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LIST OF SYMBOLS

Ac effective iron area, cm

Aw wire area, cm2

AWG Anierican wire gauge

Bac alternating current flux density, teslas
Bdc direct current flux density, teslas

Bm operating flux density, teslas

Al alternating current, amps

E voltage (RMS)

Eng. energy, watt seconds

f frequency, Hz

F fringing flux factor

H magnetizing force ampturns/cm, (1 amp turn/cm = 0.79 oersted)
I current (RMS)

J current density amps/<:m2

K window utilization factor

L

inductance, henry

lg gap, cm

Im magnetic path, cm

m meters

pm core material permeability .
po absolute permeability (4 7 X 10'7)
pr relative permeability

N turns

¢ flux, webers

Wa window area

WLOSS core loss, watts

*Symbols marked with a prime (such as H') are mks (meter kilogram second)
units,
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ABSTRACT

Although filter inductor designers have routinely tended to
specify molypermalloy powder cores for use in high frequency
power converters and pulse-width modulated switching regulators,
there are significant idvantages in specifying C cores and cut
toroids fabricated from grain oriented silicon steels which should
not be overlooked. Such steel cores can develop flux densities of
1.6 tesla, with useful linearity to 1.2 tesla, whereas molyperm-
alloy cores carrying d.c. current have useful flux density capabil-
ities only to about 0.3 tesla. The use of silicon steel cores thus
makes it possible to design more compact cores, and therefore
inductors of reduced volume, or conversely to provide greater

load capacity in inductors of a given volume.

The convenient availability in the literature of molypermalloy
core manufacturers of tables, nomographs and exz.nples which
have simplificd the designer's task for such cores, is now matched
by the availability in this paper of information which makes it pos-
sible to obtain quick and close approximations of significant param-
eters such as size, weight and temperature rise for silicon steel
cores for breadboarding. Graphs, nomographs and tables are
presented for this purpose, but more complete mathematical deri-
vations of some of the important parameters are also included for

a more rigorous treatment.
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I. INTRODUCTION

Designers have routinely tended to specify molypermalloy powder cores
for filter inductors used in high frequency power converters and pulse-width
modulated (PWM) switching regulators because of the conveniern. availability
(in the literature of the manufacturers of such core materials) of tables, nomo-
graphs and examples which simplify the design task. Such solutions do not nec-

essarily result in inductors optimized for size and weight.

There are significant advantages in effecting such optimizations by use of
C cores and cut toroids fabricated from grain-oriented silicon steel, despite
such disadvantages as the need for banding material and the use of banding tools,
and the need for gapping material, mounting brackets and winding mandrels.
Grain-oriented silicon steels provide greater flexibility in design of high fre-
quency inductors because the air gap can be adjusted to any desired width and
because the relative permeability is high even at high dc flux density. Su-’
steels can develop flux densities of 1.6 tesla, with useful linearity to 1.2 4.
Molypermalloy cores carrying dc current have useful flux density capabilities

only to about 0.3 tesla,

As shown in Figure 1 (page 10) molypermalloy powder cores operating
with a dc bias of 0.3 tesla, have only about 80% of original inductance with very
rapid falloff at higher densities. In contrast, the steel core has approximately
four times the useful flux density capability while retaining 99% of original induc-

tance at 1.2 tesla.

II. FUNDAMENTAL CONSIDERATIONS

The design of a linear reactor depends upon three inter-relzated factors.
1. Desired inductance

2. Direct current

3. Alternating current Al

With the required inductance established, the designer must determine
the maximum values for Bdc and for Bac which will not produce magnetic
saturation, and must make tradeoffs which will yield the highest inductance for

a given volume. The core material which is chosen dictates the maximum flux
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density which can be tolerated for a given design.

for different core materials is shown in Ta

Magnetic saturation values
ble 1, below.

Table 1. Magnetic Material
. Flux Density
Material Type (te s1a)
Magnesil 3% Si, 97% Fe 1.6
Orthonal 50% Ni, 50% Fe 1.5
48 Alloy  48% Ni, 50% Fe 1.2
Permalloy 79% Ni, 17% Fe, 4% Mo 0.75

It will be remembered that maximum
in the manner shown in Figure 2 (page 11).

of Figure 3, however as follows:

flux density depends upor Bdc + Bac

It may be calculated for the inductor

Bms:x = Bde + Bac tesla
0.47NIdc x 10”2
Bde = — = tesla (N
1g + —
nr
ol -4
Bac = Q:47N2 ;‘“110 tesla (2)
lg + —
pr
Combining Eqgs. (1) and (2)
Al -4
B _ G.47NIde x 1074 9-4"NZ x 10
max = T + T
lg + — 1g +—=
g ur pr
0. 4rN(ldc +%5) x 1074
Bmax = Im tesla (3)
lg + —
pr
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The inductance of an iron-core inductor carrying dc and having an air

gap may be expressed as:

_0.4r N Acx10®

1m
1 + —
g S

L

henry (4)

Inductance is dependent on the effective length of the magnetic path which
is the sum of the air gap width (lg) and the ratio of core mean length to relative

permeability (lm/ur).

When the core air gap (lg) is large compared to relative permeability
(im/ur), because of the high relative permeability (ur) variations in pr do not
substantially affect the total effective magnetic path length or the inductance.

The inductance equation then reduces to:

- 0.417N2 Ac x 10-8

L 1g

henry (5)

Final determination of the air gap requires consideration of the effect
of fringing flux which is a function of gap dimension, the shape of the pole
faces and the shape, size and location of the winding. Its net effect is to

shorten the air gap.

Fringing flux decreases the total reluctance of the magnetic path and
therefore increases the inductance to a value greater than that calculated from
equation (5). Fringing flux is a larger percentage of the total for larger gaps.

The increase of inductance due to fringing is

L' lg 2G
—— = 1 + - log € —=— (6)

Equation (6) is plotted in Figure 3 (page 12). Because of fringing flux

the inductance equation becomes:

JPL Technical Memorandum 33-697



- 0.41rN2AcF X 10.8

lg

L henry

L (7)
F = I

Relative permeability may be calculated from the foliowing expression:

= pm v
B = T+ um Ig/lm (8

pm = core material permeability

Curves which have been plotted for values of 1g/lm from 0 to 0. 005, are
shown in Figure 4 (page 13). The relative design permeabiiity performance
in a butt core joint structure for material permeabilities ranging from 100 to
1,000,000, are shown. Relative permeability variation as a function of core

geometry is shown in the curves plotted in Figure 5 (page 14).

After establishing the required inductance and the dc bias current
which will be encountered, core dimensions can be determined. This requires
consideration of the energy handling capability which is controlled by the WaAc
product of the available core “vindow area Wa in cm2 and the effective cross
sectional area Ac of the core in cmz. The energy handling capability of a core

is derived from

2
L‘-ZL- = Energy {(9)
and
. 2(E 4 4
VaAc = E‘ﬁ%—x 10 = cm (10)*

*Derivation of equation (10) is shown in Appendix A.
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in which: Bm = maximum flux density Bdc + Bac

The ac flux density is usually very low, being on the order of 0,05 tesla.)
J = current density amps/cm

(A current density of 200 amp/c:m2 corresponds to 1000 cir. mil/amp.)

K = window utilization factor™
iI1. DESIGN EXAMPLE

For a typical design example, assume:

I. Irductance 0.015 henrys
II. dc current 2 amp.

III. ac current AI 0.1 amp

1 J = 400 a.mp/cm2
2. Bm = 1.6 tesla

3. K= 0.4

4. = ZOKHz

The order of procedure would then be as follows:

Step No. 1 — Calculate the energy involved from equation (9):

Eng = LIZ/Z

2
Eng = 0.015 (2.0)"/2
Eng = 0.030 watt second

Step No. 2 — Crlcnulate the Wa Ac product from equation (10):

4
2(Eng) x 10 cm4

WaAc B T K

4
_ 2(0.030)x 10 _ 600 _ 4
WaAc = —LT—L—__(I. Y (400) (0.4) - 355G ° 2.34 cm

*L erivation of the window utilization factor is shown in Appendix B.
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A core which has a product area closest to the calculated value is the size
AL-8 which is described in Table 10 (page 46). That size core has a WaAc
product of 2. 61 cm4 (Ac = 0.807 effective cm2 x Wa = 2.871 cmz). {It should
be remembered tha. the practical winding area of a bobbin is about 75% of the

available Wa window area.)

Step No. 3 — Determine the wire size from:

Wire size = Idc
amp. /cm
Wir s'ze"—L-OOOS 2b
ire si = 200 - - cm  bare

Select the wire size from Table 2 (page 21) as follows:
. Co 2
wire size = 0.005 cm

AWG No. 20

0.0n5188 cm2 bare

Step No. 4 — Calculate the number of turns

#20 /cm2

Number of turns /cmz x K (fill factor)

1

2 _ _
Number of turns/cm” = 5005188 * 0.40 = 77.10

Wax 77.10 = 221%*

Total number of turns

*The bobbin of a test specimen prepared in connection with this e:.ample was
fully wound with 236 turns.
«
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Step No. 5 — The air gap dimension is determined from equation (5) by

solving for lg as follows:

L, = 9-47N”Ac x 107"
8 L

1.26 z -8
Lo o L:26 (236)°(0. 807) x 10
g (0.015)
lg = 0.0377 cm

Gap spacing is usually maintained by inserting Kraft paper. However this paper
is available only in mil thicknesses. Since lg has been determined in cm, it

is necessary to convert as follows:
cm x 0.3937 = mils (inch system)
sabstituti- g values: 0.0377 x 0.3937 = 0.0148 inch

An available size of paper is the 7 mil sheet. Two thicknesses would therefore

be used.

Tl e effect of fringing flux*upon inductance can now be considered. As
mentioned, the data shown in Figure 3 (page 12) was developed to show
graphicall - “he effect of gap length lg variation on fringing flux. In order
to use ‘i3 data, the ratio of lg to window length G must be determined. For

the 4..-8 size, Table 10 (page 46) shows a G value of 3. 015 cm. Therefore:

lg _ 0.0377

C =3015 - 0.0125

and accordiigly
G __ 3.015 _
;;Ac 0. 898 3.36

The fringing flux factor F may be stated:

Ll
T

F = = 1.1

*Table 3 was developed to show how various gap lengths influence the fringing
flux.
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The recalculated number of turns can be determined by rewriting

N = lg L
0.4rAcF x 10~8

and by inserting the known values:

N = \[ (0.0377)(0.015) &= 225 turns
(1.26)(0.807)(1.1) x 10~

equation 7 as:

(In a test sample made to prove out this example, the measured inductance was
found to be 0.015 hy).

Step No. 6 — Calculate the ac and dc flux density from equation (3)
Al

0. 4xN(Ide + 59 x 10-4
Bmax =
g
_ (1.26)(225)(2 + 0.05) x 1074
Bmax {0.0377)
Bmax = 1. 53 tesla

Step No. 7 — Calculate core loss. This may be determined from
Figure 6 (page 15) in conjunction with equation (11), below:

T -
o.4nN%_=x 10°4

B =
ac g tesla (11)

Inserting values:

-4
1.26{225)(0. 05)10
{0.0377) tesla

Bac

Bac 0.0374 tesla

The ac core loss for this value can be found by reference to the nomograph
shown in Figure 6 (page 15)* which is based upon solutions of the following
expression for various operating frequencies: '

_ WATTS

-3
LOSS - Kgm Wy x 10

w

¥Curves for core losses for other cores such as 4 mil silicon and 2 mil 50-50
nickel iron are shown in Figures 7 and 8 (pages 16 and 17).
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wt’ the core weight, for the AL-8 size core is given in Table 10 (page 46) as

59.3 grams. Hence:

W, ogs = 6% 59.3x107% = 0.355 Watts
Having executed the foregoing steps, the designer can quickly determine
the size and weight of the fully wound inductor from the nomographs in Figure 9
(page 18), which compares LIZ/Z with Wa Ac, and in Figure 10A (page 19), which

compares LI2 /2 with weight. These nomographs have been generated from the

expression:
4
- 2(Eng)x 10
Wa Ac Bm T K

but are subject to the constraints:

Bm = 1.6T

I =200 A/Cm?

K =0.4

The nomograph in Figure 10B was generated from the Forty ""C" core in

this article to show how the weight increases with the Wa Ac product.

After core size has been determined approximately, it may be desirable
to reshuffle the constraints somewhat in order to match the parameters of

commercially available cores.
This completes the explanation of the example.

Much useful information which the designer needs can only be found in a
scattered variety of texts and other literature. To make this information more
conveniently available, helpful data has been gathered together and reproduced
on the pages following those devoted to the example and its explanation
(Tables 2-44, Figs. 1 - 58). The index has been prepared to make it possible

for the designer to locate specific pertinent information more readily.
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MOLYPERNALLOY POWDER CORES

INDUCTANCE vs dc BIAS
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Figure 1. Inductance vs dc bias
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At

Figure 2. Flux Density Versus Idc + Al
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Figure 3. Increase of reactor inductance with flux fringing at the gap.
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CORE LOSS watts/kilogram
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CONVERSION DATA FOR WIRE SIZES FROM #10 to #44

Columns A and B in Table 2 give the bare area in the commonly used
circular mils notation and in the metric equivalent for each wire size. Col-
umn C gives the equivalent resistance in microhms/centimeter (uQ/cm or
10'6Q/cm. ). Columns D to L relate to coated wires showing the effect of insu-

lation on size and the number of turns and the total weight in grams/cenHiraeter.

The total resistance for a given winding may be calculated by multiplying
the MLT (mean length/turn) of the winding in centimeters, by the microhms/cm

for the appropriate wire size, and the total number of turns. Thus
Q
R = (MLT)- (L;Tn_ . (N)

The weight of the copper in a given winding may be calculated by multi-
plying the MLT by the grams/cm (column M) and by the total number of turns,
Thus

wt = (MLT) -(83) - (V)

Turn per square inch and turns per square cm are based on 60% wire fill factor,

JPL Technical Memorandum 33-697



POOR,

5 ¢

<

b

rh

3
é
e
<
<
Y
x
O
i
I
e
(¥
C
=
g
g
o«
a
Wi
X

Table 2.

Wire Table

STy deta from REA Magaetic Wire Datalator (Ref. 1)
St sstation meass tha entry ia the columa must be multiplied by 1073,

JPL Technical Memorandum 33-697

Awg Bare Area Resistance Heavy Symthetics }
Se | cmtio™? N Aren piameter | turmsber T v T owen
{fostnate b)) Com-Mik om at 2 cm‘!lo" CiR.MIA] o j Inch™ i RTINSt cm” l tach? grotenm x
| PRI A
10 Sl.al 16384 32,70 55.9 11046 0. 207 d.i0es1 3.7 { “3 ! 10,7 : 23, 20 L L
1t 4. 08 8220 41,37 “u.5 8798 0.238 0.04a38 4.1 3 6.7 ,} 13,48 ; NI U 1 1 1TEa
12 33.08 6529 52,00 15, nd 022 0,213 {o.083% 3.%5 ’ LR ] ’ to, 5} . R S
13 2o 26 5184 65. 04 28. 30 5610 0.1%0 0.0742 S.47 ;134 A 21,15 (3 1ie 4 \ B2 AnT
14 20.82 4109 82,80 22.95 4556 0.171  jo.ueTs r.04 ‘ 14.% 2e. 14 ; banee § B 1AT
15 1o.51 31260 104.3 18.37 3624 - 0. 153 0.0602 e, 7T L L : $Z.ve 210, (L0 £ ¥4
1s 13.07 2583 131.8 14.73 2905 0137 0.0539 .32 ‘! LI g ¢T3 ' 2027 Bo1ind
17 10, 38 2052 1o5.8 11,08 2323 0.122 0.0482 ax ‘; 20.8 3 P L 33t.2 (A2 3 ;
18 8228 1624 209.5 3,326 1857 0.109 |0.0431 a3 | 3.2 6l 43 14,9 .E 6, 07472 !
19 6.531 1289 2e3.0 T.539 1490 0.0980 10.038¢ 1019 § 25.9 79,85 515.7 -; f, 45940
20 5.188 1024 3203 b, 065 1197 0.087° 0.0340 i .37 8.2 GH el . 04720
21 4. 110 si2.3 418.9 4.837 954.8 0.0785 [0.030° 12,75 1 32.4 124.0 T8 003757 ?
22 3.243 640. 1 533.4 3.857 Tol.7 0.0731 {0.027n 14,25 E In 2 155.5 toos 0, 12503 ;
23 2.538 510.8 666.0 3.13% 620.0 0.0632 {0.0249 15.82 i 40.2 12).3 1234 H 02372 !
24 2. 047 404.0 842.1 " 2,514 497.3 0.0566 {0,022} 17,0} i .S 238, 6 1589 3 0. 6144
25 1.623 320.4 1062.0 2.002 396.0 0.050% (0.01% 19.80{ 50.3 209, 7 1433 a.0t4en
26 1.280 252.8 1345.0 1. 60} 31e.8 0.0452 {0.0178 22.42 LLI4 374, 2414 a. 0t =5 i
27 1.021 20i.0 1687.0 1.313 259.2 0.040° j0.0161 24.44 1 2.1 450,90 2947 0. 00945
28 0, 8046 158.8 2142.7 1. 0515 207.3 0.0306 {0.0144 } 27.32) oo 4 570.6 Ins0 0. 00747
29 0.6470 127.7 2664.3 0.8%48 169.0 0.0330 i0.0130 30,271 7o 70i.0 4527 8. 00002
( 30 0.5067 * 100.0 31402.2 0.6785 134.5 0.029%4 (0.0116- | 33.93 1 Bu.2 884,33 5703 0, a0472
n 0,4013 T9.21} 42%4.0 0,.5%96 110.2 0.0267 {0,0105 317.48 1 95,21 1072 v314 0.003172
32 0.3242 64.00 | 5314.9 0. 4550 90,25 | 0.0241 [0.0(95 41.45 | 105.3 | 131e 8488 0.00%05
33 0.2554 50. 41 ’ ©748.6 0. 3662 72.25] 0.0216 [0.0085 | 46.33 [ 117.7 ] lol8 10565 0.00241
34 0.2011 39.69) 8572.8 0. 2863 56.25] 0.0191 [0.0C75 S2.48 [ 133.3 ¢ 2095 13512 a, 00189
35 0. 1589 31.36] 10849 0. 2268 44.89} 0.0170 {0.0067 S8.77T | 149.3 | 2645 17060 0.00150
36 06,1266 25.00] 13608 0.1813 36.00§ 0.0152 |0,0060 ~5.62 ) 1o6. 7| 3309 21343 0.060119
37 0.1026 20,251 16801 0.i538 30,25 | 0.0140 |0.00%% 71.571181.8] 3901 28161 0.000°77
18 0,08107 16,00} 21266 0.1207 24.01 ] 0.0124 10.0049 | 80,35 204.1 ] 4971 32062 0.900773
3o Q. 06207 12.25] 27775 0.0932 | 18,49 | 0.0109 |0.0043 01,87} 232.6 | 6437 41518 0.000593
40 0.04869 . 61] 35400 0.0723 14.44 | 0,00% ]0.0038 | 103.6 | 263,2 | 8298 53522 0.000%64
41 0.03972 7.84( 43405 0, 0584 11.56 ] 0,00803}0.0034 | 115.7 | 294.1 | 1027} 662¢ 0 0.000379
<2 0.03166 6.25] 54429 0. 04558 9.00{ 0.00762/0.0030 | 131.2 } 333.3 [131s} 8490} 0. 000299
43 0, 02452 4.84) 70308 0.03L8)Y 7.29 ) 0.00685]/0.0027 | 145.8 | 370.4 | 18201 10507¢ 3. 000233
L] 0.0202 4.00{ 25072 0.03165 6.25] 0.0003%]9.6025 | 157.4 | 300.0 (18957 122272 0. 000195
A B c ] E ¥ G H 1 3 X L

21



TEMPERATURE CORRECTION FACTORS

The values shown in Fig. 11 are based upon a correction factor of 1.0 at
20°C. For other temperatures the effect upon wire resistance can be calculated
by multiplying the resistance value for the wire size shown in column C of

Table 2 by the appropriate correction factor shcwn on the graph. Thus,
Corrected Resistance = pf2/cm (at 20°C) x L.

100°C Y /
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Fig. 11, Resistance Correction Factor ({, Zeta) for wire tempcrature
between -50° and 100°C
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TEMPERATURE RISE VERSUS SURFACE AREA DISSIPATION DUE TO
POWER LOSS, Figure 12

Power loss (core loss + winding loss) in the inductors produces a tem-
perature rise which must be controlled to prevent damage or failure. Heat
is dissipated from the inductor surfaces by a combination of radiation and
convection and is dependent upon total exposed surface area. Dissipation is

expressed in watts per square centimeter of surface area.

Temperature rise caunot be predicted with complete precision. Many
different techniques are described in the literature for the computation

temperature rise.

A method for temperature rise computation used by inductor designers
is reasonably accurate for open core and coil construction. It is based on
the assumptions that core and coil losses are lumped together and that this

energy is dissipated through the concumferential area of the coil and core.

The nomograph of Fig. 12 (data obtained from Ref. 4) shows temper-
ature rise versus power loss (core loss + copper loss) expressed in watts
per square centimeter of surface area with heat transfer by combined

radiation and convection.

The nomograph is based on heat transfer from a vertical surface by
45 percent convection and 55 percent radiation with an emissivity of 0. 95 in
a 25°C room at sea level. The heat loss from the upper side of a flat
horizontal surface by convection is on the order of 15 to 20 percent more than
than from the vertical surface. On the under side the heat loss depends on

the area and conductivity of the surface.
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MAXIMUM PERMISSIBLE CURRENT DENSITY FOR A 25°C AND 50°C RISE

The curves shown in Fig. 13A is based upon a maximum permissible
temperature of 25°C, with a surface dissipation of 0.03 watts./cm2 and a 50°C
rise with a surface dissipation of 0.07 watts/cmz. The data is based upon an
assumption that all the losses are copper. The surface areas have been cal-

culated and are listed as At in the "C" core specification.

Power dissipated as heat in the Inductor is:
A (cmz) . watts/cmz =W
t (copper)

Total number of turns

Wa(cm?) - N/ecm® = N

Resistance of the winding
R=N.Q2/cm*+ MLT
Current capability of the winding
w
I= /WC7R

Current density I/c:':x2 = I/wire area (cmz)

n
—
x

If the designer is designing with efficiency in mind Fig. 13B will be a
useful aid. Knowing the total watts loss and maximum heat rise this nomograph
will give the inductor surface area, knowing this area go back to Fig. 13A

and pick out the current density of the wire.

The curve shown in Fig. 14 shows how the area increases with WaAc
product., With the curves in Fig. 13A, B and the curve in Fig. 14 the designer

will have a good idea for the current density.

The current densities are useful in picking out a first choice of wire size
for a given current requirement but should not be regarded as final. Instead, the

regulation, orother performance criteria should governthe final choice of wire size.

The surface area At for the C cores were computed from Fig. 15. Desig-

nation for terms are taken from tables of C cores in this text.
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COMPUTATION OF
MEAN TURN LENGTH

P L

)| *

e L e

-
- -

N\

(MLT); COIL 1 — L (MLT), COIL 2

MLT), = 2r+20) + As+2D) +Tay

(MLTY, = Ar+ 29 + As+24) + 1r(2al+az>
OR

(MLT)) = (MLT)1 + (a1+a2+2c\
OR

(MLT), = 2e+20) + 2As+2) +77 [ay+agr. 2,y + 2]

WHERE:

ay = BUILD OF WINDING #1
a, = BUILD OF WINDING #2
2, = BUILD OF WINDING 4n
c = THICKNESS OF INSULATION BETWEEN a, & ap

Fig. 16, Computation of Mean Turn Length
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COMMON WAVESHAPES
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Table 4, Conversion Factors

Area

To convert

Circular Mils to Square Inches
Circular Mils to Square Mils
Circular Mils to Square Millimeters
Square Centimeters to Square Inches
Square Feet to Square Meters
Square Tnches to Circular Mils
Square Inches to Square Centimeters
Square Inches to Square Millimeters
Square Inches to Square Mils

Square Meters to Square Feet
Square Millimeters to Square Irches
Square Millimeters to Circular Mils
Square Mils to Circular Mils

Square Mils to Square Inches

Multiply By
7
1
4

7.854 x 10~
7.854 x 10
5.066 x 10~
1.55 x 107}
9.29 x 10'2
1.273 x 106
6.4516
6.4516 x 102
1.000 x 10°
1.0764 x 10!
1.55 x 1073
1.973 x 10°
1.2732

1.00 x 10‘6

Length

Centimeters to Inches
Centimeters to Feet
Feet to Centimeters
Feet to Meters

Inches to Centimeters
Inches to Meters
Inches to Millimeters
Inches to Mils
Kilometers to Miles
Meters to Feet
Meters to Inches
Meters to Yards

Miles to Kilometers

3.937 x 10~}

3.281 x 1072
3.048 x 10}
3.048 x 10°!
2.54

2.54 x 10”2
2.54 x 10}
1.00 x 103
6.214 x 107}
3. 2808
3.937 x 10!
1.0936
1.6039
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Table 4, (contd)

Liength (contd)
To convert Multiply By

Millimeters to Inches 3.937 x 10°2
Millimeters to Mils 3.937 x 10!
Mils to Inches 1.00 x 10”3
Mils to Mililimeters 2.54 x 1072
Yards to Meters 9.144 x 1671

Weight (wt)
Qunces to Pounds 6.25 x 10.2
Ounces to Grams 2.8349 x 10l
Pounds to Ounces 1.6 x 10l
Pounds to Grams 4.5359 x 102
Grams to Ounces 3.527 x 10’2
Grams to Pounds 2.205 x 10'3
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C CORE AND BOBBIN MAGNETIC AND DIMENSIONAL
SPECIFICATION

A. Definitions for Tables 5 througlj 44,

Tables 5 through 44 show magnetic and dimensional specifications for

forty C cores. Information given is listed by line as:

1 Manufacture and part number
2  Units
3 Ratio of the window area over the iron area
4 Product of the window area times the iron area
5 Window area Wa gross
6 Iron area Ac effective
7 Mean magnetic path length Im
8 Core weight of silicon steel multiplied by the stacking factor
9 Copper weight single bobbin
10 Mean length turn
11  Ratio of G dimension divided by the square root of the iron area (Ac)
12 Ratio of the Wa eff/Wa
13 Inductor overall surface area At

14-17 "C" core dimensions
18 Bobbin manufacturer and part number* **
19 Bobbin inside winding length **
20 Bobbin inside build **
21 Bobbin winding area length times build o

22 Bracket manufacturer and part number!

B. Nomographs for 40 C core sizes

Figures 19 through 58 are nomographs for 40 different '"C'" cores. The
nomographs display resistance, number of turns, and wire size at a fill factor
of KZ = 0.60. These nomographs are included to provide a close approximation

for breadboarding purposes.

*:The fir st number in front of the part number indicates the number of bobbins.
Dorco Electronics, 15533 Vermont Ave., Paramount, Calif. 90723,
THallmark Metals, 610 West Foothill Blvd., Glendora, Calif. 91740.
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Table 5. "C" Core AL-2

*C* CORE AL-2
ENGLISH METRIC
Va/ke 332
WaxAc 0.0073 in? 0303 md
Wa 0156 in2 1006 on’ |
Ac (effective) 0.041 in? 0.264 om?
Im 2233 in 5918 cm
CORE WT 0.027 Ib 12.23 grams
COPPER WT 0371 ) 16.87 grams
* MLT FULLWOUND 1.76 in 447 an
G/VAc : 3.08
Wa (effactive) Wa 0.835
At 3.0 in?_ 24.56 cm 2
D 0.250 in 0.635 om
E 0.187 in 0474 com
F 0.250 in 0.635 cm
G 0.625 in 1.587 cm
BOBBIN DORCO ELECTRONICS # 1-L-2
LENGTH 0580 in 1473 m
BUILD 0225  in 0.571 cm
* Wa (effective) 0130 inZ 0.541 mz
BRACKET HALLMARK METALS # 04-010-03
—~ F - ok Al | Ao}

|
T T

E

1 1
— 4 _

\—) / oL A / Z!D_L

BRACKET *BO BB"?RACKET

JPL Technical Memorandum 33-697



Sy ‘IINVISISI

8 3 8 o 2 s
R R I I T
s
e N
AN
g\
N
\\
AN
A\,
N
2
s
-
. N\,
e

s::%ssssasaaa&ﬁ
3218 WM

JPL Technical Memorandum 33-697

Nomograph for ''C' core AL- 2

Figure 19,



38

Table 6. "C" Core AL-3
"C" CORE AL3
ENGLISH METRIC
Wa/Ac 2.3
Wa x Ac 00109 it 0.453 em?
Wa 0186 in? 1.006 2
Ac (effective) 0.063 E _0.406 cm2
Im 2233 in 5671 cm
CORE WT 0.035 b 16.13 grams
COPPER WT 0.042 b 19.25 grams
* MLT FULLWOUND 201 in 5.10 cm
G/VAc 249
Wa (effective) /Wa 0.835
AT 4.2 in 21.58 cm?2
D 0375 in 0.952 cm
3 0.187 in 0.474 cm
F 0.250 in 0.635 cm
G 0.625 in 1.587 cm
BOBBIN DORCO ELECTRONICS # 1-L-3
LENGTH 0.580 in 1473 cm
BUILD 0.225 in 0.571 cm
* Wa (effective) 0130 in2 0.841 em?
BRACKET HALLMARK METALS # 06-010-03
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Figure 20. Nomograph for ""C' core AL-3
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Table 7. "C" Core AL-5

“C" CORE AL-5
ENGLISH METRIC
Wa/Ac 233
Wax Ac 0018 in 0767 cn® |
Wa 0219 in? 148 cn? |
Ac (effective) 0.0836 inf 0.539 em?2
im 2933 in 745 cm
CORE WT 00596 b 21.0 orams
COPPER WT 00643 b 2.2 grams
* MLT FULLWOUND 213 in 542 cm
G/VAc 3.026
Wa (effective) /Wa 0.843
AT 5.90 in2 38.1 cm?
D 0375  in 0.952 P
E 0.250 in 0.635 om
F 0250  in 0.635 cm
G 0875  in 2.22 cm
BOBBIN DORCO ELECTRONICS # 1-L-5
LENGTH 0830 in 211 cm
BUILD 0225  in 0.571 cm
* Wa (effective) 0.188_ in? 1.20 em?
BRACKET HALLMARK METALS * 0601208 |
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Nomograph for '""C'" core AL-5

Figure 21.
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Table 8. "C" Core AL-6

"C" CORE AL6
ENGLISH METRIC
Wa/Ac 1.75
Wa x Ac 0.0206 _ in? 0.857 am? |
Wa 0219 _in 1423 cm? |
Ac (effective) o inl 0716 _cm?2
Im 2933 in 745 cm
CORE WT 0 "809 ib 36.6 grams
COPPER WT 00713 b 326 grams
* MLT _FULLWOUND 2.38 in 6.06 em
G/VAc 263
Wa (sffective) Wa 0.843
At 6.50 in2 419 cm2
D 0.500 in 1.27 cm
i E 0.25  in 0.635 om
F 0250 in 0.635 cm
(5 0.875 in 2.22 cm
BOBBIN DORCO ELECTRONICS * 1.L.6
" ENGTH 0.830 i 211 cm
BUILD 0225  in 0.571 cm
* Wa (effective) 0.186 ind 1.20 cm®
BRACKET HALLMARK METALS # 08:012-04
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Nomograph for '"C' core AL-6

Figure 22.
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Table 9. "C' Core AL-124

"C" CORE AL-124
ENGLISH METRIC
Wa/Ac 2.50
Wax Ac 0.0391 ind 1.626 cm?
Wa 038 2 | 2@ en? |
Ac (effective) 0111 in> 0.116_ cm2
im 3.308 in 8.40 cm
CORE WT 0.0916 b 415 Grams
COPPER WT 0.115 ib 52.13 grams
* MLT FULLWOUND 2.58 in 5.56 cra
G/VAc 3.00
Wa {er1fective) /Wa 0.876
AT 803 in? 51.79 cm 2
C 0.500 in 1.27 cm
E 0.250 in 0.635 cm
F . 0.313 in 0.795 cm
G 1.00 “ 2.54 cm
BOBBIN DORCO ELECTRONICS # 1-L-124 )
LENGTH 0.955 in 2425 cm
BUILD 0.288 in - 0.731 cm
* Wa (effective) 0218 _in 1.77 cm®
BRACKET HALLMARK METALS # 08013-04 B
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Nomograph for '"C' core AL-124

Figure 23,
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Table 10. "C* Core AL-8

"C" CORE AL-8
ENGLISH METRIC
Wa/Ac 3.16
Wa x Ac 00628 in® 2617 e |
Wa QM5 i’ 280 o’ |
Ac (effective) 0125 in? 0.806 em?
[ 4198 in 10.66 cm
CORE WT 0131 b 59.3 grams
COPPER WT 01 n 81.7 grams
* MLT FULLWOUND 27 in 1.06 cm
G/VAc 3.3
Wa (effective) Wa 0.898
Ay 129 in? 728 om?
0 0375 in 0.952 an
| E 0375 in 0.952 cm
F 0375 in 0.352 cm
G 1187 in 3.015 cm
BOBEIN DORCO ELECTRONICS *+ 1.8
LENGTH 1.142  in 29 om
BUILD 035 0.889 cm
* Wa (effective} 0399 in2 _2.578 cmz
BRACKET HALLMARK METALS #  06-102-06
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Figure 24. Nomograph for ""C" core AL-8
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Table 11. "C' Core AL-9
"C* CORE AL-9
ENGLISH METRIC
Wa/Ac 237
Wa x Ac 00837 in? 348 od
wa aus w2 | 2mn  o? |
Ac (effective) 0167 E 1072 em?
Im 4.198 in 10.66 cm
CORE WT 0I17s b 793 grams
COPPER WT 019% b 89.0 grams
* MLT FULLWOUND 3.02 in 7.69 om
G/VAc 299
Wa (effoctive) /Wa _ 0.898
AT 1215 in% 7839 cm?2
1] 0.500 in 1.27 m
E 0.375 in 0.952 cm
F 0.375 in 0.952 cm
G 1.187  in 3.015 cm
BOBRIN DORCO ELECTRONICS # 1-L-9
LENGTH 1.142  in 290 om
BUILD 0350  in_ 0.889 an__ |
* Wa (effective) 0399 inz 2578 mZ
BRACKET HALLMARK METALS # 0810206 |
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Nomograph for "C'" core AL-9

Figure 25,

49



50

Table 12. "C'" Core AL-10

"C" CORE AL-10
ENGLISH METRIC
Wa/Ac 1.90
Wa x Ac 0104  in 4.326 em?
Wa 0.445 in 2870 com? ‘
Ac (effective) 0208 i 1342 om?
Im 4.198 in 10.66 cm
CORE WT 0.216 Ib 9.8 grams
COPPER WT 0.213 b 9%.4 grams
* MLT FULLWOUND 327 i 833 cm
G/VAc 2603
Wa (effective) Wa _ 0.898
AT 1301 in? 9 cm?
D 0.625 in 1.587 cm
E 0375 in 0.952 cm
 ___F 0375__in 0952  om
G 1.187 in 3.015 cm
BOBBIN DORCO ELECTRONICS # 1-L-10
LENGTH 1.142 in 290 cm
BUILD 0350 in cm
* Wa (effective) 0399 nl 2578 eme
BRACKET HALLMARK METALS # (010-10206
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Nomograph for ""C'" core AL-10

Figure 26,
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Table 13. "C'" Core AL-1

2

"C" CORE AL-12
ENGLISH METRIC
Wa/Ac 2.57
Wa x Ac 0123 in? 5117 cm?
Wa 0.53 _ in’ 3.63 cn?_|
Ac (effective) 0.195 in2 126 cm2
{m 4.523 in 11.5 cm
CORE WT 0.217 b 98.3 grams
COPPER WT 0295 b 133.7 grams
* MLT FULLWOUND 3.54 in 9.00 cm
G/VAc 2.55
Wa (effective) /Wa 0.911
Ay 1561 in® 100.7 cm?
D 0500 in 1.27 cm
E 0437 in 1 cm
F 0.500 in 1.27 cm
G 1125 in 2857 cm
BOBBIN DORCO ELECTRONICS # 1-L-12
LENGTH 1.08 in 274 cm
BUILD 0475  in 1.2 cm
* Wa (effective) 0.513 in? 331 cm®
BRACKET HALLMARK METALS #  08-i06-07
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Table 14. "“"C' Core AL-135
“C" CORE AL-135
ENGLISH METRIC
Wa/Ac 289
Wa x Ac 0.139  in? 578 em?
Wa 0633 in? 408 o
Ac (effective) 0.195 in? 1.26 cm?2
Im 4.648 in 11.8 cm
CORE WT 0223 b 101 grams
COPPER WT 0312 b 159 grams
* MLT FULLWGUND 3.4 in 9.50 cm
G/YAc 2.55
Wa (effective) /Wa 0.915
At 17.04 in2 110 cm?
D 0.500 in 1.27 cm
E 0.437 in 1.1 cm
F 0.562 in 1.43 cm
G 1.125 in 2.857 cm
BOBBIN DORCO ELECTRONICS #  1-L-135
LENGTH 1.08 in 274 cm
BUILD 0.537 in 1.36 cm
* Wa (effective) 0.579 _in° 3.74 em?
BRACKET HALLMARK METALS # 08-107-07
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Nomograph for '""C' core AL-135

Figure 28.
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Table 15. "C' Core AL-78

"C" CORE AL-78
ENGLISH METRIC
Wa/Ac 3.00
Wa x Ac 0.165  in? 6.86 em?
Wa 0.703 ‘mz 453 E
Ac (effective) 0208 in° 1.34 em?2
im 5.891  in 14.96 cm
CORE WT 0311 b 141 grams
COPPER WT 0331 b 150 grams
* MLT FULLWOUND .2 in 8.15 om
G/VAc 493
Wa (effective) /Wa _ 0.905
At 16.99 inZ 109.6 cm 2
D 0.750 in 1.91 cm
E 0313  in 0.795  cm
F 0313 in 0.795 cm
G 2.250 in 5.715 cm
BOBBIN DORCO ELECTRONICS # 1-L-78
LENGTH 2205  in 5.60 cm
BUILD 0288 in 0731 om |
* Wa (effective) 0.635 in® 4.10 cm®
BRACKET HALLMARK METALS #  012-015-05
— D
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Table 16. "C' Core AL-18

“C' CORE AL-18
ENGLISH METRIC
Wa/Ac 5.08
Wa x Ac 0214 in? 8.03 em? |
Wa 0977 in? §389  om?
Ac (effective) 0.194  in 1251 em?
Im 5648  in 14.34 cm
CORE WT 0.211 Ib 123 grams
COPPER WT 0.575 Ib __ 260 grams
* MLT FULLWOUND 2.95 in 151 cm
G/VAc _ 3.502
Wa (effective) Nia 0.890
Ay 2193 in2 141.50 cm 2
D 0.500 in 1.27 cm
E 0437 in .11 em
F 0625 in 1.587 cm
G 1.562 in 3.922 cm
BOBBIN DORCO ELECTRONICS # 1-L-18
LENGTH 1487 in 3802 cm
BUILD 0.590 in 1.498 cm
* Wa (effective) _ 0.880 inz 5.697 cmr
BRACKET HALLMARK METALS #  (08-168-07
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Table 17. "C" Core AL-15

“C* CORE AL-15
ENGLISH METRIC
Wa/Ac 250
Wa x Ac 0.45  in? 10.2 m?
Wa 0781 in? 5037 cm? |
Ac (effective) 0279 il 180 om?
Im 5.588 in 14.2 cm
CCRE WT 0388 b 176 grams
COPPER WT 0448 b 2 grams
* MLT FULLWOUND 397 in 10.08 cm
G/VAc 296
Wa (effactive) /Wa 0.891
AT 000 in? 1259 om?
D 0625 in 1,587 _ om
£ 0.500 in 1.27 om
F 0.509 in 1.27 cm
G 1.562 in 3.967 om
BOBBIN DORCO ELECTRONICS #  1-L-15
LENGTH 1497 in 3.80 cit,
BUILD 0.465 in 1.18 om
* Wa (effective) 06%  in2 489 cm?
BRACKET HALLMARK METALS *  010-10808
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Table 18. "C'" Core AL-16

"C" CORE AL-16
ENGLISH METRIC
Wa/Ac 208
Wa x Ac 0293  in? 12.2 am? |
Wa 0.781 _ in% 5037 cm?
Ac (effective) 034  in 215 m?
Im 5.588 in 14.2 cm
CORE WT 0462 b 209 grams
COPPER WT 0476 b 216 grams
* MLT FULLWOUND 422  in 10.72 cm
G/VAc 270
Wa (effective) /Wa 0.891
At 2N gl 1433 em?
D 0.750 in 1905 com
E 0.500 in 1.27 cm
F 0500 in 1.27 cm
G 1.562 in 3.967 cm
BOBBIN DORCO ELECTRONICS # 1-L-16
LENGTH 1497  in 3.80 cm
BUILD 0465  in 1.18 cm
* Wa (effective) 0.696 i,,z ) 449 cmz
BRACKET HALLMARK METAL 012-108-08
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Table 19. "C" Core AL-17

"C* CORE AL-17
ENGLISH METRIC
Wa/Ac 1.56
Wa x Ac 0.39 in: 16.2 cm:
Wa 1 in 5037 cm
Ac (effective) j‘yng in? 2870 cm?
im 5.588 in 14.2 cm
CORE WT 0617 b ms grams
COPPER WT 0533 b M1 grams
* MLT FULLWOUND 472 in 11.99 cm
G/VAc 2342
Wa (effective) /Wa 0.891
Ay _M.5 in 158 em?
D 1000 in 254 cm
£ 0.500 in 1.27 cm
F 0500 in 1.27 cm
6 1.562  in 3.967 cm
BOBBIN DORCO ELECTRONICS # 1-L-17
LENGTH 1497 in 3.80 cm
BUILD 0465  in_ 1.18 cm
* Wa (effective) 069  in° 4.49 cm?
BRACKET HALLMARK METALS # 10-10808
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Table 20. "C" Core AL-19

"C" CORE AL-19
ENGLISH METRIC
Wa/Ac 1.95
Wa x Ac 0489  in? 203 em?
Wa 0977 in° 630 cm?
Ac (effective) 0445 in2 287  cm?
Im 5838 in 14.8 cm
CORE WT 0.644 b _ 292 grams
COPPER WT 0731 B 332 grams
* MLT FULLWOUND 5.1 in 1298 cm
G/VAc 2.34
W3 (effective) /Wa 0.903
AT 282  in? 182 cm?
1) 1.000 in 2.54 cm
E 0.500 in 1.27 cm
F 0625 in 1.587 cm
G 1.562 in 3.967 cm
B0BBIN DORCO ELECTRONICS # 1-L-19
LENGTH 1497 in 3.80 cm
BUILD 0.590 in 1498 om
* Wa (effective) 0.883  in? 5.69 em?
BRACKET HALLMARK METALS # 10-110-08
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Table 21. "C" Core AL-20
"C" CORE AL-20
ENGLISH METRIC
Wa/Ac 1.56
Wa x Ac 0611 in? 254 em?
Wa 0977 4% 630 cm?
Ac (effective) 0.556 in 3.58 cm?
Im 6.228 in 15. om
CORE WT 0.859 ib 389 Jrams
COPPER WT 0.767 b 348 grams
* MLT FULLWOUND 5.36 in 1362 cm
G/VAc 209
Wa (effective) /Wa _ 0.903
AT 31.7 in® 205 cm?
D 1.000 in 2.54 cm
E 8625 in 1.587 cm
F 0.625 in 1.587 cm
G 1.562 in 3.967 cm
DOBBIN DORCO ELECTRONICS # 1-L-20
LENGTH 1.497 in 3.80 cm
BUILD 0590  in 1.498 om__ |
* Wa (effective) 0.883 in 569 m?
BRACKET HALLMARK METALS # 10-114-010
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Table 22. "C' Core AL-22

"C" CORE AL-22
ENGLISH METRIC
Wa/Ac 1.94
WaxAc 0.757  in? 31.5 em?
Wa 121 in2 1804 cm?
Ac (effective) 0.556 irl2 3.58 cm2
fm 6.978  in 17.2 cm
CORE WT 0.961 b 435 grams
COPPER WT 0.961 b 435 grams
* MLT FULLWOUND 5.36 in 13.62 cm
G/VAc 2.598
Wa (effective) /Wa 0.912
AT 353 in2 228 em?
D 1.000 in 2.54 cm
E 0625 in 1.587 cm
F 0625 in 1.587 cm
G 1937  in 4.92 cm
BOBBIN DORCO ELECTRONICS # 1-1-22
LENGTH 18722  in 4.75 cm
BUILD 0.590  in 1.498 cm
* Wa (effective) 110 in? 712 cm?
BRACKET HALLMARK METALS #  10-114-010
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Table 23. "C!" Core AL-23
“C" CORE AL-23
ENGLISH METRIC
Wa/Ac 1.55
Wa x Ac 0946 _in 34.96 cm?
Wa 1.21 in 1.804 qni
Ac (effective) 0695 __in 448 cm2
im 6.978 in 17.2 cm
CORE WT 1.203 Ib 545 grams
COPPER WT 1.056 1b 479 grams
* MLT FULLWOUND 586 in 14.85 cm
6/VAc 232
Wa (sffective) /Wa 0.912
AT 38.1 i’ 28 cm2
D 1.250 in 3.175 cm
3 0.625 in 1.587 cm
F 0.625 in 1.287 cm
G 1.937 in 492 A
B80BBIN DORCO ELECTRONICS # 1-L-23
LENGTH 1.872 in 4.7% cm
BUILD 0.580 i 1498 om |
* Wa (effective) 1.10 in 7.12 ;‘.._@2
BRACKET HALLMARK METALS # 14114010
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Table 24. "C'" Core AL-24

uC" CORE AL-24
ENGLISH METRIC
Wa/Ac 27
W. x Ac 1.08 ind 3493 cm?
Wa 173 i’ 11.16 om? |
Ac (effective) 055  in’ 358 an?
Im 1.871 in 200 cm
CORE WT 106 492 orams
COPPER WT 151 b 680 grams
* MLT FULLWOUND 575  in 14.62 cm
G/VAc 3.10
Wa (efrective) Wa 0.8929
Ay 436 in 2816 cm?
0 1.000 in 254 cn
E 0625 in 1.587 om
F 0.750 in 1.90% cm
G 2.313 in 5.37% cm
BOBBIN DORCC ELECTRONICS # 1.L7&
LENGTH 248 in 09  cm
BUILD 0.715  in 1.816  _ cm
* Wa (effertive) 1607  in° 1037 cm
BRACKET U HALLMARK METALS * 10-200010
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Table 25. "C" Core AH-121

"C* CORE AH-121
ENGLISH METRIC
Wa/Ac 265
Wa x Ac 000588  in? 0.250 omd
Wa 0.125 in’ 0806 om?
Ac (effective) 0042  in> |  ogam  om?
Im 1.78 in 4.520 cm
CORE WT 0.020 ib 9.06 grams
COPPER WT 0.031 b “2 grams
* MLT FULLWOUND 1.88 in 41 cm
G/ VAc 240
Wa (effoctive) Wa - 0.820
AT 3.25 in? 20.96 om?
D 0.375 in 0.952 om
E 0125 in 0.317 om
F 0250 in 0.635 cm
G 0500 in 120 cm
BOBBIN DORCO ELECTRONICS # 1-H-121
LENGTH 0455  in 1.156 om
BUILD 0225  in 0.572 om
* Wa (effective) 0102 in2 0.661 cm?
BRACKET HALLMARK METALS # 06-008-02
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Tazble 26.

nCn» Core AH-231

"C" CORE AH-231
ENGLISH METRIC
Wa/Ac 2.19
Wa x Ac 00109  in? 045 em?
Wa 016 in° 1.006 an’ |
Ac (effective) 0064 in2 | 0412 cn2
Im 223 in 5.66 cm
CORE WT 0039 b _ 1166 rams
COPPER WT 0.042 b 19.28 grams
* MLT FULLWOUND 201 in 5.10 om
G/VAc 248
Wa (effective) Wa 0.836
AT 4.27 in? _21.58 em?2
D 0375 in 0952  cm
E 0187 in 0476 cm
F 0.250 in 0.635 cm
G 0.625 in 1.587 cm
BOBEIN DORCO ELECTRONICS # 1-H-231
LENGTH 0.5e0 in 1473 om
BUILD 0.225 in 0.57 om
* Wa (effective) 0130 in 0.842 cm?
BRACKET HALLMARK METALS % 06-010-03
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Table 27. "C' Core AH-99

"C" CORE AH-99
ENGLISH METRIC
Wa/Ac 3.81
Wa x Ac 00257 int . 1.06 em?
Wa 0313 inl 2.02 cm?
Ac {effective) 0.074 inz 04N em?
Im 3.2 in 8.12 cm
CORE WT 0.065 b B4 grams
COPPER WT 0.101 Ib 45.90 grams
* MLT FULLWOUND 227 in 5.77 cm
G/VAc 368
Wa (effective) /Wa ~ 0.877
At 697 in? 44.97 cm?2
) 0375  in 0.952 am
E 0.219 in 0.556 cm
T 0.313 in 0.794 cm
G 1.00 in 2.54 cm
BOBBIN DORCO ELECTRONICS # 1-H-98
LENGTH 0955  in 2423 cm
BUILD 0288  in 0732 cm
* Wa (effective) 0275 in° 1112 em?
BRACKET HALLMARK METALS # 06-012-04 o
m L e LY e Ll e B Ll
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Table 28. "C'' Core AH-115

"C" CORE AH-115
ENGLISH METRIC
Wa/Ac 398
Wax Ac 00353  in? 146 em?
Wa 0313 in® 202 cm
Ac (effective) 0.085 Lrlz 0.546 cm?2
Im 342 in 8.68 cm
CORE WT 0.080 lb 36.24 grams
COPPER WT 0.104 b 47.17 grams
* MLT FULLWOUND 233 in 5.93 cm
G/VAc 3.45
Wa (effective) /Wa : 0.877
AT 7.38 in% 41.62 em2
D 0375 in 0.952 cm
E 0250 in 0.635 cm
F 0313 in 0.795 cm
G 1.00 in 2.54 cm
BOBBIN DORCO ELECTRONICS # 1-H-115
LENGTH 0956  in 2423 cm
BUILD 0288 in 0.731 cm
* Wa (effective) 0.275 in2 1.772 cm?
BRACKET HALLMARK METALS * 06-01404
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Table 29. "C' Core AH-126

"C" CORE AH-126
ENGLISH METRIC
Wa/Ac 30
Wa x Ac 00433  in? 1.82 em?
Wa 0375 __in% 2819 cn? |
Ac (effective) 0105 in° 0.679 an?2
Im 3.62 in 9.19 cm
CORE VT 0.106 b 48.0 grams
COPPER WT 0.144 ib 65.2 grams
* MLT FULLWOUND 265 in 6.74 cm
G/VAc 3.09
Wa {effective) /Wa _ 0.890
AT 9.35 in2 60.30 cm?2
D 0.37% in 0.952 cm
3 8313 in 0.794 cm
F 0.375 in 0.952 cm
G 1.00 in 2.54 cm
BOBBIN DORCO ELECTRONICS # 1-H-126
LENGTH 0.955 in 2425 cm
BUILD 0.350 in_ 0.888 cm
* Wa (effective) 0.334 in? 2155 cm?
BRACKET HALLMARK METALS # 06-100-05
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Table 30. 'C" Core AH-382

"C" CORE AH-382
ENGLISH METRIC
Wa/Ac 240
WaxAc 00585 in? 243 em?
Wa 0375 in® P om?
Ac (effective) 0,140 in’ __1.805 cm?2
Im 3.42 in 8.68 cm
CORE WT 0133 b 60.25 grams |
COPPER WT 0164 b 74.4 grams
® MLT FULLWOUND 3.02 in 1.69 cm
6/Vhe 267
Wa {offlestive) /Wa _ 0.890
At 9.81 in? 63.29 om?
D 0625  in 1.587 cm
E 0250  in 0.635 cm
F 0375  in 0.952 om
G 1.00 in 2.54 cm
BOBGIN DORCO ELECTRONICS # 1-H-382
LENGTH 0955  in 2.425 cm
BUILD 0350  in 0.889 cm
* Wa (effective) 033 in 2.155 cm?
BRACKET HALLMAXK METALS *  010-014-04
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Table 31. "C' Core AH-1
“C* CORE AR
ENGUISH METRIC
Wa/Ae 43
WaxAc W it 292 ot
Wa s 363 cm’ |
Ac (effective) o3 i’ 0% w2
- 382 in 995 om
CORE WT Q2 5526 gams
COPPER WT st B 196 grams
* MLT FULLWOUND 317 im 205 o=
G/VAc 136
Wa (effective) e 0.911
Ay 1225 ie? AN w?
0 0.500 in 1.279 om
£ 025 in 0635 o
F 0580 in 1.270 om
G 1.125 in 2857 cm
BOBBIN DORCO ELECTRONICS # 1-H-1
LENGTH 10800 in 2M o
BUILD 0475 in_ 4] om
* Wa (effective) 0513 in? 331 =l |
BRACKET HALLMARK METALS ¢  08-100-04
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Table 32. "C" Core AH-40
“C* CORE AH-40
ENGUISH ME TRIC
Wa/Ac 5M
Wa x Ac 00820 int 341 o
Wa 0656 in’ -z =l |
Ac (effective) an3 il ags el
1™ 430 ic 10.92 on
CORE W7 T 60.70 grams
COPPER WT 0309 ® 140.2 grams
® MLT FULLWOUND 37 in 805 om
G/VAc 391
Wa (eflactive) WWa . 0.917
AT 1337 i %.28 2
0 0.500 in 1.270 cm
E 0250 in 0635 cm
F 0.500 in 1.270 om
G 1.313 in 3334 com
BOBBIN DORCO ELECTRONICS *+ {-H40
LENGTH 1268 in 3.2 on
BUILD 0475 in 1.206 am
* Wa (effective) 0.602 in2 ;; T
BRACKET HALLMARK METALS *  (8-100-04
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Table 33. "C" Core AH-41

C* CORE AH41
ENGLISH METRIC
Wa/Ac 4.2
Wa xAc 6102 in‘ 4.4 ol
wa 0% o2 B
Ac (effective) 0140 in geps om?
i 4.30 in _1092 @
CORE WT 0167 ) 15858 grams
COPPER WT 03N b 151.37 grams
® MLT FULLWOUND 342 in 869 cm
G/VAc 350
Wa (effective) Ma _ 0.917
AY WA in? N®W  cm?
D 0625 in 1.587 om
E 0250 in 0.635 om
F 0.500 in 1.270 cm
G 1313 in 3.33¢ cm
BOBBIN DORCO ELECTRONICS # 1-H41
LENGTH 1.268 in k¥ om
BUILD 0475  in 1.206 om
* Wa (effective) 0602  in2 188 =
BRACKET HALLMARK METALS ¢+  010-100-04
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Table 34. "C' Core AH-42

"C* CORE AH42
ENGLISH METRIC
Wa/Ac 4.20
Wa x Ac 018 in? 511 em? |
Wa _ 065 _ in° a3 o’ |
Ac (effective) 0169 in2 109  com?
Im 43 in 10.92 cm
CORE WT 0.201 b 91.05 grams
COPPER WT 0353 b 160.25 grams
* MLT FULLWOUND 362 in 9.20 cm
G/VAc 319
Wa (effective) ;Wa _ 0.917
AT 1503 in? 96.97 cm?
B) 8.750 in 1.905 cm
E 0250  in 0635 ocm
F 0500 in 1.270 cm
G 1313 » 3334  om
BOBBIN DORCO ELECTRONICS # 1-H42
LENGTH 1.268 in 3.2 cm
BUILD 0475  in 1.206  om
* Wa (effective) 0.602 inz 3.88 2
BRACKET HALLMARK METALS *  012-10004
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Table 35. "C'" Core AH-310

"C" CORE AH-310
ENGLISH METRIC
Wa/Ac ' 200
Wa x Ac 0158  in? 6.57 em?
e 0563 in? 163 3
Ac (effective) 0.253  in’ 1631 em?
Im 4.32 in 10.97 cm
CORE WT 0303 b 131.5 grams
COPPER WT 03% b 148.0 grams
* MLT FULLWOUND 3.92 in 9.96 cm
G/VAc 2.24
Wa (effective) Wa 0.911
AT 1625  in2 104.8 em?2
D 075 in 1905  com
E 0375 in 0952  cm
F 0500 in 120 cm
G 1126  in 2857  com
BOBBIN DORCO ELECTRONICS # 1-H-310
LENGTH 1.080 in 2.74 cm
BUILD 0475 in_ 1.21 am
* Wa (effective) 0513  in° 3.31 em?
BRACKET HALLMARK METALS #  012-104-06
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Table 36. "'"C" Core AH-49

"C" CORE AH-49
ENGLISH ME TRIC
Wa/Ac 10.3"
Wa x Ac 0205 in? 8.52 cm?
Wa 145 in? 9.35 cm?
Ac (effective) 0121 in? 0818  cm?
Im 6.44 in 16.35 cm
CORE WT 0.225 ib 101.9 grams
COPPER WT 0.880 b 399.3 grams
* MLT FULLWOUND 3.95 in 10.05 cm
G/VAc 5.44
Wa (effective) /Wa 0.946
AT .10 in? 168.4 cm 2
D 0375 in 0.952 cm
E 0.375 in 0.952 cm
F 0.750  in 1.905 cm
G 1.937 in 4921 cm
BOBBIN DORCO ELECTRONICS # 1-H-49
LENGTH 1.892 i 4.80 cm
BUILD 0.725  in 1.84 cm
* Wa (effective) 13711 in2 8.85 em?
BRACKET HALLMARK METALS *  (06-108.06
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Table 37. "C'" Core AH-48

"C* CORE AH-48
ENGLISH METRIC
Wa/Ac 3.12
Wa x Ac 0306  in? 1273 cm?
Wa 0977 in 630 om?_|
Ac (effective) 0.282 _ in 1017 cm?
Im 5.25 in 1333 om
CORE WT 0406 b 1839 grams
COPPER WT 0.693 1b 314 grams
* MLT FULLWOUND 469 in 1191 cm
G/VAc 2.94
Wa (effective) /Wa _ 0.933
AT BB ___in? 150.7 em?
D 1.00 in 254 om
E 0313 in 0.794 cm
F 0625 in 1.587 cm
G 1.562  in 3968  om
BOBBIN DORCO ELECTRONICS # 1-H-48
LENGTH 1520 in 3.86 om
BUILD 0600 in 1.52 om
* Wa (effective) 0912 in® 5.88 cm?
BRACKET HALLMARK METALS # 1010405
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Table 38. "C" Core AH-52

“C*" CORE AH-52
ENGUISH METRIC
Wa/Ac an
Wa x Ac 0408  in? 16.97 an?
wa 145 in2 935 o’
Ac (effective) 0283 in2 1631 om2
Im 6.44 in _16.35 on
CORE WT 0450 238  ogams
COPPER WT 0839 b 380.3 grams
* MLT FULLWOUND 470 in 11.95
G/VAc in
Wa (effective) /Wa . 0.945
AT %4 in 1705 cm?
D Q750  in 1905 com
E 0375 in 0952 om
F 0.750 in 1.905 cm
G 1.937 in 492 cm
BOBBIN DORCO ELECTRONICS # 1-H-52
[ Lencm 189z in 4805 om
BUILD 0725 in 1.84 om__
* Wa (effective) 1.371 inz 8.94 mZ
BRACKET HALLMARK METALS *  (12-108-06
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Table 39. *"C'" Core AH-10

"C" CORE AH-10

ENGLISH METRIC
Wa/Ac 1.78
Wa x Ac 0534 ind 20 ad
wa o i? B30 cel
Ac (effective) 0.492 E 3115 w2
= [ ] in 1582 cm
CORE WT 43.'_“6 b k- <} grams
COPPER WT 07TM b 3 grams
* MLT FULLWOUND 509 in 12.94 om
G/VAc 25
Wa (effective) Wa . 0.296
At 30.38 inl 196 om?
(1] 0.875 in 2222 o
E 0625 in 1.587 om
F 0625 in 1.587 cm
G 1.562 in 3.968 o
BOBBIN DORCO ELECTRONICS # 1.H.10
LENGTH 1497  in 1% cm
BUILD 0585  in_ 1.485 o |
* Wa (effective) 0.875 inz 565 gz
BRACKET HALLMARK METALS *  014-114010
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Table 40. "C" Core AH-20

“C" CORE AH-20
ENGLISH METRIC
Wa/Ac [}
Wa x Ac 0678  in? BN am? |
Wa .73 in® 11.12 om?
Ac (effective) 03582  in° 2210 am?
im 689 i 17.50 cm
CORE WT 0668 302 grams
COPPER WT 147 B 667 grams
* MLT FULLWOUND 565  in 14.35 cm
G/VAc 391
Wa (effactive) W 0.93;
AT 366 in? 26 can?
D 125 i 3175 om
E 0313 in 0.794  Gn
F 0750 in 1.905 cm
G 2313 in 5.87 cm
BOBBIN DORCO ELECTRONICS * 1-H-20
LENGTH 2247 in 5.707 cm
BUILD 0715 _in 1816 om
* Wa (effective) 1606  in 10.36 cm?
BRACKET HALLMARK METALS *  14-106-05
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Table 41. "C*'" Core AH-15
“C" CORE AH-15
ENGLISH METRIC
Wa/Ac 193
Wax Ac 0.756 ind 31.46 n?
Wa 121 =i£2 1.80 @2
Ac (eHfective) 053  in° 363 a2
Im 6.98 in 1272 ©om
CORE WT 1022 b 490 grams
COPPER WT 0960 b 435 grams
* MLT FULLWCUND 536 in 1362  om
G/VAc 258
Wa (effective) Wa 0.913
At 353 in? 227 cm?2
D 1.00 _in 266 om
E 0625 in 1.587 cm
F 0625  in 1.587 om
G 1.937 in 4921 cm
BOBBIN DORCO ELECTRONICS # 1-H-15
LENGTH 1872 in 4.75 cm
BUILD 0580  in 1.498 cm
* Wa (effective) 1104 in? 7483 om?
BRACKET HALLMARK METALS #  10-114.010
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Table 42. "C'" Core AH-16

"C* CORE AH-16
ENGLISH METRIC
Wa/Ac 1.72
WaxAc 0.851  in? 354 em? |
Wa ; .21 in2 1.8C :cx_nrz
Ac (effective) 0633 in® 4.08 em?2
im 6.98 in 12.72 cm
CORE WT 1218 b 552 grams
COPPER WT 1005 b 455 grams
* MLT FULLWOUND 5.61 in 14.25 cm
G/VAc 2.09
Wa (effective) /Wa 0.913
AT 36.7 in? 237 cm?2
D 1.126 __in 2858 cm
E 0625 in 1.587 cm
F 0625 in 1.587 cm
G 1937  in 4.21 cm
BOBBIN DORCO ELECTRONICS # 1-H-16
LENGTH 1.872  in 475 cm
BUILD 0.590 in 1.498 cm
* Wa (effective) 1.104 inZ 7.123 cm2
BRACKET HALLMARK METALS #  12-114-010
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Table 43. "C'" Core AH-18

"C" CORE AH-18
ENGLISH METRIC
Wa/Ac 185
Wax Ac 0.942 ind .35 c:_ﬁ‘__
Wa 1.21 ine ) 2
Ac (effective) 0.703 igz; 3 em?2
Im 6.93 in 17.60 cm
CORE WT 1.353 Ib 613 grams
COPPER WT 1.050 1b 416 grams
* MLT FULLWOUND 5.86 in 14.89 cm
G/VAc 231
Wa (effective) /Wa _ 0.913
AT 38.1 in u8 em?2
D 1.25 in 2175 cm
E 0625 in 1.£87 cm
F 0625 in 1.887 cm
G 1937 in 4921 cm
BOBBIN DORCO ELECTRONICS # 1-H-18
LENGTH 1872 in 4.75 cm
BUILD 0580  in 1.498 cm
* Wa (effective) 1.104 ,T,T 123 u_f
BRACKET HALLMARK METALS # 14-114-010
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Table 44. ""C" Core AH-412

“C" CORE AH-412
ENGLISH METRIC
Wa/Ac . 235
Wa x Ac 1.038__in? 3.2 om?
Wa 1% i | 1006 Jm_L
Ac (effective 0.598  in2 3.85 om?
im 1.70 in 19.55 cm
CORE WT 1222 b 553 grams
COPPER WT 132 b 599 grams
* MLT FULLWOUND 5.67 in 14.41 cm
G/VAc 3.25
Wa (effective) /Wa 0.921
AT 405 in” %1 cm?
D 1.25 in 3175 cm
E 0.531 in 1.349 cm
F 0625 in 1587  cm
G 2500  n 635  cm
BOBBIN DORCO ELECTRONICS # 1.H-412
LENGTH 2435  in 6.18 om
BUILD 0.5¢3  in 1498  om
* Wa (effective) 148 a2 9.256 cm®
BRACKET ] HALLMARK METALS #  14-111-09
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APPENDIX A
LINEAR REACTOR DESIGN WITH AN IRON CORE

After calculating the inductance and dc current, select the proper size
core with a given LIZ/ 2. The energy handling capability of an inductor can be
determined by its WaAc product where, Wa is the available core window area
in crnZ and Ac is the core effective cross sectional area em™. The WaAc

relationship is obtained by solving E = LdI/dt as follows:

_ nd¢
L = Ngr
$ - BmAc
Bm = oNI
[} m
lg + -ﬁ'—
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1£ Bm is specified,

Im'

Bm(l L

1= BT
poN

Eng

2
Im'
_poN?AC (Bm(lﬂ' toT )

v lm poN
Bmz(lg' + lﬂ')Ac'
Eng = L3
2po
' 1Im!
[ KWa'T =(Bm‘1g +37)
N poN
Solving for (1g' +1m'/ur)
v ,1m'y _poKwa'l
(lg * p.r) - Bm

Substituting into the energy equation

Bm? (& oKB\:‘a' J')Ac,

Eng = Zno

Bm®Ac’ _poKWa'J'
2po Bm

Eng =

BmKWa'Ac'J'
2

Eng =
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let

Substituting in.o the energy equation

. 2
window area, cm
core area,

. 2
curren: density, amps/cm

2
cm

magnetizing force, amp turn/cm

air gap, cm

magnetic path length, cm

Wax 10"

Acx107?
J x 10%

Im x 10~2
1g x 102

H x 10%

Solving for WaAc

Eng

_WaAcBmJK -4

10

c = 2(En )x104
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APPENDIX B
WINDOW UTILIZATION FACTOR

The fraction of the available window space which will be occupied by

the copper may be calculated from

K = conductor <:mZ x wound cmz x usable window <:mZ

wire c:mZ usable window ¢:mZ window (:mz
where

2
copper cm

conductor cmZ

1]

wire cm? copper cmZ + insulation cm?

2 .
number of turns x wire area of one turn

wound cm

2

available window area minus residual area which
results from the particular winding technique used

usable window c¢m

available window cmZ

window area

The term

conductor cmZ

2 (= Kl)
wire cm

is dependent upon wire size. Typical values which may be calculated from
the data of Table 2, Columns A and D are

AWG 10 =‘§'§"'3117§—$ = 0.941
AWG 20 = 2:188 cm _ 4 g5¢
. cm
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AWG 30 = 0.5067 im

= 0.747
m

AWG 40 =§'-g47%§9—‘c’r-':‘l = 0.673

The term

wound cmz

(=K,)
usable window cm =

is the fill factor for the usable window area. It can be shown theoretically that
for circular cross-section wire wound on a flat form that the ratio of wire

cm2 to the area required for the turns can never be greater than 0.91. In
practice, the actual maximumn value is dependent upon the tightness of wind-
ing, variations in insulation thickness, and wire lay. Consequently, the fill
factor is always less than the theo: etical maximum

As a typical working value for copper wire with a heavy synthetic
film insulation, a ratio of 0. 60 may be used safely.

The term usable window cm’ /window cm® (K,) defines how much of the
available window spac> may actually be used for the winding. The winding
area available tu the designer depends on tke bobbin configuration, A single
bobbin design offers an effective Wa between 0. 835 to 0, 929 while a two bobbin
configuration offers an effective Wa between 0, 687 to 0.372. A good value to
use for both configurations is (K3) = 0,75,

A typical value for the copper fraction in the window area is about 0. 40.

For example for AWG 20 wire, Kl xK, x K3 =0.855x0.60 x 0.75 = 0, 385.

2

_ Aw Bare . Wa(eff
0.4 = xw Toal X Fill Factor x —v-,(;—)-

K1 Kz K3
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