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This report was prepored as an account of Government spohsored work. Neither the United States,

nor the Commission, nor any persob acting oa behalf of the Commission:

A. Mokes any warranty or representation, expressed of ' implied, with respect to the accuracy,

| completensss, or usefuiness of the information coninined in this report, or f?xm the yse of
any jn(ormnﬁon, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or ;

B. Assumes any liabilities withirespect to the use of, or for damages resulting from the use of
any information, apparatys, method, ot process disciosed in this reporf.

As used'in the cbove, "‘person acting on behslf of the Commission” includes any employee of

contractar of the Commission, or smployze of such confroctor, Yo the extent thut such employee

or contractor of the Commission, or employee of such contractor prepores, dissswinates, or

provides: uccess to, ony information pursuant ta his employment or contract with the Usmmission,

or his employment with such contcuctos.
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1. DESCRIPTION

1.1 General

The OR Gate circuit is a logic element intended for use in the safety systems
of nuclear reactors. The circuit accepts up to eight logic or bistate input signals,
each of which is either "normal” (<10 v) or "trip" (0 v). The output is "normal” (10 v)
only if all eight of the inputs are normal. If any one or more of the input signals is
in the "frip" state, then the output is also in the 'trip" (0 v) state.

1.2 Construction

The OR Gate is constructed in a single module 1.40 in. wide, 4.72 in. high,
and 11.90 in. deep. It is a standard "1 -unit" plug-in module of the ORNL Modular
Reactor Instrumentation series depicted on ORNL Drawings Q-2600-1 through Q-2600-6.

The circuit is constructed on a printed circuit board mounted within the module
and is unshielded.

1.3 Application

The OR Gate is used in reactor safety systems to combine the several informa-
tion signals of a safety channel into a single action output where it is desired to couse
safety action when any one or more of the several signals is in the "abnormal, " or
"trip, " state. The circuit is designed to accept only logic level signals, that is, -10
+ 2 v corresponding to the "normal" level and 0+ 1.2 v corresponding to the "trip"
level. In the usual application, the inputs to the OR Gate will come from the logic
level outputs of Fast Trip Comparators, ORNL model Q-2609, in the information sig-
nal paths. The OR Gate output will normally drive a group of Magnet Control
Amplifiers.

1.4 Specifications

1. Number of inputs: Eight,

2. Llogic levels: Normal level is =10 + 2 v and abnormal
(trip) level is 0+ 1.2 v.

3. Action: When all inputs are "normal, " the output
shall be "normal." When any one or
more of the inputs is "abnormal, " the



output shall be "abnormal." Open-cir-
cuited inputs are inferpreted as "obnormal,"”
and if any one or more inputs is open-
circuit, the output shall be "abnormal.”

Inputs should be bistable; consequently,
response to intermediate voltage levels
is undefined except that, in general, the
output should be approximately equal to
the least negative of the input signals.

4. Input impedance: 5000 ohms resistive (each input).

5. Moximum load: 1000 ohms.

6. Response time: 50 usec maximum total time to change states.
7. Power required: -25+ 0.25 v dc with regulation of £0.1%.
8. Ambient temperature range: 0 to 55°C.

1.5 Applicable Drawings

The following list gives the drawing numbers (ORNL Instrumentation and Con-
trols Division drawing numbers) and subtitles and the fabrication specification number
for the OR Gate:

1. Q-2612-1 Circuit.

2, Q-2612-2 Details.

3. QQ-2612-3 Metalphoto Panel.

4, Q-2612-4 Printed Circuit Board.

5. Q-2612-5 Assembly .

6. Q-2612-6 Parts List.,

7. SF-239 Fabrication Specification.

The following list gives the drawing numbers and subtitles for the Plug-In
Chassis System:



1. Q-2600-1 Assembly .

2. Q-2600-2 Details.

3. Q-2600-3 Details.

4., Q-2600-4 Details.

5. Q-2600-5 Details.

6. Q-2600-6 Module Extender Assembly and Details.

2. THEORY OF OPERATION

2.1 General

The OR Gate is a diode-transistor logic circuit designed to provide a trip sig-
nal to a group of magnet control amplifiers when any one or more of the eight informa-
tion signal inputs is in an abnormal state. Each information signal has two possible
states: either normal, -10+ 2 v, or abnormal, 0+ 1.2 v. The Fast Trip Comparator
which normally supplies the input signal has a limited driving capability that, in turn,
limits the minimum allowoble input impedance of the OR Gate to 5000 ohms. The
OR Gate output must drive a 1000-ohm load with the output at =10 £ 2 v. The out-
put is 0 £ 1.2 v when any input signal is in a trip state. The rise time, or time required
to change stafe, is less than 50 sec.

2.2 Circuit Description

The circuit diagram of the OR Gate is shown in Fig. 1. To simplify the circuit
description, assume temporarily that there is no voltage drop across a forward-biased
diode and no current flow through a reverse-biased diode. Now consider the circuit
conditions with all eight inpufs open-circuited. If we further assume that the base
current of QI is negligible, then a simple voltage divider is formed by resistors R1
through R9, since diodes D9 through D24 are forward biased. Since R1 through R8
have equal resistance, the voltage at the base of Q1 can be represented by

L
Vo= o (<25 V)

RT + R9

<o —
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= = - (-25) = -0.04 v.
5 + 400

If only one input (pin 2) is open-circuited, and the other seven inputs are held at

~10 v, the voltage across each resistor R2 through R9 is =10 v, and diodes D10 through
D16 and D18 through D24 are reverse biased. This leaves diodes D9 and D17 con-
ducting, and the voltage at the base of Q1 becomes

R1

V= RTTRS

(-25)

5

= 37—4--66 (""25) = -0.31 v.

Either of these voltages is. well within the specified tolerance for nominal

"zero" output. QI and Q2 are emitter followers to provide current gain and, ignor-
ing base-emitter voltage drops, the output is equal to the voltage at the base of Q1.
If the open input (pin 2) is grounded, D1 becomes reverse biased, and the output is
unchanged from the open-circuit case. Any intermediate number of inputs ot ~10 v
or zero v will fall somewhere between the two cases calculated; thus, the condition
that the output be 0 = 1.2 v when any one or more of the inputs is in the zero state
is accomplished.

When all eight inputs are held ot =10 v, the base of Q1 and, consequently,
the output are also =10 v. Note that, if all of the inputs are not equal, the output
will be equal to (in general) the least negative of the signals. These arguments apply
no matter which input or combination of inputs is selected, since all input circuits
are essentially identical up to the base of Q1.

The diode and transistor voltage drops were neglected for the preceding de-
scription, but in fact, they are not negligible. Two diodes are placed in series in
each input circuit (D9 and D17, for example) to compensate for the nearly equal,
but opposite, base-emitter drops in Q1 and Q2. All diodes and transistors are sili-
con so that the junction drops will compensate each other and to minimize reverse
leakage. The actual base current of Q1 is about 10 pa at the maximum specified
output current, and has a negligible effect on the voltage levels.

Limiting-resistor R10 is included in the collector circuits of Ql and Q2 to
[imit the current to a value that will not cause damage to the transistors when the
output is accidentally short circuited.

A normally closed, screw driver actuated, locking pushbutton S1 is provided
to open the output circuit for testing or for channel isolation.



3. OPERATING INSTRUCTIONS

3.1 Installation

The OR Gate is a module of the ORNL Modular Reactor Instrumentation series.
Like the other modules in this series, it has standard connectors and dimensions and
has o pin- and hole-code on the rear plate so that the module will not be inserted in
a wrong location in a drawer. The module is installed by placing it in its proper loca-
tion, inserting the module firmly, and tightening the thumb screw. The module may
be plugged in with power on without damage.

3.2 QOperating Controls
The only control on the module is a locking pushbutton on the front panel which,
when depressed, causes the output to be zero or "tripped."
3.3 Connections
All connections are made through the rear connector P10 when the module is

inserted.

4. MAINTENANCE INSTRUCTIONS

4.1 General

This module is designed to operate continuously with a minimum of mainte-
nance and no adjustments. Should a failure occur, any port listed in the Replace-
able Parts List, Sect. 5, can be replaced.

4.2 Periodic Maintenance

The OR Gate circuit will be tested routinely as a part of the overall safety
tests; that is, the OR Gate must function properly if other tests of the system are to
be successful. No specific maintenance procedures other than this testing are
indicated.

4.3 Calibration

No calibration is required. Proper operation may be assured by performing

on acceptance test (Sect, 6).
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4.4 Troubleshooting

The most Jikely sources of trouble are either excessive leakage (Ic o) of fran-
sistor Q1 or low current gain (H, ) of both Q1 and Q2. Other possible troubles are

. . fe . . .
faulty diodes, either shorted or open-circuit. Because some diodes are used two—~in-
series, an input-output test might not reveal a faulty diode. Diodes D9 through D24
should be checked individually with an ohmmeter. It should not be necessary to re~
move the diodes from the circuit to check them.

5. REPLACEABLE PARTS

LIST

A description and an ORNL Stores number for all replaceable parts are given

in Table 1.
Toble 1. Replaceable Parts List
Part No. ORNIL Stores No. Description
Q1 06-996-1840 Transistor, PNP, 2N1229,
Hughes.
Q2 06-996-1710 Transistor, PNP, 2NI1131, T.I.
D1 thry D24 06-995-5620 Diode, silicon, 1N457A.
D1 thru R8, RI1 06-932-0133 Resistor, 5000 ohms £1%, 1/2 w,
Stemag, type SLAK.
R9 06~932-0215 Resistor, 400 kilohms £1%, 1/2 w,
Stemag, type SLAK.
R10 06-932-0587 Resistor, 1000 ohms £5%, 1 w,

Stemag, type A-2.

6.1 Test Equipment

The following test equipment is required:

NWN—

6. ACCEPTANCE TEST PROCEDURE

Regulated dc power supply, Hewlett-Packard 721 A, or equal
Two power suppiies or volt-boxes, 0 to ~10 v
DC voltmeter with £3%, or better, accuracy
Temperature test chamber.
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6.2 Acceptance Test

1. Connect the power supply from pin 9 to pin 14 (ground) and adjust to -25 v,
Connect all eight inputs (pins 2, 3, 4, 5, 6, 9, 10, and 11) to the volt~box adjusted
to ~10 v.

2. Measure the output voltage (pin 12). With all eight inputs at =10 v, the
output should be ~10 £ 2 v.

3. Disconnect one input (pin 2) and leave it floating. The output should be
0+ 1.2v. Ground the disconnected input. There should be no change.

4. Connect pin 2 to a second volt-box adjusted to =1.0 v. The output may
increase slightly but still must be within 1.2 v of zero.

5. Repeat steps 3 and 4 for each of the inputs in turn, one at a time.

6. With all inputs connected to the volt-box, readjust the voltage to -8.0 v.
The output may change somewhat, but it must be within =10+ 2 v.

7. Connect a 1000-chm load resistor to the output, and repeat steps 3 and
4 for at least 2 inputs, one at a time, and repeat step 6.

8. Ploce the OR Gate in a temperature test chamber and allow about 15 min
for the module to reach an equilibrium temperature of 60°C. Repeat all tests at this
temperature.

9. Depress the "Trip" pushbutton on the front panel. The output should drop
to zero.
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