University of South Florida

DIGITAL COMMONS Digital Commons @ University of
@ UNIVERSITY OF SOUTH FLORIDA South Florida

USF Patents

September 2009

MOV failure mode identification

Stelios loannou
Elias L. Stefanakos

Paris Wiley

Follow this and additional works at: https://digitalcommons.usf.edu/usf_patents

Recommended Citation

loannou, Stelios; Stefanakos, Elias L.; and Wiley, Paris, "MQV failure mode identification" (2009). USF
Patents. 567.

https://digitalcommons.usf.edu/usf_patents/567

This Patent is brought to you for free and open access by Digital Commons @ University of South Florida. It has
been accepted for inclusion in USF Patents by an authorized administrator of Digital Commons @ University of
South Florida. For more information, please contact digitalcommons@usf.edu.


https://digitalcommons.usf.edu/
https://digitalcommons.usf.edu/
https://digitalcommons.usf.edu/
https://digitalcommons.usf.edu/
https://digitalcommons.usf.edu/usf_patents
https://digitalcommons.usf.edu/usf_patents?utm_source=digitalcommons.usf.edu%2Fusf_patents%2F567&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usf.edu/usf_patents/567?utm_source=digitalcommons.usf.edu%2Fusf_patents%2F567&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usf.edu

US007593209B2

a2 United States Patent 10) Patent No.: US 7,593,209 B2
Toannou et al. 45) Date of Patent: Sep. 22, 2009
(54) MOV FAILURE MODE IDENTIFICATION 4,249,224 A 2/1981 Baumbach
4,636,910 A 1/1987 Chadwick
(75) Inventors: Stelios Ioannou, Lutz, FL (US); Elias L. 4,733,175 A 3/1988 Levinson
Stefanakos, Tampa, FL (US); Paris 4,739,436 A 4/1988 Stefani et al.
Wiley, Tampa, FL (US) 4,907,119 A 3/1990 Allina
. L ) 5621309 A 4/1997 Feldman
(73) Assignee: I{}lslversny of South Florida, Tampa, FL. 6,211,770 BL 42001 Coyle
Us) 6,252,488 Bl 6/2001 Ziegler et al.
(*) Notice: Subject to any disclaimer, the term of this 6,486,570 B1* 11/2002 Priceetal. ....cccouveeeneeee 307/105
patent is extended or adjusted under 35 2002/0149899 Al* 10/2002 Kladar et al.
U.S.C. 154(b) by 0 days. 2006/0139832 Al*  6/2006 Yates etal. .......ccc...... 361/111
(21) Appl. No.: 12/126,008
) OTHER PUBLICATIONS
(22) Filed: May 23, 2008
Strenstrom, L., Lindberg, P. and Samuelsson, J. 1988. “Testing pro-
(65) Prior Publication Data cedure for metal oxide varistors protecting EHV series capacitors.”
Power Delivery. IEEE. vol. 3. No. 2. pp. 568-583. 1988.
US 2008/0218925 Al Sep. 11, 2008
* cited by examiner
Related U.S. Application Data .
o o Primary Examiner—Ronald W Leja
(63) Continuation of application No. PCT/US2006/ (74 Astorney, Agent, or Firm—Ronald E. Smith; Smith &
046131, filed on Nov. 30, 2006. Hopen, PA.
(60) Provisional application No. 60/740,817, filed on Now.
30, 2005. (57) ABSTRACT
(1) Int. CL. A surge protector includes a thermal fuse, a metal oxide
HO02H 1/00 (2006.01) . : . . -
varistor electrically connected in series relation to the thermal
(52) US.CL o 361/127 . . .
; : . fuse, and a detection network electrically connected in paral-
(58) Field of .Cla.ss1ﬁcat10n Search .............. - 361/127 lel relation to the thermal fuse and the metal oxide varistor. A
See application file for complete search history. first indicating means indicates whether or not the thermal
(56) References Cited fuse is in operation and a second indicating means indicates

U.S. PATENT DOCUMENTS

whether or not the metal oxide varistor is in operation.

3,064,084 A * 11/1962 Meacham ................... 379/361 3 Claims, 7 Drawing Sheets
- 30
2
»
L_utility c1 c2
3.571mH it i}
1 4n 4n
g R MoV VOFF =0 é
g < 10066 ==C_MOV VAMPL = 1 (~\) V_signal
R_utilty FREQ = 370K
0.434 2n
ca c3
VOFF =0 il it -
VAMPL = 120 (RO V_utility 4n 4n 0 0
FREQ = 80 =
Lv
0 T
15Vd
© i R5
R7
LED2
LED1
39 i RO Q@2 D1N4148
36 - o Wk
;1/' D4 R6 Q2N3904
A » N AAA k
\J T

1 D1N4148 Q2N3904

L2 =C7
—C6
2




U.S. Patent Sep. 22,2009 Sheet 1 of 7 US 7,593,209 B2

FiG. 1

TN
N
— 14
e 16
o 18
el 10
12




US 7,593,209 B2

Sheet 2 of 7

Sep. 22, 2009

U.S. Patent

AOW D= 9200l
AOW ¥

0 up up
=+ 1 || ¢
€D ¥D
ugz
1 »oe = D34
[eubis >@\ L = TdNVA
0 = 440A
up up
|1 |1
I 11
Z0 1D
0z—~7

M

08 = 0344

famn~A G 021 = TdWVA

Y€V 0
Ainny m

L
HWL.G€
A

Z

¢ OIA

0 =d440A



US 7,593,209 B2

Sheet 3 of 7

Sep. 22, 2009

U.S. Patent

0_
z
1 @O pu—
0T 21
POBENZO [ SPLENLA L dAVdO <
W Kl . \v& 1no yoL
Y06ENZO o bQ N . o
—w 1O _ oc 7 _ o
o 6y 8yL¥NLA pe — . . N
8vL¥NLQ — %001
1a3 00!
zZa3a N oy
oy
OPAG | )
m>W =
W L 08=03u4
0 0._ uy up A AGY) 021 = TdINVA
¥ 1 1 0= 440A
€0 0
ug 12540
__LM0.E = 03 -~ K= w
1uBIS A (D) 1 = TdINVA AOW ™ D== 92001 s ANy
0 = 440A ACNCY P
uy uy
I 1 HWL.G'E
r40) %o} Aymn
4
N Z
0g —
£ DIH



US 7,593,209 B2

Sheet 4 of 7

Sep. 22, 2009

ony| L] (suoz) eswos|  Mee| 14 sseud ‘djoH Jo4
4 [m]p
4l
O\ N Pa A\ . .
A0O'L A0O'L
/ \ \ / / loA gy lor gy

AWOO v L w ] JAWOO ¥ |-
HoAg N [+ | JoAd IND
AWO00'968 [ v ] | AWO0'9S8
HOAVY IND [+ ] | HOAVY IND

g S W g | A I S— AT AOZ
Lk AL AOL

P
'\r\

4] ¢] <]«

= |
—
b
= |
J—

e = M oy = s | (=== ==

281 L A

_ _ (A0 <] | AW |«

_ _ 18540 [~ 19540 [~

\/ / VARERAV / \ || B B

||||| —~ o WM _ M i 1 Vil ML L2V oV [ XL oV [ Xb
_ _

(A m padueApy] [pouespy

o ~ EoJuol| | oG]
mm_ lal  2v] la] v

1 SNOYG G| =9ZIS Ud3IdS SNOO0’ L =AId/AWI] SUQ'0=S0d :MalA bulwl] | L —jsuteyy— L—panegy—

«|[»|[«][»] supoooo Buwng mc___mn__ [Buisiy
«|[»|[«]f»] SUO000'0 IslEIE}S [ _w>m.|__ SPOW ShO0E 659 "boy/aw
sngoozz 19 |l«][»]|[«][»] [snoooo'z] pabbul] ||[psousrpy] AwoO¥9 [a SNOQ0 L "AIp/aWI |
shoooy'S  L-V || «f(»[|«]l»| [SNO00L¥| | &N oA |w (nares 05)1:1 wooz[«][]
snooozz gV |[«|[*][«][*] [nocorZ [wing] || [al 1] yo 126611 || (sugz) esnos  ered [
00l L | oiny |falbuls [rewuon] SSedawl | —
suoljIsod mopuim pue 1osing -1abbL1 | - | 0000 paJabbll ||

[®] [moom[moo] (2] EEEIOEE [ [@]e]ole)

dieH mopuipp Alowspy  einseaN  AX 144 oels  buiw) ey JebBuy  |suueyD  melp 9l
X m—|_ [0:85:C | ¥e ¥002/c/0L1=21eq 3Ild OSAZHMOLE TYNDIS SEXVIN'SIWHOAIAYAM NOILOTLIA AOWNHOLYHIANTD IDHUNS\SOITALS:H @

U.S. Patent

v DIAd



US 7,593,209 B2

Sheet S of 7

Sep. 22, 2009

U.S. Patent

anv[ 1] (suoz) eswos | Mze] | 4 ss81d “djoH 404
4 [m]p
T T 1“ [a]
| ! |
_ T I 88T N88T
_ _ | Jon gy 1or gy
e e i RS ==m=r== S S e A S S AT T A | A =
/ \> .“| H\\ | loag Ing [+ ] | Hoag JnD |-
—+ - INzdl% hd I\ 22 2 A4
/ \ % N K _\ / L_\ / “\ oA no [7] | woAv ano [=
[l I
_ | ADT AOZ
. AL AQL
|||||| e ¥ a et T ot T Lo e i SR B e i S Sty ke il wieks = AS NG
[N N = X
< AL AL
_ _ I AWO0S AW00G
| & 1 | AW0O0C AW00S
_ L g uoIsinQ uoIsIAIY,
/\ / \ _ < _ | W A <] | CAwo |«
L+ — 4~ — 4 4 |.ml,||Lr||1Hﬂ|Ll||f||4_|||T| ERRI ETTeI 2
\ | AND|X001 ANDIX00L
/ _ _ d 20 X0l 00 [X01
) _ 1 " oV [ Xt oV [ Xt
|/ | 1 1 A= [peoueApY] [pa5ueApy]
Yy — | [0 Juo Jo Juo
—— B _ed||
d SNOKS G1=9ZIS Ud3I0S SNONQ L =AId/8W1 L SUQ'0=S0d mala bulwil | L “putegy— L —suteys-
«|[»][«][»] sugooo0 Buwnyp mc___mu__ Buisiy
4|[»||«]|»] SUCO00'0 ISlDIEIS [oAs7][epon SN0E SS9 "boyrawi]
snpoozz  1-g | [«l[»][«][»] [snoooo°Z] [1eBBLL] |[[peouerpy] Awo0 09 [a SNOOQ°L "AIp/awI]
SNQOOY'G LV ([« ||« > _m:ooow.v g [ara[w (n@res 0g)L:L wooz [«
snpoosz g |[«|][W][»] [Enoocors] [vangl || lal V] -up 1e66uL || (supz) eswos ered D]
00l L [ oiny | siBuis Jlewon] Sseqawl ] —

suoljisod MOpUIM pUE JosInD

19061 |

0000 PaIabbL]

(=] [DO[O[mE[EE] [ |

dsH mopup\  Alowspy ainsespy  AX 144

SJEIS

Buiwi L

arey

FEGTT

a0 [e]elolel [E

[UUBYD  MBIA

a4

S DIA

[egi6v:v1 18 PODZ/E/0LI=212Q 314 OSA TYNOIS AIIHIMdAVISWIOAIAYM NOILDF1IA AOWNHOLYHIANTSD IDUNS\SOITALS A [



US 7,593,209 B2

Sheet 6 of 7

Sep. 22, 2009

U.S. Patent

NZ8'C NC8'C
oA g-v oA g-v

AOY'L- NO¥'L-
HoAgd InD JIoAG IND
ATV’ NV L

HOAY IND HOAY 4ND

AOC AOC
AOL AO}

AG AS
AL Y4

Al Al
AWO0S AWOQS
AW00C AUW00Z

UOISINC UOISIAICY
AWD_] AWD

9S40 188,
ANOIX00| AND
20 1 X0l od

oV | X ol

~ p3oUBADY | [p3ouEApY]
[Z0TU0]

SNQLL L=9ZIS U8aldg SUQQG=AIJ/aWI] SUQ 0=S0d :MmaIA @C_E_n_. E

L jeuueyp— —jsuueyp -

supOOQ'0  Burwn) _mc___mu__, buisiy
SUup000'0 1s!IsielS _m>m.__, SpPoON 8NpGe°/ze "boy/suwy

SUpQ00'0  L-d SN0Q0Q'L] [eBDLI [|[pooueApY| AWO0 09 SUQOS “Alp/AWIL
sugoQo'00G- LV SNpooo°L| [ g4nD [9A37 (na/es 06)1:L wooz[«][]
supgQ00'005- gv SUp000°00S| | vInD [a] 1Y 'y 186611 |[(sugl) eswonl @ed 5]
00b 1 [ony J[sibuis]ieuioN]

SUoI)ISOd mopulm pue 1osinD -19bD11] |

(@] [Moom[E[a]g] (2] RO = [e]e]olw (=]

diesH mopuipy  Adowsp]  aunsespy  AX 144 9ielg  buiwil  ejey  JeBBul  |jsuueyn  meIA 94

[zeisei0l J8 ¥002/61/011=a1e@ alld 0SA'Z TYNDIS INdLNO AFHILNUNSWHOATIAYM NOILDFLIA ACAHO LYHINID IDHNS\SOINFLSy4 D

9 OIA



U.S. Patent Sep. 22,2009 Sheet 7 of 7

FIG.7
(Prior Art)

Line

US 7,593,209 B2

/\J62

/\460

FIG.8

Line




US 7,593,209 B2

1
MOV FAILURE MODE IDENTIFICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of prior filed Interna-
tional Application, Serial Number PCT/US2006/046131 filed
Nov. 30, 2006, which claims priority to U.S. provisional
patent application No. 60/740,817 filed Nov. 30, 2005 which
is hereby incorporated by reference into this disclosure.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates, generally, to surge protection
devices. More particularly, it relates to a surge protection
device that relies on the capacitive properties of MOV as a
part of an impedance network for failure identification.

2. Description of the Prior Art

A metal oxide varistor (MOV) is a device that monitors the
proper working of a surge protector. Conventional metal
oxide varistor (MOV) failure identification technologies rely
on thermal fuses. Conventional surge protectors include ther-
mally protected metal oxide varistors (TMOV) and thermally
protected varistor series with indicating lead iITMOV).

There are numerous surge protection devices currently
available. However, until recently, there were no means for
indicating whether or not the surge protection device was
operated properly. Surge protectors that indicate thermal fuse
failure only, for example, may not be operating properly due
to MOV failure but no indication is provided to the user that
the surge protector has failed. Instead, since the thermal fuse
is still intact, the user gets a false indication that the surge
protector is still working.

Destruction of an MOV will not affect the normal operation
of' a surge protector because MOV are shunt elements. Ironi-
cally, poorly designed surge protectors give some indication
of destruction by appearing singed, whereas well-designed
surge protectors do not appear damaged after destruction.

To avoid a fire hazard, thermal protection schemes are used
to prevent the MOV from reaching its thermal destructive
level. The use of thermal protective fuses allows the use of
LEDs indicating protection and fault operation. Also, it is
very important that ground and neutral wires are correctly
connected. Since MOVs are surge diverters, if the neutral
wire is not connected then the destructive energy cannot be
diverted away from the sensitive load.

It is possible that after much surge suppression, the thermal
limit of the fuse may not be reached, but the MOV may
degrade and fail. Conventional surge protectors do not indi-
cate that such a failed MOV is no longer in service. Such
conventional surge protectors will indicate failure only if the
thermal fuse has failed.

There is a need for a surge protector design that provides
more efficient and safer surge protector circuit operations.

There is also a need for a design that indicates normal and
failure modes of MOVs. Such a design would not rely on
thermal fuses to identify the presence of an MOV.

However, in view of the prior art taken as a whole at the
time the present invention was made, it was not obvious to
those of ordinary skill how the identified needs could be
fulfilled.

SUMMARY OF THE INVENTION
The long-standing but heretofore unfulfilled need for an

improved surge protector is now met by a new, useful, and
non-obvious invention.
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2

The novel structure detects operation across both an MOV
and a thermal fuse (when present), thus eliminating the pos-
sibility a false indication of full protection when an MOV
failure has occurred before thermal fuse failure. A thermal
fuse can be used in series with an MOV. Such a design would
correctly indicate if the MOV fails.

This invention does not rely on thermal fusing for MOV
failure identification. It utilizes the capacitive properties of an
MOV to be part of an impedance network operating at fre-
quencies other than 60 Hz. At normal operation (no failure),
capacitors including MOV will form an impedance network
having a voltage drop across them. If the MOV fails as an
open circuit then the current in this network is zero. Only open
circuit failure is detected because MOV initially fail as a
short circuit but eventually they fail as open circuit, due to
continuous conduction. Therefore, the present inventive
structure correctly monitors the MOV and notifies the user as
to whether or not the MOV is still operational.

These and other advantages will become apparent as this
disclosure proceeds. The invention includes the features of
construction, arrangement of parts, and combination of ele-
ments set forth herein, and the scope of the invention is set
forth in the claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the
invention, reference should be made to the following detailed
description, taken in connection with the accompanying
drawings, in which:

FIG. 1 is a side elevational view of a utility pole;

FIG. 2 is a schematic diagram of a preliminary design for
MOV failure identification;

FIG. 3 is a schematic diagram of a preferred design for
MOV failure identification;

FIG. 4 depicts a first waveform representing the signal
from a function generator and a second waveform represent-
ing the signal at the recording node indicating normal opera-
tion;

FIG. 5 depicts the recorded voltage amplified to 1.44V
peak for normal operation;

FIG. 6 depicts a first waveform indicating input voltage to
a band-pass filter and a second waveform indicating the out-
put from the band-pass filter;

FIG. 7 depicts a prior art thermal fuse, MOV, and detection
network; and

FIG. 8 depicts the thermal fuse, MOV, and detection net-
work of this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A suitable MOV failure identification design must be
unique and should not rely on thermal fuses. The basic idea
behind the present invention is to take advantage of MOV
capacitance. Accordingly, the MOV is used as part of a
capacitive network that operates at a frequency other than 60
Hz. At normal operation (no failure), capacitors including
MOV are impedances having a voltage drop across them. If
the MOV fails as an open circuit then the current in this
network is zero. Only open circuit failure will be detected
because MOV initially fail as a short circuit but eventually
they fail as open circuit, due to continuous conduction.

The utility distribution system impedance as seen by the
MOV must first be determined. This is the impedance of a
substation transformer, plus the impedance of the transmis-
sion line.
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For the impedance of the substation transformer, taking a
base voltage of 13.8 KV (V,,.,.=13.8 KV) and complex base
power of 16.8 MVA (S,,.,.=16.8 MVA) gives a base imped-
ance of 11.3357Q2

Ve ]

V4 =

In addition, from the nameplate of the transformer, imped-
ance is given as 10.44% per unit or 0.1044 per unit (p.u.).
Therefore, actual substation impedance is given by,
Z supacniarLpi* Loase=1.1835€2. Also for a single phase X/R
Ratio=23.76, thus giving X=23.76R.

Z,,,~R+X,, giving 1Z_,,|=/R*+X,>=1.1835Q. Solving

for this equation, R=0.05657Q and X,;=1.3441€2. In addition
transformer inductance,

X,
L=—L

= 27rf =3.57 mH

with frequency being 60 Hz.

For the transmission line impedance, assume cable type
(105500 1/0). DC resistance given from table A3 [1], R ¢, 50
¢=0.607%2 per mile per conductor=0.377€2 per kilometer per
conductor. Furthermore, inductive reactance will be given

D
La =2*10*71n(ﬂ].
Dg

FIG. 1 depicts an upstanding utility pole 10 and indicates
the distances between the three phase conductors. Pole 10 is
mounted in ground 12. Phase A is denoted 14 and is seventy
four inches (74") from ground. Phase B is denoted 16 and is
sixty seven inches (67") from ground. Phase C is denoted 18
and is sixty inches (60") from ground.

D~=Geometric = Mean  Radius
feet=3.39*10> meters (Table A3, [1]).

(GMR)=0.01113

3
Do =VD1D,D;

Where D, (7 inches=0.1778 meters) is the distance between
phases A and B, D, (7 inches=0.1778 meters) is the distance
between phases B and C, and D, (14 inches=0.3356 meters) is
the distance between phases A and C in meters. The inductive
reactance La is therefore equal to 0.838 uH per meter.

Assuming the MOV is connected at 1 km along the trans-
mission line then Z,,,;,,,=(434+j3.571) m€2. However, this
impedance will change as transmission line distance changes.

FIG. 2 is a concept design for MOV failure identification
denoted 20 as a whole.

There is a major problem with the design depicted in FIG.
2. As can be understood from the above values, at 1 km the
utility impedance Z,,;;,,=(434+j3.571) mQ. At 30 KHz oper-
ating frequency, |Z,,,,, /=673 and 1Z,,,,/=2653€2, which
means that this design will not respond to MOV changes.
Therefore, since the inductor impedance is directly propor-
tional to frequency, whereas the capacitor impedance is
inversely proportional to frequency, the operating frequency
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4

must be increased to 370 KHz, so that Z,,,,<<Z,,,- The
complete design for MOV failure identification is depicted
schematically in FIG. 3 and is denoted 30 as a whole.

The signal at the node of interest is amplified as at 32. The
amplifier also serves as high input impedance so that the filter
impedance does not affect the rest of the design. After ampli-
fication the signal goes though band-pass filter 34 with center
frequency of 370 KHz, and Q=18.5. Band-pass filter resistor
36 is a variable resistor, so that it can be adjusted to compen-
sate for parasitic effects and component tolerances. At normal
operation LED, is illuminated and LED, is off, and when
MOV fails as an open circuit, LED, is illuminated and LED,
turns off.

FIG. 4 indicates the results. High amplitude waveform 40
is the signal from the function generator and low amplitude
waveform 42 is the signal at the recording node representing
normal operation.

An illuminated yellow LED represents normal operation.
An illuminated red LED represents MOV failure. The
selected color of the LED is of course not critical to the
invention.

As mentioned above, FIG. 4 depicts two signals. Signal 40
is the signal from the function generator at 370 KHz and 0.86
Vpeak, whereas signal 42 is the voltage at the recording node
at 370 KHz and 0.144Vpeak, which indicates normal opera-
tion, i.e., protection is available.

FIG. 5 depicts the recorded voltage 44 amplified to
1.44Vpeak for normal operation.

FIG. 6 depicts waveform 50 indicating the input voltage to
band-pass filter 34 and waveform 52 indicating the output
from said band-pass filter. As depicted, both waveforms are in
phase having the same peak values which is an indication of
100% filter efficiency.

In a preferred embodiment of the novel surge protector,
normal operation of the surge protector is indicated by an
illuminated yellow LED and a red LED that is not illumi-
nated. MOV failure is indicated by illumination of the red
LED and non-illumination of the yellow LED. This elimi-
nates the possibility of a false indication that the surge pro-
tector is functioning properly.

FIG. 7 depicts a prior art circuit including detection net-
work 60 electrically connected in parallel relation to thermal
fuse 62. FIG. 8 depicts the novel circuit including detection
network 60 electrically connected in parallel to thermal fuse
62 and MOV 64.

It will thus be seen that the objects set forth above, and
those made apparent from the foregoing description, are effi-
ciently attained and since certain changes may be made in the
above construction without departing from the scope of the
invention, it is intended that all matters contained in the
foregoing description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in a limiting
sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be said to
fall therebetween.

Now that the invention has been described,

What is claimed is:

1. A surge protector, comprising:

a thermal fuse;

a metal oxide varistor electrically connected in series rela-
tion to said thermal fuse;

a detection network electrically connected in parallel rela-
tion to said thermal fuse and said metal oxide varistor;
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a first indicating means for indicating whether or not said
thermal fuse is in operation: and

a second indicating means for indicating whether or not
said metal oxide varistor is in operation.

2. The surge protector of claim 1, further comprising:

said first indicating means being a first LED that is illumi-
nated when the thermal fuse is in operation; and

said second indicating means being a second LED that is
illuminated when the metal oxide varistor is not in
operation.

3. A surge protector for protecting electrical equipment

from surges from a utility, comprising:

a single metal oxide varistor;

a function generator having a preselected operating fre-
quency so that an absolute value of impedance of said
single metal oxide varistor is less than an absolute value
of said utility impedance;

10

15

6

an impedance network including a plurality of capacitors
and said metal oxide varistor that operates at frequencies
other than 60 Hz;

said plurality of capacitors being electrically connected in
parallel relation to said metal oxide varistor;

said plurality of capacitors and said single metal oxide
varistor forming an impedance network having a voltage
drop across said plurality of capacitors and said single
metal oxide varistor when said surge protector is in
normal operation;

said impedance network having zero current if said single

metal oxide varistor fails, said failed single metal oxide
varistor then representing an open circuit.
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