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Generalities


We differentiated the terminology resistance, inductance and capacitance, of those of resistor, inductor and capacitor. Second they indicate imperfections given by the combination of first. 


The equivalent circuit for an inductor in general is the one of the following figure, where resistance R is practically the ohmic one of the wire to DC RCC added to that one takes place by effect to skinCA.2, not deigning the one that of losses of heat by the ferromagnetic nucleus; capacitance C will be it by addition of the loops; and finally inductance L by geometry and nucleus. 


This assembly will determine an inductor in the rank of frequencies until 0 given by effective the Lef and Ref until certain frequency of elf-oscillation 0 and where one will behave like a condenser. 





The graphs say


Z   =   ( R + sL ) // ( 1 / sC )   =   Ref + s Lef

Ref   =   R / [ ( 1 -  )2 + ( RC)2 ]   ~   R / ( 1 -  )2

Lef   =   [ L ( 1 -  ) - R2C ] / [ ( 1 -  )2 + ( RC)2 ]   ~   L / ( 1 -  )


   =   (  / 0 )2

0   =   ( LC )-1/2

Q   =   L / R  =  L ( CA2 + RCC/ )


Qef   =   Lef / Ref  =   Q ( 1 -  )

Q- meter


In order to measure the components of the inductor the use of the Q-meter is common. This factor of reactive merit is the relation between the powers reactive and activates of the device, and for syntonies series or parallel its magnitude agrees with the overcurrent or overvoltage, respectively, in its resistive component. 


In the following figure is its basic implementation where the Vg amplitude is always the same one for any frequency, and where also the frequency will be able to be read, to the capacitance pattern CP and the factor of effective merit Qef (obtained of the overvalue by the voltage ratio between the one of capacitor CP and the one of the generator vg).





The measurement method is based on which generally the measured Qef to one ef anyone is always very great : Qef >> 1, and therefore in these conditions one is fulfilled


VC   =   Igmax / ef CP   =   Vg / Refef CP   =   Vg / Qefmax
and if we applied Thevenin


VgTH   =   Vg ( R + sL ) / ( R + sL ) // ( 1/sC )   =   K ( s2 + s. 2  0 + 02 )


K   =   Vg L C


0   =   ( LC )-1/2

   =   R / 2 ( L / C )1/2



that not to affect the calculations one will be due to work far from the capacitiva zone (or resonant), it is to say with the condition


   <<   0

then, varying and CP we arrived at a resonance anyone detecting a maximum VC 


ef1   =   [ L ( C + Cp1 ) ]-1/2   = ...

Cp1   = ...


Qef1max  = ...
and if we repeated for n times ( n  > < 1 )


ef2   =   n ef1   =   [ L ( C + Cp2 ) ]-1/2   = ...


Cp2   = ...


Qef2max  = ...
we will be able then to find


C   =   ( n2 Cp2 - Cp1) ( 1 - n2 )-1   = ...

L   =   [ ef12 ( C + Cp1 ) ]-1   = ...
and now


Lef1   =   ( 1 - ef12 L C )-1   = ...


Lef2   =   ( 1 - ef22 L C )-1   = ...

Ref1   =   ef1 Lef1 /  Qef1max  = ...

Ref2   =   ef2 Lef2 /  Qef2max  = ...
and as it is


R   =   RCC + CA2   =   Ref ( 1 - 2 L C )2 

finally


CA   =  [ Ref1 ( 1 - ef12 L C )2 -  Ref2 ( 1 - ef22 L C )2 ] / ef12 ( 1 - n2 )  = ...

RCC   =  Ref1 ( 1 - ef12 L C )2 -  CA ef12  = ...
Design of inductors

Oneloop


Be the data


L   = ... 


We adopted a diameter of the inductor


D   = ... 

and from the abacus we obtain his wire


Ø   =   ( Ø/D) D    = ... 




Solenoidal onelayer


Be the data


Lef   =   L   = ...   fmax   = ...   fmin   = ...   Qefmin   = ...





We adopted a format of the inductor


0,3   <   ( l/D )  = ...  <   4


D  = ...


l  =  ( l/D ) D  = ...

and from the abacus we obtain distributed capacitance C


   =  106 C / D  = ...




if now we remember the explained thing previously


max   <   0,2 0  =   0,2 ( LC )-1/2
we can to verify the inductive zone


10-3 /  L fmax2   = ...  >   D

and the reactive factor


7,5 . D .  fmin1/2  = ...  >   Qefmin




From the equation of Wheeler expressed in the abacus, is the amount of together loops (Ø/paso ~ 1, it is to say enameled wire)


N   = ...




and of there the wire


Ø   =   (Ø/paso) l / N   ~  l / N   = ...


This design has been made for max< 0,2 0, but it can be modified for greater values of frequency, with the exception of which the equation of the Qef would not be fulfilled satisfactorily.

Toroidal onelayer


Be tha data


L   = ... 





We adopted a format of the inductor


M   = ... 


D   = ... 

being for together loops (Ø/paso ~ 1, it is to say enameled wire)


l   ~    M  = ...


N   =   1260 . { L / [ M - ( M2 - D2 )1/2 ]-1 }1/2   = ... 


Ø   ~    M / N  = ...

Solenoidal multilayer


Be tha data


L   = ... 





We adopted a format of the inductor


D   = ...  >   l   = ... 


0,1 . l  <   e   = ...   <   5 . l

and of the abacus


U   = ...


N   =   225 . [ L / ( D + e ) U ]1/2   = ... 


Ø   ~   ( e.l / 4.N )1/2   = ... 




Design of inductors with nucleus of ferrite


To all the inducers with nucleus of air when introducing to them ferrite its Lef increases, but its Qef will diminish by the losses of Foucault.




Thus, for all the seen cases, when putting to them a magnetic nucleus the final value is 


LFINAL  =   ref . L


ref  >   1

where ref is permeability relative effective (or toroidal permeability, that for the air it is ref = 1) that it changes with the position of the nucleus within the coil, like also with the material implemented in its manufacture. 

We said that commonly to ref is specified it in the leaves of data like toroidal permeability. This is thus because in geometry toro the nucleus is not run nor has air.

In most of the designs, due to the great variety of existing ferrite materials and of which it is not had catalogues, it is the most usual experimentation to obtain its characteristics. For this the inductance is measurement with and without nucleus, and ref of the previous equation is obtained. 


It can resort to the following approximated equation to obtain the final inductance 


efFINAL  ~   ref . (DN/D)2 (lN/l)1/3



Shield to solenoidal multilayer inductors

When a shield to an inductance with or without ferrite, they will appear second losses by Foucault due to the undesirable currents that will circulate around the body of this shield — electrically it is equivalent this to another resistance in parallel. 




For the case that we are seeing the final total inductance will be given by 


LFINALtotal  =   F . LFINAL  =   F . ref . L





In order to adopt the thickness of the shield present is due to have the frequency of work and, therefore, the penetration  that it has the external electromagnetic radiation. In order to find this value we reasoned of the way that follows. We suppose that the wave front has the polarized form of its electric field 


Eyen  =   Epico e j (t - x)



and considering two of the equations of Maxwell in the vacuum  (~ air)


 X H   =    E  +    E / t


 X E   =   -  H / t

we obtain


- Hzsal / x   =    Eysal  +    Eysal / t


Eysal / x   =   -  Hzsal / t

and therefore


 ( Hzsal / x ) / t   =   -  Eysal / t  +    2Eysal / t2   =   - -1 2Eysal / x2   


2Eysal / x2  -  2Eysal   =   0

being


  =   [  ( j  -  ) ]1/2   ~   ( j  )1/2   =   ( 1 + j ) (  / 2)1/2 


  =   conductivity

  =   0 r = magnetic permeability (of the air X the relative one of the material to the air)

  =   0 r = electric impermeability (of the air X the relative one of the material to the air)
and it determines the following equation that satisfies to the wave 


Eysal  =  Eysalpico(0) e -x  =  Eyenpico(0) e -x  =  Eyenpico(0) e x(/2)1/2 e jx(/2)1/2




Next, without considering the introduced phase


0Eysalx   =   Eyenpico(0) / 

01/Eysalx   ~   0,63 Eyenpico(0) / 
and as 63 % are a reasonable percentage, he is usual to define to the penetration like this magnitude (to remember that to 98 % they are ~ 3) where one assumes concentrated the interferente energy


   =   ( 2 /  )1/2 

being typical values for copper and aluminum


Cu   =   6600 ( f )1/2 


Al   =   8300 ( f )1/2 

Design


Be the data


f   = ...  (or better the minimum value of work)


LFINALtotal  = ...   LFINAL  = ...   l   = ...   D   = ...

therefore of the abacus


DB   =   (DB/D) . D   = ...

and if it is adopted, for example aluminum, we obtain necessary the minimum thickness 


e   = ...   >   8300 / ( f )1/2
Choke coil of radio frequency


The intuctors thus designed offer a great inductive reactance with respect to the rest of the circuit. Also usually they make like syntonies taking advantage of the own distributed capacitance, although at the moment it has been let implement this position. In the following figures are these three possible effects. 
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