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ABSTRACT 

The author is to design and develop a voltage dip compensator for a transformer 

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 early 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 used in 

the project. Here the theoretical result of the design is also presented. Results 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. 

iii 



ACKNOWLEDGEMENTS 

I would like to express my gratitude to all those who gave me the possibility 

to complete this project. 

I am deeply indebted to my supervisor Assoc. Prof. Dr. K. S. Rama Rao from 

the Department of Electrical & Electronics Engineering, Universiti Teknologi 

PETRONAS, whose help, stimulating suggestions and encouragement helped me 

throughout completing this project. 

I would like to thank all lecturers, especially Mr Mohd Zuki Yussof for his 

help in understanding microprocessors and guidance for the PIC programming. Lots 

of thanks to all supporting staff of Department of Electrical & Electronics 

Engineering. Ms. Fatimah of Microprocessor Laboratory, Ms Yanti of Power 

Laboratory, Mr. Isnani of PCB Laboratory, Ms Hawa of Project Laboratory and all 

technicians who helped me to complete this project. 

My sincere thanks to Assoc. Prof. Dr Ravindra Nath Murkerjee for his 

comments and suggestions, helped me in being more aware of this project and in 

some way motivated me to complete this project with success. 

I owe my loving thanks to my parents Zainal Abidin Mohd Sidek and Wan 

Faridah Zainal Alauddin, my brother and sisters, especially Wan Faraliza for their 

emotional and financial support and advices. My special gratitude is due to my 

friends, Rosliza Hanim Rosli, Asmah Abdul Halim, Fitriah Shafe'i, Khairun Nisa' 

Nashruladin, Nadirah Nordin, and all those who have supported and encouraged me 

to finish this project. My loving thanks to Usayd Mohd Rashid who has giveri me 

confidence and motivation that are much needed. Thank you all for being there 

throughout my project work completion and during all my years of studies. 

The financial support of the Universiti Teknologi PETRONAS is gratefully 

acknowledged. 

iv 



TABLE OF CONTENTS 

CERTIFICATION OF APPROVAL .............................................................................. ! 

CERTIFICATION OF ORIGINALITY ..................................................................... ;.11 

ABSTRACT ................................................................................................................ III 

ACKNOWLEDGEMENTS ........................................................................................ IV 

LIST OF TABLES ..................................................................................................... VII 

LIST OF FIGURES ................................................................................................. VIII 

CHAPTER I INTRODUCTION .................................................................................. I 

1.1 Problem statement. ........................................................................... 2 

1.2 Objective and scope of study ........................................................... 2 

CHAPTER2 LITERATURE REVIEW .................................................................. :.; .. 4 

2.1 Transformer tap changer .................................................................. 4 

2.1.1 Voltage considerations .......................................................... .4 

2.1.2 Tap changing .......................................................................... 5 

2.1.2.1 Off-load designs ............................................................... : ... 5 

2.1.2.2 On-load designs ................................................................... 5 

2.2 Stepper motor .............................................................................. ·.: ... 8 

2.2.1 Types of stepper motor ...................................................... :.: 12 

2.2.1.1 Permanent magnet stepper motor. ................................... ::,-12 

2.2.1.2 Variable reluctance stepper motor ................................... i.l3 

2.2.2 Conceptual model of unipolar stepper motor ........................ 13 

2.3 Stepper motor circuit... ................................................................... 15 

2.4 The PIC16F877 .............................................................................. 17 

CHAPTER 3 PROJECT WORK I DESIGN .............................................................. 21 

3.1 Design of the circuit ..................................................................... ~. 21 

3.2 Software development .................................................................•. 25 

3.2.1 Operation of program ............................................................ 26 

3.3 Hardware and circuit construction ............................................... :. 27 

CHAPTER 4 SIMULATION I PRACTICAL RESULT AND DISCUSSION .......... 29 

4.1 Simulation of the stepper motor controller .................................... ·29 

4.2 Discussion .................................................................................... ~. 33 

v 



CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS ............................... 34 

5.1 Conclusions .................................................................................. • .. 34 

5.2 Recommendations .......................................................................... 34 

REFERENCES ........................................................................................................ : .. 35 

APPENDIX ................................................................................................................ : 36 

VI 



LIST OF TABLES 

Table I Stepping sequence for unipolar stepper motor ........................................... ; .. 14 

Table 2 PIC16F877 Pin out Description ..................................................................... 20 

Table 3 Step sequence for full step operation .......................................................... : .. 31 

vii 



LIST OF FIGURES 

Figure I One possible design of a mechanical tap changer ..................................... , .... 6 

Figure 2 Basic arrangement of regulating (tap) winding .............................................. 8 

Figure 3 One complete rotation of a stepper motor .................................................... 10 

Figure 4 Half-stepping of a stepper motor. ................................................................. II 

Figure 5 Conceptual model of a unipolar stepper motor .......................................... ,:: 14 

Figure 6 A simple bi-directional, two-phase drive stepper motor translator circuit ... 16 

Figure 7 A Typical Unipolar Stepper Motor Driver Circuit with 4 Back EMF 
Protection Diodes ............................................................................................. : .. 16 

Figure 8 The PIC 16F877 Pin Diagram .................................................................... : .. 17 

Figure 9 PIC16F877 Pin Diagram .............................................................................. 19 

Figure 10 Schematic diagram of a XT Oscillator .................................................... : .. 21 

Figure II Basic Microcontroller System Schematic Using PICI6F877 .................... 22 

Figure 12 Schematic of a simple bidirectional two-phase driver stepper motor 
translator and driver circuit .............................................................................. : .. 22 

Figure 13 A Typical Unipolar Stepper Motor Driver Circuit. Note The 4 Back EMF 
Protection Diodes ................................................................................................ 23 

Figure 14 Stepper motor with digital controller ......................................................... 24 

Figure 15 The flow of program ................................................................................... 26 

Figure 16 Circuit constructed on Vera-board ............................................................. 27 

Figure 17 The sketch for the overall design ............................................................ ; .. 28 

Figure 18 Schematic diagram of the simulated circuit ........................................... : ... 29 

Figure 19 Translator output waveform .................................................................... : .. 30 

Figure 20 Waveform of voltage across each motor winding- 'Direction' is grounded 
............................................................................................................................. 31 

Figure 21 Waveform of voltage across each motor winding- 'Direction' is supplied 
with 5V ................................................................................................................ 32 

viii 



CHAPTER! 

INTRODUCTION 

A transfonner tap is a connection point along a transfonner winding that allows the 

number of turns to be selected. By this means, a transfonner 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 transfonner' s 

tapping. As the output voltage of the transfonner falls at an undesirable 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 is obtained when the 

transfonner load changes. 

In completing this project, the author gained knowledge about transfonner 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 transfonner 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 movementfor 

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

Voltage dip may be caused by sudden change ofload 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 tum 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 
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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. 

3 



CHAPTER2 

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 PICI6F877 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. [I, II] 

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 load 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 [I]. 

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 tum 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 
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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 

Neutral 
terminal 

Figure I 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 model 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 'I' 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 tum, 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 tum, shorting 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. 

• 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 arcing 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: 

I. 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 and 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 degrees 

per step [9]. 

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 de 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 I 

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 onto 

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. 

o 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. 

o 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 I, 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 

electromagnet is deactivated and the right electromagnet is activated, causing the 

rotor to 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 control 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 deceleration 

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 (oz/in) and can even hold 

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

11 



torque. 

• 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 

• Unipolar stepper motor 

Unipolar motors are relatively easy to control. A simple 1-of-'n' counter circuit 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. 
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• Bipolar stepper motor 

Unlike unipolar stepper motors, bipolar units require more complex driver circuitry. 

Bipolar motors are known for their excellent size I 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 'I' 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 one 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 permanently 

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. Note that 

if two adjacent windings are activated, the rotor is attracted mid-way between the two 

windings. 
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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, torque 

OliO 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 rotating 

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 control signals are not sent in the correct order, the motor will not tum 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 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 ofPIC16F877 is as shown 

in Figure [5, 6, 7]: 

MCLRJVpp--- ---.... RB7/PGD 
RAOIANJ-- - RB6/PGC 
RA11ANI- -RB5 

RA21AN21VREF- - -R&I 
RA31AN3NREF+ - - RB31PGM 

RMITDCI<I- -RB2 

RA5/AN41SS - 'It -RB1 

REDIRDIAN5 -

~ 
- RBDIINT 

RE1MIRIAN6 --- -Voo 

RE2JCS!AN7 -
&> 

.---Vas 
voo-- - R07/PSP7 LL 
Vas- U!l - ROOIPSP6 

OOC11CLKIN - .... - R051PSP5 
OSC21CLKOUT ___.. 

() 
- RD41PSP4 

RCDIT10SOIT1CI<I-
a.. 

- RC7IRXIDT 
RC1iT10SIICCP2 - - RC6JTXJCI< 

RC2/CCPI- - RC5JSDO 
RC31SCKISCL _........ - RC4fSOIISDA 

RDO!PSPO -- - ROOIPSP3 
RDHPSPl- - R02/PSP2 

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 (I ~s) except for program branches 

- Operating speed: DC - 20MHz clock input 

- 8 k Bytes Flash Program Memory 

- 368 Byte RAM Data Memory 

17 



- 256 Byte EEPROM Data Memory 

- In-circuit serial programming 

)>- Peripheral Features 

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

pre scalar 

-One 16 bit timer/counter(TMRI) 

- Two Capture, Compare, PWM module 

- I O-bit, &-channel Analog-to-Digital converter 

-Synchronous Serial Port (SSP) with SPI (Master mode) and I2C 

(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 

- I 00,000 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 

)>- I/0 and Packages 

- 33 I/0 pins with individual direction control 

- 40-pin DIP 
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Figure 9 PIC 16F877 Pin Diagram 
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Table 2 PIC16F877 Pin out Description 

Pin Name Description 

OSCl/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 CLKOUTwhich has 1/4 the frequency ofOSCl, and denotes the 

instruction cycle rate. 

Master Clear (Reset) input or programming voltage 

MCLRIVPP This pin is an active low RESET to the device. 

PORTA is a bi-directional VO port. 

RAO/ANO RAO can also be analog inputO. 

RAl/ANl RAl 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 TimerO timer/ counter. 

- Output is open drain type. 

RA5/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. 

RBl 

RB2 

RB3/PGM RB3 can also be the low voltage programming input. 

RB4 Interrupt-on-change pin. 

RBS 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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CHAPTER3 

PROJECT WORK I 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 II and 32 of the PICo'Pin 

12 and 31 are connected to the ground. 

A reset button is connected to pin I. 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. 

C1(lJ OSC1 

r-;;;coOSCZ SLEEP 
Rs(2J f--o-~o---_jo----

PIC16F87X 

Figure I 0 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 pulses 
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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. 

PIC16F877 
(pins not drawn according to actual positions) 

+SV 1 JJ 
(tu+Vt.X.:) 

Jl 
(lo+VCCJ 

CRYSTAL MODULE 
(4MHz to 20MHz)- 12 

~ (toGND) 

TOP VIEW 
+SV -

(pirL~ drawn according to actual p::!Sitkoml - Jl mn 
(!oGND) swo 

I 
MCLR•NPP .1. 

t---;:J_ 

+5V ~rr. CLK!N -
OIIT 13 -

I I l_ "'" -~ I 

····- _j --
Figure II 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. 

+12V TI.O:V +12V 

+12V I D1 ,02 
R1 

11 8 
14 Q 15 Motor 

DIR U2 (112) V\llnding 
U1 (114) 

9 Q 14 
U1 (114) R2 

13 

3 D3,D4 

Q 1 R3 
Motor-: 3 5 

6 
Wnding 

U1 (114) 
U1 (114) 7 R4 

~ 

~ 

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. 

1/6 
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v \.') 
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v \.') 
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lk ~"~)( 
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B2 " 
lk n: 

v .. 
\.') 

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 bum 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. Flow 

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: 

PIC 

INPUT 

C9 

TRA~JSLATOR 

Vl 

MOTOR 
DRIVER 

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 compiler. 

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 OptionsiFile Formats menu option in the Windows 

IDE [7]. 

Basic code must have the following [II]: 

- 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 

Value is higher than 

predetermined value 

Send pulse for 

clockwise direction 

Check Transformer 

output voltage 

Value is lower than 

predetermined value 

Send pulse for counter

clockwise direction 

Send pulse for 

steo 

Motor moves one step, repositioning the 

transformer tapping 

Motor sloes 

Figure 15 The flow of program 

NO 

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 lights up 

when 'Direction' signal is sent and yellow LED indicate the 'Step' signal sent to·the 

translator. The green LEDs illuminate according to the step sequence. However the 

circuit is not working as it should. The output of the translator did not corresp6nd 

accordingly to the signal sent by the PIC. Troubleshooting is still undertaken to tackle 

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 desigo 

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, 19.2 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 model of a voltage dip compensator for a multi-tapped transfurmer using stepper 
motor with digital controller 



CHAPTER4 

SIMULATION I 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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,------'-;--m_l 

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

motor. 
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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 tum in 

clockwise direction. 
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Table 3 Step sequence for full step operation 

Step no. I 2 3 4 

ON OFF OFF ON 

I ON OFF ON OFF 

2 OFF ON ON OFF 

3 OFF ON OFF ON 

4 ON OFF OFF ON 

5 ON OFF ON OFF 

Oscilloscope· XSC 1 rx1 
r ..... ..... 

' : ~~ r---~ __r-l- r i . r--- J~-
,....J ~---- r . ~-- ~ 
r·-: ~~----i :---~ r·---~ r···-···-~ r·---1 
• 1---·· --~ ;·--· -- ' ~--J -- -· r-·-.. L------
I I I . I ! 
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I I I I r_ 
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! I I I r 
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~ --~ I ~ -
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T1 100.000 ms 108.546 mV 12.000 v 12.585 v 104.468 mV 
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Figure 20 Wavefonn of voltage across each motor winding- 'Direction' is 
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 I ,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. 

I 

h r r f n : 

12.000 
108.546mV 
-11.891 v 

Channei_D A 
- Scale/ r. 270 -:-VI:::Div:::-. ~- ,. ·· 

y position 1·2 D I~ 8 

-I ( ( ( c,. 
--' 

Trigger 

6<fge r:r ..:!J 
Level I 0 

F= 

GND ( 

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 to 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. 

I. 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. 

2. 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 bum the IC. 

3. Power to the motor must be turned off after use without leaving it for a long 

time. This will prevent the motor heating from continuous energization of 

the coils in the motor. 

4. 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 winding. 

5. Aluminium rod used must be light enough to prevent high hold torque 

forced on the motor. The rod must also be properly insulated to prevent 

short circuit of the transformer tap. 

6. Transformer tapping points must be easily contacted. 

7. In real application, the tapings must be done in an arch free environment. 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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CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

I. A digital controller is designed and constructed using PIC16F877 to control 

the position of a stepper motor on a transformer tapping to compensate 

voltage dip of a transformer. 

2. 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. 

3. At the start of each step, high current is flowing in the motor's winding. 

4. In the control of speed program, the motor can not start at very high speed. 

5. 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 

I. More studies and design must be done to provide a smooth mechanism to 

the taping. This mechanism must provide spark free connection at. the 

taping. 

2. Add diverter resistor - breaking one connection and supplying load current 

through diverter resistor 
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APPENDIX 

PIC16F877 DATASHEET 

CD4070BC (Quad 2-lnput 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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• Wa1ctl<l<lgllrller (WDT] ~·An I~ C1M1 on-CIIlp RC 
oscmatorrar rellatllt opera1ton 

• Programmabfe code pratecttoo 
• !Power nvtng SLEEP ma~ 

• Seledable O&C:flla1or ~\OOS 

• l~' power, nigh speed CMOS FIASH.'EEPROM 
leel!OOIO!iY 

• lf,ufty stabc d"eslgr. 
• ~n-crrcult serial Prttgrammlng;1v ~ICSP) llta. t\\'o 

pins 
• stogie sv 111-Clroult S.rtal Programrncng capablll!y 
• iln-clrcolt Detlugglng Yla two pfns 
• ProcKSDJ' readlwrtl:e aCOHi to ~ro17am memory 
• Wide ~>pEra!Jog vOI!age range: 2.W 1o 5.0\1 
• High Sln:tlS.OOr-ce Current: 25 rnA. 

• commen~t~ lmJustnal and Ex!Eoooea 1e.mperatu:re 
ra~·e6-

• ii.rn~-power consumptiOn: 
- • 0.6 mAI)'f>IOal@3\/,4 MHZ 

2!! pA !ypleal @I 3V, 32 kHz 
- • 1 pA typical •1andby curre.n: 
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Pin .Diagram 

PDIP 

iiOJioM-Jltl.r..'Aid--~t-1$ .......... _ ---
_..,..., _ _.., 

-·· _ ... 
-·~ _.., _ ... 

-~,..._.,., -~ 
FI!!INif!W;Jd:- - ~ 
~- -v. 

~......_. - lm1Ai'tin 

-- - IKJMiflN: CM&:~It-- -~ 

~·- -~ ~108l.:lrlf'ICtQI- if5. -~t:::IJiiOO'b'f 

ROW1'~2 -- 1M: - ~i.a< 
~1--f,l -~ 

~Mtet.-- .. -· lf:itdfli.tli),l. 

~-. --~ 
~'1·-» -~ ._ __ ___f" 

Periphl!'ra I Features: 

* TIIMID: S-blt llmer~eeumter With e.tllt pre&caiE-t 
~ Tlmec1: 1:6-bli: lk'nen'OIXInter with preocaler, '· _ 

earn be- lnoremerrte<l! <lllrlnog; SLEEP 't1a e.xtem~l 
cryt!all'clock 

• TlmeG'!: 1-blt ilrnorl<:ounlii!r- 1-blt perl<l<l 
reg Isler, prelical!r and p05i><:ater 

~ 1'1/0 caip4ure, CD111iJlar-i'., PWM rmodu&i!e. 
C.apb.Jre I& 16-Di, rna;(. resDlltlan 1&.12.,5 ne. 

- COOJpaJ"e< Js 16-bll max. re&.alutlcm i& 2D:(J< ns 
- PWM max.. resolutkxll&. 10-blt 

;>' 10-blt muW:-c:hannel Anafo~IH:»gltal conYerter · 

• Syr>OI1ranoo• Sella! Porn (SSP) wlln SPt (M$ 
ml>lle) and I 'eN (Mi>ilii!rtSia.O) 

~ Unt"er&at S)TictlrDMIUfi- A&.ynel'lroROUEi R'!C!tter 
Tran&mll!er (USARTISCJ) Will! 9-l>tt a~~<~re•• 
...,.<:!Jon 

• P;uallt!l ~· P<lf'l (P~ ~Wille, Wll!:l 
•xlii!rn.al RD, WR ami CS contn>!Ot:40o144-pln on~) 
&rOWfl-out tleled10ll clrcliJ!ry lfiOr 
Brown-oot Re6et tiBD-R) 



1.0 DEVICE OVERVIEW 

TMs <k!CU~MT~t oontul& <lev'ilee- ~cme: lnif'DnmiiUon. 
MditonaJ li'IIDmliiiiDI'I may be fDtJOO In the PICmiCro.,.. 
Mkt-Range R.efN.ence Miinual (OS33023}., w111Ctl may 
be -ea frl>m yo..: lOCal MfCrl>Chll' Soles Rep,...,_ 
ta11Ve e< -nllladea trom 1ne 1.01::rocn., web&l1e. The 
Releifence Manual·&t'ICUkli lbe colll&ldNed a cotT\IMemen-
taJy <10cumenl 10 11115 dilila <~~eel, and I& tllgllly recom
meruled reacmg fOr a rzetber IJI'Iek!rrstarw:llng; 01 tne devk:Q. 

--all<l! operallt:cl or 1"" pOJ!p""ra! mo<lllfeli. 

PIC16F87X 

There are- fOur de'l1ceit (PIC 16f8:73. PIC 16f'.!:l74, 
P!CI6Fa7i ana PIC16F677) c<rtered I>)' lhf5 <!ala 
oteel The PIC 16F6761613 aevlee& oome In 2l!·pln 
paeka!JK and 'll1le PiiC16F877!874 deviCH come *I 
·~ pilllliages. Tlle Par.lllel s~a•e Ptm ~ not 
ll'nplemellted on the 28-JIIn deviCN. 

Tile IOIIOW1ng aev1ee block diagram• are sorted by pin 
n-.er. 211-pln"" Fig ore 1-1 anu~ ror FigUre 1-2. 
The 2811f11 and 411-pln plnou1& are Hsle<l In Table 1-1 
an<lll!lllle 1-2. reopecl!¥ely. · 

FIGURE 11- PIC16F373AND PIC16FB76 BLOCK DIAGRAM - ·. 

PrGgra .. 
.Data M111m~ry 

D.W. 
Device Fl.UH iEEPROM 

Ptet&FBD 4K 1~ Byte$ 1Ui By'tes 

PIC16FB76 8K 34a Byh!s 2Sl6 Bytes 

" -- • P<><rA 
~ iF'J'cgnm C<Jurter 

J --Fl.ASH 

~ ~ AA1AIIJN1 - F= 
~'diEJI~ ......... ........ f-. RAJI~IJI!+ 

""' ~ - - .....,_'Ill! - """"' "' """'"'"''" lf 9 - .... ...,. ·-... I A!fdTUJi< \ 

1::: ""' ii "'" II """" ''"" 7 .Jr·--· - RB-3.PGM 

"''' F= r: .... 
I Fa~ roo l<l= ""' 1-o ~c 

~Jm.., ~l: RS:l'.f.IGD 

' F """'" tt RaJ~Ttosomm -- '\"""/ - RCI!T108l'CCP2 

"""' ~~ """"""'' -- F= ~ ~~ ,..._..,.,_ ,.,.,"'""" -~- .... u --...... """'co 
"""' • - I>WTXICI( 

""""'"" """""""" ~J (>«"::an~~ """' I .. .., I 
oo:.-u:::uoN --OSC2tCl:KOO:r """' '""'""" """"" .. 

~·= 
£ ~~~ 

G G I T"""" I I ""'"'"" I 
ft it 'it lr 
J~ l ~ .,h, B I cmeFROJI I I I 

' 

I c.cP'!i,2 
S',iJ'Id"r'onm;s 

Serbi!Fmt 

Nobt 1: H~erordtr!lftnretromtteS"'.-.TUS·fQ*-t-
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PIC16F87X 

FIGURE 1-2: PIC16F87 4 AND PIC16FI77 BLOCK DIAGRAM 

Proa111m 
FLUH 

FJC1.S:FS74 1928~ 

PIC1S:F877 "' 
" • ~ Rcgnncamtu o.aeus 

Fl.ASH 

~ .I f I -""""" 
14 

., 
lmUuclran ll!!il' 

II 

• 

~~ 
IE-~ ~~. .: ~ ... 

o:su:a_JO...KN 
051"'~~ 

I . ......,,.,. ~:Hill) 

""""- 7 

' 

-T...,. -............ -..... ..... _,.,. -""'""""" ..... 
, .. """"' -L-............. 

l ~ 
Ma.R \I'Q:I. 'JSG 

1..:... 
R:W~t i( 9 

/ ,lddr U'JX \ 

ir ·~"=' 
I .. R ... '] 

~~rl 
'~/ :n. +--' 

\ ...., ' 

• 
I w..., 

1---4 

=> 

= 

==; 

= 

-
7l'!:'.!1'.2 ,,..""' ,..,.,., 22~ 

2~8 

39 

""""' 
f-o 
f-o 

f:: 
F'CRJB 

:: ----
'""''" 

1: 
1: 
f:: 

PORliD 

1: 
~ 
f: 

PORTE 

r-121 

~ 

IWliANO 

""'"'"' RIUV!.N2.'..._.,: 

""""' ........ ~--

ACOIT1050iT1Q(J 
RC1JT'10Sil0CII'2 

""""""' IOC3!SCt!ISa. 

""""'"""" ·R<>iiTXICK 
RCT.ffOO!IT 

""""""" IR[)t,-fi;&F1 

1100 ..... 2 ,.,...,., , ..... ,.,. -· ~ ..,....,., 



PIC16F87X 

TABlE1-2: PIC16F374 AIILD PIC16F877 PINOUT DESCRIPTION 

Pin !NDIIIII 

O&C11'Cl.KIN 

00021'a.KOUT 

MCt.RIVJ'IP 

FWII""D 

RA1/AN1 

RA2/IIN21VREJil· 

RA.3b\N3,V~+ 

RAAITDI"~l 

RASI'SaMt44 

RB!hWT .. , 
RB2 

RS:!IPGM! 

RB4 

••• 
RBE•'FGC 

Ra:r,'PGO 

DIP PU:C ·- .... .. •• .. 15 

' 2 

, • 
' • 
4 5 

5 6 

• ! 

7 ' 

" " 14 37 ,. " ,. " l1 ., 
3S ., 
,. •• 
40 .. 
o ..-output 

-- NlOtused 

QFP ..... 
>II 

" 

•• 

" 
" , 
22 

2l 

24 

' ,, 
" 
11 ,. 
" ,. 
17 

"""' Bu:rtar 
DMOriJio'IIOn, 

1\'pe .,... 
1 STICMoa(tt OSC!Iaiot CI"/Stal ln-put/eDemaf C:klotl mun:.~ Input, 

0 - OK!hb' aystai.(IUI!p\lt conneds 11:1 errstat or re:IOiiatDr 
In o:y,lb1 OSC:IIDbc4' mOde. In IRC l!ilOde, oael'Oin DUitPVt$ 
CLKOLIT wh.m has 1!'4 the ftQuenc.y of0<ae1, iiH'Id 

de!IGI9 title lnsiNJ:fJan qdt '*· 
'"' OT Mamrclear o!R>eset:J l'r\putar prognft!Jtmlng YOtlage tnpull. 

Thfs pin Is. .an adlve 10:.- RESET 110 lhe deri:e-

PORTA II a lJMIIretlonal UO par'l. 

'0 TTL RAG can ..s!So be an~ ~um . 

00 TTL RA1 CM-IIIIIO!be IIR-"\:19 hPUt1. 

~ rn. RA2 c:~tn o~ISao !be 11na'JJ9 lnlPIIf2 or ne;llttie 
an11log rel'ero!:nce yDihl~-

'"' TTL RA3 con .. ISO< be 11n"100 ~ut3 or potfttre 

MliiOO rereP-nce vatlage.. 

00 OT RM can •II& fbe,1fle clock ~ut 00 the TmetG·~~men· 
ot001nler. Output Is opet"l dr~ ~'Jl'e. 

00 TTL RA!i cm.stloobe 111n;Wag ~or lhe 'Sfa'.le selil!'et1'a 
the synttlron.ous ertal port 

.. 

PO:RT51S· a bll-dl!:ectklni!lll/0 port. !PO-IUS eM be_ sa,n:-
ware Pn:Jgr,smmeo far llriemalweall: pUI-up M ;sJ Inputs. 

"" TTLill-rl11 RBD Clift .alSo. be: the eft!IMI tltem.rpt p(n. 

"" TTL 

00 TTL 
00 TTL RBl Clll!! .also lbe 1he !l'oW t.'Oft.lge prcgram~ r;,ut 
L'D TTL 11'11el\fUJ*OI".c-Chanot pit!. 

00 TTL ltrtl!!rrupt-DF.-d'!Bnoe ptn . 

''" iTLI"STiip lri1em~~c.h~ pin ar ln-Ck\:ult Doel:tu~ pin • 
:B'elllll progl'lllmmlnD~ ctac.k. ,. 

I'D TTLiaTiZil ltrterru~tm-d!llt!Qe pin ar Jn-Ciro:ult O>c:bug~erl))n_ 

~~ _progr.smmlnQI em. .:"· 

lfO • llpulfDUtpu\: ·P•PGWH 
TTL • TTL lnjHSI 8T • Bd!mlll: Tf1g:ger Input 

Hoi& 1~ tlhl1 lMlfTer IJ 111-kfirmllt TrOger input wM:n c:ori!lgun-.d u M1 ~xtcrnallnterJUpt. 
2: This t:rutrtr IS ~ krumltt ~r ihpU1: li\Mn used In Sa"lal P~rammln111 rffi"lde. 

a: This twn'er I:S a -Bct!mm ·~er )'!,put .m.tn c-onl'lgun-.d u penenslpurpau~ 11'0 ~ a "TTl.. ~ul.llotlen used! in 1M P-litnJid 
31ave Port mode (10rln~lngrl):)~ ml~essar!DUS}. 

4: This ibuft'er t1 a .e.aMnm Tr~er t!V.1t wMn tllnt!lgured In RC ot-elllab nl!!Ode and a CMOS !Jlput 01ne:rw1se. 

40 



PIC16F87X 

TABLE 1-'2: PIC 1 GF37 4 AND PIIC1 GF877 PINOUT DESCRIPTION (CONllNU EDJ 

Pin +~•me 

RCOJT10S0f1'1C;KI 

RC11T100VCCF'2 

RC2JCCP1 

RC3.1BCKt'SCL 

RC4.'SC!.'SOA 

RCSJBDO 

Re<m<JCK 

RC7.tRX/OT 

ROOJPBPD 

RD11PBP1 

R02!PBP2 

RDl.fPBP3 

RC4JPSP4 

R05JPBP5 

ROS.'PSP6 

RD71PBP7 

REIWRDl'ANS 

RE1!1"1iRXAN'5 

RE:UCBJAN1 

.... 
voo 
NC 

DIP 1'1.CC .... "'"' 
1S " ,. 

" 
17 " ,. 2D 

" 25 

,. 2& 

::!S 27 

,. 29 

" 2t ,. , 
" 

, 
:!l 24 

27 " ,. 31 ,. ll 

30 " 
' ' 
' 10 

10 i1 

12,:3.1 13,34 

'11,32: 12,35 

1,17,:!.$, ., 
0 •output 

-- Jlf"'tustd 

QFP . ... 
, 
3S 

,. 
37 

., 

., .. 
' 

,. 
,. 
., 
., 
' 
3 

• 
s 

l! 

,. 
27 

6,2!! 

?,lS 

fl,U, 
13,34 

"""' BU'Iht ..... .., . 
"" ST 

'"' 3T 

"" 3'li' 

""' ar 

IJO ar 

"" ar 
1/0 ar 

!JO sr 

vo S:Tt'TT!l..i'+ 

'·"' STrTT~'Iij 

'·"' aTrrnt,. 

i.I.Q· .S:TrTTtta, 

l!IJ1 STrn:'IJ~ 

vo STfT1"l.. ... 

'"' a:Trrn.tlll 

"" aTrrn}~ 

l1C' .S:TI"T1it:l'il} 

l'O a:Trrn..i .. 

'"' 8.To'iT'.J..1!\I 

• 

p 

p 

1.10 • :ll~Jhautput 
TTL • TTL Input 

DMDrlptfon, 

PORTe Is-~ bfollltet1!01U:I i'O ·part, 

RCO C¥1 II~ be !he Tlmert MCii!:llb:lr Cl.ltput or a 
nmer1 dD<:k mput. 

RCi can -liS>:~ be !be Timer! osellator Input or 
ca~21npU1.rcomp11re2 Nfpub'PWMl oo.~:;rut. 

P.Cl" can also be tho: c.-uflt1 mputteoml)61'e1 
outpurtP'lr't\\41 ot."\1put 

RC-l Qll ·IIW be !he lij~S s.ertal Ckoei InpUt,! 
output :tor both BPI Mid t2c modes. . 

RC4 at~ t!IS.O be !he BPI C:a1a. In (SPI mode) or 

dahl ItO (lie m~t-
RC5 GVI .als.o be ltt<e BPI D.at!i Out (.S.Pl mode~ 

RC6 am als-o be ~ U:ilART lwynchronll'.M Tmrmt!'Jt 

or aynchronous- ClOd;. · .. 
RC7 Qlll al~>:~ be the USAAT Asynchronous A:~tl-e-
or Sync:hrumKi!J Data. 

PO-RTO Is a bl-dlredbn.!ll VO part or r»rallel slso'e" !IXIri 
whern rni!!,Ftadng~ ib 11 m.t:r®roauor bus. 

: 

PO-RTE ils aN-dlrc!t:Han~ h'Q port 

RED can- aiilo H read tl:lntrol far th~ ~~~~ ~a_y~ 
pori, ill' aaalq InpUtS. 

REf can no k..-rte ·tontrol1or the paralle':! staye;; 
port, ·or Mta~ InpUt;. 

RE.:! can Do be ~~~e~t t:011lro'l f>:lr I:M: par.al~t slav.t 

pori!, m M111kiG II'IPIJI7. 

GmulY.I Mit~HJct: fDr ~IC: mel h"O pins. 

:Po!llive SIJpp!y ftH' bglt M'ld h'O P'fi"'S. 

'rhe:e ~lnl AI'!!: mrt lnb!rni1D)' CCIN'li!!CII!!d. 'These pbs. 
'ID:!ukll:n~- Jd umconnec~. p.,.,.., 
ST • Bl:hmltt 'T:tgger Input 

Note f: Thlr.l>vlfl!!r b: i1li a.::tvnttt TrJoge:r :I:I)'Ut ~t.be:n cann;ure:d u ~n ex1cmaltl'ttl!nrvpt. 
2: i'.hlr: bvft'er II-~ $::M'IItl Tr!Oier 'nP'Ut•h~n us~ 1i'l a~al Progro11mmlnlf mode. 
a: 7111~< boVII'!r b. >J :sd'!mlft Tr~er ir,pout ~t.Mn ean!IQUI'!:d u gener111 purpose 110 31\d -a TTL lil'%1Nt Wil'len usi!!GI n 11le Pamlel 

Slave Port mode ('!Or tn~lng: to .a ml~usar bust. 
4: This. buffer Is a :s-:mm ~er t-..put v.ni!on consgured' In il'i:C osclllltot" m-ode an:~ -a cuoe h;:tut othl!!rwfle. 
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.TEXAS 
INSIRUMENIS 
~~II'OmH<lrrts~ 

"' -'""'1'""" 

Features 
• Hlgft.VOJtagt "f¥P*I {20V R.atlng) 

• CD447GB -Quad EltdiHIMI-DR Gat& 

• CO..ctne • OUIUI Elte!Ut!N-NOR Gllte 

• llltodtum Speed operation 
- lpltl..,. fpu.J = ~~n< (Typj atVoo = 1DV, CL" 50pf 

• 100"1. Teet.a tor Qlltl!lac.nt current at 2W 

• Standardized Symmetri-cal output Cllara~tertetlce 

• !5V. 1DV and 15VParametrte Rsllnge 

• Mllxlmum Jnputcurrentor tllA at tev ovw FuJI 
PM:kBQe Tllmpenture Range 
- tOOnA fit tev ana 250c 

• HOlM Margin (Over Full P1!CIUii(ll1 Tamperafure R.all~) 

- 1VM'Voo"'SV. zvatvoo"' 14V,2.SVatVoo=t.SV 

• Me&ta AI Requttameonta ot JEO£c atandard KO. 13B. 
'"ltandard $peclneatlona tor oucnpllon at •e:· &arfln 
CMOI OIWicee 

Applications 

• Logical COIDpat:al~:~n-
• Adaenl$u1Jtr&ctlJq 

• Pari!)' Gtnti8tora am! Ch&ckera 

Pinouts 

""""'" (POIP. CEROIP, SOIC) 
m>•EW 

·~· ~·~ 
·~ ~" J:A~B~I ~· ri:C~D~c. ~-:fti!IM 

·~ ~~:£~~ 
·~ Vp(! Ill· 

Co'£.];1CJN:Tnese~..., ..... ~.,IDO!O<tll-.:o~ l100n 

CD4070B, 
CD4077B 

CMOS Quad Exclusive-OR 
and Exclusive-NOR Gate - - - -

Description 

Tl!e Harm CD4G7DB ~& lour lndepemtent ExC115t~e-
OR gate&. Trte< H;mte. CD4!1778- contllno fDIIr lndepena.ent 
E~®61'1Hi0R gaiK. 

Tnl! C0407llB aqa CC4077B p!OUilli; tile ~&U!m IJWgnB 
'dll a means. mr meet tmptementatt<Jn 00 ~ Exduwre-oR 
aM Exellll&M-NOR fUn~ ll!spe~l.y. 

Ordering Information -- "'"'-

'"""""""' """"'""' 'ACKAGE NO. 

"'"""" .e;t) t:!S t4 L(IPD!> E\4.3 

""""'' -551:1125 t41.!:1PJ:(P E14..J. 

"""""'' ·S5to t2S ULdCEROIP FlO 

"""""" .... ,. t4LCICERDIP ,..., 
CDI070IBM -&Sto12:S ""''""' MUt.S 

"""""" -&St:l125 ""'""" MU1.S 

"""""' IPOIP. CERDIP. SOICl 
l<»VEW 

4(; 

~:' .[. 
J"~~· I'!· r;ooCD~c. ~•:OTH 

c[• ~L:~ 

·~ ~' 
vu[! j!J· 

'·· .. · ' . . ., .. 

-i>:;Hontmz~ FI~Nun-,c~r 910.1 

CD4070B, CD4077B 

Functional Diagrams ...., .. 
.r-

4 

.1=.114'11 E 
K:C$0 C 
~' 

M=O<iH D 
L:E!&F 

' Vti:7 F 

v~l>"1" o...!! 

" " 

-~-~~ 

FIGURE 1. SCHEWo.TlC DIAGRAM. fOR CDCI7IIB 
l1 Of-41DBffiCALGAJESj 

CD40706TIWTH TABLE [I OF -4 GATE$) 

A 

«mE 
1•~\RI'el 
D•LOWJ..e.lel 
J•A&B 

• 

""""" 

:~· .J:Jii!S 1i 

K"'CiWG c ;1; • 
M:"ilii!E~ 
L:~F~--

voo 

~~-a""' 
~PRDTSmml q 

Va 

AGlRE 2. SCtfEWmC tiAGRAM FOR COIG778-
{1 OF <IIDENllCALGATESI 

C0401781RUTH TABL.Ej1 OF4GATES) 

A 

NOTE 
1·~1.aei 
O•lDWLE¥!1 '_.,.. 

8 

• 



..,. 
w 

CD4027BC 

oct:xlEf 1'067 
Rel4&ell Mard'12002 

Dual J-K Master/Slave Flip-Flop with Set and Reset 

Gen_e_~I_Des_cription 
1ille axozzec d!lal J..K ~are mm.oltlllt-QOI!Iple
rnentary MOO (CMC.\S) ~ e«U~ toll$~ \11111! 
N- ar.d P-CIIaml<l ennarnoellli!IK mMi ~ E3CII 
rup-;lcp !Ia;. JnCIEt)al!Wd J, !(, 6E{, reset ana: (lQCI!_ lrpul:$ 
anll b!Ared Q .ancl Q oulput&_ ~ np-;IOp6 <1l'l! edge 
EEI'ISIIN!! ID tne ctiU. l!lput ana CNnge ~ 00 1hi! pe5~ 
I!Ve-golng 1r.ln6l!lon ot tne CIOCt pl&e!i. set or reset ts 
lnaep;!roO@nt or Ill@ CIOOt ar.a 15 atC011p151le<l oy a nYJr. 
leWI «. ttl!! rHpedtle bp!Jt 
All t1puiS an!! pmtected againSt~ ~to ~ dl&
ct\atg£ 11y 01:31'-! Clarnp6io v00 ana Vse. 

Ordering COde: 

Featu~s 
•wt~e~vortage.range.: ;J.OVtQ1SV 

• tllgll 0016e tnmunty: OAS Voo tl)'p.l 

•l.owpowerTTL !XIfi1Pa:tluty: ran out «2 <'lrt>llr.g 74!. 
llr1 illiM!lg74ts 

a1.owp!M'er: fllnW(typ.) 

• Melllurn speea~uco: 12 Mt".z IUW-} llllth 1av 
6Upply 

P.I~De; on:ttr NumO&r I Pacup Murnb&r 
C04027BCM M16A 1fi•Leall Smail cif111ne I~ t1IQiil [SCKC), JEOEC MS-012, 0.150" Nii!IVN 

CD40276CN I N16E 1&-L!!acf ~ OUill-!n-LJne Pac1age {POIP). JEDEC MS40t, 0.300" WltJi! 

.--... - .. ~--....,B!~..:I"'*--"l':ll>ll.o~-
Connection Diagram Truth Table 

~~· ' 
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TAPPED TRANSFORMER 3.2A 

RS Stock No. 211-0654 

RoHS Status Add to my RoHS notification list 

Manufacturer W ALSALL TRANSFORMERS 

Manufacturer's part number WT1295 

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 3·2 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 63·5 x47x2BA 1·98 

211-0660 89 68 75 57 x 43·5 x 2BA 1-6 

211-0676 100 92 82 72 X 70 X M5 2-8 
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