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HIGH TENSION EXCITER OUTPUT VOLTAGE MEASUREMENT USING
CATHODE-RAY OSCILLOSCOPE

PURPOSE  The purpose of this report is to provide specific information on instrumentation and
procedure for the measurement of high tension exciter output voltage.

SCOPE This report describes a method of voltage measurement using a cathode~ray oscillo-
scope and high-voltage probe, wiz:_h emphasis on calibration.

1. INTRODUCTION
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1.1 High tension exciter output voltage can be measured on commercially available oscilloscope
equipment. The output voltage waveform, as represented in Figure 1, is characterized by fast
risetime, short duration and high amplitude. This requires use of a fast-responding oscilloscope
and high-voltage probe combination. Because of the fast voltage rate of rise, amplitude calibra-
tion of the combined equipment must be carried out in a precise manner. Equipment which ful-
fills these requirements is described, and a calibration method is outlined which is based on
square-wave response of the equipment.
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1.2 Aside from the amplitude measurement, an oscilloscope readily indicates flashover in the exciter,
connector, or lead. Flashover, as illustrated in Figure 2, can occur well within the allowable
output voltage limits, and if not recognized can cause deterioration and eventual failure of the
system.

2. DESCRIPTION OF EQUIPMENT

2.1 The Tektronix Type 533A oscilloscope, with the Type K pre-amplifier and the Type 6015 high-
voltage probe, has been very successful in this application. Pertinent characteristics are as
follows:

2.1.1 Oscilloscope and amplifier: 0.1 psec/cm sweep, vertical signal delay, adequate fast-signal
brightness, 100-volt square-wave calibrator, 50 mv/cm vertical sensitivity for calibration pur-
poses, 6x10 cm display area, excellent stability, and a trigger circuit which is insensitive to
extraneous signals.

2.1.2 High-voltage probe: 40-kilovolt pulse rating, R-C compensation, 1000X attenuation, and low
circuit loading ~ 100 megohms and 2. 7 picofarads.

NOTE: Caution. Ensure that proper capacitance loading applicable to test piece is
applied across exciter output when making measurement. The total load
must include the internal capacitance of the voltage divider probe.

2.2 Risetime of the combined equipment is 23 nanoseconds, which is entirely adequate for this
measurement. :
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2.3 Other equipment with equivalent or superior performance capabilities may be substituted for
those listed in this document.

SAE Technica! Board rules provide that: 'All technical reports, including standards approved-and practices recommend
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- Once the measuring equipment has been calibrated, it is rarely necessary to go through the entire pro-

4. VOLTAGE MEASUREMENT

5. ACCURACY

NOTE: The accuracy is subject to question due to the low voltage calibration of the osecillo-

It must be verified that performance of the measuring equipment conforms to published specifications;
refer to the appropriate instruction manuals. The nature of this particular signal demands that emphasis
be placed on the following calibration steps:

Adjust the voltage at the amplitude calibrator test point to +100 volts. This should be done with the
calibrator turned off, using a meter of 5000 2/volt minimum sensitivity and 1/2% accuracy. ‘

Connect the amplitude calibrator output to the preamplifier input, and display a 0. 1-volt square wave at

. 05 volts/cm sensitivity. Center the display vertically, and adjust the preamplifier gain until the square
wave is exactly 2 cm high. Work with a low intensity, sharp, clearly defined display to ensure maximumj
aceuracy.

Using the high-voltage probe, display a 100-volt calibrator square wave at. . 05 volts/cm sensitivity.
Center the display vertically, and perform the recommended probe compensation adjustments. Typical
waveforms are illustrated in Figure 3. With experience, compensation can be accomplished in a very
precise manner using only the calibrator signal. Until proficiency is achieved, however, the following
step is recommended as a final check.

Connect a Type 109 Pulse Generator as shown in Figure 4. This provides fast-rise pulses of approxi-
mately 300 nanoseconds duration and 100 volts amplitude. Without the high-voltage probe, observe the
exact pulse amplitude. With the high-voltage probe, perform the final recommended probe compensa-
‘tion adjustment, and again observe the pulse amplitude. If the compensation procedure in step 3.1.3
- has been performed in a precise manner, this pulse will be attenuated 1000X through the probe.

The oscilloscope-probe combination is now calibrated to display KILOVOLTS/CM instead of VOLTS/CM.

cedure again.. Ag a general rule, step 3.1.1 should be performed once every week. Step 3.1.2 should be
checked daily, though readjustment will seldom be necessary. Step 3.1.3 should be checked twice a day;
occasionally a slight C3 adjustment will be necessary. Avoid adjusting other probe trimmers unless
obviously required.

The tip and the ground strap of the high~voltage probe should be connected directly to the exciter output
circuit. Other ground connections to the measuring equipment must be grounded to the common
ground of the power supply.

For optimum signal display, use 0.1 psec/cm sweep and 5 volts/cm vertical sensitivity settings.’

Observe the displayed waveform closely. Each centimeter of vertical deflection indicates 5 kilovolts of
exciter output voltage. :

Under normal operating environmental conditions, and with a properly calibrated system, measurement
accuracy will be + 3% of indicated voltage.

scope - probe combination.
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