COIL / BALUN WINDING HELP SPREADSHEETS
By Ed Lawrence, WA5SWD

INTRODUCTION
ecently, | have been winding and testing air core
Rbaluns. The testing is fairly easy since | have
access to an HP 8753 Network Analyzer. Building
them is time consuming. When | get done I'll write up an
article on what | have found.

| have encountered problems with the mechanical aspects
of balun or coil winding on PVC pipe as a form. There are
only certain sizes available. We need to know these sizes
if we intend to calculate the inductance.

Ed Lawrence
WASSWD

The EXCEL spreadsheets here help with the mechanical
design of coils or baluns.

Using the first sheet, we design the two wire balanced line. We choose the wire
diameter and spacing. There is a handy table on page one for the usual sizes of
magnet wire. There is another table for pipe sizes and thread pitch in case you can get
threaded PVC pipe to use as a coil form. Fig. 1, taken from the spreadsheet, shows the
general layout of the wires and the spacer.
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The line impedance is calculated and displayed, using the formula for a pair of lines in
vacuum or air, not near ground.

Z, = 120 *cosh™(Wire Spacing/Wire Diameter)

We then choose the wire size and spacing to obtain the desired impedance. Since the
spacer and form will lower this impedance a little, | try to err on the high side.

The primary function of the first sheet is to determine the size of the insulating spacer
that must be wound between the wires to obtain a balanced line of the proper
impedance. The wires and the spacer are plotted on a chart so you can see the wires
in relationship to the spacer. It is an easy task to adjust the spacer diameter to correctly
fill the gap between the wires. As you change the spacer or wire diameters, the display
is updated to show the new relationship.

The first sheet Wire Table has wire size for AWG 8 down to AWG 24. Clearance drill
sizes are also included.

NOTE: The examples in the text are just graphic examples. For the actual “live” EXCEL calculation
worksheets, links are provided to load the sheets so the reader may run different examples.
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A B Jh c o | E | F | o | H [ 1t [ 4 | kK | L

| 1 _[Nofe: Do not change cells with yellow i1,

2 |ENTER . . .
| 3 [wire Radius 5.4 AWG #16 Wire-Spacer Diagram | ——Wire —— Spacer
| 4 |Wire Spacing 25.6 15 tpi 60.00
| 5 |Z of bal. Line 51.76
| B |Spacer Diameter 15

7 |Spacerx 278 50.00 $—*— =
| 8 |SpacerY 7.5 ,’/r Y
| 9 |Do not madify Spacer X and ¥ / \'\\

10 [They will change automatically. 40.00
| 11| Wire Gauge | Wire Size| Clearance \

12 AWG inch Drill

13 g 0.1285 29 30.00

14 10 0.10119 37

15 12 0.0303 45 L

16 14 0.0641 a1 20.00

17 16 0.0508 55

18 13 0.0403 EE] /

19 20 0.032 BB 10.00 /

20 22 0.0253 71

g; - . 24 0.0201 _ 74 0.00 4—a=*] | \‘\\.,_‘

otes: | add about 0015 to radius for enamel.

| 23 | Example: Use #16 magnet wire to farm o 10 20 30 40 a0 60 0 80 50 100
A a 55 ohrn transmission line. Spacer isa =) g oo s e [ELupn ) T oo oo
| 25 |round, low Relative Permitivity string. The 0.7o0 40 19.46 2205 268 41.73 75.06 41.73
| 26 |nan-air dielectric of the spacer will cause 0.&a7 a0 16.33 2298 175 44.86 7153 44 86
27 |the Z to drop & bit. 1.05 60 1270 24.05 1.00 47.40 65.30 47.40
28 Pipe 1.22 70 8.69 2523 0.45 4927 64.29 4927
| 29 | Size Threads/ | Nom. 0D (in) 1.40 a0 4.41 26.50 011 50.41 60.01 50.41
| 30 | (in) Inch 1.57 an 0.0o0 27.80 0.00 50.80 55.60 50,80
Ell 1.75 100 -4.41 29.10 0.1 50.41 51.19 50.41
32 116 27 0313 1.92 110 -5.69 30.37 0.45 49,27 46.91 49,27
33 148 27 0.405 2.09 120 -12.70 31.55 1.00 47.40 42.90 47.40
34 14 18 0.54 227 130 -16.33 3262 1.75 44 86 39.27 44 86
35 L] 18 0E75 2.44 140 -19.46 33.55 268 41.73 36.14 41.73
3B 142 14 0.54 262 150 -22.00 34.30 375 38.10 33.60 35.10
37 34 14 1.05 279 160 -23.87 34.85 493 34.09 31.73 34.09
5] 1 1112 1.315 297 170 -25.01 35.19 6.20 29.81 30.59 29.81
8 114 11142 1.66 314 180 -25.40 35.30 740 2540 30.20 2540
40 112 11142 19 Instructions: Look up wire DIAMETER in table. Enter RADIUS in BZ. Enter Spacing in B3.
4 2 11172 2.375 The Z of the line will be shown in B4, Now correct the wire radius for the enamel .

42 212 g 2875 Change BZ2. Ignore the 7 now shown in Bd. Adjust the Spacer Diameter to just overlap the
43 3 g 35 wire boundry. If you want to wind on a threaded plastic pipe, refer to the PIPE table for
44 3112 g 4 TPI. Divide into 1000 to get mils for Wire Spacing.(B3

45 4 ] 45 A=)l 18 | ees | wasswol ]



http://www.antennex.com/library/shack/Oct05/wire_spacer.xls

G1 | =| WASSWD
A | B | © | O | E | F G H |
1 |Note: Do not change cells with yellow Till. LWASSWD |
2 |Small Coil Inductance-Single Layer Solenoid
3 |Nis number of turns. Note: Include1/2 turns
4 |Inductance is in uH or 1E-6H
& |UH = ((R*2PF(N*2))((9"RIH{10"L)
f |This is for single layer coils. For baluns, enter the values for one winding
7 | All in inches
g |Wire Diameter 0.051
8 |Wire Spacing 0.056
10 |Coil Radius 0.551 0.683 0.856 0.976 1.213 1.463 0.446
11 |Coil Length 0.555 0.471 0.387 0.359 0.331 0.303 0.695
12 [Input N q 7.5 ] 5.5 5 4.5 11.5
13 [UH 2.3 2.42 2.28 2.33 2.509 2.68 2.39
14 InH 2336.81 2418.14 227734 232717 2585452 267596 2394.97
15 | WIRE LENGTH 34.24 35.14 35.03 36.43 40.77 43.97 35.58
16 |Ferm Length, bifilar 1.12 1.03 0.95 0.o2 0.89 0.87 1.26
17 |Fiow(MH2) 3.50 3.50 3.50 3.50 3.50 3.50 3.50
18 | X_at Fio. 51.30 53.18 50.08 51.18 56.86 58.85 52.67
19
Schedule 40 Dimensions G\,:Ege 'i,;ii'izr: Clearance

Pipe Size (in) 0. .0. AWG inch Drill
2z 118" 0.405 0249 0063 B 0.129 29
23 114" 054 0344 0033 10 0102 ar
24 25" 0675 0473 0.091 12 0.081 45
24 112" 054 0502 0109 14 0.064 a1
26 S04 1.05 0804 0113 16 0.051 A5
27 K 1.315 10249 0133 14 0.040 A9
28 1-1ig" 1 B 136 014 20 0.03z2 ]
29 ET 14 153 0145 ] 0.024 71
20 2 2375 2047 0154 24 0.0z20 74
21 21 2.875 2 445 0.203
3z 3" 35 3042 0216
a3 -1 ] 3521 0226
34 4" 45 3993 0237
35

[Click for live EXCEL Version of Sheet Two|

Sheet two above does the basic calculations to estimate coil inductance from wire size,
form diameter, and coil length. You enter Wire Diameter, Wire Spacing, number of
turns, Frequency and Coil Radius. Coil Radius is naturally 1/2 the form diameter. The
sheet calculates the inductance and the reactance at your frequency of interest. There
is more Pipe sizes and Wire Tables here for easy reference.


http://www.antennex.com/library/shack/Oct05/sol_induct.xls
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A BE C E F G | J k I ] ]
1 Orill |Decimal mm Orill |Decimal mm Orill  |Decimal mm Orill |Decimal mm
2 20 0.0135 00610 | 155 01220 A g 0.2040
3 00138 | 0.35 M6 | 00E25 113 01250 02047 | 52
4 74 0.0145 00630 15 01260 3.2 5 02055
1] 1164 | 0.0156 52 00635 01280 325 02067 | 5.25
B 0.0157 0.4 00650 | 165 a0 01285 020587 | 5.3
7 78 0.0160 0.05E9 1.7 01299 3.3 4 02090
8 0.0177 | 045 A1 00670 01339 3.4 02126 A4
g 77 001530 00633 | 175 24 01360 3 0.2130
10 0.0197 0.5 50 0.0700 01378 3.5 0.2165 5.5
11 75 00200 00709 1.8 25 01405 Thaz] 02188
12 i 0.0210 00vz2e | 185 A6 01408 02205 | GE
13 0.0217 | 055 43 00730 01417 36 2 02210
14 74 0.0225 00745 14 27 01440 02244 | 67
15 00236 | 08 43 0.07E0 01457 3.7 02264 | 5.75
18 73 00240 007ES | 195 25 01470 1 02280
17 T2 00250 G664 ] 0.07&1 0.147E 375 02283 | 68
13 0.0256 | 065 47 0.0785 25 01495 02323 | 54
19 71 00260 00787 2 01496 3.8 A 02340
20 00276 | 0.7 0os0v | 205 24 01520 16064 | 02344
21 it 00280 45 00810 01535 3.4 02362 [
22 ] 0.0292 45 00520 23 01540 E 02380
23 0.0295 | 0.75 00827 2.1 532 01562 02402 E.1
24 4] 0.0:310 00346 | 295 22 01570 C 02420
o] W3z | 00313 44 00360 01575 4 02441 .2
25 0.0315 0.8 00366 | 22 21 01530 ] 02450
27 E7 00320 00236 | 2.25 20 01610 0.2451 | B.25
28 EE 00330 43 00530 01614 4.1 02450 | E3
24 0.0335 | 0.85 00306 | 23 01654 4.2 E 02600
30 E5 00350 00325 | 235 13 01EED 14 02500
)| 00354 | 09 42 0.0935 01673 4.25 02620 | E4
32 B4 00360 a2 ] 00933 01893 4.3 02653 | E5
a3 53 00370 00345 | 24 13 01635 F 02670
4 0.0374 | 0.95 41 0.0360 1164 01719 02693 | EE
35 E2 007380 00965 | 2.45 17 01730 G 02610
35 El 00330 40 0.0320 01732 4.4 02638 | E7
ar 00334 1 00agd | 256 16 01770 17164 | 0.2656
38 [=41] 00400 34 0.0335 01772 4.5 02657 | B.75
29 L] 0.0410 01004 | 255 15 01300 H 0.2EE0
40 0.0413 | 105 38 01015 01311 4.5 02677 | E2
H it 00420 01024 2.5 14 015320 02717 E.4
42 57 00430 3T 01040 13 015350 1 02720
43 00433 11 01043 | 265 01850 4.7 0.275E 7
44 00453 | 116 01063 2.7 01370 4.75 J 02770
45 5E 0.04E5 36 01065 6 01375 02735 7.1
45 | 364 ] 00459 010g3 | 275 12 01390 k. 02310
47 0.0472 12 764 ] 01094 01390 4.5 afaz2] 02812
43 0.0432 | 125 35 01100 1 01910 02835 | 7.2
L] 0.0512 13 01102 2.8 01923 4.4 02864 | 7.25
L=11] 55 0.0520 4 01110 10 01935 02574 | 7.3
3| 00531 | 135 23 01130 3 01960 L 02900
A2 i) 00550 01142 | 2.85 01963 5 0.2913 T4
A3 0.0551 14 32 01160 3 0.1330 [l 02950
54 0.0571 | 145 01151 2.4 0.2008 5.1 02353 | 75
1713 0.0591 15 01181 3 7 0.2010 19/64 | 02963
AE 53 00535 21 01200 13164 0.2031 023932 | VE
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A e | c ol E| F | c|HI 1 | J | K
53
B0 | Drill |Decimall mm Drill |Decimal mm Drill |Decimal mm
El I 0.3020 15432 | 04653 0.9443 24
E2 0,303 T.7 0.4724 12 E1lE4 0.9531
B3 03051 | 7.75 S04 | 04844 09646 | 245
B4 03071 7.8 04321 | 125 32 09658
ER 0.3110 7.4 2 05000 0.9343 25
EE A6 | 0.2125 0.511% 13 B34 0.9%44
BV 0.3150 g F364 | 05156 1 1.0000
EZ a 03160 1732 | 05N3
B4 0.3129 2.1 0535 | 135 SCREW | TAP |BODY]
70 03228 8.2 JE/64 | 05489 #30 HE4 116
T F 03230 0.5512 14 #1 53 43
T2 032458 | 8.25 A6 | 05625 #2 50 44
T3 0.326% 2.3 05709 | 145 #3-48 47 34
T4 | 20064 | 03281 IPEd | 0ATE #3-5E 45 34
5 03307 8.4 0.5:305 15 #4-40 13 33
TE 2] 0.3320 19432 | 0.5938 #4-48 12 33
I 0.3345 2.5 F9/64 | 0.E094 #5-38 38 I
T8 0.3335 8B 0602 | 155 H#5-44 37 I
T3 F 0.3330 06223 15 HE-32 36 28
a0 0.3425 87 k] 06250 #E-40 33 28
21 | 1032 ] 03438 41/64 | 0.5408 #2 249 19
g2 03445 | 575 06435 | 165 #10-25 25 11
a3 0.3455 0.8 2032 | 0.EEE2 #10-32 21 11
a4 5 0.3480 0.6633 17 #12-24 15 T3
a5 03504 2.4 43064 | 0EWMA #12-28 14 T3
8E 0.3543 k] 11E | 0.EETE 10428 3 114
av T 0.3530 06330 | 1756 114-20 T 4
a8 0.3583 4.1 45/64 | 07031 5i16-18 F 516
29 | 2E4 ] 03594 0. 702y 12 AiE-24 | A6
a0 03622 3.2 23321 07183 E-24 [P a3
] 03642 | 9.25 07233 | 1856 THE -14 i TG
92 03661 9.3 47164 | 07344 THE-20 25164 THE
93 i 03630 0.7420 13 2 29064 12
34 03701 9.4 34 0.7500 AME-12 3iE4 AM1E
a5 0.3740 3.5 43/64 | 0.7ERE 3M1E-15 64 A6
9 HE 0.3750 0.7E7Y | 195 Ai8-11 1732 ]
a7 i 03770 264321 0732 Bi3-18 A4 k]
a8 03730 EL 0.7374 20 34-10 21032 34
33 0.3313 4.7 BG4 | 0.73963 34-15 116 34
100 03839 | 9.75 0.8071 | 205 7i8-9 419164 8
(] 0.3358 9.8 1316 | 0.8125 TiE-14 13016 Fit]
102 l 0.3360 03268 21 1-8 Fit 1
103 0.3335 9.9 364 | 0.82al 1-14 T 1
104 | 25/64 | 03906 20032 | 05438
105 0.3937 10 08465 | 215 WARSWD
108 ki 0.34970 BR/E4 | 0.5594
107 b 0.4040 0.3661 22
108 | 13432 | 04082 g 0.8750
109 Z 0.4120 08858 | 225
1a 0.41%4 | 105 B7IE4 | 0.8908
M | 2764 ] 04213 0.9055 23
1z 0.4331 1 29432 | 05082
13 THE | 04375 B9/64 | 09219
114 04528 1.5 09252 | 2356
15 | 29064 | 04531 15016 | 09375




Sheet three (the 2 images above) has drill sizes with decimal inch values. Metric drills
are included. Then, because there was room, | included tap and body drill information
for machine screws from #80 up to 1 inch.

[Click for live EXCEL Version of Sheet Three|
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Brief Biography of the Author

Ed Lawrence has worked as an Electronic Technician since 1958.
He has been active in Amateur Radio since 1964 and presently
holds an Extra Class License. Over the years his writing credits
include articles in 73 magazine, QCWA, various club newsletters
and www.antennex.com. Ed has worked at a lot of interesting
places, including North American Aviation, Lear Stereo Division
and Texas Instruments, from which he retired in 1991. Since then
Ed has worked mostly as a Contract IC Mask Designer on
microprocessor and cell phone chips for many of the major
players. Work locations have varied but include Switzerland,
Ireland, Pennsylvania, Texas, Arizona, Washington and Oregon.
Ed also has his Certified Flight Instructors rating, but is not
presently a very active pilot due to his nomadic life style.
Presently Ed works at RFSAW, Inc in the Dallas, TX area. There he assists in test and
development for RFID Passive Global Tags.
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