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Generalities


Those will be studied up to 500 [VA] due to the simplification of their equivalent circuit.


All supply of power follows the outline of the following figure, where the distorting generates harmonic AC and a component continuous DC as alimentation.


The purity of all source is given by two merits: the ability of the filter to attenuate meetly to all the possible harmonics, and the low resistance of output of the same —regulation or stabilization.




Power supply of half wave with filter RC


The distorting, implemented here with a simple diode, will allow him to circulate for him the continuous current of the deformation and its harmonic content


i3   =   iC + iCC   =   iC + ICC + iZ
where the harmonic are given for iC + iZ and to iZ it denominates ripple. This way, the voltage of continuous of instantaneous output will be worth


vCC   =   VCC + vZ   =   ICC RCC + iZ RCC   =   VCC ±  ( V / 2 )


We define then to the ripple from the source to the relationship


Z   =   vZ /  VCC 


Let us analyze the wave forms that we have. For an entrance sine wave


v2   =   E2pico sen t




it will drive the diode (ideal) when it is completed that


vd   =   v2 - vCC   >   0

and if we reject their fall they are


i2   ~   v2 Y  =  I2pico sen (t + )


I2pico  =   E2pico [ GCC2 + (C)2 ]1/2

   =   arc tag CRCC

In the disconnection of the diode


vd   =   v2 - vCC   =   0

with the condenser loaded to the value


vCC (  )   =   v2 (  )   =   V2pico sen  

that then it will begin to be discharged


vCC ( t -  )   =   vCC (  )  e - ( t -  ) / C RCC   =   V2pico e - ( t -  ) / C RCC . sen  


We can have an analytic idea of the ripple if we approach


vz  ~   ( V / 2 ) - ( V .  t / 2 ) 

because while the diode doesn't drive it is the condenser who feeds the load


V / t   =   ICC / C


V   =   ICC  /  C

and in consequence


z   =   vz / VCC   =   [ ( 0  vz2 t ) / ]1/2 / VCC   ~   V / 3,46 VCC   =   


     =    / 3,46  C RCC   ~   1 / 7 f C RCC
Design

Be tha data


V1  = ...   f  = ...   VCC  = ...  ICCmax  = ...   ICCmín  = ...   >   0    Zmax  = ...


We suppose that the design of the transformer possesses proportional inductances of the primary and secondary, that is to say that R1/n2 ~ R2. This approach that is not for anything far from the reality, will simplify us enough the project.


We avoid in the first place to dissipate energy unsuccessfully in the transformer and we choose


R1/n2  +  R2  ~ 2  R2   <<  VCC / ICCmax

R2  = ...   <<  2 VCC / ICCmax
and we obtain with it


RS   =   R1 / n2  +  R2  +  0,6 / ICCmax  ~ 2  R2 +  0,6 / ICCmax  = ...


RS / RCC  ~  ( RCCmmax + RCCmin ) / 2  =  [ ( VCC / ICCmin )  - ( VCC / ICCmin ) ] / 2  = ...

being able to also choose as magnitude RS / RCC for the most convenient case.


Then of the curves of Shade for half wave have


C  = ...   V2pico  = ...  I3ef  = ...   I3pico  = ...


The data for the election of the diode rectifier they will be (it is always convenient to enlarge them a little)


IRMS  =  I3ef  = ...


IAVERAGE  =  ICCmax  = ...


IPEAK REPETITIVE  =  I3pico  = ...


IPEAK TRANSITORY  =  V2pico / ( R1 / n2  +  R2 )  ~ V2pico / 2  R2  = ...


VPEAK REVERSE  =  VCC +  V2pico  ~ 2  VCC  = ...

y al fabricante del transformador


VOLTAGE OF PRIMARY

V1  = ...  (already determined precedently)


FRECUENCY


f  = ...  (already determined precedently)

RELATIONSHIP OF SPIRE

n  =  V1 / V2  ~  1,41 V1 / V2pico = ...


RESISTENCE OF SECUNDARY
R2  = ...  (already determined precedently)

RESISTENCE OF PRIMARY

R1  =  R2 n2  = ...


APPARENT POWER

S1  ~  ( VCC + 0,6 ) ICCmax = ...

Abacous of Shade


For further accuracy in the topics that we are seeing and they will continue, we have the experimental curves of Shade that, carried out with valves hole diode, they allow anyway to approach results for the semiconductors. Subsequently those are shown that will use they —exist more than the reader will be able to find in any other bibliography. The first relate the currents for the rectifier i3 with the continuous one for the load ICC (that is the average), where the resistance series RS is the sum of all the effective ones: that of the primary  reflected to the secondary, the of secondary and the that has the rectifier (diode or diodes) in their conduction static average


RS   =   R1 / n2  +  R2  + RRECTIFIER

RRECTIFIER (1 diode)  ~   0,6 [V] / ICC

RRECTIFIER (2 diodes in bridge transformer)  ~   0,6 [V] / ICC

RRECTIFIER (4 diodes in bridge rectifier)  ~   2 . 0,6 [V] / ICC



the second express the efficiency  of detection hd, as the relationship among the continuous voltage that we can obtain to respect the value peak of the input sign. First we have the case of a rectifier of half wave with a filter capacitive and then we also have it for that of complete wave with filter capacitive




and then we also have it for that of complete wave with filter capacitive





The third curve of Shade that here present it shows us the ripple percentage




Power supply of complete wave with filter RLC


This source is used when we want a smaller ripple, bigger voltage stabilization and to avoid abrupt current peaks for the rectifier, overalls in the beginning. For this last reason it is necessary to choose an inductance bigger than a critical value LC that subsequently will analyze.


Let us suppose that it is


v2   =   V2pico sen t




and seeing the graphs observes that the current for the diodes is a continuous one more an alternating sine wave that takes a desfasaje . If we estimate very low the ripple to the exit, since it is what we look for and we should achieve, it is


Z   =   VZsal / VCC   =   IZsal RCC / ICC RCC   =   IZsal / ICC   <<  1

and rejecting then


i3   ~   ICC + iC     I3pico sen ( 2t +  )


I3pico   =   ( ICC2 + ICpico2 )1/2  =  [ ( VCC / RCC )2 + ( 2C VZsalpico )2 ]1/2

    =   arc tag ( ICpico / ICC )  =  arc tag ( 2C VZsalpico RCC / VCC )


On the other hand, as v3 it coincides with the form of v2, for Fourier we have


v2 ( n . 2 / 0,5 T)   =   ( 2 / T ) . 0T/2v2e - j ( n . 2 / 0,5 T) t t   =   2 V2pico /  ( 1 - 4n2 )


v2   =   ( 2V2pico/ ) - ( 4V2pico/3 ) cos 2t  - ( 4V2pico/15 ) cos 4t ...  ~


     ~    ( 2V2pico/ ) - ( 4V2pico/3 ) cos 2t   =   VCC  -  VZsalpico cos 2t


With the purpose of that the ripple circulates for the capacitor and not for the load we make


RCC   >>   1 / 2C

and also so that all the alternating is on the inductor achieving with it low magnitudes in the load


2L   >>   1 / 2C

it will allow to analyze


ICpico  =  VZsalpico 2C   ~   VZentpico / 2L   

ICC  =  VCC / RCC
and having present that the inductance will always possess a magnitude above a critical value LC so that it doesn't allow current pulses on her (and therefore also in the rectifier)


ICpico (Lc)  =  VZentpico / 2L  =  VCC / RCC
it is


LC   =  VZentpico RCC / 2 VCC   =  2 RCC / 6   ~  0,053 RCC / f


If it is interested in finding the ripple, let us have present that the alternating is attenuated by the divider reactive LC according to the transmission


VZsal / VZent   ~  ( 1 / 2C ) /  2L   =   1 / 42LC

being finally of the previous equations (the curves of Shade show this same effect)


Z   =  VZsal / VCC  ~  0,707 VZsalpico / VCC = 0,707 VZentpico / 42LCVCC ~ 0,003 / f 2LC


Until here it has not been considered the resistance of the inductor RL L, which will affect to the voltage of the load according to the simple attenuation


VCCfinal   =    VCC RCC / ( RL + RCC )  ~  2 V2pico /   ( 1 + RLGCC )

Design

Be tha data


V1  = ...   f  = ...   VCC  = ...  ICCmax  = ...   ICCmín  = ...   >   0    Zmax  = ...


We choose a bigger inductance that the critic in the worst case


L   = ...   >   0,053 VCC / f  ICCmín

Of the ripple definition


Z   =  VZsalpico / VCC
and as we saw


VZentpico =  4 V2pico / 3   ~   4 VCC / 3   ~   0,424 VCC
it is appropriate with these values to obtain to the condenser for the previous equation


C   = ...   >   VZentpico / VZsalpico 42L  ~   0,424 VCC / Zmax VCC 42L  =  0,0027 / f 2 L


Subsequently we can obtain the relationship of spires


n   =  V1 / V2  ~  1,41 V1 / V2pico  =  1,41 V1 / (  VCC / 2 )  ~  0,897 V1 / VCC   = ... 


Now, for not dissipating useless powers in the transformer and winding of the inductor, they are made


R1  = ...   <<   n2 VCC / ICCmax

R2  = ...   <<   VCC / ICCmax

RL  = ...   <<   VCC / ICCmax

It will be consequently the data for the production of the transformer


VOLTAGE OF PRIMARY

V1  = ...  (already determined precedently)


FRECUENCY


f  = ...  (already determined precedently)

RELATIONSHIP OF SPIRE

n = ...


RESISTENCE OF SECUNDARY
R2  = ...  (already determined precedently)

RESISTENCE OF PRIMARY

R1 = ...


APPARENT POWER

S1  ~  VCC ICCmax = ...

those of the inductor


INDUCTANCE


L  = ...  (already determined precedently)

RESISTENCE


RL  = ...  (already determined precedently)
and those of the bridge rectifier


IRMS  =  [ ICCmax2 + ( Zmax VCC 2C )2 ]1/2 ~ [ ICCmax2 + 158 ( Zmax VCC f C )2 ]1/2  = ...


IAVERAGE =  ICCmax  = ...


IPEAK REPETITIVE =  ICCmax + Zmax VCC 2C 21/2  ~  ICCmax + 1,78 Zmax VCC f C = ...


IPEAK TRANSITORY ~  V2pico / ( R1 / n2  +  R2 )  ~ 1,57 VCC / 2  R2  = ...


VPEAK REVERSE ~  ( VCC +  V2pico ) / 2  ~ 1,3 VCC  = ...

Connection of diodes in series


The rectifiers of common or controlled commutation (TBJ, GTB, RCS and TRIAC) they support a voltage of acceptable inverse pick VPI to the circulate for them an acceptable inverse current IINVADM. When one needs to tolerate superior voltages to this magnitude


V   >   VPI
they prepare in series like it is shown in the figure. This quantity «n» of diode-resistance, jointly considering their tolerance R, it will limit the tensions then.





It can be demonstrated that so that the system works correctly it should be that


n   >   1 +  [ ( V - VPI ) / VPI ]  ( 1 + R / R + R IINVADM / VPI ) / ( 1 - R / R )

or this other way


R   <   { [ VPI / ( 1 + R / R ) ] - [ ( V - VPI ) / ( n - 1 ) ( 1 - R / R ) ] } / IINVADM
Design


Be the data (VPI and IINVADM can be experienced simply with a high source, for example implemented with a multiplying source and a resistance in series)


V   = ...   ( or in CA sine wave  Vpico  = ... )  VPI   = ...   IINVADM  = ...   


We choose a tolerance of the resisters


R / R   = ...

and we determine with the equation the quantity of cells to put (to replace in CA sine wave to V for Vpico)

n   = ...   >   1 +  [ ( V - VPI ) / VPI ]  ( 1 + R / R + R IINVADM / VPI ) / ( 1 - R / R )

and the magnitude of the resisters


R   = ...   <   { [ VPI / ( 1 + R / R ) ] - [ ( V - VPI ) / ( n - 1 ) ( 1 - R / R ) ] } / IINVADM
verifying the power that it should tolerate


P(para CC)   =   V2 / n R   = ... 


P(para CA sinusoidal)   =   Vpico2 / 2 n R   = ... 

_________________________________________________________________________________
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