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DC STABILIZER WITH DIGITAL CONTROL 
Corina Daniela CUNŢAN
, Ioan BACIU
, Loredana GHIORGHIONI3
Abstract: Power for electronic circuits with good performance is made through stabilized DC voltage. This paper presents a numerically-controlled voltage source with short circuit protection. Command output voltage control is obtained from a computer system via an interface circuit, containing a digital to analog converter and an electrical isolation circuit. 

The digital signal obtained from the parallel port is converted into a stream of digital to analog convertor, which is transformed into a control voltage with a current-voltage converter made with an operational amplifier.

To protect the computer from voltage or current shock was achieved the electrical isolation circuit, the circuit structure containing two optocouplers to obtain an output voltage as linear.
1. INTRODUCTION 
Voltage stabilizer is an electrical installation that provides constant voltage to consumer terminals in condition that the supply voltage or the consumer impedance change in a range of values.
Electronic stabilizers are composed of a control circuit that has the role to feel voltage variation at the consumer terminals and to correct the value of that voltage when the input voltage modify or the voltage value.
Integrated regulators are circuits most commonly used, after the operational amplifiers, in the electronic machine. They are easy to use and the sizing calculations are simplified in most cases.  
Voltage stabilizer parameters must be known to calculate total variation of the stabilizer output voltage under certain condition of changing the rectifier output voltage, the current through the load, the ambient temperature and the junctions’ temperature.  Therefore, the performance parameters of the integrated rectifier, give in catalog, are important in ensuring the stabilizer quality. Stabilized voltage sources adjustable from zero are necessary in special for the equipments that exists in the electronic or electrotechnic laboratories, as for the try laboratories for the electronic or electric machine.   

For the voltage stabilizers with a serial regulation element must be provided short-circuit protection because that current passes through power transistor of the regulation element in full control of the item. Protection with fast or ultrafast fuse is not possible exlusive because their break time is much longer that the time it reaches the maximum power for the serial regulation element. It thus requires the use of the electronic protection circuits or mixed type in both cases.[1]
2. WORK’S PRESENTATION
LM117 integrated circuits are precision voltage regulators and have a low dispersion of the reference voltage. As constant voltage regulators, they include all necessary protection: over current, short-circuit (thermal protection) and against secondary breakthrough.

Stabilizers output voltage made with these integrated circuits can be adjusted easily in a wide range: 1.2 ... 35V. As a "floating" regulator (no weight), it can be used for stabilization of high voltage or of current.
Typical scheme of an adjustable voltage stabilizer is presented in figure 1.
 


Capacitors used in the scheme have the following effects:
C1 - decoupling perturbations for high frequency noise; 
C2 - improving ripple voltage rejection, 
C3 - improve the transient response from the output stabilizer
Figure 1 includes two diode for the integrated circuit protection in case of power supply failure or of input short-circuit (D1) respectively in case of output short-circuit(D2), when the C3 or C2 capacitors are downloading through the integrated producing damaging of it, especially for high capacity(in case of high output voltage). [1]
R1 and R2 divider is primarily intended to fixed output voltage value (on the load). But through this divider must close the minimum current of the integrated regulator when sheme operates in no-load.

Resistance R1 should be mounted as close to Vs terminal, and the end of the table from the resistance R2 should be very close to the load weight to improve stabilization in relation with the load (reducing stabilizer output resistance). For figure 1, the output voltage is expressed as:
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Having three terminals one for control (‘ADJ’), can take a variable voltage between the other two terminals ('IN' şi 'OUT) and having a reduce voltage, approximately constant (1.25V) between the output terminal and the control one, integrated circuit LM117 (217,317) is like a transistor.

Linear operation for the integrated regulator is similar with the one of a transistor. In the regulator scheme with two serial transistors, transistor T reaches in the blocking situation. Replacing transistor T with a LM117 (217,317) integrated regulator type is necessary because the last one should can block it when between its pins, OUT and ADJ, there is a voltage greater than 1,25V.
An experiment made to known the regulator behavior in those circumstantial shows that it is blocking, but for a 7,5V voltage order, appears a breakthrough phenomenon. So the current that get out through the ‘ADJ’ terminal must be limited though a resistance (Radj). That breakthrough appears between the integrated resistor connected at ADJ pin and the resistance zone (n) that is connected to the OUT pin. Because we want that current through ADJ terminal don’t cause damage to the regulator or complications in the stabilizer scheme with two serial regulators, it will be limited through a serial resistance, appropriately sized.


Using a regulator with two serial integrated circuits LM117(217,317), lsmax=f(ΔVie) characteristic for that new regulator extends much in the current zone and large voltage difference(compared to one single regulator characteristic, given in fig. 1 ), because of the mode that acts the new regulator.[1]
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For the stabilizer composed in two serial regulators 117 are necessary minimum power supply failure  as follows:
· On the second regulator: a drop as in graphic from fig. 2, plus a reserve of several tenths of volt (0.2…0.3V) witch has to cover deviations that appears because of the components dispersion on the loop that maintain reduce Vie of the control element composed.   

· On the first regulator: a drop as in graphic from fig. 2, plus a reserve of several tenths of volt (0.4…0.5V) witch has to cover dispersion saturation voltage of the circuit 117 and especially rectified voltage deviations as the calculated value, plus half of the peek to peek value for the ripple rectified voltage (with the scope to avoid saturation of the regulator at the inside peek of the ripple and transmission of it to the load). 
Adjustable voltage stabilizer scheme requires dialing to the precision integrated regulator LM723. That will require all its skills to stabilize entire scheme.(fig 3)


D2 and D3 diode protects those two regulators in case of short-circuit at the input scheme if at the output is used an electrolytic capacitor greater or equal with 10 uF.
As controlled transistor(T3) is used here the output doublet from integrated 723.
Regulator’s scheme with two integrated circuits LM217 (fig 3 ) controlled by LM723 circuit allow to obtaine adjustable voltages 1.2-35 V.


Necessary current to open the D1 diode and the final transistor (from 723) is provided by the R2 resistace. R3 resistance close to ground current from final transistor and ADJ pin current of regulator2. 

When at the output regulators is sets maximum voltage, currents through R2 and R4 increase them too, must be retrieve by the divider from the output P-R7, together with necessary minimum current through regulator 117 (5mA la LM117, 217 or even 10mA la LM317) fot the stabilizer to work properly on no-load. But that would lead to a reduce total resistance  of the divider and to an exaggerate increased of the current through that when output voltage increase to the maximum value.

Therefore, at the adjustable voltage in a various range, instead of a divider with reduce resistance will use to take currents upper mention at the no-load operation a transistor T and resistance R8. Transistor T is polarized by the constant voltage on the slider potentiometer P, so it provides a constant current source. 

Stabilizer’s performance from fig 3 are practically the one required by the precision integrated regulator 723 so very good accuracy:stabilization in rapport with network: <2 mV,
stabilization in rapport with load: <10 mV,thermal derivative of the output voltage: < 0,5-10~3/°C.
In figure 3 reference element that is brought to the positive input of the error amplifier from the circuit LM723 can replace with a prescribed value from a calculation system through separation circuit. Through that method is obtained an output voltage with two adjustable possibility of its value.Interface circuit by the PC and integrated stabilizer 723 comprising two blocks: one for digital to analog conversion with DAC 08 circuit and one for galvanic separation.(figure 4)[2],[3]  

DAC 08 converter output voltage is determined by relationship:
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where 
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 represent reference current is obtained by relationship :
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It’s used a galvanic circuit that contained 2 optocouplers; one is in reaction load of the input of the operational amplifier.


Isolation amplifier transfer function is basses on assuming the identity of the characteristic of the two optocouplers. We will use relationship (4).
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And for 
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where: 
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 represents collector currents corresponding to the two phototransistors.
It appears that this transfer function is linear and independent of the optocouplers characteristics, with condition that refers to the characteristics identity for the two optocouplers.


Following experimental verifications was noted output voltage from the voltage source with Uies, for the input values between 0 – 255.[4] Measured values are listed in table 1
                        Table 1
	In digital
	0
	10
	25
	50
	75
	100
	125
	150
	175
	200
	225
	250
	255
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	0
	1,6
	2,8
	4.7
	6,7
	8,4
	10,3
	12,3
	14
	15,9
	17,7
	19,6
	20


3. CONCLUSION
The circuit is controlled by a sequence of 8 bits that are enrolls at the parallel port through a program written in C++ language, values that can be enrolled through the keyboard or with help of mouse. By using C4 capacitor connected to the no inverted input of the circuit LM723 are eliminated sudden control changes for regulators 1 and 2 witch make that at the output appears lower voltage variation respectively of the current through load circuit.
Analyzing experimental dates from table 1 it can observe a linear functionality of the voltage source.

Control circuit allows obtaining at the output, directly proportional with the numeric value entered from keyboard, a maximum value that not passes over 20V.
To obtain a maximum voltage range up to 35 V can modify the galvanic separation circuit to increase its output voltage without exceeding the maximum input voltage of the circuit LM723. 
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Fig.1. Typical scheme of stabilizer





Fig. 2  Voltage current dependencies on ADJ pin
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Fig.3. Slabilizer with two serial regulators
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Fig.4 Electic scheme of a voltage source numeric ordered
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