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Attorney Docket No. 83342

APPARATUS AND METHOD FOR CALIBRATING VOLTAGE SPIKE WAVEFORMS

FOR THREE-PHASE ELECTRICAL DEVICES AND SYSTEMS

STATEMENT OF GOVERNMENT INTEREST
The invention described herein may be manufactured and
used by'or for the Government of the United States of
America for governmental purposes without the payment of any

royalties thereon or therefor.

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This patent application is co-pending with one related

patent applications entitled APPARATUS AND METHOD FOR

CALIBRATING VOLTAGE SPIKE WAVEFORMS (Attorney Docket No.

83343), by the same inventor as this application.

BACKGROUND OF THE INVENTION
(1) Field of tﬁe Invention
The present invention generally relates to an apparatus
and method for calibrating voltage spike waveforms that are
uséd to test sufvivability and compatibility of three-phase

electrical devices and systems.
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(2)  Description of the Prior Art

Many military and commerciél—off;the-shelf (“COTS”)
three-phase electrical devices have specifications that afe
incomplete with regard to compatibility and survivability.
This problem is exacerbated when these electrical dévices
afe integrated with devices configured in accordance with
military specifications such as bnboard electronics on a
submarine or other naval vessels. Vendors typically do not
perform tests or evaluations on the compatibility and
survivability characteristics of COTS electrical devices.
Typical current methodologies and schemes for testing
electrical devices and voltage spike suppression are
described in Peterson U.S. Patent No. 4,307,342, Gface et
ali‘U.S. Patent No. 5,463,315, Merritt U.S. Patént No.‘

55525,926, Maytum U.S. Patent No. 5,623,215 and Sink U.S..

‘Patent No. 6,088,209. However, these methodolégies and
schemes do not provide efficient techniques for testing the

.compatibility and survivability characteristics of three-

phase electrical devices. Thus, what is needed is an
apparatus and method that can efficiently and inexpenéively

test the compatibility and survivability characteristics of

three-phase electrical devices and systems.
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SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an appératus and method for calibrating voltage |
spike waveforms that are uséd to test the survivability and
compatibility characteristics of three—phasé electrical
devices and systems.

It is another object of the present invention that the
aforesaid apparatus and méthod be relatively inexpensive to
implement.

Other objects and advantages of the present invention
will be apparent from the ensuing description.

Thus, the present invention is directed to, in one
aspect, an appératus for calibrating voltage sbikes_ﬁsed in
tésting’elédtrical devices, comprising a circuit having a

plurality-ofvphase voltage lines and a ground line, a

plurality'of phasevvoltage inputs and a ground input adapted

for connection to a power source. Each phase voltage input
is connected to a corresponding phase voltage line and the
ground input is connected to the ground line. The circuit
further comprises a plurality of phase voltage outputs and a
ground output adapted for connection to an electrical device
under test. Each phase voltage output is connected to a
cOrresponding phase voltage 1ine_and‘the'gr6und output is
connécted.to the“ground line. The apparatus further

comprises a selection circuit for selecting one of the phase
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voltage lines and for providing a synchrbnization voltage
signai based on voltage signals across the phase VOltage
lines not selected by the selection circuit, a voltage spike
generator for generating a predetermined voltage spike
waveform based bn the synchronization voltage signal, and
additional circuitry for applying the predetermined voltage
spike waveform across the selected phase voltage line and
the ground line.

In a related aspect, the present invention is directed
to a method for calibrating voltage spikes used in testing
electrical devices, comprising providing a three-phase

electrical device to be tested, providing a three-phase

powef source, providing a circuit having.a plurality of

 phase voltagé lines and a ground line, connecting the phase

voltage lines between the th;ee phase_power source and thg
éléctriéal device under test, selecting one of the phase
voltage lines, generating a synchronization voltage signal
based on the voltage signal across the phase voltage lines
not selected, generating a voltage spike waveform based on
the synchronization voltage signal wherein the voltage spike
waveform has variable waveform characteristics; and applying
the voltage spike waveform across the selected phase Voltage

line and the ground line. The waveformvéharacteristics of"

the voltage spike waveform can be varied to conform to
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specific testing requirements for testing the electrical

‘device under test.

BRIEF DESCRIPTION OF THE'DRAWINGS

The foregoing features of the present invention will
become more readily apparent and may be understood by
referring to_the folloWing detailed description of aﬁ
illustrative embodiment of the present invention, taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram showing a testing system that
utilizes the calibrator apparatus of the present invention;

FIG. 2 is a schematic diagram 6f the calibrator apparatus
of the present-invention; and

FIG.’B.is_a séhematic diagram_of one phase of the three

phase capacitor network shown in FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is direcﬁed to a three-phase

voltage spike waveform calibrator for implementing voltage
spike tests on three-phase electrical devices and equipment
under test. Referring to FIG.vl, there is shown a testing
system that utilizes voltage spike calibrator apparatus 8 of
the present invention. Calibrator apparatus 8 generally
comprises calibrator 10, voltage spike generator (“WSG”) 20,

and synchronization circuit 25. Calibrator 10 receives and
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calibrates voltége spikgs and outputted by VSG 20. The
voltage’spikes outputted by VSG_2O are based on
synchronization voltage signals provided by synchrbnization
circuit 25. The testing system shown in FIG. 1 is used to

perform particular tests on the unit under test (“UUT"“) 30

wherein each test requires inputting a predetermined voltage

spike waveform into UUT 30. UUT 30 can be any type of
threé—phase electrical device or system. UUT 30 includes
phase A voltage input 40, phase B voltage inpﬁt 42, and
phase C voltage input 44, and ground inpuﬁ 46. Calibrator
10 transforms the vdltage spike outputted by VSG 20 into
particﬁlar voltage spike waveforms that are applied to-

inputs 40, 42, 44 and 46 of UUT 30 in order to test the

:survivability and compatibility of UUT 30. This feature of

the invention is described in detail in the ensuing -

~description.

Referring to FIG. 1, power supply 50 provides a supply

voltage and current to the UUT 30. Power supply 50 is

configured to provide a three-phase output and includes

phase A voltage output 60, phase B voltage output 62, phase

C voltage output 64 and ground output 66 that are inputted

into voltage spike attenuator 70. 1In a preferred
embodiment,'pbwer supply 50 is configﬁred to provide 115 Vips
and 440.Vh@ in order to test UUT 30 with eitherAvoltage. In

one embodiment, VSG 20 is configured to output a voltage
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- spike having a magnitude of about 1000 volts when UUT 30 is

a 115 V., device, and a magnitude of about 2500 volts when

UUT 30 is a 440 Ve device.

Referring to FIG. 1, voltage spike attenuator 70 is
connected between power supply 50 and calibrator 10 and
prevents high voltage spikes from being inputted into power
supply 50. Voltage spike attenuator 70 includeé phase A
voltage line 80, phase B volﬁage line 82, phase C voltége
line 84,vandvground line 86 that are connected to

corresponding phase A, phase B, and phase C voltage lines

‘and the ground input, respectively, of calibrator 10.

Voltage spike attenuator 70 is configured to attenuate the
high frequency éomponents of the voltage spike outputted by
VSG 20. Fér example;Aattenuator 76 is configured to
attenuéte-a voltage spike having a peak voltage_of 1000

volts for a 115 Vs three-phase System so as to Yield a

voltage spike having a peak voltage of 300 volts.

Attehuatdr 70 is further configured to attenuate a Qoltage
spike having a peak voltage of 2500 volts for a 446 Vims
three-phase system so as to yield a 700 volts Voltage spike.
Voltage spike attenuator 70 is well known in the art and is
therefore not discﬁssedlin detail.

'Referring to FIG. 1, calibrator 10 inéludes phase Ai
voltage input 101, phase B voltage input 102, phase C

voltage input 104, and ground input 106 that are connected
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to phase A voltage line 80, phase B voltage line 82, phase C
voltage line 84, and ground line 86, respectively, of
voltage spike attenuator 70. Calibrator 10 further
comprises phase A voltage output 116, phase B voltage output
118, phase C voltage output 120 and ground line 128. Phase
A voltage output 116, phase B voltage output 118, phase é
voltage output 120 and ground line 128 are connected to
phase A voltage input 40, phase B voltége input 42, phase C
voltage input 44 and ground line 46, respectively, of UUT
30.

Referring to FIG. 2, calibrator 10 comprises phase A
voltage line 108, phase B voltage line 110, phase C voltage
line 112 and ground line 114. Phase A voltage input'101 and
phasé A voltage .output 116 are connected td phase A voitage ,
line 108. Phase B voltage input 102 and phase B voltage
dutput 118 are connected to phase B Qoltage line 110; Phase
C voltage input 104 and phase voltaée output.lzo_are
connected to phase C voltage line 112. Ground input 106 and
ground output 128 are connected to ground line 114. Fuses
121 provide overload prbtection.

Referring to FIG. 2, calibrator 10 further comprises

resistors R1, R2, R3, R4, R5 and R6 that form voltage

divider circuits. In-one embodiment, each resiStor R2, R4

and R6 has a resistance of about 1 KQ, and each resistor

has R1, R3 and R5 has a resistance of about 99 KQ. Each
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~ capacitor Cl, C2 and C3 filters out high frequencies and in

one embodiment, has-a capacitance of about 27 pF

(piéoFafads). »ﬁbwever, it is to be understood that other
suitable resistances and capacitanée values may be used.
Calibrator 10 further includes voltage monitoring outputs
122,-124 and 126. Output 122 allows measurements of voltage
spikes between the phase A voltage and the phase B voltage.
Output 124 allowé for measurement of voltage spikes between
the phase B vbltage and the phasé c volﬁage. Similarly,
output 126 allows for measurement of voltage spikes between
the phase A voltage and the phase C voltage.

Referring to FIGS; 1 and 2, calibrator 10 and voltage
synchronization éircuit 25 each cpmprise a portion of switch

130. Switch 130 comprises a plurality of groups of switch

. contacts 130a, 130b, 130c, 1304, 130e and 130f. »Voitage

synchroniZation cifcuit‘25 comprises group 130a of sWitch
contacts. Group 130a comprises switch contacts 140, 141,
142, 143, 144, 145, 146 and 147. Contacts 140 and 141 are
inputted into switch 300 which is described in the ensuing
description. Switch éontact 142 is connected to switch
contact 147 and phase B voltage line 110. Switch contact
143 is connected to switch contact 145 and phase C voltage

line 112. Switch contact 144 is connected switch contact

146 and phase A voltage.line 108.
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Referring to FIG. 2, calibrator 10 comprises groups
130b,'130c; 130d, 130e and 130f of sWitch contacts. Group
130b comprises switch contacts 150, 151, 152 and 153.
Switch contact 151 is connected to an open circuit. Switch
contacts 152 and 153 are connected to phase A voltage line
108. Group 130c comprises switch conﬁacts 160, 161, 162 and.
163. Switch contacts 161 and 163.are connected to phase B
voltage line 110. Switch contact 162 is connected to an
open circuit. Group 130d comprises switch contacts 170,
171, 172 and 173. Switcn contacts 171 and 172 are connected
to phase C voltage line 112. Switcn contact 173 is
connected to an open circuit. Group 130e comprises switch
contacts 180, 181,»182.and 183. Switch contact 180 ie
conneeted at the junction of reeistore R7 and R8. Switch
contact 181 is conneeted to phase A voltage line 108;

Switch contact 18é is connected to phaee B voltage line 110.
Switch contact 183 is connected to phaee C voltage line 112.
Group 130f comprises switch contacts 190, 191, 192 and 193.
Switch contact 191 is connected to switch contact 150.
Switch contact 192 is connected to switch contact 160.
Switch contact 193 is connected to switch contact 170.

Referring to FIGS. 2 and 3, calibrator 10 further
includes capacitor circuit 200 which coﬁpriseS-a plnrality
of capacitor networks 202, 204; 206 and mnlﬁi—level switch

207. Capacitor network 202 is connected between switch
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contact 170 and ground line 114. Capacitor network 204 is
connected between switch contact 160 and ground line 114.

' Capacitor network 206 is connected between switch contact

150 and ground line 114. Switch 207 simultaneously adjusts

all capacitor networks 202, 204, 206 so that each capacitor

network 202, 204 and 206 exhibits the same capacitance.
Switch 207 is adjusted so that the actual capacitance
exhibited by each capaéitor network 202;v204 and 206
conforms to the particular testing requirements for UUT 30.
In one embodimenﬁ, switch 297 is configured‘as a multi-deck
rotary switch. HoweVer,nother suitable switches can be used

as well. Each capacitor network 202, 204 and 206 has the

~ same Circﬁit configuration which is shown in FIG. 3. For

purposes of simplicity, only capacitor network 202 is

described‘in the ensuing description. ’Refe;;ing to FIG. ;/
capacitor network 202 includes nédes.zbs and 20§. Node_268
is connected to switch contacts 170 and 193. Capacitor
network_204 includes nodes 209 and 210. Node 210 ié
connected to switch contacts 160 and 192. Capacitor network
206 includes nodes 211 and 209. Node 211 is connected to
switch contacts 150 and 191. Node 209 is connected to

ground line 114. SWitch 207 comprises a plurality of groups

. of switch contacts. One of these groups of switch contacts

comprises switch contacts 210 through 217. Another group of

switch contacts comprises switch contacts 218 through 225.




1 A further group of switch contacts‘comprises switch contacts:
2 226 through 233. Switch contacts 212, 214 and 216 a£é o§en
3 circuits. Switch contacts 219, 222, and 223 are also open
4 circuits. Similarly, switch contacts 227-229 are open
5 circuits. Capacitor network 202 comprises capacitors C4,
6 C5, and C6. Switch 207 can be adjusted to produce a
7 resultant capacitance between nodes 208 and 209 that is
8 based on any one of capacitors C4, C5, and Cé6 by.themselves
9 or in any combination with each other. Thus, the resulting
10 capacitance exhibited by capacitor network 202 can be any
11 one of seven possiblé'capacitances depending upon the

'li setting of switch 207. The seven possible resulting

13 capacitances are shown in Table I.

14

15 Table I: Possible Resulting Capacitances

T 16 C4
17 C5
18 cé
19 C4 + C5
20 C4 + Cé
21 C5 + Cé6
22 C4 + C5 + C6
23

24 In Table I, the sign “+” designates summation. In one

25 embodiment, capacitor C4 has a capacitance of 5 uF

26 (mi¢roFarads),Adapacitor C5 has.a cabacitance of 10 pF and
27 capacitor C6 has a.capacitance of 20 uF[ Thus, in such én

28 embodiment, the possible resulting capacitance is between 5




1 QF and 35 uF, inclusive. I£ is to be understood that
2 cépacitdr networks 204 and 206 have substantially the same
3 circuit configuration és capacitor network 202. In a
4 preferred embodiment, switch 207 is configured so thatleach
5 capacitor network 202, 204 and 206 exhibits substantially
6 the same capacitance. A ﬁser adjusts switch 207 so that
7 capacitor networks 202, 204 and 206 exhibit a particular
8 capacitance that corresponds to a particular voltage spike
9 teét being performed on UUT 30.
10 Referring to FIG. 2, voltage synchrohization cifcuit
11 25 further comprises switch 300 which has switchicontacts
12 301, 302, 303, 304, 305 and 306. Voltage synchronization
13 circuit_25 fﬁrthéf includes voltage transformer 310.
14 Voltage transfbrmer-310 includes‘440 Vms inputs and 115 Vg
15 inputs. Switch contacts 301 and 302 are connected to switéh
16 cohtacté 146 and‘141, respectively. Switch contacts 303Mand
i7 305 are connected to the 440 V., inputs of voltage
18 transformer 310. Transformer 310 steps 440 Vs down to 115
19 Vs such that it can be used for synchronization of VSG 20
20  when calibrator 10 is used with a 440 Vpys three-phase
.21, electrical system. Transformer 310 outputs synchfonization
) signal 312 which is inputted into VSG 20. Switch contacts
23 304 and 305 bypass transformer 310 and feedlthe 115 Vnw~.

24 synchronization signal 312 directly into VSG 20.
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VSG 20 includes'high voltage and common outputs 316 and

318, reépectively. High voltage output 316 is connected to
one end of resistor R7. Common output 318 is connected to
switch contact 190. VSG 20 outputs a voltage spike through
high voltage and common outputs 316 and 318, respectively.

| Prior to conducting any test, the power requirements of
UUT 30 must be evaluated so as to enable power supply 50 to
be configured to provide the correct power. If UUT'3O is a
115 Vyns system, then switch 306 is cénfigured so that switch
contacts 301 and 302 are connected to the 115 V. inputs of
transformer 310 via switch contacts 304 and 306. Power
supply 50 ié then configured to provide a 115 Vg output.
if UUT 30 is a 440 Vy system, then switch 300 is_qohfigured
so.that switch contacts 301 and 302 are éonnegted to the 440
VF@ inputs of transformer 310 via switch contacts 303 and
305. For purposes of faciiitating expianation and
understaﬁding of the invention, the ensuing descfipﬁion is
in terms of switch 300 being configured for a 115 Vs UUT.

There are several voltage spike tests that musﬁAbe

performed on UUT 30 in order to accurately test the
survivability and compatibility of UUT 30. 1In a first test,

a predetermined voltage spike waveform is applied to phasé A

voltage input 40 and ground input 46 of UUT 30. In order to

~accomplish this firstbtest,'the predetermined voltage spike

waveform is applied across phase A voltage line 108 and
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greuhd 1ine-114. In a second test, a predetermined voltage
spike waveform is applied to phase B voltage‘input 42 and»
ground input 46 of UUT 30; In order to accomplish this
second test, a predetermined voltage spike wavefOrm is
applied across phase B.voltage line 110 and ground 1inev114.
In a third test, a predetermined voltage spike waveform is
applied to phase C voltage input 44 and ground input 46 of
UUT 30. In orxder to accemplish this third test, a
predetermined voltage spike waveform ie applied across phase
C voltage line 112 and ground line 114. The manner in which
these aforesaid tests are iﬁplemented is described in detail
in the ensuing description.

In order to apply,a predeterﬁined voltage spike
waveform across‘phase A voltage line 108 and ground line 114‘
to implement the firstitest, switch 130Iis configured so
that each pair of switch contacts shown iﬁ each row ef:Table

II are electrically connected together.

TABLE II




1 Next, snitch 207 is configured so that»capacitor networks
2 202, 204 and 206 yield a particular capacitanoe that‘will
3 provide the deéired voltage spike waveform characteriétics.
4 As a result, contact 140 is connected to phase B voltage
5 1line 110 wvia contact 142, and contact 141 is connected to
6 phase C voltage line 112 via contact 145. Thus, a voltage
7 signal taken between phase B and C voltage lines 110 and
8 112, respectively, functions as the source for the
9 synchronization signél and is fed to switches 130 and 300.
10 This synchronization signal is outputted from switch 300
11 (via transformer 310 for 440 Vigs systems) as signal 312
12 which is inputted into‘VSG 20. The high‘voltage output 316
-13 of VSG 20 is connected to phase A voltage 1ine_108ovié |
'.14 switch contacﬁs 180 and 181. The common output 318 is
A:is connected to the input of capacitor network 206 via switch
16. contaots 190 and 191; Thus, capacitor network 206 is
17 connectea between common output 318 and ground line 114.
18_ Capacitor network 204 is connected between phase B voltage
19 1line 110, via contacts 160 and 161? and ground 1ine 114.
20 Capacitor network 202 is connected between phase C voltage
21 line 112, via contacts 170 and 171, and ground line 114.
22 The capacitance exhibited by each capacitor notwork 202, 264
~°23  and 206 affects the waveform characteristics of the‘ -
24 resulting voltage spike outputted via high voltage and

25 common outputs 316 and 318, respectively. Thus, the
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and 206 introduces the proper impedance  to produce the
desired waveform characteristics of the voltage spike
waveform that is inputted into the phase A voltage input 40

of UUT 30.

In order to apply a predetermined voitage spike

waveform across phase B voltage line 110 and ground line 114

to implement the second test, switch 130 is configured so
that each pair of switch contacts shown in each row of Table

IITI are electrically connected together.

TABLE III
140 , 143
T - : 146
150 ’ 152
Teo R “Tez
70 172
180 » . 182
190 192

Next, switch 207 is configured so that capacitor networks
202, 204 and 206 yield a pafticular capacitance that
provides‘ﬁhe desired vpltage spike waveform characteristics.
As a result, cohtact 140 is connected to phase C voltage
line 112, via contact 143, and<conta¢t 141 is connected to

phase A voltage line 108, via contact 146. Thus, a voltage
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signal taken between phase A and C voltage lines 108 and
112, respectively, functions as the source for the
synchronization signal and isAfed to switches 130 and 300.
This synchronization signal is dutputted from switch 300
(via transformer 310 for 440 Vieps systems) as signal 312
which is inputted into VSG 20. The high voltage output 316
of VSG 20 is connected to phase B voltage line 110 via
switch contacts 180 and 182. The common output 318 is
connected to the input of capacitor network 204 via switch
contacts 190 and 192. Thus, capacitor network 204 is
connected between common.output 318 and ground line 114.
Capacitor network 202 is connected between phase C voltage
line 112, via contacts 170 and 172, and ground 1ine,114. 
Capacitor network 206 is connected between phase A voltaée
line'iOS, via contacts 150 and 152,,and‘grduhd line 114.

The'capacitance exhibited by capacitor_netWorks 202, 204 and

- 206 affect the waveform characteristics of the resulting

voltage spike outputted via high voltage and common outputs
316 and 318, respectively. Thus, the capacitance exhibited
by each eapacitive network 202, 204 and 206 introduces the
proper impedance to produce the desired waveform

characteristics of the voltage spike waveform that is

“inputted into the phase B voltage input 42 of UUT 30.

In order to apply a predetermined voltage spike

waveform across phase C voltage line 112 and ground line 114




1 to;implement the third test, switch 130 is configured so
2 that each pair of switch contacts shown in each row of Table
3 IV are electrically connected together.

4 TABLE IV

140 144
141 - 147
150 153
160 - v 163
170 | 173
180 183
190 193

6 Next, switéh 207 is configured so thét capacitor networks

7 202, 204 and 206 yield a particular capacitance that

8 proVides the desired vql£age spike~waveform‘characteristics:
9 As a result, contact 140 is connected to phase A voltage

10 1line 108, via contact 144, and contact 141 is connected to
11 phase B voltage line 110, via contact 147. Thus, a voltage
12 signal taken between phase A and_B voltagé lines 108 and

13 110, respectively, functions as the source forrthe

14 synchronization signal and is fed to swiﬁchés 130 and 300.
15 - This synchronization'signal is outputted'from switch 300

16 -(via’transfqrmer.Blo for 440 Vi Systems) as sigﬁal 312

17 which is inputted into VSG 20. The high voltage output 316

18 of VSG 20 is connected to phase C voltage line 112 via
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switch contacts 180 and 183. The common output 318 is

‘connected to the input of capacitor network 202 via switch

contacts 190 and 193. Thus, capacitor network 202 is
connected between common output 318 and ground line 114.

Capacitor network 204 is connected between phase B voltage

~line 110, via contacts 160 and 163, and ground line 114.

Capacitqr network 206 is connected between phase A voltage
line 108, via contacts 150 and 153, and ground line 114.

The capacitance exhibited by capacitor networks 202, 204 and.
206 affect the wavéform charactefistics of the resulting
voltage spike outputted via high voltage and common outputs
316 and 318, respectively. Thus, the capécitance exhibited
byveach capacitive'network 202, 204 and 206 introduces thé
propér impedance toAproduce thé'desired waveform
characteristics of the voltage'spike wavefdrm tha#{is.
inputted into the phase C voitage inputk44 of UUT 30.

As a result of the particular switching configuration
of switch 130, when the predeterminéd voltage spike wavgform
is applied.to one of the phase A, B or C voltage lines, the
voltage across the other two phase voltage lines is minimal
and cannot cause stress or damage to VSG 20.

Referring to'FIG. 2, calibrator 10 further includes a
anitoring circuit<that comptiseé resistqrs'RBland R9, .

capacitor C7 and test ports 350 and 352. Resistors R8 and

‘R9 are configured in a voltage divider circuit. Capacitor
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C7 filters out any high frequency components. Test ports

350 and 352 allow for the measurement of the line-to-ground

voltage Viz. In one embodiment, resistors R8 and R9 have
resistances of about 99 KQ and 1 KQ, respectively, and

capacitor C7 has a capacitance of about 27 pF.
The present invention provides a technique for testing
the compatibility and survivability of three-phase

electrical devices which is relatively more safe and

efficient than prior art techniques. The present invention

allows for one test set up for all required test conditions
while the UUT is energized and also allows for the changing

of test instrumentation while the UUT is energized. As a

result, the presént invention significantly reduces test

éet-up and reconfiguratioh time. The present invention
allows for variation of the phase in‘which the VOitage spike
is induced. This phasé variation can be performed whilevUUT
30 is energized. It_is not necéssary to de—energize;'rewire
circuitry, and then re-energize UUT 30 in order to adjust
the phase in which the voltage spiké is induced. Additional
important advantages of the present invention is that it can
be easily transported and integrated with the-other devices

and test equipment, and realized with commercially available

electrical components.

The principles, preferred embodiments and modes of

operation of the present invention have been described in
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' the foregoing specification. The invention which is

intended to be protected herein should not, however, be
construed as limited to the particular forms disclosed, aé
these are to be regarded as illustrative rather than
restrictive. Variations in changes may be made by those
skilled in the art without departing from the spirit of the
invention. Accordingly, the foregoing detailed description
should be considered exemplary in nature and not limited to

the scope and spirit of the invention as set forth in the

attached claims.
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- Attorney Docket No. 83342

APPARATUS AND METHOD FOR CALIBRATING VOLTAGE SPIKE WAVEFORMS

FOR THREE PHASE ELECTRICAL DEVICES AND SYSTEMS

ABSTRACT OF THE DISCLOSURE

An apparatus and method for calibrating ﬁhree—phase
voltage spike waveforms used in testing three-phase
electrical deviées. The apparatus includes a circuit haviné
a plufality of phase voltage lines and a ground line. Phase
voltage outputs and a grouhd output are provided for
connection tb a dévice_under test. A selection circuit
selects onélof,the phése voltage lines and provides a
synchronizatioﬁ voltage signal based on the other iines; A
vbltage spike generator is joined to the selection circuit
‘fdr,generating a voltage spike wavefofm synchronized with
the voltage signal. Additional circuitry is joined to the
voltage spike geherator, the phase voltage lines and the

outputs which applies the voltage spike waveform across the

selected phase voltage line and the ground line.
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