LIGHTNING PROTECTION FACILITY TECHNICAL) [0001] The present invention relates to a
lightning protection facility that dissipates ions into the air to decrease an electric field in the air for
protecting a structure from lightning strokes and, more particularly, it relatesto a charge dissipater of
such a lightning protection facility. BACKGROUND ART [0002] The proximity of an electrically charged
thundercloud causes an electric field to be generated between the thundercloud and the ground The
electric field intensity grows gradually until causing an electric hreakdowi in theto generate an electric

discharge between the thunder @Qﬂ\tpe SLPLSCSHFB&\:C% AmdFIJ}SYa lightning stroke. There have

been known lightning protectlon a cilities each avmg a charge dissipater (also referred to as an ion
dissipater or an ionizer) installed on or around a structure (a building or the like) to be protected from
lightning strokes and constructed to dissipate, into the air,s of an opposite pol arity to that r a lower
part of the-thunderelqud:-te: flpcrease an electric field generated over the structure and thereby delay
occurrences of the lightning strokes (see Patent Document 1 and 2). [0001] Examples of
conventiorpgg)@ rge dissipaters include umbrella-shaped charge dissipaters, ball-shaped charge
dissipaters, and dissipation wires. Such dissipaters make use of a point discharge phenomenon inch is

a natural phenomenn,at& {ime&:Rfion relates to a lightning protection facility that dissipates
ions into the air to decrease an electric field in the air for protecting a structure from
lightning strokes and, more particularly, it relates to a charge dissipater of such a
Hightning protection facility.

BACKGROUND ART
[0002]

The proximity of an electrically charged thundercloud causes an electric field
to be generated between the thundercloud and the ground.  The electric field intensity
grows gradually until causing an electric breakdown in the air to generate an electric
discharge between the thundercloud and the carth’s surface.  This is a ightning stroke.
There have been known lightning protection facilities each having a charge dissipater
(also referred 1o as an 1on dissipater or an ionizer) installed on or around a structure (a
building or the like} to be protected from lightning strokes and constructed to dissipate,
into the air, 1ons of an opposite polarity to that of a lower part of the thundercloud to
decrease an electrie field generated over the structure and thereby delay occurrences of
the lightning strokes (see Patent Documents | and 2).

0003]

Examples of conventional charge dissipaters include umbrella-shaped charge

dissipaters, bail-shaped charge dissipaters, and dissipation wires.  Such dissipaters

make use of a point discharge phenomenon, which is a natural phenomenon, at a time of



a thunder stroke in order to dissipate charges induced at a structure to be protected, the ground or the
like for decreasing the electric field, thus preventing abrupt transfer of the charges and preventing
damages due to direct lightning strokes. RELATED ART DOCUMENT PATENT DOCUMENTS [0004i
Patent Document | japanese Laid-Open Patent Application, Publication No S53-39450 Patent
Document 2: US Patent No. 5043527 SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED
BY THE INVENTION 10005] These charge dissipaters are composed of thin wires of small

diameter, thj] rotquq\nq ro ever an thggefore th \ﬂe/rtla IS a risk thaththese cha¥g§ dissipaters
nay be da & ¢ Ty ct)rogc%urrerr]lces ot RSP SRSSWAER LK KhosURiselsd: the

ground or the like for decreasing the electric field, thus preventing abrupt transfer of the
charges and preventing damages due to direct Hghtning strokes.
RELATED ART DOCUMENT
PATENT DOCUMENTS
[0004]
Patent Document i: Japanese Laid-Open Patent Application,
Publication No. §53-39450

Patent Document 2: US Patent No. 5043527
SUMMARY OF THE INVENTION
PROBILEM TO BE SOLVED BY THE INVENTION
[0003]

These charge dissipaters are composed of thin wires of small diameter, that is,
protruding rods, however, and therefore there is a risk that these charge dissipaters may
be damaged due to occurrences of self-induced vibrations when used in an environment
in which swept areas of the charge dissipaters are increased by icing, snow accretion or
the Tike or in an environment in which strong wind blows.

[0006]

The present invention has been made under these situations, and it is an
objective of the present invention to provide a lightning protection facility that can
prevent damages due to self-induced vibrations.

MEANS TO SOLVE THE PROBLEM
10007]

The present invention provides a lightning protection facility comprising:



in which swept areas of the charge dissipaters are increased by icing, snow aeeretiox the like or n an
environment in which strongd blows. [00061 The present invention has beend- under these situations,
and it is an objective of the present invention to provide a lightning protection facility that can prevent
damages due to self-induced vibrations. MEANS TO SOLVE THE PROBLEM [0007I -he present
invention provides a lightning protection facility comprising. a pole erected on a structure or on the
ground,; a plurality of needle-like conductive objects disposed on a tip of the pole and extending
radially therefrom; and . eﬂr“ae[jetinforcement membgr disposed to cross two or more of the plurality of

. a pol o, d-strugture or on the, erp . .
needle-like conductiVe objects and ixed 1o the HeedIe-ikE conductive objects.

a plurality of needle-like conductive objects disposed on a tip of the pole and
extending radially therefrom; and

a reinforcement member disposed to cross two or more of the plurality of

needle-fike conductive objects and fixed to the needle-like conductive objects.

EFFECT OF THE INVENTION
[0008]

The present invention provides a lightning protection facility which, even when
used in an environment in which swept areas of a plurality of needle-like conductive
objects are increased by icing or the like or in an environment in which strong wind
blows, can prevent damages of the needle-like conductive objects due to self-induced
vibrations to stably contribute to preventing damages due to direct lightning strokes.,
BRIEF DESCRIPTION OF THE DRAWINGS
[6009]

FIG 1 is a schematic diagram showing a lightning protection facility according
to an embodiment of the present invention.

FIG. 2 1s a diagram showing a charge dissipater viewed from above in FIG 1.

FIGL 3 15 a diagram showing a charge dissipater viewed lateraily in FIG, 1.

FIG. 415 a perspective diagram of a fastener shown in FI1G. 3.

L

FICG 5 1s a diagram showing a state of a pole and a plurality of protruding rods
just Joined by thermite welding.
FIG. 6 is a partially broken enlarged diagram of a nugget and a wrapper tube of

FICGe 5, viewed from an X direction.

]



EFFECT OF THE INVENTION [00081 ['he present invention provides a lightning protection
facility which, even when used in an envircin which swept areas of a plurality of needle-like conductive
objects are increased by icing or the like or in an environment in which strong wind blows, can prevent
damages of the needle-like conductive objects due to self-induced vibrations to stably contribute to
preve.ntiniz damages due to direct lightning strokes. BRIEF DESCRIPTION OF THE DRAWINGS
[00091 FIG. I is a schematic diagram showing a lightning protection facility according to an
embodiment of the r(?sieint invention. FIG. 2 is a diagram showin ch%g e dissipater viewed from

a
above in FIG I. FIG 3'is'a tiagfiiot dHar &%ﬁéﬁ%?ﬁ&féﬁ‘dfé%&&’%} Tally HERS RIS % s Berspective

diagram ofa fastener.shown in FIG 3.. ~ FIG 5 is a diagram showing a state of a pole and a plurality
of protruding 1ot sdfﬂg’%,? ﬁ)i?'ri{e“ Eyﬁtﬁel?{r‘ﬁﬂ’é welc |§élj0m 4 E’? (’g? 18 3%5&%?@/!5 (?’O[%Léf}lké?l 'éfrighe“d diagram of a

nugget and g wrapper tube of FIG. 5, viewed from an X direction. FIG 7 is a diagram showing a

resin-coatil}?g region of the charge dissipater, the charge dissipater in FIG 1 being viewed from a
direction orthogongljig g g)ﬂﬁxglfameshowing the resin-coating region of the charge dissipater,

the charge dissipater in FIG. 1 being viewed from a top end side of the pole.
EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0010}
Now, an embodiment of the present invention wilt be described with reference

to the drawings.  Like constructions will be denoted by like reference numerals and
detailed descriptions thereof will be omitted.
[0011]

<[ightning protection facility>

First, a lightning protection facility according to an embodiment of the present
mvention will be described.  FIG. 1 is a schematic diagram showing the lightning
protection facility according to the embodiment of the present invention.  As shown in
F1G. 1, the lightning protection facility 1 according to the embodiment of the present
invention is a facility for preventing a lightning stroke mto a structure (for example, a
building} S to be protected, and includes a plurality of charge dissipaters (also referred
to as ion dissipaters or as ionizers) 10, an carth 20, and a conductive wire (for example,
a stranded copper wire) 30.  The plurality of charge dissipaters 10 are erected
obliquely upward on the sidewalls of the structure S 1o be protected. A plurality of
protruding rods 12 of each of the charge dissipaters 10 (see FIG. 2y are connected
clectrically to the earth 20 via the conductive wire 30,

[0012]



- pole. FIG. 8 is a diagram showing the resin-co ng region of the charge dissipater, the charge
dissipater in FIG 1 being viewed from a top end side of the pole. EMBODIMENTS FOR CARRYING
OUT THE INVENTION IOU | 01 Now, an embodiment of the present invention will be described
with reference to the drawings. Like constructions will be denoted by like reference numerals and
detailed descriptions thereof will be omitted. [0011.1 "Lightning protection facility> First, a lightning
protection facility according to an embodiment of the present invention Abe described. FIG 1 is a

schematic diagram showm . the protectlo acilit or ing toembodiment of the present
invention. As sho iﬂl‘h hh‘?ﬁ% bqeé‘uﬂ Bl fﬂ)e/? QL SaG RS MBS dftiEnt of the

present inv tlo f Ci |t for reventl |g srok togsructurea pIe abun mg)to be
protected ang ch‘“ Zis%aL 6’%““{%61'] arge {Sgp%rﬁ (ano re Ahed B ShA disisHteSonizers) 10,

an earth 2011_6}0 ols 1%99;%‘%9‘{9,;‘1"{% L(f[%s‘rat)l(&m}p L%di”ﬂd tons, which are released into the air (a

point discharge phenomenon or a so-called corona discharge).  Since the charge
dissipaters 10 are clectrically connected via the earth 20 to the ground around the
structure S to be protected, so that positive charges are supplied from the ground to the
charge dissipaters 10, the charge dissipaters 10 continue dissipating positive ions from
the protruding rods 12 as long as the thundercloud stays in the sky and thus there is a
negative electric field generated.  That is, what is assumed to be happening is that
positive charges. accumulated in the ground around the earth 20, are transferred via the
conductive wire 30 to the charge dissipaters 10 installed on the structure S to be
protected, and then, those posilive charges are dissipated from the charge dissipaters 10
as positive tons.  While the charge dissipaters 10 are dissipating positive ions, the
electric field mtensity of a space over the charge dissipaters 10 is weakened, and a space
having a relatively stronger electrie [ield intensity becomes a path for lightning strokes.
Therefore, the space around the charge dissipaters 10, which has a lower electric field
intenstty. is less likely to become a path for lightning strokes as compared to a space
around which there are not provided those charge dissipaters 10, meaning that the
lightning protection facility 1 is effective for lightning prevention.
[0013]

<Charge dissipater>

Now, description will be made of a structure of the charge dissipaters 10
according to the embodiment of the present invention.  FIG. 2 is a diagram showing a

charge dissipater viewed from above in FIG 1, and FIG. 3 s a diagram showing a



a stranded copper wire) 30. The plurality of charge dissipaters 10 are erected obliquely upward on the
sidewalls of the structure S to be protected. A plurality of protruding rods 12 of each of the charge
dissipaters 10 (see FIG 2) are connected electrically to the earth 20 via the conductive wire 30. [Ot)
121 A negative electric field caused by the thundercloud grows to an extreme level at the tips of
the protruding rods 12 (see FIG 2) of each charge dissipater 10 causing the air to be ionized to
generate positively charged ions, which are released into the air (a point discharge phenomenon or a
so-called C(Prollg giSCQatzge\)i.e \S,v.i!‘({:% the]{:h%rgr]e -QiPS]ig&F%{SWlO are el ctrig%llhx connecrted via the earth 20

to the groucn]ﬂ 'Sroundihe structure l§r 0 be protected, so had Bgséfﬁ‘\”‘/évgharge"g}h?(f: %u%%ﬁré(a from the

ground to the chagga dlissipaiers:10 e charge dissipaters, 0 contipue dissipating ppsiive ions from

the protruding rods 12 as long as the ercloud stays In the i/an e IS a negative

electric Fiel gessieted. THel s, iRt assuneinbe PREnening S At oy, Agesgn the ground

around the earth 20, are transferred via the conductive wire 30 to arge dissipaters 10 installed

on the strugtire 3 te be pretegtad, apdthen.dhase pesitye.charges a4 € distipgted frm-the charge

dissipaters 10 as positive ions. While the charge dissipaters 10 are dissipating positive ions, the

electric field intensity of a.sRace-QYRrihg sharge dissinaters A0 s ysakengd:iapd.a space havielatively

stronger electricfield intensity becomes a path for lightning strokes. Therefore, the space around the

charge disgipatars: 10 pahichbas ailowarglactiig fieldbintensitodess likelwto bagemsia path for
lightning strokes as compared to a space around which there are not provided those charge

dissipaters-1Q, aneaning:thathelightning protestien faciityok is effestivarfos jgabining pravention [00131
<Charge d Now. description will be made of a structure of the charge dissipaters 10 according to

the embodimeaptef the: presentinvention foi 2iis adiagiam shopsrg a charge dissipater viewed from
above in FIG I, and FIG 3 is a diagram showing
[0014]

As shown in FIGS. 2 and 3, each charge dissipater 10 is a so-called ball-shaped
charge dissipater, and includes: a pole 11, a plurality of protruding rods 12, a plurality of
latitude-direction reinforcement members 13, a plurality of longitude-direction
reinforcement members 14, and a plurality of fasteners 15.  Note that, in FIG. 2,
iltustration of the plurality of fasteners 15 is omitted.

{0015]

The pole 11 15 a rod-like member made of a metal (for example, an SUS steel),
and has a base end secured to the structure S to be protected by a bracket, a bolt or the
like.

[0016]

The plurality of protruding rods 12 are needle-like conductive objects disposed
on a tip of the pele 11 and extending radially therefrom, with at least one of the
protruding rods 12 pointing upward.  In the embodiment, thirty two protruding rods 12,

of a diameter of 2.6mm, made of an SUS steel extend radially o be distributed evenly

i a hemisphere of an outer diameter ot 1.2n1 centered around the tip of the pole 11.

51



charge dissipater viewed laterally in FIG 1, FIG 4 is a perspective diagram of a fastener shown in FIG
3. FIG. 5 is a diagram showingate of a pole and a plurality of protruding rods just joined by thermite
welding. FIG. 6 is a partially broken enlarged diagram of a nugget and a wrapper tube in FIG. 5v
iewed from an X direction. FIG 7 is a diagram showing aresin-coating region 74.the charge dissipater,
the charge dissipater in FIG 1 being viewed from a direction orthogonal to the axis of the pole. FIG 8 is
a diagram showing the resin-coating region of the charge dissipater, the charge dissipater in FIG 1
being view%j)?rﬂn a top end side of the pole. [0014] As shown in FIGS. 2 and 3, eachg dissipater 10 is
a so-called ball-shaped charge dissipater, and includes: a pole I, a plurality of protruding rods 12, a

plurality of latittide-gifegfign; /€] %Wzﬁﬁﬁlﬁ‘sf‘&iPE'9{?&9%%ﬂrﬁfc%lﬁk%arlﬁ]%@eﬁ%r?l‘\%#'t&{%"rgﬁHﬁﬁﬂg feinforcement

members 14, and a plurality of fasteners 15. Note that, in FIG 2, illustration of the plurality of fasteners

15is Omitt%gn[QlQ%QL memgchg (HOJ%H&'&:‘! @599%'&%%\@?@%@@9@)%@{!9&@& QfP}[ E%ﬁ%@'e’ an SUS

steel), and has a base end secured to the structure S to be protected by a'bracket, a bolt or the like.

[0016]  gibaplvealine atRropiMding.reds L&A needls-like.copductive @higcts disposed on a tip of
the pole 11 and extending radially therefrom, with at least one of the protruding rods 12 poi ing up ard.

in thebodthifty fwRratiuging kedshsRha fisrpeter.af.mired made piam Skhassteglextend radially to he
distributed evenly in a hemisphere of an outer diameter of | .2m centered around the

fasteners 15 at places where it crosses these protruding rods 12, In the embodiment,

four latitude-direction reinforcement members 13 with different radii are strung with

spacing from one another.

[0018]

The plurality of longitude-direction reinforcement members 14 are conductive
arc-shaped members of a metal (for example, an SUS steel), extending in a longitude
direction of the hemisphere centered around the tip of the pole 11, Each
longitude-direction reinforcement member 14 is secured to protruding rods 12 by
fasteners 15 at places where it crosses these protruding rods 12, In the embodiment,
two Jongitude-direction reinforcement members 14 are placed to cross each other at a
right angle.

[0019]

As shown in FIG 4, the plurality of fasteners 15 are conductive cross-shaped
fasteners made of a metal (for example, an SUS steel), cach of which is erimped to be
fixed to a protruding rod 12 and a reinforcement member 13 or reinforcement member
14 (in F1G. 4, the iatitude-direction remforcement member 13) for securing the
protruding rod 12 and the reinforcement member 13 or reinforcement member 14 to
each other.

[0020]
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[0017] The plurality of latitude-direction reinforcement members 13 are 1E-shaped conductive
members of a metal (for example, an SUS steel), extending in a latitude direction of the hemisphere
centered around the tip of the pole 11. Each latitude-direction reinforcement member 13 is secured to
protruding rods 12 by fasteners 15 at places where it crosses these protruding rods 12. In the
embodiment, four latitude-direction e fore -tent members 13 with different radii are strung with spacing
from one another. [0018] The pIuraIity of longitude-direction reinforcement members 14 are

conductive arc- sha ed gn\evgpg}eﬁ[fﬁy?p il pcﬁ {Ti%ﬁmteel{)ﬁe@eﬂﬁ im L PLn%ltude direction of

the hemisphere cen &fed aroun ach I8ngitu rection’ot member 14 is
secured to ol8 8& L{dllfl% g%swlrﬁ ?}Y f@[ﬁ;gqers 15 at places where it crosses these protruding rods 12. In
the embodlmeht two ongltu & direction reinforcement members 14 are placed to cross each other at
a right anglﬁ pﬂ191 As shown in FIG 4, the plurality of faste e- IS are conductivecross-shaped
fasteners made of a metal (for example, an SUS steel), each of which is crimped to be fixed to a

protruding rod 12 aqa infoieementmenbendd.onsinrsementnemher 4 (o Fid. the
latitude-direction relnforcement membera the protruding rod 12 and the relnTorcement member 13 or
reinforcemenimembersL4 0 eRcheine-I8020hds 12 to each other by thermite welding.

[0022]

The wrapper tube 17 is a cylindrical-shaped member, made of a metal (for
example, copper), through which base ends of the plurality of protruding rods 12 are
mnserted.  The wrapper tube 17 has a tapered top end portion with an increasing
diameter toward 1ts top end.

10023}

In addition, as shown in FIG. 7 and IIG. 8, sections, of the plurality of
protruding rods 12, except for top ends thereof, the plurality of latitude-direction
reinforcement members 13, the plurality of longitude-direction reinforcement members
14, the plurality of fasteners 15 and the wrapper tube 17 are covered with a resin coating
and a water-repellent coating (a resin-coating region C of FI1G. 7 and FIG. 8).

[G024]

<Method of manufacturing the charge dissipater>

Now, description will be made of a method of manufacturing a charge
dissipater 10 of the embodiment of the present invention.  First, as shown in FIG. 5 and
F1G. 6, the tip of a pole 11 and the base ends of a plurality of tied protruding rods 12 are
jointed to each other by thermite welding.  That is, a pole 11 and a plurality of ted
protruding rods 12 are placed into a resin mould with the tip of the pole 11 and the base

ends of the plurality of tied protruding rods in contact with cach other. A thermite



As shown in FIG. 5 and FIG 6, the charge dissipater 10 further includes a nugget 6 and a wrapper ube
17.[0021] The nugget 16 is a diameter enlarged portion formed by joining the tip of the pole I
and the plurality of protruding rods 12 to each other by thermite [0022] The rapper tube 17 is a
cylindrical-shaped member, made of a me (for example, copper), through which base ends of the
plurality of protruding rods 12 are inserted. The wrapper tube 17 has a tapered top end portion with an
increasing diameter toward its top end. [0023] In addition, as shown in FIG 7 and FIG 8, sections,
of the plurality of protruding.rods 12, except for top ends thereof, the plurality of latitude-direction
reinforcemaRt MBI £31 1he BIUFATty ST L ehrECton 16 oD ant merBarS 14 the plurality
of fasteners d.the wranp. {t%? é{ re.coyered v gge§iﬂ coati and a water-repellent.coating (a
resin-coatir?é rgg%ﬁgé%é\?@g ?gn % ﬂo&g(ﬂ?ﬁ%e} 0d o aqﬁtggﬁtbﬁrr]ld“%ﬁvg%ﬁ?rﬁe” osvﬁgdescription ill

be made ofg methad.of plARHGIHING.R charge disRipaler.10 afthe embadimens of the gresent
n

invention First'as shown in FIGS and FIG. 6, the tip qf a pole_ II'and thg ase ends of a pIuraIity of ti_ed
protruding ypds k2B IRINIEd.A0 gach piher by hermmite, Malding. . Ihad is,&palg il,and g plurality oftied

protruding rods I2 are placed intoa resin mould with the tip of the pole Il and the base ends of the

plurality oftigd pratruding RsRicLMRCUWIthD QRGTA MeEMIR I, followed by inserting the
plurality of protruding rods 12 through a wrapper tube 17, and securing the base end of

the wrapper tube 17 to the top end of the nugget 16 with an adhesive or the like.

{0025]

Subsequently, as shown in FIG. 7 and FIG. 8, a given number of protruding
rods [2 are bent at their base end sides so as to be spread open at a given angle.  Then,
a latitude-direction remforcement member 13 corresponding to the spread open
protruding rods [2 1s placed at a given position and secured to those protruding rods 12
by fasteners 15 at places where it crosses the protruding rods 12, These steps are
repeated for all protruding rods 12 and all latitude-direction remforcement members 13
in order, starting from protruding rods 12 to be bent at a greatest angle and from a
Jatitude-direction reinforcement member 13 to be positioned closest to the pole 11.
[0026]

After all the protruding rods 12 have been spread open so as to extend radially
and all the latitude-direction reinforcement members 13 have been secured to the
protruding rods 12 by crimping the fasteners, a longitude-direction reinforcement
member 14 15 placed at a give position and secured to protruding rods 12 by fasteners
15 at places where it crosses those protruding rods 12, These steps are repeated for all
iongitude-direction reinforcement members 14,

[0027]

4



and poured into the contact portion, to allow the ip of the pole 11 and the base ends of the plurality of
protruding rods 12 to he joined to each other by thermite welding and thereby form a nugget 16 After
the formation of the nugget 16, the welded pole 11 and plurality of protruding rods 12 are taken out f
the mould, followed by inserting the plurality of protruding rods 12 through a wrapper tube 17, and
securing the base end of the wrapper tube 17 to the top end of the nugget 16 with an adhc.sive orlike.
[00251 Subsequently, as shown in FIG 7 and FIG 8, a given number of protruding rods 12 are
bent at their base elg}d.side:?a%?ug? lgle; read.open at a given aIr}gtIe. Then % Iatitufjfe,-)direction

t ;
. X114 A “--(ﬁl’éﬁ{iﬁ 3 ;‘?m oreement member d} a §’)I’08’Ll B.‘L{ Oq 12 811(1 .
reinforcement member £3 corresponding to the spread open protruding rods 12%s placed at a given

position and sect ea‘%.wt(i) those pratruding rods 12 b teners 15 at places where it crosses the
protruding roc‘fs}*l%Zf hé’é‘"e@?&é’ lgr%lr?éb%ﬁéj tgr}éﬁ ‘L%Z(t‘r&éif’r?é"‘#g’d%{ (g?l“d”éﬁ atitude-direction

rei”'brcem%ﬁ6‘(&%@?@”&&%#&%%&{ 2 SIRGUNG, oM REOLYAINg. 195 1 q%%tblﬁc%%”é-qt&?f gatest angle and

from a latitude-direction reinforcement member 13 to be positioned closest to the pole 11. [0026]

After all the protruding rods, 12 haye beaR sRiGad 9RSRSQ.A% 10 axirnd radially, and.allthe

latitude-direction reinforcement members 13 have been secured to the protruding rods 12 by crimping

the fastenepg adangitude-diragtion (EIRthiIceMAnt MMEPRRE b s Rircad, A give pesition and secured

to protruding rods 12 by fasteners IS at places where it crosses those protruding rods 12. These steps

are repeatqgsfenalllongitudendirecioneinfarcement memietdth 19024 he a jic RG]
latitude-direction reinforcement member 13 to a protruding rod 12 and a longitude-direction

reinforcementmanhel ki fe:-a protuding s edohR dsrehisyed asafallows: @:peattidingsedr 1z and a
latitude-direction reinforcement member 13 (or a longitude-direction reinforcement member 14)

crossing eagh otherareragcommonatrebinta foungravess vhieh arendria@ngad i acrisserass direction,
of a cross-shaped fastener 15, and then the grooves of the fastener 15 are crimped using a jig (a
special purpose pressing-device) to fix the protruding rod 12 and the reinforcement member 13 or 14
for securing the protruding rod 12 and the reinforcement member 13 or 14 to each other. [0028]
Note that dggizably, each of electrical connections of the reinforcement members 13 and 14 with the
protruding rods 12 is made in such a manner as to provide only a low resistance, because dissipation
current flow causedbyctihetpintdischacy e phienomeénonriscvienys feelblerdim fhe @nebodiment, the cross
shaped metal fasteners are employed as the fasteners IS to reduce contact e, stances between
pressing faces derivedafird hitietbrinepingrf00290 Ehehisaresinrcoating materniak is)pouvedtinto the
inside of theappebe 17,

only a low resistance, because dissipation current flow caused by the point discharge

phenomenon is very feeble.  In the embodiment, the cross-shaped metal fasteners are

employed as the fasteners 15 to reduce contact resistances between pressing faces

derived from the crimping.

[0029]

Then, a resin coating material 1s poured into the inside of the wrapper tube 17,

and also, with a brush, the resin coating material is applied onto: sections, of the

plurality of protruding rods 12, except for top ends thereof; the plurality of

latitude-direction reinforcement members 13; the plurality of longitade-direction

reinforcement members 14: the plurality of fasteners 15; and the wrapper tube 17, in

order to create a resin coating thereon (a resin-coating region of FIG. 7 and FIG. 8),

Incidentally, in the embodiment, a water-repellent coating is applied onto the resin

16



and also.h a brush, the resin coating material is applied onto: sections, of th plurality of protruding rods
12, except fortop ends thereof; the plurality of latitude-direction reinforcement members 13; the
plurality of longitude-direction reinforcement members 4: the plurality of fasteners 15; and the wrapper
tube 17 in order to create a resin coating thereonregion of FIG 7 and FIG 8). Incidentally, in
theembodiment,lent coating is applied onto the resin coating with a brush, to form the water-repellent
coating 100301 In the lightning protection facility | according to the embodiment of the present
invention, (ne plurallty ot radially extending.protruding rods 2 are secured to each other by the
reinibrcement members 13 and 14 Eveh when Used in an efvironment in which swept areas thereof
are increasg gtg)j an icing phenomenon or the like phenomenon, or n an environment in which strong
wind blows, therefore, the lightning protection facility 1 prevents damages of the charge dissipaters 10

due to selt-inducedyi(afionsd ferelystatnrontriules o RieeOling amadgs e to direct

lightning strokes. Also, In the lightning protéction facility | according to the embodiment of the

present invention,; SinGe sNeRQiyding fedssdand hadeinioreemant membars s, 14 aye fixed to

each other by crimping the cross-shaped fasteners 15 contact resistances between the pressing faces

are reducedy:n o EUINGL 16 s-dahiming preection freility | accoring iRdhe,embodiment of the
present inventio , since the pole Il and the plurality of protruding rods 12 are joine to each other by

thermite weldingy fidng therpluralitg of ieretiding ﬁ%jﬁxé%rlg,wﬁypﬂedi%mum%@non or lirthermore, in
the lightning protection facility 1 according to the mbodii of the present invention, since the plurality of

protruding reds,Azhanre-conerechwith the sesithenating.and e watpldrepelent ceatiognwith the top ends
of the plurality of protruding rods 12 exposed therefrom, the lightning protection facility 1 can ensure

dissipationi pehindeecafdhe.ahange dissipatersihQhile,preyeniing g anred: stawagcretion thereon
as well as erosion thereof 100311

self-induced vibrations and thereby stably contributes to preventing damages due to

direct hghtning strokes.

Also, in the lightning protection facility | according to the embodiment of the

present invention, since the protruding rods 12 and the reinforcement members 13, 14

are fixed to cach other by crimping the cross-shaped fasteners 15, contact resistances

between the pressing faces are reduced.

Further, in the lightning protection facility | according to the embodiment of
the present invention, since the pole 11 and the plurality of protruding rods 12 are joined
to each other by thermite welding, fixing the plurality of protruding rods 12 to the pole
is facilitated.

Furthermore, n the lightning protection facility | according to the embodiment
of the present invention, since the plurality of protruding rods 12 are covered with the
resin coating and the water-repellent coating, with the top ends of the plurality of
protruding rods 12 exposed therefrom, the hightning protection facility 1 can ensure
dissipation performance of the charge dissipaters 10, while preventing icing and snow

accretion thereon as well as erosion thereof,



In the above, the embodiment of the present invention has been described. The present
invention,however, is not limited to the above embodiment, d changes - and modifications can be
made without departing from the scope of the invention. The number and the radiation direction of
protruding rods 12 are not limited to those mentioned above For example one hundred twenty (120)
protruding rods 12 may extend radially so as to be arranged evenly in a whole sphere, and any other
construction may be possible as long as a plurality of protruding rods 12 extend radially and
three-dimem}guﬁlly. Further, the number of latitude-direction reinibreement members 13 and the
number of tongitude-direction reinforcement members 14 are not limited to those mentioned above.

Also, a reinforcem?n mem_ber r me{nt%ers whighl are‘othqr. than the Iati%lde-girgclf'og reinforcement
11 C above, dC CINDO 1["1"1.@%%'[ O Heepaesen 11 \xenili)ﬂ hcl& CCNn Cb(ft’l DCd, .
members 13 and the Tongitude-direction reinforcement members 14, may cross two or more protruding

rods 12 angyfo 9—%3‘3%%?9]%@%(%‘}9; MereQyet ﬁ%?z%%i‘i’!ﬂ% %géx%ze%%%&ﬂﬁ%i%%ﬁ% ment,members 13,
14 may be flxeh by: flisteners other than the cross-s ond}

aped ftasteners; welding; ng;?)r the like.

Also, the charge dispipalas L.accordipg i e Rresentinventionsmay benstalled; on a-side face of a

tower of an umbrella-shaped charge dissipaterrooftop "ot I. building; on the ground around a

sma"-sizedufﬁq&!ikc%;drmqqi}i@ﬂmﬁra%mmr@?p;@mlmgm@g(ﬁ are nRbiimiteddqibese made of
r

conductive material. Also, any number of protruding rods 12 may be secured to one another by one
reinforcemgnthesag lengas the oumhar of Rratidingreds 12 19 fwWe Mg Explanatiqys ofr

lereneenumerals )(3 211 lightning protection facility JOcharge dissipaler lipole 12protruding rod

(needle-like:gONAHEHYBYI 5B as to be arranged evenly in a whole sphere, and any other
construction may be possible as long as a plurality of protruding rods 12 extend radially
and three-dimensionally.  Further, the number of latitude-direction reinforcement
members 13 and the number of longitude-direction reinforcement members 14 are not
limited 1o those mentioned above.  Also, a reinforcement member or members which
are other than the latitude-direction reintorcement members 13 and the
longitude-direction reinforcement members 14, may cross two or more protruding rods
[2 and to be fixed thereto.  Moreover, the protruding rods 12 and the reinforcement
members 13, 14 may be fixed by: fasteners other than the cross-shaped fasteners;
welding: bonding: or the like.  Also, the charge dissipater 10 according to the present
mmvention may be installed: on a side face of a tower of an umbrella-shaped charge
dissipater; on a roof top of a building; on the ground around a small-sized facility; or the
like. In addition, the remnforcement member{s) are not limited to those made of a
conductive material,  Also, any number of protruding rods 12 may be secured to one
another by one reinforcement member as long as the number of protruding rods 12 is
two or more,
Explanations of reference numerals

[0032]



13latitude direction reinforcement member (reinforcement ember) 14longitude direction reinforcement
member (reinforcement member) ISfastener 16nugget resin-coating region structure to be protected
(structure) CLAIMS A lightning protection facility comprising: a pole erected on a structure or on the

ground; a plurality of needle-like conductive objects disposed on a tip ofthe pole and extending,
radially therefrom; and a reinforcement member disposed to cross two or more of the plurality of
needle-like conductive objects and fixed to the needle-like conductive objects.

1 lighining protection facility

10 charge dissipater

i pole

i2 protruding rod (needle-like conductive object)

i3 latitude direction reinforcement member (reinforcement member)

i4 longitude direction reinforcement member (reinforcement member)

5 {astener

16 nugget

C restn-coating region

S structure to be protected (structure)



lightning protection facility of ClaimJiirther comprising fasteners crimped to be fixed to the needle-like
conductive objects and the reinforcement member securing the needle-like conde objects and the
reinforcement member to eac other. The lightning protection facility of Claim or Claim 2 wherem
the pole and the plurality of needle-like eonduciivere joined to each other by thermite we 4.The
lightning protection facility of Claim 1 or Clar 2 whethe plurality of needle-like conductive objects are
coated with a resin, withids of the plurality of needle-like conductive objects exposed therefrom. The
Iir?htning pr&eﬁi&r&y of Claim 3 wherein the plurality of needle-like conductive objects exposed
therefrom. ="

I. A lightning protection facthity comprising:

a pole erected on a structure or on the ground;

a plurality of needle-like conductive objects disposed on a tip of the pole and
extending radially therefrom; and

a reinforcement member disposed to cross two or more of the plurality of

needle-Tike conductive objects and fixed to the needle-like conductive objects.

2. The lightning protection facility of Claim 1, further comprising fasteners
crimped to be fixed to the needle-like conductive objects and the reinforcement member
for securing the needle-like conductive objects and the reinforcement member o each

other.

3. The lightning protection facility of Claim 1 or Claim 2, wherein the pole and
the plurality of needle-like conductive abjects are joined to each other by thermite
welding.

oy

4. The lightning protection facility of Claim 1 or Claim 2, wherein the plurality of

needle-like conductive objects are coated with a resin, with top ends of the plurality of

needic-like conductive objects exposed therefrom.

5. ‘The hightning protection facility of Claim 3, wherein the plurality of

needle-like conductive objects are coated with a resin, with top ends of the plurality of



needle-like conductive objects exposed therelrom.



