Transfernerr zzign Data
High-Frequency, Powdered-Core Inductor
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A. Paraesability:

"Intrinsic permeabili®y" is the permeability of Ehe 'mdgnetic

particles. . *

"Compoglte permeability,” "ring-core permeability," or Jjust
‘permeability" describe the permeability of a core-~formed in a ring
and wound with a coil,

The relationship between ring-core permeability and intrinsic
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permeability is*éiven by:
u= (ui)P (1

u=ring-core permesbility
ulsintrinsic permeability & o=
p="packing factor" or fraction of the core volume cccupied by mag-
netic material

"Effective permeability" is used to describe the permeability of
a cylindrical oxr slug-type core. It is much lower than ring core
permeavility of the same demagnetizing effects at the ends of the
cylinder. '

{See chart on page 3~-51)
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B. Inductance:
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The inductance of a toreidal coll on a ring core is given Dby:

2-.
L -f‘-gm[ AY + A(u«l.)] X 10" *nenry 2)

N=number of turns of coil
d=mean diameter of core in cn.
A'=mean cross section of the coil at right angles. to.the flux paths.

. 2
in cm

A=mcross-~gection of core in cm2

u=ring-core permeablility of the coils
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The inductance of z coil om & eylindriecal, or slug-type core,

the coil is the same length as the core, is:
L=~ Lo“[l + (%%-)2 (Ue-lﬂ - (3
= inductance of coil without iron

radivs of iron core

rean radius of the c¢oil

effective permeabilisy (Table 2-35)

£

If the core is longer than the coil, the eflective permeability

increased t0 a value:

LTE%]
Ue? « Ue v

=« length of core

10 = length of coil

C.

Core-Logs and 4

Core loss is of interest in high-frequency inductors primarily

becauge of its effect on 4, or quantity factor,.

The addition of the core increases not only inductance but alsco

resistance,

due

R
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The increase of resistance of a toroidal coil on a ring core d

to core loss is:

Ram [(aBm + ¢)f + ef%}uh ohms

resistance added to coil by core
hyatercsis loss coeffidient
residual loss coe:ficient

frequency Hz

Bn = peak a-¢ flux density in za=msses

u = ring-core periteability

b = inductance of the coil uwith the core in henries
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Tha resigtesnen nddad %0 o aoil by a eylindricnl core:
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Refer to eguatiousn
p = loas factor ol coro nmatorial

The lonzs fastor must be determined by mensurements upon & gample of the

particular core mabterial.

D. Fermeablility Tuning:
"Permeability tuning® or "variable reinctance tuning" is the

L)

system of adjusbting a cireuit 50 resonance ab a desired {requency by
movingxﬁn iron cove in or owut of the coil.

Buch a2 zysten is ldeal for a circuit tuned to some fixed fre-
quensy, such as an intermediste-fiequeney transformer circuit.

E. Incremental pormeability tuning:

Ineremental permeability tuning is o systom of adjusting the
rgsonant frequency of a clweuit by varyiang the permesdility of the
iren core without any mechanical mobion.

Ihe permeabllity is waried by means of a-2 magnetizetion on the

sane pringiple as the saturable reactor.

Increase of a~e mapgnetizabion causes & decrease of inductence and
akd an incuvaase of frequency.
By proper design, the inersase of frogquency from some nininun

value may bs made proportiornsl 1o bthe direst current



A. Copacitance Fornula:
Tne general expression for the capacitance of a aultiplate

capacitor is

¢ = o885k SN=L)S. (1)

S » area in souarc cm. of a moving plate vverlapping a fixed plate.

i

T = separabion of plates in cm.
¥ = dielectric comstant
T = Botal nuuber of similar plates {at ternate piates being connecied

in paralisl.)

B. Tmprepgnated Paper Capacltors

Construction: In the roll constructien the resulbant capacitance
iy twice that obtained with z prrallsl-piate construction since both
sides of the fcil ere aectlve.

The exhended fuil construction gives the lowest value of self-
jnductance since all turns—-are bonlel together; the congtruction

approaches that of a stacked parallel plate capacitor,

Memperature: Increasing the ambient temperature acove 40 degrees
centigrale regiires voltage derating for an eguivalent 1ife expech-
ancy at the high temperatures, and that the derating factors are a
function of capacitor slze.

Copacitor size can Dest be evaluated for d-c ratings in terms of
energy content in watt-soconds.
Jabt-second = HCE
¢ = capacitance in microfarads
¥ « dec voltage in kilovolts.

Generally spearing, the life expettancy of a capacitor without

derating is halved for each 10 degres cent. rise in tempersivure.
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4. Audio Transforners

Pripary inductance must be high, leskage inductance and
disbributed and other capacitancies must be low.

The equivalent'network oflan inequalisy ratio ﬁra;aformer may
pe referred to either the primary or seeondary circuit, provided the
correct transformsiions are made.

To reflect the secondary constants to the primary, it is neces-
sary to multiply all the impedances on the secondary side by the
ratios LIILQ.

With iron-core transformers, tne retio L;/L, is for all practi-
cal purposes equal to the square of the tuwrns ratio.

Voltages are transformed by the juvrns ratio, currents by the in-
verse of the turns ratio,

If Np = primary turans, and N, = gecondary turna, the secondary

constants referred to the primary, are:

Cr oy o (Hpy2 |
L' = ()7 I ot = (3R)%r,
0 o 32y T < .
E2 = (ﬂg) BE 12. - (IRJ;)IE (1)

N3 2
]
Co’ = (ﬁ;) Cs
Np+\2
L’ = (g%) rl
After these conversions are msde, the translormer becomes a unity-

ratio transformer and can be replsced by an equivalent direct—-con=

nected network.

B, Compiete Equivalent Network: G4
Referred to primary

B, = generator voltage (uEg in case of a vacuum tube)

1
rp =» generator resistance
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ql = distributed capacitance of primary winding, plus any aﬂditionll.
capacitance across that winding. ' ~

ry o the primary winding resistance )

e * core-los.; resistance

rs' = secondary winding resistance referred to the primary,

C,* = the dlatributed capacitance of the secondary winding, plus
additional capacitances across that winding within the transformer
iteelf, referred 4o the primary.

ry’ = load resistance roferred to prinary

o' % losd capacitance referred to primary

52' » load voltage referred to primary.

"Additional capacitancea™ spoken of may be capacitances of
windings to ground, or cspacitances between windings.

( ) A single-ended ivterstaze transformor might have its primary on
the inside, next to the core, and the secondary oh the outalde wound
over the primary.

If the primary finish is connacted to +B and the secondary start
is connected to ground, there is no a-~c potential between adjecent
surfaces of the two windings, so that capacitance beitween the two
windings has no effect. However, the primary start layer of the wirde
igg has capacitance to the core. This capacitance 1s an additional
capacitance across the primary winding. Similarly, the secoﬁﬁ&ry
I%g;g%iwpuld go to grid and any capacitnnee‘exiating between the
finish layer of the secondary and the core or case would bd af ad-
ditional capacitance acroéa the aecondary winding.

If the connections to both windings are reveréed, makiﬁ@?%mi—

mary start +B, and secondary fihish ground, those capacitances would
have no aeffect. The capacitances between windings, however, would
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" be of great importance. This would be somewhat equivalent to an

additionsl capacitance across the winding having the most 1urns.

C. @~implified Network at Iow Prequencies _

At low frequencles, leakage inductance and all capacitances
¢an be ignored,

The ‘low frequercy characteristics of any audio transformer are
determined by the primary inductance and tue various resistances of

the networks.

Let ra = rp + Ty » Tbos a4 rL’ s then lumped resistance, R,

is egual to:

R =« rarbdre
rarb + rerc + rbre (2)

If the imput voltage E, is multiplied by the sttenuation of the
1

resistance network, the new value for input voltage is:

EaTLTCE (3)
I‘arB + rare + 1‘51‘0

The voltage output and the phase shift, at low frequencies, of all

audio transformers are given by this simple circuit:

At some frequency, 211£L1 = R, mo that ETTle/R = 1, Let this
partieular frequency be called rl. This is the low frequency at
which the rasponse hﬁa dropped 3db from its value in the middle
frequency range. At twice this frequency, averl/R-- 2; at three
times,vaillln « 3. At any frequency, f, 211f11/R - r/fl.

In order to determine the proper velue of primary inductance,

it is necessary to know what drop in secondary voitage is permis-



2}
sible; at some specified low frequency, as compared with the
voltage in the middle fiequency range.

4i8 a first approximation (1 db drop) the winding and core-

loss resigtance may be neslected so;

R : rp I‘L ’
e S
L waLl R
y X
Y : B == o

D. Simplified Network at Middle Frequencies
In this frequency range, all reactance elements become neg-
ligible, and the transformer reduces to a natwork of resistances.

In this range, phase shift is practically zero. This is the "flat"

e —————

portion of the frequency-response characteristic, the secondary

voltege being:

' Ns rL re
By = AR W+ T e

and the efficiency of the transformer being to a very close approx-

imation:
rL'

Efficiency = -
ry o+ r2' + L'+ (%éhj (2r1 + 2r2' + rL*?

E. Simplified Network at High Frecuencies

The shunting elfect of the primary inductance is negligible at
high frequencies.

If rp or rlL' is,less than 20,000 ohns, C, may be neglecteds
Most audio transformers fall in this class.

If rp® or rL is less than 20,000 ohms._02 may be neglected.
This 18 usually true of output transformers; it is seldom true of
input or interstage transformers.

The core~less resistance, rc, has little effect at high



Irequencies beyond reducing the secondary velbage by a few perceat.

Core loss drop = 100

percent.
re

re
1+3% * Fa

Negleeting primary inductance, primary capacitance, and core

loss, at high frequencies the term 2(1uk)L1 is called the leakage
inductance referrcd to the primary and is usually designated by Le:

Le = 2(1-k)L1



IV=il
OQUTFUT TRANSIORMERS
A. Turns Ratio
Turns ratio is determined by the plate load recommended for
the tube, or tubes by the manufacture, rL®, and the actual load

resistance, rlL

N
E’E ",/ % (1)

B, Frequency Respounse

Frequency response is controlled by the amount of primary
inductance at low frequencies, and the amount of leakage induct-
ance, at high frequencies.

The voltage output and phase shift of all output transformers
at high frequéncies are given by the following simple circuit,
provided that the load is resistive and that the load and reflected
load are less than 20,000 chms.

()

E = rL* El

Tp + Ty + T, + TLT

s

Rexp+ny + ra'_+ rL? o |
At some fraquency, 2wfle = R, 80 that 2w£Le/ﬁ = 1, fa is the
.high frequency at which the response has dropped 3db from its value
' in the middle frequency range. At three times thiaAfrequencyg £,
2yle/R = f/fza
To determine the allowable amount of leakage inductance, it is

necsssary to know what drop im secondary voltage is permissible, at
some specified high frequency, as compared with the voltage in the



Middle frequency range.

Then: Rarp+ Py +Tp' + 1L’

Le » STRE8 3
C. Efficiency:
Efficiency: Maximum efficiency is obtained for a given
physlcal size and core material, when:
copper loss - core loss
primary copper loss = secondary copper loss
If the Secondary resistance, r5, is made 5% of the load re-
sistance, rL; if the primary resistance, rye iz made 5% of the
reflected load resistance, rlL°, and if the core-loss resistance,

r¢, is made 10 times the reflected losd, rL‘, the logses will be
very nearly balanced and the efficiency will be 82%.

D. Push pull Output Transformera, Class A,

The generator resistance, rp, is twice the plate resistance
of the tube.

The reflected load, rL', is the recommended tube load, plate

to plate.

E. Push pull Output Iransformers, Class B

One half of the primary works during one half-cycle, the other
during the other half eycle. It is important that the two halves
of the primary be closely coupled, so that the cross-over from one
to the other may be accomplished smoothly and without transients.
It is also important that each half of the primary be coupled
equally to the secondary. Otherwise, the high frequency response
of the transformer will not be the same for both half-cycles, which
will produce even harmonics in the output wave. In general leak-

age inductance should be kept to the minimum between the windings
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of a class B output trsusformer, even beyond the requirerents of

frequency respounge.

F. The lModulation Trausformer

The Xodulation tragasformer is an output transformer, which has
as its load the plate of a class ¢ radio frequency amplifier, The
gudio frequency senerator is usuglly a class B amplifier, (refer

to above discussion)
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With either type of transformer, the load congists of the
grid circuit of a vacuum tube, and its impedance is very high (ie,
megohin. )s It is often no more than the input capacitance of the
tube, although'aometimes a reqistor of 100K to S00K ohms is
placed across the secondary, also. with such a high impedance
load, the secondary winding cspacitance is not negligible. The
secondary winding capscitance and the load capacltance, together
largely control the high freguency response and the turns ratio of

the transformer.

A. PFrequency Characteristics, Low and Middle Frequencies: Refer
to Audio=Transformers. ' |
If there is no resistance load on the secondary; that is, if

rl' = oo, the equations become simpler:

Ns re
Bwih X T
Efficiency = O (1)

B, Frequéncy Characteristics, High Frequencies. (If there is no
secondary resistive load.)

It is tonvenient to express the peiformance of this circuit
by means of a family of curves, plotting voltage ratio vs. frequency.
It is seen that the shape of the desired frequenscy-response charac—
teriktic determines the value of a constant, N, while the position
of the frequency band determines the value of the resonant frequency,

fo.

Then: . : - v
V/’%% N(xp + Ty + 15 )

(2)

d

1
: / LeC’ 2nfo

From these equations the value of the leakage inductance, Le,
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and of the reficcled secondary capecitances, €', vhich will give

the desired frequency reospons« can be caloulated.

C. The Turms Ratio

The turns ratic of an input or lnterstage transformer is deter-
nined by the mecouiary wapanibance; that is, by the sum of the sece
ondary winding capacitance, 02“ and the input capacitance of the
tube, CL. Call this total capacitance ¢, and let ius value re-
flected t0o the primsry be G'. The correct value of C' ia found from
the frequency regpouse reguirements. Then:

?‘\53 . Sk XA )
w YV (3)

The ivput capacitance of the tube is glven by the formula:
(a3~
CL = Cgf + Ogp(Hu)
Cgf = static capacitance between grid and filament

Cgp = static capacitence tevweon grid and plate

» = affective amplification of tule.
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Driver Transiorpers

The driver transformer couples the plate of the driver itube,

to the gride of the Class B smplifier.

A. Turns Ratio:
The turns ratio of the transformer must be selected so that the
change in load resistance has a negligible effect on drive tube dis-

tortion, a condition which is setisfied by using a step-down ratio.

B. Frequency Respoense
Primary inductance should be high enough to give the desired

jlow frequency response with rL = D. Ieakage lnductence should be

. . . PO ~  peakx grid volbage swlng
iow enough %0 give the desired risponse when ri " Seni Frid surrent SWing

C. Ieskage resctsnca

Leakage reactance in the driver transformer is a reactance in
geries with the grids of vne Clasz I 2lage.

Leakage between prinary and secondary must be kept to a mine-
imum.

it is also important that each half of the secondary be coupled
equally t& the primary: otherwise, the secondary voltage, at high
frequencies, will not be the same for both half-cycles, which will
produce even harmonics in the grid-voltage wave.

Capacitances of the windings and input capacitancé of the tubes
have very little effect upon Ifrequency response or distorticn. How-
ever, they may resonate with the leakage veactance at some super-
audible frequency to cause parasitic oscillations of the B Class
stage. Such oscillations cannot be suppressed by means of series
grid resistors without increasing distortion. It is desirable, there-

fore, to shunt a small capacitance from each Cless B grid to ground.



