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COILS, CORES AND MAGNETS

Part HH—Reactor and Transformer Measurement and Design

frequency chokes, and audio trans-

formers come under the classifica-

tion of iron-core inductances. The
unit of inductance is the henry. A coil
has an inductance of one henry if a
current changing at the rate of one
ampere in one second induces one volt
in it.

Basically inductances are the same
as electromagnets and use cores like
the relays described in the first part of
this article. The essential difference is
that inductance is the main considera-
tion. This in turn depends on the per-
meability of the steel or alloy.

Considerable care is required in re-
winding good grade audio devices but
it is a comparatively simple matter to
rewind filter chokes and obtain approxi-
mate original characteristics. If a unit
is rewound with original size wire, with

FILTER chokes or reactors, audio

about the same number of turns, and
close attention given the size of air gap,
if any, no trouble should be encountered.
When an air gap has been used its size
is extremely important. In some cases a
change of .001 inch in air gap total
length will cause a 50 percent change
in final inductance. Generally speaking
it is better to err slightly oversize rather
than undersize.

Much valuable information on re-
winding, including a copper wire table,
appeared in articles in the Aug.-Sept.,
October, and December 1942, and the
September 1943 issues of Rap10-CRAFT.

To rewind an iron-core inductance
for other than original conditions or
to design one for some specific purpose
involves several factors.

Windings of iron-core coils carrying
only a.., have an inductance which
varies in relation to the induced flux in

SYMBOLS ~ ENGLISH UNITS C.G.S-UNITS
MME. (MAGNETO MOTIVE FORCE) |=NI=R@ (IN AMPERE TURNS} =0AnNI=R@ (IN GILBERTS)
LMME . OAnNI. £ l
RCRELUCTANCE)

N
I. FOR 1. CU. CM. OF AIR

. MM _04AnNI _0dunN F
B SAME AS ABOVE BUT FOR AIR) ‘=3'9INA=_§%% - QATNIA
PC PERMEANCE ) sne e A -
N1 BMPEEE. TURNS FOR ANV _Hpt_ ot T T
=APERELY TURNS mBAe s Ththis
NI (AMPERE TURNS FOR AIR) - ’6%#

1 (LENGTH-15-STEEL-1a-AIR

=|NCHES=CM X.3937=2.54CM

=CM=INCHES X 2,54 =39INCHES

A (AREA)

=S5Q.IN75Q.CM. X .155:6.455Q.CM,

= 5Q.CM=5Q.IN. X6.45=1555Q. IN_|

= MMF . MMF
 NORMAL INDUCTION IN ANY 2 3.9uh:§ = T Sl g
u
'MAXWELLS/SQIN @xusﬁ‘gs X 6,45 | = MAXW./SQ.CM:MAXW/SQIN X 0.1
8 (MAGNETIC INDUCTION IN AIR) -3.I9H-2-MAXWELLS PER SQ.IN -ﬂ- GAUSSES

RESTANCE INOHMS  Xp =INDUCTIVE REACTANCE IN OHMS Ky =STACKING FACTCR

_N[_B. _04nNI_B_
e =NL-B NI PER INCH LENGTH —I B ERSTEDS: GLBERTS/CH
= QFRSTEDS X2.02 -1 peR I8 LGTH X 0.495
4 CPERMEABILITY FOR ANY MATL)| = yiiyy -8
1L CFORAIR) =l 2
; 1681 0%
ua CAPPARENT AC PERMEABILITY) | =0l R
3.0NTua AR, - e 0.mNFuakK, A2
LaCAPPARENT INDUCT. IN HENRIES 062 I 1 1051 oyl ,
’ 03 Tgyhs 300K 10%zor* Ag
MISC. FORMUL AE
A, ousg‘iz‘-a 0507
La=\osr 2= f 2= OR,IF Ra IS SMALL= =2
_10%Erms =4.44Nﬁmax _I08Erms _ 10%Erms . 1Q%Erms
B L aa ANk, 108 T TaaiN | 2adiEmar - A44FABack,
2:VXi4Ra* X.=2nfla 2=IMPEDANCE IN OHMS #=CYCLES/SEC. m=3.1416 Ra:APPARENT

Symbols and equivalent English and C.G.S. units of common magnetic terms and formulas.
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a manner similar to the variation of the
d.c. permeability obtained from Fig. 1,
which appeared last month. Push-pull
output transformers in which the d.c.
effects eancel and interstage transform-
ers which have the d.c. blocked from

&= .
Fig. 5 O~ ——
9. “,
RI—=500-0hm, 100-w Li—Iron-core inductance
rheostat {under test)
R2—D.c. rheostat L2—Iron-core inductance
R3—Non-inductive shunt (like L
fle Siber I—P(c;lwer Or?’nsffﬁrmer
- eavy du
R4,5——Thwa :"'""ar MI—D.c. milliammeter
e for range needed
Cl—Il-uf {or more)

Bl—Battery, adjustable-
voltage with center
tap

paper condenser
Swl, 2—S.p.d.t. switches

their windings are examples of the sim-
ple a.c. class.

Most iron-core inductance windings
carry both a.c. and d.c. simultaneously
—a.c. superimposed on d.c. As either
of these may be varied in magnitude it
is easy to see there would be an almost
endless number of conditions, each re-
sulting in a different inductance. The
inductance rating of any device is ac-
curate only when the test conditions
are the same as the normal load condi-
tions.

Curves may be prepared showing the
a.c. flux density (Bmax-ac) versus a.c.
permeability (ps.) for various values

| of d.c. in the winding. Such curves pre-

pared from test data on a special test
core are called incremental permeability
curves.

Due to the factors explained in con-
nection with d.c. magnetization curves
as well as other factors—eddy-current
insulation, stacking factors, core shapes
and sizes, and other characteristics of
laminations — separate permeability
curves are needed for each core design.
The curves, when prepared from data
obtained directly from a definite work-
ing design, using a specified steel or
alloy, are called apparent permeability
curves (u.). They indicate the actual
permeability (not theoretical) which the
design appears to have under selected
working conditions.

An air gap is seldom used when the
inductance is used only on a.c. except
in such. devices as fluorescent lamp and
sunlamp ballasts. Lamp ballast design

(Continued on page T2)

27



CONSTANT OUTPUT AMPLIFIER
Automatic Gain Contro]l for $59.50

PA systems or transmitters.
* Increases effective output power.
* 38 db Amp. gain—b00 Ohm input
and output.

% Prevents blasting and
levels automatically.

* Fine all-around pre-amplifier.
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manual.

raises low

TELESCOPIC ANTENNA

12’ 10” extended—for receiver and trans-

mitter—74" dia. hase. threaded 52 75

base stud mounting—plated steel.

SENSITIVE HEADSETS

HS23—8000 Ohm impedance,
with ear cups, leather band,
extension cord.

52.59

DYNAMOTOR—P103A
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d.c. @ 224 Ma. output. Complete
with relays, filter, fuses.
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WRITE NOW
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brand new and guaranteed. Bargain
bulletins also mailed each month.
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Write: Dept. R.C.-23
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2-54
WHITESTONE, N. V.
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COILS, CORES AND MAGNETS
(Continued from page 27)

must permit sufficient current to flow
through the ballast for normal opera-
tion, make available enough starting
voltage, yet limit the current to a safe
value at all times.

Most inductances having d.c. in the
windings have an air gap in the mag-
netic circuit. This is to increase the
apparent permeability over that avail-
able without an air gap. The length
of air gap which results in highest
permeability and likewise highest in-
ductance for the particular current
conditions in the windings is called the
optimum air gap.

Optimum air gap may be computed
by proper application of the normal
d.c. magnetization curve and the in-
cremental permeability curve for a
given steel and core. The procedure is
rather lengthy and will not be present-
ed here. The average experimenter
would probably find it faster to use a
test circuit and obtain apparent in-
ductance, apparent permeability, and
optimum air gap simultaneously.

Circuits suitable for measuring in-
ductance, determining apparent per-
meability and optimum air gap, are
shown in Figs. 4 and 6. The Fig. 4 cir-
cuit is suitable for low and zero direct
current. D.c. saturation of the trans-
former core is eliminated with the Fig.
5 circuit but the cireuit has the disad-
vantage of requiring two similar chokes.

In either circuit the d.c. is first ad-
justed to the normal working condition.
R4 and R5, Fig. 5, must be so adjusted
that no d.c. flows through R3. This can
be determined by a d.c. v.t. voltmeter
across R3. Sufficient a.c. voltage is ap-
plied to give the working values across
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L1, as measured by an-ac. v.t. volt-
meter, Connecting it across R3 will
give the voltage drop due to the a.c.
flowing through LI1.

The optimum air gap may now be
found by varying the gap length until
the a.c. voltage across R38 reaches a
minimum with the ae. voltage and
direct current across L1 held to the
working values. For Fig. 5 the air gaps
must be the same for L1 and L2 and
both varied simultaneously.

INDUCTANCE FORMULAS

The apparent inductance of L1 in
henries will be L. = ,159 X

(R, E.)*
- R.2
Ex?
7 —

where R3 = d.c. resistance of voltmeter
shunt in ohms, E.= a.c. volts across
L1, Ex=a.c. volts across R3, f—a.c. test
frequency, and R.—=apparent resistance
of L1. (R. consists.of the d.c. resistance
plus resistance effects due to core losses.

The latter are very low in good-grade laminated cores.)
Usually R, is small compared to the inductive reactance of o
the coil and could be omitted, simplifying the formula to | fi'

169 R, E,

fEr

Because L1 and L2, Fig. 5, are in parallel, L. must be mul-

tiplied by 2 to obtain the value for L1.

Knowing L., the apparent permeability can be found to be

10°1 L.
=

3.19 N°'A K.

where 1 — length of core in inches, A
square inches, N = number of turns in coil, and K,

ing factor (usually about .9).

The a.c. flux density in lines per square inch will be |

10° E.n,
Bu =
4 44fNAK,

where E:n. = a.c. voltage across L1 and other symbols as

before.

To simplify calculations for average cores an Iron-Core
Inductance Design Chart has been constructed in Fig. 6.
The symbols at the scale headings may be identified from
the previous text. The multiplying scales X, X: X. are

used to obtain readings.

The Inductance Design Chart is constructed to automat- |

ically allow a .9 lamination stacking

and the B.. and TC. turning curves were prepared from
data on 29 gauge (.014-inch) steel laminations having prop-
erties similar to those on Curve 1, Fig. 1, which appeared
last month. These properties were taken as an average. Some
steels will give more inductance, others less. Now points and
turning curves may be constructed for steels and cores with
other characteristics. The balance of the chart would re- |

main unchanged.

The previous B.. formula may be used to assist in select-
ing one of the B.. turning curves or Oq. points on the chart.

Values of B.. may be less than 65 for
somne interstage a.f. transformers and
smoothing chokes while for some output
transformers and swinging or input
chokes it may go well beyond 3500,
Turning curve TC. is used to obtain air
gap length for all values of B,..

USE OF THE CHART

Assume we have a core like Fig. 3
(last month’s issue) to be used for a
smoothing choke. The core is 1 inch wide
and stacked 1 inch high using 29 gauge
(.014-inch) steel laminations, making
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|
area of core in
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i
[

|

factor. Qu. points,
Minneapoiis 5,

| the area (A) = 1.0 square inch. The

entire core has uniforin cross-sectional
area (each of the two outer legs have
one-half the area of the center leg).
The core length (average length around
each window as indicated in Fig. 3)
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will be 80 ma d.c. in the windings. The
problem is to find the maximum in-
ductance, L., in henries, and the opti-
mum air gap, l., in inches.

The more turns the greater the in-
ductance but wire size, allowable re-
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(Continued from page 73)

sistance and window area will limit the
number. Wire size and coil dissipation
watts. may be computed as outlined for
electromagnets. If the coil resistance is
too great larger wire may be used.

A fairly reliable method is to select
a wire, allowing 750 to 1250 circular |

mils per ampere. A wire table and a
few computations will show that 3500
turns, No. 32 enamel wire, would go in
the window and have a resistance of
about 256 ohms.

This information may now be applied |

to the Inductance Design Chart, Fig. 6.
The column headed *“Order of Scales”
indicates the function of certain groups
of scales and under each function ‘s
given the order in which the scales are
read at each setting of a straightedge.
Mistakes will be prevented by writing
down the reading for each scale.

Using the group of scales “FOR D.C.”
set a straightedge from 3500 {no. of
turns) on N to 80 (no. of milliamperes)
on M.A. and read 3.23 on X,; From 3.23
on Xi to 6 {(lgth. of core, inches) on
{» and read 4.02 on X.; Next from 6

(core lgth.) on I, to 1 {core area, sq. in.) |
on A and read 8.78 on Xi:; From the|

8.78 on X: to 3500 (no. of turns) on
N and read 7.38 on X,; From 4.02 pre-
viously obtained on X. over the B..
650 curve and read 222 on n.; From 222
on i. to 7.38 previously obtained on X,
and read 13 on L., the apparent in-
ductance in henries.

The optimum ajr gap may be found
by using the “AIR GAP” group of
scales. From 4.02 found above for X,
over the point of the TC. curve read 170
on it.; From 170 on . to 6 (core lgth.)

* on l. and read .0153 on ., the total
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length of the air gap, in inches. (See
Fig. 3.)

Although not a part of the problem
let us suppose there is no d.c. in the
windings. What will be the inductance?
For this we use the “NO D.C.” group
of scales. To proceed set a straightedge
from G (lgth. of core) on . to 1 (area
of core) on A and read 8.78 on Xi;
IFrom 8.78 on Xi to 8500 (no. of turns)
on N read 7.38 on X;; From 7.38 on

de

X; t0 ——— point on p. and read 37

Bac = 65 {
on L., the apparent inductance in hen-
ries. If B.. is nearer 650 than 65, the [
L. would be over 60 henries. No air
gap would be used. Instead, the lami-
nations would be interleaved as on any
transformer. i

TRANSFORMERS, SWINGING CHOKES !

Audio frequency and output trans-
formers are designed mainly on the
basis of inductance of the primary
winding, making the design problems
similar to chokes except that secondary
windings follow regular transformer
procedure for immpedance and turns
ratios needed. Inductance values range
from 2 to 50 henries and more, the
higher inductance values giving better
low frequency response, especially when
used with tubes having high plate re-
sistance.

Swinging chokes are often desirable
when the load varies widely. The main
difference hetween a swinging and
smoothing choke is that the former,
though designed for high d.c, has a
shorter than optimum air gap. This
shortened air gap lowers the inductance
considerably at high d.c. loads and in-
creases it at low d.c. loads when com-
pared to a choke designed for high d.c.
only.

The Fig. 6 chart is useful only for
rough design of a swinging choke. Select
the wire for the maximum d.c. ma and
assume some value for turns to fit on
the core. From the chart determine L,
at maximum d.e. and multiply the value
found by 0.58 for the actual minimum
swinging choke inductance. If this fig-
ure proves to be unsuitable try again
using new vzlues for turns or core.

After suitable values have been found
for the maximum d.c. use all of them
except that in place of the maximum
d.c. ma substitute a value only 10 per-
cent of the maximum d.c. ma and find
the length of optimum air gap from
the chart. Multiply the length as found
by 2.6 to find the total air gap length
to use for the swinging choke. Induc-
tance ratio between maximum and 10
percent of maximum d.e. will be about
4 to 1. A shorter air gap would increase
the ratio but would decrease the in-
ductance at maximum d.c.

A handy reference chart of conversion |
factors and formulas (see page 27) |
shows some unusual variations. Un-
identified symbols are explained in the
text.

Acknowledgement is given Allegheny ;
Ludlum Steel Corporation, United
States Steel Corporation, and American
Rolling Mill Company for information
on electrical steels. |

Length 104 IL)
Width €% in.,
Helght 3 tn.

Shipping Weight)

29% Pounds

The Most Efficient Auto Radio Tuning
Cable-Servicing Machine in Use Today!

Compietely redesigned to meet MODERN Servicing requizements. the NEW JFD REMOTE.O-CABLE RE-
PLACER s a vital necestity in the workshop of every auto-radio scrviceman

1 SWEDGES SHAFTING TO PREVENT UNRAVELLING.
2. CUTS SHAFTING TO EXACT LENGTH )
3. REPLACES OLD FITTINGS ON NEW SHAFTING
'4. CASING GROOVE MAKES CUTTING EASY

LE. DM

Look at Our Specials at Lower Prices!
Aircraft Receivers

ANL F-‘(Tl 1IN

6 tubes: 3 _129K7. 1—128R7. D

11246, 1—12K8: Tange 190.550 ynamotor

[i:é (st(:iI!g frlel(];cdespired) ’gg\i"{%: 3 A
mc; <. 1. ower H -

mfd. by Western Elec,. etc. Ship. DM 2

Wl(')t;? lgbq(’:‘rlzl.nal cost £90.23.
Y R L ——
(Complete with tubes) $IZ'95

Army Aircraft

Receivers
BC-946-B

Broadezet band from 520 to 1500
Ke, tubo completnent: 3—12SK7T.
1—128R7, 1--12M6. |—I2K8; can
be used with 24 V dynamotor sup-
plying A & B power; can be con-
ferted 10 AC or DC or 32 volt scts;
3 stages of IF used,

Uses 3 gang condcnser. $] 2 95

ach
Complete with tubes and schematic.

Signal Corps Radio Receiver

BC-341-B 2 tube set—1—128Q7; 1—12C8;
original price $18.75; ship. wt.
5 lbs, Your COST (less tubes) .. $3'95

To match receiver; in-
put 28VDC; output 260
V. original cost $33.95.
Ship. wt. 5 lbs

Your Cost ea. $495
Lotaof 10 ea. 3 QF

312" B. E. AUTOMATIC TIME METER SUPREME FOUNDATION METER
60 cyele 110 volts. This time meter conslsts of
a CY(‘“’“'CHU driven by 5; étt‘glﬂ‘hrflm ‘;{M?l‘—;f’m’lﬂﬁ 40 Micro Amps. 20,000 ohms per volt.
motor. Conneet 1o an electric circult: wlll -
m,a,umu el lmﬂmg? the m,,:m'eh, m; hﬁuf' 4%” square. Manufactured by Supreme
tenths hours or minutes that the eircu ] Instruments Corp.
in use. Ship. wi 6 1bs. list §17.00.
YOUR COST .....ooviinnnnnnnn. $495 | P R ———— $895

plus shipping charges

DEPT. D

—>ARROW SALES, INC.<—

59 W. HUBBARD ST., CHICAGO 10, ILL.
Telephone: SUperior 5575
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