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Description 

This  invention  provides  for  a  lightning  protec- 
tion  device  for  structures,  civil  and  industrial  build- 
ings,  plants  or  the  like.  It  includes  an  atmospheric 
electrode  which  is  insulated  from  the  ground  and 
means  suitable  for  earthing  said  electrode  when 
the  potential  difference,  which  is  associated  with 
the  electric  field  at  ground,  exceeds  a  pre-deter- 
mined  value. 

The  invention  device  develops  a  preventive 
action  by  interacting  during  the  downwards  phase 
of  the  discharge.  Therefore,  it  can  stop  the  advan- 
cing  and  development  thereof  and  avoid  the  forma- 
tion  of  return  strokes,  which  is  the  most  dangerous 
effect. 

First  of  all,  it  is  opportune  to  summarize  the 
phenomena  which  lead  to  the  lightning  formation; 
these  phenomena  are  not  yet  fully  explained. 
Duringstorms  we  have  inside  the  clouds,  the  forma- 
tion  of  a  storm  nucleus  characterized  by  a  greater 
concentration  of  electric  charges,  generally  positive 
in  the  upper  layers  and  negative  in  the  lower 
zones,  at  a  distance  from  ground  of  about  2  -  4  km. 

Therefore,  between  the  earth  surface  and 
clouds  a  strong  electric  field  is  produced;  the  po- 
tential  difference  can  reach  100.000.000  volts. 

When  the  potential  difference  succeds  in  over- 
coming  the  dielectric  resistence  of  air,  lighting  is 
produced,  generally  beginning  with  a  leader  stroke 
which  moves  zig-zagging  towards  the  earth  and 
carries  a  high  quantity  of  current. 

During  the  final  downward  phase  the  electric 
field  at  ground  reaches  such  high  values  that  a 
certain  quantity  of  opposite  sign  charges  (streamer) 
leaves  the  ground  to  meet  the  downward  stroke.  A 
conductive  channel  is  thus  produced  through  which 
the  leader  stroke  charges  are  scattered  to  ground. 
A  violent  return  stroke  occurs  with  development  of 
heat  and  luminous  energy,  being  the  most  dan- 
gerous  effect  of  lightning. 

The  described  phenomena  are  widely  illustrat- 
ed  in  several  scientific  publications,  among  which 
there  stand  out  in  particular: 

-  M.A.Uman  "Lightning"  Mc  Graw  -  Hill  (1969) 
-  R.H.Golde  (Edited)  "Lightning:  Physics  of 

Lightning  and  Lightning  Protection"  Academic 
Press  (1977) 

-  J.A.Chalmers  "Atmospheric  Electricy"  Per- 
gamon  Press,  Oxford  (1967) 

-  H.Baatz  "Uberspannungen  in  Energieversor- 
gungsnetzen"  Springer  -  Verlag  (1956) 

-  T.Suzuki,  F.Miyake,  I.Kishizima  "Study  on  ex- 
perimental  simulation  of  lightning  strokes" 
IEEE-PAS  April  1981. 

The  presently  employed  devices  for  lightning 
protection  include  one  or  more  catching  elements 
which  are  connected  to  earth  by  means  of  oppor- 

tunely  sized  conductor  so  as  to  constitute  a  pref- 
erential  way  for  the  strokes  to  be  scattered  at 
ground.  These  catching  elements  generally  consist 
of  pointed  metallic  rods  or  catching  nets  which  are 

5  fixed  at  the  upper  part,  to  the  structures  to  be 
protected  and  connected  to  buried  earth  elements. 

Such  lightning  rods  present  however  several 
disadvantages:  in  the  first  place  they  offer  a  limited 
protection  because  they  are  not  capable  of  bearing 

io  strokes  of  greater  intensity  than  that  for  which  they 
have  been  fitted. 

Moreover,  they  are  expensive  because  of  their 
particular  connection  to  earth,  and  require  periodi- 
cal  maintenance. 

75  More  recently,  some  experiments  were  made 
with  lightning  rods  provided  with  radioactive  points 
in  order  to  make  the  same  lightning  rods  more 
efficient.  The  hoped  results,  however  have  not 
been  obtained  in  this  case  either;  moreover,  radio- 

20  active  points  can  represent  a  danger  to  the  extent 
that  they  have  been  forbidden  in  some  countries. 

The  Italian  Patent  N  °  .  767.809  in  the  name  of 
De  Bernardi  describes  means  to  protect  TV  anten- 
nas  form  lightnings.  To  this  end  circular  shielding 

25  elements  are  provided  near  the  antenna  dipole,  to 
form  a  barrier  in  the  vicinity  to  the  parts  most 
exposed  to  the  danger  of  strokes. 

According  to  the  teachings  of  such  patent,  the 
circular  shielding  elements  deviate  the  lightning 

30  strokes  and  oppose  their  effects. 
In  other  publications  by  the  same  author  refer- 

ence  is  made  to  protection  devices  the  aim  of 
which  is  to  disperse  the  stroke  over  a  wide  surface 
so  as  to  minimize  the  destroying  effects  thereof,  or 

35  to  the  exploitation  of  the  high  frequency  electro- 
magnetic  fields  to  produce  a  shielding  barrier 
which  can  deviate  the  lightning.  However,  no  rel- 
evant  teachings  are  given,  nor  arguments  are 
brought  in  support  of  these  theories  and  the  work- 

40  ing  of  the  relative  devices  is  not  described  either. 
In  any  case  the  devices  known  at  present  have 

the  aim  of  driving  the  lightning  into  a  preferential 
way,  or  to  disperse  it  over  a  wide  surface.  On  the 
contrary,  the  device  according  to  the  invention  pre- 

45  vents  the  lightning  evolution  by  acting  on  the  lead- 
er  stroke  while  it  is  approaching  to  the  ground. 

US  A  4180698  discloses  a  lightning  protection 
device  for  structures,  provided  with  means  interact- 
ing  with  the  leader  during  the  approaching  phase, 

50  to  avoid  the  evolution  thereof  toward  the  return 
stroke,  by  driving  electric  charges  the  sign  of  which 
is  opposite  to  the  leader  discharge  sign.  FR  A 
907037  discloses  a  protection  device  having  an 
electrode  connected  to  the  ground  and  provided 

55  with  a  generator,  wherein  a  spark  gap  is  provided 
to  earth  an  electrode  when  a  stroke  occurs,  to 
protect  the  generator. 

EP-A-01  39575,  published  on  02.05.85,  dis- 
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closes  a  protection  device  against  lightning,  com- 
prising  a  lightning  rod  kept  insulated  from  the 
ground,  with  a  capacitor  interposed  between  the 
rod  and  the  ground  and  a  spinterometer  which  fits 
said  rod  to  earth  for  pre-set  values  of  the  elctrical 
field.  Scope  of  this  device  is  to  promote  the  con- 
tinuous  transfer  of  charges  toward  the  rod  to  obtain 
a  "ionization  channel"  for  increasing  the  attraction 
effect  of  the  rod. 

The  device  according  to  the  invention  works  to 
favour  the  detaching  from  the  ground,  during  one 
or  more  stages,  of  electric  charges,  which  con- 
verge  towards  the  leader  stroke  front,  annulling  the 
same. 

This  invention  is  now  described  in  detail,  by 
mere  way  of  not  limiting  example,  with  particular 
reference  to  the  enclosed  figures,  wherein: 

-  Figure  1  schematically  shows  a  device  ac- 
cording  to  the  invention; 

Figure  2  shows  the  equivalent  scheme  of  the 
device  according  to  the  invention; 
Figure  3  schematically  shows  the  interaction  be- 
tween  the  leader  stroke  and  the  device; 
Figures  from  4  to  8  schematically  show  the 
different  operative  phase  of  the  device  in  re- 
spect  to  a  leader  stroke. 
The  device  according  to  the  invention  consists 

substantially  of  a  metallic  atmospheric  electrode  1 
which  is  connected  to  the  upper  pole  of  a  varistor 
arrester  2,  whose  opposite  pole  is  connected  to  an 
earth  electrode  3  by  means  of  a  conductor  4. 

The  electrode-varistor  unit  is  mounted  on  a 
support  5  which  is  provided  with  an  insulated  base 
6,  fixed  at  the  upper  part  to  the  structure  to  be 
protected,  indicated  by  N°.7. 

Near  the  lower  part  of  the  varistor  2  an  electro- 
static  shield  8,  which  consists,  for  instance,  of  a 
metallic  ring  or  the  like,  is  present. 

The  electrode  1,  which  will  preferably  have  a 
wide  radius  roundish  shape,  could  be  made  for 
instance,  of  aluminium. 

The  varistor  2  will  preferably  be  of  the  zinc- 
oxide  type.  Such  varistors  are  now  used  for  dif- 
ferent  applications,  in  particular  to  protect  electric 
lines  from  overvoltages. 

The  dimensions  of  the  conductor  4  are  consid- 
erably  smaller  than  those  of  the  conductors  em- 
ployed  for  traditional  lightning  rods.  In  fact,  as  they 
have  to  conduct  low  currents  (as  will  be  explained 
herein  after)  it  is  sufficient  that  its  section  be  of 
about  1/5  -  1/8  in  respect  to  the  usual  earth  con- 
ductors. 

Figure  2  shows  the  equivalent  circuit  of  the 
device  according  to  the  invention,  where:  pD  is  the 
resistivity  of  the  layers  produced  by  the  poisoning 
elements  (-  1010  1  O'cm.),  being  a  non-linear 
function  of  the  electric  field  intensity; 

pzn0  is  the  zinc  resistivity  ( = 1 0 *   cm.); 

Cs  -  is  the  equivalent  capacitance  of  the 
varistor  (10-100  uF); 

Ret  -  is  the  equivalent  resistance  of  the  ear- 
thing  conductor; 

5  Let  -  is  the  equivalent  inductance  of  the  ear- 
thing  conductor; 

Zt  -  is  the  equivalent  earth  impedance. 
For  a  better  understanding  of  the  invention, 

there  will  be  now  provided  a  detailed  explanation  of 
io  the  working  thereof  during  its  different  phases  and 

of  the  physical  principles  on  which  is  based. 
Further  we  will  call: 

Ke  -  the  electric  field  intensity  near  the  elec- 
trode; 

is  Ks  -  the  electric  field  intensity  between  the 
varistor  poles; 

kc  -  the  electric  field  value  corresponding  to 
the  conduction  state  of  the  varistor; 

Kcs-  the  critical  value  of  the  electric  field  for 
20  the  formation  of  upward  strokes. 

The  gathering  of  electric  charges  Qn  (fig.3)  in 
the  lower  part  of  the  cloud  induces  between  the 
cloud  and  the  earth  zones  an  electric  field  where 
the  device  is  present. 

25  Figure  3  shows  the  outline  of  the  lines  of  force 
of  said  electric  field.  On  the  electrode  1  there  is  a 
concentration  of  electric  charges  which  is  function 
of  the  electrode  radius  and  of  the  electric  field  at 
ground. 

30  When  the  potential  difference  between  the 
cloud  and  the  ground  reaches  a  value  capable  of 
overcoming  the  dielectric  resistance  of  the  air,  the 
formation  of  a  downward  leader  stroke  (in  particular 
toward  the  electrode  1)  occurs. 

35  The  overall  electric  charge  of  the  leader  stroke 
is  about  5C  (according  to  indirect  measurement), 
distributed  with  a  density  of  about  0,5  mc/ml. 

As  the  downward  stroke  gets  nearer,  it  causes 
the  separation  of  the  charges  present  in  the  elec- 

40  trade;  these  charges  concentrate  in  the  upper  or 
lower  part  of  the  electrode  according  to  the  sign. 

The  varistor  2  is  fit  to  operate  and  to  become 
conductor  when  the  electric  field  value  is  slightly 
lower  than  the  critical  value  (3-^5  KV/cm)  at  which 

45  occurs  the  formation  of  upward  streamers  from  the 
earth  structures.  Therefore,  when  Ks<Kc  the  atom- 
pspehric  electrode  can  be  considered  as  electri- 
cally  insulated  from  the  earth. 

The  electrode  acts  as  a  metallic  body,  insu- 
50  lated  and  with  null  totale  charge,  immersed  in  an 

electric  field.  Consequently,  electric  charges  of  op- 
posite  sign  concentrate  in  the  upper  and  lower  part 
of  the  electrode,  by  electrostatic  induction  (Fig.4). 

When  Ks  exceeds  the  critical  value  Kc 
55  (because  a  leader  stroke  gets  near  to  the  protected 

structure),  the  varistor  becomes  a  conductor  and 
the  electrode  becomes  totally  positive  with  futher 
intensification  of  Ke  (Fig.5).  During  this  phase  a 

3 
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current  flows  through  the  arrester,  allowing  a  net 
transfer  of  charges  from  the  ground  to  the  at- 
mospheric  electrode. 

Note  that  the  current  passing  through  the  earth 
conductor  is  lower  than  the  first  return  stroke  of  the 
lightning.  This  is  due  to  the  lower  associated 
charge. 

The  electric  charge  on  the  atmospheric  elec- 
trode  acts  as  a  shield  for  the  underlying  part  of  the 
apparatus  and  annuls  the  electric  field  inside  the 
arrester. 

Therefore,  the  varistor  passes  to  the  interdic- 
tion  state  again  (Fig.6).  The  electric  field  Ke  in- 
creases  further  and  comes  near  to  the  Kcs  value, 
because  of  the  leader  stroke  getting  always  nearer 
to  it. 

In  the  vicinity  to  the  atomospheric  electrode 
the  electric  field  conditions  become  such  as  to 
produce  a  process  of  'corona'  discharges.  The 
discharges  are  moving  toward  the  downward  leader 
stroke  of  opposite  sign  (Kê ,  Kcs). 

Therefore,  a  correspondent  quantity  of  charges 
is  annulled  in  the  leader  stroke  without  the  upward 
flux  of  charges  affecting  the  whole  of  the  ap- 
paratuses  underlying  the  atmospheric  electrode. 
During  this  last  phase  the  Ks  value  increases  again. 

After  each  working  the  apparatus  is  restored  to 
the  initial  conditions  and  is  ready  for  another  work- 
ing;  this  is  important  when  the  quantity  of  charges 
transferred  to  the  downward  leader  stroke  is  not 
enough  to  annul  it  completely  and  to  stop  its  ad- 
vancing  toward  the  protected  structure. 

However,  the  apparatus  can  never  represent  a 
preferential  way  for  the  leader  stroke  advancing 
because  the  atmospheric  electrode  -  earth  connec- 
tion  is  cut  off. 

The  employ  of  an  atmospheric  electrode  with  a 
wide  radius  of  curvatur  allows  a  considerable 
charge  storage  before  'corona  effluve'  phenomena 
or  micro-discharges  occur.  The  electric  field  in- 
crease  near  the  electrode  is  caused  by  the  vari- 
ation  in  the  induced  charge  density.  As  the  high- 
value  field  area  is  wide,  charges  leaving  the  elec- 
trode  can  cover  a  great  distance  before  being 
confined  in  areas  where  the  field  intensity  cor- 
responds  to  a  stable  condition. 

It  should  be  noted  that,  thanks  to  the  conduc- 
tion  characteristics  of  the  varistor  the  polarity  of  the 
lower  part  of  the  stormy  cloud  -  that  is  the  leader 
stroke  polarity  -  does  not  affect  the  protective  effi- 
ciency  of  the  device,  but  only  the  ways  of  produc- 
tion  and  spreading  of  the  corona  effluve  phenom- 
ena. 

Claims 

1.  A  lightning  protection  device  for  structures  or 
the  like,  of  the  kind  providing  means  capable 

of  interacting  with  the  leader  discharge  during 
the  approaching  phase  for  driving  towards  said 
leader  electric  charges  the  sign  of  which  is 
opposite  to  the  leader  discharge  sign,  compris- 

5  ing: 
-  an  atmospheric  electrode  (1)  which  is 

kept  insulated  from  the  ground; 
-  a  varistor  (2)  fitting  said  electrode  (1)  to 

earth  when  the  potential  difference  asso- 
io  ciated  to  the  electric  field  at  ground  ex- 

ceeds  a  predetermined  value  which  is 
lower  than  that  at  which  the  return  stroke 
formation  occurs,  in  order  to  promote  the 
amoving  towards  the  leader  of  several 

is  electric  charges  the  sign  of  which  is  op- 
posite  to  the  leader  discharge  sign,  said 
varistor  cutting  off  the  connection  to 
earth  immediately  after  the  detaching  of 
the  charges  from  the  electrode. 

20 
2.  A  lightning  protection  device  according  to 

claim  1,  wherein  said  electrode  (1)  consists  of 
a  metallic,  roundish  element  with  wide  radius. 

25  3.  A  lightning  protection  device  according  to 
claims  1  or  2,  wherein  an  electrostatic  shield 
(8)  is  provided,  near  the  lower  part  of  the 
varistor. 

30  4.  A  lightning  protection  device  according  to 
claim  3,  wherein  said  electrostatic  shield  is  a 
metallic  ring. 

Revendications 
35 

1.  Dispositif  pour  la  protection  de  structures  ou 
analogue  contre  la  foudre,  du  type  comportant 
moyens  susceptibles  d'interagir  avec  la  de- 
charge  "leader"  pendant  la  phase  d'approche, 

40  pour  envoyer  vers  ledite  leader  des  charges 
electriques  de  signe  contraire  au  signe  de  la 
decharge  leader,  comportant: 

-  une  electrode  atmospherique  qui  est 
maintenue  isolee  du  sol; 

45  -  un  varistor  qui  connecte  ladite  electrode 
avec  la  terre  quand  la  difference  de  po- 
tentiel  associee  au  champ  electrique  au 
sol  depasse  une  valeur  predetermined 
qui  est  inferieure  a  la  valeur  pour  la 

50  quelle  se  forme  la  decharge  de  retour, 
pour  causer  le  deplacement  vers  le  lea- 
der  de  plusieurs  charges  electriques 
ayant  signe  contraire  au  signe  de  la  de- 
charge  leader,  ledit  varistor  coupant  la 

55  connexion  au  sol  immediatement  apres 
le  depart  des  charges  de  I'electrode. 

2.  Dispositif  de  protection  contre  la  foudre  selon 

4 
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la  revendication  1,  ou  cette  electrode  est  un 
element  arrondi  a  grand  rayon. 

3.  Dispositif  de  protection  contre  la  foudre  selon 
les  revendications  1  ou  2,  ou  il  est  prevu  un  5 
ecran  electrostatique  pres  de  la  partie  inferieu- 
re  du  varistor. 

4.  Dispositif  de  protection  contre  la  foudre  selon 
la  revendication  3,  ou  ledit  ecran  est  une  ba-  10 
gue  metallique. 

Patentanspruche 

1.  Eine  Vorrichtung  zum  Blitzschutz  von  Struktu-  is 
ren  oder  dergleichen,  welche  mit  dem  Leitblitz 
waehrend  der  Annahrungsphase  mitwirken 
kann  und  gegen  den  genannten  Leitblitz  eine 
elektriske  Entladung  mit  umgekehrten  vor  Vor- 
zeichen  vergliechen  mit  der  Vorentladung  rich-  20 
tet;  solche  Vorrichtung  umfasst: 

-  eine  atmosphaerische  Elektrode  (1),  die 
nicht  geerdet  ist, 

-  einen  Varistor  (2),  der  die  genannte  Elek- 
trode  (1)  erdet,  wenn  die  Potentialdiffe-  25 
renz  verbunden  mit  dem  elektrischen 
Erdfeld  einen  vorausbestimmten  Wert 
uebersteigt,  der  niedrieger  als  der  Wert 
ist,  bei  dem  der  Rueckschlag  geschiet, 
sodass  gegen  den  Leitblitz  das  Stroemen  30 
von  vielen  elektrischen  Ladungen  gefoer- 
dert  wird,  deren  Vorzeichen  dem  Vorzei- 
chen  der  Vorentladung  umgekerht  ist; 
der  genannte  Varistor  unterbricht  die 
Erdleitung  gleich  nach  der  Abschaltung  35 
der  aus  der  Elektrode  stammenden  La- 
dungen. 

2.  eine  Vorrichtung  zum  Blitzschutz  ,  nach  dem 
Anspruch  1,  wobei  die  genannte  Elektrode  (1)  40 
aus  einem  metallischen  Rundelement  mit  wei- 
tem  Radius  besteht. 

3.  eine  Vorrichtung  zum  Blitzschutz  ,  nach  den 
Anspruch  1  oder  2,  welche  einen  elektrostati-  45 
schen  Schirm  (8)  bei  dem  unteren  Teil  des 
Varistors  umfasst 

4.  Eine  Vorrichtung  zum  Blitzschutz  ,  nach  den 
Anspruch  3,  wobei  der  genannte  elektrostati-  so 
sche  Schirm  ein  metallischer  Ring  ist. 

55 
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