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Project goals:
· To construct  a regulated DC power supply     12 V / 3A source . the power supply converts the (220-230) V AC into(12 V – 3A) DC output .
· Establishment of regulated DC power supply being used in the labs .
· To simulate PV module output (adjustable current & voltage) in the laboratory .

· Establishment of a possibility Useful for testing  of charge regulator being used in PV system
Steps of working :
(    Choosing the circuit diagram
(    Studying each block of circuit  and  it is work, input and output

(    Start to construct the circuit and make improvements on it
Introduction:
A power supply is a device that supplies electrical energy to one or more electric loads. The term is most commonly applied to devices that convert one form of electrical energy to another, though it may also refer to devices that convert another form of energy (e.g., mechanical, chemical, solar) to electrical energy. For electronic circuits made up of transistors and/or ICs, this power source must be a DC voltage of a specific value.
A regulated power supply is one that controls the output voltage or current to a specific value; the controlled value is held nearly constant despite variations in either load current or the voltage supplied by the power supply's energy source.

Every power supply must obtain the energy it supplies to its load, as well as any energy it consumes while performing that task, from an energy source. Depending on its design, a power supply may obtain energy from:

· Electrical energy transmission systems. Common examples of this include power supplies that convert AC line voltage to DC voltage. 

· Energy storage devices such as batteries and fuel cells. 

· Electromechanical systems such as generators and alternators. 

· Solar power. 

A power supply may be implemented as a discrete, stand-alone device or as an integral device that is hardwired to its load. In the latter case, for example, low voltage DC power supplies are commonly integrated with their loads in devices such as computers and household electronics.

Constraints that commonly affect power supplies include:

· The amount of voltage and current they can supply. 

· How long they can supply energy without needing some kind of refueling or recharging (applies to power supplies that employ portable energy sources). 

· How stable their output voltage or current is under varying load conditions. 

Whether they provide continuous or pulsed energy

Types of Power Supply

There are many types of power supply. Most are designed to convert high voltage AC mains electricity to a suitable low voltage supply for electronic circuits and other devices. A power supply can by broken down into a series of blocks, each of which performs a particular function. 
 Power supply types 

· Battery power supply
· Unregulated power supply 

·  Linear regulated power supply 

· 1.3.1 AC/DC supply 

·  Switched-mode power supply 

·  Programmable power supply 

·  Uninterruptible power supply 

· High-voltage power supply 

Our project is a regulated DC power supply 12V-3A
The voltage produced by an unregulated power supply will vary depending on the load and on variations in the AC supply voltage. For critical electronics applications a linear regulator may be used to set the voltage to a precise value, stabilized against fluctuations in input voltage and load. The regulator also greatly reduces the ripple and noise in the output direct current. Linear regulators often provide current limiting, protecting the power supply and attached circuit from over current.

Adjustable linear power supplies are common laboratory and service shop test equipment, allowing the output voltage to be adjusted over a range. For example, a bench power supply used by circuit designers may be adjustable up to 30 volts and up to 5 amperes output. Some can be driven by an external signal, for example, for applications requiring a pulsed output.

Power supplies made from these blocks are described below with a circuit diagram and a graph of their output: 
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Figure 1
· Transformer - steps down high voltage AC mains to low voltage AC. 

· Rectifier - converts AC to DC, but the DC output is varying. 

· Smoothing - smooth the DC from varying greatly to a small ripple. 

· Regulator - eliminates ripple by setting DC output to a fixed voltage

The previous few paragraphs were an introduction about regulated  dc  power  supply ,the following section will discuss our project with every detail :
The circuit of our project is as shown
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Figure 2 :circuit of our project
[image: image5.png]i

BC308AP

2
D1 D3 D10l
N1202g 11202 WAN @
11 BC238BP
2 il a1 19
o
R19
pc3osap 18 e
10k
o . AT T “Skoyen %R ImFE4100 X
v IN1202K N1 LS R21
155.56 Vs 2 1] R7) 2a
;0 Hz LHO0004CHqq)| Key=A 3%
D12
D9 27
oTis
g‘i 270m0
: R15
Je D13
D5 o7 v ATuF Nd097 5.8
N1202C ZK 1IN1202C 2k0 — 22 R13
* E:goup ¢ = ar R12
R10 R11 20 cmason LG - 50K0 o
7 ATKQ 1kQ Key=A T 00 Key=A
D8 06 s BC308AP |23 21
N1202C R14
ZAN1202C I 4.7kQ
A 1
[






[image: image6]
We have two parts in our circuit: (first part)
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Figure 4: first part
Second part: 
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Now we are going to talk about each block:
Transformer:


[image: image9]
Transformers convert AC electricity from one voltage to another with little loss of power. Transformers work only with AC and this is one of the reasons why mains electricity is AC. 

Step-up transformers increase voltage, step-down transformers reduce voltage. Most power supplies use a step-down transformer to reduce the dangerously high mains voltage (230V in UK) to a safer low voltage And this is the one we choose.
The low voltage AC output is suitable for lamps, heaters and special AC motors. It is not suitable for electronic circuits unless they include a rectifier and a smoothing capacitor. 

The transformer which we use in the project was shown in figure. 2 
The real transformer picture as shown below:



[image: image10]
How  we select the transformer ? 
**Our Transformer specification:

N1 902/Ø 0,4mm

N2 70/Ø 1.2mm

N3 58/Ø 0.224mm

And according to the above equation we got the following:
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These pictures show the the two secondary windings outputs of the transformer:



[image: image11]

[image: image12]
[image: image36.wmf]v

V

v

N

N

V

V

V

V

N

N

M

20

14

220

902

58

3

1

3

1

3

1

3

1

3

=

=

´

=

´

=

®

=


Protection : 

we add protection to the circuit ,we use fuses one at the input of the circuit before the transformer 400mA , and another one after the rectifier they will break if current increases for any reasons and protect our circuit.
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We will talk further about protection at the end of the project.
Rectifier:
A full-wave rectifier converts the whole of the input waveform to one of constant polarity (positive or negative) at its output. Full-wave rectification converts both polarities of the input waveform to DC (direct current), and is more efficient. However, in a circuit with a non-center tapped transformer, four diodes are required instead of the one needed for half-wave rectification,arranged this way are called a diode bridge or bridge rectifier.









Graetz bridge rectifier: a full-wave rectifier using 4 diodes.





Figure 12:rectifier
 A full-wave rectifier can also be made from just two diodes if a centre-tap transformer is used, but this method is rarely used now that diodes are cheaper. . Twice as many windings are required on the transformer secondary to obtain the same output voltage compared to the bridge rectifier above.

 A single diode can be used as a rectifier but it only uses the positive (+) parts of the AC wave to produce half wave varying DC Bridge rectifier.

There are several ways of connecting diodes to make a rectifier to convert AC to DC. The bridge rectifier is the most important and it produces full-wave varying DC. 

A bridge rectifier can be made using four individual diodes, but it is also available in special packages containing the four diodes required. It is called a full-wave rectifier because it uses all the AC wave (both positive and negative sections). 1.4V is used up in the bridge rectifier because each diode uses 0.7V when conducting and there are always two diodes conducting, as shown in the diagram below.
 Bridge rectifiers are rated by:

1- The maximum current they can pass.(In our circuit 4 A)
2- The maximum reverse voltage they can withstand (this must be at least three times the supply RMS voltage so the rectifier can withstand the peak voltages)..(In our circuit 24 v)
The rectifier which we use in our project is shown below:
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we obtain the following pictures of the output of the rectifier which we used:



[image: image20]
The main advantage of this bridge circuit is that it does not require a special centre tapped transformer, thereby reducing its size and cost. 

We use Full-wave rectification because it converts both polarities of the input waveform to DC (direct current), and it is more efficient.

.
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The rectifier produces a DC output but it is pulsating rather than a constant steady value over time like that from a battery.
** The rectifier related calculations:
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ripple frequency:
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[image: image22]
according to the value of ripple frequency we choose the value of the smoothing capacitance.

Ripple:
A small variation occurs in the DC because the capacitor discharges a small amount between the positive and negative pulses.   Then it recharges.  This variation is called ripple.

The ripple can be reduced further by making the capacitor larger.

The ripple appears to be a sawtooth shaped AC variation riding on the DC output.  
As the current flowing through the load is unidirectional, so the voltage developed across the load is also unidirectional full-wave rectifier, therefore the average DC voltage across the load is 0.637Vmax. However in reality, during each half cycle the current flows through two diodes instead of just one so the amplitude of the output voltage is two voltage drops ( 2 x 0.7 = 1.4V ) less than the input VMAX amplitude. The ripple frequency is now twice the supply frequency (e.g. 100Hz for a 50Hz supply)

A small amount of ripple can be tolerated in some circuits but the lower the better overall.

Why we want to remove the ripple??

1-The presence of ripple can reduce the resolution of electronic test and measurement instruments. On an oscilloscope it will manifest itself as a visible pattern on screen.

2-Within digital circuits, it reduces the threshold, as does any form of supply rail noise, at which logic circuits give incorrect outputs and data is corrupted.

3-High amplitude ripple currents reduce the life of electrolytic capacitors.

· The varying DC output is suitable for lamps, heaters and standard motors. 

· It is not suitable for electronic circuits unless they include filter.

· Our filter is very large capacitor(C=1mF) called smoothing capacitor.

· We estimate the value of the capacitor according to the following equation:
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Where :

         constant value

t: discharge time of the capacitor

(u: ripple voltage
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From table of standard value we use C=1mF

· The smooth DC output has a small ripple. It is suitable for most electronic circuits. 
[image: image44.png]



Ripple calculation in our circuit
[image: image45.jpg]



Although we can use four individual power diodes to make a full wave bridge rectifier, pre-made bridge rectifier components are available "off-the-shelf" in a range of different voltage and current sizes that can be soldered directly into a PCB circuit board or be connected by spade connectors. The image to the right shows a typical single phase bridge rectifier with one corner cut off. This cut-off corner indicates that the terminal nearest to the corner is the positive or +ve output terminal or lead with the opposite (diagonal) lead being the negative or -ve output lead. The other two connecting leads are for the input alternating voltage from a transformer secondary winding .

 The full-wave bridge rectifier however, gives us a greater mean DC value (0.637 Vmax) with less superimposed ripple while the output waveform is twice that of the frequency of the input supply frequency. We can therefore increase its average DC output level even higher by connecting a suitable smoothing capacitor across the output of the bridge circuit as shown above.

The maximum ripple voltage present for a Full Wave Rectifier circuit is not only determined by the value of the smoothing capacitor but by the frequency and load current, and is calculated as:

Bridge Rectifier Ripple Voltage

[image: image24.png]% = Lo volts
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Where: I is the DC load current in amps, ƒ is the frequency of the ripple or twice the input frequency in Hertz, and C is the capacitance in Farads.

The main advantages of a full-wave bridge rectifier is that it has a smaller AC ripple value for a given load and a smaller reservoir or smoothing capacitor than an equivalent half-wave rectifier. Therefore, the fundamental frequency of the ripple voltage is twice that of the AC supply frequency (100Hz) where for the half-wave rectifier it is exactly equal to the supply frequency (50Hz).

The amount of ripple voltage that is superimposed on top of the DC supply voltage by the diodes can be virtually eliminated by adding an improved filter at output terminals of the bridge rectifier. This type of filter consists of two smoothing capacitors. 

Filter:
 A filter is used to remove the pulsations and create a constant output.

Smoothing is performed by a large value electrolytic capacitor connected across the DC supply to act as a reservoir, supplying current to the output when the varying DC voltage from the rectifier is falling. The diagram shows the unsmoothed varying DC (dotted line) and the smoothed DC (solid line). The capacitor charges quickly near the peak of the varying DC, and then discharges as it supplies current to the output. 

Note that smoothing significantly increases the average DC voltage to almost the peak value (1.4 × RMS value). For example 6V RMS AC is rectified to full wave DC of about 4.6V RMS (1.4V is lost in the bridge rectifier), with smoothing this increases to almost the peak value giving 1.4 × 4.6 = 6.4V smooth DC. 

Smoothing is not perfect due to the capacitor voltage falling a little as it discharges, giving a small ripple voltage. 

The capacitor does a good job of smoothing the pulses from the rectifier into a more constant DC.
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Large capacitance values will have smaller surface area per unit capacitance than smaller ones. So the use of multiple small capacitance instead of a single large component Be beneficial…more surface area means lower ESR& higher ripple current .(all win method) less cost.

It is useful to know that two 4,700uF caps will usually have a higher combined ripple current than a single 10,000uF cap, and will also show a lower ESR (equivalent series resistance). The combination will generally be cheaper as well - one of the very few instances where you really can get something for nothing. Using ten 1,000uF caps will generally give even better overall figures again, but the cost (in time and effort) of assembling them into a proper filter bank may not be felt worthwhile.
 In the circuit of our project the value  of the smoothing capacitance is 1mf at  25v rated which making arriple voltage with an amount  2v .
Regulator:                        
The regulator is a circuit that helps maintain a fixed or constant output voltage.

Changes in the load or the AC line voltage will cause the output voltage to vary.

Most electronic circuits cannot withstand the variations since they are designed to work properly with a fixed voltage.

The regulator fixes the output voltage to the desired level then maintains that value despite any output or input variations

Voltage regulator ICs are available with fixed (typically 5, 12 and 15V) or variable output voltages. They are also rated by the maximum current they can pass. Negative voltage regulators are available, mainly for use in dual supplies. Most regulators include some automatic protection from excessive current ('overload protection') and overheating ('thermal protection'). 
Many of the fixed voltage regulator ICs have 3 leads and look like power transistors, such as the 7805 +5V 1A regulator .They include a hole for attaching a heat sink if necessary. 
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Zener diode regulator

For low current power supplies a simple voltage regulator can be made with a resistor and a zener diode connected in reverse as shown in the diagram. Zener diodes are rated by their breakdown voltage Vz and maximum power Pz (typically 400mW or 1.3W). 

The resistor limits the current (like an LED resistor). The current through the resistor is constant, so when there is no output current all the current flows through the zener diode and its power rating Pz must be large enough to withstand this. 

Choosing a zener diode and resistor: 

1. The zener voltage Vz is the output voltage required 

2. The input voltage Vs must be a few volts greater than Vz 
(this is to allow for small fluctuations in Vs due to ripple) 

3. The maximum current Imax is the output current required plus 10% 

4. The zener power Pz is determined by the maximum current:  Pz > Vz × Imax 

5. The resistor resistance:  R = (Vs - Vz) / Imax 

6. The resistor power rating:  P > (Vs - Vz) × Imax 


[image: image27]
We use many of zener diodes in the dc power supply circuit One of them is shown below:



[image: image28]
We got the following out put of the zener:



[image: image29]
Operational amplifier :
We used with this special connection for distortion cancellation .



[image: image30]
Used with this special Connection for distortion Cancellation
Unfortunately we couldn’t find the IC we want and we use another one instead but it didn’t work as we want.


[image: image31]
Transistors:
Used for amplification &switches purposes.


[image: image32]
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Results:

The final output of our circuit is:
[image: image34.jpg]



Figure 24:final output
We measure the output

Voltage: The maximum value we could reach is about 11v (it was changing between 1.5 v – 11 v)
Current: The maximum value we could reach is about 600 mA (it was changing between micro amperes – 600 mA)
Power supply applications
 Computer power supply

is a switch with on and off supply designed to convert 110-240 V AC power from the mains supply, to several output both positive (and historically negative) DC voltages in the range + 12V,-12V,+5V,+5VBs and +3.3V. The first generation of computers power supplies were linear devices, but as cost became a driving factor, and weight became important, switched mode supplies are almost universal.
The diverse collection of output voltages also have widely varying current draw requirements, which are difficult to all be supplied from the same switched-mode source. Consequently most modern computer power supplies actually consist of several different switched mode supplies, each producing just one voltage component and each able to vary its output based on component power requirements, and all are linked together to shut down as a group in the event of a fault condition.

Welding power supply

Arc welding uses electricity to melt the surfaces of the metals in order to join them together through coalescence. The electricity is provided by a welding power supply, and can either be AC or DC. Arc welding typically requires high currents typically between 100 and 350 amps. Some types of welding can use as few as 10 amps, while some applications of spot welding employ currents as high as 60,000 amps for an extremely short time. Older welding power supplies consisted of transformers or engines driving generators. More recent supplies use semiconductors and microprocessors reducing their size and weight.
Protection:
we add protection to the circuit ,we use fueses one at the input of the circuit before the transformer 400mA , and another one after the rectifier they will break if current increases for any reasons and protect our circuit. 

Overload protection

Power supplies often include some type of overload protection that protects the power supply from load faults (e.g., short circuits) that might otherwise cause damage by overheating components or, in the worst case, electrical fire. Fuses and circuit breakers are two commonly used mechanisms for overload protection

Fuses

A fuse is a piece of wire, often in a casing that improves its electrical characteristics. If too much current flows, the wire becomes hot and melts. This effectively disconnects the power supply from its load, and the equipment stops working until the problem that caused the overload is identified and the fuse is replaced.

There are various types of fuses used in power supplies.

· fast blow fuses cut the power as quick as they can 

· slow blow fuses tolerate more short term overload 

· wire link fuses are just an open piece of wire, and have poorer overload characteristics than glass and ceramic fuses 

Some power supplies use a very thin wire link soldered in place as a fuse.

Circuit breakers

One benefit of using a circuit breaker as opposed to a fuse is that it can simply be reset instead of having to replace the blown fuse. A circuit breaker contains an element that heats, bends and triggers a spring which shuts the circuit down. Once the element cools, and the problem is identified the breaker can be reset and the power restored.

Thermal cutouts

Some PSUs use a thermal cutout buried in the transformer rather than a fuse. The advantage is it allows greater current to be drawn for limited time than the unit can supply continuously. Some such cutouts are self resetting, some are single use only.

Current limiting

Some supplies use current limiting instead of cutting off power if overloaded. The two types of current limiting used are electronic limiting and impedance limiting. The former is common on lab bench PSUs, the latter is common on supplies of less than 3 watts output.

A fold back current limiter reduces the output current to much less than the maximum non-fault current.

Conclusion:
After all work we did on our project we have learned so many things :

1-We always see A DC power supplies in laboratories and  a DC charger for example for mobiles, laptops, cameras and so many things…
It is the first time we learnt about its major stages.

2-it is the first time that we deal with transformer  in these details .

3-we have studied the rectifiers in Power Electronics course but it is the first time we see the output at the oslliscope by our work.

4-we notice what useful we get from using a fuses for protection.

5-It is the first time we deal with many IC’s we studied in many courses like(power transistors ,operational amplifier ,zener diodes ,etc…) 

Mistakes we did:

1-the first time we switch on the transformer it is secondary output wires touch each other and make short circuit but fortunate the fuse break and protect the transformer.

2-we have faced so many welding problems.

3-we use a npn transistor instead of pnp and this force us to reconnect our project.
Problems we face :
1-we couldn’t find some of IC’s so we use it’s complementary 

2- lack of equipment and instruments in the workshop. 
References:
· Peter ,Kurscheidt , leistungs elektronik,1977
· Power electronic books (Mohammad Rasheed)

· www.poweresim.com
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Figure � SEQ Figure \* ARABIC �8�:the first max output 24V
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Figure � SEQ Figure \* ARABIC �7�: our transformer
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Figure � SEQ Figure \* ARABIC �15�:ripple frequency





Figure � SEQ Figure \* ARABIC �6�: transformer
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Figure � SEQ Figure \* ARABIC �18�:zener diode regulator











Figure � SEQ Figure \* ARABIC �5�:second part





Figure � SEQ Figure \* ARABIC �3�:our project





Figure � SEQ Figure \* ARABIC �9�:the second output max 22V





Figure � SEQ Figure \* ARABIC �10�:400mA fuse





Figure � SEQ Figure \* ARABIC �11�:4A fuse





Figure � SEQ Figure \* ARABIC �13�:our rectifier





Figure � SEQ Figure \* ARABIC �14�:rectifier output





Figure � SEQ Figure \* ARABIC �16�:discharge of the capacitor





Figure � SEQ Figure \* ARABIC �17�:regulator





Figure � SEQ Figure \* ARABIC �19�:our regulator output





Figure � SEQ Figure \* ARABIC �20�:op-amp





Figure � SEQ Figure \* ARABIC �21�:the operational amplifier in our circuit.





Figure � SEQ Figure \* ARABIC �22�:transistors 1





Figure � SEQ Figure \* ARABIC �23�:power transistors
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