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ABSTRACT

This paper describes the design of a special single-wafer decade
switch that is intended to replace a conventional six-wafer 10-position
switch for setting magnetic core circuits. The new switch is less than
one-third the size of the older design and its reduced complexity makes
it potentially more reliable.

1, INTRODUCTION

The Harry Diamond Laboratories has developed a particular desizn of
magnetic core decade counter* for use in electronic timers. This counter
reduces the number of wires that must be brought out from the projectile
or missile for setting the desired time of flight. The proper inter-
connection of the setting wires requires six wafers in a conventional 10-
position switch. This paper describes the design of a sinple-wafer switch
which will perform all the required functions of the six-wafer switch,

The new switch has a volume less than one-third that of the six-wafer de-
sign. Since the interconnections are made by the use of printed wiring
rather than by many wire interconnections, the new switch is potentially

more reliable.

Figure 1 shows the coils of the decade counter and the reqguired di-
rection of (momentary) current flow to set any core from O to 9, For ex-
ample, to set core ¥, terminals A and D must be connected, C and X1, X2
and G, and F and B. When the switch makes these in‘erconnections, the
current entering at terminal A will pass in the proper direction through
the two coils (marked with the digit 7) now connected in series, and out
through B This switching can be accomplished for all 10 digits with a
10-position 4-wafer switch.

These switches will be used in groups with series connections of the
decade counters to provide counts up to 999. Another requirement oi the
switch is to prevent the setting of a number smaller than 200 or lar;er
than 919. An electrical interlock circuit that will provide this limita-
tion is shown in figure 2. Termwminals Z and Y of the hundreds switch con-

nect to A and W of the tens switch.

DA

The interiock circuit operates as follows—assume a setting, say 21
(within the allowe< ranze) . Setting current enters the hundreds switch at

terminal A, passes through the appropriate hundreds cores, comes out at B,

then out at %, into A of the tens switch, through the tens cores, out at

oo

B, and into A of the units switch, If the setting is 199 or less, the cir-

cuit between B and Z of the hundreds switch is open and no settin; curront

can flow, If the setting is 920 or greater, setting current must ccne out

terminal Y of the hundreds switch, into W of the tens switch, where the
circuit is open, and again no setting current can flow,

*UDL Report No. TR-1118, A Magnctic Decace Demonstrator,' Michacl J. Katz,

20 May 1963.
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One additional wafer on each of these switches and connzcted as ohowpe
will provide the interlock feature. “To'make both switches identical, two
wafers will be reqguired for each twitch for the interlock feature A to-
tal of six conventional wafers are thus needed for o complete switch for
each aiz1t

2. SWIICHING_CiRCUIT

All zwitching circuits required for each digit are shown 1n figure .
We now desire to provide these circuits with cne wafer; this objective baos
boen accomplished by providing 13 fixed brushes--one for each different
fermainal letter in figure 3---and arranging *hem as shewn in figure 4.
The wafer circuii for providing the switching connections :s also shown in
figure 4 The wafer, which can be placed in any ¢of ten positions, is sin~win
in ‘ae position for setiing core zero. Note that the digit visihle in the
switch window is the nine 's complement of the core rumber being set, for
reasons exrlained below Photographs of +he swiitch are shown in figures 5
and G,

Firmure . 1% ¢ schematic diaxgram of switch interconnections for setting
t titee decades of naznetic core counters. With the switches and counters
coniiocted as shown, the three viag counteis can be set fo any number from
200 t 919 inciusive, the series circuit Dzing open for any number outside
this range The clear winding it each covptoy wus: bhe pert of the circuit.,
tTais »indin:; cleare all cores to the zero stte I+ i3 overridden by
the se. windings where ‘ones’ must be gotr inrvo specific cores ' The clear
“indings ore comnected 1n the circuir ase chown in fizure . fo aminhidze the
cosnections that nu~i be brought out to the switching pane? the nwode
cviteh provides for fhe celecfion of &, L., sand 7 signals diecusscd Helow

2 NINE:S_COMPLEMENT
Turec decade riang counters coiz count from 0 to 999 inclusive Let
the outpu? signal cccur at count 999 When che three decades are cach ini-
v12lly set io 0, 999 input pulses are requirec for the output simmal to
occur. For exanple, if the initial setting 1z J4., fhen €52 pulces ave
equirad for the cutput rulse to occur. 1In 'hrs applicarion, the creinlor
wriitt: (0 s¢t pulee:z requared. Thie setyving can de accompiished i1f the dials
2re mariked *ith ithe nine‘s complenent of the core mmbaer being se' in °bo
couitter as in fizure 4, thus eliminating ‘e need for mental sudrracron
(Ihe coree are aumbered for a fcrward ccua‘any operarion to simpliiy -

Y '.‘w

desin of outpur circuits for more thaa one outyjuf, &ud Yo simplify i
deccerigption of cperation of the ring counters, soriiculariy with resprct Lo

carries froi: on¢ decade to another.’” The elecirical interlock circult (L

lirits cetting to numbers betwezin 200 and 919 {iaclusaive) thus limits counts
rewtining (o nunbers between /5% cad 080 (40 9 anu o "0 sec remaining whaen

the +uput 1s a 10-cps clock).

4 QDY SELECTOR
A swiich 1s required for mode selecticn in an ayy. | proasrarmer Ma; ;-

nzric vores are sct which provide B, L, and T si;nnrle r1adepecudent of gach



other. When a selected core is set with a current pulse in one direction,
a selected signal will occur; 1f the setting pulse is in the other direc~
tion, the signal will not occur. The switch designed for setting the
decade counters can also be applied here, if the connections to the mode
selection coils are made as shown in figure 7. The arrows in the figure
show the direction of current required to make the selected signals occur,
If the pulse is in the opposite directior, that particular signal is
omitted. Two L coils are required, but only one of them will be in the
pulsing circuit at any one time. This requirement arises when the wafer
used is the same as that designed to fulfill the requirements of the de-~-
cade counter.

With the mode switch connections shown in figure 7, the control coding
is determined from figure 1. When the switch is set for cores 8 or 9, the
circuit is open and nothing will be set. Signal B will occur when the set-
ting is 0, 2, 4, or 6; signal L will occur when the setting is 2, 3, 6, or 7;
signal T will occur when the setting is 0, 1, 6, or 7.

This coding can be shown more clearly in the following chart. The
third column in the chart shows the digit visible in the window for each of
the conditions. For example, if only B and L outputs are desired, the mode
switch setting must be numeral 7 (for core 2).

Coding for Coding for
core number Signals digit visible

0 B T 9

1 7 8

2 B 7

3 €

4 B 5

5 (none) 4

6 "B L T 3

7 L T 2

8 (open) 1

9 (open) 0

A switch with any desired coding can be designed by changing the cir-
circuitry printed on the wafer., 1If further work is done on this type of
systein, it 1s suggested that a coding more suitable for the mode switch be
designed to simplify field use. Below is shown the present code and a pro-
posed code versus the switch digit visible (nine's complement of core num-
ber). When the letter is omitted, the corresponding output will not occur.

-



Switch

Signals with

digit S8ignals with
visible present code proposed code
‘( 0 (open circuit) B

1 (open circuit) B L
2 T L (oper circuit)
3 B T L B T
4 {none) {open circuil)
5 B {none)
6 L L
7 B L (open circuit)
8 T ™
9 B T {open circuit)

The purpose of the proposed code is to group the 8 signals together,
then to group the T and L signais in a pattern thai is the same Wwhether
the B signal is present or not. The proposed code omits the L signal
when the 7 signal is present because the T signal makes the L signal
meaningless in a particular application. An additional improvement would
be to design a six-position switch, eliminating the open-circuit positions.
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