Technology

Multilayer coil design is made easy
with a programmable calculator. Not only are AWG numbers
provided, but also wire material and tempco can be changed.

Multilayer coil design is laborious when done with
tables, charts and complicated formulas. 23 But now
a programmable calculator like the TI-59 can handle
the large number of steps needed to provide com-
prehensive calculations for rectangular and circular
multilayer coils. Although the equations (Fig. 1)
relating inductance to number of turns, dimensions,
wire size, resistance and temperature are complicated,
the program makes them easy to implement.

With its 795 steps, the TI-59 program can design
a coil of a desired induectance, resistance or number
of turns, given its dimensions. Also, the program
selects the American Wire Gauge (AWG) number for
the wire that will fill the coil’'s window and yield the
maximum inductance possible for a given resistance,
or the minimum resistance for a given inductance. In
addition, the program can compute temperature ef-
fects on resistance and the effect of using wire
materials other than copper.

The program’s easy to use

To run the program, just enter the dimensions of
the bobbin as in step 3 of the sequence (see table).
Enter the known item—the inductance, the number
of turns or the resistance—into labels A, B or C,
respectively. After a few seconds the calculator dis-
plays the first of the three unknowns. The remaining
answers are obtained, thereafter, by pressing R/S
(steps 4a, 4b or 4c) until you have solved all the
unknown parameters, including the AWG number.

Note that circular and rectangular coils have the
same sequence, but rectangular calculations are per-
formed with labels *A” , *B’, and *C'. And when the
calculator is connected to a PC-100A printer, all values
are printed and identified by name.

Furthermore, you don’t have to press R/S to obtain
the next answer; R/S is activated automatically as
answers are printed. The program “knows” when the
calculator is attached to the printer, and consequently
doesn’t halt after each intermediate answer. This
programming sequence, which incidentally can be
helpful in other TI-59 programs, is contained in steps
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Wire resistance in ohms at 20 C is

L =length in cm

A =area in cm?

p =resistivity (2-cm at 20 C)

Resistance of a wire at a temperature other than
20 C is

R, = R (1 + a (t = 20))

a = temperature coefficient of metal at 20 C.

R =pl/A

The American Wire Gauge number is related to wire
cross-sectional area by

C.M.
AWG)~-10( log———
e ( gloo.ooo)

C.M. = cross-sectional area in circular mils

1. Multilayer-coil inductance equations for round and
rectangular coils are too complicated and time-consum-
ing to solve manually. The work becomes even more
difficult if you also calculate coil resistance for any metal
at any temperature, and then get answers in AWG num-
bers. But a calculator makes it all easy.
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Sequence of operations

1. Partition calculator
Enter 2 Press 2nd *QOp 17 Display 799.19

2. Load both cards: all four sides

3. Enter bobbin dimensions in cm:

Enter D; Press D Display D;

Enter D, Press 2nd *D' Display D2
Enter d Press E Display d

(and for rectangular coils:)

Enter D3 Press 2nd *E' Display D3

4a. Enter inductance (L) in henrys:
For circular coils Press A
For rectangular coils Press 2nd *A’

**Press R/S
**Press R/S

4b. Enter number of turns (N):
For circular coils Press B
For rectangular coils Press 2nd *B’

**Press R/S
**Press R/S

4c. Enter resistance in ohms:
For circular coils Press C
For rectangular coils Press 2nd *C’

**Press R/S
**Press R/S

Display (N)
Display (AWG)
Display (OHMS)

Display (L) henrys
Display (AWG)
Display (OHMS)

Display (AWG)
Display (N)
Display (L) henrys

“*Performed automatically when used with PC-100A printer

Program constants and codes

Registers Contents Comments
00 0.4 space factor
01 D,
02 D2
03 Ds
04 d
05 (used)
06 (used)
07 1. relative resistivity of copper
08 1.724137931 | resistivity of copper at 20 C (uf2-cm)
09 0.00393 temperature coefficient of copper
10 20. temperature °C.
11 16021530. | “D1CM"
12 - 16031530. | “D2CM"
13 16041530. | “D3CM"
14 27001530. | "L CM"
15 32233036. | “OHMS”
16 55275623. | “(L)H”
17 134322. | “AWG"
18 (used)
19 (used)
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280 through 289 of the program.

To enter the program into the calculator, you first
partition the calculator. In the calculator’s notation,
20 registers for data (00 to 19) and 800 registers for
the program (000 to 799) appear as 799.19 on the

calculator’s display. You obtain this partitioning by
pressing keys 2, 2nd, *Op 17, in that order. A space
factor is put into data register 00, and the other
constants and alphanumeric codes used in the pro-
gram are put into registers 07 to 17 (see table of

nog o 92 /ny oss 12 B 110
oot 32 Aby nss 71 SER 111
ooz 92 ADY asy 03 03 112
aa3 21 RAS ass oy oy 113
204 Fa LBL 59 &5 = 11s
0os 13 © nen 7?1 SER 113
oos 71 SEE Ol 04 04 115
ooy a3 03 02 T 7 117
oz A5 B85 aes 37 IFF 118
oo 52 o4 07 o7 11a
o1 43 RCL OES 00 a0 120
oty oz o2 06& 62 &3 121
oiz 323 #= asy 21 BAS i2=
aiz ¢ - o2 71 SER 122
014 43 RCL Oes Qs 05 iz4
gi1s i 0l o700 5S4 54 125
oile 323 H= o7l 37 IFF 128
217 54 2 a2 o7 o7 127
oig 85 x O73 0o o0 122
g1i9 =29 074 7F&  TFE& 129
020 BS X o7 3231 ReS 130
0z1 43 RCL 078 71 SEBR i3l
ozz 04 04 ary7 05 05 i3z
023 55 =+ 078 77 77 133
24 04 4 073 51 RST 134
025 &5 X 080 76 LEL 133
oz2e 71 =SBR g2t 11 A 135
027 04 04 082 71 SBR 137
gzs zg3 28 nE3 03 03 135
0ze 27 IFF 024 923 323 132
030 07 07 0gs 55 = 140
021 20 0o o2s 71 SER 14;
032 33 24 027 d4 04 142
033 91 RS5 sz 385 bH 143
nozd4 7Pl SBE aEs 35 144
035 03 03 090 33 T4 145
035 39 39 g91 95 = idé
az7 55 =+ o3z 2z IHY i4f
azs 71 SBR 093 52 EE 142
039 03 02 094 S8 FI¥ 143
040 56 56 095 o0 0o 150
041 87 IFF og9e 42 5T0 15}
o4z r 07 g9y 05 05 15?
043 00 Qg o993 59 0OP 153
044 45 45 093 05 06 154
045 231 R/S 100 27 IFF 155
o4s 71 SER 101 o7 P 136
047 03 03 102 01 0f 157
o4s o7 o7 102 a5 o5 138
043 B5 X 104 2! REs5 152
050 71 SER 105 V1 SBR LEl
051 04 04 108 s oS 161
one 17 17 107 5e Sl 1%3
053 &1 RBST 108 &7 IFF 1ad
054 7& LEL i092 07 o7 164

ot 0t 165 91 R-s3 220 71 SBR
13 12 1&g 71 SBR 221 0&a 08
o 5 I 167 a7 arv 222 31 31
7l SER 62 82 B2 223 81 RST
os o5 169 231 RST 224 7Fe LEL
7T 77 1¥0 Fa lBL 225 14 1
81 RST i¥l 18 C 226 42 570
75 LEL 172 71 SER 227 0l 1
iv B? ivz 03 043 228 25 CLE
71 SER 174 &5 &5 223 43 RCL
e 05 173 43 RCL 220 1t 1t
31 31 176 03 032 221 &% 0OP
a7 IFF i77 &5 = 232 124 D4
T O7 i72 43 RCL 233 432 RCL
o1 ail 172 Q2 a2 234 o1t 0t
27 27 120 RS = 235 A9 0OP
91 RBSS 181 43 RBCL 238 08 N&
71 SER 182 04 04 237 91 RS
a7 o7 gz 7 - 233 Y8 LEL
82 &2 igd4 43 ECL =33 13 p¢*
g1 R&T 183 1 0Ot 240 42 57O
75 LEL 188 B85 ¥ 241 02 10z
i& H' 127 43 RCL 242 25 CLR
71 SER 182 04 04 243 43 ECL
a2 03 t83 £5 244 12 12
33 a3 120 53 ¢ 245 /32 0OP
55 =+ 1921 43 ECL 24e 04 04
532 ¢ 1% 03 03 247 43 RCL
71 SEBR 19 7 - 242 02 02
o0& 06 134 71 SBR 243 &3 0OP
5% 59 144 a2 a3 250 08 06
a5+ iz 3 31 251 391 RsS
71 SER 19? 54 2 292 76 LBL
o7 a7 122 35 = 293 15 E
32 22 129 £5 254 42 570
54 3 200 71 SER 255 04 04
65 X 201 04 04 2586 25 CLPR
o1 1 202 28 28 257 43 RCL
52 EE 202 37 IFF 252 14 14
o3 9 204 o7 07 253 &9 0Op
35 = 205 0z 02 20 04 04
34 T'H 20e 08 0= z2el 43 RCL
a5 = 207 91 z 262 04 04
52 FIY 202 71 JE& ZEZ 59 0OP
o0 0o 202 03 03 264 0& 06
22 IHY Zin0 33 39 263 9% RB/S
32 EE 211 55 =+ 266 7& LEBL
52 0OF 21z 71 SBER 267 10 E*
nr 0s 212 02 o= 252 42 570
42 =T0O 214 585 EE ZE2 03 0=
as 05 215 27 IFF 270 2% CLE
27 IFF 2ls A ofF 271 43 RCL
a7 orF =1 F iz e 2F2 12 i1z
01 0t 218 20 20 273 &9 OF
66 5A 219 91 R/S 274 04 03
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Program Constants and Codes). They are permanently
recorded, along with program steps 000 to 794, in
banks 1 to 4 of two magnetic cards.

Unless instrueted otherwise, the program assumes
that the eoil is wound with annealed copper having

double-film insulation. Also, the program assumes
that the resistance entered is the value at 20 C. But
you can easily adjust the program from the keyboard
for other types of metal and change the space factor
or temperature simply by storing new values in the

_ & 22 385 06 440 55 + 435 85 +
575 65 o 32 43 RCL 387 RCL 442 00 0 ie 2.
57 06 05 333 02 0z 388 iy 443 00 O s 2 -
279 91 R/3 334 7S5 - 384 opP 444 95 = éh% 55 =
280 53 ¢ 335 43 RIL 390 04 443 34 X 2al o 1
zE1 02 2 336 01 o1 391 > e = = 02 .32 St
262 00 0 237 54 O 332 RTH 447 04 4 RDE 2 5TO
283 69 OP 33% 92 RTM 393 ¢ 448 55 = 25 a8
P84 07 @7 339 53 ¢ 334 42 SO 449 89 ¢ 304 33 e
285 69 OP 340 71 SBR 393 a5 430 33 = i 45 :
286 19 19 341 03 03 336 SBR 451 34 I 0 nz RCL
287 25 CLR 342 31 31 397 02 492 54 O el
288 54 343 65 x 398 80 43¢ 90 O 505 :
289 92 RTH 244 05 5 399 RCL 453 53 ¢ 2t oh Bl
290 53 ¢ 345 00 o 400 e a8y 50 21 =B
291 53 < 346 65 x 401 op 456 42 570 Si1 09 9
292 01 1 347 43 RCL 402 D4 437 0608 2 30
293 85 + 343 04 04 403 RCL 438 55 & 2 g? ¢
294 43 RCL 349 65 x 404 a3 o 515 85 4
295 09 09 350 43 RcL 405 S2 EE 480 00 0 S1f ¥
296 65 x 351 00 00 408 opP 461 02 2 2 33 .
297 53 ( 352 55 + 407 06 462 05 5 2L g2 °
298 43 RCL 353 89 « 408 CLR 463 04 4 2is §§ X
299 10 10 254 54 409 3 464 54 O . 3 RCL
200 75 - 355 92 RTH 410 1 463 33 ¥E 2= i P
301 02 2 356 53 ¢ 411 Op 466 55 = EET
302 00 0 357 43 RoL 412 04 467 01 I =i e
303 5S4 358 06 0§ 413 ROE 203 9% Eb 25s o2 o
304 54 5 359 33 X2 414 a3 geal B 255 -sv-5 iy
305 54 ) 360 55 - 415 > 470 54 3 2ed 93 .
206 92 RTH 361 04 4 416 92 RTHN 471 22 L0OS ggg 03 3
307 .53 ¢ 362 95 = 417 ¢ el S35 85
308 42 STO0 0 363 54 ) 413 SER 473 01 1 = 2 G
309 05 05 364 92 RTH 419 g et e 9 330 31 5B
310 71 SBR 365 53 (¢ 420 85 #7594 &0 £ =5
311 02 02 366 42 5O 421 = 476 95 = 2 & >
212 20 20 267 05 05 2 422 INY 477 22 INY o a
312 03 3 368 71 SBR 423 FIx 478 52 EE = 5
314 01 1 263 02 o0z 424 op 7% 58 FlIa 28 e e
315 69 OP 370 80 80 425 05 48000 00 2sa
316 04 p4 371 43 RoL 426 ) 481 &3 OF 2
317 43 ROL 372 15 15 4&7 RTH 482 06 06 537 15 19
318 05 05 373 69 OP 423 ¢ 483 54 ) e =
31% 69 OP 374 04 04 @ 429 RCL 484 92 RTN 23 .o et
320 06 06 375 43 koL 430 o8 * 8 52 2 s

321 25 CLR 376 05 05 431 #8604 4 B o
322 43 ROL 377 55 <+ 132 43 Rel g8 =i o0 4
323 16 16 378 71 SR 433 00 09 S ) A e
324 &9 QP 379 02 p2 0 434 55 ¢ 489 33 Kz Jan UF 4
325 04 04 T30 20 90 435 43 PCL 490 69 ;?f N
226 43 ROL 381 95 = 43¢ 05 05 431 353 Er o0
22T 0S5 382 45 EHC 437 &5 942 29 & bl e o
e 93 xe0 385 05 05 438 43 Rl S R e s e
329 54 ) 384 63 OP 439 07 07 494 02 0z 349 43 RCL
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appropriate data registers.

For example, to design a coil wound with aluminum
wire, change either the relative resistance in register
07 to 1.64, or the resistivity to 2.62 u{-cm in register
08, but not both. And you can change the temperature
in register 10 to investigate the effects of temperature
changes.un
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550 04 04 e05 54 ) &60 0% 9 715 54 ) 770 91 R/S
551 54 ) alE 33 He a51 93, 7le 28 LOG 771 432 RCL
552 54 07 55 =+ 862 N2 2 iy w3 = Tre 15 15
553 92 RTH 08 89 g 563 01 1 vig 43 RCL 73 69 0OP
554 53 (¢ G009 &5 T S L 719 03 03 T4 04 04
555 2% CLR 10 43 RCL B3 53 ( 720 85 X fro 22 INY
2596 43 RCL 611 07 0OF nEE 53 2l 53 ¢ 77& 58 FIR
557 1?7 17 6l 85 X L6743 RCL 22 43 ECL e 283«
552 &9 0OF 612 43 RCL E62 02 02 723 03 03 7re 43 RCL
559 04 04 614 03 05 69 B85 4+ Y24 B85 + TF9 03 GJ
560 53 ¢ 615 55 =+ o700 43 RECL 23 43 RCL a0 85
561 71 SER 16 01 i erl 03 03 726 19 19 ral 43 REL
562 03 03 617 52 EE 572 54 3 727 54 TEZ 01 o1
563 3% 39 518 04 4 A73 42 5TO Fes 28 LOG 722 54
5964 55 + 519 95 = 674 18 i3 T3 54 2 TE84 B85 =
S5 43 RCL 620 B85 x 673 B5 X 730 54 25 02 2
566 05 0S5 621 71 SBER TS 53 731 392 ETH F8& £5 x
S&7 54 f22 0z 02 &77 02 2 732 953 ( 787 43 RCL
568 34 I'¥ &22 90 90 &78 &5 X 732 04 4 782 05 05
569 B£5 ¥ g4 95 = 679 43 RCL 24 8BS X 7E9 55 =
570 02 E 525 22 INY £20 2 02 735 33 ¢ 790 71 SER
571 a5 626 52 EE 681 A5 X 736 02 2 721 08 0s
5 | SBR 27 69 0P 532 43 RCL T3 B5 X FE9Z2 00 00
573 04 04 628 06 06 £33 03 03 738 43 RCL 793 54
874 53 53 529 54 34 55 =+ 739 19 i3 794 92 RTH
575 54 630 92 RTH 23 53 740 75 - TES 00 0
576 92 RTH 631 53 ¢ 635 432 RCL 741 43 RCL 736 00 O
377 53 ( 632 71 SBR =237 04 04 742 18 13 = (T
578 25 CLR £33 032 03 6532 B85 + 42 55 =+ Y92 00 O
579 22 INY 634 07 OF £82 71 SER 744 02 2 33 00 0
S50 58 FI¥ 635 &5 % &90 02 03 745 85 +
581 43 RCL 636 ¥1 SBR £91 31 3t 746 93
582 15 15 &37 08 05 232 54 2 747 04 4
583 &9 0OF 632 59 59 £33 54 742 04 4
524 04 04 639 85 + 594 28 LBE 43 07 7
585 39 6540 43 RCL 695 75 a0 B3 X
526 BS X 641 05 05 695 43 RLL Aol el i
587 53 (¢ 642 33 K2 697 02 02 oz 42 RCL
588 43 RCL 642 65 = 692 65 752 04 04
583 01 01 &44 71 SER 699 53 ( o4 85 +
590 85 + 645 0OF 07 700 43 RCL F33 71 SER
591 3 RCL E4E 32 32 7ol 02 02 ’3e 03 03
592 0z 0z 647 95 = 702 85 + 57 31 31
593 54 ) 642 55 = 702 53 ¢ a8 54 7
994 55 = 649 01 1 704 43 RCL P =T
595 02 2 650 52 EE 705 02 02 reld 54 )
S9& 65 £51 09 9 TOL 33 Y= el 32 RETH
597 43 RCL 652 95 = 7O 85 o+ fhe o4 (&
292 03 05 B53 22 IHY FoO8 43 RCL ez 71 RER
29% 33 = £5d4 58 FIW 0% 03 03 YE4 05 05
600 53 655 69 TF 710 33 xE 765 54 54
a0 432 BCL S5 06 Os P11 5& Tan 37 IFF
602 08 Of BES7? 5 : Fl2 34 e T T
&I 55 =+ 593 92 ETH 713 42 570 ves Oy 07
604 02 2 552 53 ( 714 19 19 ¥69 71 71
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