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ABSTRACT 

A method for setting an electronic timer through two wires is 

described. The electronic timer is powered, reset, set, monitored 

and its safety status line checked through two wires connecting the 

setter and the timer. 

1. introduction 

Digital electronic timers and programmers contain memory de¬ 

vices. These devices must be set to the proper state initially to 

cause the outputs to occur at the proper time. Two methods of set¬ 

ting have been used. In the first, a wire from each stage is brought 

out to an external switch. This switch then sets all stages to the 

desired states simultaneously. In the second method, the timer is re-, 

set to the greatest time delay. Then pulses are inserted serially into 

the operating counter, partially filling the counter. The remaining 

count will give the desired time. 

The first method requires many setting wires but a relatively 

simple setting device. The second method requires few setting wires 

but a complex preset counter The first method may have the setter 

remotely located with the setting switches connected to the timer by 

a multiwire cable. This allows remote setting by a simple setting 

device. It has the disadvantage of requiring multipin connectors. 

If remote setting is not required, the setting switches may be in¬ 

cluded with the timer in a single package. The setting switches 

must now survive the environment of the timer. The multiwire and 

switch method of setting does not include dynamic monitoring. 

The second method is exclusively a remote setting method. The 

preset counter is connected to the timer through a few wires and al¬ 

lows dynamic monitoring to show that the timer was reset and set cor¬ 

rectly and is in working order. However, additional wires are re¬ 

quired for monitoring and for power. 

It is the purpose of this report to show how a timer can be 

powered, reset, set, and monitored over only two wires by addition 

of circuitry to the preset counter and logic circuits normally re¬ 

quired for serial setting. 

2. GENERAL DKSCRIPTION OF TWO-WIRE SETTING SYSTEM 

Operation of the two-wire setting system is as follows (fig. 1). 

Power to the timer is provided by the two connecting wires. The 

preset counter sends a reset pulse to Network A, which applies a 

negative pulse of short duration to the power wires (fig. 2). This 

negative pulse causes Network B to reset the timer. The preset coun¬ 

ter then sends positive pulses of the desired number to Network A, 

which applies positive pulses of short duration to the power wires. 

These pulses cause Network B to operate the timer circuits an equa 

number of times. The monitoring circuit in Network B monitors the 
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timer and gives out a pulse each time the timer monitor circuit 

gives an output. The monitor pulses fed into Network B, cause 

it to place a negative pulse on the power wires after the com¬ 

pletion of the particular setting pulse. The negative pulse is 

received by Network A and then sent to the preset counter for 

comparison purposes. The preset counter can be designed to in¬ 

dicate whether the monitor pulses are occurring at the correct 

place in the sequence, thus indicating that the timer is working 

and is at the right count. 

3. PERFORMANCE REQUIREMENTS OF NETWORK A AND NETWORK B 

Networks A and B are required to: 

(a) Supply 15 v dc to the timer« 

(b) Limit the maximum current through the two wires to a 

nonfire level for squibs, detonators, etc. 

(c) Reset the timer to the maximum time. 

(d) Set the timer to the desired time. 

(e) Check the safety device status switch. 

(f) Receive monitor pulses from the timer and indicate 

that the timer is functioning properly. 

4. TWO-WIRE SYSTEM LOGIC 

Figure 3 is a block diagram of the system. All the speci¬ 

fications can be met by the sequence of series pulses (fig. 2) 

superimposed on a 15-v d-c level which is maintained between the 

two connecting wires. 

(a) If the safety device status switch is open, indicating 

that the safety device is armed, B+ and pulses cannot be applied 

to the timer. Item (f), below, describes how the ground equip¬ 

ment can sense this condition. 

(b) Network A supplies 15 v and charges Cj^ through Rj^ and R2. 

The value of C^ and the time constant R^ are such that a nominal 

15-v d-c voltage is maintained on the capacitor and thus across 

the timer, if the voltage at point D is interrupted periodically for 

a short period of time. 

(c) R2 limits the maximum current through the two wires. 

(d) Point K is at 15 v If the reset generator pulses point 

A from +15 v to ground, point K goes to ground and E is positive 

with respect to D. When E is positive with respect to D, the re¬ 

set receiver in Network B is activated and resets the timer to the 

maximum time. The circuitry is such that the set generator, the 

monitor receiver, the monitor generator, and the set receiver do 

not interfere with or respond to the negative-going pulse at 

point D. 

8 
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(e) The set generator pulses point B from ground to +15 v„ 
Point K is pulsed from +15 v to +30 v. The set receiver is 
pulsed +15 v for each set pulse. The circuitry is such that the 
reset generator, the monitor receiver, the monitor generator, and 
the reset receiver do not interfere with or respond to the positive¬ 
going pulse at point 0. 

(f) After the set receiver has received a specified number 
of set pulses, the timer pulses the monitor generator. The monitor 
generator pulses point E from +15 v to ground. The monitor receiver 
is gated open to receive these negative pulses during the time they 
are expected by the preset counter. When the timer is functioning 
properly and the monitor generator is sending back negative pulses, 
the reset generator, the reset receiver, the set generator and the 
set receiver do not interfere with or respond-ta these pulses. 

Thus to set the timer to the desired function time, only two 
wires are connected to the timer. The waveform at point D is shown 
in figure 2. The reset and set pulses are programmed by the preset 
counter, while the monitor pulses originate from the timer. The 
preset counter gates the monitor receiver at the proper time to re¬ 
ceive the monitor pulses. If the status switch is open or if the 
timer is not operating properly, the monitor receiver will not re¬ 
ceive negative pulses when it is gated to receive them. The pre¬ 
set counter will indicate "error" and shut off. 

5. CIRCUITRY 

5.1 D-C Supply to the Timer 

For the timer to respond to reset and setting pulses, 
15 v dc must be applied to the B+ terminals of the timer (fig. 4,5). 
Since the resetting, setting, and monitor pulses interrupt the 15 v 
to the timer, a method is required to filter these pulses out so 
that the timer is constantly powered during the resetting, setting, 
and monitor pulses. This is accomplished by a simple RC network. 

Ci is large enough so that the 15-v supply, across it and 
the timer, does not fall appreciably when the voltage at point D 
varies. In the model built, the width of all pulses appearing at 
point D is about 20 (osee. The time constant R^Ci is greater than 
20 times this value. When C1 is called upon to power the timer, 
due to pulse voltage changes at point D, it maintains a nominal 
15 v across the timer. It recharges back to 15 v before the next 
pulse is received at point D. 

5.2 Maximum Current Through the Two Wires 

Rig limits the maximum possible current through the two 
connecting wires (fig. 3). In the model, 70 ma is the maximum 
value. A more elaborate current limiter can limit the maximum 
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current to approximately the current required by the timer* How¬ 

ever, the simple resistor limiter shown limits the current to about 

two to four times the current used by the timer. 

5.3 Reset Generators 

The preset counter portion of the ground equipment is 

simulated by a pulse generator (fig. 3,4). Positive pulses from 

the simulated preset counter feed point H of the reset generator. 

Each pulse pulls point K toward ground. The pulses are 20 ^ec 

wide. When the reset pulses are generated from the preset counter, 

only one pulse is required for each time the timer is set. Diode 

D1 isolates the input point H of the reset generator from negative 

monitor pulses that appear at point K. Positive set pulses raise 

the collector voltage but do not feed through to the input of the 

reset generator. Diode D2 isolates the B+ line from positive set 

pulses from the set generator. Thus the reset generator can pull 

point K toward ground and is not affected by other pulses appearing 

at point K. 

5.4 Reset Receiver 

The reset receiver is pulsed when point E is positive 

with respect to point D (fig. 5). This situation occurs when 

point D goes to ground. The silicon-controlled rectifier (SCR-1) 

in the reset receiver normally has its anode and cathode at 15 v. 

When D is pulsed negative by the reset pulse from the reset gener¬ 

ator, the cathode goes toward ground, and the anode stays at 15 v, 

due to the long RgCg time constant and the short duration of the 

reset pulse. The gate, point E, is positive with respect to the 

cathode, point D, of the SCR, and the SCR fires. Pulse current 

flows through the reset line of the timer. In the model, about 

400 ma flows for 20 ^sec and is used to reset a three-decade mag¬ 
netic-core timer. Neither set pulses nor monitor pulses allow E 

to be positive with respect to D. Diode D3 shunts out R4 for 
the feedback and set pulses. 

5.5 Set Generator 

The preset counter supplies set pulses to the set gen¬ 

erator at point G (fig. 3,4). In the model a pulse generator sim¬ 

ulates the preset counter. Positive pulses applied to the input 

of the set generator, cause the set generator to pulse point B 

from ground to +15 v, thereby pulsing point K from +15 v to +30 v. 

The purpose of transistor Q1 is to isolate the set generator input 

from all negative pulses at point K. Set pulses in the model run 

at 1 kc and are 20 usee wide. Thus the set generator can push 

point D to +30 v and is not affected by other pulses superimposed 

on the 15 v at point K. 

13 



5.6 Set Receiver 

Due to the diode D4 in the set receiver, the set re¬ 

ceiver will respond to positive pulses only (fig. 3,5). When the 

set generator pulses E above 15 v, point F goes positive from 

ground. (Both the monotor generator and the reset generator 

pulse point F negative.) In the model, the positive pulses 

operate a magnetic-core driver in the timer. The magnetic-core 

driver moves the bit, which is inserted by the reset receiver, 

from stage to stage. The number of pulses determines the timer 

setting. 

5.7 Monitor Generator 

When the timer is being set at certain counts, it 

pulses the monitor generator at point I (fig. 3,5). The first 

section of the monitor generator is a SO-pisec one-shot multivibra¬ 

tor. The pulse from the one shot is inverted, differentiated, 

and amplified. The result is used to generate a negative pulse at 

point E. This is the monitor pulse. It is delayed about 50 nsec 

after the set pulse is received by the set receiver. In the model 

every tenth set pulse generates one monitor pulse. The frequency 

of the monitor pulses is 100 cps and the pulses are about 25 psec 

wide. 

5.8 Monitor Receiver 

When network A expects to receive monitor pulses from 

the monitor generator, the switch is in the receive position 

(fig. 3,4). The emitter of (¾ goes to ground when a pulse is 

received, because Q3 is saturated and its collector is pulled 
toward ground. This forward biases Q2 and its emitter is pulled 
toward ground. Thus each expected monitor pulse causes a negative 

pulse at the emitter of (¾. In a fully developed ground box, which 

would include logic circuits, the mechanical switch would be re¬ 

placed by a transistor switch. If monitor pulses are not received, 

the preset counter would shut off and would indicate "error." 

5.9 Safety-Device Status Switch 

The safety-device status switch conducts if the safety 

device is in the safe position. Thus 15 v and pulses can be ap¬ 

plied to the timer. However, if the status switch is open, no B+ 

or pulses are applied to the timer and no feedback pulses are 

received. The setter would then indicate "error." 

6. CONCLUSION 

A two-wire setter for an electronic timer has been demonstrated 

to be feasible. It has the capability to power, reset, set, mon¬ 

itor the setting process, and check the safety status switch; and 
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can be safely used with devices containing squibs and detonator 

since the naximum current the equipment can deliver is limited. 
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