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Significance:
Part 4 – Propagation and coupling of surges
Part 8 – Coordination of cascaded SPDs

Laboratory tests on the coupling of lightning current (flowing in the service drop grounded neutral
conductor) onto the phase conductors, inducing overvoltages that were limited by candidate surge
suppressors.

While the injected lightning-simulation current was unidirectional, the induced voltages in the house
wiring circuits had oscillatory components.  This observation was used in support of the development 
of the “Ring Wave” concept that was adopted by IEEE 587 (now C62.41).

Three possible types of service entrance SPD of 1960-1970 vintage were investigated
• The then-commercially available silicon carbide/gap arrester
• Metal oxide varistors mounted external to the load center
• Metal oxide varistors fitted in a panel breaker housing for easy plug-in connection
The branch circuit SPD consisted of a simple MOV disc incorporated in a modified plug-and-receptacle
combination, probably the first attempt at packaging an MOV for residential surge protection.

____________________________

* The experimental work, reported by F.D. Martzloff, involved performing the tests , recording of nearly 300 Polaroid oscillograms, and
was conducted by K.E. Crouch at the General Electric High Voltage Laboratory prior to his change to Lightning Technologies, Inc.
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ABSTRACT 

New transient suppressors using meta l  oxide varistors offer improved 
protection of appliances and consumer electronics against overvoltages. 
This improvement, however, could be at t h e  risk of imposing excessive 
duty on t h e  suppressor in case of a very severe  lightning s t roke near the  
house where these  suppressors a r e  installed. 

A simulated house wiring system was subjected to three  levels of !Ig.h.tging 
currents injected into t h e  ground wires (moderate, severe, extremely 
severe), with various combinations of suppressors installed alone or in 
a coordinated com bination. 
I---+ ---..I*- a*.. *L-* -- -xz--*:..- - - A  --I- - - - -  

k c 3 L  I C3UlL3 S ~ U W  L I I ~ L  a11 C ~ L C C L I V C  a11u ~ d ~ e  cor~~bina t ion  o i  devices can 
be specified for full protection of t h e  loads in the  house. 

Allached are cep4.s a1 lecnndcal a~lorwatson sorler repons lhat you re- 
que l l ed  lrom Dr. Bernslem Scvrtul other repoflr that wore raquastcd 
by you have no1 baon rr t l~ , s tLrJ  to Clrrs 1. and lhsrrloro. may no1 
b r e l e a s ~ J .  

CLASS 3 - LIMITED AVAILABILITY INFORMATION 

"Lightning Technologies, Inc., Pittsf ield, Massachusetts 
I . - 

G E N E R A L  @ f L C C 1 R I C  

- ' O L I O W L  .IYU'18 -0L ILLOI lWl  
i r ~  t.LilL. CGwdr . 4 ' L * C ~ ~ D i v i l U u l i i l  :LIIlCk.PO IO1l.'.O(II(CIWI H W K Y  tYl i l .OIUI lD1.  

I 
I 
1 .  

Original distribution t o  those individuals with specific need f~ 
information. 

Subsequent Company availability requires originating compor 
approval. 

~ i s c 1 o s u r e  outside General Eiectric Company requires appro1 
of originating component. - 

1 



TABLE OF CONTENTS 

INTRODUCTION 

Page - 
1 

OVERVIEW 3 

1 . 0  ASSUMPTIONS 3 

1.1 Current Magnitudes 
1 . 2  Waveshape 
1 . 3  Lightning Current Path 
1 . 4  Induced Voltages 

2 . 0  TEST CIRCUIT AND TEST PROCEDURE 6  

2 . 1  Power Circuits 
2.2 Instrumentation 
2 . 3  Candidate Suppressors 
2 . 4  Test Procedure 

3 . 0  TEST RESULTS AND DISCUSSION 12 

3 . 1  Test Results 12 
Distribution Transformer Arrangement 14 
Effect of Terminal Impedance 16 
Effect of Branch Terminations 18 
Load Center Protectors 2  0  
Duty on Outlet Protectors 2  2  
Comparison of Inboard/Outboard Protectors 24 
Effect of Lead Length 2  6 
Effect of Wiring Sparkover 2  8 

3 . 2  Discussion of the Results 3 0 
3 . 3  A Coordinated Protection Scheme 3 3 

REFERENCES 3 4  

TABLE 1 3 2  

FIGURES 1-17 4-29 

APPENDIX 3 5 



LIGHTNING PROTECTION OF RESIDENTIAL AC WIRING 

K.E. Crouch* and F.D. Martzloff 

INTRODUCTION 

The development of me ta l  oxide varis tors  has  opened new opportunit ies  for  t ran-  

s ien t  suppression in residential power circuits.  The Wiring Device Depar tment  of t h e  

General  Elec t r ic  Company has introduced t h e  VSP-1 pro tec tor ,  which contains a 14 mm 
@ 

GE-MOV varistor.  The HLP (Home Lightning Protec tor )  has been avai lable for  many 

years, but t h e  hot-line work required for  i t s  installation has been a de t e r r en t ;  and,  con- 

sequently, th is  pro tec tor  has not  been very widely applied. The new 32 mm GE-MOV @ 

varis tor  of fers  higher capaci ty  than t h e  1 4  and 20 mm discs. Prior  t o  reassignment of 

t h e  product scope t o  t h e  Distribution Transformer Depar tment  and l a t e r  t h e  Circui t  Pro- 

t ec t ive  Devices Depar tment ,  tests made in Pi t tsf ield by J.S. Kresge had demonst ra ted  

t h a t  this  32 mm disc could m e e t  t h e  ANSI secondary requirements. By d i f ferent  pack- 

aging, t h e  hot-line work might be  el iminated and performance improved, opening t h e  

opportunity for  g rea t e r  acceptance .  

Therefore,  t h e  possibility of a coordinated protect ion system in residential power 

c i rcu i t s  meeting ANSI requirements  became  a more  likely prospect  than an earl ier  in- 

vestigation had predicted for  coordination between t h e  present  design of t h e  HLP and 

t h e  VSP-1.") While t he re  is l i t t l e  evidence tha t  ex t remely  high currents  caused by light- 

ning s t rokes  e n t e r  f a r  into t h e  house wiring, i t  seemed worthy of investigation t o  postu- 

l a t e  a condition of "severe" lightning discharge near  t h e  house and t o  a t t e m p t  recording 

on a simplified model wiring system how t h e  currents  and voltages would be  distributed. 

This report  describes t h e  assumptions, test procedures, results,  and conclusions of such 

a n  investigation. 

"Lightning Technologies, Inc., Pi t tsf ield,  Mass. 
"Registered t r ademark  of t h e  General  Elec t r ic  Company 



OVERVIEW 

The injection of a high cur ren t  - presumably a lightning discharge - in to  t h e  

ground conductor  of t h e  se rv ice  drop, without d i r e c t  injection in to  t h e  phase wires,  i s  

suff ic ient  t o  induce vol tage in excess  of t h e  c lea rance  withstand of wiring devices.  The 

transmission charac te r i s t i cs  of t h e  model and t h e  re la t ive  sparkover  levels were  such 

t h a t  in ternal  devices  ( receptacles)  flashed over  before  t h e  watt-hour m e t e r  gaps could 

flash over. 

Coordination between a centra l ly  loca ted  surge  a r r e s t e r  and a n  out le t -connected 

p ro tec to r  i s  possible; substant ia l ,  but  within ra t ing,  c u r r e n t s  flow in t h e  ou t le t  p ro tec to r  

(VSP-1) when coordinated with a Home Lightning P r o t e c t o r  (silicon carbide and gap) o r  

i t s  cand ida te  successor,  t h e  32 m m  GE-MOV " varistor.  

For  e x t r e m e  s t rokes  (1 00 kA at t h e  pole), c u r r e n t  in excess  of ra t ing  c a n  flow in 

VSP-1 pro tec to rs  loca ted  c lose  t o  t h e  se rv ice  e n t r a n c e  without  o t h e r  a r res te r s .  While they  

could fa i l  t h e r e ,  t h e  p ro tec to rs  do  n o t  present  a g r e a t e r  hazard than  a n  a i r  c lea rance ,  which 

would flash over  were  t h e r e  no pro tec to r ;  and ,  in f a c t ,  t h e  presence of t h e  VSP-1 is  more  

likely t o  reduce t h e  hazard of a flashover with subsequent  60 Hz power-follow. 

The  addition of a 32 mm varis tor  t o  t h e  sys tem,  e i t h e r  in a plug-in (inboard) version 

o r  a s  a n  e x t e r n a l  addition (outboard) t o  t h e  load c e n t e r ,  will provide protect ion consis tent  

with t h e  ANSI requ i rements  f o r  secondary arres ters .  

1.0 ASSUMPTIONS 

1.1 Current Magnitudes 

It  was postulated t h a t  a lightning s t r o k e  a t t ach ing  t o  t h e  pr imary s ide of a n  over- 

head distribution sys tem would produce a branching of t h e  c u r r e n t  flow in to  t h e  ground, 

following sparkover  of t h e  surge  a r res te r ,  which was  presumed connec ted  at t h e  pole- 

mounted distribution t ransformer .  Figure  1 shows t h e  assumed c i rcu i t  and t h e  division 

of c u r r e n t  flow. 
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Figure 1. Division of Current  Assumed for  a 100 kA Stroke 

In their study of lightning environments, Cianos and indicate t h a t  only 

5% of a l l  ground strokes exceed a peak current  of 100 kA. The frequency of  t h e  s trokes 

is qui te  dependent upon geographic location (isokeraunic levels),(3) as well a s  upon local 

configurations. An average expectat ion of a s t roke  involving the  utility pole near  a house 

with no adjacent  ta l l  t r ee s  o r  buildings may be in t he  order  of one  per 400 years for  most  

of t h e  U.S. Thus, f o r  a 5% probability, t h e  likelihood is one s t roke  in excess of 100 kA 

per  8,000 years. With nearby ta l l  objects, this  likelihood can  be  reduced I 0  times; in 

a r eas  of high lightning activities, this likelihood can  b e  increased 10 times. The level 

of 100 kA, then, represents  an  expectat ion of being exceeded at one  location only one 

t i m e  in perhaps 10,000 years  (but t he re  a r e  millions of poles in t h e  U.S.). 

From these  assessments, t he  maximum current  t o  be  injected for  t h e  house model 

under discussion was selected t o  b e  30 kA. From this  maximum of 30 kA injected into 

t h e  ground wire of t h e  house service drop, two  more values were  used during t h e  test 



series: 10 kA, corresponding t o  t h e  requirement for  t h e  ANSI high-current, short-duration 

t e s t ;  and 1.5 kA, corresponding t o  the  requirement for  t h e  ANSI duty-cycle t e s t  - both 

specified by ANSI Standard C 62.1 for  secondary valve ar res te rs .  ( 4 )  

Another reason for  select ing this low level (1.5 kA) is t ha t  no sparkover occurs 

in t he  wiring a t  this level. For t he  10 and 30 kA levels, multiple flashovers would occur 

at variable t imes  and locations, making e x a c t  duplication of t e s t s  impossible. By staying 

below sparkover levels, repeatability of the  results was ensured, allowing comparisons 

among several  a l t e rna t e  circui t  configurations. 

1.2 Waveshape 

From ANSI Standard C 62.1, a waveshape of 8 x 20 ps would have been desirable. 

However, l imitations in t h e  test circui t  required for  driving 30 kA in t h e  model loop forced 

a compromise of 1 0  x 25 us as t h e  t e s t  wave. 

1.3 Lightning Current  Pa th  

It should be noted tha t ,  in this  test series, t he  assumption was made t h a t  t h e  light- 

ning current ,  applied f i r s t  t o  t h e  distribution primary ( the  highest wire on t h e  pole) is 

t ransferred t o  t h e  ground system by sparkover of a n  assumed surge a r r e s t e r  on t h e  primary 

at t h e  pole. In f a c t ,  if t h e r e  were  no ar res ter ,  an  equivalent e f f e c t  by d i rec t  flashover 

could be expected.  

For  t he  secondary side, however, t h e  assumption was made t h a t  both sides (phases) 

of t h e  center- tapped (grounded) secondary remained uninvolved in conducting the  d i rec t  

lightning current ,  while t h e  ground wire (messenger) from pole t o  house carr ied i t s  share,  

as defined in Figure 1. 

1.4 Induced Voltages 

The generat ion of t rans ient  voltages in t h e  house i s  a t t r ibuted  t o  e lec t romagnet ic  

coupling of t h e  field established by t h e  lightning current  flowing in t h e  messenger into 

the  loop formed by t h e  t w o  phase wires encircling t h e  messenger. In addition, t he re  is 

some capaci t ive coupling between t h e  wires (Figure 2). 
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Figure 2. Voltages Induced in t h e  House Wiring Systems 

2.0 TEST CIRCUIT AND TEST PROCEDURE 

2.1 Power Circuits 

The t e s t  circui t  consisted of a high-current impulse genera tor ,  a distribution trans- 

fo rmer  with service drop, a simulated simplified house wiring system, and t h e  necessary 

shielded instrumentat ion (Figure 3). Details of t h e  ca ta log  numbers, characteris t ics ,  etc., 

a r e  given in t h e  Appendix. 

The service drop connection between the  distribution transformer and the  me te r  

socket  was made with th ree  AWG 416 wires, twisted at a pitch of about  5 turns/m (1.5 

turnslf t ) ,  13  m (45 f t )  long. This service drop was folded in a loose "St shape, at about  

0.5 m (1.5 f t )  above t h e  ground plane serving as t h e  return pa th  for  t h e  lightning current ,  

in order  t o  reduce the  loop inductance seen by t h e  generator .  This configuration does 

not  influence t h e  coupling between the  messenger and t h e  wires wrapped around i t ,  

coupling which has been identified as t h e  voltage-inducing mechanism. 
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Figure 3. Schematic Representat ion of Test  Ci rcui t  

The simulated house wiring s t a r t ed  at t h e  m e t e r  socket  and continued t o  a load 

c e n t e r  by a 3 m (1 0 f t )  length of AWG #6 aluminum en t r ance  cable. The m e t e r  socket ,  

watt-hour meter ,  and load cen te r  were  typical  General  Elec t r ic  Company hardware (see 

Appendix), except  as noted in t h e  detai led procedure description. From this  load center ,  

four  "branch circuits" connected t o  t h e  load cen te r  breakers  were  established, each  t e r -  

minating a t  a wall receptable  mounted on t h e  s a m e  1.2 by 2.4 m (4 by 8 f t )  plywood panel 

on which t h e  watt-hour m e t e r  and load c e n t e r  were  also mounted. The branch circuits '  

lengths were  (one each) 6 ,  12, 24, and 48 m (20, 40, 80, and 160 f t) ,  t h e  wire  being loosely 

coiled between the  load cen te r  and receptac les  (Figure 4). 

2.2 Instrumentation 

Recordings of cur rents  and voltages were  made  at several  points on t h e  wiring 

system with ca thode  ray  oscilloscopes (CRO); different ial  measurements  were  made fo r  

t h e  voltages with especially built 100:l probes. These probes were  built by placing a 

5000 52 resis tor  in series  with a te rminated  50 fi coaxial cable  - a l l  of these  contained 



Figure 4. Connections at Load Center 

in a shield tied t o  the ground plane part of the shielded instrument room. Currents flowing 

in the suppressors were measured by means of a Pearson Model 110 A wide-frequency- 

band current transformer. The oscilloscopes were located inside the shielded control 

room adjacent t o  the test area, providing satisfactory protection against spurious signals 

(see Figure 6 in Section 2.4). 

Four candidate suppressors were installed a t  various locations in the system, for 

various comparisons of performance: 

I. One Home Lightning Protector (HLP, GE Cat. 9L15DC BOO2) was installed 

at the b a d  center; when connected t o  the circuit, the connection was at 



t h e  incoming lugs of t he  load center ,  a s  i t  would normally be when connected 

by an electrician. 

2. Two V250HE8O varistors were mounted near t h e  load center  and connected 

t o  t he  incoming lugs of t he  load center .  This connection required about 

45 c m  (18 in) of # I 0  copper wire. The return t o  ground was common t o  

t he  two discs, as i t  is for t h e  HLP device. 

(The varistor package contains a 32 mm disc with character is t ics  suitable 

for  secondary a r res te r  duty.(4) It  is t he  candidate metal-oxide varistor 

subst i tute  for ,  o r  successor of ,  t h e  Thyrite "- gap combination current ly 

used in t he  HLP, and has an RMS voltage of 250 V.) 

3. Two 32 mm varistor discs of t he  s ame  character is t ics  a s  (2) (above) were  

installed by t h e  Circuit Pro tec t ive  Device Department  in a breaker housing 

so  t ha t  they could be connected t o  t h e  load cen te r  bus with a minimum 

of lead (10 cm,  or 4 in). This connection can  be made while t he  load center  

is energized without requiring "hot work," in t he  s ame  manner as inserting 

additional breakers on the  load center .  

4. VSP-1 spike protectors ,  produced by t h e  Wiring Device Department ,  were  

inserted in the  receptacle  at t he  end of t h e  branch circuits. (The VSP-I 

protector  contains a 14 mm GE-MOV" varistor with a voltage rat ing of 

170 V RMS. (~ )  

5. In addition, t h e  meter  contained i t s  standard gaps ra ted  for  a 10 kV sparkover. 

2.4 Test Procedure 

Preliminary tests indicated tha t  flashover at t h e  receptacles  would occur with 

10 kA injected in to  t he  ground messenger, but no sparkover of t he  me te r  gaps was apparent.  

Therefore, a f i r s t  test ser ies  was conducted at only 1.5 kA in order t o  provide consistent 

pa t te rns  of wave propagation undisturbed by flashover (Figure 5). 

It was also found tha t  t h e  auxiliary impulse generator  used t o  t r igger  t he  main 

gap  of t he  high-current generator  induced voltages into t h e  test circui t  t h a t  could exceed 

those induced by t h e  main discharge. A mechanical switch for  closing t h e  circui ts  was 

then substituted for  t he  triggered gap. 

"Registered t rademark of t he  General Electr ic  Company for molded composite dielectr ic  
mater ia l  



VERTICAL - 500 A /d i  v 

HORIZONTAL - 5 u s / d i v  

Figure 5. Applied Cur ren t  Waveshape - 1.5 kA C r e s t ,  10 x 25 LI s 

Noise checks  were  made  f o r  t h e  voltage measurement  system by short ing t h e  probes 

t o g e t h e r  and a t t ach ing  t h e m  t o  t h e  neu t ra l  point on t h e  c i rcu i t  under tes t .  Similarly, 

t h e  c e n t e r  conductor  of t h e  cab le  t o  t h e  c u r r e n t  t r ans former  was removed f rom t h e  trans- 

f o r m e r  ou tpu t  and connected t o  i t s  sheath.  No s ignif icant  vol tages  (g rea te r  t h a n  5% of 

measured signal) were  measured. A typical  noise check  oscillogram i s  shown in Figure 6. 

VERTICAL - 5 V / d i v  

HORIZONTAL - 2 u s / d i v  

Figure 6. Typical Noise Response 
of Measurement  System 
with 1.5 kA Injection 



Since t h e  worst  case ( l i t t le  a t t enua t ion)  i s  expec ted  when t h e r e  i s  l i t t l e  load con- 

nected t o  t h e  sys tem,  mos t  t e s t  measurements  were  made  without  loads a t t a c h e d  t o  t h e  

o u t l e t s  in t h e  simulation. Measurements  were  also made  with typical  house loads con- 

nec ted  t o  t h e  out le ts .  These loads were  a 100 W light bulb, which was represented by 

a 130 Q res is tor ,  a 112 hp single-phase induction appl iance motor ,  and t h e  input s t a g e  

of a television c i rcui t ,  as shown in Figure 7. 

Figure 7. Television Input S tage  

Various combinations of loads and suppressors at various locations were  investigated. 

The specif ic  test conditions a r e  described for  each  par t icular  test in Section 3, which 

p resen t s  t h e  resul ts  and discussions of t h e  tests. 



3.0 TEST RESULTS AND DISCUSSION 

3.1 Tes t  Resul t s  

A la rge  number of t e s t s  werg performed t o  invest igate  t h e  e f f e c t s  of various com-  

binations. From several  hundred recorded oscillograms, a selection was  made,  as shown 

in this sect ion,  t o  i l lus t ra te  these  e f fec ts .  The results a r e  presented in t h e  form of a 

ma t r ix  of oscillograms with corresponding commentary ,  generally providing a comparison 

of voltage and cur ren ts  with or without pro tec tors  installed. F i r s t ,  a qua l i ta t ive  summary 

is presented,  then some compara t ive  oscillograms a r e  shown t o  i l lus t ra te  various e f fec ts .  

Figure 8 gives a qual i ta t ive summary of t h e  e f f e c t s  obtained by installing a single 

pro tec tor  at various locations in t h e  system. The  oscillograms a r e  a r ranged  in horizontal  

rows corresponding t o  t h e  circui t  configuration indicated in t h e  legend. The  vert ical  

columns correspond t o  t h e  locat ion at which t h e  oscillograms were  recorded. From l e f t  

t o  right appear  Lines I and 2 of t h e  load cen te r ,  and t h e  ends of t h e  branch c i rcu i t s  at 

6, 12, 24, and 48 rn (20, 40, 80, and 160 f t ) ,  which will b e  re fer red  t o  a s  B20, B40, B80, 

and B160. Quant i ta t ive  information will b e  given in subsequent figures. 

In t h e  f i r s t  row, open-circuit vol tages a r e  shown. Note  t h a t  t h e  vol tages at t h r e e  

locat ions of t h e  Line 1 conductor  a r e  very similar,  while t h e r e  is  a small d i f fe rence  be- 

tween  Line 1 and Line 2. 

The installation of a pro tec tor  in Line I of t he  load cen te r  (second row of oscillo- 

grams) c lamps  the  vol tage on all  Line 1 points, with some oscillations induced at t h e  

end  of t h e  B160 branch. While t h e  initial peak of  t h e  Line 2 points is not changed, sub- 

sequent  oscillations have  lower frequency than  in t h e  open-circuit mode. For  t h e  oscillo- 

g r ams  corresponding t o  t h e  locat ion where  a pro tec tor  is installed, t h e  upper t r a c e  shows 

t h e  cur ren t  flowing in t h e  protectors .  

The installation of a pro tec tor  in Line 2 of t he  load cen te r  (third row) produces 

resul ts  analogous t o  t h e  Line 1 case. Installation of a pro tec tor  at t h e  end  of a branch 

r a the r  than at t h e  load cen te r  (last four  rows) produces clamping of t h e  vol tage at t h e  

point of installation. A t  t h e  o the r  points of t h e  s ame  line, t h e  e f fec t iveness  of t h e  clamp- 

ing decreases  a s  t h e  pro tec tor  is f a r the r  away. For  t h e  l ine wi th  no pro tec tor ,  t h e r e  

is a minor vol tage reduction and a frequency change similar t o  t h a t  noted in t h e  f i r s t  

t w o  rows. 
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1500 Amperes, 10 x 25 Microsecond Current Pulse Applied to Service Neutral. 

Figure 8. Summary of Protector Effects 



DISTRIBUTION TRANSFORMER ARRANGEMENT 

In t h e  simulation of t h e  sys tem,  t h e  circui t  configuration at t h e  pole and distribu- 

t ion t ransformer  assumed t h a t  t h e  lightning s t roke  had t e rmina t ed  on t h e  primary con- 

duc tor  and t h a t  t h e  primary a r r e s t e r  installed t o  pro tec t  t h e  distribution t ransformer 

had sparked over. 

For a l l  t e s t s  with no spec i f ic  r e f e r ence  t o  t h a t  assumption, t h e  simulation c i rcu i t  

had,  in f a c t ,  t h e  high s ide ( H I )  of  t h e  t ransformer  primary connected  t o  t h e  neutral /  

ground of t h e  t ransformer  by a jumper wire (see Figure 4). 

Replacing this  jumper by an  a i r  gap  (Oscillogram 156 in Figure 9 )  o r  by a distribu- 

t ion a r res te r  (Oscillogram 157) did not  produce a significant change in t h e  vol tage ob- 

served at t h e  bus in t h e  load center .  Fur thermore ,  t h e  cu r r en t  injected for  t h e  ca se  

of t h e  a r r e s t e r  (Oscillograrn 1571) is slightly, but not significantly, a f f ec t ed  during i t s  

rise t ime.  These two  observations val idate  t h e  use of a jumper around t h e  t ransformer  

primary. 



VOLTAGE AT BUS WITH H 1  OF 
TRANSFORMER TIED TO 
NEUTRAL (GROUND) 

C u r r e n t  i n  HLP: 4 0 1 1 4 / d i v  

V o l t a g e  A c r o s s  Bus: 
501) V / d i v  

VOLTAGE AT BUS WITH AIR GAP 
BETWEEN H1 OF TRANSFORMER 
AND NEUTRAL 

C u r r e n t  i n  HLP: 400 A / d i v  

V o l t a g e  A c r o s s  Bus: 
500 V / d i v  

VOLTAGE AT BUS WITH 
DISTRIBUTION ARRESTER ON 
TRANS FORMER PRIMARY 

C u r r e n t  i n  HLP: 400 A / d i v  

V o l t a g e  A c r o s s  Bus : 
500 V / d i v  

- - 

CURRENT INJECTED FOR 
TEST 157 

(The a r r e s t e r  a f f e c t s  
t h e  f r o n t  o f  wave o f  
t h e  c u r r e n t )  

C u r r e n t  i n  A r r e s t e r  : 
2 k A / d i  v  

(Sweep: 5 v s / d i v )  - 

T e s t  C o n d i t i o n :  1 0  kA i n j e c t e d .  
A1 1  sweeps : 2 p s / d i v ,  e x c e p t  7 571 

Figure 9. Comparison of Protec tor  HLP Response for  Various Protect ive De- 
vices at t h e  Primary of the  Distribution Transformer 
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E F F E C T  OF TERMINAL IMPEDANCE 

With no load connected  at t h e  end of t h e  branch circui ts ,  even  with an outboard 

p ro t ec to r  at t h e  load cen te r ,  t h e r e  c a n  be  la rge  "open-circuit" voltages at branch out-  

lets.  These vol tages a r e  caused by re f lec t ions  as well a s  oscillations of t h e  circuits.  

Oscillograms 265 and 267 of Figure 1 0  show these  open-circuit vol tages reaching 

1.5 and 2.3 kV. Loading t h e  te rmina l  with t h e  100  W bulb s imulat ion reduces  t h e  open- 

c i rcu i t  ref lect ions t o  a maximum of 1.3 k V  f rom t h e  2.3 kV level (oscillogram 269). 

With t h e  instal lat ion of a VSP-1 p ro t ec to r  at e a c h  out le t  (Oscillograms 266 and 

268), t h e  voltage is  reduced t o  400 V, with a maximum cu r r en t  of 900 A in t h e  B-80 out -  

le t  and 600 A in t h e  B-160 out le t .  (Oscillogram 266A shows t h e  comple t e  waveform 

which was not  obvious on Oscillogram 266.) 



VOLTAGE AT OUTLET WITH 
( 1 )  OUTBOARD PROTECTOR 
ONLY AT EACH BUS 

Vo l tage  a t  O u t l e t :  
500 V /d i v  I 

VOLTAGE AT OUTLET WITH 
( 1 )  OUTBOARD PROTECTOR 
AT EACH BUS, PLUS ( 1 )  
"100 W LOAD" AT 8-1 60 

Vo l tage  a t  O u t l e t :  1 500 V / d i u  

266/268 
VOLTAGE AT OUTLET WITH 

( 1 )  OUTBOARD PROTECTOR 
AT EACH BUS, PLUS ( 1 ) 
VSP-1 AT EACH 8-80 AND 
8-160 OUTLET 

C u r r e n t  i n  VSP-1 : 500 A / d i v  

Vo l tage  a t  O u t l e t :  
500 V /d i v  

8-80 
(LINE 2 )  

266A 
VOLTAGE AT OUTLET WITH 

( 1 )  OUTBOARD PROTECTOR 
AT EACH BUS, PLUS (1  ) 
VSP-1 AT EACH 8-80 AND 
0-1 60 OUTLET 

C u r r e n t  i n VSP-1 : 500 A /d i v  
V o l t a g e  a t  O u t l e t :  

500 V /d i v  -- 

T e s t  C o n d i t i o n :  70 kA i n j e c t e d  - 
P r o t e c t o r s  and l o a d s .  
A l l  sweeps: 2 us /d i v ,  except as noted. 

Figure 10.  Comparisons of  Performances with Various Devices  at Out- 
le t s ,  All with Protectors at Load Center 



EFFECT OF BRANCH TERMINATIONS 

Open-circuit voltages recorded as indicated in t h e  preceding oscillograms show 

decaying oscillations. In Figure 11 a sys t ema t i c  comparison i s  presented of open-circuit 

vol tages a t  t h e  four line ends, as well as a comparison for  e a c h  line end of t h e  voltage 

without and with various loads. 

Inspection of t h e  no-load oscillograms (202 t o  205) reveals  two  interest ing phe- 

nomena. First ,  t h e  frequency of t h e  major voltage oscillation is constant  for  al l  four 

line lengths (period = 2 us). Thus, w e  can  conclude t h a t  th is  frequency i s  not  a f f e c t e d  

by t h e  l ine length and t h a t  o the r  c i rcu i t  parameters ,  ra ther ,  a r e  responsible for  inducing 

th is  500 kHz  oscillation f rom a 10x25 ps  cur rent  wave. Second, t h e  minor oscillations 

visible during t h e  f i r s t  loop in e a c h  oscillogram a r e  spaced  a p a r t  at a d is tance  which 

increases with l ine length. Thus, one  can  conjec ture  t h a t  t hese  may be  caused by 

reflections. 

Loading t h e  line te rminat ion  wi th  a 130 9 resis tor  (Oscillograms 243A, 245, 247, 

and  249) e l iminates  t h e  l a t e r  oscillations and reduces t h e  f i r s t  peak t o  about  60% of t h e  

value without  load. From th is  reduction,  a Thevenin's calculat ion of c i rcu i t  pa rame te r s  

(Figure 12), if  applicable in a n  oversimplified form,  would show t h a t  130 n i s  60% of t h e  

t o t a l  loop impedance. Hence  one  can  conclude t h a t  t h e  source  impedance i s  fourfsixths 

of 130, o r  about  8 5  n. 

When a VSP-1 pro tec tor  i s  added t o  t h e  130 fi resis tor  (Oscillograms 244, 246, 248, 

and  250), t h e  clamping ac t ion  of t h e  varis tor  l imi ts  t h e  voltage at t h e  out le t s  t o  about  

400 V, which i s  consistent  for  t h e  cu r ren t s  of about  20 A flowing in t h e  varistor.  



B-80 
(LINE 2) 

I OPEN CIRCUIT VOLTAGE I 

V o l t a g e  a t  O u t l e t  
I n d i c a t e d :  500 V / d i v  

VOLTAGE WITH ( 1 )  "100 W "  
INSTALLED AT OUTLET 
INDICATED 

I v o l t a g e  a t  O u t l e t  
I n d i c a t e d :  500 V /d iv  

VOLTASE AND CURRENT !IITH I 
( 1 )  vSP-1 and ( I )  
"100 W "  INSTALLED AT 
OUTLET INDICATED 

C u r r e n t  i n  VSP-1 : 
23 A / d i v  

Vol tage  Across VSP-1: 

-- 

T e s t  C o n d i t i o n :  1  . 5  k A  i n j e c t e d  - 
~ r o t e c t o r s  and l o a d  i n s t a l l e d  a t  o u t l e t s  as shown. 
A l l  sweeps: 2 u s / d i v .  

Figure 11. E f f e c t  of Load (1 00 W Light Bulb) on Voltages a t  Branch Out le t s  

Figure 12. Thevenin's Equivalent f o r  Oscillogram 202 



LOADCENTERPROTECTORS 

With no protectors  at t h e  load center  nor a t  any out lets ,  t h e  wiring is flashing 

over at 10  kA injected current ,  but not before c res t s  in t h e  range of 8 kV have been 

reached (Oscillograms 143 and 145). (See also Oscillograms 271 and 272 on Figure 17.) 

Installation of inboard protectors  reduces t he  voltage peaks t o  500 or  600 V ,  with 

about 1200 A drawn through the  protectors  (a substantial improvement),  as shown in Oscil- 

lograms 261 and 262 of Figure 13. 

With outboard protectors  ra ther  than inboard protectors ,  t h e  peak voltages a r e  

in t h e  1000 t o  11 00 V range (Oscillograms 263 and 264). These higher voltages a r e  a t t r ib-  

utable t o  t h e  longer leads required t o  connect  t h e  outboard protector ,  compared t o  t h e  

inboard protector .  (Figure 16  shows a comparison of lead length e f fec ts ,  which removes 

any  question t h a t  t h e  difference between inboard and outboard protectors  might have 

been t h e  result of an intrinsic difference in t h e  varistors.) 

While not a recommended installation location, two VSP-1 were  also installed 

direct ly at t h e  load center  (on t h e  bus) in an arrangement  t ha t  approximates t h e  "inboard 

protector"  geometry.  Oscillograms 255 and 256 show t h e  clamping voltage at 500 t o  600 V 

with cur ren t  c r e s t s  at 11 00 t o  1200 A. Scaling up these  varistor current  values for  higher 

lightning currents  than t h e  10  kA injected would indicate  probable excessively large cur- 

rents  in t h e  14  mm varistor used in t h e  VSP-l protector .  

Finally, a HLP protector  was installed a t  t h e  center ,  a s  shown for  one bus on 

Oscillogram 153. The voltage is higher and t h e  initial rise before sparkover of t h e  gap 

takes  place at about 2.2 kV. The current  c r e s t ,  a f t e r  t h e  sparkover, is of t h e  s ame  mag- 

nitude (1 100 A) as t h a t  of o ther  tests .  



BUS 1 
(LINE 1 )  

BUS 2 
(LINE 2)  

OPEN-CIRCUIT VOLTAGE 

Vo l tage  a t  Bus I n d i c a t e d :  
2 kV/d i  v 

VOLTAGE AND CURRENT WITH 
( 1  ) INBOARD PROTECTOR AT 
EACH BUS 

C u r r e n t  i n  P r o t e c t o r :  
500 A / d i v  I 

Vo l tage  Across  Bus: 
500 V /d i v  I 

VOLTAGE AND CURRENT WITH 
(1  ) OUTBOARD PROTECTOR 
AT EACH BUS 

C u r r e n t  i n  P r o t e c t o r :  
500 A / d i v  

Vo l tage  Across Bus: 
505 V /d i v  

VOLTAGE AND CURRENT WITH 
( 1  ) VSP-1 AT EACH BUS 

C u r r e n t  i n  VSP-1: 
500 A / d i v  

Vo l tage  Across  VSP-1 : 1 500 Y /d i v  

VOLTAGE AND CURRENT WITH 
( 1 )  HLP ON LOAD CENTER 

C u r r e n t  i n  HLP L i n e  1  : 
400 A / d i v  

Vo l tage  Across  Bus: 
500 V / d i v  -- 

T e s t  C o n d i t i o n :  10 kA i n j e c t e d  - 
A l l  sweeps: 2 u s / d i v .  

Figure 13. Comparison of Al terna te  Protec tors  at Load Center  
2 1 



DUTY ON OUTLET PROTECTORS 

While a properly coordinated protect ion scheme would certainly include installation 

of a high-energy pro tec tor  at t h e  load cen te r ,  t he  VSP-1 spike suppressor is likely t o  be 

installed in locations where no o ther  pro tec tor  would be provided. 

The th ree  s e t s  of oscillograms in Figure 14  i l lustrate  t h e  increasing duty  imposed 

on t h e  VSP-1 pro tec tor  at short  and medium distances (B-40, B-80) when t h e  load cen te r  

includes an  e f f ec t ive  protector ,  a less e f f ec t ive  protector ,  and, finally, no protector .  

Note t h a t  for  t h e  30 kA injection (a very pessimistic value) t h e  current  peak in the  14  mm 

varis tor  of t h e  B-40 VSP-1 is about 2200 A, which is high but tolerable for  infrequent 

lightning strokes. 

The  difference in cur rent  peak resulting from t h e  branch circui t  length (B-40 vs 

B-80) is also qui te  apparent ,  while t he  clamping voltages a r e  not very d i f ferent  f rom 

those of the  envelope, being at 400 t o  600 V, with initial bursts a t  800 t o  1100 V. 

In t h e  case of Oscillogram 284, flashover of t h e  wiring at t h e  load cen te r  limited 

t h e  cur rent  impressed on t h e  VSP-1 protector .  This i s  a resul t  of an  unintentional wiring 

flashover, which occurs frequently. 



T e s t  C o n d i t i o n :  30 kA i n j e c t e d  
A1 1 sweeps : 2 U s / d i v .  

r 

( F l a s h o v e r  a t  B-20 
l i m i t s  t h e  c u r r e n t . )  

VSP-1 AT OUTLET SHOWN WITH 
OUTBOARD PROTECTOR AT 
LOAC CENTER 

C u r r e n t  i n  VSP-1 : 
200 A / d i v  

V o l t a g e  a t  O u t l e t :  
500 V / d i v  

Figure 14. Comparison of Duty Imposed on VSP-1 Installed at Ou t l e t s  
f o r  Various Load C e n t e r  Pro tec t ions  

NO OTHER PROTECTOR 

C u r r e n t  i n  VSP-1 : 
1000 A / d i v  

V o l t a g e  a t  0ut :e t :  
500 V / d i v  



COMPARISON OF INBoARD/OUTBOARD PROTECTORS 

The d i f ference  in length required t o  connect  t h e  inboard or  outboard pro tec tors  

at t h e  load c e n t e r  raises t h e  quest ion of induction effects on t h e  clamping vol tage  

achieved with one  o r  t h e  o the r  pro tec tor .  Osci l lograms 273 and 274 of Figure 15 show 

a maximum vol tage  l imited t o  less  t han  1000 V with t h e  inboard ar rangement ,  while t h e  

outboard a r r angemen t  (Oscillograms 277A and 278) shows as much as 2000 V maximum 

voltage. 

(To remove any doubt on a possible d i f f e rence  caused by a d i f ference  in disc char-  

ac ter i s t ics ,  t h e  sepa ra t e  test discussed in conjunction wi th  Figure 16 was  per formed,  

showing t h a t  indeed t h e  addit ional  vol tage  is a t t r i bu tab le  t o  lead length.) 



BUS 1  
(LINE 1 )  

BUS 2 
(LINE 2 )  

( 1 )  INBOARD PROTECTOR ON 
EACH BUS 

C u r r e n t  i n P r o t e c t o r  : 
1000 A j d i v  

V o l t a g e  Across  Bus : 
500 V / d i v  

( 1 )  OUTBOARD PROTECTOR ON 
EACH BUS 

C u r r e n t  i n  P r o t e c t o r  
1000 A / d i v  

V o l t a g e  Across  Bus 
500 V/di  v 

T e s t  C o n d i t i o n :  30 kA i n j e c t e d  - 
P r o t e c t o r s  a t  l o a d  c e n t e r .  
A l l  sweeps: 2 v s / d i v .  

Figure 15. Comparison of Performances Between Inboard and Outboard 
Pro tec tors  Installed a t  Load Center  



EFFECT OF LEAD LENGTH 

The osci l lograms of Figures 1 3  and 1 5  show a d i f f e rence  in t h e  pe r fo rmance  of 

t h e  outboard  and inboard protectors .  These t w o  pro tec tors ,  a l though ident ica l  for  t h e  

d i sc  s i ze  (32 mm),  used discs f rom d i f f e ren t  production lo t s  with potential ly d i f f e ren t  

charac ter i s t ics .  A s e p a r a t e  t e s t  was  made  t o  de t e rmine  if lead length o r  disc cha rac -  

t e r i s t i c  was t h e  cause  of t h i s  d i f fe rence .  

One each  of t h e  inboard and outboard  p ro t ec to r s  was  removed f rom t h e  sirnula- 

tion circui t .  These w e r e  connected  in s e r i e s  ac ros s  t h e  ou tpu t  of an  impulse genera tor .  

The t o t a l  lead length  (60 crn, o r  24 in) was  approximate ly  equal  t o  t h a t  involved in 

sepa ra t e ly  connect ing  t h e  outboard  p ro t ec to r  (45 crn, o r  18 in) and t h e  inboard pro tec tor  

(15 c m  o r  6 in) at t h e  load c e n t e r  of t h e  s imulat ion circui t .  C u r r e n t  pulses of cons t an t  

magni tude  (3.2 k A  c r e s t ,  l o p s  r ise t ime)  were  in jec ted  in t h e  loop, and vol tages  ac ros s  

t h e  p ro t ec to r s  and  the i r  corresponding leads  w e r e  recorded as shown in Figure 16. 

Osci l logram 1 shows a 1000 V maximum vol tage  across  t h e  outboard  p ro t ec to r  

and  i t s  assoc ia ted  45 c m  (1 8 in) lead,  compared  to only 600 V f o r  t h e  inboard p ro t ec to r  

and  i t s  1 5  c m  (6 in)  l ead  (Oscillogram 2). Changing t h e  lead  of t h e  inboard device  t o  

45  c m  (1 8 in)  (Oscillogram 3) raised t h e  vol tage  t o  1000 V, demonst ra t ing  t h a t  t h e  dif- 

f e r e n c e  i s  a t t r i bu tab le  t o  l ead  length,  not  disc cha rac t e r i s t i c s ,  and  i l lus t ra t ing  t h e  ben- 

e f i t s  obta inable  by making t h e  p ro t ec to r  a n  in tegra l  p a r t  of t h e  load cen te r .  



(1  1 
VOLTAGE ACROSS "OUTBOARD 

SUPPRESSOR" PLUS 18" 
LOOP OF W I R E  

I Vol  t a g e :  500 V/d i  v 

I C u r r e n t :  1000 A / d i v  

2 1 
VOLTAGE ACROSS "INBOARD 

SUPPRESSOR" PLUS 6 "  
LOOP OF WIRE 

Vol t a g e :  500 V/d i  v 

C u r r e n t :  1000 A / d i v  

3 1 
VOLTAGE ACROSS SAME 

SUPPRESSOR AS ( 1  ) BUT 
1 8 "  LOOP OF WIRE 

Vol t a g e :  500 V /d i  v 

C u r r e n t :  1000 A / d i v  

T e s t  C o n d i t i o n :  L a b o r a t o r y  bench, n o t  house s i m u l a t i o n .  

C u r r e n t  i n j e c t i o n  i n  t h e  two s u p p r e s s o r s  
connec ted  i n  s e r i e s :  2.7 kA.  
A l l  sweeps: 2 u s / d i v .  

Figure 16 .  Ef fect  o f  Lead Inductance on Clamping V o l t a g e  



EFFECT OF WIRING SPARKOVER 

With no pro tec tor  at t h e  load cen te r  and t h e  only loads o r  suppressors installed 

at r emote  out le t s ,  t h e  induced voltages can  reach  such high values as 6 t o  8 kV for  t h e  

1 0  kA injected current  (Oscillograrns 271 and 272 of Figure 17, and  Oscillograms 143 and 

145  of Figure 13). 

Oscillogram 272 shows t h a t ,  with no rel ief  produced by wiring f lashover,  t h e  volt- 

a g e  envelope decays,  becoming similar t o  t h a t  observed at lower cur rent  injection (Fig- 

u re  14). However, as indicated in Oscillogram 271, flashover of t h e  wiring (in th is  ca se  

t h e  B-40 ou t l e t )  l imited t h e  voltage but not  until a f i r s t  c r e s t  of 7 kV had occurred  and 

consequently s t a r t e d  propagating in a l l  branches of t h e  system. 



( 1 )  VSP-1 and "100 W "  a t  
8-160 

( 1 )  VSP-1 a t  B-80 

I (Out1 e t  Spa rk i ng  Over a t  
B-40) 

Vol tage  Across Bus: 
1000 V /d iv  

VOLTAGE AT BUS #1 

( 1 )  VSP-1 a t  B-160 

( 1 )  VSP-1 and "100 W "  a t  
8-80 

Vol tage Across Bus : 
1000 V / d i v  

T e s t  C o n d i t i o n :  I n j e c t e d  c u r r e n t  10 k A .  
A 1  1 sweeps : 2 v s / d i  v  . 

Figure 17. Voltages at Load Cen te r  with VSP-1 and "100 W load," at Remote 
Out le t s ,  No Pro tec tor  at Load Cen te r  



3.2 Discussion of the Results 

From t h e  oscillograms collected during t h e  test series ,  a summary of maximum 

values has been compiled a s  shown in Table 1. The t h r e e  levels of cur rent  injection a r e  

included in this  tab le ,  i l lustrating a mild, severe ,  and ext remely  severe  lightning incident 

near  t h e  house. For t h e  sake  of simplicity in th is  tab le ,  only one  pro tec tor  is included 

in t h e  ar rangement  matrix. A subsequent discussion will address t h e  case of a coordi- 

na t ed  scheme involving more  than  one  protector .  

Injection of t h e  maximum values recorded on t h e  pro tec tor  cur rent  shows t h a t  

no  r a t ed  values a r e  exceeded,  even  at 30 kA injection. Voltages observed a r e  consistent  

with t h e  corresponding currents ,  f rom t h e  V-I charac ter i s t ics  of t h e  varistors. 

In t h e  f i r s t  group at 1.5 kA injection, voltages t h a t  a r e  particularly damaging t o  

appliances (2500 V) a r e  observed throughout t h e  system. Installation of a pro tec tor  (on 

both lines) a t  t h e  load cen te r  el iminates t h e  hazard and would suff ice t o  p ro t ec t  a l l  of 

t h e  house. Installation of a VSP-1 at only o n e  close o r  r e m o t e  out le t  provides protect ion 

a t  t h a t  out le t  and modera te  protect ion on a l l  locations of t h e  s a m e  line. The o ther  line 

i s  not pro tec ted .  

The unsymmetrical  load (diode) of t h e  TV input c i rcu i t  behaved in a predictable 

mar,ner: when t h e  polarity of t h e  voltage was such t h a t  a forward bias was applied, t h e  

diode clipped t h e  voltage, with t h e  series  resis tance limiting t h e  current .  With reverse  

bias polarity, t h e  diode failed when t h e  2500 V t rans ient  occurred  at t h a t  out let .  

In t h e  second group, representing a seve re  incident,  flashover c a n  be  expected  

throughout t h e  sys tem in t h e  absence of protect ion,  wi th  t h e  associated f i re  hazards as 

well as damage t o  electronics during t h e  initial vol tage rise. Installation of a HLP a t  

t h e  load cen te r  el iminates t h e  flashover hazard but does not  lower t h e  voltage suff icient ly 

t o  assure protect ion of sensi t ive electronics,  nor does an  outboard installation of varis tors  

assure  protect ion.  Installation of an inboard set of varis tors  is e f fec t ive ,  for  t h e  voltage 

is l imited at t h e  load cen te r  (and consequently on t h e  whole sys tem)  t o  700 V. Installation 

of  a VSP-1 at a close out le t  (producing t h e  maximum current  flow, hence highest vol tage)  

is e f f ec t ive  fo r  t h a t  out le t  only; on t h e  basis of t h e  different ial  observed at 1.5 kA, one  

c a n  presume t h a t  t h e  voltage a t  t h e  load cen te r  would be  too  g rea t  t o  consider any o the r  

point but t h a t  out le t  as being protected.  



In t h e  third group, represent ing an  ex t remely  seve re  incident,  t h e  inboard protector  

at t h e  cen t e r  is,  alone, s t i l l  e f f ec t ive  t o  pro tec t  t h e  house, but t h e  outboard pro tec tor  

is  not. A VSP-1 installed at a close out le t  is  exposed t o  a high cur ren t  (2500 A), s t i l l  

within i t s  rat ing (4000 A), in excess  of t h e  maximum allowable 10-pulse value of t h e  Pulse 

Lifet ime Rating (1 000 A), but s t i l l  acceptable  for  2 pulses. Installation of a VSP-1 alone,  

c loser  t o  t h e  load cen te r ,  would be likely t o  resul t  in fai lure of t h e  varistor when exposed 

t o  repet i t ive,  s eve re  lightning incidents. However, th i s  fai lure hazard may st i l l  be  less 

object ionable than  t h e  behavior of t h e  wiring (flashover) in t h e  absence  of any pro tec tor ,  

o n  an object ive basis but not  a subject ive basis ( the  user is  now expect ing infallible 

protection). 



Table 1 

SUMMARY 

MAXIMUM VALUES O F  VOLTAGES AND CURRENT 
OBSERVED DURING TEST SERIES 

Injected Load Pro tec ted  Pro tec tor  
Current  Cen te r  Out le t  Current  

Pro tec tor  Arrangement  t k A V V A 

None 1.5 2500 2500 - 
Inboard Pro tec tor  at Load Cen te r  1.5 500 500 100 
Outboard Pro tec tor  at Load Cen te r  1.5 700 700 70 
VSP-1 at B-20 1.5 800 400* 30 
VSP-1 at B-160 1.5 1100 350* 20 

None 1 0  8800 F/O - 
Inboard Pro tec tor  at Load Cen te r  10  700 700 1200 
Outboard P ro t ec to r  at Load Cen te r  1 0  1200 2000 11 00 
HLP at Load Cen te r  1 0  2200 NR 1100 
VSP-1 at B-20 1 0  NR 700" 950 
VSP-1 at 8-160 10 NR 600" 600 

Inboard Pro tec tor  at Load Cen te r  30 950 NR 3500 
Outboard Pro tec tor  at Load Cen te r  30 2200 NR 3500 
VSP-1 at 8-20 30 NR 800 2500 
VSP-I at 8-160 30 NR 500 250 

Notes - 

NR- No Record 

* "Protected outlet" is on same  l ine as protector .  Voltages on out le t s  of t h e  
o ther  line close t o  unprotected values. 

t Only one protector  at a line in  this table. 



3.3 A Coordina ted  P ro t ec t ion  Scheme  

Installation of a varis tor  p ro t ec to r  at t h e  load cen te r ,  if incorporated wi th  very 

shor t  leads, as in t h e  "inboard" a r r angemen t ,  e f fec t ive ly  p ro t ec t s  al l  of t h e  wiring in t h e  

house. However,  this  instal lat ion is diff icul t  t o  implement  in exist ing sys t ems  and will 

cont inue  t o  b e  diff icul t  until  a package is developed t o  allow connect ion t o  t h e  load cen- 

t e r  bus bars  with very shor t  leads. 

Until  such an  in tegra l  package is marke t ed  fo r  new sys tems,  a coordinated pro- 

tec t ion  scheme  can  b e  implemented ,  a s  a r e t ro f i t ,  t h a t  would s t i l l  provide rel iable pro- 

tec t ion  fo r  millions of sensi t ive appliances in exist ing systems.  

The  coordination involves a p ro t ec to r  at t h e  load c e n t e r ,  e i t he r  t h e  commerc ia l ly  

avai lable HLP o r  a packaged 32 m m  disc  set ( two lines) with reasonably shor t  l eads  in 

a package  s imilar  t o  t h e  HLP. This p ro t ec to r  will l imit  t h e  vol tage at t h e  load c e n t e r  

t o  about  2200 V. This 2200 V level  is  below t h e  f lashover  level  of t h e  wiring but  c a n  

s t i l l  cause  damage  t o  sensi t ive appliances. The  cu r r en t s  passing through t h e  pro tec tor  

at t h a t  locat ion will no t  exceed  t h e  p ro t ec to r  capabil i ty .  In addition, VSP-1 pro tec t ion  

should be  installed at those  ou t l e t s  whe re  a sensi t ive appliance is  plugged. The  vol tages 

allowed by t h e  VSP-1, typical ly 400 t o  600 V, will b e  low enough t o  assure  survival of 

a l l  bu t  excessively sensi t ive appliances,  while t h e  VSP-I will not  b e  exposed t o  cu r r en t s  

t h a t  c a n  lead  t o  a fa i lure  in c a s e  of f requent  exposure t o  s eve re  lightning incidents.  

Thus, a coordinated pro tec t ion  scheme  is  technical ly feasible. The  cos t  should 

b e  accep tab l e  t o  do-it-yourself homeowners,  a l though i t  might  b e  a d e t e r r e n t  t o  those  

owners  who have t o  ca l l  in an  e lec t r ic ian  t o  instal l  a p ro t ec to r  at t h e  load center .  Based 

on  increasing awareness  in t h e  technica l  and  regulatory agencies  communi ty  of overvolt-  

a g e  protect ion,  t h e  incorporat ion of pro tec t ion  t o  load c e n t e r s  o f f e r s  t h e  bes t  approach  

t o  new installations. 
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APPENDIX 

DEVICES USED FOR SIMULATION 

Meter:  G E  C a t .  720 x 070 GOO1 

Mete r  Socket: GE C a t .  743 x 001 GO03 

Home  Lightning Protec tor :  GE C a t .  9L15DC BOO2 

Load C e n t e r  Suppressor 
(Inboard and Outboard): GE CAT.  V250 HE250 

O u t l e t  Suppressor: G E  C a t .  VSP-ID 
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