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ABSTRACT

The author is to design and develop a voltage dip compensator for a transfofmer
using a stepper motor with a digital controller. The main task is to provide a
mechanism for the mechanical switch of the tap changer to move. The mechanism
will require a precise movement that can be controlled digitally, This report is
prepared to present the design and implementation of the design for this project. In
the carly part of the report, the author will enlighten readers to the background of the
project, the cause for needing such mechanism and the objectives of this project.
Then the author will give a literature review and theory for the components usé:('i;in
the project. Here the theoretical result of the design is also presented. Resulfs of
circuit simulation and hardware constructed will be analysed and discussed in the
next chapter. The constraints and overcoming the obstacle in completing this project
will also be described. The author will conclude this report with the results of the
design and knowledge gained throughout the completion of the project.
Recommendations to further improve the design are presented at the end of this

report.
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CHAPTER 1
INTRODUCTION

A transformer tap is a connection point along a transformer winding that allows the
number of turns to be selected. By this means, a transformer with a variable turns
ratio is produced, enabling voltage regulation of the secondary side. Selection of the

tap is normally made via a tap changer mechanism. [1]

The author is required to design a digital controller that will manipulate the
movement of a stepper motor that is physically connected to the transformer’s
tapping. As the output voltage of the transformer falls at an ﬁndesirable value, the
motor will move, changing the tappings of the transformer changing the turns ratio
and vary the input voltage so that a stable output voltage lS obtained when the

transformer load changes.

In completing this project, the author gained knowledge about transformer and its
tapings. There are two types of tap changers; off-load and on-load. As suggested by
the name, on-load tap changer, usually used for power transformer that requires no
power interruptions to the load, will enable tapping even when there is load connected
to the transformer. On-load tap changers may be generally classified as mechanical,

or as electronic: either thyristor-assisted or solid state.

Author had also learnt briefly about peripheral interface controller (PIC). PIC is a
microcontroller that has a processor and memory. They can compute and run a
program responding to inputs and controlling outputs. They can process complex
function and thus eliminate the use of several conventional ICs that may be able to

give the same output.

For this project, the use of a stepper motor is incorporated to provide movement for

the mechanism. A stepper motor is used due to its benefits that make it suitable for



this project. Details on the operation and benefits of stepper motor will be discussed

in the next chapter.

1.1 Problem statement

Voltage dips are one of the largest causes of disruption in the power supply systém.
Voltage dip may be caused by sudden change of load inrush (i.e. by inrush currents at
motor start-up), short circuit inside and outside the transformer, or a thunder storm.
They may result the same losses as power outage, such as loss of revenue due to

unplanned process stoppage not to mention equipment damage.

Thus, it would be wise to provide a mechanism for the mechanical switch to move, so
that a voltage dip can be compensated. This would also help in the event where

voltage drop occurs.

The proposed tap changing mechanism requires a precise movement that can be
controlled digitally. Therefore it would be appropriate to use a stepper motor
controlled by PIC16F877 for this purpose. Stepper motors operate differently from
other motors; rather than voltage being applied and the rotor spinning smoothly,
stepper motors turn on a series of electrical pulses to the motor's windings [3]. Each

pulse rotates the rotor by an exact degree.

1.2 Objective and scope of study

In this project, the author is expected to learn about microcontrollers and digital
controller, PIC, programming the controller and integrate its application into the

project.

On working to complete the project the author will reviewed the literature on tappings
of transformer, its mechanism and perhaps learned more or less on transformer input

and output voltage pattern.

The depth of understanding is only on the surface and specific on function:and

program of the PIC due to time limit of one year. The author is expected to come out

2



with a program for the PIC and simulation of the motor controller circuit. After
testing the open loop function of the system, the author should connect the output
voltage of the transformer to the input of the PIC completing a closed loop function.

The details of the project flow will be discussed on the later part of the report.



CHAPTER 2
LITERATURE REVIEW

The author is to design and develop a voltage dip compensator for a transformer tap
changer. In order to do this the author will use a digital controller with PIC16F877 as
the microcontroller. The purpose is to have a stable output voltage of the transformer
via a voltage dip compensator by varying the position of the tap at the input coil of

the transformer.

Using a concept of closed loop operation, the output of the transformer is fed back to
the digital controller. The voltage is compared against a reference voltage (the chosen
stable output voltage of the transformer). If the value of the output voltage is lower
than the reference voltage, the input voltage is increased by changing the position of
the tap changer. Vice versa if the output voltage is higher than the reference voltage

the input voltage is decreased by repositioning the tap.

The findings of research and theory are discussed in the following section:

2.1 Transformer tap changer

Almost all transformers have taps on windings to adjust the ratio of transformation by
changing the connecting points along the windings when the transformer is

deenergized. Selection of the tap in use is made via a tap changer mechanism. [1; 11]
2.1.1 Voltage considerations [1]

Tap points are usually made on the high voltage, or low current, side of the winding
in order to minimize the current handling requirements of the contacts. To minimize
the number of windings and thus reduce the physical size of a transformer, use may

be made of a ‘reversing' winding, which is a portion of the main winding able to be
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connected in its opposite direction and thus oppose the voltage. Insulation
requirements place the tap points at the low'voltage end of the winding. This is near
the star point in a star connected winding. In delta connected windings, the tapings
are usually at the centre of the winding. In an autotransformer, the taps are usually
made between the series and common windings, or as a series 'buck-boost' section of

the common winding,

2.1.2 Tap changing [1]

2.1.2.1 Off-load designs

In low power, low voltage transformers, the tap point can take the form of a
connection terminal, requiring a power lead to be disconnected by hand . and
connected to the new terminal. Alternatively, the process may be assisted by means of

a rotary or slider switch.

Because different tap points are at different voltages, the two connections should not
be made simultaneously, as this short-circuits a number of turns in the winding and
would result in an excessive circulating current. This therefore demands that the
power to the lfoad be physically interrupted during the switchover time. Off-load tap
changing is also employed in high voltage transformer designs, though it is only

applicable to installations in which loss of supply can be tolerated [1].

2.1.2.2  On-load designs

Because interrupting the supply is usually unacceptable for a power transformer,
these are often fitted with a more expensive and complex on-load tap-changing
mechanism. On-load tap changers may be generally classified as mechanical; or as

electronic, which in turn may be either thyristor or solid state controller.

» Mechanical tap changers

A mechanical tap changer physically makes the new connection before releasing the
old, but avoids the high current from the short-circuited turns by temporarily placing
a large diverter resistor (sometimes an inductor) in series with the short-circuited

turns before breaking the original connection. This technique overcomes the problems



with open or short circuit taps. The changeover nevertheless must be made rapidly to
avoid overheating of the diverter. Powerful springs are wound up, usually by a low
power motor, and then rapidly released to affect the tap changing operation. To avoid
arcing at the contacts, the tap changers are filled with insulating transformer oil.
Tapping normally takes place in a separate compartment to the main transformer tank

to prevent contamination of its oil.

One possible design of on-load mechanical tap changer is shown in Figure 1. It
commences operation at tap position 2, with load supplied directly via the right hand

connection. Diverter resistor A is short-circuited; diverter B is unused.

Line
terminal
X
-

7 85\

......./

MR AN
/cs g o
-3 L

C g 23..
fcl .
By A

Neutral
terminal

Figure 1 One possible design of a mechanical tap changer

In mechanical on-load tap changer design, changing back and forth between tap

positions 2 and 3, the operation are as follows:
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Figure 5 Conceptual medel of a unipolar stepper motor

The following table describes 3 useful stepping sequences and their relative
merits. The sequence pattern is represented with 4 bits; a '1' indicates an energized
winding. After the last step in each sequence the sequence repeats. Stepping

backwards through the sequence reverses the direction of the motor.

Table 1 Stepping sequence for unipolar stepper motor

Sequence Name Description

0001 Wave Drive, | Consumes the least power. Only one phase is

0010 One Phase energized at a time. Assures positional accuracy
regardless of any winding imbalance in the motor.

0100

1000

0011 Hi-Torque, Hi Torque - This sequence energizes two adjacent

0110 Two Phase phases, which offers an improved torque-speed product
and greater holding torque.

1100

1001

14



In moving to tap 3, the following sequence occurs:

1. Switch 3 closes, an off-load operation. |

2. Rotary switch turns, breaking one connection and supplying load
current through diverter resistor A.

3. Rotary switch continues to turn, connecting between contacts A and B.
Load now supplied via diverter resistors A and B, winding turns
bridged via A and B. '

4. Rotary switch continues to turn, breaking contact with diverter A.
Load now supplied via diverter B alone, winding turns no longer |
bridged. |

5. Rotary switch continues to turn, shofting diverter B. Load now
supplied directly via left hand connection. Diverter A is unused.

6. Switch 2 opens, an off-load operation.

The sequence is then carried out in reverse to return to tap position 2.

e Thyristor-assisted tap changers

Thyristor-assisted tap changers use thyristors to take the on-load current whilst the
main contacts change over from one tap to the next. This prevents atcing on the main
contacts and can lead to a longer service life between maintenance activities.. The
disadvantage is that these tap changers are more complex and require a low voltage

power supply for the thyristor circuitry. They also can be more costly.

* Solid state (thyristor) tap changers

These are a relatively recent development which uses thyristors both to switch the
load current and to pass the load current in the steady state. Their disadvantage is that
all of the non-conducting thyristors connected to the unselected taps still dissipate
power due to their leakage current. This power can add up to a few kilowatts which
have to be removed as heat and leads to a reduction in the overall efficiency of the

transformer. They are therefore only employed on smaller power transformers.
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Figure 2 Basic arrangement of regulating (tap) winding

2.2 Stepper motor

Stepper motors consist of a permanent magnet rotating shaft, called the rotor, and
electromagnets on the stationary portion that surrounds the motor, called the stator

[3].A stepper motor has the following performance characteristics:
1. Rotation in both directions,

2, Precision angular incremental changes,

3. Repetition of accurate motion or velocity profiles,

4. A holding torque at zero speed, and

5. Capability for digital control.

A stepper motor can move in accurate angular increments known as steps in response
to the application of digital pulses to an electric drive circuit from a digital controller.
The number and rate of the pulses control the position énd speed of the motor shaft.
Generally, stepper motors are manufactured with steps per revolution of 12, 24, 72,
144, 180, and 200, resulting in shaft increments of 30, 15, 5, 2.5, 2, and 1.8 deg_;'ees
per step [9]. j

Stepper motors are either bipolar, requiring two power sources or a switchable

polarity power source, or unipolar, requiring only one power source. They ‘are
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powered by dc current sources and require digital circuitry to produce the coil
energizing sequences for rotation of the motor. Feedback is not always required for
control, but the use of an encoder or other position sensor can ensure accuracy when
it is essential. The advantage of operating without feedback is that a closed loop
control system is not required. Generally, stepper motors produce less than 1
horsepower (746Watt) and are therefore frequently used in low-power position

control applications [9].

The common characteristic of a stepper motor is not only just on its voltage rating.

The following elements characterize a stepper motor [4]:

o Voltage: They usually have voltage ratings that is usually printed directly bnto
the unit, or specified in the motor’s datasheet. One may exceed the voltage
rating to achieve the desired torque, but doing so may produce excessive heat
and/or shorten the life of the motor.

¢ Resistance: It is determined as the resistance-per-winding. The resistance will
determine the current drawn by the.motor, as well as affect the motor’s torque
and maximum operating speed.

» Degrees per step: This is the number of degrees the shaft will rotate for each
full step. In the case of an unmarked motor, dividing the number of steps with
360 will yield degree per step value. Degrees per step is often referred to as
resolution. Half step operation means double the resolutions, and cuts the

angle of rotation into half.

Figure 3 illustrates one complete rotation of a stepper motor. At position 1, it can be
seen that the rotor is beginning at the upper electromagnet, which is currently active
(has voltage applied to it). To move the rotor clockwise (CW), the upper
clectromagnet is deactivated and the right electromagnet is activated, causiné the
rotor 1o move 90 degrees CW, aligning itself with the active magnet. This process is
repeated in the same manner at the south and west electromagnets until once again

reach the starting position.
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Figure 3 One complete rotation of a stepper motor.

In a “half-stepping” operation, instead of switching the next electromagnet in the
rotation on one at a time, both the electromagnets are turned on simultaneously,
causing an equal attraction between, thereby doubling the resolution. As show in
Figure 4, in the first position only the upper electromagnet is active, and the rotor is
drawn completely to it. In position 2, both the top and right electromagnets are
active, causing the rotor to position itself between the two active poles. Finally, in
position 3, the top magnet is deactivated and the rotor is drawn all the way right. This

process can then be repeated for the entire rotation [3].
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Figure 4 Half-stepping of a stepper motor

Positioning contro! can also be achieved by using a free spinning DC motor. But
accurate and precise positioning is difficult. Even when the time for starting and
stopping are set, the motor will not start or stop on the dot as the armature needs time
to respond. Further more, DC motors have gradual acceleration and deceler'ation
curves which means, stabilization is slow. Adding gears to the motor may help reduce
this problem, but overshoot is still present and will throw off the anticipated stop

position

Another useful characteristic of the stepper motor is that it produces the highest
torque at low speeds and has holding torque, which is not present in DC motors.
Holding torque allows a stepper motor to hold its position firmly when not turning.
This can be useful for applications where the motor may be starting and stopping,
while the force acting against the motor remains present. This eliminates the need for

a mechanical brake mechanism {8].

Stepper Motors have several features which distinguish them from AC Motors, and
DC Servo Motors [6].

» Brushless - Steppers are brushless. Motors with contact brushes create sparks,
undesirable in certain environment (space missions, for example).

¢ Holding Torque - Steppers have very good low speed and holding torque.
Steppers are usually rated in terms of their holding force (0z/in) and can even hold

a position (to a lesser degree) without power applied, using magnetic detent

11



torque.

s Open loop positioning - Perhaps the most valuable and interesting feature of a
stepper is the ability to position the shaft in fine predictable increments, without
need 'to query the motor as to its position. Steppers can run 'open-loop’ without the
need for any kind of encoder to determine the shaft position. Closed loop systems
that feed back position information, are known as servo systems. Compared to
servos, steppers are very easy to control; the position of the shaft is guaranteed as
long as the torque of the motor is sufficient for the load, under all its operating
conditions. '

* Load Independent - The rotation speed of a stepper is independent of load,
provided it has sufficient torque to overcome slipping. The higher rpm a stepper
motor is driven, the more torque it needs, so all steppers eventually poop out at
some rpm and start slipping. Slipping is usually a disaster for steppers, because |
the position of the shaft becomes unknown, For this reason, software usually
keeps the stepping rate within a maximum top rate. In applications where a known

RPM is needed under a varying load, steppers can be very handy.

2.2.1 Types of stepper motor [4, 12]

A user must know the type of motor to be used to determine the type of driver and
translator needed. There are two categories of stepper motors; permanent magnet

(includes unipolar, bipolar and multiphase motor) and variable reluctance.

2.2.1.1 Permanent magnet stepper motor

o Unipolar stepper motor

Unipolar motors are relatively easy to control. A simple 1-of-*n’ counter circui.t can
generate the proper stepping sequence, and drivers as simple as one translator per
winding are possible with unipolar motors. Unipolar stepper motors are characterized
by their center-tapped windings. A common wiring scheme is to take all the taps of
the center-tapped windings and feed them with the voltage required by the motor to

operate. The driver circuit would then ground each winding to energize it.

12



. Bipolar stepper motor

Unlike unipolar stepper motors, bipolar units require more complex driver circuitry.
Bipolar motors are known for their excellent size / torque ratio, and provide more
torque for their size than unipolar motors, Bipolar motors are designed with separate
coils that need to be driven in either direction (the polarity needs to be reversed
during operation) for proper stepping to occur. This presents a challenge for the
design of a driver circuit. Bipolar stepper motors use the same binary drive pattern as
a unipolar motor, only the '0" and '1' signals correspond to the polarity of the voltage

applied to the coils, not simply 'on-off’ signals.

2.2.1.2 Variable reluctance stepper motor

Sometimes referred to as Hybrid motors, variable reluctance stepper motors are the
simplest to control over other types of stepper motors. Their drive sequence is simply
to energize each of the windings in order, one after the other. This type of stepper
motor will often have only ore lead, which is the common lead for all the other leads.
This type of motor behaves like a DC motor when the shaft is spun by hand; it turns
freely and the steps are not felt. This type of stepper motor is not permaneﬁtly

magnetized like its unipolar and bipolar counterparts. [4][12]

2.2.2 Conceptual model of unipolar stepper motor

With centre taps of the windings wired to the positive supply, the terminals of each
winding are grounded, in sequence, to attract the rotor, which is indicated by. the
arrow in the picture. This conceptual diagram depicts a 90 degree step per phase as
shown in Figure 5. In a basic "Wave Drive" clockwise sequence, winding la is de-
activated and winding 2a activated to advance to the next phase. The rotor is guided
in this manner from one winding to the next, producing a continuous cycle. N.oté that
if two adjacent windings are activated, the rotor is attracted mid-way between the two

windings.

13



0001 Half-Step Half Step - Effectively doubles the stepping resolution

0011 of the motor, but the torque is not uniform for each
step. (Since we are effectively switching between

0010 Wave Drive and Hi-Torque with each step, tofquc

0110 alternates each step.) This sequence reduces motor

0100 resonance which can sometimes cause a motor to stall
at a particular resonant frequency. Note that this

1100 sequence is 8 steps.

1000

1001

2.3 Stepper motor circuit

The stepper motor selected for this project has stationary stator coils and rot'afjng
permanent magnet. Figure 3 and 4 illustrates the operation similar to the motor

chosen.

Steppers don't simply respond to a clock signal, they have several windings which
need to be energized in the correct sequence before the motor's shaft will rotate.
Reversing the order of the sequence will cause the motor to rotate the other Way. If
the controi signals are not sent in the correct order, the motor will not turn properly. It
may simply buzz and not move, or it may actually turn, but in a rough or jerky
manner. A circuit which is responsible for converting step and direction signals into
winding energization patterns is called a translator. Most stepper motor control
systems include a driver in addition to the translator, to handle the current drawn by

the motor"s windings [4].

A translator circuit shown in Figure 6, is to convert the pulses sent from the
microcontroller into a sequence of signals determining its direction and number of
steps. A simple two-direction translator circuit would need an exclusive-OR (XOR)
and a flip-flop. The output of the translator will be sent to the driver. A motor’s driver

consists of current limiting resistors, diodes, and transistors as shown in Figure 7.
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Figure 6 A simple bi-directional, two-phase drive stepper motor translator circuit
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Figure 7 A Typical Unipolar Stepper Motor Driver Circuit with 4 Back EMF
Protection Diodes '

The transistors are used as switches in the driver must be able to allow large current
that is drawn by the motor and withstand the voltage supply to motor during off
condition. Diodes are used to protect the transistors. When a transistor become OFF

from ON, the coil of the motor tries to continue to pass an electric current and
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generate high voltage that might damage the circuit.

2.4 The PIC16F877

The project requires a PIC that has an analogue input. Thus PIC16F877 is a more
suitable choice compared to PIC16F84A. The Pin Diagram of PIC16F877 is as shown
in Figure [5, 6, 7]:
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RAYANT =—[T] 3 3 [] =—» RBS
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ROTIPSPY = [| 1 2 [] =— RODAPSP2

Figure 8 The PIC16F877 Pin Diagram

Some of the features of this PIC are listed as follows:

» High-Performance RISC CPU
- Only 35 single word instructions to learn
- All instructions are single cycle (1pus) except for program branches
- Operating speed: DC - 20MHz clock input
- 8 k Bytes Flash Program Memory
- 368 Byte RAM Data Memory
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- 256 Byte EEPROM Data Memory

- In-circuit serial programming

» Peripheral Features

- Two 8-bit timer/counter(TMRO0,TMR2) with 8-bit programmable
prescalar

- One 16 bit timer/counter(TMR1)

- Two Capture, Compare, PWM module

- 10-bit, 8-channel Analog-to-Digital converter

- Synchronous Serial Port (SSP) with SPI (Master mode) and 12C
(Master/Slave)

- Universal Synchronous Asynchronous Receiver Transmitter with 9-bit
address detection

- Two Analog Comparators

- Watchdog Timer (WDT) with separate RC oscillator

» Special Microcontroller Features
- 100,000 erase/write cycle Enhanced FLASH program memory
- 1,000,000 erase/write cycle Data EEPROM memory typical
- Power saving SLEEP mode
- Programmable code protection
- Selectable Oscillator Options

- Self-reprogrammable under software control

» CMOS Technology
- Low power, high speed CMOS FLASH technology
- Fully Static Design

- Low Power Consumption

» /O and Packages
- 33 T/O pins with individuat direction control
- 40-pin DIP
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Figure 9 PIC16F877 Pin Diagram
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Table 2 PIC16F877 Pin out Description

Pin Name Deseription

OSC1/CLKIN Oscillator crystal input/external clock source input

Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs
OSC2/CLKOUT CLKOUT which has 1/4 the frequency of OSC1, and denotes the

instruction cycle rate.

Master Clear (Reset) input or programming voltage

MCLR/VPP This pin is an active low RESET to the device.
PORTA is a bi-directional 1/O port.

RAQG/ANO RAO can also be analog input0.

RA1/ANI RA1 can also be analog inputl.

RA2/AN2/VREF- | RA2 can also be analog input2 or negative analog reference
voltage.
RA3/AN3/VREF+ | RA3 can also be analog input3 or positive analog reference -

voltage.
RA4/TOCKI RA4 can also be the clock input to the Timer0 timer/ counter.
. Output is open drain type. ‘
RAS/SS/AN4 RAS can also be analog input4 or the slave select for the

synchronous serial port.

PORTB is a bi-directional I/0 port. PORTB can be software

programmed for internal weak pull-up on all inputs

RBO/INT RBO can also be the external interrupt pin.

RB1

RB2

RB3/PGM RB3 can also be the low voltage programming input.
RB4 Interrupt-on-change pin.

RB35 Interrupt-on-change pin.

RB6/PGC Interrupt-on-change pin or In-Circuit Debugger pin.

Serial programming clock.
RB7/PGD Interrupt-on-change pin or In-Circuit Debugger pin.

Serial programming data.
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CHAPTER 3
PROJECT WORK / DESIGN

In order to achieve the objective of this project, the hardware design of this hardware
has been worked out to enable the stepper motor being controlled by a PIC in a

positioning process and show precise movement of stepper motor.

3.1 Design of the circuit

A circuit consisting of a PIC16F877 microcontroller is built. This circuit consist of
input voltage supply to the PIC (+5 Volt) connected to pin 11 and 32 of the PIC. Pin

12 and 31 are connected to the ground.

A reset button is connected to pin 1. A 4 MHz 4 pins crystal oscillator (XT oscillator)
connected to pin 13. An oscillator is used to provide a clock microcontroller. A clock
is needed so that the microcontroller could execute a program or program

instructions.

clff“ 0SCt >‘*‘]
‘ l To
i - Integnai
CIXTAL 'S REG Logic
= = 0sGzI'1” SLEEP
R —t ' 3 -
cofh &= PIC16FB7X

Figure 10 Schematic diagram of a XT Oscillator

There will be an analogue input at port A of the PIC. The input is taken from the
secondary or the output of the transformer. The output of the PIC is two digital ﬁulses
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that will send STEP (determine number of steps to be taken by the motor) and DIR

(direction of stepping) signals to the translator circuit.

PICIOF877

(pins gt drawn accurding to actual positicas)

1

+5¥ .
| (o +VEC)
R

(o +VEC)
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(4MHz to 20MHz) - e GND) N
oy F L]
(pins dravn according to actual positions (to GND) oo i _les“’”
YV afivee ouT cLem B -:_‘-:-

lii ........ =

Figure 11 Basic Microcontroller System Schematic Using PIC16F877

To be connected to the output of the PIC is the translator circuit. This circuit
comprises of a flip-flop, XOR IC and resistors. The schematic diagram is as
illustrated in Figure 12. The motor is represented with equivalent value of resistance

and inductance. The transistors are represented by switches.
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Figure 12 Schematic of a simple bidirectional two-phase driver stepper motor
translator and driver circuit
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The translator circuit is then connected to motor driver circuit. This circuit has four
NPN transistors and 4 diodes. The diodes are used to protect the transistors from the

back flow of current from the coil when the transistor becomes OFF from ON.
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Figure 13 A Typical Unipolar Stepper Motor Driver Circuit. Note The 4 Back EMF
Protection Diodes

As full step sequence is operating, two transistors will be ON at a time. The current
rating of the transistor used in the motor driver is at least three times higher than the
current drawn by stepper motor. The transistor must be able to withstand the voltage
across its collector-emitter junction which is the motor supply voltage (12+VDC)

when it is in OFF condition.

The resistors between translator and transistors are known as current limiting
resistors. These resistors are used to limit the current flow to base of the transistors.
If the base current is high, then it will cause higher current flow at the collector. This

will then probably burn out the stepper motor if the motor is running overloaded.

As explained earlier, the diodes are used to protect the transistors as well as provide a
closed loop circuit at every phase of the stepper motor when transistors are not
triggered. This will cause the currents to continue to flow in the motor winding. F low
of current in the winding will dissipate the energy stored in motor’s inductor as heat
through the resistance in motor. The power dissipation or discharging energy in
winding is needed in the system so that energizing the other windings in motor for- the

following step sequence will have no error. This also helps to ensure the motor has a
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smooth stepping sequence.

The nominal voltage for stepper motor from the driver is about 12.7V. If higher
voltage is being supplied to the motor, higher torque can be obtained from the motor.
But by doing so, it may produce excessive heat and/or shorten the life of the motor.
The stepper motor used in the project is a four phase stepper motor. This motor has
six leads. Two of them are connected to power supply and the other leads are

connected to the motor driver circuit.

Basically, the schematic of the entire circuit is in Figure 14:
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4 0—1
- MOTOR 12.7
P TRANSLATGR - DRIVER = , MOTOR .
A - i F X

Figure 14  Stepper motor with digital controller
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3.2 Software development

The program is written in C language using Custom Computer Services (CCS}) The
CCS compiler is specially designed to meet the special needs of the PICmicro MCU
controllers. These tools allow developers to quickly design application software for

these controllers in a highly readable, high-level language.

The compiler has some limitations when compared to a more traditional C compilcr.
The hardware limitations make many traditional C compilers ineffective. As an
example of the limitations, the compilers will not permit pointers to constant arrays.
This is due to the separate code/data segments in the PICmicro MCU hardware and
the inability to treat ROM areas as data. On the other hand, the compilers have
knowledge about the hardware limitations and do the work of deciding how best to
implement the designed algorithms. The compilers can efficiently implement normal

C constructs, input/output operations and bit twiddling operations.

The compiler can output 8 bit hex, 16 bit hex, and binary files. Two listing formats
are available. Standard format resembles the Microchip tools and may be required by
some third-party tools. The simple format is easier to read. The debug file may either
be a Microchip .COD file or Advanced Transdata .MAP file. All file formats and
extensions are selected via the Options|File Formats menu option in the Windows

IDE [7].

Basic code must have the following [11]:

— Include the header file for the appropriate PIC
— Set the clock speed

— Set the fuses

— Set up serial communication (if applicable}

— Main function and debug/status message
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3.2.1 Operation of program

START

-
oo}

Check Transformer
output voltage

l _

Voltage value out of
allowable value

YES

Compare value

Y

~

Value is higher than Value is lower than
predetermined value predetermined value
v v
Send pulse for Send pulse for counter-
clockwise direction clockwise direction

v

Send pulse for
step

'

Motor moves one step, repositioning the
transformer tapping

< Motor stops >

X
End

Figure 15 The flow of program

Using a concept of closed loop operation, the output of the transformer will be sent
back to the digital controller. The voltage will be compared against a reference
voltage (the chosen stable output voltage of the transformer). If the value of the
output voltage is lower than the reference voltage, the input voltage will be increased
by changing the position of the tap changer. Vice versa if the output voltage is higher

than the reference voltage the input voltage will be decreased by repositioning the tap.
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3.3 Hardware and circuit construction

The hardware of the project is built to illustrate the change of transformer tapping via

the stepper motor.

Figure 16 Circuit constructed on Vera-board

In the constructed circuit, a few LEDs are placed to indicate the signals sent by the
PIC to the translator, and from translator to the driver circuit. The red LED lighté‘iup
when ‘Direction’ signal is sent and yellow LED indicate the ‘Step” signal sent to'-fhe
translator. The green LEDs illuminate according to the step sequence. However:_;he
circuit is not working as it should. The output of the translator did not corresﬁénd
accordingly to the signal sent by the PIC. Troubleshooting is still undertaken to takc:kle
the problem.

The cause of problem might be the fault of the devices used and/or the chaotic
construction of the circuit on the Vera-board itself. The author is constructing a
similar circuit using a Printed Circuit Board (PCB). The board is expected to reduce

the chances of malfunction of the circuit and is tidier.
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Figure 17 The sketch for the overall design

As shown in Figure 17, the secondary tap of the transformer is moved by the motor’s
aluminium rod arm. The output of the transformer is connected to the loads. There are
two types of loads connected; fixed and variable load. The voltage across the fixed

load is fed to the PIC and compared.

The transformer has output voltage tapping ratings of 13.4 V, 192 V, 26 V and
31.9 V. The current rating of the transformer is 3.2A.

When the variable load is altered, the current in the secondary side circuit changes,
with a corresponding change of the voltage across the fixed resistor. The tapping of
the transformer is to be positioned such that the same current is obtained on the

secondary side, and thus yielding the desired voltage across the fixed resistor.
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HARDWARE CONSTRUCTED

The modet of a voitage dip compensator for a multi-tapped transformer using stepper
motor with digital controlier




CHAPTER 4
SIMULATION / PRACTICAL RESULT AND DISCUSSION

4.1 Simulation of the stepper motor controller

Simulation of the circuit was done using Multisim. The stepper motor in the circuit
has been substituted by an equivalent resistance and inductance referred to its
datasheet. The voltage and current waveforms behaviour can be seen in the
simulation when the motor is running. The schematic diagram of the simulated circuit

is as shown in Figure 18:
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Figure 18 Schematic diagram of the simulated circuit
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Figure 19 shows the waveform resulting from the translator. The translator is capable

to make the dc voltage to a square wave voltage so that it can be used to trigger the

motor.,

T T Tme  Channel_ A ChannelB  Channel G Channel D
T} 100,000 ms 5.000 0.060 v 0.000 ¥ 5.000 Y
Tideop200000ms  DODDYV 5.000 5.000 v 0.000 v
TzTI |100000ms  -5.000V 5.000 V 5000 -5.000 V

' Soale |10 ms.fDN T soake {10 WD~  Edge I_—___J !
¥ position i T \"pﬂsmon Ii‘ Lavel |n I Y

77 ssas]  slofEE | c C F sl |

Figure 19 Translator output waveform

Figure 20 shows the waveform of voltage across each winding. These waveforms are
obtained when the input ‘Direction’ is set to ground. As seen in the figure the wave

form correspond to the step sequence.

The pulses at the input ‘Step’ act like the clock for the JK flip-flop to operate.
Supplying constant 5V at the input ‘direction’ will make the shaft of motor turn in

clockwise direction.
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Table 3 Step sequence for full step operation

Step no. 1 2 3 4
ON OFF OFF ON
ON OFF ON OFF

OFF ON ON OFF

OFF | ON | OFF | ON
ON OFF OFF ON
ON OFF ON OFF
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Oscillos wpfrl X‘:»CT

L Time Channel_ A~ Channel B Channel_C  Channel D Reverse]
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Figure 20 Waveform of voltage across each motor winding — ‘Direction’ 1s
grounded
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The stepping sequence that is produced by the translator in this condition (when
‘Direction’ is grounded) is from step number 5, 4, 3, 2, then 1 ,giving transistor ON
sequence, 1-3, 1-4, 2-4, 2-3, and 1-3; and the sequence repeat again. When the

‘Direction’ is supply with constant 5V, the stepping sequence will be in the reverse
direction.
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Figure 21 Waveform of voltage across each motor winding —

‘Direction’ is supplied
with 5V :

There will be current overshoots at the starts of each step. This is because the current

used to energize the motor winding at the beginning of every step. The coils will need
more current o start rotating the shaft because of rotor inertia.
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4.2 Discussion

A stepper motor controller presented before is used to show the accuracy of

stepper motor positioning. Since the motor will be connected to an aluminium rod

(act as the arm for tapping), there will be some friction losses on the roller. So, after

some movements or processes, there will be a small error and the pointer used to run

a little bit out of position. Thus calibration must be done from time to time.

Important points to be considered when experimenting with the hardware.

1.

The components used in the circuit must be checked carefully and selected.
More attention is to be paid on the rating of the transistors and able to
withstand the amount of current drawn by the stepper motor. They must be
able to withstand voltage higher than the supply voltage of motor.

The supply voltage to the motor must be limited to rated voltage; otherwise
it will shorten the life of motor. The voltage supply to PIC and flip flop must
be checked first before supplying to them. A higher voltage will burn the IC,
Power to the motor must be turned off after use without leaving it for a 1ong
time. This will prevent the motor heating from continuous energizatidh of
the coils in the motor.

The current limiting resistors must be added to the motor drive circuit to
prevent the motor from drawing excessive current when overloaded. This
will not cause the motor to be over heated and damage the motor windiﬁg.
Aluminjium rod used must be light enough to prevent high hold tqfque
forced on the motor. The rod must also be properly insulated to prevent
short circuit of the transformer tap.

Transformer tapping points must be easily contacted.

In real application, the tapings must be done in an arch free environmeﬂt. A
separate compartment within the transformer, and insulated with

transformer oil would be a suitable.

Other obstacles during the implementation of the project is troubleshooting., Each

element as stated earlier must be at the acceptable rated voltage and current. Each

element must be in a very good condition. Angle of contact for the transformer

tapping model must also be correct to ensure contact and minimize the arch length.
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CHAPTER S
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1.

A digital controller is designed and constructed using PIC16F877 to coﬂfrol
the position of a stepper motor on a transformer tapping to compensate
voltage dip of a transformer.

The digital controller provides the translator circuit with two pulses, each; to
control the direction and stepping of the motor. The translator than provide a
square wave voltage to the motor driver. |
At the start of each step, high current is flowing in the motor’s winding. .~
In the control of speed program, the motor can not start at very high speed.
Stepper motor can do the positioning very well with a digital controller. PIC
that is used as a controller in this project can be programmed to compare
analog input against a digital predetermined value and send digital output

signal.

5.2 Recommendations

1.

More studies and design must be done to provide a smooth mechanis@ to
the taping. This mechanism must provide spark free connection at..fhe
taping.

Add diverter resistor - breaking one connection and supplying load curtient

through diverter resistor
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APPENDIX

PIC16F877 DATASHEET

CD4070BC (Quad 2-Input EXCLUSIVE-OR Gate) DATASHEET

CD4027BC (Dual J-K Master/Slave Flip-Flop with Set and Reset) DATASHEET

STEPPER MOTOR DATASHEET

TAPPED TRANSFORMER 3.2A SELECTION GUIDE
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MICROCHIP
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-« 0.6 ma bypdsal £ 3, 4 MHz
~ 20 pA typleal g 2V 32 KMz
- =T pA typlcal standby currens

Pin Diagram

PBIP
PR e [] el g [+ Bst0
01T — 30 ] e RMGC
- BmnaR —e ] 5, & [] e fep
e [ 4 AF O] -e—s #ilik
FOARBEAVANA Y e [ & 35 [, REAPOIE
Mm:r—r[‘ p- 1.3 j‘—rm
RARLASE e[ 7 o M
APTANS e [] 33 [] e JSANT
RERRe w—-T] 3 g A [ it
PENERART e [ E 81 [ M
| T i A []e—w BEIPEPY
M w4 3] nodrars
AR e ] £ T 3k [ B
BAIRLREKIT ] 1 E 37 [ i B8R4
R ABONTIEKR T 46 3 [ e AL
(Lot — Py — Y
HENSCEAL, e 25 [ HSARDIAD
ROGFEED apns [ W 2% [ REASRIS
Ll p—y o) pa— T

Peripheral Features:

TimerD: 3-bit Umeneounter wills G-bit prescales
Timeri: T6-bit Smerfcoanter with prescaler,
£an be incremented during SLEEP wia extema!
orystaticlock s
Timer2: 8-bit imercountar with 8-bit periad - -
reqister, pregealer and pestsoaer :
Two Capiune, Compare, PWH madules

- Caplure s 16, max. resolition 15 12508
- Compare 5 16-bit, max. resolution 15 260 N5
- PWM max. resolution s 10-bit o
10-bit muti-channel Anafog-fe-Digital convertes -
Synahranois Sersl Por (SSP) Wik 391 [Master
mede) and 150" iMasterSiave) -
Unilversal SyneAronous Asynchronous Recsieer
Transmigter [(USARTISCI with 9-tX atdress -
deiection .
Parallet Slave Port (PSF) B-bits wite, with
exbarnat RO, WR ang CF conirots [40::44-pin onfy)
Brown-cut detextion circegry for

Brown-cut Resat (BOR)

€ 2001 Micrechip Teohnology Lnt.
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PIC16F87X

1.0 DEVICE OVERVIEW

‘This gacument contains device specinc Informaticn.
Adddienal Infermation may be feund inoihe PICmicre™
Mid-Range Relerence Manual [DS33023}, whAkh may
b2 ahiaineds from your kecal Microehip Sajes Reprasen-
taive o Jowninaded Trom ihe Mcrochlp websie. The
Reference Manual shouks be conskienad & complemen-
{ary documend to tis dada sheef, and Is Righty recom-
mented reading for 3 betber imdarstanding of the devise
architecture and aperation of the perphers moduiss.

There are Tour Cevices (PIC16FBY3, PIC16FATS,
PICTIEFETS and PIC16FS77) covered by this d3ta
sheet. The PICTGFETEET3 devices come i 28-pin
paciages and ihe PICIEF3TFET4 devices oome W
40-pin packages. The Paralled S@ve Pod ls not
Ienplemented an the 2B-pin devices.

The follawing device bleck dlagrams are soried by pn
nurEher; 28-pinfor Figuene 1-1 and 40-pn Tor Figure £-2.
The 28-pin and 40-pin pinouts are Hsied i Tabia 1-1
ar Table 1-2, respectiely. .

PIC16FETI AND PIC16FE76 BLOCK DIAGRAN

FIGURE 1-1:
Pragram Data
Bevics FLASH Diakx Mamary EEPROM
FIGIEFETS 4K 182 Bytes 124 Byies
PYCIEFATE BK B2 Byles | 296 Byles |
TR . Dumgus ° PoRTA
-
b ] Frograms Counver | oo l - " RADIAND
FLASH {; J, 5] Rt .
Fengram ) L RAMANZVREF-
. RAM - L") .
Wemoey 8 1aved Sk e | [ 1 Wmmwm
: : ik Ragieiers ]
. | RASMNATS
rre RAM Adartt j[ s
5 . H REENT
[y | £ 5 =
Indhrest )
” CireclAddr 7 sl g ! REIFOM
7 B : P
= i RES
: H FESFAC
—-JETATUS mg ki H FETEGT
g
PORTE
rd ‘Ir
e — 3 .!' N . RCDITIOSOTION
Poses-up W 4 RCITRSITCRT
e Tinar . r RC2ToP1
a1 | owomar X . , 4 RCECIECL -
toebcton | 4o J | satup Teer || | i 3 ' FOLECUSOA -
Tl —Fomeron ] e L4 RCSS0O . .
Fragat k] . g rian RCETHCK
—minoos ] ; = RCTIRODIT
Rakch
(=5 cencvton [ | Tmer l_win_l—
OESICLRIN oy
OECZEIROUT Reset
-Gt
Debuoger
Liow Vo
Programming
RS vep, s
Tirerd Tinert Tmer2 DB A
x X 5 =
't it it i
i 3 L) o
Dot EEPROM 52 b i UBART
Nobs -+ Kighar orler oits isne Trom tha STATUS mgster

€ 2001 Migrochlp Technalogy e
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PIC16F87X

FIGURE 1-2: PIC16FB74 AND PIC16F877 BLOCK DIAGRAM
, Program ) Liaks
. Dievion FLASH Dada Memory  e=rroM
FICIEFETS | ax 19X Butes 113 Sybex
PIC1EFET? K, 368 Bytes 255 Sytes
13 — . DofaBuz & POFTA.
Pragram :I kv RAGIANT
% RAZAHZ T~
= orme (R M (e
130 Regisiers. Phyirbdori TR
F';f;"” 44 RAM AT 57 & PORTS )
[matonres | A,
s .
1:\-’[
Depe & oy

i P

CEREUDLEN
CECICLEATY
WCLR Voo, s —e[] FELANSRD
== -+ RESANEANR
4[] REXANTIE
Tiererd Tamer] Tl 19 AR
3 EQ 0
]l‘ F Il ]
[ i ot A
Daty EEFROM CoP12 “mcist Fort LREART

Mote 1: FEgher ormer bits are frm T STATUS reglsizy.

CRI0otpage & £ 200 Mirochip Tt-':ml-&ny nc
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PIC16F87X

TABLE -2: PECAGF8T4 AND PIC16F87TT FINGUT DESCRIPTION
4, 124 PLCC QFP Lty Buler
Flin Nama Pz | Bina | Pme | Tyme Trpe Qesoriplicn
LROT ICLEIN i 4 £l 1| smomnozi | orcibice crestalinputiartemar clocs source Inpet,
OBCICLEDUT 4 15 L & —_ Daciator crestaboutpat. Connects 4o crystad prresonator
m cryatal cacliabor mede. In RO mode, SS02 0ln clipuis
CLKOUT which has 1,4 the frequency of GRS, and
denches the Invinection ccie raie,
MCLRH 4 2 k13 P aT Master Ciear {Reset) mput or grogramming vema: Inpek,
“This pin Is an achve ow BESET b the device.
FORTA I3 abdirechionst 2 part,
RAAND X k] k1) e TIL RMD com also be anafiog oot
RATIANT 3 ] e Lo} T F&d can also e anag ety
RAZANINREF- 4 2% WG FTL RAZ can a0 De ana0@ MUl or negatie
analog reference voliage.
RAFANI R+ - B 2 [Ee] TTL RAZ con alko be anag mpuld or poslitee
snalog refersnce vollage. ¢
RASTEOK! £ ¥ 23 (U] T RAL car algo D2 the clock egul Yo the njmeeﬁs iin:m
cownier, DnsSouk 1s opee drain bpe,
RSB BN ¥ B 4 WO TIL RAE can sk be analng ipubé o the siaus !eitctfﬂr
fhe synohronols senak port.
PORTE & a bhdiectionad (50 pm!.. FORTE can be sul'b-
Ware programmead Tar irernal waak puil-up-ore 3% inpus.
REGSNT 3 3 g en | T RS0 can ako be the sviema! Mieempt pin,
RBY 4 g -1 (] TTL
RBX s 38 18 [l TTL
RE2PGEM s 39 hki (L] T7L RE3 car also pE the w voliage programesry rpul,
REY Xy &t i1 ) T wienupd-se-change pin, )
RES £ 42 15 s EE S interrupt-or-changs sln.
REGPGE % 43 ig ] TTLATE irterrupt-or-chanpe pin er in-Ckcuit Debumper pénﬂ
‘Barial prograznming ciock.
RBTEED ap | 44 17 | e TTLETE Istersupd-on-chaege pin or In-Glcui ueuuuw it
Berinl programming Gata.
Legemd: Jainput Do puiput 11D = mpertiouipant P powes
-~ m Mot used TTL = TTL npwit T = Senmilt Trgger input

Node 1: $nis ouffer i3 & Schankit Tripger input when confgured as an exlernal inferugk.
2o TEIE Sutter k3 St Trigper suoet wiven used In Serisl Pregremming made.
o THils ofTer 13 & Bchimit Trigosr St when configured &% g=neral purgnse Q- and 8 TTL Youl when wied in e F"nnlieé
Blave Fort mioae L‘hr Interfacing b mlmmacnmr Hush.
& Tz ufer it & SchmBt TESgEr st wiven confgurad in R o3cliater made Bnd o CMOS Input civensse,

e i —
033023230 -page 3 2001 Microchip Technalogy Inc.
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PIC16F87X

TABLE 1-2:  PICI6F874 AND PIC1GFETZ PINOUT DESCRIPTION (CONTINUED)

Pin Home ::; F:;ﬁ: g:; nr:i: i‘;g:’ Casorlptien
FORTE 3 2 bHdiechonsl PO part, ]
RCETIOSOmeaK| 45 15 3z ) a7 ROE cam Al55 he the Timee! sqcitatee sutputora
Timer] cisck Input.
ROVTIRAVCOR2 | 6 18 385 (0] ar RCA can alss be e Timerd oschiabor iput or
Caphe npaiCompane ctipub P2 catput.
RCZ/CORI 17 13 13 o) ar RCZ csn also be W Caplure! MpubTomeane!
oulpuFi¥MT output.
RC3IBOKAECL L3 23 37 [en] a7 HO3 o alsa be ¥ sEnrhinnsas satal cesk Input!
oulput ot both GP and PG modes.
ROEDHI0A 23 25 £2 O 37 RC4 can als be e SR A In (5P modeiar
daiz 143 05 moge}.
ROSIEO e 26 43 D 37T RCE camalto be the 3P| Dot Cuk (BPlmoder.
ROEITRACK s 7 &4 ) arT RCE can alzabe = USART Aspnchronous Trarmmst
af Fynchronces CRCK.
RETIRANADT 2 23 % il 3T RCT can alzo be tve USART Asimchronous ﬁ:wr.ne
o Synchrongzs ot
FORTD is a bl-drecfional Y3 pard of paralel sivee aar!}
whei indsrtacing 4o & micronroce 50 DU,
ROAPSPD 43 =t e 1] 0 | aTtoTt®
ROHPEP1 bl 22 1] O Tt
RUZPEP2 » | 2 ar | owoi| amerm® )
ROAPBF3 22 24 £9 #o | sTaTd® -
ROMPEPE 27 an 2 ] Tt .
ROSPEPS iz £ 3 po | osTTTLA ;
ROGFSPE i 1 4 vo | arermt
ROPIPEPY £l 33 g | AU
‘ PORTE & abddecional 1¥3 port
RE&'E:’ANE a g 18 [T Tt RED can Ao be read cantral for ihe pasaiiel :uwe '
morf, or anakng Inpuds.
RESMIRANE g 11 26 ) gremit RET can sac be wriis control for the paraliel slaye
port, of anaiod INpus,
RENTEIARKT i 11 27 i3 T RE2 can sio be peiscd conlral far e parstel siave
; patt, O anakag N7,
Ea- 12,31 | 1334 | B29 P — fimunwd reference for loic and 110 png. :
von 93z 1238 | 722 | P! — Paslive supply for kagic and 6D pins. ‘
{0l - A ATRE | 13,15, | ' — These pins ane not Internally comnacied. These pns
Lh| 3,34 |. shoukd he et unoonnected.
Legend: iwinped O = oiput DD - Mpsitioutput F ow pimier
o w Nt used TTL = TTL. Inpuat &Y = Gchmif Trigger nput

Nole 1z This balfer s Sohuni THguer rput aten :nnﬂuur!d 3T 30 LRIERE) INiRneups. .
22 Thiz bulter b 3 Gctamit Trigger nmltiﬁ!n used In: Garal Programming made.
32 “Thiy barfer 15 Schamift THggEr mput atien configured as generat purgese 1D and 8 TTE nput wiven uses 1 the Fasliel
Flave Poit mode (o Inberfating bo @ mipropsncesaac gust.
42 This buffer b & Sotm [ Trigper put whanr confgured R oscliator mods amd o CMOE Impyt chanvise,

|
€ 200% Micrechip Tecanalogy (ns. CB302520-page 5
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CD40708B,

INSTRLMENTS

N . CcD40778B

oSS . ; LCMOS Quad Exclusive OR

Janicey 1959 and Exclusive NOR Gate
Features Description

= High-vorage Types {20V Reting)

+ CD44708 - Qusd Exciusive-OR Gats

CDAITIE - QUL Exciutiva-NOR Gate

Modiem Speed Operation

- tpre. iptH = S5ne (Typj} af Vpp = 10V, ) = 50pF
100% Teeted for @uisscent Curront at 20V

The Harrts CD40785 four E
QR gates. The Harde CD4G77E confains foor indepenaenl
Exchuslve-NOR gaiss,

The CBA0TER ane CDEO7TS provikie the cystem sesigner
'With @ reeans o Srect Implementation of the Exclusive-OR
AN Exciualve-NOR funclicns, respecively.

. &b - Output ¢ saratice Ordering information
* 5V, 19V and 15V Parametric Rstings TEMP, o PKG
= saximum jnput Current of TuA at 18V Over Feall PARTHUMBER |RONGE(L)| PACKAGE | HO.
Psckegs Tampsrsture Renge
codoTeE WIS | 14 LIPDR
- 100nA #t t8v sng 259 kil Bk Era
+ Hotss Mafgin (Over Full Package Tempsrature Rangs) | T 0/ T9E SEPES |MLPDP |83
~ W atvpp =5V, 2V atVpp = 10V, 2.5V aiVpg = 15V | oougrosF SEB 12 | LALERDIP . |#123
« Maeta AB Requirements of JEDEC 3tandard Ko. 138,
—t o tor Description of ' Geriss | COU7TER SINI1IS [MUICERDIF  |Fu3
CMOS Devicss COIT7IBM F510125 |8 LAS0C M5
Applications CO4E7TEM 5015 |14 La DI MILIE

» Lofical Conparators
* Adseraisubiracion
* Perlty Ganarsiors and Checkers

Pinouts

CALITION: Toees daviezs dserame. Uearz Harzding Fr Flie Numper 810:1

CD49708B, CD40778

Functional Disgrams
=0 i)

o SEED
s=agip B—
K=t®h . - &

#=gFH O=——t

S e b
Vaa=¥ F— L

Vap=4
et a2

2
wwasa | 5|,‘ I
Vag di
-]
Vo :l o
At é’ : i PRI
w5
a7y F
A Vsg
* IWPUTE
Y MO PROTECTION

FIGURE 1, $CHEMATC INAGRAM FOR COMITIE
{} OF A OENTICAL GATES)

FIGURE 2 SCHEMATIC TLAGRAM FOR COM0TTE
{1 OF 4 DENTICAL GATES}

COMTTE TRUTH TABLE {1.OF 4 GATES}

CL40708 TRUTH TABLE [1 OF 4 GATES) .

4 i J 8 E]
a T [ 3 1
ot 3 t 1 [ o
Ca 1 i [ 1 &
f 1 [] 1 1 K
NOTE NOTE:
1 =bagh Ll 1= EHIF L
G = Low Lave 9 =LowLewsl
J=ASE ieATE
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CDh40278C

General Description

The CE4D270C duzt 4K Bp-Jope ars monithic Somple
mentary MOS (CMOS) ifiegrated crcuts tonstuciey wih
N- and P-charnsl enhancemeant mada fransieioes, Each
TUp-Tiop has indlependant J, K, sas, febel, and tiock Inputs
- ang busered Q ang T taipuis Thess Bp-flops a2 Bdge
sensies b dne ook MpUL and enange Sts on he pesk
tive-paing transkion of the clook pulses. Saet or reset &
Ingapardont of Ine Clolk anc |6 accompished Dy 3 high
teried of the respactte wapat

Al nputs are damape cue to stazic di-

protacted against
mgeqrmuedampsinvwandvm .

Dual.J-K Masteds{ave Flin-Flop v\gith Set and Reset

Doober 1267
Revisad March 2003

Features

M Woe supply vollsge rangs: 3.0V o 15V

#l Higs nolse fmraunky: D45 Vi the)

Lok pawer TTL compabiity.  Fan out &€ 2 dnwing 74
or i ditdng 7ALS

o Lox'power SO OW (yp)

& Mewum spreg cperation; 12 MeZ GyR | with 10V
Supply

Orifer HUmDer Nmm ;

Pacikoge Descripicen

1959y pue 19g Y dopd-dild 9AR|SLBISEN ¢ (ENQ DHIZOPAD

COMDITECM ATEA 1E-L 80 Smad Culine Mvegiael CEsm SO, JEUTG Mo-012, (150 Namvs
CoNZBLN RIEE 1E-Laad Pasic Dus-nne Fackage (PDIFY, JEDEC ME-001, 0,300 WIoe
itk i i i T Tl it Rt Sy 1) ifimihe) Sl ¥ Wb 5 A b bidinA N el - . -
Connection Diagram Truth Table
Hpote £ _y a
e W @ Gl GMTE . Hele 1) {Nota 2)
LV LS D &L & K S R @l@a @
Piota ¥
l - E X © o 9 1 a
_‘ . X 6 4 o 1 1 Q
jad 1 - & X © © 0|0 i
] T ~ X 1 @& ©° Ile 1
1 ~ X X O & X (Yo Thange)
d [J X ¥ KX 1 B X o -
. I % x X 0 1t ¥x|o i
II B ] n T Iu x » X | i X | I
| = Lyvel
» 41 OWEKE REWTE K7 2 O LW Ll
X et L
Top View Pyl
HELN 1] by fodaiie | prart b b A F
fralion
[Ty
Trirkaifan
HOMMY: Lkl Chisogh
T T e e — p——

I
FaIRC LI
SEMICONDUCTOR 9

: CD&B?OBC

‘General Description
The COSUTOSC ermpiays compsementay MOS (CMGS)
{ransisiars o achieve wide power supply operating sange.

iow cansumplion, and hign anse . he
cmm pmndebask‘.ﬂnﬁnrsg:m In me%hmen—

350N of iital Intagrated £icuE EYStams. TRe N- 30k P

Oolober 1847

Ravisea Api 2062

.Quaé 2-input EXCLUSIVE-OR Gate

Features

B VN02 sUppdy vakage range: 3.0 to 15

W High nolse MmUY 0.45 Voo 5

B Low power 1L eonty I
mmazmm}"mmgnm

ehannst ¢ mode s provide a 5y =
mmmmmmem equal ¥ the sLppY
wilage. No DG power other ihan umsedbylaalmge
cuTent Js consumad durlag siatc condiicn. AB Mplls e
) Trom 4
Hlam)| L ¢

ge @ o stalic dischage By dode

W P camp ic CDAO3CA
SRRGETE b MI7ACEE and 1AC 140708

T3-L25G Smal CAthe |

it (BOIC), JEDEC M2, 0,156 Namow

COSUTOECN WA T3 Loa Plasic DUakINLine Packags (PDIFY, JEDES MB-0G1, G.300 Wite
Tiveicah Wac avidiitie 1 Tope ind Rant Sgacly ty appnciig the e leber X Lo ter crddring code.
Connection Diagram Truth Table
Yoo L] € Me@H LB F gtz Ouiputa
" in W n 1 |s . ] A & ¥
L L £
i H "
H L H
I >_...... “ H L
H ;1 3 it 13 Il 7
A E i=AfE  E-LE0 ] o
Top Vigw
£ 2002 Farchild Sermlconductor Comeraten  DSDESITS www.rarctildserd com

D HWO-IAISN1DXT INdur-Z pEND J80L0PAD



STEPPER MOTOR DATASHEET

1200001553

Bsued / Hetausgegeben / Publicads & Publicatorn D204 Vo728
Publicatte / Udgtvet S Afgegaven / lighven

[ Hybrid Stepping Motors

Instruction Leaflet
Bedisnungsanielung
Haojas de instrucciones
Feullle d"tastructlons
Foglle d'nstruzionl
Betjeningsvelledning
Instruciies
Instruktlunsfolder

Hybiid-Schrittmotoren (D
Motores hitwidios paso a paso @
Moteurs pas & pas hybrides @
Motori ibridi passopasso C:D
Hybride stepmotorer

Hybride stappenmotor (NL )
Hybridstegmotorer ((SE )

Figures / Bbbildung 7 Figura f Figurer / Afbeeldingen

T o

Connmction shegrane AnnadalkRacramzman
B TR
Arvehiu B chor S Noeppingestranis

alp| m| *

44



|

] TV WD [13] B THUEDAS TRt BT FRE104
] AT WD ] [ (L] P ] Eie L
T ] L D ) o [RELLE] e T SR8
v | avwmm | e ] e ] yohs L BAUmE f Rl ] o 3 BOEBnlAL
L1 0] TS 5.2 s WIwE | B AT [t = b > L]
[-7] IR VD Wiy e DS RUTAE T FERGIAL [ 2k W S YN
MM T T Y- RN G N N - 777t 7T S WU OO, S— T [ ) ] ]
73] BN WD [15] gL TS oo E oy - =
£ TR e e | e | BvImE Wil | e hid b 1 sfmdeg
L) fNT] WS L] L) L] WorRs P [ aud § s ) Lo s e
L] TG WD 7] WS LT WO Eal] - iaid o L s ) o ) enkics Eupy
E I ST
06 ¥ {ubiud eedsey garwed
[ E] = a ] |a ¥
oy & ﬂ ® [ )
o0 o £ [ ]
ow ¥ muscunis os) 300 B Uy § i #e Wy pezy
z . ek [n} e, prty
sofgre U] k"t TRtk - ai Dy i rar | ey | 000 wuysmagy |
K g ] L] Yhg} h Eat T OIROAJ oy [mOMMED.
ung Borihy | amop
] ﬁ Fo] ] Hy a1 b
. qEEARURT T G | [ o ] oy maye, : PN | ACUNDR ) Pl YEER'|
= - £ ¥ el e T e O ﬁ T FIRNYRE | O/ L] RISW
TOUENL ] TGV L T Y I, NG | BRAVER | GG L) E s
] RO ST, P | e | mreawvees | wedewen | mon el
= L bl ae} Adpca i MmOy § T TRWSTn | TreNwom, | i | vem | seewnes | sedvael | P Cod
: .. —EiD | RuwWEED | WO, | W | ons | aaona | eseH | mE | maw et |
| i o fedive x —emr | wnpvesen | vgugmomy | e | ke | waanoes | et |ooe T puoel |
g il un & [ wupvimein | ocipiswan, | wopen | wowrs [Cmsaviong | smiased | pey [Tavad
] E T eI | EIAWISEIG | SeaamOmw, | AGRG | AN [ Weaymma | RemGAE | od aid
Fie e | W SRR WSHG,_| v | ohowaE | MIaeE | B [aid
] Ed o T ] i W | e | weAnem | sRdaes | g Al
- o Ao SR
8L - MR 3 El ] E A
. . i g ey womi sam e
. TR A
s iple B (o] o, ) S WL s
il hekiiiodsnal faind ik s o i) = ) o ST, EZTT [UET T
L. -1 g L e e SO, SEIr Oy
L. -1 L -1 L ] o U LT _Eeney |
DU e S
i} g i} L] -y - (1] - L] iy 3 - B . ]
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ey -
n wunllyy Dd} SIAOPE A

8ZLBA : . : : BZLBA -
£551000071 £5510000Z1L

45



TAPPED TRANSFORMER 3.2A

RS Stock No. 211-0654

RoHSStams  AddtomyRoHSmotificationlist
Manufacturer WALSALLTRANSFORMERS AR TR
Manufacturer'spannumbcrWT1295

Name Frame mount transformer,3.2A o/p

3.2A/4A/10A Secondary Options Transformers

Chassis mounting frame construction low voltage mains transformers with a single
230V ac 50/60Hz primary winding and multi-tapped secondary winding. '

. Double section bobbin construction

. Fully shrouded bobbins

. Full varnish impregnation

. Multi-hole frame fixing

. Solder tag terminations

. 100% electrical and flash tested

. Tested in accordance with BS3535 and EN 60 742
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stock no. regulation *max. output output voltage tappings V ac

% typ. current (A)

211-0654 10 32 0-13-4-19-2-26-0-31-9

211-0660 10 4-0 0-6-9-12-18-24
211-0676 7 10-0 0-4-5-6-9-12-15-18-20-24

* Maximum current through any part of the winding

stock no. dimensions fixing centres  wt.

L. W. H kg

211-0654 99 76 83 63-5x47x2BA 198

211-0660 89 68 75 57x43-5x2BA 16

211-0676 100 92 82 72x70xM5 28
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