








































































































non-linear systems inc.

8. Repeat Steps #4 through #7 to check all calibration. Check each voltage
on both polarities by means of the reversing switch (Figure 4-1} and
check the offset. The polarity offset should not be more than 2 digits.
If the offset is excessive, check the amplifier output level (Section V and
Figure 5-1).

POLARITY REVERSING
SWITCH (VERIY LOW LEAKAGE)

T T °\c 088 (g)
T |
|
l

STABLE VOLTAGE

SOURCE APPROX.
90VDC OR FLOATING —0

90K20.01%

o (EZ10)

10.01K20.01%

SIG
OGND

FIGURE 4-1. CALIBRATION DIVIDER
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SECTION V - MAINTENANCE AND TROUBLE SHOOTING

GENERAL:

As in most digital instruments, a malfunction of the Model M-24 can usually be detected
by a visual observation of the readout. The following paragraphs will attempt to pinpoint
the faulty section or circuits by a routine checking method.

EQUIPMENT REQUIRED:

1. Oscilloscope with:

a. Calibrated sweep

b. Calibrated DC Vertical Amplifier

¢. External trigger input

Volt~Ohm-Milliameter

3. VIVM

4. Reference Voltage source (+and -1.3 V ¥.1 VDC); a mercury cell will
be very satisfactory.

5. Variable input source with 0.1 m.v. resolution
6. Calibrated variable divider with 4 calibrated decades
It is also suggested that a quantity of recommended spare parts be available.

During trouble shooting the operator must never tilt either unit greater
than T 30° with the power on or the external reference connected.

TROUBLE SHOOTING

Problems may arise where only the readout itself is incorrect. Check the following
descriptions and make the necessary repairs before proceeding further.

M-24 V-1
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—————————————————————————— oV DC
DIFFERENTIAL ZESTORING NOISE
INPUT LEVEL LEVEL AMPLITUDE
~1.2V DC MIN. LESS THAN
0.3V P-P

(a) AMPLIFIER QUTPUT FOR SLIGHT POSITIVE INPUT

— ] e o ———— e e — — — —

RESTORING
LEVEL
INCORRECT

(b) AMPLIFIER OUTPUT SHOWING EXCESSIVE GRID GURRENT

FIGURE 5-1. AMPLIFIER OUTPUT
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If the error exists in all functions, operate the instrument on Ratio function
according to the Operation Instructions (SECTION II) with a reference voltage
of +and -1.3V t.1 VDC, and scan the meter ONCE with shorted input leads.

Connect an oscilloscope to the output of the amplifier and observe the wave
form. The amplifier output should appear as shown in Figure 5-1 a.

If the amplifier output is saturated, scan the meter once more with an input
ratio of approximately t . 0555 and adjust the input divider until the amplifier
output is similar to Figure 5-1a or 5-1h.

If the output looks like 5-1 b, adjust the amplifier as follows:

a. Set the output potentiometer (R-11 Dwg. No. 10050-035) fully
counterclockwise.

b. Adjust the 100K Potentiometer (R-8) clockwise until the output looks
like Figure 5-1 a. If this cannot be obtained, change the 5879 pentode.

c. When the amplifier output has been adjusted satisfactorily, check the
output level according to Step #18.

If the amplifier output is similar to 5-1 "a'" but is erratic or has excessive
noise, change the chopper and recheck the output. (Chopper should be
factory adjusted to NLS requirements. )

Check the high voltage power supply according to SECTION IV Required
Outputs.

Set the divider to 5000 and try to obtain a reading of approximately
+5000 £1000. Set Mode switch to Standby.

Readjust the divider, if necessary, for a balanced output of the amplifier.
The output is balanced when the differential input level (Figure 5-1 a) is
1 0. 5V of the restored level.

Amplifier output should again appear as in Figure 5-1 a.

Connect the oscilloscope to the output of the '+" trigger (Test Point "F",
Figure 5-4).

NOTE: Because of the fact that the test points on the logic boards are
sometimes inaccessible while the board is mounted in the "A'" unit,
it is advisable to obtain a set of Test Extension Boards from NLS.
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13.

14,

15.

16.

17.

18.

19.

The output of the "+" trigger should be ~1. 5V 11 VDC. If so, follow Step
#14. If the trigger output is -25V t2 VDC, then decrease the input divider
by one digit. The trigger output should drop to -1. 5 VDC before the one
digit change is complete.

Increase the divider reading by two digits. The trigger output should go to
-25 T2 VDC before a two digit change is completed on the divider.

Reverse polarity on the input to the divider and try to obtain a reading of
approximately -5000 £1000. Set Mode switch to Standhby.

Repeat Steps #10 and #11.

Connect the scope to the "-'"' trigger output (Test Point "E", Figure 5-4)
and repeat Steps #13 and #14.

In case the amplifier output level is suspected or a new tube has been put in
the amplifier, the following procedure should be used to check the amplifier
output level.

a. Connect a voltmeter or a scope beam to each trigger output (Test Points
"E'" and "'F'", Figure 5-4)

b. Obtain a *.0000 readout reading (regardless of input voltage required) and

put the instrument on Standby.
c. Short the input leads together and connect them to chassis ground.
d. Determine that the amplifier output shows a nulled condition.

e. If both trigger outputs are reading -1.5 VDC £1 VDC, then the amplifier
output level is 0. K.

f.  If the output at Test Point "E' is -25 V £2 VDC, then adjust R-11 clock-
wise until it goes to -1.5 V.

g. If Test Point "F' is -25V t2 VDC, then adjust R-8 clockwise
{IMPORTANT: Do not turn R-8 counterclockwise past the point
determined for zero grid current) until it goes to -1.5V 1 VDC.

Connect the scope to the decision line. (Pin 851 of the three-stage counter
board.
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22,

23.

24.
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Set the input divider to £+5000 and scan the meter once, then go to Standby.

There should be no decision pulses or if there are some, they should be
very erratic in frequency.

A one digit change of the divider should be all that is needed to change the
decision line from a condition of no pulses to a condition of one every 10
milliseconds and vice versa.

Repeat Steps #21 and #22 for both input voltage polarities.
If everything checks out O. K. in Steps #4 through #18 but Steps #20 through
#23 are not all right, then the malfunction is in either the decision matrix

or the decision FF.

To determine if the correct input voltages are at the decision matrix,
measure the voltage at Pins 850, 852, 854, and 855 as follows:

INPUT VOLTAGE
POLARITY PIN NUMBERS
850 852 854 855
+ -2V -15V -15V -2V
- -15V -2V -15V -2V

26.

27.

All voltages on this table are approximate and the
attention should be given to the relationship of 850 to
852, and of 854 to 855 rather than the precise magnitude
of the voltage.

LOGIC CIRCUITS:

Set the variable divider to t. 0001 and scan the meter once. Readout should
read +.0001. If any positive number other than +. 0001 appears, exchange
the decade board corresponding to the most significant digit other than zero
for a spare or for the decade 2 board. Repeat Step #26.

If the error still appears, exchange the compute relays in the "A'" Unit
corresponding to the most significant decade in error. Repeat Step #26.
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29,

30.

31.

32.

33.

34.

35.
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If the error still persists, the trouble is most likely in the 5-stage counter.
See Step #32.

Advance each decade, starting with the least significant decade of the divider
through all digits 0 through 9 while the meter is scanning continuously.
Return each decade to Zero after the digit 9 has been checked.

Observe the reading as the divider is advanced and note which decade gives
the first indication of error. For example, all numbers +. 0000 through
+. 0200 compute properly but number +. 0300 on the divider reads out +. 0289,

Exchange that decade board and/or the decade relays to determine the faulty
component.

If Steps #29 through #31 fail to reveal a faulty decade board or compute relay
(this can be determined if the error persists in one decade even though relays
and boards have been exchanged), plug the 5-stage counter extension board

in and proceed to test the b-stage counter board.

Set the meter to continuous scan and connect the external trigger of the scope
to Test Point "G" (see Figure 5-6) of the five-stage counter board.

Connect the scope input lead to each pin of the 31-pin connector starting with
#1 through #21. Each pin should have one negative pulse (amplitude varies
-5 10 -15 VDC) with a 10. 4 m. s. duration for each scan. If more than one
pulse appears during the 330 m.s. scan on any pin, that pin is connected to
a faulty "and" circuit. (Open diode.) If each pin does not have at least one
pulse, the 5-stage counter is defective.

The operator will notice that each pulse appears at a time following the pulse
on the previous pin. These pulses are the logic pulses mentioned in Section I
and examination of the pulse legend Figure 3-9 will show the operator which
circuits will be affected by pulses appearing at the wrong time or not appearing
at all,

If a malfunction appears on any of the first six pins, then the range and polarity

computation will be incorrect.

If range and/or polarity have been incorrect, check the Range and Polarity
relays in the "B' unit. If this is not the cause, then exchange the Range and
Polarity logic board with a spare.

M-24
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With the oscilloscope still triggered by Test Point "G" of the Logic Matrix,
connect the scope input to Pin #59. A negative pulse should appear correspond-
ing to counter state #2. This is the compute reset pulse.

Set the divider to 0 in the most significant decade.

Connect the scope to Pin #58. A negative pulse corresponding to counter
state #30 should appear.

Connect the scope to Pin #57. A negative pulse should appear corresponding
to counter state #29.

Connect the scope to Pin #7 of the 3-stage counter board. A pulse going from
-27 VDC quiescent to -. 5 VDC for 10. 4 m. s. should appear corresponding to
that pulse appearing on Pin #6 of the 5-stage counter board.

Increase the divider to a number greater than +2000, Voltage at Pin #7 of
the 3-stage counter will be ~27 VDC from the start of the pulse on Pin #2
of 5-stage counter to the start of the pulse on Pin #6 of the 5-stage counter,
then it will drop to -. 5 VDC until the pulse on Pin #2 of the 5-stage counter
appears again during the following scan.

METER FAILS TO SCAN PRCPERLY, as follows:

a. Scans at double frequency
b. Fails to complete a scan when Mode switch is set to Single Scan
c. Fails to scan at all

Check the outputs of the logic matrix as given in Steps #33 through #39 as
described above.

Set the Mode switch to standby. Connect the scope to the 5-stage counter
output {Figure 5-6).

Operate the Single Scan Mode. The 5-stage counter output should complete
one full cycle in 330 m. s.
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