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ABSTRACT

In the market there are many choices for Automatic voltages regulators such as auto
transformers with relays, servo-mechanism types, Thyristor used types and power
inverters type with varying degrees of quality, efficiency, and power output
capability. But they cannot be used for low power sensitive applications such as
biomedical instruments etc. due to high harmonic content, wave distortions and
RFI/EMI issues etc.

The High-Frequency Inverter is mainly used today in uninterruptible power supply
systems, AC motor drives, induction heating and renewable energy source systems.
The simplest form of an inverter is the bridge-type, where a power bridge is
controlled according to the sinusoidal pulse-width modulation (SPWM) principle and
the resulting SPWM wave is filtered to produce the alternating output voltage. This
can be achieved by using a High-Frequency Inverter that involves an isolated DC-
DC stage (Voltage Fed Push-Pull/Full Bridge) and the DC-AC section, which
provides the AC output.

My objective to overcome the said problem is to design a simple Low power
Automatic Voltage Regulator for sensitive equipment by using audio amplification
technique giving an output waveform as similar to the main supply without moving
parts (electro-mechanical devices). It would be a linear mode operating electronic
amplifier circuit using bipolar junction transistor (BJT) for 50Hz operation of the

main supply.

The noise free low signal obtained from the main supply is used as an input signal,
having supply frequency (without oscillator) and low voltage. To obtain a controlled
noise free standard supply voltage and frequency at the output terminals by the
process of power amplification, which could be used for the sensitive equipment in

nature such as medical equipment etc.



This is done by passing the main supply through the RFI/ EMI filters (radio
frequency and electromagnetic interference) and utilizing the very low voltage
“signal” of frequency 50Hz via step down process. The signal as said is filtered using
low pass filters and amplified by utilizing audio amplification method. Since 50Hz or
60 Hz frequency is within the audible range, the amplifier is almost the same as
audio amplifier which has the push pull output which inverts the noise free DC
supply, obtained after the rectification and filtered from the main supply and converts
back to AC supply at the same frequency and at the same RMS value.

The sample input signal is calculated (by graphical method) with voltage fluctuation
expected and is augmented via preamplifier stage to get a higher amplitude signal.
This is done for the various amplitude of input signals to the preamplifier and from
its output signals. The fraction of the augmented signal is used for amplification by
the stages following the preamplifier. Any variation in the main supply would not
interrupt this signal but provide the variation in amplitude by fraction and this is used
to control the output voltage. Also the output voltage from the push pull transformer
is kept at higher value, expected drop plus normal supply voltage, (by step up
winding) and is brought to the supply voltage by electronically. And even supply
voltage goes up, it will bring down to the normal supply voltage automatically. As
this circuit is operative with the supply frequency, it may be easy to synchronize with
the main supply voltage whenever needed. The general effects of voltage regulation
on semiconductors and transformers characteristics were also considered with the
guidance of IEC 60146-1-1,Semiconductor converters and IEC 60146-1-3 , IEC
60076 converter transformers.



Calculations have been done based on practically obtained data to determine the
voltage regulation introduced by the normal loading with the voltage variation
between 260V and 180V. The subsidiary Legislation under the Electricity Act
defines a maximum voltage variation is £6% of the nominal voltage (216.2- 243.8V)

to the consumer. Our system response approximately+2%

For the future development, high power transistors are used in the driver circuit and
for the better response integrated circuits may be used instead of discrete circuit
which | have used. There are lots of IC’s available. The circuit also could be used
with MOSFET in the output stage. The circuit should be modified when using
MOSFET as it is capacitive and voltage control device at the input as compared to
BJT, which is current operative device.

Key words

Thyristor, Radio Frequency Interference /Electromagnetic Interference (RFI/EMI)
filters, Root Mean Square (RMS), Bipolar Junction Transistor (BJT), Metal Oxide
Semiconductor Field Effect Transistor (MOSFET), Sinusoidal Pulse-Width
Modulation (SPWM), Inverter, signal.
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1. INTRODUCTION

1.1  Background

For the purpose of transmission and utility, the electric power supply must have
constant electromotive force (EMF) and frequency at the terminals of the equipment.
Whatever the load exists (within the limits) constant voltage and frequency have to
be maintained at the terminals. But practically it does not happen due to the several
factors such as reactive loads, switching loads etc. disturbing the voltage and the
frequency of the supply. Therefore the voltage controllers have to be constructed
along with the transformers to maintain constant voltage and frequency, free from
noise (harmonics, Radio frequency and electromagnetic interference etc.) at the

distance away load terminals.

Due to the advanced development of semiconductors, nowadays it is done by
electronic circuits and feedback techniques in Automatic Voltage Regulator circuits
(AVR).Several researches are still conducted to improve the system. Power quality
issues and remedies are relevant research topics and a lot of advanced researches are
being carried out. These issues are mainly due to increased use of power electronic
devices, nonlinear loads and unbalance in power systems. Dynamic loads cause
power quality problems usually by voltage or current variations such as voltage dips,
fluctuations, momentary interruptions, oscillatory transients, harmonics, harmonic
resonance etc. Various publications define power quality in different aspects. Power
quality is defined as concept of powering and grounding sensitive equipment in a

manner that is suitable for operation of that equipment.

For example, when choosing a power supply for a medical device, it's important to
handle with caution, compared with industrial power supplies and AVR, medical
grade power sources are subject to different risks and more rigorous safety standards.
After all, when the device will be coming into such close proximity with a patient, it
is imperative that the power does not fail or the current exceed certain specifications.



It's crucial to track down a vendor with experience in this field, preferably one that is
accustomed to designing medical grade power supplies as opposed to simply
adapting a commercial product. The following medical Instruments are required

highly sensitive ac power supply with 50Hz without distortion.

« Mini Centrifuge Z 130 M

Unlike traditional mini centrifuges, the new Z130M eliminates the need to change
rotors when switching between micro tubes and PCR strips. The included, unique
COMBI-Rotor is all that is required for running 12 micro tubes and 4 PCR strips
simultaneously. With a fixed speed that produces 5500rpm, this centrifuge is perfect

for quick spin downs.

e Unique COMBI-Rotor

Figure 1:1 Mini Centrifuge Z 130M

Table 1.1 Technical Data Z 130M

Max Speed 5500rpm
Max RCF 2000 xg
12x1.5/2.0ml tubes
Max Volume 32x0.2ml PCR tubes

4xPCRstrips (8%0.2ml)

Dimensions(WxHxD) 14cmx 11.2cmx 20cm

Weight 1.3kg
324.00V01-Z 130 M 230V / 50-60HZ/40W,
Order numbers 324.00-Z 130M,120V/50-60HZ/40W

(Source : HERMLE LABOR TECHNIK, Mini Centrifuge Z 130M )



¢ SSM5 and SSL5, Shaker, microtitre,

These compact rockers are ideal where gentle mixing is required, either on the bench
or in incubators. Choice of two models: With the combination of high speed and a
tiny orbit the SS:5 range has an ideal action for mixing microtitre plates and micro

centrifuge tubes.

Microtitre plates are held to the platform by a highly efficient non slip mat. Micro
tubes can be held via the purpose built accessory racks, available separately. The
SS:5 range has adjustable speed control between 250 and 1250rpm, the speed is
shown via the bright LED display and accurately controlled by an encoder. The

versatile timer can be set from 1 second to 9 hours.

Figure 1:2 SSM5 & SSL5

(Source: Stuart® Catalogue, SSM5 and SSL5 Shaker, microtitre, Page 104)

Key Features

« High speed, small orbiting action — ideal for microtitre plates
* Capacity for four or eight microtitre plates

* Digital selection of speed

* In built digital timer

* Accessories available for mixing micro centrifuge tubes



Table 1.2 Technical Specification of SSM5 and SSL5

SSM5 SSL5
Platform dimensions, mm(w x | ) 220%220 306x306
Number of plate positions 4 8
Speed range , rpm 250 to 1250 250 to 1250
Orbit diameter, mm 15 15
Maximum Load, kg 1 2
Operational Temperature range +4 to +40°C +4 to +40°C
Maximum Permissible Humidity 80% 80%
Dimensions, mm (w x d x h) 240%x300x160 360x420x160
Net weight, kg 5 10
Electrical supply 230V,50Hz,50W 230V,50Hz,50W
IP Ratings 31 31

(Source: Stuart® Catalogue ,SSMS5 and SSL5 Shaker, microtitre ,Page 104 )

« Digital Viscometer

The Brookfield DV1 Viscometer measures fluid viscosity which is a measure of a
fluid’s resistance to flow. The principle of operation of the DV1 is to drive a spindle

(which is immersed in the test fluid) through a calibrated spring. The viscous drag of

the fluid against the spindle is measured by the spring deflection.

Spring deflection is measured with a rotary transducer. This system provides
continuous sensing and display of the measurement during the entire test. The
measurement range of a DV1 (in centipoise or milli Pascal-seconds) is determined by
the rotational speed of the spindle, the size and shape of the spindle, the container the

spindle is rotating in, and the full-scale torque of the calibrated spring.




DV1 Viscometer

| T—— Modsl G Laboratory Stand

Input Voltage: 115V AC or 230
VAC

Input Frequency: 50/60 Hz
Power Consumption: 50 VA

Figure 1:3 Digital Viscometer

(Source: BROOKFIELD DV1, Digital Viscometer Operating Instructions Manual No. M14-023)

o The Cleaver Scientific SAFE SERIES

Developed to address the needs of researchers looking to work with safer alternatives
to UV irradiation and ethidium bromide, both of which are known to have harmful

mutagenic effects.

Figure 1:4 The Cleaver Scientific SAFE SERIES

(Source: Cleaver Scientific Ltd ,Experts in Electrophoresis ,PRODUCT Catalogue 2015 ,
HORIZONTAL GEL SYSTEMS | 29)



Table 1.3 Technical Specification of Cleaver Scientific safe series

runVIEW ™ Viewing Dock

Transilluminator

470nm

Timer

1-999 minutes

Wavelength with Alarm
Voltage/Resolution 25-150V/1V Safety Device No load detection
Current/Resolution 300mA/ImA Operating Ambient to 40°C

Temperature
Power 30w Dimensions 293x220x80mm
] Constant VVoltage or 100-
Operating Mode Rated Voltage
current 240V ,50/60Hz

(Source: Cleaver Scientific Ltd, Experts in Electrophoresis, PRODUCT Catalogue 2015,
HORIZONTAL GEL SYSTEMS | 29)

Track DNA without harmful UV: Blue light is safe and has none of the detrimental

effects of UV transillumination, including mutagenesis which can compromise

cloning efficiency, while run VIEW™’s capacity to provide real-time visualisation of

electrophoresis enables DNA to be tracked as it migrates through the gel. This allows

the user to judge precisely when the band of interest is ready for extraction.




1.2 Problem Statement

Medical equipment may also have low electrical-noise limits, especially monitoring

and diagnostic systems that work by measuring small voltage changes in a patient's

body. Portable sensors often make extensive use of analog and RF circuitry, which

tends to be sensitive to noise in any case. The problem is exaggerated by the need to

make systems small, putting the power supply close to sensitive analog circuitry.

Some of the high power AVR and their advantages and disadvantages are shown in

the following table, each version has their own weaknesses, therefore these type of

AVR cannot be used for low power control for sensitive equipment such as medical

equipment.
Table 1.4 Comparison of AC voltage Regulators
Family Basic Technique used Advantages Disadvantages
Motor A servo motor based -Simple -Bulky
driven autotransformer with a | construction -Slow response
variacs voltage feedback loop | -High capacity -Can get stuck at the
-Simple lowest input voltage
electronics and create an over-
-High efficiency | voltage when the line
voltage returns to
norm
-If input voltage
Transformer | A transformer with -High efficiency | fluctuates frequently
tap changers | multiple taps and a -Easy to design “tap dancing” could
feedback loop to -Simple occur
automatically change construction -Arcing in taps can
the taps -Low cost create problems, with
inductive loads
-Voltage transients
may appear at the
output during tap
changes




Thyristor A series secondary -Compact -High harmonic
based winding or an auto -Low cost content at the output
transformer is used -Efficient -Could cause
with a thyristor phase -Fast response problems with
controlled technigue to inductive loads
maintain the RMS -Filtering at output
voltage constant may be necessary for
reducing RFI/EMI
issues
-Wide input range | -Complex circuitry
IS possible -RFI/EMI problems
Solid state Either linear amplifier | -Compact design | (in switching
types based technique or may be possible | technique based ones)
switching technique. (with a switching | -Reliability issues in
based compensation is | technique for environments with
used voltage buck or high common mode
boost) transient surges

(Source: Reference no — 04, Page no- 70)

The pure sine wave inverters type of power regulators tend to incorporate with

expensive high power digital components. The modified sine wave units can be very

efficient, as there is not much processing being performed on the output waveform,

but this results in a waveform with a high number of harmonics, which can affect

sensitive equipment such as medical monitors. Many of the very cheap devices are

output with square wave types, perhaps a slightly modified square wave, with the

proper RMS voltage, and close to the right frequency.

Following are some points to bear in mind when selecting the optimal power source

for sensitive equipment. Not all medical and sensitive equipment are made alike, and

it stands to reason that different equipment will have very different power supply

requirements.




Switch mode power supplies (SMPSs): Nowadays most of the portable
medical devices are used with switch mode as opposed to the linear power.
SMPSs are smaller than conventional transformers and generate less heat
while also being relatively inexpensive. While they are widely used in
imaging devices, patient monitors, diagnostic equipment and pharmaceutical
dispensers, there are some conspicuous drawbacks. Since not all SMPSs were
created for use in medical applications, the leakage current may be too high.
It may be necessary to add in additional isolation (i.e. electrically separating
two parts of a circuit by using electromagnetic field coupling between the
two) to ensure optimal patient safety.

Electromagnetic interference: Hospital equipment tends to operate on very
low level electronic signals that are highly sensitive to electromagnetic
interference. Particularly in devices such as portable ultrasound equipment,
electromagnetic compatibility is therefore a key concern.



1.3  Objectives

My objective to overcome above said problem, is to design a simple Low power
230V, 50Hz Automatic voltage regulator for sensitive instruments ,without moving
parts (electro-mechanical devices) comprising an linear electronic amplifier circuit
using bipolar junction transistor (BJT). An noise free low signal obtain from the
main supply as its input signal of having supply frequency (without oscillator), are
used to obtain a controlled noise free standard supply voltage and frequency at the
output terminals by the process of power amplification. Which could be used for the
equipment of sensitive in nature for voltage and frequency without destructive

noises, such as medical equipment etc.

This could be achieved by using, the right frequency and the RMS of the main
supply voltage without any deviation from the ideal supply. That is the main supply
is sent through RFI/ EMI filters and step down to low voltage “signal” having the
frequency of the main power supply via step down process. The “signal” as said, is
filtered using low pass filters and send to a preamplifier circuit, which initially

increase the amplitude of the input signal to higher value.

Fraction of the output voltage of preamplifier is sent through voltage/feedback
selector network to power amplifiers which includes voltage/current (\V/1) amplifier,
Pre-driver and power driver circuits. The basic method used is by utilising audio
amplification method. Since 50Hz or 60Hz frequency is within the audible range.
Almost the amplifier is same as audio an amplifier which has the push pull output
which inverts the DC supply, obtained after the rectification and filtered from the

main supply, back to AC supply of the same frequency and RMS.

The sample input signal is calculated (by graphical method) with voltage fluctuation
expected and is augmented via preamplifier stage to a higher amplitude signal .This
is done for the various amplitude of input signal to preamp and from its output
signal. The fraction of the augmented signal is used for amplification by the stages

follows the preamplifier. Any variation in the main supply (within the allowable
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standard range) would not interrupt this signal but provide the variation in amplitude
by fraction and this is used to control the output voltage. Also output voltage from
push pull transformer is kept in higher value expected drop plus normal supply
voltage, (by step up winding) and is brought to supply voltage by electronically and
even supply voltage goes up it would bring further down to maintain the standard
voltage. The general effects of voltage regulation on semiconductors and
transformers characteristics were also considered with the guidance of IEC 60146-1-
1, semiconductor converters and IEC 60146-1-3, IEC 60076 converter transformers.
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2. LITERATURE REVIEW

2.1. Background

The operation of a voltage generation is based on Faraday’s law of electromagnetic
induction. If a coil or winding is linked to a varying magnetic field will produce a
electromotive force(voltage) across the terminals and the current direction varies as
the field moves to and fro, which we refer as alternating current. Thus generators

have two parts, one that creates magnetic field and other where energy is induced.

Now days the magnetic field is created by electromagnets. As we aware that the
induced voltage in a rotating coil within the Magnetic poles or rotating magnetic pole
within the coil is function of speed, strength of magnetic flux and number of
conductors (E =4.44kfN¢ where k; winding factor, N ; number of conductors , ¢ :
air gap flux, E;EMF, f; Frequency ) and the current is received with the help of slip
rings and brushes , (Fig. 2.1) or alternatively rotating the magnetic poles (North
and South) within a rectangular coil would result same ,but current could be received
from the terminals of the wire without slip rings and brushes.( Example Bicycle

dynamos Fig.2.2.)

Figure 2:2 Bicycle dynamos

(Source: http://chestofbooks.com/crafts/popular-mechanics/Amateur-Work-6/Elements-Of-Dynamo-
Design-111-Equasion-of-the-Dynamo-The.html )
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But in a main supply, frequency and the voltage of the supply have to be maintained
constant at the terminals of the winding. The frequency of the supply is governed by
mechanical speed, f=NP, f; electrical frequency (Hz), N; mechanical speed (RPS), P;
number of pole pairs. Therefore for constant electrical frequency, mechanical speed
should be constant. The number of conductors always constant in a designed
generator. Therefore voltage is directly depend on the field ,and the varying voltage
could be maintained constant at defined level by varying the flux and it is generated
by varying the current in the windings of the electromagnets.

Alternatively, the generated voltage as we refers as AC voltage when connect to a
load, the direction of the current through the load moves in and out (to and fro) and
the polarity of the voltage changes at the terminals. If the load is an inductance it
would produce magnetic flux with the polarity changes, the direction as same as the

frequency of the generated voltage. That is alternating magnetic flux is produced.

This basic idea was used to develop transformers to step up the generated voltage
with increasing the number of turns in secondary than the primary turns. Thereby the
high voltage transmission was developed for distance transmission to reduce the loss
of power. This method also used to maintain a fix voltage at the receiving station
with the tapings for different voltage using step down transformers. To overcome
the loss of voltage due to the transmission and due to the load at the receiving station,
these taps are changed to maintain the supply voltage for the consumers.

These are done by manually or by other means. The tap changers and regulators are
very similar. The tap changers may be of two different types, Load tap changers and

De-energized tap changers.

2.2.  Electro-Mechanical Regulators for voltage maintenance

Electromechanical regulators called voltage stabilizers or tap-changers have also
been used to regulate the voltage on AC power distribution lines.
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2.2.1. Load tap changers (LTC)

Load tap changers (LTC) are attached to the transformers and moves the taps on the
secondary side (usually the voltage side) of the transformer while the transformer in
service and under load. They can even be programmed to operate automatically when
needed. For example a distribution line fed from a 132kV -13.8kV transformer may
experience voltage drop during peak load periods, and LTC can be used to boost

voltage back to an acceptable level.

2.2.2. De-Energized tap changers (DETC)

De-energized tap changers (DETC) moves taps on the primary side (usually high
voltage side) of the transformer and may only be moved while the transformer is de-
energised. For example a distribution line fed fro 132kV-13.8kV transformer may
experience voltage drop during peak load periods and the LTC on its highest tap and
cannot boost the voltage any more. The engineering group may decide to raise the
DETC and provide a better winding turn ratio so that the LTC can compensate for
the voltage drop. Once again .DETC can only be operated with transformer de-
energised. VVoltage regulators (Fig.2.3) can be found both at the substation and out on
distribution lines to help maintain a constant voltage level along the entire feeder.
They are used especially on extra-long distribution feeders. Their operation is
basically the same as that of substation regulators.

They raise or lower the voltage on the distribution line to provide a more or less

constant voltage as the amount of load on the line changes.

= o

Figure 2:3 Voltage regulators

(Source : http://c03.apogee.net/contentplayer/templates/foe/tdspv2.jpg )
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When the load on the line is low, the voltage drop is not very large and the customers
near the end of the line have adequate voltage. When the load on the line is high, the
voltage drop is also higher and customers near the end of the line may experience
low voltage. Voltage regulators automatically adjust to these low and high load
situations to assure all customers have proper voltage to run the equipment. The

objective is same as an LTC, to regulate distribution voltages.

The voltage regulators can be helpful on long distribution feeders where the last
customers experience low voltages .For example if target voltage of the customer is
230V, but the last customer on the line are only getting 200V or 210V, a voltage
regulator may provide more acceptable voltage for those at the end of the line

2.2.3. Step-Voltage Regulators in the utility distribution systems

Step-Voltage regulators applied in the utility’s distribution systems are generally
medium voltage mechanical automatic voltage regulators (AVR) .1t should be noted
that there are two distinct types of AC automatic voltage regulators; and the Medium

voltage (Mechanical) and the low voltage regulators (Mechanical or Electronic).

The difference in their operation and design shows that that their applications are not
the same. The latter is intended to protect end-user devices from over voltage and
under voltage condition. Nonetheless this will focus on the medium voltage
regulators, which is primarily used by the electric utility to compensate for the
voltage drop in the feeders or distribution system. In addition, the term step voltage
regulator is often used to refer to utility AVR.
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Figure 2:4 Step-Voltage Regulators for utility applications

(Source: http://www.powerqualityworld.com/2011/04/step-voltage-regulator-utility.html )

2.2.4. Step-Voltage Regulator basic operation

The step-voltage regulator is basically a transformer that has its high-voltage winding
(shunt) and low-voltage winding (series) connected to either aid or oppose their
respective voltages. Subsequently, the output voltage could be the sum or difference

between the winding voltages.

For example, if the transformer has a turn’s ratio of 10:1 with 1000V applied in the
primary, then, the secondary voltage will be 100 V. Adding or subtracting by using
the connection mentioned above - the output voltage would be 1100V or 900V,
respectively. Thus, the transformer becomes an autotransformer with the capability
to boost (raise/step-up,Fig2.5) or buck (lower/step-down,Fig2.6) the system voltage
by 10% .

Figure 2:5 Step-up Autotransformer (Boost)
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Figure 2:6 Step-down Autotransformer (Buck)

(Source: http://www.powerqualityworld.com/2011/04/step-voltage-regulator-utility.html )

In other words, by switching the location of the physical connection from the shunt
to the series winding (reversing switch) and with the turns ratio made variable

through automatic tap-changing - the system voltage is adjusted to the required

level.

This is made possible since the automatic voltage regulator includes microprocessor-
based and/or mechanical controls that tell the unit when and how to change taps.

Moreover, modern controllers are equipped with data acquisition and communication

capabilities for remote applications.
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Figure 2:7 Step Voltage Regulator Schematic Diagram

(Source: http://www.powerqualityworld.com/2011/04/step-voltage-regulator-utility.html)
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Utility step-voltage regulators usually allow a maximum voltage regulation range
of £10% of the incoming line voltage in 32 steps of 5/8% or 0.625%. That makes 16
steps each for buck and boost — 5/8% x 16 steps = 10%.

Utility AVRs can be installed out on the feeders or at the substation bus. The voltage
regulator units could either be single-phase or three-phase. However, on a three-
phase feeder, it is more common in utility applications to use single-phase units

connected in banks of three (e.g. wye-grounded, closed delta).

This is because utility distribution lines are typically unbalanced in their
construction, added with single-phase loads that create significant unbalance in the
line currents. Thus, three independently controlled regulators may very well yield
better balance between the phase voltages than a single three-phase unit or ganged
operation. Also, there are many installations of open-delta regulator banks on lightly
loaded three-phase feeders, which require only two regulators and are less costly than

a full three-phase bank.
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Figure 2:8 Voltage Regulator Grounded Wye Connection
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Figure 2:9 Voltage Regulator Open-Delta Connection

(Source: http://www.powerqualityworld.com/2011/04/step-voltage-regulator-utility.html)
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Voltage Regulator Applications

Step-voltage regulators are typically installed on the following:

e EXisting feeders - before the point where the voltage drop problem starts with
heavy load

e Important laterals - To serve a remotely located load

Voltage regulators in the utility distribution systems are relatively slow. These AVRs
have a time delay of at least 15 seconds. Therefore, it is not suitable to applications
where voltages may vary in cycles or seconds. Utility step-voltage regulators are
primarily use for boosting voltage on long feeders where the load is changing slowly
over several minutes or hours. The voltage band typically ranges from 1.5 to 3.0V on
a 120V base. The control can be set to maintain voltage at some point down the line
from the feeder by using the line drop compensator capability. This results in a more
level average voltage response and helps prevent over voltages on customers near the

regulator.

Figure 2:10 Three-phase bank of voltage regulators

(Source: https://commons.wikimedia.org/wiki/File:Distribution_Voltage_regulators.JPG)

A three-phase bank of voltage regulators used to control the voltage on long AC
power distribution lines. This bank is mounted on a wooden pole structure (Fig 2.10).
Each regulator weighs about 2600lbs and is rated 576 kVA.
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2.3.  Servomechanism type Regulators

These regulators operate by using a servomechanism to select the appropriate tap on
an autotransformer with multiple taps, or by moving the wiper on a continuously
variable auto transformer. If the output voltage is not in the acceptable range, the
servomechanism switches the tap, changing the turn’s ratio of the transformer, to

move the secondary voltage into the acceptable region.
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Figure 2:11 Servo stabilizer Circuit diagram
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Figure 2:12 Coils rotation AC voltage regulator.

(Source: http://lwww.stabilizer-regulator.com/voltage-stabilizer/servo-voltage-stabilizer-works)
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2.4.  Electronic (semiconductors) devices for voltage maintenance

2.4.1. Buck-Boost type voltage Regulators

The Voltage sag is an important power quality problem, which may affect domestic,

industrial and commercial customers. Voltage sags may either be decrease or

increase in the magnitude of system voltage due to faults or change in loads. Figure (

2.13) shows AC Buck- Boost regulator is proposed to maintain constant voltage

both for increase or decrease across a medium size domestic or commercial

appliance.
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Figure 2:13 Power Circuit of single phase AC switch mode Buck- Boost voltage controller
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(Source: Reference no- 01, Page no-70)

The Figure (2.16 ) shows three-arm power converter of the proposed AVR acts as an
ac boost converter when the utility voltage is lower than the specified voltage, and it
acts as an ac buck converter when the utility voltage is higher than the specified
voltage. Hence, the output voltage of the AVR can be maintained at the specified
voltage. The salient feature of this AVR is that the power electronic switches of only
one arm are switched in high frequency (arm is controlled by a high-frequency pulse

width modulation PWM signal), while those of the other arms are switched in low

frequency.
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Figure 2:16 Circuit configuration of the three-arm AVR
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Figure 2:18 Related control signal of the power electronics switches & voltage waveform of
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(Source: Reference no-05, Page no - 70)
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2.4.2. High-Frequency Inverter — Block Diagram

AC Input EMI Filler DPDT Relay Load
] Y

A
AC-DC Isolated TMS320F28069
Power Supply C2000 Series

A y

DC-DC DC-AC ,
Batiery Isolation Stage Corverias LC Filter

Figure 2:19 High-Frequency Inverter — Block Diagram

(Source: Reference no-18, Page no-71)

The High-Frequency Inverter is mainly used today in uninterruptible power supply
systems, AC motor drives, induction heating and renewable energy source systems.
The simplest form of an inverter is the bridge-type, where a power bridge is
controlled according to the sinusoidal pulse-width modulation (SPWM) principle and
the resulting SPWM wave is filtered to produce the alternating output voltage. In
many applications, it is important for an inverter to be lightweight and of a relatively
small size. This can be achieved by using a High-Frequency Inverter that involves an
isolated DC-DC stage (Voltage Fed Push-Pull/Full Bridge) and the DC-AC section,
which provides the AC output. This application report documents the implementation
of the Voltage Fed Full Bridge isolated DC-DC converter followed by the Full-
Bridge DC-AC converter.

The present application report documents the implementation of the DC-DC isolation
and DC-AC conversion stage using TMS320F28069. The F2806x Piccolo™ family
of microcontrollers provides the power of the C28x core and the Control Law
Accelerator (CLA) coupled with highly integrated control peripherals in low-pin
count devices. This family is code-compatible with previous C28x-based code, as
well as providing a high level of analog integration. An internal voltage regulator
allows for single-rail operation. Enhancements have been made to the high-resolution

pulse width modulator (HRPWM) module to allow for dual-edge control (frequency
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modulation).Analog comparators with internal 10-bit references have been added and
can be routed directly to control the pulse width modulation (PWM) outputs. The
analog-to-digital converter (ADC) converts from 0 to 3.3-V fixed full scale range and
supports ratio-metric VREFHI/VREFLO references. The ADC interface has been
optimized for low overhead and latency. The above features make the F2806x

Piccolo suitable for handling both the stages of the High-Frequency Inverter.

The main blocks of the High-Frequency Inverter include:
« DC-DC isolation stage

» DC-AC converter section

2.4.3. DC-DC Isolation Stage - High-Frequency Inverter

The selection of the DC-DC isolation stage for the High-Frequency Inverter depends
on the kVA requirements of the inverter. The power supply topologies suitable for
the High-Frequency Inverter includes push-pull, half-bridge and the full-bridge
converter as the core operation occurs in both the quadrants, thereby, increasing the
power handling capability to twice of that of the converters operating in single
quadrant (forward and fly back converter). The push-pull and half-bridge require two
switches while the full-bridge requires four switches. Generally, the power capability
increases from push-pull to half bridge to full-bridge.

INEaR

PUSH PULL

Figure 2:20 Push-Pull Topology

(Source: Reference no-18, Page no-71)



Push-Pull Topology

The Push-Pull topology is basically a forward converter with two primaries. The
primary switches alternately power their respective windings. When Q1 is active,
current flows through D1. When Q2 is active, current flows through D2. The
secondary is arranged in a center tapped configuration as shown in Fig(2.20 )

The output filter sees twice the switching frequency of either Q1 or Q2. The transfer
function is similar to the forward converter, where “D” is the duty cycle of a given
primary switch, which accounts for the “2X” term. When neither Q1 nor Q2 are
active, the output inductor current splits between the two output diodes.

A transformer reset winding shown on the forward topology is not necessary, the

topology is self-resetting.

Vou= Vin XDxx—;XZ ..................................... (2.1)

2.4.3.1.Half Bridge Converter

The Half Bridge converter is similar to the Push-Pull converter, but a center tapped
primary is not required. The reversal of the magnetic field is achieved by reversing
the direction of the primary winding current flow. In this case, two capacitors, C1
and C2, are required to form the DC input mid-point. Transistors Qland Q2 are
turned ON alternately to avoid a supply short circuit, in which case the duty cycle d
must be less than 0.5.
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Figure 2:21 Half Bridge Converter

(Source: Reference no-18, Page no-71)
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For the Half-Bridge converter, the output voltage Vour equals:
Vout= VineoX 0. (2.2)

Where, d is the duty cycle of the transistors and 0 < d < 0.5.

N2/N1 is the secondary to primary turns ratio of the transformer.

2.4.3.2.Full Bridge Converter

The transformer topology for both the Half Bridge and Full Bridge converter is the
same, except that for a given DC link voltage of the Half Bridge transformer sees
half the applied voltage as compared with that of the Full Bridge transformer.

The current flows in opposite directions during alternate half cycles. So flux in the
core swings from negative to positive, utilizing even the negative portion of the
hysteresis loop, thereby, reducing the chances of core saturation. Therefore, the core
can be operated at greater Bm value here. The largest power is transferred when the
duty cycle is less than 50%. Diagonal pairs of transistors (Q1-Q4 or Q2-Q3) conduct
alternately, thus, achieving current reversal in the transformer primary. Output

voltage equals:
Vout= 2XVinoXG. o (2.3)

Where, d is the duty cycle of the transistors and 0 < d < 0.5.

N2/N1 is the secondary to primary turns ratio of the transformer
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Figure 2:22 Full Bridge Converter

(Source: Reference no-18,Page no-71)
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The choice of the DC-DC isolation stage for the High-Frequency Inverter among the
three topologies discussed above depends on the VA requirement. For applications
targeting 1kVA and above, the Full Bridge converter is the ideal choice pertaining to
the points below:

e For a given input voltage, the voltage stress on the transistors is double in
case of the push-pull topology than Half Bridge and Full Bridge
configuration.

e The center tapped primary in the case of the push-pull converter limits the
operation for a higher VA rating for the same core size when compared to the
Half Bridge and Full Bridge converter.

e To prevent flux walking in the DC-DC stage, the current in both the halves

need to be sensed and the duty cycle needs to be corrected accordingly.

2.5. Problem identification

2.5.1. Flux Walking

Faraday’s Law states that the flux through a winding is equal to the integral volt-
seconds per turn. This requires that the voltage across any winding of any magnetic
device must average zero over a period of time. The smallest DC voltage component
in an applied AC waveform will slowly but inevitably “walk” the flux into
saturation. In a low frequency mains transformer, the resistance of the primary
winding is usually sufficient to control this problem. As a small DC voltage
component pushes the flux slowly toward saturation, the magnetizing current
becomes asymmetrical. The increasing DC component of the magnetizing current
causes an IR drop in the winding, which eventually cancels the DC voltage

component of the drive waveform, hopefully well short of saturation.

In a high frequency switch mode power supply, a push-pull driver will theoretically
apply equal and opposite volt-seconds to the windings during alternate switching
periods, thus, “resetting the core (bringing the flux and the magnetizing current back

to its starting point). But there are usually small volt second asymmetries in the
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driving waveform due to inequalities in MOSFET, RDS on or switching speeds. The
resulting small DC component causes the flux to “walk”. low DC resistance, and the
high frequency transformer, with relatively few primary turns, has extremely IR drop
from the DC magnetizing current component is usually not sufficient to cancel the
volt-second asymmetry until the core reaches saturation.

The flux walking problem is a serious concern with any Push-Pull topology (bridge,
half-bridge or push-pull CT), when using voltage mode control. One solution is to
put a small gap in series with the core. This raises the magnetizing current so that the
IR drop in the circuit resistances is able to offset the DC asymmetry in the drive
waveform. But the increased magnetizing current represents increased energy in the
mutual inductance, which usually ends up in a snubber or clamp, increasing circuit
losses. A more elegant solution to the asymmetry problem is an automatic benefit of
using the current mode control (peak or average CMC). As the DC flux starts to walk
in one direction, due to the volt-second drive asymmetry, the peak magnetizing
current becomes progressively asymmetrical in alternate switching periods.
However, current mode control senses the current and turns off the switches at the
same peak current level in each switching period, so that ON times are alternately
lengthened and shortened. The initial volt-second asymmetry is thereby corrected,
peak magnetizing currents are approximately equal in both directions, and flux

walking is minimized.

However, with the Half Bridge topology this creates a new problem. When current
mode control corrects the volt-second inequality by shortening and lengthening
alternate pulse widths, an ampere-second (charge) inequality is created in alternate
switching periods. This is of no consequence in full bridge or push-pull center-tap
circuits, but in the half-bridge, the charge inequality causes the capacitor divider
voltage to walk towards the positive or negative rail. As the capacitor divider voltage
moves away from the mid-point, the volt-second unbalance is made worse, resulting
in further pulse width correction by the current mode control. A runaway situation
exists, and the voltage will walk (or run) to one of the rails. Considering the above
points, the Full Bridge converter seems to be the ideal choice for the High-Frequency

Inverter rated above 1kVA.
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3. METHODOLOGY
3.1. Introduction

In my research | have utilized the audio amplification method by using small signal
of 50Hz from the main supply, which is within the audible range to deliver regulated
230V at 50Hz . The following flow chart shows the basic method involved in the

amplification of noise free 50Hz signal to give regulated voltage.

Pre Voltage Voltage Driver Stage Power Inverter —
amp set amp
230V AC
Regulated
LPF
. Feed Back Preset
50Hz Signal
from Main
supply

Figure 3:1 Basic flow chart.

The fig (3.2) shows the practical methodology applied to operate proposed circuit to
give noise free 230V 50Hz supply to the load.
EMI/RFI Filters - It removes the electromagnetic and radio frequency interference

which would disturb the power supply and output.

Preset- It is used to set the required input signal to the preamplifier via Low pass

filter according to the expected main voltage fluctuation.

LowPassFilter- The low pass filter is used to cut off the frequency above
approximately 70Hz.If other frequencies can disturb the output having multiple

frequencies.
Preamplifier- This is a high gain amplifier it could amplify very small signal

variation, since I’m using low signal variation at the input. This variation is amplified

to control the power variation at the output as similar to the audio amplifiers.
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Block Diagram of the complete system
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Voltage/Feed Back adjust Network- This network is used to maintain the constant

output voltage.

V/I Amplifier and Pre-Driver- This V/I amplifier used to amplify voltage and

current to trigger the pre-driver .

Driver- The driver stage is used to drive, the output stage comprising pair of
darlington transistors connected in push pull mode via secondary center tapped

transformer.

DC to AC Converter Network- DC to AC converter network is a push pull output
amplifier circuit comprising a pair of high power darlington transistors which are

connected to the primary center tapped of power output transformer.

Snubber circuit- This is used to protect the output transistors from surges that could
damage the circuitry. In the case of push pull inverter DC to AC, inductive load can
cause special problems because an inductor cannot stop instantly, conducting current,
it must be dampened or diverted so that the current does not try to flow through open
switch. If not dampened the surges can cause trouble to power transistors in the
output stage. The high dv/dt, di/dt, V, | associated with this problem can cause the

power transistors to malfunction and break.

Push-Pull Transformer- This is the high power push pull transformer connected to
the darlington transistor pair. And secondary voltage is the regulated voltage used for
utility.

Feedback Network- Feedback network which maintain the constant voltage at the

secondary terminals of the push pull power transformer. Which is connected to the

voltage /feedback network via feedback network.
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The main consumer supply 230V, 50Hz is first sent to RFI/ EMI (Radio frequency
interference/Electromagnetic interference) filter. The filtered signal is divided into
three supply units in the distribution board and supplied to the respective section via
fuses.

1. The first section is a Step down transformer having voltage ratio
260/5V so that it could provide approximately a voltage ratio of
230/4.4V at 230V supply .This arrangement is done for the transformer
to stand for rising voltage.

2. The second section is an SMPS power supply unit provides 19V DC
and maximum current of 3A, which provides power for electronic
circuits.

3. The third section consists of Bridge network and filter which converts 230V

AC to smoothed DC supply

From the first section approximately 4.4V AC supply at 50Hz (filtered EMI/RFI)is
used as in put signal is applied across a potential divider “Preset”, and suitable
voltage is selected for preamp by passing through Low pass filter approximately
having cutoff frequency of 70Hz. Any variation about 10% in the main supply
(above or the below the nominal supply) would produce fractional variation of
voltage at the input of the pre-amplifier after passing via step down transformer,
preset filter circuit , which would be within the operating area of the preamp to get

undisturbed signal.

The noise free signal is applied to the pre-amplifier and output is taken at the output
terminal of the pre-amplifier. This output voltage is passed through
Voltage/Feedback network. The fraction of the output from the network is passed
through V/I amplifier, Pre driver and to a Driver circuit to provide high power output
which could be able to trigger power inverter circuit DC to AC. AC output is taken
at the secondary terminal of the push-pull transformer. Automatic control of the

terminal voltage of the load is done by feedback technique.
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Normally number of turns of secondary winding of the push-pull transformer is
done to keep the output voltage higher than the normal supply voltage plus expected
voltage drop when the output power of the transistors operating in push-pull mode is
at 80% ( that is normal supply voltage 230V plus expected drop 50V which gives
280V).

This is because the power supply drop would not affect the power inverter section.
Now it is brought to the normal voltage by the feedback adjustment which will
reduce the driver section output and would drive up or down according to the

fluctuation to maintain the system.

Also sample signal is selected from the graphs so that power fluctuation would not
affect the input signal but provide information about the percentage of fluctuation
and bring the normal supply across the load by V/I amp and driver circuit. SMPS
circuit will provide power even voltage fluctuates from 150V to 250V, so that

electronic circuit would operate.
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4. SYSTEM DESIGN
4.1. Theoretical Development

Traditionally an AC voltage regulator is made with a transformer tap changer or with
ac-ac converter based on buck topologies. Recently the developments in ac-ac
converters make feasible the implementation of voltage regulator with other
topologies. Voltage regulation by electrical methods involves moving spares such as
auto transformers with relays, servomotors, tap changing etc. as said above with the
noise production. These difficulties are overcome now days by new technique using
semiconductors. The implementation of ac-ac converters is more complex operation
of semiconductors. This is due to commutation troubles in ac-ac converters.
Presently Switch mode power supply (SMPS) system and Pulse width modulation
(PWM), sinusoidal pulse width modulation (SPWM) in cooperated with switching
technique, using IGBT are used for voltage regulation. Some of the boosters do not
have facilities to remove noise such as harmonics, EMI/RFI etc. But inverter based
technologies AC to DC (charging batteries) and DC to AC may have facilities to

remove above said noise.

To my opinion Power regulators about 1kW could be developed by converting AC
to DC with filters and inverting to AC of the same frequency using supply
frequency. High power regulators could be developed using capacitors to reduce
ripple effect. Small low pass filters could design if the signals at low voltage rather
than at high voltage which may require bulky filters and loses are much more due to
resistive load. Simple design for low pass filter could be designed using resistance
capacitance network. The Low Pass Filter —the low pass filter only allows low
frequency signals from OHz to its cut-off frequency, fc point to pass while blocking

those any higher.
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4.1.1. Low Pass Filter

Small low pass filters could design if the signals at low voltage rather than at high
voltage which may require bulky filters and loses are much more due to resistive
load. A simple passive RC Low Pass Filter or LPF, can be easily made with low cost
by connecting together in series a single Resistor with a single Capacitor as shown
below. In this type of filter arrangement the input signal (Vi) is applied to the series
combination (both the Resistor and Capacitor together) but the output signal (Vo) IS
taken across the capacitor only. This type of filter is known generally as a “first-order
filter” or “one-pole filter”, because it has only “one” reactive component, the

capacitor, in the circuit.

Resistor, B I

o

Vi Capacitor, C  —

Figure 4:1 RC Low Pass Filter Circuit

(Source: http://www.electronics-tutorials.ws/filter/filter_2.html)

As reactance of a capacitor varies inversely with frequency, while the value of the
resistor remains constant as the frequency changes. At low frequencies the capacitive
reactance, (X) of the capacitor will be very large compared to the resistive value of
the resistor, R. This means that the voltage potential, V. across the capacitor will be
much larger than the voltage drop, V,developed across the resistor. At high
frequencies the reverse is true with V; being small and Vr being large due to the

change in the capacitive reactance value.

While the circuit above is that of an RC Low Pass Filter circuit, it can also be classed
as a frequency variable potential divider circuit. Capacitive reactance X. of a

capacitor in an AC circuit is given as
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The circuit impedance is calculated as: Z = VR2+ Xc?

Vout Is given by  Vour =(Xe/ 2) Vin and the cut off frequency is given by

_1
= ogRC oo (4.2)
. . RV5 2.2k .
° 2
5k R6

Figure 4:2 RC Filter

From equation (2), = 1/2nRC =— 1 _ ~70Hz

2wX2.2kX1p
The Fig (4.2) shows circuit of simple RC filter with R6(2.2kQ) and C3(1uF) and
approximately 70Hz cut off frequency with preset RV5(5kQ).

4.1.2. Pre-Amplifier

Class A amplifier

For the pre-amplifier, resistive load is used at the collector terminal with high gain
transistors instead of transformer. Normally it is done for the voltage gain. A
transformer coupled class A operation is given for driver stage using power

transistors.

Figure 4:3 Class A amplifier
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Figure 4:4 Class A amplifier characteristics curves

(Source:https://www.slideshare.net/sarahkrystelle/power-amplifiers-11169136,
http://www.electronics-tutorials.ws)

Here the operating point is taken at the midpoint of the load line and V. at midpoint

and variation is on either side of the midpoint. For ideal transformer signal swing and

AC power is

V)= Vermax- Vesmin ooveeeeeeeennn... (4.3)
Icp-py=Icmax-Tcmin .o ovvvveeiiiniiin.. (4.4)
AC power developed,

from equatlons (3) & (4) PO(aC):( VCEmax' VCEmin)(]CmaX' 16'111111)/8
Vo=W=(M/N)x V1 and power to the load is

A =N2(ms)/Ri..coeieiiiiiiiii, (4.5)

ez (V)
"rsw,z (Vg = Vo)

Ver

}“W‘
Ve,
V |
C}\:mil
0 [ 0 ’

Figure 4:5 Graphical operation of transformer coupled class A amplifier
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|:| R15 [] 470 10k
10K

Figure 4:6 Pre-Amplifier

The Fig(4.6) shows the circuit designed pre amp consists of high gain
transistor(2N2222A) with collector load of 10kQ operates in Class A mode coupled
to the DC block capacitor C1 with volt adjust RV1 .

The pre-amplifier consists of high gain transistor Q2 (2N2222A) (appendix B,page
no-75) with collector load of 10kQ to provide enough voltage/current (OV to 4V /0
to 50mA) output drive Q6(BD131). The 2N2222A can provide maximum collector
current of 800mA and Base current could vary between +15mA to -15mA with hg
=75. This is enough to provide very low input signal after low pass filter for
amplification. That is selected items and designed circuit would response for
stipulated voltage variation as defined.
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4.1.3. VI/I Amp with volt control & Current Amplifier using Darlington
technique

I:I‘ -|
|
= 220

RvVi== ¢4
TI—
10k R16
[ 5716 [ 4.7K
Figure 4:7 /I Amplifier Figure 4:8 Current gain using Darlington

pair

The Fig(4.7) shows circuit of simple V/I amplifier using medium power transistor
Q6 (BD 131) whose input is controlled by volt adjust RV1 and used as emitter
follower coupled to the next stage connecting emitter to the base of Q1 (BD131) for

current gain Fig(4.8).

The Fig(4.8) circuit comprises Q6 and Q1 both acts as Darlington pair to obtain
current gain and is used to drive driver circuit comprising Power transistors Q4 and
Q5 (2N3055) as shown in the Fig(4.9).

19V DC I - I
R5
220
Hov Do _
‘ 23 D1
MZPY12RL TRAN-ZP3S
(S

B
!
as
[I; Q1 | Qa _K SNa0ss
BD131 Z2ZN3055

Figure 4:9 Driver circuit with power Transistor
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The first Q6 is coupled to the second Q1 as a emitter follower with suitable collector
resistance 220Q to limit the current. The Q1 provides the base current to drive
2N3055 (Q4 and Q5) in Fig (4.9).

It could be noted from appendix- B, BD131 (page no-82) can provide collector
current 0.5A to 6A for base current 50mA to 0.5A, and 2N3055 can provide collector
current 4A to 10A when base current is 400mA to 3.3A. And therefore these
transistors are selected to use for the amplification stages. Enough input voltage/
current could be obtained for base of Q6 (BD131) from the pre amplifier output via

voltage controller.

4.1.4. Driver stage

For driver stage class A operation could be used. If high power is required to drive

out put transistor, “class B” could be used.

/ Push-pull
\ signals

\/ ’
Figure 4:10 Signal output from the center tapped driver transformer

Fig (4:9) shows transistors Q4,Q5 (2N3055) used for class A operation with 19V
DC Power supply. Peak voltage would be approximately 9V and required power
output maximum would be 6W to drive high power transistors BUS808DFI (Power

Inverter).

Any Power transistors, “BJT type transistors,” which could give collector current 2A

with 60V collector emitter, could be used as driver output transistors. But here,
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considering future development high power transistors, “2N3055,” are used. It
can handled nearly 15A collector current at 60V collector emitter voltage and
preliminary circuits can provide enough base current to drive these transistors by
darlington technique. Therefore these transistors are selected to use for the driver

stage.

The output voltage could be controlled by controlling the signal amplitude by using
potentiometer at initial suitable stage preferably after pre amplifier. Also automatic
output voltage maintenance by using suitable feedback network. Better efficiency
can be obtain, using push pull out put for which inputs (signals with 180°phase
shift)are taken from the center tapped secondary turns of a transformer which acts as
a driver as well as an isolation transformer . This used as isolation transformer to
prevent high voltage output stage from the low voltage section. The primary side of
the transformer may be connected to class A operation with single windings or class
B (push-pull) operation with center tapped winding. Preferably Class A could be

selected for simplicity and less cost.

4.1.5. Class B Push-pull Transformer Amplifier Circuit for output

Veeo

: o

@\ - @
oot n || n

) =3
( _J
< ‘ '

z >
|
Ov

Figure 4:11 Standard Class B Amplifier circuit

(Source: http://www.electronics-tutorials.ws/amplifier/amp_6.html )
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The circuit above shows a standard Class B Amplifier circuit that uses a balanced
center-tapped input transformer, which splits the incoming waveform signal into two
equal halves and which are 180° out of phase with each other. Another center-tapped
transformer on the output is used to recombine the two signals providing the
increased power to the load. The transistors used for this type of transformer push-
pull amplifier circuit are both NPN transistors with their emitter terminals connected

together.

Here, the load current is shared between the two power transistor devices as it
decreases in one device and increases in the other throughout the signal cycle
reducing the output voltage and current to zero. The result is that both halves of the
output waveform now swing from zero to twice the quiescent current thereby
reducing dissipation. This has the effect of almost doubling the efficiency of the

amplifier to around 70%. The Fig (4.12) shows the output characteristics of class B.

DC Load Line

Qutput
Signal

I.= 0
Input
Signal

Figure 4:12 Class B Output Characteristics Curves

The Class B Amplifier has the big advantage over their Class A amplifier in that no
current flows through the transistors when they are in their quiescent state (i.e. with
no input signal), therefore no power is dissipated in the output transistors or
transformer when there is no signal present unlike Class A amplifier stages that
require significant base bias thereby dissipating lots of heat — even with no input

signal present. So the overall conversion efficiency (n) of the amplifier is greater
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than that of the equivalent Class A, with efficiencies reaching as high as 70%
possible resulting in nearly all modern types of push-pull amplifiers operated in this

Class B mode.

Class B operation is provided when the dc bias leaves the transistor biased just off,
the transistor turning on when the ac signal is applied. This is essentially no bias and
the transistor conducts current for only one-half of the signal cycle. To obtain output
for the full cycle of signal, it is necessary to use two transistors and have each
conduct on opposite half-cycles, the combined operation providing a full cycle of
output signal. Since one part of the circuit pushes the signal high during one half-
cycle and the other part pulls the signal low during the other half-cycle. An input
signal is applied to the push-pull circuit with each half operating on alternate half-
cycles, the load then receiving a signal for the full ac cycle. The power transistors
used in the push-pull circuit are capable of delivering the desired power to the load,
and the class B operation of these transistors provides greater efficiency than as
possible using a single transistor in class A operation. The Fig (4.13) shows the push-

pull operation.

Figure 4:13 Method of Push- pull operation for each half cycle input

I Input Power

The power supplied to the load by an amplifier is drawn from the power supply that
provides the input or dc power. The amount of this input power P; (dc) can be
calculated using,

PAO)=Veckic v (4.6)
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Where Iy the average or dc current drawn from the power supplies and V. is the
power supply. In class B operation, the current drawn from a single power supply has
the form of a full-wave rectified signal, while that drawn from two power supplies
has the form of a half-wave rectified signal from each supply. In either case, the

value of the average current drawn can be expressed as

Where I, is the peak value of the output current waveform and V, voltage across the

load on primary side using Eq.(4.6) in the power input equation Eq.(4.7) results in
1 A (4.8)

ii. Output (AC) Power

The power delivered to the load (usually referred to as a resistance, R on primary
side) can be calculated using

Po(ac)=P2p(rms)/RL ..o (4.9)

In an oscilloscope, the peak, or peak-to-peak, output voltage measured for power is
given by:

Po(ac)=1V2p(p-p)/8RL=12p(p)/2RL.............. (4.10)

Ve(p-p) is peak to peak voltage and Vp(p)peak voltage across the R.

The larger the rms or peak output voltage, the larger the power delivered to the load

iii. Efficiency
The efficiency of the class B amplifier can be calculated using the basic equation:
n = {Ps(ac)/A(dc)}x 100%
= (V2p(p)/2R.}/{ Ve hp}x100%
= {1 /4}x 100%
=78.5%
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Also power across the load Rs on secondary winding is
A= [{ VLZ,rms}/{RS}] .............................. (411)
Since, M,rms=(1/V2) W,max, then

})L: WL,max/ZRS .................................... (4.12)
And n,maxz\/(zﬂRS) and \/2 VL,rms/ VcczNZ/]vl

Veo

-—
230 V DC supply
Ic
Darlington
Ic
Qs
BUB0S
To driver A
TRS5
;Ice N1
- T +| wp
VL
Voo N2
Darlington Vcﬁ Ve N1
Qo TRAN-2P3S
To driver BUSOS
A"
Y

Vece = Vp + Vce

Figure 4:14 Push-pull stage

Turn ratio for the Push pull transformer is given by

If Ny is the number of turn on one side of center tapped primary winding the total
number of primary winding is 2N; and let N, is number of turns in the secondary
side. If the supply voltage on primary side is V. then when one transistor is
conducting at maximum, the voltage pressing other transistor is2V, that is peak
voltage appears across the terminals of the both primary windings is 2V (4V. peak

to peak). If Vi max IS the peak voltage across the terminals of the secondary windings

Then :
[/L max/z I/cc:NZ/ZNl ) VL max :(NZ/Nl) [/cc ......... (413)
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When one transistor is not conducting at full range and other is in cut-off
Veem Vot Vee voveiiiiiiieiceee e (4.14)
where V. -supply voltage, V, - voltage across the primary winding of one side
V¢ - Collector Emitter voltage across the conducting transistor.
Also it shows now
Mimax =(V2/ ND) Vp oo (4.15)

VL max could be maintained constant, if V,, is maintained constant. For any V.
variation, if Ve (or in other word collector emitter resistance) is varied accordingly
to maintain V, constant, then Vi max or RMS value of Vi max (VL ms) could be
maintained. This is done by making the transistor to conduct accordingly by
feedback from V| nmax to the feedback network and to the voltage, Current
amplifier(V/l amp) and to the driver stage to control the base current of particular
transistor. At full conduction of the transistor, the collector voltage approaches the
emitter voltage (negative) and full V.. appears across the primary winding and at no
conduction zero voltage appears across it. The same would happen for other

transistor of the pair.

For push pull output stage, refer to the appendix B of Darlington power transistor, to
be used for push pull operation BU806 (page no-90) and BU8B08DFI (page no-93) .
For BU806 maximum collector emitter voltage is 400V, maximum collector base
voltage 400V, maximum collector current 8A ,maximum base current 2A and
Maximum base emitter voltage 6V. For BU8S08DFI maximum collector emitter
voltage is 700V maximum collector Base voltage 1400V maximum collector current

15A, maximum base current 3A and maximum base emitter voltage 6V.

It would be better to select BUSO8DFI for hardware operation. Required Power
output and transformer could be calculated using equation (4.9) & (4.13).

Vcce = 210V DC (approximately selected without filter)

Vp (rms) = Voltage across the one side of primary winding

Vims = Voltage across the load on secondary side

47



Po(ac)=V2p(rms) /Ry, or  V2p(p)/2R.
Vpp) peak voltage = 2V and R_ is the load of secondary load Rs, refer to the

primary side.

And on secondary side voltage across the load V\ ms, Power across the load Rs on
secondary winding is
A= [{ VLZ;rms}/{RS}] .................. (411)

and VLmaX=(Nz/N1) Vee, \/2 VL,rms/ Vee= NZ/Nl

Maximum current from driver is chosen 1A at 6V and hg =10 ,approximately
according to the temperature and saturation V.. is 0.5A base current could give 5A

collector current. So that we may able get AC power up to 1IKW.

Let

Vi = Voltage to the /I Amp without feedback.
Vi rms = Output Voltage

Vi (v amp) = Input to the V/I Amp with feed back
Vi(V/ Amp) = Vi - AVims

B — Feedback Factor

Wi Driver &
Power
Inverter

Figure 4:15 Block diagram with feedback for VV/I Amp
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4.1.6. Push Pull stage with Snubber circuit

One of the major factors in any electronic device is its ability to protect itself from
surges that could damage the circuitry. In the case of push pull inverter DC to AC,
inductive load can cause special problems because an inductor cannot stop instantly,
conducting current, it must be dampened or diverted so that the current does not try
to flow through open switch. If not dampened the surges can cause trouble to power
transistors in the output stage. The high dv/dt, di/dt, V, | associated with this problem

can cause the power transistors to malfunction and break.

To combat this problem snubber circuits can reduce or eliminate any severe voltages
and currents. Composed of simply a resistor and capacitor and diode, placed across
the collector emitter (common) of BJT or Drain source (common) of MOSFET,
would suppress any voltage or current spikes and prevent any damage to the circuit.

There are several type of snubber arrangements used in the circuit.

o (4) P =k
Cp

Figure 4:16 RC Snubber

(Source: Rudy Severns “DESIGN OF SNUBBERS FOR POWER CIRCUITS”.)

An RC snubber, placed across the switch as shown in Fig (4.16) can be used to
reduce the peak voltage at turn-off and to damp the ringing. In most cases a very
simple design technique can be used to determine suitable values for the snubber
components (Rs and Cs). In those cases where a more optimum design is needed, a
somewhat more complex procedure is used. Quick snubber design: To achieve
significant damping Cs > C p. A good first choice is to make Cs equal to twice the

sum of the output capacitance of the switch and the estimated mounting capacitance.
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Rs is selected so that Rs =Eo /lo. This means that the initial voltage step due to the
current flowing in Rs is no greater than the clamped output voltage. The power
dissipated in Rs can be estimated from peak energy stored in Cs:
Upb=(GE?)[2....c........... (4.16)

This is the amount of energy dissipated in Rs when Cs is charged and discharged so
that the average power dissipation at a given switching frequency (fs ) is:

Puiss® GE?Ls o.ooviinini (4.17)

Depending on the amount of ringing the actual power dissipation will be slightly
higher than this.

R3
—_—1 1
20K _ _
Darlington HDF ‘ﬁ‘;‘g@s

Q7
BUS0OE
T Ins TRA1
l ‘
Darlington C11

2ns5
Q11
BUB0G TRAN-2P3S
R19
2< ps| ] ¥R
HFAOBTB120S

Figure 4:17 Push-pull stage with Snubber circuit

The Fig(4.17) shows snubber circuit connected to across the collectors and emitters
of transistor Q7 and Q11 (BU806 ,Darlington pair). D4, R8,C10 are the elements of
snubber circuit for the Transistor Q7 and C11, D5, R19 for the Q11 used in push-

pull operation.
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Complete Designed Circuit with all elements
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4.3.  Circuit Protection

Overvoltage &under voltage Protection arrangement if needed. The fig (4.19) shows

the circuit protection with tripping device.

Input supply, 230V
AC 50Hz

Tripping
Device

N

A 4

EMI Filters

AVR

Figure 4:19 Circuit protection with Tripping device

Tripping devices contain over voltage/ under voltage units with timers those are
preset to the our requirement to protect the equipment if AVR fails.
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S. RESULTS AND ANALYSIS

5.1.  Simulation Results of Driver circuit using Proteus-8 professional
software

Figure 5:1 Driver circuit

Fig (5.2) shows the simulation of the driver circuit and driver output waveform with

the two signals out of phase without loading and applied signal voltage for 230V i/p.

Figure 5:2 Driver Circuit signal & Driver output wave form using Proteus 8

professional without loading
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5.2.  Simulation Results of complete circuit using Proteus-8 professional
software
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Figure 5:3 Complete electronic circuit using Proteus-8 professional software

final good cuircuit - Proteus 8 Professional - Schematic Capture =
;n Graph Debug Library

REmER- @

emplaste  System  Help
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Signal | | T_

Digital Oscilloscape
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Figure 5:4 Output response when input voltage is 230V (Signal voltage is 4.4V)
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When input voltage goes to 260V(Signal voltage is 5.01V), Output voltage is 234V

final good cuircuit - Proteus 8 Professional - Schematic Capture - a
Greph Debug Library Template System Help
AREw @ B+ +RA87 = & &8 5|

Position

|
g

2 Message(s) ANIMATING: 00:00:11_ 426576 [CPU load 54%) -3130.0

O 3¢ v M

Figure 5:5 Output response when input voltage goes to 260V

When input voltage goes to 180V(Signal voltage is 3.47V), Output voltage is 224V

final good cuircuit - Proteus 8 Professional - Schematic Capture -
Graph Debug Library Template System Help
SR @ RBE 4+ +R98Q el ] B

Digital Oscilloscope

2
8

2
8
=

2 Messagels)  ANIMATING: D0:00:14.500004 [CFU load 42%) 84100

9 9 = . o BIE e

Figure 5:6 Output response when input voltage goes to 180V
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The subsidiary Legislation under the Electricity Act defines a maximum voltage
variation is £6% of the nominal voltage (216.2- 243.8V) to the consumer.
Our system response for 20W load,

— When input voltage goes to 260V (13%), Output voltage is 234V (1%)

— When input voltage goes to 180V (21%), Output voltage is 224V (2%)

That is the output voltage range lies within the allowable limit even input voltage
fluctuate 180V to 260V

5.3.  Hardware operation and analysis of Driver Unit
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Figure 5:7 Driver unit
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5.3.1. Response of preamplifier for input signal

Base Voltage &output Sample Voltage Vc[V)

5.000

4.500

4.000

3.500

3.000

2.500

2.000

1.500

1.000

0.500

0.000

Table 5.1Test results for the preamplifier o/p voltage with base voltage

Input Preset Voltages (V)

Input Preset Voltage | Base Voltage of | Output Sample
V) Q2 Vb (V) Voltage of Q2
Ve (V)

0.005 0.000 0.018

0.300 0.130 2.150

0.500 0.211 3.263

0.801 0.315 3.833

1.000 0.380 4.000

1.300 0.481 4.153

1.501 0.548 4.218

2.008 0.716 4.319

2.500 0.882 4.372

3.000 1.050 4.403

4.000 1.377 4.437

EESEse======cc
T lorazon
s
/ Sers
/ o

/

Figure 5:8 Variation of base voltage & sample voltage with i/p preset voltage
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5.3.2. Response of Driver output for V/I Amplifier input ......

Table 5.2 Test results for the Driver output with, V/I amplifier i/p signal

Input Signal to | Driver TF Output Driver TF
VIi Voltage (V) Output Voltage
AmplifierQ6 180° phase
V) shift(V)
0.000 0.000 0.000
0.050 0.620 0.620
0.100 0.900 0.900
0.150 1.051 1.051
0.200 1.168 1.100
0.250 1.280 1.163
0.300 1.379 1.255
0.351 1.478 1.323
0.404 1.579 1.423
0.450 1.659 1.500
0.504 1.728 1.563
1.003 2.055 2.053
P s e Driver TF
T i AT
= s e I~
-§ 1 shift(v)

Input Signal to V/1 AmplifierQ6 (V)

Figure 5:9 Variation of driver t/f output voltage with /I amplifier input signal
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The driver TF output voltage measured at the base of push pull power Transistors

Q7,011

Linear portion of the collector output of Q2 up to 3.8V, but we take as 2.150V
(selected sample) as a linear portion and corresponding preset signal voltage would
be 0.3V (Ex: if voltage goes to 260V, 0.3V goes to 0.34V and collector Q2 would be

small variation from 2.150V).

But we are selecting maximum of 1.003V from the selected sample(2.150V) for the
next stage of V/I amplifier via voltage control it will give maximum driver output

open voltage 24V ,short circuit current of 1A.

Where it could be noted any variation in the main supply, very little variation could
be noted in the input to /I amplifier (for 1.003V o/p 280V, by FB adjustment 280V
would be brought to 230V so that I/P voltage drop below 1.003V which will reduce
the driver O/P voltage).
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5.4. Hardware operation and analysis of complete Unit

Figure 5:11 Complete Hardware unit

The design of push-pull stage

Pair of Darlington BJT was utilized (BU808 DFI, 1200V /8A type instead of BU
806,400V 5A) for push-pull stage. To overcome the flux walk, transformer was
designed for testing purpose of this project. Approximately Four square inch core
was selected with primary winding of 2000 turns using enamel wire 36SWG  with
DC resistance of approximately 2002, for each transistor (Total 4000 turn, 400€2)
and secondary turns of 40000 turns with the same wire, to give out put voltage of
350V, when each collector voltage is at 200V swing. This is done to reduce the
maximum DC current flow in the primary winding about 1.5A (300V/200Q). Since
rectified voltage would be at peak level with capacitive filters. It is aware that due to
the high resistance of the winding, output is less than expected. Testing was done
with 20Watts load. To increase the efficiency a large core has to be used with thick
winding and heat sinks, cooling fan etc. The Snubber circuits are connected for
power transistors to protect from spikes.
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5.4.1. Results obtained from Hardware test

To check the response of the Amplifier (/I amp, Driver & power amp)

Readings of the Input voltage for VV/I Amp by adjusting manually FB to get output
voltage from 250-50V without load

Table 5.3 Test results of the V/I amplifier i/p voltage and output voltage without load

Input Voltage for V/I Output Voltage
Amp with FB(V) without load(V)
0.044 250.0
0.034 200.0
0.026 150.0
0.021 100.0
0.015 50.0

300

250

200

150

o]

tput Voltage without load(V)
100

50

Output Voltage without load(V)

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Input Voltage for V/I Amp with FB(V)

Figure 5:12 Variation of the output voltage with \V//I amplifier i/p signal, without load
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Readings of the Input voltage for VV/I Amp by adjusting manually FB to get output
voltage from 250-50V with load

Table 5.4 Test results of the /I amplifier i/p voltage and output voltage with load

Input Voltage for V/I Output Voltage with
Amp with FB(V) load(V)
0.119 250.0
0.077 230.0
0.051 200.0
0.046 175.0
0.041 150.0
0.03 100.0
0.021 50.0
250 ge=s===

N
Q
=]
]

/ +e— Qutput Voltage withlgad(V)

Output Voltage withload(V)

9
Q

(0] 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Input Voltage for V/I Amp with FB(V)

Figure 5:13 Variation of the output voltage with V/I amplifier i/p signal, with load

For testing 20W load has been used to test.
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Table 5.5 Test results for the V/I amplifier ,output voltage without load

Input VVoltage for Output Voltage B x Output
V/I Amp with without load(V) Voltage (V)
FB(V)
0.044 250.0 0.665
0.034 200.0 0.675
0.026 150.0 0.683
0.021 100.0 0.688
0.015 50.0 0.694
0.7
0.695 p
g_,ﬂ 0.69 l\\'
% 0.685 \
> @
5 o068
.8' —o— x Output Voltage
8 0.675
X
. 0.67
0.665
0.66
50 100 150 200 250 300

Output Voltage without load(V)

Figure 5:14 Variation of output voltage with feedback, without load
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Table 5.6 Test results for the /I amplifier, output voltage with load

B x Qutput Voltage

Input VVoltage for V/I | Output Voltage B x Output
Amp with FB(V) with load(V) Voltage (V)
0.119 250.0 0.590
0.077 230.0 0.632
0.051 200.0 0.658
0.046 175.0 0.663
0.041 150.0 0.668
0.030 100.0 0.679
0.021 50.0 0.688
0.7
4
0.68 \

0.66 1\
0.64

\ —&— B x Output Voltage
0.62 \

\

0.58

0 50 100 150 200 250 300

Output Voltage withload(V)

Figure 5:15 Variation of output voltage with feedback, with load
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5.4.2. Automatic Response of the complete AVR unit

Automatic Response ofthe set Output voltage according to the input supply voltage
changes (180V-260V),

Table 5.7 Test results for the I/P voltage vs. O/P voltage

Input Supply Voltage | Output Voltage with

V) load (V)

277.0 238.0

252.0 231.0

228.6 230.0

203.5 226.0

178.0 220.0
=
% 150
S
:g_ 100 Output Voltage (V)
3

Input Supply Voltage (V)

Figure 5:16 Output voltage variation according to the supply voltage fluctuation

Output voltage range within the allowable limit £6%, even input voltage varies
250V-200V which is above allowable +6% (216.2- 243.8V) .For testing 20W load

has been used.
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6. CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions

My objective is to design a simple low power 230V, 50Hz Automatic voltage
regulator, without moving parts (electro-mechanical devices) comprising an linear
electronic amplifier circuit using Bipolar junction transistor (BJT) with sinusoidal
out-put eliminating noise to use for sensitive equipment (for voltage and frequency
variation). The noise free low signal obtain from the main supply as its input signal
of having supply frequency (without oscillator), are used to obtain a controlled noise
free standard supply voltage and frequency at the output terminals by the process of
power amplification. Which could be used for the equipment of sensitive in nature

for voltage and frequency without destructive noises, such as medical equipment etc.

There are lot of high power voltage controllers are available in the market. But each
has its weaknesses therefore cannot used for low power sensitive equipment such as
medical instrument. This project does not have any moving parts or any complicated
electronic switching circuits etc. That is extracting a noise free signal (50Hz) from
the normal consumer supply and is augmented to the standard supply. The only set
back was due to thermal noise and flux walk when inverting DC to AC. These are
common problem in electronic circuits .But suitable design would reduce or
eliminate the said problems. Further as it is operating with the supply frequency,
without oscillators, easy to synchronize with the main supply and no switching
problem. Also this could be used for boosting main supply with output transformer

modification without frequency disturbances.

Hardware testing and Simulation technique were studied for 20W load. They have
shown good results with sinusoidal output. The only set back in hardware testing,
was unable to design high power push-pull transformer to get high power above
100W due to the cost and flux walk.
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The subsidiary Legislation under the Electricity Act defines a maximum voltage
variation is £6% of the nominal voltage (216.2- 243.8V) to the consumer.
Our system response,
— When input voltage goes to 260V (13%), Output voltage is 234V
(1%)

— When input voltage goes to 180V (21%), Output voltage is 224V
(2%)

That is the output voltage range lies within the allowable limit even input voltage
fluctuate 180V to 260V

Flux walk is the main problem in push pull operation. The weight and cost of the
items are mainly depending on the push-pull transformer as compared to the spares
in fabricating. For example to get 200W output we may have to pay about Rs.8000
for making push-pull transformer. Whereas cost of the spare parts are within
Rs.3000. The unit cost may come down if the production increases. But regulators
are available for low cost varying from Rs.5000 to Rs.20,000 for 200W to1000W,
but employing different technique using autotransformers with relays,
servomechanism types, thyristor used types etc but cannot be used for the low power
sensitive equipment. They may have high voltage tolerance, Switching noise, high
response time for rapid fluctuation, frequency disturbance etc. These regulators could
be used for the equipment having their own internal regulators. My designed circuit

is as far as free from the above said defects.
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6.2. Recommendations and Further Work

Due to the various reasons and practical difficulties separate power supplies were
used in the circuit. But it could be modified into a single power unit and AC signal
(50Hz) also could be taken from the same. For better response integrated circuits
may be used instead of discrete circuit which | have used. There are lots of IC’s are
available in the market. For future improvements, | have used high power driver
transistors (2N3055), which could be used with suitable driver transformers and
power transistors to get high power output. The circuit also could be used with
MOSFET in the out-put stage, as recommended to reduce flux walk. The circuit
should be modified when using MOSFET as it is capacitive and voltage control
devise at the input as compared to BJT, it is current operative devise. The power
supply to the output push-pull stage is given by the direct rectification of the Main
supply. But according to the convenience power with less voltage also could be
arranged with suitable Push-Pull transformer. To get the high power , suitable output

transformer should be designed .

Also full bridge network output could be obtain with single primary winding instead
double winding in the push-pull stage ,using four separate output from the driver
transformer. Two (S1, S4) of the four out-put should be 180 degree out of phase
when compared to the other two (S2, S3). They are connected to the four power
output transistors (Fig 6.1) in such a way, one pair operate, sending the current in one
direction of the winding and other pair for reversal of the current. This is done

according to the frequency of the supply. External timing is not needed.

NS

St [ S

Figure 6:1 Full Bridge network with single primary winding )

(Source: Reference no-18,Page no-70)
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Appendix A

Cost of implemented unit

Type Quantity Price
Resistors
22kQ , Ya W 1 20cts
47k Q , Va W 3 60cts
10kQ , VaW 3 60cts
470 Q , YuaW 1 20cts
12kQ , VaW 1 20cts
220Q , 2W 2 Rs.2.00
1kQ |, 5W 2 Rs.20.00
20kQ |, 2W 2 Rs.2.00
4.7kQ , 1W 2 Rs.1.00
330Q , 2W 2 Rs.2.00
Capacitors
1UF , 25V 2 Rs.10.00
470uF , 50V 1 Rs.10.00
1000pF ,50V 1 Rs.20.00
22 uF, 50V 1 Rs.10.00
220pF ,400V 1 Rs.50.00
0.01pF, 600V 2 Rs.20.00
104F , 25V 2 Rs.10.00
Diodes
1A, 400V 4 Rs.4.00
8A , 1000V 4 Rs.12.00
Zener Diode
12V, 2W 2 Rs.4.00
Variable resistor
5kQ 1 Rs.10.00
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10 kQ 1 Rs.10.00
250 kQ 1 Rs.10.00
Transistors
2N2222 1 Rs.25.00
BD131 2 Rs.70.00
2N3055 2 Rs.100.00
BUBOSDFI 2 Rs.150.00
Bu806 (optional) 2 Rs.100.00
Total Rs.631.80
Type Quantity Price
Transformer
260/5V 100mA 1 Rs.100.00
230/12V 100mA 1 Rs.100.00
Driver 9/12/12 2A 1 Rs.500.00
110V -250V/19V SMPS 1 Rs.1200.00
Others
Circuit board 2 Rs.100.00
Bolt and nut ,lead etc. Rs.100.00
Total Rs.2100.00

Total cost excluding push pull transformer, casing, labour etc is Rs.2731.80

Additional cost involves in making Push-pull transformer and amount of power
required. Normally BU808DFI can withstand for 8A at 400V with proper cooling
and able to deliver approximately 1kW. The cost of the 1kW Regulator may be
around Rs.15000 in the common market having their own weakness such as noise,

frequency disturbance, time response for fluctuationetc.
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For the information: To overcome the flux walk, transformer was designed for
testing purpose of this project. Approximately Four square inch core was selected
with primary winding of 2000 turns using enamel wire 36SWG with DC resistance
of approximately 200€2, for each transistor (Total 4000 turn, 400€Q2) and secondary
turns of 40000 turns with the same wire, to give out put voltage of 350V, when each
collector voltage is at 200Vswing. This is done to reduce the maximum DC current
flow in the primary winding about 1.5A (300V/200€). Since rectified voltage would
be at peak level with capacitive filters. It is aware that due to the high resistance of
the winding, output is less than expected. To increase the efficiency a large core has
to be used with thick winding and heat sinks, cooling fan etc. The cost involved

approximately Rs. 2500.
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Appendix B
DISCRETE SEMICONDUCTORS

DATA SHIEET

2N2222; 2N2222A
NPN switching transistors

Product specification 1997 May 29
Supersedes data of September 1994
File under Discrete Semiconductors, SC04

Philips
Samiconductors
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Philips Semiconductors Product specification
]
NPN switching transistors 2N2222; 2N2222A
|

FEATURES PINNING
* High current (max. 800 mA) PIN DESCRIPTION
+ Low voitage (max 40 V). 1 emitter
2 base
APPLICATIONS 3 collector, connected to case

+ Linear ampification and switching.

DESCRIPTION |
NPN switching transistor in a TO-18 metal package.
PNP complement: 2N2607A. :
3 MAAC% 1
Fig.1 Simplified outline (TO-18) and symbol.
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. | MAX | UNIT
Vezo collector-base voltage open emitter
MN222 - 80 v
IN2222A - 75 Vv
Veeo collector-emitter voltage | open base
N2 - 30 Vv
N2222A - 40 v
le collector current (DC) - B0 |mA
Pt total power dissipation | Tyyy $26°C - 50 |mwW
heg DC current gain le=10mA; Veg =10V 75 -
fr transition frequency o =20 mA; Vg =20 V. = 100 MHz
N222 20 |- MHz
IN2222A wm |- MHz
tor tum-off time loon = 150 MA; lgon = 15 mA; lger=-15mA |- 250 |ns




Philips Semiconductors

Product specification

NPN switching transistors 2N2222; 2N2222A
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MAX. | UNIT
Veso collector-base voltage open emitter
IN222 60 v
IN22A 7% Vv
Veso collector-emitter voltage open base
N222 Kl Vv
IN222A 40 Vv
Veso emitter-base voltage open collector
N2 5 Vv
IN22A ] Vv
le collector current (OC) 800 mA
lew peak collector current 800 mA
lzu peak base current 200 mA
Prot fotal power dissipation Tame €25°C 500 mwW
Teae €25°C 12 ]
Tug siorage temperature +150 'C
T junction temperature 200 'C
Tam | operating ambient temperature +#150 |[°C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rpse | themal resistance from junction to ambient | in free air KW
Rax  |themal resistance from junction to case KW
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Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
CHARACTERISTICS
T, = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
lego collector cut-off current
2N2222 le=0: Vg =50V - 10 nA
lge=0; Vg =50 V. Tgmp =150 °C - 10 HA
leso collector cut-off current
2N2222A le=0; Vg =680V - 10 nA
|E=OZVCQ=OOVIT“=15OHC = 10 pA
leso emitter cut-off curent le=0;Vgg =3V - 10 nA
hee DC current gain lc=0.1mA Ve =10V 35 -
lc=1mA; V=10V 50 -
le=10mA; Ve =10V 75 -
lg = 150 mA; Ve = 1 V; note 1 50 -
Ic = 150 mA; Ve = 10 V. note 1 100 300
hee DC current gain lc=10mA; Vee=10 V. Tame =-55°C
2N2222A 35 -
hez DC current gain Ic =500 mA; Vce = 10 V: note 1
2N2222 30 -
2N2222A 40 -
Vegsa collector-emitter saturation voitage
2N2222 Ic = 150 mA: Ig = 15 mA; note 1 - 400 mV
Ic =500 mA: Is =50 mA; note 1 - 16 \"
Veesat collector-emitter saturation voitage
2N2222A Ic =150 mA: Is = 15 mA; note 1 - 300 mV
Ic =500 mA; Ig =50 mA; note 1 - 1 \'J
VBEH bae-emmersanrmonvdtage
2N2222 lc =150 mA: Ig = 15 mA; note 1 - 13 \'
I =500 mA: Ig =50 mA; note 1 - 26 \'
Vga‘ MWMQ
2N2222A Ic = 150 mA: Ig = 15 mA; note 1 086 12 \
I =500 mA: Ig =50 mA; note 1 - 2 \'
C. collector capacitance lg=ig=0:Vgg=10V:f=1MHz - 8 pF
C. emitter capacitance lg =ic=0; Vga =500 mV; f= 1 MHz
2N2222A - 25 pF
fr transition frequency lc =20 mA; Ve =20 V; f= 100 MHz
2N2222 250 - MHz
2N2222A 300 - MHz
F noise figure lc =200 pA; Vee =5V Rg =2 ki2;
2N2222A f=1kHz; B =200 Hz = 4 dB
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Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Switching times (between 10% and 90% levels); see Fig.2
tn tum-on time logn = 150 MA; Iggn = 15 MA; lge=-15mA | - 35 ns
tq delay time - 10 ns
t nse time - 25 ns
t tum-off time - 250 |nms
t storage time - 200 |ns
t fall time - 60 ns

Note

1. Pulse test: t, <300 ps: §<0.02.

Vie35V, TeS00ps o 103 Lol s3ns
RieGB0R2= 225 Rpe 25X Re= 16002
Veg=-35V Voo =285V,
Oscllioscope Input Impedance Z, » 50 40

Fig-2 Test circuit for switching times.
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Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
PACKAGE OUTLINE
Metal-can cylindrical single-ended package; 3 leads SOT18M3

|#—— seating plane
[ w (0] 00 8 04
re
l i ] ’l’
D, 1L ]
1 ]
A
A L
o s 10mm
| I ! L 1 PR T T T |
Kale

DIMENZION S (millimetre dimencionc are derived from the original inoh dimencionc)

wwr| & | a | o |0 o, || x| t| w]a
531 a7 | 545 [a70 | 103 | 11 | 150
7 | aza | 25| 0a1 [ 530 | ass | 0sa [ 05 | 127 | 0| 4
REFERENCES
OUTLINE EUROPEAN
Ton | mssuEpaTe
VERSION EC JEDEC 1A PROJEC
soTiw2 B11CT thype 3 To-8 -E-@- 70418
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Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Limits "

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application inf =

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such

improper use or sale.
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Rating and characteristics curves
Turn off time= 300ns

Noise fig 4db
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DC current gain
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DISCRETE SEMICONDUCTORS

DATA SHEET

BD131
NPN power transistor

Product specification 1999 Apr 12
Supersedes data of 1997 Mar 04

i O =  PHILIPS
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Philips Semiconductors
|

NPN power transistor

FEATURES

« High current (max. 3 A)
* Low voltage (max. 45 V).

APPLICATIONS
« General purpose power applications.

DESCRIPTION

NPN power transistor in a TO-126; SOT32 plastic

package. PNP complement: BD132.

Product specification
BD131
PINNING
PIN DESCRIPTION
1 emitter
2 collector, connected to metal part of
mounting surface
3 base

Q

Ik

0 e

Fig.1 Simpilified outline (TO-126; SOT32)

and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voitage open emitter - 70 \"
Veeo collector-emitter voltage open base - 45 \"
Veso emitter-base voltage open collector - 6 \"J
Ic collector current (DC) - 3 A
lewm peak collector current - 6 A
lem peak base current ~ 05 A
Piot total power dissipation Tmp =60 °C - 15 w
Tey storage temperature -65 +150 °«C
T junction temperature - 150 °C
Tamo operating ambient temperature -85 +150 °c
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Philips Semiconductors Product specification
NPN power transistor BD131
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Ronta thermal resistance from junction to ambient note 1 100 KW
Ran pmo thermal resistance from junction to mounting base 6 KW
Note
1. Refer to TO-126; SOT32 standard mounting conditions.
CHARACTERISTICS
Tj= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
leso collector cut-off current le=0;Veg =50V - 50 nA
lg=0;Veg =50V, T;=150°C - 10 HA
lego emitter cut-off current le=0;Veg =5V - S0 nA
hez DC current gain le=05A Vee=12V, (see Fig2) (40 -
le=2A; Ve =1V (seeFig.2) 20 -
VeEsat collector-emitter saturation voltage |[lc =0.54; Ig =50 mA - 00 (mv
le=2A; lg=200mA - 700 (mv
Veesat base-emitter saturation voltage le=05A;lg=50mA - 12 |V
le=2A; lg=200mA - 15 [V
fr transition frequency le=0.25A; Ve =5 V;f=100 MHz; |60 - MHz
Tap=25°C
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Philips Semiconductors Product specification

NPN power transistor BD131
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Fig.2 DC current gain; typical values.
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Philips Semiconductors Product specification

NPN power transistor BD131

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32
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DIMENSIONS (mm are the original dimensions)

wr| a4 (o | c | o[ e| oo |lalr |r|w
27 088 | 0.60 1.1 78 165 15 32 38
mM | 23 | oes | oes | 105 | 72 | 49223 153 %% | 05 | 30 | 35 |02
Nots
1. Terminal dimansions widin this 2one are uncontrolied to allow for flow of plastic and terminal Imaguiarities.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
soTaz TO-126 .E. @ 97-03-04
1999 Apr 12 5
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Philips Semiconductors Product specification

NPN power transistor BD131

DEFINITIONS

Data Sheet Status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation

of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do o at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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BUS06

KYI. BUS07
MEDIUM VOLTAGE NPN FAST SWITCHING
DARLINGTON TRANSISTORS

« STMcrosiectronics PREFERRED
SALES

« NPN DARUNGTONS

« LOWBASE-DRIVE REQUIREMENTS

o INTEGRATED ANTIPARALLEL
COLLECTOR-EMTTER DIODE

APPLICATION

« HORIZONTAL DEFLECTION FOR
MONOCHROME Tvs

DESCRPTION

The devices are slicon Epitaxial Pianar NPN TO-220
ransisiors In Danington contguration with

%mmm%mm

n TO-220 plastic package.

They can be usad 11 horizontal output stages of '

110 “CRT vid0 displays. --

POSHAL SCHEMATIC DIAGRAM

WEAUTE MAXIW.M RATINGS

Symbol Parameter Value Unit
N % BUS0S BUS0?

_V-o Colector-base Voitage (ls » 0) 400 330 v
Vise |Colector-emiier Voitage (Vi = -5V) 400 330 v
e |Colector-emeter Voitage (I, = 0) 200 50
Viso |Emitter-8ase Voitage (l. = 0) B v

L Colector Current H A

R Colector Peak Current 15 A

v |Damper Diode Peak Forward Current 10 A

I Base Current 2 A

Pu: | Totsl Power Dissipation ot Tuw « 25 °C 0 W
Tep  |Storage Temperature <5 10 150 ‘C

T Max Operatng Junction Temperature 120 °C
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BUB0G / BUBOT

THERMAL DATA
Rojaw |Therma Resistance Junctiom-case Mar 208 ow
Revare [Therma Resistance Junctiom-amblent Max n ‘CW
ELECTRICAL CHARACTERISTICS (T uu = 25 °C Uniess oenwise spacfied)
Symbel Parameter Tect ConaRtione Min. | Typ. | Max | Unt
kss  [Cotlector Cut-off for BUBOY Vise 330V 100 | pA
Current (Vis = 0) for BUSOS Vis = 400V 100 | pA
kev  [Cotiector Cut-off for BUBOY Vise 330V 100 | pA
Current (Ves = 5V) [t BUBOS Vis = 400V 100 | pA
lao  |Emitter Cuto® ViawbV 35 1 M
W|IL.m | |
Vesomays [ColectorEmtier  [1c o 100 mA weu | 150 Ly
Sustaring Voltage for BUS0E 20 ]
lyel) L
Vet |CollectonEmitter | etA g = S0mA ' 151V
Saturation Voitage
Viguet [BaseEmbter | egA o = S0mA ' T
Saturation Voitage A\
Vi [Damper Diode k= dA 2|
Sorward \oRage .
RESISTIVE LOAD
tw  |Tum-on Time LeSA Veew 100V 0.8 us
b [Tum-off Time g » SO MA I = ~500 mA 04 | 1 | ps
L |Storage Time 058 us
b |Fal Time 02 Us

+Palec e dunicn o 30 n Oy oy s 1. %

91




T0-220 MECHANICAL DATA

DML ] Inoh
MN ™" MAX N TYP. MAX.
A 440 480 XEE) 0.181
c 1.3 1.2 0.048 pos2
D 2 R 0.05¢ 0.107
E 049 0 0.019 T
3 06! 082 0me 003
3] 1% 170 0.0s 00"
2 194 170 0.0 0s7 |
a 455 X3 0.19¢ ~ Tt
o1 2 270 005 I 006
R 000 100 0.3 P 0409
2 %40 | I
A 1200 1400 0.5 0550
5 265 2 o 0.1%
5 15 1575 15X 0620
o 520 B | o 0250
0 150 1 o 0.154
M 260 e Lm
DIA 78 305 0.7 0.151
I—-. 7 1 IE
| | r \__I i —
] I ' v
lo
rl
o PONCH
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ST

BU808DFI

HIGH VOLTAGE FAST-SWITCHING
NPN POWER DARLINGTON TRANSISTOR

« STMcmelectronics PREFERRED
SALESTYPE

« NPN MONOLITHIC DARLINGTON WITH
INTEGRATED FREE-WHEELING DIOOE

« HIGH VOLTAGE CAPABILITY (> 1400V )

« HIGH DC CURRENT GAN ( TYP. 150 )

« FULLY INSULATED PACKAGE (UL

« DEDICATED APPUCATION NOTE AN1184

APPLICATIONS

« COST EFFECTIVE SOLUTION FOR
HORIZONTAL DEFLECTION IN LOWEND
TVUP TO 21 INCHES.

DESCRPTION
The BUB0EOF! is 3 NPN transisior In monoliic
Darfington configuration. It s manufactured using
Mutiepitadal Mesa fechnology for cost-efiectve
high performance.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter

Vew | Colector-Base Voitage (l; = 0)

Veso |Colector-Emiter Voitage (g = 0)

Viae |Emitter-Sase VoRage (L = 0)

L Colector Current

Ly |Colector Peak Cument (% < S ms)

i |Ease Current

law |Base Peak Current i, < Sms)

P.: |Tots Dissipationat T, = 2 °C

Three Leads to Exemal Heatsnk

Vs |Insulstion Withstand VoRage (RMS) from All

Teg |Strage Temperature

dla <:>>>><<<§

T, [Max. Operating Junction Temperature
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THERMAL DATA

[ Rorj cam lThen-u Resistance Junction-case Max I 24 ] ‘CwW I

ELECTRICAL CHARACTERISTICS (Tome =25 °C uniess omenatse specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
kes |Collector Cut-o® Veg = 1400V 400 | upA
Current (Vg = 0)
lssc  |Emitter Cut-0ff Cumrent |Via =SV 100 | mA
(lc= Q)
V;;s...g;‘ Collector-E mimer ke EA lg= 0SA 18 v
Saturation VoRage
Vliﬂt“ Baze-Emifter L_'EA I..-USA 21 v
Saturation VoRage
hege  |DC Current Gan LeSA VeV €0 230
keSA Vw3V Tei00'C | 20
INDUCTIVE LOAD Vee = 150V =S A
N Storage Time eQEA Vissjom =5 3 us
b Zal Time 0s us
INDUCTIVE LOAD Veem 150V LeSA
| Storage Time lgy=0EA Vispm =-S5V 2 us
b Fal Time T=100°C 0.8 us
Vi Diode Sorward Voltage |k =S A 3 v
* Pobac Puss Sursicn » 300 us, dty oyce 15 %
Thermal Impedance
-1
K
i
Il
10*
$=0
10 Iy sty
= d=i /v
40
]
10

(T B B Y |
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Derating Curve
" T
100}
M
e
- N
” T
Pt
0 %0 100 Te ()
Callector Emitter Saturation Voitage
1, =125%
nY |
10* by .
hyy =10
19~
10 10* A
Power Losses at 16 KHz
- ]
] —
LoSSES Tum 592
(]
H /,J’
,J'
v
18 // 7
1
0.3

18

& M M 34 N

DC Currert Gain
]
hre
10! L
T‘lﬁ*
o 1,=128%
Yo=Y
1o* [
10 10° le(A)
Base Emiter Satraton Voltage
20
18
7.“'-_"
1.2 m=
u-"’
o8
“-o" 1e*
Switching Time Inductive Load at 16kHz
tolus) ‘-I-—'
180V 1, =ico%
oSS Jza
=10
"
50 ___J,./
__._»-'"
1,525%
2.3 —
S
|~
2.0
4 45 ) 55 1A
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" 1 .
[ |mswie pd
ol en=12 /{
.
—
- 3T T,=28%
20 et
100
0
4 43 s 3.3 1A

Reverse Blased SOA
) 1]
1° Varuw = =3V
Rpu=10
3 s 125%¢
=10
L
q
N
2
¢ 40 800 1200 Vg(Y)

arive. The test cirouttis liustrated In Sgure 1.

Inductance L, safves to control e siope of the
base cument ly; 0 recomoine the

excess camer In the collactor when base cument

Is sl present, this would avad any taling

phanomanon In e collector curent.

The vaues of L and C are calculated from the

- p—
IL(&;F-:C‘VQ&P n-Zd-ﬁ

Where k= Operaing colEctor Cuent, Veesy
flydack voitage, f= frequency of osciiation duing

1
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Fgure 1: Inducve Load Switching Test Circuts.
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Figure 2 Swiching Wavetoms In a Deflecton Cirout
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ISOWATT218 MECHANICAL DATA
= mm inoh
M~ . MAX. - TYP. MAX.
A 535 53 o211 022
c 330 380 0.130 0.150
D 290 310 0.1%4 012
D1 1.88 208 o.0s 0.082
E 07s 09s 0.0 0037
F 108 135 0081 053
) 1.50 170 0.053 0067
3 1.50 210 0.7 0083
a 1080 11.20 0.5 DAd1
H 15.80 1620 062 0538
L B 0354
L 2080 21.20 0.819 0235
2 12.10 12.30 0.7%2 0783
s 280 260 FE) )
A 2050 oY) 1.55¢ 1673
5 28t 553 R 02w
s 2 27 077 0517
N 21 23 0.083 0.081
R 48 0.181
DIA 35 37 0.138 0.135
LS
I J —
KR '
b VL '
c' [ 7Y Iﬂ
T}
i “w
2
| ¥
aq ' ’
] _ 1 I'
H— | - —D 2
o ot |
|
I I
—u -
o4
-Weight: 439 (yp.)
°WW(““UMW]W““ Madmum 1 N
- The zide of the dzzipator must be 42 withn 50 um PO2sCA
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kyy . oo 2965

Complementary power fransistors

Datacheet - production data

Features
TAB * Low colector-emitter sataration veltage
¢ Complementary NPN - PNP transistors
Applications
1 o Geaeral pwpose
2 o Asdio armpiiter
Description
T0-3
The devices are manutactered e planar
tecknplogy with ‘base lsland’ layout and
Figure 1. Iinternal schematic diagram G audlo, :'O-e'r mew tad :m::g
applcatons.
Co (TAB) Co(TAB)
1 1
B ) B )
EO(2) EO(2)
Table 1. Device summary
Order code Marking Package Paokaging
INNEE INFOES
TO.7 Tray
NJ296E MI206E
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Absolute maximum rating 2N30S5, MJ2355

1 Absolute maximum rating

Table 2. Absolute maximum rating
Value
Symbol Parameter NPN 2N30EE Unit
PNP
Voo |Colecter-base vokags (ig=0) 100 v
Vega |Coflector-anitior vokage (Reg = 104 O n v
Vego | Cotecter-anitiar voRage (ig = 0) i0 v
Veno |Emimsr-base voitage (g = 0| 7 v
lp |Cotecter careat 1 A
ly |Bass cemant 7 A
Pegr [Total dissipation at T, < 25°C 1§ w
Ty | StOrage temperature -850 200 'c
| Max sperating junctiea tereperature 200 'c
Table 3. Thermal data
3ymbol Parameter Valus Unt
Raoue |THemal nlm-;l-u-mum max 15 ‘oW

Mot For PNP fype VOiTage and CUTent Vailes are Negathe
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2N3055, MJ23S5

2

Electrical characteristics

(Tease = 25°C; uniess otherwise specitied)

Table 4. Electrical characteristics
Symbol Parameter Test conations Min. Max. | Untt
Coflector cut-oft cement Vog= 100V 1 mA
oax (Veg=-1.5V) Vog=100V Tg=150"C 5 mA
oy [T — Vog=M V 27 | ma
(lp=0
Eminer cut-o¥ camront
Collector-araitior sustaising .
Vegope'" sigala=t lo= 200 mA 1 v
Collsctor-gratior sustaising
Veamnan™ [ Shao (Rgg = 100 0 lo= 200 mA kL v
G | vamage lg=10 A g=23A ? v
var'!  |Pase-smimer votage o= &A Veg=4V 18 v
lo=tA Veg= 4V 20 7
i ETY Veg=tV | &
1. Paled Pube dweios « 300 pe vty cyce s 1L.5%
Note: For PNP type vallage and cument valles are negstive
21 Electrical characteristics (curve)
Figure 2. Safe operating area
[
L | Puise cperetion beel
1 mmluu:‘
1 :h'_ H 0
oc opwan (YA 111|™
' -
home
" e
§ L )

101




2N3055, MJ2955 Package mechanical data
Table 5. TO-3 mechanical daka
mm
Om.
mn. Tvo. Max
A 11.00 12.10
§ Xy 115
c 150 168
0 en mn
E 1000 0.0
c 1nn 11.10
N 16.60 A
P 2600 2.0
8 400 )
v 50 N
v 0 N
Figure 3. TO-3 drawing
P [
0 £
¥
fan)
\L/
—
2 [
r J
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Revision history

4

23055, 2355
Revision history
Table & Document revision history
Date Revicion Changes
11.0ct.100 i
0-Jn.2007 7 |Coatom rowerkad % inprave readabilty, » tochnicel changes

f1Nov-2013

Inseriog Tabie 3 Thermal cata and Fgure T Safe operating awa.

Miner %t changes.
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