIq'+Ceqq +T,

2. If the motor move in constant speed (g =0) and the drilling tool doesn’t carve

on the wood board (T, =0), then the only torque affect the motor torque is that

from the equivalent damping (Ceqq ), so itsvalue isimportant and can't be

negl ected.

3. Theautomatic carving and decoration machine needs a fast response motors
which make the accel eration and decel eration time very small, and so the
error reduced, the accuracy increased, and the shape on the computer drawing

program corresponding that the machine carving on the wood.

4. The operation of the automatic carving and decoration machine require a
position control than a speed control, so the sel ected mode of the servo motor

is the position mode.

5. The speed of the AC synchronous motor (drilling tool rotating speed) is
constant to all type of the wood, but the speed of the three AC servo motorsis



changing with each type of the wood and set manually on the drive of each

motor.

6. To control the position of the Ac servo motor we need two input on the servo
drive, one to determine the direction of the motor (CW and CCW), and the
other to determine the position of the motor (pulse input).

7. Each (10 pulse) entered the pulse input of the motor from the interfacing
circuit move the load (1mm), and the corresponding between this scale and
machine scale can be set using the electronic gear ratio on the motor

drive(changing the resolution).

8. We can move the AC servo motor manually using the (JOG) operation on the

motor drive.

9. The frequency of pulse entered the motor drive determine the motor speed.

10. The smallest linear distance the load can move is (1mm), as the distance

between the pinion teeth is (1mm).

8.2 Machine motors signals

To illustrate the nature of signals must be provided to the machine motors when

it carving a shape on the wood, we employed the following two examples:
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Figure 8.1: motor signals when the machine carving a rectangular shape
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Figure 8.2: motor signals when the machine carving atriangle shape



Cw : CW rotating (reverse rotation).
CCW : CCW rotating (forward rotation).
SVON . Servo operating.
PULCOM: Pulse input to control the position of the servo motor..
AC signa: The signa required to operate the AC motor which is used to
rotate the cutting part.

We can generate these signals using the simulation program such as (PLC, and
Mathlab) as shown in Appendix A.



Chapter 9

Conclusions and Recommendations

9.1 Conclusions

The accuracy, the trust and safety, the simplicity, the high range for speed
and position control, and performing the work in arelatively short time are
the important features of automatic wood carving and decoration machine.

The fast response, closed loops, No lost steps, and high resolution is the most
important features of the AC servo system that make it suitable to perform the

machine operations.

Whenever the mechanical things are decreased the control operations become

easier and more accurate.

Using of the linear bearing in the machine reduce the friction, ssimplify the
motion, and satisfy the equilibrium in the machine.

Most of Y and X motors torque is due to the viscous damping whilein the Z-

motor is due to the load weight.

The advantage of using a computer is that many loops can be controlled or
compensated by the same computer through time-sharing. Furthermore, any
adjustments of the compensator parameters required, to yield adesired

response can be made by changes in software rather than hardware.

To protect the cutting part from damage the motors speed on the machine

must be set accurately.



9.2 Recommendations

We recommend the next researchersin this subject to tom doing the following:

v

Continuing the studies of AC servo systems and its modes, and using it in the
graduate project asit is considered the most improvement motor.

Continuing the studies of the CNC machines, and using there applications.
Developing our machine from (2C,L) machine to three dimensions CNC
machine.

Fixing the wood board of our machine automatically using a motor instead of

the vises.
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Appendices



Appendix A

Simulation Programs

1. Simplorer program.
2. Orcad program.

3. PLC’s program.

4. Mathlab program.



2. The Orcad program which used to make the layout of the machine
amplifiers:
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3. ThePLC program:

To generate the motor signals to carve the triangle in the results

from the PLC the following program is used:

Table (1): Allocation Table

I nputs Symbol L ogic allocation

Operating switch 10.0 The machineisoperate 10.0=1

Outputs Symbol L ogic allocation

AC motor signal Q4.0 The AC motor operate Q4.0=1

CW (2) Q4.1 Z-motor inthereverse direction Q4.1 =1

PULSCOM (2) Q4.2 Z-motor spins Q4.2=1

CW (X) Q4.3 X-motor inthereversedirection Q4.3=1
PULSCOM (X) Q4.4 X-motor spins Q4.4 =1

CCW(X) Q4.5 X-motor in the forward direction Q4.5=1
CCW(Y) Q4.6 Y -motor in the forward direction Q4.6 = 1
PULSCOM(X,Y) Q4.7 X,Y-motors spin Q4.7=1

CW(Y) Q5.0 Y -motor in thereverse direction Q5.0=1

PUSCOM(Y ,X) Q5.1 Y, X -motors spin Q5.1=1

CCW(2) Q5.2 Z-motor in the forward direction Q4.5=1
PULSCOM(2) Q5.3 Z-motor spins Q5.3=1
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4. Mathlab Program:

We use the Mathlab program to show how we can generate the signals.
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Appendix B

Data sheets

1. Delta AC servo motor system.
2. PC 817 (Optocoupler).

3. BC 639 (Transistor).

4, Sensors.
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Chapter 1 Unpacking Check and Model Explanation

1.1

Unpacking Check

After receiving the AC zarvo drive, please check for the following:

Ensure that the product is what vou have ordered.

“erify the part number indicated on the nameplaie comssponds with the part number of your order
(Please refer to Section 1.2 for details about the model explanation).

Ensure that the servo motor shaft rotates freely.

Rotate the motor shatt by hand; a amocth rotation will indicate 3 good motor. However, & servo motor

with an electromagnetic brake can not be rotated manually.

Check for damage.

Inzpect the unit to insure it was not damaged during shipment.

Check for loose screws.

Ensurs that all necessary screws are tight and s=cure.

If any items are damaged or incorrest, pleass inform the distributor whom you purchased the product from or

vour local Delia sales representative.

4 complets and workable AC servo system should be including the following parts:

Fart | : Delta standard supplied parts

i1
(2
(3}
(4)
(5h
(g}
(7

Senvo drive

Servo mator

5 PIN Terminal Block {for L1, L2, R, 5, T}

3 PIM Terminat Block (for U,V W)

2 PIM Terminal Block (for B, b, T)

One aperating lever (for wirs to terminal block nsertion)

Insiruction Sheet

Fart |l : Optional parts, not Oelia standard supolied part (Refer to Appendix &)

(1

Cne power cable, which iz used o connect servo motor and U, W, W terminais of gerqo drive. Thiz
power cable s with ons green grounding cable. Pieazs connect the green grounding cable to the

ground terminat of the servo drive.



Cre ercoder cakle, which is used to connect the encoder of servo maotor and CMN2 teminal of senvo

drive.

CH1 Connmector. 530 PIN Connector (2M fype arzlog product)
CH2 Cormeclor. 20 PIN Conmeclon (2M lype anzlog producl)
CHA Cannector & PIN Connactar (IFFF 1384 anzlag product)

=

Delta AC Servo Drive and Motor



1.2 Mod=] Explanation

1.2.1 Nameplate Information
ASDA-A Series Servo Drive

B Mamcplatz Explanaten

~,

- Ay
Areza AC SERVO DRIVE
Mcdel Name —3» | WODEL: ASD-ANTZILA
Capacily Spacificalion —m | LOWER 1508
3 INPUT: 200230V 3PH 506042 5.04
Applicable Paver Supply —= 00220V IPH 50 B0 e T
Fated Outout Current —p- UT: 300V 0-200H= 5 QA

Barcode-and Satial Number—p. WAL AERLL R

Firmware Version —=| [ 1130 721 LAOT L0800
\ DELTAELECTRONICS, INC. WADIE N XHARRN

i

B Szrizd Mumber Exaanation

ADTZILA O T & 08 0021

| —L Serial number

YWeek of praduction
——® “ogrof productior (8 year 20086
Produstion fastary (Taovuar Flant!

Yarsion number (0 Delta standard madel)
® Model name

ASMT Serizs Servo Motar

B Kameapiats bExplanaton
-~ -,
r B
#inmta AC SERVOMOTOR
Model Nams —®| | Model; ASMTILIS0AK
Input Power —|| gwai Vo0 A1

Ratec speed and Rated Cutput —|| dnmaoi Nem 0.8 IrsE (€

Barcoce =\ | |00 ANDIRIRRLA
TOILBAKIJE 20001

Serial Mumber —»

W DELTA ELECTRCNICS, IHZ. WANF M VT
B Szrial Mumber Croanation

TO1LGAKO J € 12 0001

| L Szria number
Wireelk of producticn

“ear of arocucticn (G year Z00G)
Froduction factory (Taoyuan P ant)
Varsien number (U Uelta stasdard mocal)
2 |fledelnamwe




1.2.2 Model Name Explanation
ASDA-A Series Servo Drive

ASD-A0421

L

T

= Varsion

= Motor Inertia

M Medium inertia
L : Low inertia

= Rated Voltage

21:220% 1-Phasza
23:220V 3-Phase

01:100W
02:200WwW
04:400W
07 :750W

= Saries
A A series

= Product Name

+ Rated Oulput

1001 KW
15:1.5KW
20:2KWwW
30 3KW

ASD: AC Serve Drive



ASMT Series Servo Motor

ASMTO01L250A

L

Symbal | Keyway | Oil seal
K Y N
o M L
M Y Y

» Electromagnetic brake

A Without electromagnetic brake
B: With electromagnetic brake

= Encoder Resalulion
250; 2500ppr

-= Motor Inertia

m: Medium inertia
L : Low inertia

+ Rated Outpul Power
o1:100W 101 KW
02:200W  15:1.5KW
04:400W  20:2KW
07:750W  30:3KW

» Motor Type
T: TType

* Product Names
ASM: AC Servo Motor



1.3 Servo Drive and Servo Motor Combinations

The table below shows the possibie combination of Celta A30DA-A sefies servo drives and ASMT serizs
s2rvg motors. The boxes () in the model names are tor optional configurations. (Pleaze refer to Section 1.2
for model explanation)

e c i
== Serve drive Servo motor

100W ASD-ADT 2L

ASMTOL2E0CO

200V ASD ADXILDT ASMTOIL2E000O

400 ASD-ADLZ21LT ASMTOAL25000

750w ASD-ADT2ILT ASMTOTL2E00O0O

Low

nodig1C0OW ASD-A1021LD ASMTI0L250O0O

2000w A3D-AZ0ZELT ASMT20L250C0

Jcoow ASD AZ0ZILT ASMTI0L2e000

© © Eeee

e—— Z
—— Servo drive Servo motor
TOOCWS ASTN-AI02TMI | ASMTINNZAD 1
160CW  ASD AME21MO ASMT15M26000
Medium
inertiz

200w ASD-ALEUZEMO AN UM 2L0E0O

000w ASD-A2020MO ASMTIIMZ2L0CO

v v ee

The drves shown in the above table are dasignad for use in combination with the soecific s2rva motors.
Check the szecifications of the drives and motos vou want 1C usa.



1.4 Servo Drive Features

Hezatsink

Uised to secure senvo drive and for LED Display

heot dissipafion ——— Tims 3 digil, 7 segoenl LED displays
Ty the sarn status or faok cndes

Chargn LED

A0t LEC inchcatoa thal eithor powar iz
connecied 1o he servo dive OF &
ressidisal charge is present in the drive's
intemal power components.

PO HOT TOUGH | ANY CLECTRICAL

Operation Pancl

Usad unctior keys 10 perfon s1Eus
izpiay, moniior and Jagnoshc inclion

and sarameter setiing.

CONKECSTIONS WHI_E THES LED 1S UIT, \ Functon Keys:
P esr refier iy tha Safety Precmtions on e e | MOQDE : Press this key to seleat/ehange
poge ). BHIFT | [ S | | made

SHIFT : Shift Kay has several funcions,

Control Circuit Terminal (L1, L2) vy B curso and i deaing

|$.IELT4

Jzad to connect 200-230vae, | through the parameter groups

J0M0H: sinyi-plise VA supply i himlg"[; this: kay 13 shif cursorta
| UF:Press this oy b increasa valuas

Main Circuil Tenminal (R, 3 T) . wnn e display

Jsed to connect 200230, T A Press this kay in decrease

30/80Hz commercial power suoaply t‘. values an the display

\ SET ! Press tiks key tC store datg

1) Intarfaca
Usec ta connect | ost Controlles (PLC)
or ecnirol 10 signal

Sorvo Molor Output (U, W, W)
Used 10 connec! s moion Never
connect the output lenmina’ 12 mrain
syl poweer. The 4G senve drive
may b cestryed beprnd repair i
insoreest cables are conrectec ta
the oulaul terminals,

l:-!-“ Encoder Interface
\ Used to connodt Ercodor of
Sonvo Mor

Intemal { External Reganerative
Resistor Terminal
1) When using an external regenerative
resistar, connect F and 1o the
regenaralive resclor and aacurs thet
tha cicuit betwesn P and D :
s Open. -, -
2} Whan using theinlemal regencrative o
resistar, ersura that the arcuit
between P and D e clozed and the
clrcuit berwezn P and C is upe'l./

#— Sgrial Communization Intarfacs
Fuor RE-483 /7 232 [ 422 =ainl
mnmminirainn
Uasd ts sormcst poroonal semputer
0" oler sontroliers

Ground Terminal




1.5 Control Modes of Servo Drive

The Delka Servo can be programmed to provide six single and five dusl modes of operation.,

Their operatfion and description is isted in the following table.

Mode

Code

Description

Single
Mode

External Positicn Contral

Pt

Fosition control for the ssrvo motor is achieved via an
external pulse cormmand.

Internal Position Control

Pr

Position conirol for the senvo motor is achieved via by 8
commands stored within the servo controfler. Execution of
the 8 posilions is via Digital Input (D) signals.

Spesd Control

Speed control for the servio molor can be achievad via
parameters a2t within the controfler or from an exiemal
analog -10 ~ +10 Vde command. Candral of the ntemal
speed paramsters is via the Digital Inputs (D). {4 maximurm
of three spesds can be storad internally).

Internal Speed Condral

Speed confrol for the servo motor is only achieved via
parameters set within the controfler. Conirol of the intemal
speed parameters is via the Digital inputs (D1}, (A maximum
of three speseds can be stored intemally).

Torque Control

Torgue control for the servo motor can be achieved via
rarameters aat within the controfler or from an extemal
analog -10 ~ +10 Vde command. Control of the intemal
torque parameters iz via the Digital Inputs (D). (A
maximum of three torqus levels can be storsd internally).

Intemal Torgue Contral

Tz

Torgue control for the servo motor iz only achieved via
parameters get within the controfier. Control of the intemal
torque parameters is via the Digital Inputs (D). (A&
maximum of three torqgue levels can be stored internally).

Lozl Mode

Pi-5

Either Pt or S control mode can be selected via the Digital
Inputs (O1)

PET

Either Pi or T control modes can be selecied via the Digital
Inputs (D)

Fr-5

Either Pror 5 control mode can be s2iected via the Digital
Inputs (D)

Pr-T

Either Pror T comirol mode can be selected via the Digital
Inputs (D)

5T

Either 5 or T control mode can be setecied via the Digital
Inputs (D)

The above control modes can be accessed and changsed via by parameter P1-01. If the confrol mode =
changed, switch the drive off and on afier the new controd mode has besn entered. The new contral mode

will oniy be valid after drive offfon action. Please see safety precautions on page iii {switching drive offfon

muitiple times).




Chapter 3 Configuration and Wiring

This chapter provides information on wiring ASDA-A series products, the descrptions of 110 signais and

gives typical examples of wiring diagrams.

31 Configuration
3.1.1 Connecting to Peripheral Devices
In Figure 3.1, it brafly explains how to connect each peripharal device.
Flgure 3.1

Peawar

o -
100W =1, 8KW - Single-phase or .
Threa-phase 200230V . i
& om o) | TEW-3KW  Three-phase 200-230Y J ]
-

CHi
For 0 connaciion. Connected to
AC Servo Drive Hast Gonrailer

T =

Cr2

uﬁ For Encadar conmmctian
ElscAramug ristlc ¥
Cantactnor [MC) Il =
" Chd
13 For RE-232 RS-4p5 RS 422
.n eommunicalion cannsstan
B
c

Extermnal braking recistel is
oonmecied o P and .
Circudt bebwaan P and O is opan.

AL Servo Malor

“Whan using an external regenarative rasistor, ensune P and D is closed, and P and C is
opan, When using an internal regenerative resistor, connect regenerative resistor to P and
G, and ensure an open circuit batwean P and D"



31.2 Servo Drive Connectors and Terminzls

Terminal Teminal
: i Mules
Id=ntificetion Description
11. L2 Control circuit The szrve Centrel Circuit requires an indcpondont 2200
! teminal sirgle-phase VAC supply.
Thee Main Circul Ternmingl is used o supply e servo with
linz power. If a single-phase supply, is usad comect the B
RST Main circuit terminal | and S temminals to power. If 3-phasze, connect all thee R, 8,
& T terminals. To provide Control Circuit power wo jumpers
can be added from R and S o L1 and L2.
Used to connect servo motor
Termina Symbol Wire Color
U, v. w u FRed
Senvo motor output -
ECG ¥ YWhite
W Black
Fa Green
Ensure the circuit s closed between P
Intemal resistor ard [V, and “he circuitis open hatween
S Hegenerative Mand C.
e resistor tarminal Connect regenzralive resister to P and
External resstor | G, and ensure an open clrcuit between
FandD.
@. two plsces Gisiand tarmiaat xﬁgrm connect grounding wire of power supply and serva
: Uzed to connect extemal controllers. Plezze refer to section
CN1 ferncaec e 3.3 for detaile.
Used to connect encoder of scrvo motor. Pleasc refer 1o
sestlon 3.4 for detzlls.
Tenming Syrnbol Wire Culor
A Blue
1A BlueiBlauk
CNZ Encoder connector B Green
B Green/Black
Z Yelow
Iz YelowBlack
54 Red
GHD Black
Comrunication Used to eonnect PC or keypad. Please refer to section 3.5
CN3 connectar for details.

1) WW W, CN1, CNZ, NS terminals provide shrnl cirgu L protectiun.



3.2 Basic Wiring

Figure 3.4 Basic Wiring Schematic of 100W ~ 1.5kW models

Pawsi

100W -1 5kW 1-phasa or
3-phasa 200-230%

(=)

Coannect o external
reganerative raskstor

pEesid { 750W~1 Sk modsls |
F%D_éﬂ serve Drive Sieni
B
— | LY. | S vy
. B 5 =
i % a5
R 3 | o=
%ﬂ EopT
2 |'_'[ ®0
: T = - @
& || ke
L1 ] - 21BN |
> &
L3 ? ‘%r :g'j.-'“ Protection|| GATE brsle
] +34y | circuit ||DRIVER
FE - h
Exiarnal speed —= . | | Pesitia Eneed Currant P
Externaltorgque —s ;l:-.-n'drnl cantml canirol ENMC
Fosilian pulae —s e —I I i T |
Digital input — E . m:;w e damled |
Digital sutput +— .z,
Anglog monitar T Enoer signal
ﬂll.ltlet pmm‘g 1
Encoder signal +— _l . |
A. H. zﬂulput ........................................
5 Mou |, A :
|g %__ + > Display
Sarial R e i
eammunicatian i goooo
RE-Z30A G- 455 L
IRG-422

-




Figure 3.5 Basic Wiring Schematic of ZKW - 3EW models

Prmar
ELE RS A F-phose 200-230V
o Cannact (o axtarnat
¥ reganerative resiston

jass
- L_'\!':

Semno Drive

Fegenaialinn
Uil

[ Praleciian
circulf
Extarnsl apeed —= | A [ rosition——w Soeed Current
Extarnal targon —s | L [ confrel | ...:I_'Wr!trul conkrel
Positian pulse —s ] i TT 3 r i
Digdtalinput —»| ey e Tt s
= F sy
Digital Gulpel +— :
Analog moanitor«— |
ol gl . |
Encoderssgnal * L | & | i
A B, Z altpul f e e o
L] l—!—lv Dispiay
Serial ._EL: !
communication E L |
RE-292/RS.488 | - : guago
e W e,




3.3.2 Signals Explanation of Connector CN1

Tha Tables 3.4, 3.B, & 3.C detail the threa groups of signals of the CN1 interface, Table 3.4 details the
genaral signals. Table 3.B datails the Digital Qutput (DO} signals and Table 3.C details the Digtal Input
(D) signals. The General Signals are set by the factory and can not be changed, reprogrammed or
adjusted. Both the Cigital Input and Digital Cutput signals can be programmed by the users.

Table 3.A General Signals

Wiring Diagram
Signal PinNo Details e )
W REF 42 Motor speed command: - 10V to + 10V, cormesponds 1
Analog o the: maximum speed progammed P1-55
Signal Maximum Speed Limit (Factory default 3000 RPM).
Input | T REF 18 torgue command: =100 to + 10V, cormesponds o1
=100% to + 100% rated torque commmand,
ROMNA 16 The MON1 and MONZ can ba assigned dave and 2
MON2 18 motor parametars that can be monitored via an
Analog Ua
Svinitoe ogue woltaga.
o Plaase raference parametar P0-03 for monitoning
utput ommands and P1-04 / P1-05 for scaling factors.
utpul woltage is reference to the power ground.
PULEE 41 he dive can accapt two diferent types of pulse C3C4
IPULSE 43 inputs: Opan Coliector and Line Driver,
Position| 56N 47 hrea different pulse commands can be salacted via
Puise | jaian 26 parameter P 1-00. Quadrature , CW + COW pulsa &
Input Pulsa / Direction,
PLLL HI 35 Should an Open Collector type of pulse be used this c3
ftermminal must be lulled high to pin 17.
Oa 21 The motor encoder signals ane avallable through C110C2
04 o9 [tlj:rsa terminats, The encoder cutput pulse count can
Position sat via paramater P1-46,
Pllse oB 25
Output OB 23
oz 50
Oz 24
Voo 17 WVOD is the +24 source voitage provided by the -
Idm'a_ Maximum permissible current S00mA,
O+ 11 CM+ s the common voltage rall of the Digital Input
Power | .y 45 d Digital Qutput signals, Connect VDD to COM+
a7 ior source mode. Forextemal applied power sink
mode (+12V to +24V), the positive terminal should
48 connected to COM+ and the negative to COM-,
Voo 20 CC s a+12V powaer rail provided by the drive, It =
an be used for the input on an analog speed or
rgue command, Maximum parmissible cumant
Power 100mA.
GND 12,13, |The polarity of VCC is with respeact to Ground (GHD).
19,44




Wirirng Diagram

Siygrs Mo Delails
gl ik o (Refer Lo 3-3-3)
Other MC 14,28 |Sce orevous note for MC torminals CH1 connector
33,39, |on page 311
40,46,
48

The Digital Input (DI and Digita Quput (DO have factory default settings which correspond to the

varous servo drive control modes. (3ee section 1.5). Howsver both the DI's and DO's can be

programmed independsntly to meet the requrements of the users.

Delailed in Tasles 3.8 and 3.C are Lwe DO and D funsbions wilhe Ueeir corresponding sigral narne dand
wiring schematic. The factory default setiings of the DI and DO signals are detailed in Table 3.G and

IH.

All nfthe DI's and DOY's and their coresponding pin numbers are factory set and nonchangeahle,

however, all of the assigned signals and contrel modes are user changeable. For Example, the factory

cdefault setting of COS (pins 28/27) can be assigned 1o DO (plhs 7/6) and vse versa.

The following Tablzs 3.B and 3.C detail the functions, applicabe cperationa modes, signal neme and

rzlevant wirlng schematic of the default DI and DO signals.

Table 3.8 DO Signals

DO
Signal

Do
Code

Assigred

Control
Mude

Pirt Mo
(Default)

Detals ™

F5

Wring Diagram
(Refertn 3-3-3)

SROY

01

ALL

SROY isactivated when the servo drive is
~eady to un. All fault 2nd slam conditions,
[ presenl, have beer cleansd.

SON

o2

Mot
ascigned

S0M is activated when control power is
applied the servo drive. The drive may or
Tay not be ready to run as a fault/ alarm
condition may exist

Servo ON (SON) s "OM" with contral power
applied o the servo drive, Inere may bea
fault condition or not. The serve is not ready
0 run. Servo ready (SR0Y) 15 "ON' where
the sarvo is ready to run, NO fault / alam
2x¥s1s. (F2-51 should turn servo resdy
SREY off | on)

ZEPD

03

ALL

£5PD is activated when ths drive s=nses
the: motor is anqual to or helow the Pern
Speed Range setting as defined in
parameter P1-38.

For Example, at factory default Z5P0 will
e activated when the drive deects the
Totor rotating at speed at or below 10 rpm.
Z2PD wil remain activated untl the molor
speed increases above 10 BEPM.

Cs/Ce/CTICH




oo oo
Signal | Codae

Assigned  Pin No.
Controi | [Dafaut)
Mo

Dets@s"™"

Winng Dizgram
{R=fer o 3-3-3)

TSPD | 04

TEPD is activeted ance the dive has
t=cted the motor has resched the Targst
ion Spesd selingas defned in
rameater P1-38. TSPD will remain
i d until the molor spesed drops below
Targat Rotsfon Spaed.

TROS 05

Pt, Pr, Pt

Pi-T, Pr-S,
Pr-T

1. When the drive is in Pt mods, TROS will
b= activated when the position emaris
equsl =nd bebow The setiing whee of P1-
54

2. When the drive B In Prmods, TROE will

be activated when the dive detects fat

the position of e motor i3 0 2-P1-54
to +P1-54 band of the target position,

For Exampéa, =t factory default TROS

will zcfivai® onoe the motor is in 00

pulses range of the t=rget positon, fhen

deacivate sfieritreaches +09 pulses
range of the desined position.

TOL is aciivated when the diiwe has
demcted that the motor has reschad the
ftorouies Bmits get by eifher the parameters
P1-12 = P1-14 of viza an exemal anslog
i =

ALRM | OF

ALL

28

ALRM iz adivated when the dive has
det=ded & fault condifion. {Howswer, when
(Fewverse Bmit emor, Forsand Bmit errar,
[Emergency stop, Serzl communicaiion
lzrroe, and Undsrvolizge fhese fault oocur,
WARM is scthaiedfirst.)

ALL

BRER is adivated schustion of motor braka.

Pt Pr

IHOME &5 acivai=d when the seovo dimve
has detectsd that the "HOME" sensor
igitel Input 24) has been deteciad and fhie
mee conditions set In perameisns P1-AT,
P1-50, and P1-51 have bean aafsfied

DLW s aciivated when the servo diive has
de s cied that the motor has reached the
e iput overd osd leval ast by the peramaier
IF1-54.

WARM 11

Sarvo waming cufput WARMN ks acivated
the drive has detected Reverse Bmit
, Forward Bmit emor, Emergenoy stop,
izl communication error, and
ndervoitzgs thess fEult condions.

CHCECTICH

Footnote *1: Tha “state” of the owiput function may be tumed OM or OFF 23 &t will be depandant on the
gattngs of F2-18-F2-22.

Hm=iinoTE

1) PIMS3 & 2 can stther be TSPD or HOME dependent upon condrol mods seleched.
2y PIME1 & 26 ars different depending on coninl mode sifher BRER or TRPOES.




Table 3.C DI Signals

Assigned

Dl (5]l Pin No. Wiring Diagram
Contrel Diataits ™ il

Signal | Coda Mode {Drafault) {Refer to 3-3-3)
Senvo On. Swilch servo 1o "Servo

o, | o AL 9 |Ready”. Check parameter P2-51.

number of Faults (Alams) can be
leared by activating ARST. Please soe
o 10-3 for applicable faults that can
claarad with the ARST command.
ARST 02 ALL 33 owever, please investigate Fault or
tarm if it doas not clear or the fault
cription warrants closer inspaction of
drive systam,
GAINUP ALL - Gain switching
Whan CCLR is activated the setling is
CCLR 04 Pt 10 parameter P2-50 Pulse Clear Mode is
anc:.l!_ad.
hen this signal is On and the motor
paed value is lowar than the satting
ZCLAMP | 05 AlLL - walue of P1-38, it is used to lock the
imotor in the instant position while
ZOLAMP is On.
W han this signal is On, the motoris in
CMDINW | 06 Pr.T,8 - S
Mot )

HOLD o7 s i Internal position controd command pause
Wy han the drive is in Pr mode and CTRG
is activated, the drive will command the Caico

Pr, motor to move the stored pasition which

CTRE pec Pr-3, Pr-T 4 comaspond the POS 0, POS 1, POS 2
|settings. Activation |s triggered on tha
riging adge of tha puisa.

TROLM a8 s, Sz 10 uﬂ;:;uﬂcatﬁﬂmtﬂrmwtmﬂmmls
SPOLM 10 T. T2 10 ON indicates the spaed limit command is
walid.

POSD | 11 Pr 34 hwhen the Pr Control Mode is salected

E ¥ the 8 stored positions are programmead

PO | 12 | PrS.Pet 8 lia a combination of the POS 0, POS 1,

POS2 13 . Iam:lP{)SIcmmt&ndx.S&embda&_D_

SPDO 14 15 sz Pts, 34 elact the sounce of speed command

SPDA 15 Pr-5, 5T 8 Soa tabla 3.E

TCMO 16 PT;’TIP:EI 3 Select the sounce of torque command:

TOMA 17 2 E;T -T. " [See table 3.F.

Spead | Position mode switching
= 18 | PESPreS | 31 lorF: Speed, OM: Position

= T mode switchi
ST 18 ST g [PReeaiTorde s

OFF: Spead, ON: Tomusa




ol DI "":"“:- gned | pin No. st Wiring Diagram
T ! ii itchi
T-P 20 | PtT, PrT 31 D‘:'qu‘? F"D'Eﬂ!;::;rl-;~~1 :rrbud-a-;; ching
it should be contact “b" and normally ON
Emas: | 21 ALL 30 Lo a fault (ALE13) will display.
PLPrLS T Rewversa inhibit imdt, It should be contact
CWL 22 a 'T' 32 "B and normailly ON or a fault (ALE14)
I AL will display.
Pt Pr ST arward inhibit lirmidt. It should be contact
CoWL 23 y ' 3 b and normally ON or a fault (ALE1S)
Sz Tz il dispiay.
Nt W haen ORGP is activated, the drive will
ORGP 24 ) - command the motor to stan to search the
assigned reference "Homea" sansor.
Mot Reverse ocparation lorque limit {Tergue
TLLM 25 . limdt function is valid only when P1-02 is
assigned lenabled)
Mot orward operation torgua limit (Tomue
TRLM 26 - imit function is valid only when P1-02 is
assigned ad)
SHOM 27 Mot W hen SHOM is actvatad, the drive will
assigned - command the motor to move to “Home”,
Mot i
INDEXD 28 gt | - Feed step selection input O (bit 0
Mot - CoC10
INDEXA 29 e I - Fead step selection input 1 (bit 1)
Mot -
INDEXZ a0 ik I - Feed step selection input 2 (bit 2)
Mot -
INDEX3 | it I - IFaad step sedection input 3 (bit 3)
Mot : -
INDEX4 az ik I - IFaad step seldection input 4 (bit 4)
Mot -
MDO 33 ik | - IF&&dst-&mnmﬁleMﬂ{hﬂﬁ]
Mot .
MO 34 ik I - [Fead stap modea input 1 (bit 1)
Mot ’
MOPO a5 gl | - iManually continuous opemation
Mot . <
MDOF A a6 el I - iManually single stap oparation
Mot Forward JOG input. Whan JOGLU is
JOEU ar . - acthyated, the motor willl JOG in forward
L Hiraction, [see P4-05]
Nat Reversa JOG input. When JOGD is
JOGD 38 st - thvated, the motor will JOG in reversa
igned rection. [see P4-05]
STEPU 39 Mot . tep up nput. When STEPU iz activated,

assigned

mector will run to nexct position.




3.6 Standard Connection Example

361 Position (Pt) Contral Mode

EervaCrive I
MCCE Regenerat ve
AL 220,230V : M= = Resistor
Single-phate 0 T PC—1 3
ar Three-phas 2 —-C'{ 4% ‘: : I"S oe— i
50/80Hz2 —Q 0 1 -
—.,L. L.- D
B o | servo |
(a7 hiy Motor
Pulse nput b—{rsiGN_[33
iLing Driver) «—FULSE [41 | Encoder
k T
Gl E“x_.fF';JL,BE 47 . Twistcd-pair or
=1 _.J__: E__, T-REF |18 5 A Iwistad ¢ hiald
’ alp |13 P i ratile
] b A]Biue
Do24y ?E i = 4 |Else/Elack %"
SNl _Z L] B|Crecn =}
oD 5t :'4 = 5: = /B | Green Black i
: T
COM+ (-1 M ' Z| Yeliow
oM. |3 13,15 6ND 2 |VellowiDlack| 3
e ) bl 74 T5v[Re
el s CUIIL PR GND | Blark
(1 KL 50— D2 il ; TIel B A
TCMO5B5—{DI3 |34 = iﬁ‘ : 8 MON1 '
Towi| 5o (D4 |8 -.-::E-ﬂ‘ 12,13, 16| GND
ARET o DI5 5 15 MON2
CWL 21 0— DIB 2
CCWL b2 o—{ DI7 31 21 [UA I:
Apiasepuise
EmMes S o—{Di8 |30 22 |/0A

=S E 25loB | [ » ) PG Dividing
18K Y T = 25 |ros J—. Bahiesapulse Hatin Chrtput
i +—{ Dot ::l:_ﬁ S
2 Zp1ase pulse
24 | /o2 ¥

——{KH pot-
1'.;5-'@} D02+
7oEE D
l_-';r"l_. 45 GGI—P
:j::#_ :?:.'.:irc',ﬁ— 13 [GND——

t+—{H poe-
U e el e

Fil |'I|1.1-.';H' moAn colRehar

-i-I'\II.AJ-Fu‘HI"'\-I.I
T.l
1

245 HOME
g b sk EI} D CHaE

s s | DO4+ ﬁq—*_ 8 {R5422T
| ooa: o5 : zizi:an 2a2_rx—| |55
3 &) Frer=gr Frey
ALRM £ [pos 2 :j‘;{ 3| =s422R+ B e

Dos 37 2| 2s232_Tx
1| 3G202_cND

imminOTE

1 Plesse refar o Cad wring dlagram an nege 3-26 11 118 opet-eoliector npt, pleass refer o G3

wiring disoraT on pece 3-26.



3.6.2 Position (Pr) Control Mode

Servo Drive Regeneraiive
AT 2204230V MEB Resistor
[ T— =}
Single-phase ‘S &
wr Three-phase -~
50/60Hz o T
L1 1
Lz Sarvo
Molor
CNY
10V = T-REF |18] Encoder
MGND 13
Twisted-pair ar
: twisted -shisid
L _EEG _%_D_l cable
DCady X AlBlue
! 4] Blue/Black e
[ voD |17 LGt 3 BiGreen g
ComM+ |11 B IBiGrean/Black | =
GOM- 4547 43 tSwEE 2 ¥ellow §
BON s ol 8 I :t_t: (Z YellowBlack| 3
i g w5 Red
CTRG & =— DI2 10 T
POSD |-s's—{DI3 |34 CNA
POS1 |5 5—| Di4 B 16
ARST [~ o—| DIS 33 12.13,18
CWL ewo—{ DB |3z L N—
COWL f—guo—q DI7 a1 CMi
A -
o5 i S g S
CHY 25|08 | o
15K FE Dividing
BE Dot+ |7 B r= _E 23 | /0B i: Bphess putes Ratio Output
rr=m @J— DOt- |6 —[E 50 @z |
D02+ |5 24 |10z | Scpbuatpdine
28RD e
(& po2- |4
Pl 3 isr 48 |[oCZl—
2av | Trowd — oot B2 ,___H#j[ 13 lGNDl—s Z PNase open coliector
.E_ "'1 PE_E_-‘E :" Do3- 2 T M
oo = D04+ |1 I~ e CN3 |6 |RSdzoT-
',_@3‘ DO4- |28 |1 5 |rsazaT+
T 24 DO5+ |28 ._*: 4 |RS422R- & AS232 RX E iﬂ
D05 |27 |t 3 |RE422R+
2 |Razaz_T1X
1|R8232_GND




3.6.3 Speed Control Mode

MECE Servo Diive Regenerative
—— MC Resistor
AC220230V _STn o 14 dR
Single-phase _ 27w '} 5
ar Threo-phase _0*":“:: I T
S0/80H2 o 3
L2 Serva
N1 Motor
| 42 Encoder
10 — 13
18 Twisled-pairar
3 twisied-shield
13 4 I _|| cable
= 7 B ‘
zcli -] Fic] - l‘c Blue
D24V = z| = | AlBlueBlack |
2
N1 2 iz | s B Green =
P i VRT|BT, B Green/Black | 2
COM+ |11 7 12.15| aND Z|Yellow ;5_-
COM- (4547 40{0,— . ... IZ Yellow/Black | 3
AT 40| 4 ’
SON &'+— D1 |8 'E‘:'i YL +5V | Rea
TROLM o o—{Diz |10 ; »:rﬁ:“ i GND| Black
SPDO |6 &—| DI a4 'Eﬁié 16 MONT
= B [
SFD1 8 Dii4 B r :n: 12,13,18|GND
AKAST T o— QIS 33 PCHI;-::::E 15 MO
CWL Feo—| Die |32 s L —
COWL g, — DIT a1 tooTie 31 oA |
EMGS &, o—] pia a0 E&-_‘-Et;’ »{t 22 | 1oA i: A phaze pulse
e= | OB =T+ PG Dividing
15K : G _[t 23 | /0B «,[.-.. Bylikaepuse Ratio Output
—{1_5§ @}- Doi- |6 = _Et 24 | joZ |——s =Phasepulse
o ) s e = 41 |ocz
Yk Doz 14 i 5 D  Zphase apen collectar
a4y | teg——{ D03+ |3 Bir= 3 ..:L.,;,;.;g_f.:" b R
=] fix&oo- |2 -
aRkA| = _ | D04t |1 :j‘-lzi GN3 | |RS422T.
'1—@}- Do4- |26 5 |RE42aT+ o
T BE ~ Mhose |28 j“f 4 |RS422R- & R5232 RX ‘mﬂi
DOS- |27 1% 3 |[Rs422R+
2 [Rs23z2_TX
1 |R8232_GND




3.6.4 Torque Control Mode

Sarvo Orive Reganeraiive
s hc Resistor

AC Z20/230W T
; —G | O—— )—§n
Eingla-phasa Py ! :
H i
Il

wF

or Three-phase b
— —

S0/60HZ I i T
L1
L2

R B = R -

[1
Servo
Motor
CM1
V-REF |42 Eis Encoder
GND 13 T
T-REF oz Twisted-pair or
SHD 1: 5 A twisted-shield
z 4 I8 cable
i B
10 7 i. [A|Blue/Black s
DC24V 2 7zl | sa B|Green g
/B|GreeniBiack | Z
SR 14,168 +54 E
[t 13,15/ GND &3 Yllierw 2
1 COM+ |1 i 2] vellowiBlack | &
+5V | Red
COM- 4547480 — ..
" —— TR GHD| Black
BOM =8 b D1 g ] el o
SPDLM o 5—{Di2 |10 r ,:,!1 18 MON1
TCMO |5 o— DI3 34 - '-i=t:' 12,13,18| GND
TCMI o B—{DI4  |a , :tt: 15 MONZ
5 B— '_i____:
ARST = Ols 33 “Drr—i-k:-f o] B
ot il 1 b ! :'""E _t I e r A phase pulse
COWL |aso— DIT__ |31 TEL 22 [ioA] P
EMGS —e— 018 |30 M- T3 —|t 25 |08 | B phske pulte PG Dividing
23 |08 | Ratio Calput

CM1 50 |OZ ¢
T'&l— 1 Z phase pulse
SROY BO1+ Bl 24 |10z j,::

7
e @poor [s 4T -
i [y S—
i_— DO2+ |5 3 Lol 48
7580 . Bl ?:.‘T.TT;Jjg P Z phase opan callecter
\CHTT poz- |4 —*
249 | TTsPD oo |3 —j
= '—@"1 T po3- |z 1% CM3 |8 |RS4227-
D04+ |1 e 5 |RE422Te . _
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SIEMENS

NPHN Silicon AF Transistors BC 635
... BC b39
& High current gain
@ High collecior current
# Low col'ector-emilter saturation voltage
& Complemsntary types: BC 636, BEC 838, ( 5
BC 540 (FNP) S
I
Type Marking Ordering Code Fin Conflguration Package
1 2 3
BC 635 - QG68000-433€C E c 3 |TC-92
BC 637 LQGE000-AZZES
BC 638 Q68000-A33€1

If deslred, selectad fransistors
(hee =100 ... 2EQ) are available. Ordaring codes upon request.

lNor aetailed information see chapter Mackage Cutines.

type BC 62 + —10 (k== 63 ___160), of BC 63 » —16



SIEMENS

BC 635

. BC 639

Maximum Ratings
Farameter Symbel | Values Unit

EC 635 |BCG37 |BC639
Ccllector-amitter voltags Fore 45 60 80 W
Collector-base voltage Foec 45 60 100
Emitter-base voltags Veer 5
Ccllectar current I- A,
Feax collector currsnt Iem 1.5
Base currant In 100 mA
Feak base current Iom 200
Total power dissipation, Te =90 "CT | P 0.8 (1) W
Junction temperature T 150 -
Starage temperaturs range dwig - G5 ...+ 150
Thermal Resistance
Junetion - amblent!. Raoa <156 KA
Junection - caze”) Rue =7h

1 It the tfransistoss with max. 4 mm lead length are freed on 1'CRs vathoa mom 10 mm
for the collector tarminal, Rwas — 726 KW and thus Poima: = 1T W ST T2 — 2570

2 Mounted or A heat aank 1h mm o 25 mm o« 5 mm

1) mm large ropper area



SIEMENS

BC 635

... BC 639

Electrical Characteristics
ar 1a =25 "C, unless otherwise specified.

Parameter

Symbol

Values

min.

typ.

max.

Unit

DC characteristics

Collector-emitier oreakdown voltage

Jc— 10 mA
BC 635
BC 837
BC 639

Fiercey

45
g0
80

Collector-base breakdown voltage

Ic =100 pA
HC 635
BC 637
BC 638

FiERICED

4h
B0
100

Emiller-base breakdown vollage
=10 u:ﬂi

FERIEED

on

Collectur cutoll cunent
Fes = 30V
Foa= 30V, Ta=180°C

Jcen

100
20

nA
|.L.IE'L

Cmitter cutoff curren:
Fee=4V

fEBD

100

nA

DC current gain

k= 5mA Fee=2V
Ie=150mA; Tee =2V
Ic =500 mA; Fee=2VY

3

25
40

250

Collector-emitier saturation voltage
T =500 mA; =50 mA

Vezaat

530

my

Base-emittzr voltage?
It =500 mA; Tee=2V

Vee)

AC characteristics

Transition frequency
It=50mA Fee=10V, =20 MHz

100

MHz




SIEMENS BC &35
... BC 639

Total power dissipation P.. =/ (Tx Tt Collector cutoff current oo = 7(74)
Ve =30V
b B33 . hbd EHFOC 19% B2 Eib b3 EHFOOT6E
500 . . 104 —— -
i . : nh T —1—
I8 I : b}
lul Il \l\ | 1 ] - may _.’
1 700 \ 1. .—i =L
. -
1 \. “ i
E00 -
\ \\ T /
‘.,L L 104 k = =i —
500 c -=c ]
= W 4
400 — ; \ ; A b
—N 10" e
200 | I l\ ‘-\ T o
5 Fa
, N 4
200 X T ral
k!
100 \\.‘k
SEREEE Rar
b 411 e n 153 Wg 50 mo o1
—= G4 — Ty
Permissible pulse load B = 7(1:) Collector current &= (F=)
Fer=2V
4 BC B&h,..k8k EHPOC 197 i 65 630 EHPUFIIEE
1y = i i i 1~ * z \F =
i 7
T - /
iiiiiiﬂ iiiillllllllll lli £ f
— I
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SIEMENS B 63>

... BC 839
DC current gain fir= = f (5) Collector-emitter saturation voltage
e=2W Froesal = (&)
wre=1C
'II]J aC #35._63% FHRR 68 103 BC £3%5..63% [HPCOI0]
i =
] | I = '
e g . ' ie A /- ,
T —r T 19?
| all 5 : |
107 ; 131 _
L"
\ 5 =
5
10°
3 :
10! -1 '
o ' 1w ma 12 Wy L.z 0.4 L6 vV 0.8
—4 ——= Vopaat

Transition frequency /7 = F[It)
Foo— 10V, 7/~ 20 MHz

e BT OE5. 634 [HPCO20
' I
i
Jr, WHz
T 1
|
I
10k -
f e
s
I¢! o P z 1
10 14 i md 10

b—jc
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H11AA814 Series, H11A617 Series, H11A817 Series
4-Pin Phototransistor Optocouplers

Features

B AC inpul resporee (H11AABTL only)

W Cornpeible o Ph-lres 1R mlios soldsang
W Corrpact 1-pin dua in-line package

B Curront rranctor rabe n zelecled groaps:

Bilaaai g 20-300% HI1a817:  BO-B0C%
Fi1aadidA: G0-150% H7 148174 B0-160%
Hi1ABT7A:  40%L-80%% Hi1AB178: 120-2E084
HI1AGT /B sdal- 128, HUTABTAC: 200400
BilaGiTc:  (00%-200% H LARITO: 300-600°
HaETT0:  1601%-320%

W C-UL UL and VDE approved
B High inpui-cutput izeaticn voltage of S000Vrms
B Minmum 8Y-pn of AUV cugranteco

ﬁpp“ﬂﬂtiﬂﬂ 5

1748312 Seres

B AL fine monitor

B Jrknown polary DG sensor
B Telephor s im= inledbcs

H17 &8 7 and H 1A 7 Seres
B Power suaply regulators

B O gpial logio ingual s

B Micraorocessos Rauts

Descriplion

The 111188074 cznzists of bwa gellum arsenide infrarec
sritling ciedes, connected 0 irverss parallsl, driving a
shoon pholoransistor oalpul in g d-pnodar’ inding
packags. The HUTASITA7 Eenas sorass o a galium
arcondo antrarcd cmiting Zisde  driving 2 sibcor
phatotransiztos in a c-pln dual In-line package.

Package

Schematics

H114A814
ANCDE CATHIDE || . /—qufc;;:uu-:;m-u
— rf
¥=
CATHOCE AMCDE |_.e = EVIMTTER

H11A517 & H11A917

4 cowecToR

* [ crTEn

sisjdnoooido 101sisuenolold Uld-p S319S [ 18V LLH "S8USS / LoV LEH 'SUes FI8VY LEH



Absolute Maximum Ratings [T, = 25°C Unless otherwise specified.

Symbol | Parameler | Device® | Value Units
TATAL DEVICE
Tere  |Storage Termperatucs Al -Z5 1 +150 c
Tazg  |Cperating Tempetatie Ll =26 13 4100 L
Tgny  |Lead SelderTemparature Al 260 far 10 zec c
Py Toate] Diezvivce Ponwesr Thssipation =550 10 60°5) all =0 i\ 1)
EMITTER
E Comfiruas Forvsa Curent 814 Gelies £5 mA
G617, BT Seias L]
¥y Feverse Volaze B17 Serizs & W
A17T Farizs i
P L=0 Powor Lissizabion (260 ambiend] Al ) myy
Mo deratirg Lpra 005G
DETECTOR
Yeoe | Colectur-Emiber Vollaye Al 70 Y
Veoe  |Erritter-Collscter Vollags d14, B17 Seriez [ Y
517 Geries 7
I Canfinuods Callector Gureant Al al m,
P, Dorector Power Dissipation (26°C arrbiont Al 160 mf
Drearele ahows 9070 53 WG
Electrical Characterlstics (1, = 45C Unloge atherwiss epocifizd.)
Individual Component Characterisiics
Symbol | Parameter | Test Condilions | Device hin. | Typ.* | Max. | Unit
EMITTER
WE Inout ~orvard Yollage | lp= ComaA 617 Gelies 185 | 1.60 ¥
lp = z0mA BT Series 12 15
Iy = +20mh 814 Scnos 1.2 15
o] Reverse Lechege Yp=60v 617 Senies Rl 12 L
Currant Yp=bhaw 817 Saties
CETECTOR
SVepo | Colector-Emiler =01 mA p=0 AL Ta (i Y
Hrezhoown Veltzga
CVprn | Dmitter-Colector lc=10pA lz=0 814, 017 Seriea E 10 v
Emakrinum:inltege 617 Senea 7 11
ko |Colector-zmiter Veg = 10N, e =0 H11AAR14/A, E17 Senes, 120 | na
Dark Cunznt Hi1AGI7CD
Hi1a6174F 50

“Tyvial values al T,=25"C

siaidnosoidp Joisisuencioyd uld-b SSUSS £18Y LEH 'SALSS / LoV LH "SalES I8V ELH



Transfer Characleristics (T, - 25°C Unless vlherwiss speciied.)

Symbal | DC Characterislic Test Conditions Device Min Typ* klax|Unid
CTE | Currant Trarstar le==Ima, Vg =591 Hilaag 14 =0 oo | o=
Altin I = < 1mA, Ve - SYET HITAMI14A 5O 150 | %
il = 10md, Vg = BV Hilagl7a A0 B0 | =
H11AE1 70 Ed 188 | #
Hitagi?z 100 200 =
HH11ABITD 180 R I
{lp=fimd, Voo =it H11A817 el Aol [
Hilag17a 4] 160 |
Hi1a8178 120 200 |
HitagI?s 200 and | =
HitARIFD 300 gun | A
le= 1ma, ¥op =20t Hilagi7a 442 %
H11A817E 22 %
HilaB170 3 g
H11AB170 E6 i
Yep g | Gollactar-Eribear L =tmA lp= =Flm4 A1d =eries 02| W
Suturs o Mollage b =2 5maA, - —ﬂ1ﬂlrr|A 51T serlss o
I = Ima, Ig=2Ima ; ; .
o1l zeries 0
AC CHARACTERISTIC
1, |RmeTime L =2ma Vi = 2% A = 10082 ALL 4 18 | uw
| Fal Tiime L =2mA Nep = 2% A = 10008 ALL a 18 | us
Isolation Charactetistics
Symbaol Characteristic Test Gonditions Mir. Typ.” e, Units
Wizm Inprot=Culpul lsclation Volags (I=80Hs 1=1 mmn) 000 Vac(ring)
(notz 3 (ly ¢ = EHA]
Ao |bolanon Aesistance (%5 = 500 VDE) mcin!d in'! o
Cizp  |leclaren Capacitares Mo=0,1=1WHzi 0.5 1.0 o

“Tyoical valess al Ty — 26°7,

Neolea:

+o Sarrent Transfzr Ratic (CTR] = 1/ 2 100%
2. Far et circuit setup snd wavetarme, refar o Figure 13,
3. For thistest Fins 7 and 2 arc eomman, and Ping 2 and £ are 2ommer,

siadnodoidn JCIsSISUENOIOYd Uld-b SRS /18 LLH "SalleS [ 19V LEH 'SaU9s ISV LLH



Typical Performance Curves

S0k B TOS CLREEST 12 (rid)

& (e -0 | SETOREWITTER

CIRRENT TRAMSFER RATIO CTH( %)

ZATUN A TION VOLIACE (W)

EC

=]
E

e

ool

CoE

[a8e 1)

Fig. 1 C urreit Tran sber Mato
w= Fareoed Currend

NgE- SV
Tetmec
o A
=l T N
— e [rIE B
Br =
-
=
=
z E 1 @ =

FOPWARD CUARERT I ma)

Fig ¥ Collsctar-Tmittsr Satwration eltags
v, Al Temps aime

gl -0 -4 a ] afl R A nw

Ta- ANEENT TEMPERATLRE (10

Fige & Sollecoer Current v,
Colleu b “Emilles Sollage [HITABE1L]

| Te = 2T

I -':on.};'ﬁ

/s

Jl"‘. 20 ml“\\

s

mooA e dii xl  FL an e 1l H nx

CCLLOCTON-EMTTCD VOLTAZC Ve V)

HELATIVE CURBENT T EAMSFEH

AGTIC 75

REMT 1=ima)

FOPRWaRC CL

SOLECTOH CUHHERT Iz (maj

Fig. 2. Rglanva Curram Transrer Fada
wa. Ambierd Tempamatare

Vi T
Hi- A&a14 | |
—)
o T F=1F£
\\:IDE- ~f
(e} \
B R
1 Ve \\\_
W T
1 EARC T & T4RATTF ey
4] \\‘\
an
b0
a
-0l -3 20 L} 2@ C ol i o 1ad
AMBIENT TEMESATURE T & 1* )
Fig.4 Forward Currenl we, Fommarc Woliags
1K1 i
=
==
bhsehiig = f’.rj[ﬂ
'!IH - :fflf i ;
4
o G Ei‘ A !
; Iu" r.lf
A oy
I/ a’a’la 1
NI
1 Irllr |Ilr I. ™ mrl—
T
’r IR
HI; { :
25 ."'I.'f.' ."I |
a5 L2 e =L
FORWASD ¥VCLTASE Y- (&0
Mg, & Gelleeer Qurrent va, Callector-Cmitier Yo loos
[H11ALET Taard HI1ARET]
L T T T
l-—-sa-;/‘ % Ta-tec
“
= G L T
/ ., "_::-.1..-}{11
21
x0
V HL i
%
/ ]
™
ﬂm:‘_.__.——I"__'_-.-'-—_.
B
m 5
Bns
b
]
u = ] a o L r - W

COLLEZTOR EMITTERVTAGE VL (V)

sig[dnoooKlo JolsisUeiCI0yd Uld-t SE148S LESYLLH ‘SeeS LLOVELH 'SeleS FISYVE LH



Typical Performance CUreS (Corinued)
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Test Circuit

Flgure 13, Test Clrcult

T'est Circuit for Hesponsa Tenes
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Package Dimensions
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Inductive Sensars
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Long Fange Inductive Sansors
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Avoid contact with long range inductives!
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Appendix C
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