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ABSTRACT 

An improved version has been made of the 
timer originally described in ORNL-TM-1559. The timer 
will terminate reactor runs up to 27.7 hours in length 
in one-second increments and 1/60 second accuracy. 
Premature reactor shutdowns will stop the timer as 
will any manual shutdown. Timer control of a reactor 
run can be disabled to manually terminate runs. The 
method of interfacing with the reactor was not changed, 
but the instrument was modernized by using integrated 
circuits. In addition, a five-digit mechanical regis-
ter was obtained to perform the basic timing function 
with a resultant simplification in the associated elec-
tronic circuits. Modular packaging similar to that 
used for other reactor control units was adopted to 
facilitate servicing. 

INTRODUCTION 

The Health Physics Research Reactor was designed as an 

irradiation device rather than a reactor experiment and functions as 

the source of a fission spectrum of fast neutrons with a minimum of 

gamma rays. Reactor design is based upon the Godiva critical assemblies 

of the Los Alamos Scientific Laboratories with a bare, enriched-uranium 

core that can be operated in a pulse mode. In this respect, the HPRR 

produces pulses of 1017 fissions, an order of magnitude greater than 

those of the Godiva II. 
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Although pulses are useful when short, intense exposures at 

high dose rates are required; most of the exposures made with the HPRR 

are in the steady-state mode. Reactor powers from 0.1 to 10,000 watts 

may "be achieved in continuous operation, with a resultant wide range of 

dose rates. However, power levels greater than 2.0 kW are limited in 

operating time due to core temperature restrictions. Different integrated 

doses are achieved by varying the length of the exposure or the distance 

of the target from the reactor. 

Irradiations of many animals have been made, including pigs, 

sheep, burros, mice, rats, and guinea pigs. Other exposures have been 

made to trees and many types of seeds. While these irradiations are 

an important., part of the program of the HPRR, its primary function is 

as a radiation source for experiments to extend the techniques and 

theory of radiation dosimetry in a mixed neutron and gamma-ray field. 

Reactor runs made in the continuous mode usually require 

accurate timing of the exposure. In some cases, timing is a function of 

the radiation detection instruments used, but in most cases, accurate 

timing of the length of the reactor run is required. Careful calcu-

lations are made of the distance from the reactor and reactor power 

required to provide the desired dose rate to the object to be irradiated; 

then the reactor is operated for the time, to the nearest second, which 

will provide the desired total dose. Usually, the run is timed from the 

point where the power is of the desired power (l/e) until the time 

the reactor is shut down. Without an automatic device, accurate timing 

depends upon the reactor operator starting a clock, then properly ob-

serving it in order to shut down the reactor at the correct time. Since 
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normal operation of the reactor requires the complete attention of the 

operators, this addition to their duties can lead to errors in timing. 

A simple, dependable electronic timer was designed for the 

reactor. It can be set in increments of one second with an accuracy of 

l/60th of a second, and may be set for any duration from 1 second to 

99,999 seconds. Though it was designed to shut down the reactor after 

a fixed length of time, this feature may be disabled, and the device 

will time manually terminated runs. As a part of this feature, the 

timer will stop if a malfunction prematurely shuts down the reactor. 

In such a case, the timer may be restarted when the reactor once again 

reaches 1/e of full power and the remainder of the exposure made. The 

only reactor function which the timer controls is the slow scram, and it 

does this in a fail-safe manner so that malfunctioning of the timer 

could cause only premature shutdown. Power to control the reactor must 

be supplied from the reactor control system; none is provided by the 

timer circuits. 

This timer is a modification of that discussed in the,original 

version of ORNL-TM-1559. Reactor control logic was not changed in the 

new version, but modernization was accomplished by using digital integrated 

circuits throughout. Another modification was made to allow the maximum 

timing interval to be reached with one-second precision. A packaging 

change was made to make the unit compatible with other modules used in the 

reactor control system. Figures 1 and 2 show the improved panel design 

and the revised packaging. 



Fig. X. Reactor Timer Front Panel. 
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Fig. 2. Rear View of Reactor Timer Showing Component Layout 
and Circuit Board. 
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CIRCUITRY 

As shown in the "block diagram (Figure 3), the interface between 

the reactor and the timer is via two relays. This is the same as the 

original timer unit. A 60-Hz sine wave signal with an RMS voltage of 10 V 

is applied to the input of a univibrator via an attenuator. The shaped 

6Q-Hz signal is divided by a factor of two with a binary counter, then 

by a factor of three with a ring counter. Output of this counter operates 

a divide-by-ten counter, the output of which is a 1-Hz signal that is 

shaped by a second univibrator and applied to two Sodeco mechanical 

registers. One of the registers is a preset, countdown unit that provides 

a switch closure upon reaching zero, thus initiating the action of a 

univibrator that operates a relay whose contacts open to shut down the 

reactor. A flip-flop provides a memory for the start-stop inputs and a 

gating signal for the input pulse shaper-gate. Another univibrator pro-

vides the necessary pulse to reset the registers. Current amplifiers 

are required between the univibrators and the registers and the reactor 

shutdown relay. They are also used between the control flip-flop and 

the front panel indicator lights. 

A complete schematic of the timer is given in Figures 4- and 5. 

Although the present timer has more circuit interlocks than the original, 

the use of integrated circuits simplified the circuit. The properties of 

the inverting or gates (nor gates) used in the pulse-shaping circuits 

are exploited to provide all of the required gating functions. Connections 

Made by the Sodeco Company, Geneva, Switzerland, imported by Landis and 
Gyr, Elmsford, New York. 



ORNL—DWG 72-2897 

60 Hz 
10 Vrms 

"OFF" 

INPUT PULSE 
SHAPER 

AND GATE 

"ON" 

• o 

START 
MANUAL REACTOR SHUT-DOWN RESET 

T 

TO PRESET 

OUTPUT REGISTER 
UNIVIBRATOR 
AND DRIVERS •«-

TO REGISTER 

-4 

RESET 
UNIVIBRATOR 
AND DRIVERS 

-TO PRESET REGISTER 

TO REGISTER 

STOP JTOP RELAY 
STOP 

STOP 

FROM PRESET REGISTER' 
SHUT-DOWN 

UNIVIBRATOR 
AND DRIVER 

TO REACTOR 
-SHUT-DOWN 

RELAY 

i 

i 

Fig. 3. Reactor Timer. Block Diagram. 



OFTNL-DWS 7 2 - 2 8 4 3 

INHIBIT SWITCH 

o 
1.04= o 

^ ^ o o 
100^ 

RESET 
1.04: 

ioo: 

RESET 
1.0+ 1 

o ° 
270: 

( V ) (W) 

2 REACTOR 
" H STOP RELAY 

z T ^ - i 
NO 

=1=0.05 

N 8 

o 
o 

NC 

HOv AC 

10 < n + 5 

4 = 0 . 0 5 

L8A 
FROM REACTOR 

S C R A M I N D I C A T O R 

DRIVE 

1 5 0 

BLUE1 

NO. 367" 

(U ) 

PRESET 
DRIVE 

!NC 

1 . 0 4 = g o o 

7 
NO 

470 

( H ) + 5 

( T ) 

t 
START 

/ R E S E T / or o / o . cr o 
STOP 

YELLOW WHITE GREEN 

( B ) ( C ) ( D ) 

FRONT P A N E L MOMENTARY 
SWITCHES 

REGISTERS ARE ON THE FRONT PANEL (F.P.) 
RELAYS ARE ON THE CHASSIS 

T 

U 
SCRAM 
RELAY 

4 NC 

( X ) 

NO. 
3 8 7 ' 

+ 30 V 

7 © 
ON NO. 
LIGHT 367' 

4 
F.P. 
YELLOW 

2 
OFF 
LIGHT 

4 
F.P. 
GREEN 

r ® 

( R ) ( S ) 

y i l 
TO REACTOR 
SLOW SCRAM 

• + 5 V 

M D A - 9 4 2 - 5 

( J ) 10V 6 0 H z TO INPUT 

2 N 5 1 9 1 4-3.0V 

2.2 k 

W 2 N 5 1 9 1 

% i 5 0 % 0 v T 3 0 V 

'^/SOVT5 f I N 4 7 5 1 A 

M D A - 9 4 2 - 5 

300%V+=r 

180 
1 W: 

2 N 5 1 9 1 + 5 V 

" V 

3000/,5vi+ 

I 

5 .6 V 

I N 4 7 3 4 A 

POWER SUPPLY 

-TO PANEL 

- T O CHASSIS 

- ( Z ) 

- T O PANEL 

- T O CHASSIS 

- ( A ) 

Fig. -4. Schematic Diagram of Front Panel Controls and Chassis 
Mounted Parts. 



ORNL-DWG 72-2842 

18k 
(J W \ r 

6 0 H z 
10V (RMS) 
INPUT 

NON-PRESET 

+ 5 VOLTS IN ON PIN (Z) , PIN (A) IS GND. 
INTEGRATED CIRCUITS HAVE + 5 V ON PIN 14, GND ON PIN 7. 
2N5191 TRANSISTORS ON A HEAT SINK. 
OTHER TRANSISTORS ARE 2 N 3 5 6 8 . 

I 
\Q 
I 

Fig. 5. Schematic Diagram of Logic and Control Circuits. 



- 10 -

I 
that go via the printed circuit board connector are shown with the letter 

designation of the connection used and with an arrow showing whether the 
( t 

signal involved is going to or coming from the circuit board. 

Circuit parts divide naturally into three sections, those on the 

front panel, those on the printed circuit "board, and those on the main 

chassis. All of the control elements are located on the front panel. 

Three internally illuminated SPST, normally open, momentary switches 

provide the manual start, stop, and reset signals. All of the control 

switches function by closing a circuit to the positive five-volt source. 

The lights indicate the state of the control flip-flop. When the unit 

is operating, the start switch is illuminated. This switch has an amber 

bezel rather than red, because the color scheme used with the HPER re-

serves the use of red for indicators related to potentially dangerous 
• I 

situations while amber is used for normal operations. A green bezel 

•on the stop switch is illuminated when the timer is not operating. The 

reset switch has a white bezel and is not illuminated, since operation 

of the reset control automatically puts the timer in the stop mode. 

Indicator lights operate from the plus 30-volt line and use long-life, 

28 V, aircraft-type bulbs. 

A DPDT toggle switch on the front panel disconnects the drive 

signal from the preset register., "When the register is off, a blue light 

on tiie panel is turned on to alert the reactor operator that the timer 

can not terminate a reactor run. Such a mode is convenient, because 

it allows the timer to be used to record the length of a manually terminated 

run. 

The remaining front panel controls, two five-decade Sodeco 

registers, form the heart of the timer. One of the registers can be 
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preset and is the means for determining the length of a reactor run. It 

is set for the desired time and runs down, at 1 Hz, to zero at which time 

a switch closure terminates the reactor run. The second register starts 

at zero and records elapsed time at a 1-Hz rate. Thus, both the elapsed 

time and the time remaining in a run can be observed. Both registers 

have atuomatic reset coils and all of the coils operate at 24 V, a voltage 

at which a minimum in power consumption by such registers occurs. In R.C. 

spark suppressor is used across each coil to dissipate the energy stored 

by the coil inductance. 

Except for the power supplies, the electronic circuits are 

located on a plug-in, printed circuit board. Integrated circuits perform 

all of the circuit functions except for the coil and light driver circuits 

which are required to carry considerable current. A number of two-input 

nor gates are used. Two are cross-connected to form a bistable circuit 

that controls the timer. Use of the front panel switch is the only way 

to start the timer. The five volts provided by this switch is applied 

to the set input of the bistable circuit via a differentiating circuit 

consisting of a 0.1 yf capacitor and a 100 ohm resistor. A 10 k ohm 

resistor on the input of this circuit provides a discharge path for the 

capacitor. The time constant chosen (10""5 sec) is not critical due to 

the fast switching time of the MC3002 nor gates used, but the resistor 

to ground at the input of the gate should not get much larger than 100 ohms, 

or leakage current from the gate will provide sufficient voltage drop 

across the resistor to turn the gate on. 

Four signals can stop the timer, all of which are derived from 

the +5 V level by differentiating circuits similar to that for the start 
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signal. A signal from either the stop switch or reset switch on the 

front panel will stop the timer. Two other stop signals come from the 

reactor shutdown relay and from a relay that operates with every reactor 

shutdown. To prevent all stop signals from resetting the timer, a separate 

gate input must be used for the stop signal generated by the reset switch. 

The other stop signals are applied in parallel to the same gate input 

used for the cross connection that produces the bistable properties of 

the circuit. This arrangement has worked satisfactorily but could be 

avoided if nor gates with three or more inputs were used for the control 

bistable. The low output impedance of the gate makes the 100 ohm resistor 

unnecessary on the differentiating circuits connected to the cross-coupled 

input. 

Because gating is achieved by using a nor gate, the timer is on 

when the gating signal is low rather than high. This results in the re-

quirement that the light indicating the timer is on be operated by the 

"stop" side of the bistable circuit; conversely, the off light signal 

comes from the "start" side. The current amplifiers for both lights are 

identical. A 2N3568 NPN transistor, operating as an emitter-follower, 

couples the integrated circuit to the lamp-driving transistor. The current 

amplification provided by this stage is unnecessary unless the lamp is 

out of its socket or is burned out. When this occurs, the load seen by 

the emitter-follower is a series circuit comprised of the base-emitter 

diode of the 2N5191 output transistor and a 56-ohm resistor. This com-

bination requires 65 mA which is too much load for the integrated circuit. 

In normal operation, little base current is required by the output transistor 

as it has a minimum current gain of 25. The 56-ohm resistor sets the 
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current through the indicator lights at their design value of 40 mA, 

assuming an output voltage of 3.6 V from the integrated circuits. A 1/2-

watt emitter resistor used in the driver circuit provides a safety factor 

of more than 2. All driver transistors are mounted on a 1/4-inch thick 

by 1/2-inch high aluminum heat sink that goes across the end of the 

4 1/4-inch wide circuit board. Its use is conservative, since the tran-

sistors are rated at 30 watts and operate only in a low duty cycle pulse 

mode, except for the light drivers, and they have low power dissipation. 

Ten-volt (rms), 60-Hz sine wave input signals are attenuated by 

a factor of 0.05 before being applied to one input of a two-input nor gate 

that is cross-connected with an identical gate to form a univibrator. 

Normal gate operation ensures that only the positive portion of the input 

sine wave will produce an output signal, because the negative going part 

is clamped by a diode at the input of the integrated circuit. Excessive 

current is prevented by the 18 kohm resistor. Input resistors of 1 kohm 

allow these gates to operate near 1 volt due to the leakage current already 

mentioned, hut this is below the ^ 1.3 V level at which the gates operate. 

The time constant of this univibrator was chosen so that the output pulses 

were just enough longer than the input sine wave to provide square pulses. 

In order for this circuit to produce an output pulse, both inputs to the 

second nor gate must be in their zero or low states. The input pulse, 

inverted by the first nor gate, provides a signal meeting this requirement 

on one input. When the unit is in the start (or operate) mode, the voltage 

provided at the second gate input by the ccnfcrol flip-flop is also low. 

When the voltage rises, the output signal from the input pulse shaper 

goes to zero. This is all the gating required to control the timer. 
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Although this scheme could result in short pulses from the input pulse 

shaper, they would have to "be very short before they would not operate 

the following scaling stage. Because the 60-Hz input operates continuously, 

such short pulses can also occur when the unit starts, thus limiting the 

accuracy of the timer to the time between two input pulses (l/60th of a 

second). If this is not sufficient, a 120-Hz input signal might be used, 

coupled with a scale of 12 as the first scaler. Such an arrangement could 

simplify the circuit somewhat, because divide-by-12 integrated circuits 

are commercially available. They are not stock items at ORNL, however, 

so a 60-Hz input was used, and the resulting accuracy is more than adequate. 

The shaped 60-Hz signal is divided by 60 before being applied 

to the mechanical registers. The divider stages are designed so that the 

first output pulse occurred after 60 input pulses. Using a positive going 

signal as the output produces some circuit complications. The first stage 

of the scaling circuit is a simple binary circuit made of one-half of a 

MC3060 dual D flip-flop. The primary application of a D flip-flop is 

in shift registers, so the D input is connected to the Q output. This 

stage is set rather than reset by the reset signal to ensure the proper 

counting sequence. 

A ring counter made of three D flip-flops is used to count by 

three. It uses the other unit in the first MC3060 package and a second 

MC3060 package. This type of bistable element is well suited for this 

purpose, because a ring counter is a shift register with a "one" inserted 

and the output connected to the input. In this case, the reset signal 

injects the one into the output stage, because the final circuit, an 

integrated divide-by-10, triggers on the fall of the input signal while 

a D flip-flop operates on a positive going signal. 
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The 10 Hz output of the divide-by-6 circuit forms the input 

for the divide-by-10 circuit. This circuit is reset via the input strobe 

lines so that it starts at a count of 8 to ensure that the output pulse 

Will again go positive ten input pulses later. This is not difficult 

to do with the 8280 integrated decade counter and reduces the.number of 

parts by making an inverter at the output unnecessary. The output pulse 

is positive for 33 msec, once every second. Unfortunately, this is 

not quite long enough to operate the Sodeco registers advance coils 

directly. 

Signals from the decade scaler are differentiated by a 0.1 pf 

capacitor and a 1 kohm resistor to produce reasonably shaped input pulses 

for a univibrator that produces output pulses 60 msec long. Since the 

registers require a minimum of 40 msec, this circuit provides a 50$ 

safety factor. The register drive coils are operated by two driver 

circuits that operate in parallel from the univibrator output. The uni-

vibrator is the same type of circuit described previously for the input 

pulse shaper, and the driver circuits are like those described for the 

indicator lights, except the emitter resistors used are consistent with 

the current requirements of the register drive coils. This uni vibrator 

is gated to ensure that a drive pulse is terminated whenever a reset 

pulse occurs fulfilling the requirement that the drive coil and the reset 

coil not be energized simultaneously. This is one example of how the 

gating characteristics of the integrated circuits simplified the overall 

design. 

A similar circuit is operated by the front panel reset switch. 

The reset circuit differs only in that it produces a considerably longer 
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(*v» 280 msec) output pulse, and the output drivers produce currents 

consistent with the reset coils of the registers. Both are reset "by the 

signal from the univibrator. Unlike the drive coils, both registers 

have the same reset coil requirements. This univibrator is gated so that 

the transients produced by a reactor shutdown will not cause an undesired 

resetting of the registers. 

The five-volt signal that occurs at the switch closure when 

the present register reaches zero is differentiated and operates another 

univibrator that produces an output pulse ^ 560 msec long to operate the 

relay that shuts down the reactor. Except for the timing capacitor and 

current resistor in the output driver, this circuit is identical to the 

others described. It is gated so that a reactor shutdown cannot occur 

when the registers are reset. The large amount of energy required to 

reset the registers could conceivably produce transients that might 

trigger an undesired reactor shutdown', and gating prevents such an occur-

rence. 

Since the MC3002 is a quad two input nor gate, two gates are 

available that are not used. This was behind the earlier suggestion 

that the control bistable could be made of four input nor gates, as such 

a substitution would not affect the total chip count of the timer. The 

use of a 120-Hz input signal, and a divide-by-12 circuit would actually 

decrease the chip count by one. 

The timer interfaces with the reactor via two relays located 

on the main chassis of the timer. Most important is a 3PDT unit with 

a 24-volt coil, since two of the contacts, wired in parallel in the 

normally closed Fode, are used to shut down the reactor. With the reactor 
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control logic used on the HPKR, any "break in the slow scram line will 

shut down the reactor. Two sets of contacts were used to increase the 

reliability of the timer. A third contact on the relay is wired to the 

+5-volt line in the normally open mode to provide a stop signal for the 

timer. The reactor shut down relay is only operated momentarily, via 

the 0.5 sec univibrator, when a switch closure occurs on the preset 

register. Without this feature, the relay could conceivably remain 

energized and prevent any further start up of the reactor until the 

register was moved from the 00000 condition. The timer stop signal is 

generated by this relay rather than directly from the register to ensure 

that the reactor scram has indeed been activated before the timer is 

stopped. Thus, if for some reason this relay failed to operate, timing 

information on the run would continue to accumulate. 

The second relay also has 3PDT contacts, although such an 

elaborate arrangement is not necessary. The 110 volt coil of this relay 

is connected to a line on the reactor that provides an annunciation of 

a reactor shutdown. One set of the contacts is wired to the +5-volt 

supply in the normally open mode and provides a stop signal for the 

timer. It is this relay that stops the timer when an unexpected reactor 

shutdown occurs or when a reactor operation is terminated manually. Two 

.05 pf capacitors to ground are placed on the coil of this relay to reduce 

the chance of noise being introduced to the timer via the annunciator line. 

Since this relay also operates if the timer shuts down the reactor, it 

provides a redundant stop signal for the timer. The most stringent stop 

requirement would be to require that the timer stop signal come from this 

relay, since it operates whenever a reactor shutdown is annunciated. 
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However, this approach would keep the timer active during the period 

the reactor shut-down mechanisms are operating, a period of considerable 

electrical noise in the reactor console that could cause spurious results. 

Two standard power supplies are used with the timer. Both the 

+30 volt and the +5 volt supply use full wave bridge rectifiers and 

zener diode emitter-follower regulators. To provide sufficient current 

for the 30-volt supply, a Darlington pair of two low-cost 2N5191 power 

transistors is used. While the zener diodes have a capacitor in parallel 

to decrease their impedance, no output capacitors are used on the regulators 

in an effort to keep response as fast as possible. Separate transformer 

windings are used to provide the input for each supply. An arrangement 

where the 5 volts are supplied by further regulation of the 30-volt line 

is possible, but was rejected due to the extra power dissipation such an 

arrangement would require. 

Components are placed on the chassis so that a minimum of noise 

pickup would result. This is important particularly with the connections 

to the relays, because the reactor control lines are basically high noise. 

In fact, a reactor console utilizing control circuits like those used with 

the HPRR is an extremely noisy environment in which to operate electronic 

equipment. 

Modular construction similar to the other reactor control circuits 

was adopted for this version of the timer. As such, the unit interfaces 

with the reactor via a multipin connector on the rear apron of the chassis. 

Such a plug-in arrangement makes the unit easy to service, although no 

service has been required in the six months the unit has been in operation. 

To simplify servicing further, a switch mounted on the rear of the bin that 
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' > 1 ; ' ' 1 ; ' ' i i i 

holds the module has contacts in parallel with the scram- relay, 1 The !' 

contacts close when the timer is removed from the bin. so, that, thie reactor 

scram line is not left open. . / i ,! " 

CONCLUSIONS I " 

Through the use of integrated circuits and conservative circuit 

design, an inexpensive timer for HPRR runs was designed and built that is 

convenient and reliable to operate. The various means of stopping the 

timer and the timer capability for stopping the reactor were( chosen on 
1

 i 

the basis of operating experience and all function as required. Maximum 
i 

length of a timed run is 27.7 hours, and the length of runs can be set 

in one second increments with an accuracy depending on the 60-Hz power 

line frequency. Manual timing of arbitrary length ;reactor runs is 

possible, and the timer will stop when the reactor shuts dov.Ti, regardless 

of what initiated the shutdown. 


