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(57) Abstract

An apparatus for (Fig.1, element 10) automatically measur-
ing the dielectric breakdown voltage characteristics of each one of
a plurality of capacitors. The apparatus includes a predetermined
number of test fixtures (28-1 to 28-N), each test fixture being
adapted to receive one of the capacitors to be tested. A relay ne-
twork (Fig 2A, element 70), having a plurality of relays (72,74, 76
and 78) therein, is connected such that at least one relay in the re-
lay network is disposed between each test fixture and a time var-

iable high voltage source (12) of electrical potential. Also included -

in the test apparatus is circuitry (20 and 94) for energizing prede-
termined ones of the relays in accordance with a predetermined
sequence thereby to connect the capacitor associated with each re-
lay to the high voltage source. Control circuitry (20 and 140) is
provided for controlling the output of the voltage source to apply
a predetermined high voltage signal having a predetermined
waveform associated therewith to-each capacitor connected to the
source by the energization of a relay. The apparatus further in-
cludes measurement circuitry (12M) for measuring the current
flowing through the capacitor connected to the high voltage

| source by the energization of a relay and recording device (20R)

associated with the measurement circuitry for recording the value
of the high voltage when the current flow through the capacitor
exceeds a predetermined breakdown current threshold. The re-
cord value of the high voltage defines the breakdown voltage of

the capacitor.
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Device For Automatically Ascertaining Capacitor Breakdown Voltage

BACKGROUND OF THE INVENTION

Ficld of the Invention

The present invention relates to an automatic testing
device for testing sequentially, under program control,
predetermined number of capacitors to ascertain the breakdown

voltage of each.

Description of the Prior Art

The primary characteristic of a film used as the
dielectric in metallized film and/or metal foil/film capacitors is
breakdown voltage. That characteristic is a measure of the voltage
which, when applied across the film, causes the film to fail. It is
not possible to accurately measure this voltage by testing the film in
isolation because it is impossible to reproduce the conditions at the
metal conductor/film interface that would be present within the
finished capacitor structure. Accordingly, to test the dielectric
breakdown voltage of the film it is necessary to manufacture a
number of capacitors and to test them them for breakdown
characteristics. From the results of these tests the voltage
breakdown characteristics of the film may be implied.

In order to obtain statistically significant results a large
number of capacitors should be tested. However, testing capacitors
according to present industry practice is a time-consuming and
labor intensive process. Accordingly. it is believed advantageous to

provide an apparatus which will automatically test each of a plurality
of capacitor samples under identical test conditions.
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SUMMARY OF THE INVENTION

The present invention relates to an apparatus for
automatically measuring the diclectric breakdown voltage
characteristics of each one of a plurality of capacitors. The
apparatus includes a predetermined number of test fixtures, each
test fixture being adapted to receive one of the capacitors to be
tested. A relay network, having a plurality of relays therein, is
connected such that at least one relay in the relay network is
disposed between each test fixture and a time variable high voltage
source of electrical potential. Also included in the test apparatus is
means for energizing predetermined ones of the relays in
accordance with a predetermined sequence thereby to connect the
capacitor associated with each relay to the high voltage source.
Control means is provided for controlling the output of the voltage
source to apply a predetermined high voltage signal having a
predetermined waveform associated therewith to each capacitor
connected to the source by the energization of a relay.

e

The apparatus further includes measurement means for
measuring the current flowing through the capacitor connected to
the high voltage source by the energization of a relay and recording
means associated with the measurement means for recording the
value of the high voltage when the current flow through the
capacitor exceeds a predetermined breakdown current threshold.
The recorded value of the high voltage defines the breakdown
voltage of the capacitor. In the preferred instance the energizing
means, the control means, the measurement means and the
recording means are implemented using a digital computer
operating in accordance with a program.

Each test fixture is configured from a socket having a
body with a first, a second and a third group of receptacles
disposed in the body. Each group contains at least one receptacle.
A first lead on each capacitor being tested is receivable by a
receptacle in either the first or the second group of receptacles
and a second lead on the capacitor is receivable by a receptacle in
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the third group. The first receptacle group is connccted to a first,
high voltage range, transient suppression device, while the sccond
receptacle group is connected to a sccond, lower voltage range,
{ransient suppression device. The third receptacle group is
connected to the relay associated with the test fixture. Both the
first and the second transient suppression devices are substantially
resistive elements which are physically mounted on the body of the
socket in predetermined close proximity to the first and second |
receptacle groups, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more fully understood from the
following detailed description thereof, taken in connection with the
accompanying drawings, which form a part of this application and
in which: '

Figure 1 is a system block diagram of the automatic
capacitor testing apparatus in accordance with the present
invention;

Figure 2 is a schematic diagram of the interconnection
circuitry in the capacitor holding assembly used in the capacitor
testing apparatus of the present invention;

Figures 3A, 3B and 3C, 3D are, respectively, a plan and
side elevational views of the physical structure of the two pieces of a
capacitor test socket assembly for use in the capacitor testing
apparatus of the present invention: and

Figure 4 is a flow diagram of the operation of the
automatic capacitor testing apparatus in accordance with the
present invention. ' -

An Appendix containing a listing of a computer program
in HP Basic language is appended to this application following the
specification preceding the claims. The Appendix forms part of
this application.
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DETAILED DESCRIPTION OF THE INVENTION
Throughout the following detailed description similar

reference characters refer to similar clements in all figures of the
drawings.

With reference to Figure 1 shown is a system block
diagram of the automatic capacitor testing apparatus generally
indicated by reference character 10 in accordance with the present
invention. The testing apparatus 10 includes a controllable high
voltage source 12 of electrical potential, an N position capacitor
holding assembly 16, an interface 18 and a programmable
controller 20. The interface 18 is implemented using a card cage
such as that manufactured by Hewlett Packard Inc., Palo Alto,
California and sold as the model number 6942A multiprogrammer
interface. Suitable for use as the controller 20 is the dew:.
manufactured by Hewlett Packard Inc., Palo Alto, California and sold
under model number HP85.

The source 12 is connected by a high voltage input line
22 and a high voltage ground line 24 to the capacitor holding
assembly 16. Suitable for use as the source 12 is a high voltage
power supply such as that manufactured and sold by Bertan
Company of Syosset, New York and sold as model number 210-05R.
The assembly 16 contains an interconnection network generally
indicated by reference numeral 26 and a predetermined number N
of test fixtures 28-1 through 28-N.

As may be understood from Figure 2, the lines 22 and
24 are connected by jacks 30, 32 to a high voltage bus 40 and a
ground bus 42. The capacitor holding assembly 16 is mounted
within a metal enclosure, a portion of which is diagrammatically
indicated by the reference character E. The enclosure E is
provided with a front access door diagrammatically indicated by
the reference character D and a rear access door indicated by the
reference character D'. The enclosure E having the doors D and D’
therein may be formed by any suitable construction well within the
skill of the art or any commercially available electrical box may be

)
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used. A door interlock switch 36 and a door actuated high voltage
bus shorting switch 38 are both physically mounted within the
metal enclosure E. The important functional interaction to note is
the interaction between the doors and the switches 36, 38.

5 " The interlock switch 36 is implemented using four
microswitches 36A, 36B, 36C, 36D which are electrically
connected in scries to the high voltage enable input over a pair of
lines 37.. Suitable for use as the switches 36 is the device
manufactured by Omron Corp., of Schaumburg, Illinois and sold as

10 model number S-5HLI2-IAS-K. The switches 36A, 36B interact
with door D such that when door D is closed the switches are
closed and the switches 36C, 36D interact with door D' in an
identical manner. Thus both doors D and D' must be closed
causing all four switches 36A. 36B, 36C, 36D to be closed to enable

15 the high voltage power supply. The switch 38 is formed by a pair of
contacts 38X, 38Y that are bridged by a contact disc 38D. The disc
38D is connected to the spring loaded plunger 38P that physically
engages the door D of the enclosure E. When the door D is closed
the plunger 38P causes the disc 38D to disengage from the

20 contacts 38X, 38Y.

When either door D or D' is opened switches 36 open,
thereby disabling the high voltage power supply. Upon further
opening of the door D the disc 38D engages contacts 38X and 38Y
thereby shorting the high voltage bus to ground to prevent an

25 electrical shock hazard to the operator. Figure 2 depicts the
switches 36 in the position they occupy when the doors D and D’
are closed and depicts the disc 38D in the position it occupies
relative to the contacts 38X, 38Y when the door D is closed.

Connected to the jack 30 is a transient suppression

30 device 44 configured as a resistive network comprised of plural
(e.g.. ten, each 4K, 2W) resistors connected in series and parallel to
form a effective 10K ohm high wattage resistance. The device 44 is
connected in series with the supply 12 to protect the same from

tfransients.
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As is scen in Figure 2 each test fixture 28 is connected
between the high voltage bus 40 and the ground bus 42. Each test
fixture 28 is adapted to receive one of the capacitors to be tested.
Each fixture 28 includes a socket assembly, generally indicated by
reference character 50, transient suppression means 54 for
supprcssing voltage transients, and a relay 56. Each relay 56
includes a pair of contacts 56C and an actuating coil 56S. The coil
56S of each relay 56 is connected over lines 58 extending to the
interface 18 as will be described. Suitable for use for each of the
relays 56 is the high voltage relay such as that manufactured by
Douglas Randall Company from Pawcatuck, Connecticut, as model
number 24HV1A-75. The transient suppression means 54 includes
first and second resistive elements 54A and 54B, respectively. It is
desirable that the transient suppression means 54 be located in
close proximity to the socket assembly 50 to minimize
electromagnetic interference effects when capacitor breakdown
occurs.

As seen in Figures 3A through 3D the socket assembly
50 physically comprises a body portion 60 formed of an insulating
material such as glass filled polysulfone The body portion 60 has a
predetermined number of receptacles 62 arranged therein. In the
preferred instance the receptacles 62 are arranged in three
groupings indicated by the reference characters 62A, 62B and 62C.
The resistive element 54A from the transient suppression means
54 is connected to the receptacle 62A while the resistive element

- 54B is connected to the receptacle 62B. To effect the desired

close interconnection the resistive elements 54A, 54B are
connected directly to their associated receptacle groups.

In the preferred case the socket assembly 50 is
implemented using a two-piece, zero insertion force, dual in line
planar device such as those manufactured and sold by Textool
Incorporated, Irving, Texas, respectively under model numbers
240-3346-00-0602 (Figures 3A and 3B) and 240-3599-00-0602
(Figures 3C and 3D). When the socket assembly 50 is assembled
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the picce 50-1 shown in Figures 3A and 3B is inscrted into the
picce 50-2 shown in Figure 3C and 3D. Each picce 50-1, 50-2
contains dual rows of adjacent receptacles, and thus in the actual
implementation the assembly of the two picces may be uscd to
define a pair of socket assemblies. The pieces 50-1, 50-2 are
modified by removing several of the receptacles and associated pins
and wiring together the remaining pins to define the receptacle
groupings discussed above. This increases the electrical isolation of
each receptacle group from the other groups. The openings in the
picce from which the receptacles have been removed are filled with
a nonconducting polymeric material such as epoxy.

The interconnection network 26 includes a connection
and polarity reversing relay network 70 and a discharge relay 80.
The network 70 comprises relay pairs 72, 74, and 76, 78. Suitable
for use as each of the relays 72, 74, 76 and 78 and as the relay 80 is
a high voltage relay such as that manufactured by Douglas Randall
Company from Pawcatuck, Connecticut, as model number 24HV1A-
75. Each relay 72, 74, 76, 78 and 80 uses a single contact set C
and an actuating coil S. The coils S of the relay pairs 72, 74 and
76, 78 are wired in para]lél . Each of the pairs of coils 728, 745
and 765, 78S and the coil 80S of the relays is connected to the
interface 18 over respective control lines 73L, 77L, and 80L. The
network 70 is arranged to apply either a positive polarity high dc
voltage or a negative polarity high dc voltage to the bus 40. As used
herein, high voltage is meant to denote dc voltages up to five
thousand (5000) volts at forty milliamps. The discharge relay 80 is

" connected in series with a high resistance (on the order of fifty

thousand ohms), high wattage (on the order of twenty five watts)
resistor 82 to dissipate stored energy remaining across a capacitor
in the test fixture and thus provides capacitor discharge means
connected across the fixtures for discharging a capacitor previously
connected to the high voltage source 12.. The leg of the network
containing the series connection of both the relay 80 and the
resistor 82 is connected across the busses 40, 42 and thus across
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all of the test fixtures 28. The interconnection network 26 also
includes a voltage divider network 86 (approximately 1000 to 1)
formed of resistors 86A, 86B to permit monitoring the voltage
applied to the bus 40. The output from the divider 86 is applied to

- the interface 18 over a line 88 (implemented as a shiclded two wire

cable). The resistor 86B is chassis grounded by a onc-half inch
copper braid 90 to the wall of the metal enclosure E that houses
the capacitor holding assembly 16.

Mounted in the interface 18 is a relay output control
arrangement generally indicated by reference character 94. The
relay output control 94 includes, in the preferred case, one or more
output modules such as those manufactured by Hewlett Packard
Inc., Palo Alto, California and sold under model number HP69730A.
The relay control 94 is connected to the relay control lines 58
emanating from each of the relays 56 respectively disposed in each
of the test fixtures 28 and to the relay control lines 73L, 77L, and
80L. The relay output control 94 is connected to an internal bus
98. The bus 98 is connected through an interface 100 and over a
communications bus 102 to the programmable controller 20. The
communications bus 102 may be implemented in accordance with
IEEE Standard 488. The controller 20 and the relay output control
94 act together to assert the coil 56S associated with a given one of
the relays 56 by sending an enabling signal over the control lines 58
associated with the predetermined relay 56. Thus the controller
20 and the relay output control 94 together define means for
energizing predetermined ones of the relays in accordance with a
predetermined sequence thereby to connect the capacitor
associated with each relay to the high voltage source. The control .
lines 58, 73L. 77L., and 80L pass through an opto-isolator 106.
Suitable for use as the opto-isolator is the device manufactured and
sold by General Electric Corporation under part number H11B2.

Also mounted in the interface 18 is a timer/pulser
module 110 and a counter module 112. Preferred for use as the
timer/pulser module 110 is the device manufactured by Hewlett

Rl

4]
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Packard Inc., Palo Alto, California and sold under model nuinber
69736A. The counter module 112 is preferably implemented using
the device manufactured by Ifewlett Packard and sold under model
number HPG9775A. The output of the timer 110 is applicd to the
counter 112 over the line 111. The timer/pulser module 110 and
the counter module 112 are connected to the internal bus 98 and,
thus. to the programmable controller 20. The output bus 114 from
the counter 112 is connccted via a T-switch 144, bus 146, and
opto-isolator 116A to the high voltage supply 12. Suitable for use as
the T-switch is one manufactured and sold by T-bar, Inc. of Wilton,
Connecticut, under part number 5722. Suitable for use as the opto-

_isolator is the device manufactured and sold by Hewlett Packard

under part number 4N46. In a manner to be described the
controller 20 togethei" with the timer/pulser 110 and the counter
112 define control means for controlling the output of the voltage
source 12 to apply a predetermined high voltage having a
predetermined waveform associated therewith to each capacitor
connected to the source by the energization of a relay 56.

-Also mounted in the interface 18 is a digitél output
module 140 . Preferred for use as the digital output module 140 is
the device manufactured by Hewlett Packard Inc., Palo Alto,
California and sold under model number 69731A. The digital output

‘module 140 is connected to the internal bus 98 and, thus, to the

programmable controller 20. The output bus 142 from the digital
output module 140 is connected via the T-switch 144, bus 146, and
opto-isolator 116A to the high voltage supply 12. In a manner to be
described the controller 20 together with the digital output module
140 define alternate control means for controlling the output of
the voltage source 12 to apply a prcdetermined high voltage to each '
capacitor connected to the source by the energization of a relay 56.
This alternate control means is used when the alternative testing
protocbl (to be described) is implemented.
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_ Within the high voltage supply 12 is a current monitor
circuit 12M. The monitor 12M comprises means for monitoring
the current flowing through a capacitor connected to the source 12
by the energization of a relay 56. The output of the monitor 12M is

“a voltage level which is connected to a comparator 118 which is set

to a predetermined threshold, typically corresponding to thirty five
milliamperes of current from the high voltage current monitor
12M. The digital output from the comparator 118 is connected
through opto-isolator 116B, similar to the isolator 116A, to a logic
gate 120 over a line 122. The comparator 118 comprises means
for detecting when the current flow through the capacitor exceeds
a predetermined breakdown current threshold. The gate 120 is
preferably implemented using a integrated circuit OR-gate such as
that manufactured by Texas Instruments, Inc. and sold as part -
SN7432. The other input to the gate 120 is derived from the
counter overflow line 124 from the counter 112.

The output of the gate 120 is connected over a line 126
to an analog to digital converter 128 such as that manufactured by
Hewlett Packard and sold under model number HP 69751A. The
converter 128 is connected to the internal bus 98 and thus to the
programmable controller 20. '

: The output line 88 from the voltage divider 86 is
applied to a peak detector 130. The detector 130 is preferably
implemented using a peak detector monitor manufactured by Burr-
Brown, Inc., Phoenix, Arizona and sold as model 4085. The output
of the detector 130 is applied to the converter 128 over a line 132.
Command inputs to the detector 130 are derived from a digital
output module 136 over lines 138 and 140. The signal on the line
138 controls the operating mode of the detector as either peak
detect or hold. The signal on the line 140 resets the detector. The
digital output module 136 is connected to the bus 98 and thus, the
controller 20. Suitable for use as the module 136 is the device
manufactured by Hewlett Packard and sold under model number HP
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69731A. Opto-isolators 116C and 116D (similar to the device
116A) are connected in the lines 138 and 140, respectively.

The peak detector 130 and the converter 128 together
with the current monitor 12M (coupled through the comparator
118 and the logic gate 120) and the controller 20 cooperate to
definc voltage measuring means associated with the current
monitor for measuring the value of the high voltage when the
current flow through the capacitor exceeds a predetermined
breakdown current threshold, the value of the high voltage defining
the breakdown voltage of the capacitor. The peak detector 130 and
the converter 128 measure the value of ‘breakdown voltage to be
recorded, while the monitor 12M, the comparator 118 and the
logic gate 120 detect the occurrence of the capécitor breakdown
and thus assert the measurement. In the embodiment described
the value of the breakdown voltage is stored in the memory of the
controller 20. Of course, any suitable recording device, indicated
dia'grammaticalrly at 20R, could be utilized in conjunction with the
controller 20. As an example, the device 20R may take the form of
a magnetic media recording device, a hardcopy printer, a plotter
and/or a CRT display.

The operation of the apparatus heretofore set forth will
be explained in the context of a testing multiple capacitors for
breakdown voltage. With reference to Figure 4, at block 150 the

- operator initializes the apparatus 10 by energizing the hardware

and loading the appropriate program defining the desired test
protocol into the controller 20. The details of each of the protocols
will be discussed herein.

The basic test protocol uses a single polarity,

'monotomcally increasing applied voltage that is applied to a

selected capacitor until voltage breakdown of the dielectric occurs
or until the upper voltage limit of the power supply is reached. The
operator first manually switches the T-switch 144 to connect the
output of the module 112 to the high voltage supply 12. The
opcrator then loads the capacitors to be tested into the appropriate
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test fixtures 28-1 through 28-N. Not all of the fixtures need be
used. The individual capacitors are loaded with onc lead of the
capacitor inserted into a receptacle in either receptacle group 624
or 62B and other lead into a receptacle in receptacle group 62C.
The appropriate rcceptacle in the particular receptacle group is
sclected based upon the physical size of the capacitor. Once the

~capacitors are locked in place, the door D of the enclosure

surrounding the holding assembly 16 is closed, thus allowing the
high voltage to appear across the bus 40 and the ground bus 42,
The operator provides sample identification and test parameter
information. Examples of the former include sample description,
film thickness, and total number of samples under test. Test
parameter information includes starting sample number (so that
portions of a batch of capacitors can be tested sequentially using the
same batch identification), total number of samples, and voltage
ramp rate. See pages A-1 and A-2 of the Appendix,
' Upon the operator's command, the automatic test

sequence begins.  The alternative protocols are described herein.

Under program control the controller 20 effects the
steps outlined in block 154. These steps include selecting the
desired one of the Capacitors in the appropriate fixture 28-1
through 28-N by closing the corresponding one of the relays 56-1
through 56-N. This is accomplished by the controller 20 sending a
command to the relay output control 94 which asserts the
appropriate one of the coils 56S in the appropriate relay 56 to
connect the fixture between the busses 40, 42. See, page A-2 of
the Appendix, at reference character 154A.

Next, the polarity of the voltage to be applied is
selected by closing the appropriate pair of relays in the relay
network 70. This is also effected by a signal from the controller 20

to the relay control module 94, which in turn, asserts the coils of

the selected pair of relays 72, 74 or 76, 78 . See, page A-2 of the
Appendix, at reference character 154B.
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The controller 20 then commands the output control
module 136 to resct the peak'dctcclor 130 over the line 140. The
controller 20 then commands the module 136 to place the peak |
detector 130 in the peak detect mode by sending a signal over the
line 138. Sce, page A-2 of the Appendix, at reference character
154C. : , , o :

Next, the controller 20 resets the counter module 112
to zero. See, page A-2 of the Appendix, at reference character
154D. ' T 7
' The operating mode of the timer module 110 is then
set by the controller 20. By so doing the timer 1 10 begins to
output pulses over the line 111 to the counter module 112. See,
page A-2 of the Appendix, at reference character 154E. The output
of the counter module 112 causes the output of the supply 12 to
produce a time variable high voltage signal. As the counter output
increases in value, the value of the high voltage signal applied to the
capacitor associated with the energized relay increases '
commensurately. As noted earlier, in the basic protocol being
described, the waveform of the high voltage signal has the shape of
a monotonically increasing single polarity staircase. The slope of
the staircase is governed by the frequency of the pulses from the
timer. Whatever the protocol being used the output of the peak
detector 130 tracks the high voltage signal and holds the maximum
high voltage value if the high voltage signal should decrease. Of
course, a decrease would occur at dielectric breakdown.

With reference to block 156 the controller 20 enables
the converter 128 to respond to its external trigger input. Upon
the onset of dielectric breakdown of the capacitor associated with .
the energized relay current begins to flow through the capacitor.

-When the magmtude of the current exceeds the predetermined
thresho)d the converter 128 is tnggered by the comparator 118
which senses the output of current monitor circuit 12M . Thus the
assertion of the converter 128 occurs in response to the current
measurement as sensed by the current monitor 12M. When
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asserted the converter 128 reads the peak value of the voltage held
by the detector 130.

As scen in block 158 when the converter 128 is
triggered it applies a signal to the controller 20 which causes the
controller fo read and to record in its memory the maximum value
of the breakdown vollage of the capacitor present at the output of
the converter 128.

When breakdown occurs, as shown at block 160, the

- peak detector 130 is placed in the hold mode (over the line 138),

the output pulse train of the timer module 110 is stopped and the
counter module 112 is reset to zero. Zeroing the counter module
112 causes the output of the high voltage supply 12 to return to
zero. The converter continues to hold the value of the breakdown
voltage being held by the peak detector 130. When the source is
zeroed current flow through the capacitor ceases. This is
mdxcated page A-3 of the Appendix, at reference character 160.

As shown at block 162 the coil 80S of the discharge
relay 80 is then asserted over the line 80L by the control module
94 in response to the controller 20. After a predetermined delay.
to dissipate any remaining charge on the capacitor, the relay 80 is
again opened. See, page A-3 of the Appendix, at reference
character 162A. In addition, the asserted one of the sample relays

- 56 is deenergized (page A-3 of the Appendix, at reference

character 162B), and the polarity control relay pair in the network
70 are also deenergized (page A-3 of the Appendix, at reference
character 162C). The value of the breakdown may, at this point, be
printed or displayed on the device 20R, as shown at page A-3 of the
Appendix, at reference character 162D.

The sequence of steps 154 through 162 is then
repeated for each of the remaining capacitors to be tested, as
indicated at the block 166. The example of the code shown in the
Appendix tests capacitors in banks of sixteen because each of the
three digital output modules 94 controlled by the controller 20 in
accordance there shown drives sixteen outputs. Accordingly,
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portions of the code corresponding to steps 154 through 166 also
appear on pages A-3 and A-4, but, for clarity, these occurrences are
not specifically indicated in the Appendix. Upoh completion of the
testing of all of the total number of samples, the controller 20
formats and genératcs a report and graph of the test results, as
shown at the block 168. : -

N An alternative protocol that may be implemented using
an automatic testing arrangement of the present invention is known
as a clearing protocol. This is accomplished by first manually
switching the T-switch 144 to connect the output of module 140
to the high voltage supply 12. In the clearing protocol the voltage
imposed on the selected capacitor (i.e.. the capacitor associated
with the energized relay 56) is set to a value below the expected

_ breakdown value, removed, and the capacitoi‘ discharged. A

voltage of the opposite polarity is then applied to the capacitor,
removed, and the capacitor discharged. This cycling action
stresses the dielectric to a value below that which would cause a.
catastrophic breakdown. The cycle is repeated, only at a higher
voltage in each polarity. Cycling is repeated until a predetermined
voltage value (in each polarity) is reached. When subjected to the
clearing protocol metallized film capacitors will undergo a
phenomena known as "clearing" in which internal defects in the
dielectric cause a small region of the metallization layer to be
removed from around the defect. By limiting the applied voltage
this metallization removal can occur without catastrophic failure of
the capacitor. This protocol could be"readily implemented by
appropriate modifications to block 154 (and in particular 154E) of
the above described program which would set the magnitude of the
applied voltage for each cycle to the desired value by outputting the -
desired value from module 140. Also during each successive cycle
the output form the module 140 is increased (to thereby increase
the output voltage for that cycle). The polarity is reversed in a
manner similar to that discussed in cphnecﬁon with the block 154

(and in particular 154B).
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Another alternate protocol that may be implemented is
an alternate clearing protocol wherein the maximum voltage during
each cycle is held for a predetermined period of time, typically
several seconds to several minutes. This alternate can be
implemented using the above described clearing protocol and by
adding a waiting period of appropriate duration after the block
154E.

Those skilled in the art, having the benefit of the
teachings of the present invention, may effect numerous
modifications thereto. It should be understood that such
modifications are to be construed as lying within the contemplation
of the present invention, as defined by the appended claims.
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3. Alternate spaceing Option

10 | ese BRKOWN eee 2
201

3@ 1 1, Breaksdown cs
40 | 2. Maximum 85 sa
80 |

60 | 4, Graph of dist
70 1

80 CLEAR

830 OPTION BASE 1
100 DIM AS(12),63(5@],C8(508]

110
120
130
140
158
160
172
188
19@
2080
218
220
230
240
258
260
278
280
2880
3ee
310
320
330
348
350
360
370
3se
3390
400
410
420
430
- 440
450
4Be
470
480
490
5ee
- 518
520
530
540
550
560
g7e
580
530
6ee

DIM P(S6),Q(96)
FOR I=1 TO SB
P(I)=@ © Q{I)=0
NEXT I

Ji=3 & J2=0 @ J3=0 0 P1=@ © P2<Q @ P2=D 0 P4=@
X=@ @ I~0 0 K=0 ¢ 1-0 0 L=0 '

CLEAR 723

ribution

PRINTER 15 701,80

T -
60SuUB 362@ | Chec

k Timer
GOSUB 3452 | Sample type
60SUB 460 | Test Info
60SUB 808 | 1st Load
G0SUB 95@ | Test Start
GOSUB 1082 | Run 1st Batch
IF Z=] THEN 60TO 38@
605UB 221@ | 2nd Load
60SUB 952 | Test Start
60SUB 1880 | Run 2nd Bateh
IF Z=J THEN 60TO 380
60SUB 2210 | 3rd Load
60SUB 850 | Test Start
G0SUB 1282 ! Run 3rd Batch
IF 7=J THER 60TO 380
60S5UB 22106 | 4th Load
60SUB 95@ | Test Start
60SUB 1280 | Run 4th Batch
[
60SUB 2480 | Print Table
60SUB 306e !
60SUB 3960 | Make 6raph
60SUB 2120 | Test Complete
60SUB 3320 | Chimes
END

Calculate Distribution

PCT/US89/05740
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154- 162
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| 0000002020000 0000000000003

‘ TEST INFOUC'.'.'..........

‘ 200000302022 00000 00800000000

DISP © DISP © DISP

DISP *JOB NUMBER*

INPUT A8

DISP '

DISP "SAMPLE DESCRIPTION®

INPUT BS

DISP -
DISP "REMARKS® | 150
INPUT C8

DISP

DISP *OPERATOR®:

INPUT ES

DISP
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610 DISP °FILM THICKN ‘o .
g ier Tl ESS IN MICRONS ('7'IF UNKNOWN)";
630 DISP
640 DISP “RAMP RATE IN VOLTS/SECOND",
650 INPUT R
660 DISP ;
670 DISP "TOTAL NUMBER OF SAMPLES (MAX. IS SB)":
682 INPUT J

€92 IF J>S68 THEN 60TO 670

700 IF F$="7" THEN F$="p"

710 L=UAL(FS)

720 LE=100@e«L ! 1Q08v/u

730 L7=200+L | 20@v/u

T42 LE=INT(LE)

750 L7=INT(L7)

76@ U~38,15/R

770 CLEAR

788 RETURN

TS0 | *serccssssssssrnssrssncnses

BO® 1 1ST LOAD.veecncenevscannas

Bl10 | essevconsssassonsasnesnncs

820 DISP @ DISP

832 IF J<48 AND 09«2 THEN 880

840 1F J<24 AND 08~1 THEN 60TO 880
850 IF 0S=0 THEN DISP "LOAD 48 SAMPLES®
B8E5@ IF 0S=1 THEN DISP °LOAD 24 SAMPLES®
870 6070 B88¢

8@ DISP °“LOAD®:J;"SAMPLES"

880 DIsp °**

800 DISP “PRESS *CONT' KEY WHEN READY TO TEST®
810 PAUSE

928 CLEAR

93¢ RETURN

G40 | e2ssccsssvcsescrevessnassae

950 | START TEST.icieercencracens

SEQ | eescensenrsscsssscosccanes

97@ CLEAR

888 DISP °°

980 D1SP “ees TEST IN PROGRESS eee"
1@ DISP **

1810 | ENTER 7 ¢+ A,B,C,D,EF

1028 STATUS 7,1 + 6

1830 H=SPOLL(723)

1040 OUTPUT 723 °SF,1,3,3,1.25,12T"*
185@ OUTPUT 723 °0B 15 2,11"

186@ RETURN

1870 | ®ssscasecccssssscensessae
1080 | RUN TEST..ceeeecraccacens
1880 | esacessasccscsreevcessroe

1100 1F 039=0 THEN 60TO 1120
1110 1IF 09=1 THEN 60TO 1140
1120 FOR 1=0 T0 15

1130 6070 1150

1148 FOR 1=1 TO 15 STEP 2

PCT/US89/05740

A-2

150

—154B

1159 QUTPUT 723 4°0B 15 1 1T"—

154A

1160 OUTPUT 723 4°0B 12°,1,"1T7°
1178 QUTPUT 723 °OP 9,27"

154C

1188 OUTPUT 723 0P 8,11
1180 QUTPUT 723 +°uWC,7,0T"

154D

12@@ OUTPUT 723 :°wF,8.2,1T7,0P,8° ,V,°T"

154E

[
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1210
1220
1230
1240
1259
1260
1270
1280
1290
1300
1310
1320
1330

1340

1350

1360

1370
1380
1330
1400
1410
1420
1430
1440
1450
1460
1470
1480
1480
1500
1510
1520
1530
1540
1550
1560
1579
1580
1580
1600
1510
1620
1630

1640

1B50
1660
1670
1688
1680
1700
1710

1720

1730
1740
1750
1760
1770
1780
1790
1800
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QUTPUT 723 4*IE 17 : 156
SEND 7 & UNL MLA TALK 23 56 3————— {58
ENTER 7 1 X1-

OUTPUT 723 4°0P 8,3T"— .. -160
OUTPUT 723 4*WF,8.2,0T" J////
OUTPUT 723 1°4C,7,0T"
QUTPUT 723 y*IP 1T
SEND 7 t UNL MLA TALK 23 SC6 1
ENTER 7 1 X

WAIT 5000

DUTPUT 723 {*0B 15 0,1T" 162A
WAIT G000 : , -/

OUTPUT 723 1"0B 15 @,0T"

OUTPUT 723 +°0B 12-,1.'57-___-————/1 62B
OUTPUT 723 +"0B 15 1,0T" 162(:
1241 ,

P(Z)=X o

DISP "ND.":;ZiTAB(1@); "BREAKDOWN AT™ ¢+ INT(X): “UOLTE "—
WAIT 2000 162D
IF 1=J THEN 2080

NEXT 1 ' 166
| veveevees...Bank 82

IF 09=0 THEN 60TD 1450

IF 09=1 THEN GOTO 1470

FOR 1=@ T0 15

60TD 1480

FOR I=1 TO 15 STEP 2

DUTPUT 723 :°0B 15 1,1T°

OUTPUT 723 0B 13°,1,°17"

OUTPUT 723 "0P 8,2T"

DUTPUT 723 1°0P §,1T"

QUTPUT 723 i°WC,7,0T"

OUTPUT 723 :*WF,8.2,1T,0P,8°,V,"T"

OUTPUT 723 +"I1E IT" :

SEND 7 i UNL MLA TALK 23 SC6 3

ENTER 7 1 X1

OUTPUT 723 ;°OP 8,3T"*

OUTPUT 723 ;°WF,B8.2,0T"

QUTPUT 723 ;"WC,7,0T"

OQUTPUT 723 1°IP 1T*

SEND 7 1 UNL MLA TALK 23 SCG 1

ENTER 7 + X :

WAIT 5000

OUTPUT 723 :"0B 15 @,1T*

WAIT B@02 - '

OUTPUT 723 :°0B 15 @,0T"

OUTPUT 723 +*0B 13°,1,%0T"*

OUTPUT 723 :°0B 15 1,8T"

12241

P(2)=X '

DISP *NO.*3;Z+TAB(10); "BREAKDOWN AT" yINT(X ) *VOLTS®
WAIT 2000

IF Z=J THEN 2080

NEXT 1

! teeesesess.cBank 83

1IF 09=0P THEN B0TD 1780

1F 09=1 THEN G0TO 1800

FOR 1=@ TO 15

6070 1810 _

FOR I=1 TO 15 STEP 2
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OUTPUT .23 5°0B 15 1,17
OUTPUT 723 1°0B 14" ,1,"1T"
OUTPUT 723 0P 9,27

OUTPUT 723 ;"OP 8,1T"

OUTPUT 723 1°WC,7,e7"

OUTPUT 723 1°WF,8.2,1T,0P,8% ,V,*T"
OUTPUT 723 :"1E 1T*

SEND 7 1 UNL MLA TALK 23 sCe 3
ENTER 7 ;1 X1

QUTPUT 723 :°0P 9,37

OUTPUT 723 :*uF,B.2,0T"

QUTPUT 723 ,*uC,7,0T"

QUTPUT 723 +*IP 1T

SEND 7 v UNL MLA TALK 23 SCG 1
ENTER 7 ¢ X

WAIT 5080

QUTPUT 723 :1*0B 15 @,1T"

YAIT 6000

OUTPUT 723 ;0B 15 @,0T"
OUTPUT 723 ;0B 14",1,°0T*
OUTPUT 723 :"0B 15 1,0T"

I=241

P(Z)=X

DISP °NO.":Z:TAB(10);"BREAKDOWN AT " INT(X);*VOLTS"
WAIT 2000

IF Z=J THEN 2088

NEXT 1

RETURN .

! .......C.QQC.QI.Q....'Q..

! TEST COMPLETE............

! ...0.".0.00000'.00.....0
G6CLEAR

CLEAR

ALPHA

CUTPUT 722 :"CE 15 4,17
QUTPUT 722 ;0B 1E 2 @T"

DISP 2 DIcP & ni1gp

DIEP “eees TEST OOMPLETE eean®
RETURN

! ‘0'..'..00....0'0'......0

D RELBAD. .t iiiiiiiennenn.,

! D..Q.G..l"....l'..'.....
Ji=Ji+1 | Batch number

IF 08~=@ THEN J2=Jte4B

IF 0S=1 THEN J2=J1e24

J3=J=-J2 | Number remaining

IF §3=-@ THEN 60TO 2300

1F 08=1 AND J2>24 THEN 6010 2370
{

EEEP @ BEEP 2 WAIT See
BEEP & BEEP 0 WAIT S@e
BEEP € BEEP

DIEP & DI1gP

DIEP *seee RELOAD" 1331 "SAMPLES eees®
€070 2420

l

BEEP € BEEP 0 WAIT 500
BEEP © BEEP € WAIT 50p
BEEP © BEEP

DIEP ¢ DISP

PCT/US89/05740
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' : A-5
241@ DISP “es+e RELOAD 24 SAMPLES #ess”®
2420 DISP
2430 DISP "PRESS 'CONT® KEY WHEN READY TO TEST"
2440 PAUSE
2450 CLEAR
2458 RETURN
2470 | srsREeERFEBIAIBIGNRIIRNONS
2480 ! PRINT TABLE....... vesanes
2480 ! BeevecsrasIReEIEIRTRROROGRS
2502 PRINTER 1S5 7C!,808
2510 PRINT *© eesses DUPONT-CRL CAPACITOR BREAKDOWN #saces”
2520 PRINT *°
2530 PRINT "
2540 PRINT *JOB NUMBER: *3iAS
2550 PRINT **
2560 PRINT *"SAMPLE DESCRIPTION: “18%
2570 PRINT **
2580 PRINT “REMARKS: “:Cs
2580 PRINT ™7
2600 PRINT "OPERATOR: “;E54TAB{60):DATES
2610 PRINT *"
2620 PRINT “RAMP RATE: “{R:“VOLTS/SECOND”
26830 PRINT *°
2640 PRINT ".oveevcannnacnans iestesescesvrraseeroissessssananns cveerana

sesess oo

2ES@ IF VAL(FS$)=@ THEN 60TO 2880

Nl

2660 PRINT “SAMPLE NO.'|TﬁB(20)t‘BREﬁHDOUN,UOLTS"|Tﬁ8(40);‘BREAKDOUN,UOLTS/HICRO

DE70 PRINT ®uvveeevsneocnsosasssesonsanrssntonrutessnssnsnsnssonrorsisonnstsstis

-
EEEEEREEE R R

2680 FOR 2=1 TO J

2680 Pi=P1+P(2)

2708 1F P{7)(LE THEN P2=P2+1 | Count samples < 128 V/u

2710 IF P(Z)<L7 THEN PB=PB+! [ Count samples < 200 V/u

2728 QUZ)=INT(P(Z)/L)

2730 P(Z)=INT(P(Z))

2740 PRINT TAB(S):ZiTAB(25)1P{Z)11TAB(47 110(T)

2750 NEXT 2 .

2760 PRINT *° , _ '

5770 PRINT *MEAN®1TAB(ZE):INT(P1/1)iTABIATIVINT(PI/(Lel )

2780 PRINT **

2780 IF FP(P2/J¢100)>.5 THEN 2818

5800 PRINT *PERCENT ¢ 10@ U/M:*1TAB(25)iCEIL(P2/J+102) € GOTO 2820
2p1@ PRINT "PERCENT ¢ 100 U/M:"iTAB(25)3INT(P2/1e100)

2820 IF FP(PE/Je*100)>.5 THEN 2840 ,

5830 PRINT *PERCENT < 200 V/M:*(TAB(25)iCEILIPB/J+100) & GOTO 2850
240 PRINT "PERCENT 4 200 U/M:":iTAB(25):INT(PB/JeT0Q) ,

2850 PRINT ".euvevevnsanennnnes e rereeeneeseaveacastieansneinenene

)
sssecs e

2860 !

2870 GOTO 3022

2880 ! .......THICKNESS UNKNOWN...

28380 PRINT "SAMPLE ND."1TAB( 40 )1 "BREAKDOWN, VOLTS®

168

s

2902 PRINT “..iiveceseososnnncnaccns cavsevae R R R R PR

-
IR I A ]

2910 FOR I~=1 T0 J

2820 Q(2)=INT(P(2))

2930 Pi=P1+P(2)

2840 IF P({Z)>P3 THEN P3=P(7) | Maximum Value
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3530
3540
3550
3560
3579
3580
3580
36eed
3619
3628
3630
3640
3650
3660
3670
3680
3680
3700
37e
3728
3730
3740
3750
3760
37
3780
3780
3508
3g10
3820
3830
3840
3850
3860
387Q
38880
3880
3800
3918
3928
39830
3940
3950
3962
3970
3360
3980
4000
4018
4020
4238
4040
4058
4060
407Q
4080
40890
4100
4110

PCT/US89/05740

22

60T0 3530

03=0 A-7
6070 3570

03=1

OFF KEYS$ 1

OFF KEYS 4

CLEAR

RETURN

‘ RecsBEVISEIEROISIRISCRGBTRROGRES
I CHECK TINER...oveenscnsas
' XX X XXX IXXXXXXXXXFI2TXXX 2 2
IF DATECB7@2@ THEN G60TO 3650 ELSE RETURN
Ei=@ © E2~@ @ E3=0 @ E4=0
BEEP © BEEP

DISP © DISP

DISP "TIMER REQUIRES SETTING®
DISP .

DISP "YEAR (eg 87)°

INPUT EI

DISP

DISP "MONTH (eg 12)°

INPUT E2

DISP

DISP *DAY (ag 31)°

INPUT E3

DISP *TIME (e 1630)°

INPUT E4

IF E2«2 THEN E3=E3+31

IF E2=3 THEN E3<E3+58

IF E2=4 THEN E3=E3+30

IF E2=5 THEN E3=E3+120

IF E2=6 THEN E3«E3+I51

IF E2=7 THEN E3=E3+181

IF E2=8 THEN E3<E3+212

IF E2=9 THEN E3=E3+243

IF E2=10 THEN E3=E3+273

IF E2=11 THEN E3=E3+304

IF E2=12 THEN E3=E3+334

IF E2>2 AND FP(E1/4)=@ THEN E3«E3+1
SETTIME 35@@¢ INT(E4/100 )+G0eFP(E4/120 10120 ,E1¢1000+E3
CLEAR

RETURN

l XX X XXX XXXZXXZXXXIXZXZXZIZLY )
| GRAPH. e eereessesensanns
‘ I YXXXXXXXXXXZ2AXXZSZZZNZ X L 2
IF VAL(FS1)@ THEN S3=4

IF VAL(F8)3@ THEN SBe1

IF UAL(FS1>@ THEN Vs="y/U*
IF UAL(F8)>@ THEN GOTO 4@80
IF P3¢=5000 THEN $3=50

IF P3<=506@0 THEN US="UDC"

IF P3¢=2500 THEN S3+25

IF P3<=1008@ THEN 53«10

IF P3¢=50@ THEN $3=5
$8-58/5

l OUTLINEI........I..."...
SCALE ©,59+102,0,110

XAXIS §.10058 @ .59¢108
XAXIS 110,100+58.8,53+100

168

fa
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2950 IF P(Z)<P4 THEN P4=P(Z) | Minimum Value
2960 P(Z)=INT(P(Z))

2370 PRINT TAB(S)iZ1TAB(4721Q(2)

2980 NEXT Z

2930 PRINT *°

3000 PRINT *MEAN*i1TAB(47)1INT(P1/J)

30‘0 PRINT .-a.-qu.-cc--u---Q-uo.-un.--oo-'-.o.culo-.lol.lcncl

3020 CLEAR
3030 PRINT CHR®(12)
3040 RETURN

3050 ! sarereedisNEssaTIRRERIOOS

3060 | CALCULATE DISTRIBUTION...
3070 ¢ FERISPESABNTVAEINSIOISBOSE
3080 PRINTER IS 2
3090 PRINT *JOB NO.: “iAS
3100 PRINT
3110 PRINT "SAMPLE: "iBS 168
3120 PRINT
3130 PRINT "DATE: "1DATES
3140 PRINT @ PRINT & PRINT
3150 PRINT * % BROKENDQUWN"®
3168@ ! ...REORGANIZE DATA...cuse
3176 FOR Z=1 TO J
3180 P(Z)=0
3180 NEXT 2
3200 P=102000 & L=0
3210 FOR M=1 TO J
3220 FOR Z=t T0 J°
3238 IF Q(Z)<«P THEN L=2
3240 IF Q(Z)<=P THEN P=Q(Z)
3250 NEXT 2
32680 P(M)=P
" 3270 P=10Q02000
3280 Q(L)=t@°E
3230 NEXT M
3300 RETURN

3310 | 09000 NNRIIRIE0IEORENERRES
3320 | CHIMES..conetesescccncane
3330 | esscescecssccsscrceststes o

3340 BEEP 157,50
3350 BEEP 201,50
3360 BEEP 178,50
3370 BEEP 272,75
3380 WAIT 100
3390 BEEP 272,50
3400 BEEP 178,50
3410 BEEP 157,50
3420 BEEP 201,100
3430 RETURN

3440 | GeLBEORENEIRERORRERIO NS
3450 | DETERMINE SAMPLE TYPE....
3460 | 20800 0C000RRFRRERNRR00S

3470 DISP © DISP © DISP

3480 DISP "ARE ALTERNATE POSITIONS USED 7
34908 ON KEY$ 1, NO° 6070 3548

3500 ON KEY$ 4, YES® 60TO 3569

351Q BEEP

3520 KEY LABEL
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4120
4130
4140
4150
4168
4170
4180
4130
42008
4210
4220
4230
4240
4250
4260
4270
4280
4280
4300
4310
4320
4330
4340
4350
43860
4370

24

YAX1S @,18,8,112

YAXIS S9e100,10,8,110

| LABEL X~AXIS....evceonncn
FOR X=S8¢120 TO (SS-1)«1Q0 STEP SB+100
MOVE X-5+539,0

LABEL VALS(X)

NEXT X

MOVE S9+100-S8+10,0

LABEL VS

{ LABEL Y-AXIS..cceevrcunee
FOR Y=20 TO 80 STEP 20
MOVE 2.5¢58,Y+6

LABEL VALS(Y)

NEXT ¥

| PLOT DATA cocvvcncesvrnns
FOR M=1 TO J

MOVE P(M),INT(120eM/J )48
LABEL “o"

NEXT M

| PRINT GRAPH.ccveevenacnns
COPY

FOR M={ TO S

PRINT

NEXT M

RETURN

l IYIXXIXXIEXXTE XSRS 2222 2 X3

PCT/US89/05740
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second lead on the capacitor being receivable by the third

receptacle,
the first receptacle being connected to a first, high

voltage range, transient suppression device,
~ the second receptacle being connected to a second,
lower voltage range, transient suppression device,
, the third receptacle being connected to the relay
associated with the test fixture. '

3. The apparatus of claim 2 wherein both the first and
the second transient suppression devices are substantially resistive
elements. '

4. The apparatus of claim 3 wherein the first and the
second transient suppression devices are physically mounted on the
body of the socket in predetermined close proximity to the first
and second receptacles, respectively.

5. The apparatus of claim 1 wherein each capacitor has
a first and a second lead and wherein each test fixture comprises:
_ a socket having a body with a first, a second and a third
group of receptacles disposed in the body, each group of
receptacles containing at least one receptacle, the first lead on
each capacitor being receivable by a receptacle in either the first or
the second group and the second lead on the capacitor being
receivable by a receptacle in the third group,
_ each receptacle in the first group being connected to a
first, high voltage range, transient suppression device, '
each receptacle in the second group being connected to
a second, lower voltage range, transient suppression device,
 each receptacle in the third group being connected to
the relay associated with the test fixture.

~ PCT/US89/05740
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WHAT IS CLAIMED:

1. Apparatus for automatically measuring the dielectric

‘breakdown voltage characteristics of each one of a plurality of

capacitors comprising:

a time variable high voltage source of electrical
potential;

a predetermined number of test fixtures, each test
ﬁxture being adapted to receive one of the capacitors to be tested;

a relay network having a plurality of relays therein, at
least one relay in the relay network being connected between each
test fixture and the high voltage source;

means for energizing predetermined ones of the relays
in accordance with a predetermined sequence thereby to connect
the capacitor associated with each relay to the high voltage source;

control means for controlling the output of the voltage
source to apply a predetermined high voltage having a

- predetermined waveform associated therewith to each capacitor

connected to the source by the energization of a relay;

current monitoring means for monitoring a current flow
through the capacitor connected to the source by the energization
of a relay; and ‘

voltage measuring means associated with the
monitoring means for measuring the value of the high voltage when
the current flow through the capacitor exceeds a predetermined
breakdown current threshold, the value of the high voltage
measured defining the breakdown voltage of the capacitor.

2. The apparatus of claim 1 wherein each capacitor has
a first and a second lead and wherein each test fixture comprises:

a socket having a body with a first, a second and a third
receptacle disposed in the body, the first lead on each capacitor
being receivable by either the first or the second receptacle and the
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6. The apparatus of claim 5 wherein both the first and

‘the second transient suppression devices are substantially resistive

elements.

7. The apparatus of claim 5 wherein the first and the
second transient suppression devices are physically mounted on the
body of the socket in predetermined close proximity to the first
and second groups of receptacles, respectively.

8. The apparatus of claim 1 further comprising means
for reversing the polarity of the high voltage electrical potential.

9. The apparatus of claim 2 further comprising:

a metal housing, each of the test fixtures being mounted
in the housing,

a door on the housing,

a door actuated switch connected between the high
voltage source and ground potential, the switch being responsive to
the opening of the door to prevent an electrical shock hazard to an

operator.

10. The apparatus of claim 4 further comprising:

a metal housing, each of the test fixtures being mounted
in the housing, '

a door on the housing,

a door actuated switch connected between the high

~ voltage source and ground potential, the switch being responsive to

the opening of the door to prevent an electrical shock hazard to an
operator.

11. The apparatus of claim 10 further comprising:
a high wattage transient suppression device connected
in series with the high voltage supply.
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12. The apparatus of claim 9 further comprising:
a high wattage transient suppression device connected
in series with the high voltage supply.

5 13. The apparatus of claim 1 wherein the measuring
means comprises a voltage divider connected across all the test
fixtures, a peak detector connected to the voltage divider, and
analog to digital converter connected to the peak detector, the
converter being responsive to the current monitoring means to

10 convert the maximum value of the voltage divider as detected by the
peak detector.

14. The apparatus of claim 1 further comprising:
capacitor discharge means connected across all of the
15 test fixtures for discharging a capacitor previously connected to the
source by the energization of the relay.

[
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