- 1 - [TITLE OF THE I NVENTI ON] SWTCH UNI T AND SW TCHGEAR EQUI PPED

THEREW TH [ TECHNI CAL FI ELD] 5The present invention relates to a resin

nol ded switch unit and sw tchgear equipped with the switch unit, and

particularly to those that inprove their cooling perfornmance.

10[ BACKGROUND ART] Switchgear is disposed in an electric power system

as power-receiving and power-distributi n?n equi prent for receiving

el ectric power generated in and sent froma power plant and for

distributing it to the |oad side. Hi gh 15current runs in the

swi tchgear, which makes the current conducting area fairly hot during

the use, tHds tte GwitthgdWEN AN have a cool ing capacity.

Patent literature 1 states sw tchgear having a cooli n& capacity. In
G Gt

the patent WA AV 8T D FiiERéHaNced by

providing resin-nade or nmetal-nade fins to a resin |ayer covering the
switchgear. [CI TATION LI ST] [Patent Literature]

[TECHNICAL FIELD]

5 The present invention relates to a resin molded switch
unit and switchgear equipped with the switch unit, and
particularly to those that improve their coocling

performance.

10 [BACKGROUND ART]

Switchgear is disposed in an electric power system as
power-receiving and powerx-distributing equipment for
receiving electric power generated in and sent from a power
plant and for distributing it to the load side. High

15 current runs in the switchgear, which makes the current
conducting area fairly hot during the use, thus the
switchgear must have a cooling capacity.

Patent literature 1 states switchgear having a cooling
capacity. In the patent literature 1, cooling perforﬁance

20 is enhanced by providing resin-made or metal-made fins to a

resin layer covering the switchgear.

[CITATION LIST]
[Patent Literature]

25 [Patent Literature 1] Japanese Patent Laid-open No:



25[ Patent Literature 1] Japanese Patent Laid-open No; - 2 --

- 2001- 160342 [ SUMMARY OF | NVENTION] [ Technical Problem 5In the
switchgear stated in the patent literature 1, the height and the
spacing of the fins are constant so that it is difficult to perform
effective cooling according to resin properties. Thus, an
object of the present invention is to prgvide 10a swtch unit or

swi tchgear equi pped with the switch unit“that inproves their cooling
performance. [Solution to Problem In order to solve the above

probl em t%@gﬁ%ﬁﬁﬂbignt 15according to the present invention

i ncl udes a aVing a novabl e el ectrode and a fixed el ectrode,
the switch unit is casted as one body with a resin, the resinis
provided with resin fins, and the thickness of the resin finis

changed so ' ' s a thickness sloped in the
201 ongi tudi%ﬁ%c@f?ﬁﬂ’dﬁwﬁmr esin fin. I'n addition,

sw t chgear acco&pi to qg resent invention has the above switch
Syt & SRRt

unit, a bus bar’” _ and an operation device for
operaglng the Sﬂgtéﬁglguftchgear stated in the patent literature 1,

the height and the spacing of the fins are constant so that
it is difficult to perform effective cooling according to
resin properties.
Thus, an object of the present invention is to provide
10 a switch unit or switchgear equipped with the switch unit

that improves their cooling performance.

[Solution to Problem]
In order to solve the above problem, the switch unit
15 according to the present invention includes a switch having
a movable electrode and a fixed electrode, the switch unit
is casted as one body with a resin, the resin is provided
with resin fins, and the thickness of the resin fin is
changed so that the resin fin has a thickness sloped in the
20 longitudinal direction of the resin fin.

In addition, switchgear according to the present
invention has the above switch unit, a bus bar, a load side
cable, and an operation device for operating the switch
unit.

25



- 3 - [Advant ageous. Effects of Invention] According to the switch
unit or the switchgear of the present invention, their cooling
performance can be inproved. 5 [ BRI EF DESCRI PTI ON OF DRAW NGS]
Figure 1 is a side sectional view of a swtch unit according to
Enbodi ment 1. Figure 2 selectively shows heat-radiation
fins 10according to Enbodi nent 1. _F%gyre 3illustrates a
correlation between the fin thickness d and the efficiency of the
fin. Figure 4 illustrates a relationship between the fin
height 1 and th timumfin spaci ng under tenperature 15variation.
Figure 5 sel ect} ‘Faﬁptsa}ﬂﬁ%usnega‘ffaer%tcﬁ &% o ¥§Hs Adcor di ng to

Enbodi nent 2. Fjqure, 6 shows sw tchgear according to Enbodi nent_ 3.
20[ DESCRI PTI ON Q§ﬁ%ﬁﬁ+&§vﬁ§e SV U gt &F o HgRSeg Of the
carrying out the present .inventign w |l be described bel ow. The

fol | owi ng &FESGAy LENVENNIES ahd S ITe &RCISI% HELAPITEREY &P R6t to

specify the enbodiment of the present invention. 25(Enbodi nent 1)
improved.

5
[BRIEF DESCRIPTION OF DRAWINGS]
Figure 1 is a side sectional view of a switch unit
accerding to Embodiment 1.
Figure 2 selectively shows heat-radiation fins
10 according to Embodiment 1.
Figure 3 illustrates a correlation between the fin
thickness d and the efficiency of the fin.
Figure 4 illustrates a relationship between the fin
height Ll and the optimum £in spacing under temperature
15 variation.
Figure 5 selectively shows heat-radiation fins
acceording to Embodiment 2.
Figure 6 shows switchgear according to Embodiment 3.
20 [DESCRIPTION OF EMBODIMENTS]

Preferred embodiments for carrying out the present
inyention will be described below. The following are only
examples and, needless to say, they are not to specify the
embodiment of the present invention.

25 {Embodiment 1)



- 4 - Enbodinment 1 will be described with reference to Figs. 1
to 4. As shown in Fig. 1, a switch unit according to the present
invention is constituted mainly by a grounded netal 5case 21, a solid
insulator 2 (resin) such as an epoxy resin to be connected to the
nmetal case 21, and a vacuum val ve 26, a ground di sconnecting portion
27, a bus bushing 13, and a cable bushing 28, which are casted as one
body with the solid insulator 2. 10The vacuum val ve 26 i s equi pped
with a fixed-side electrode 16, a novabl e-side el ectrode 17, a

fi xed-side conductor, 5 to be connected with the fixed-side el ectrode

16, a novabl e- sSTERCEIRRIEt brvblt PDLTRNERI @ d' it e FRE shrmabi @ -Bidre

el ectrode %{, and an arc shield 25 for 15protecting ceramc

i nsul at i on % Jfes' 29 and 30 fromarc generated by the electrodes in

open/cl ose operations, in a vacuum contai ner 8 nmade up by connecting
B el

the fixed-side i TR uTH 1 oby 1AL 2N tHe AR el igia & il ¢

i nsul ation tube 30,, a fixed-side end plate 31, and _a 20nobvabl e- si de

end plate %€ FIRERSI e Corflictor5-9% Moihec fad & g eslade metal

PRy R DRI e .

to the fixed-side conductor 5 and the conductors are concentrated in

the area 250e (ﬁ?qqﬁgtﬁﬁ;EPb figte n?%?ecgﬁdUEPGralﬁaSHHmtH@lve 26,
a ground disconnecting portion 27, a bus bushing 13, and a
cable bushing 28, which are casted as one body with the
solid insulator 2.

10 The vacuum valve 26 is equipped with a fixed-side
electrode 16, a movable-side electrode 17, a fixed-side
conductor 5 to be connected with the fixed-side electrode
16, a movable~side conductor 6 to be connected with the
movable-side electrode 17, and an arc shield 25 for

15 protecting ceramic insulation tubes 29 and 30 from arc
generated by the electrodes in open/close operations, in a
vacﬁum container 8 made up by connecting the fixed-side
ceramic insulation tube 29, the movable-side ceramic
insulation tube 30, a fixed-side end plate 31, and a

20 movable-side end plate 32. The fixed-side conductor 5 is
connected to a cable bushing center conductor 15 to allow
supplying power to the load side. The cable bushing center
conductor 15 is disposed orthogonally to the fixed-side

conductor 5 and the conductors are concentrated in the area

25 between the cable bushing center conductor 15 and the



- 5 - fixed-side conductor 5, so that the area can be easily heated
up during the use. Furthernore, a bellows 22 is disposed in the
novabl e side to all ow novenent of the novabl e-side conductor 6 while
mai nt ai ni ng a vacuum state 5in the vacuumvalve 26. In the vacuum

val ve 26, the bellows 22 connected to the novabl e-side end plate 32
and the novabl e-si de conductor 6 allows venment of the novabl e-side
el ectrode 17 and the novabl e-si de conductor 6 in the axial direction
whi l e nmai ntai ning a vacuum state inside, 10which allows the valve to
switch between closing and interrupting states. In addition, a

bel | ows shieXFEFIE HUWAEPhear Theh&Ednid® iafgpaan & s
bel l ows 22 and t he novabl e-si de conductor 6 to protect _the bellows 22
from arc ddtSHE DB/ O dfe dtS%ns FURKhERTQrE AOBELAPEE 2Rels
15concentration of electrical fields in the end portion of the

bel | ows 22 GOV & d@EHAHSIE 69 £ 1dohdsverss &af the
air-insul ated d saljd-insulated operation rod 18 for the vacuum

val ve 26, By e CGORIGPTLS PO o PXAAIRPE e Vo6 e FEeted
to an _operation device not sho 20in the figure. A fixed-side

el ect Pic fi'8) dod&atiory adfficel '34IPstHFsﬁégEHmaV66ﬁ@ £he FPReBesiaus
ceranmi c insyl ati on tube 296&§1nnder te the concentration of electric
fields in tfe SCERFEE G DS FRVGP IEns I ENSY PARE S e Ak dhsi de
end plate 31 novab] e- si de 25fi el d noderation shield 35 is

di sposed aFﬁﬁﬁ%lFﬁglﬁﬁVéﬁFﬁu“§£Eg%{B@ﬂ&éscgfﬁﬁW@nfn§él5@?0W°W§Pé630
Lo oder al o Lle coneenlashon o e eciiie ) slds L e sconesy 19,
diSconneCtgggaROEE&%%t%%ni%h&qgn%%E%%aE%i%g a vacuum state inside,
10 which allows the valve to switch between closing and
interrupting states. In addition, a bellows shield 33 is
provided near the connecting portion of the bellows 22 and
the movable-side conductor 6 to protect the bellows 22 from
arc during open/close operations, which also moderates the
15 concentration of electrical fields in the end portion of
the bellows 22. The movable-side conductor 6 is connected
to an air-insulated and solid-insulated operation rod 18
for the vacuum valve 26, and the operation rod 18 for the
vacuum valve is connected to an operation device not shown
20 in the figure. A fixed-side electric field moderation
shield 34 is disposed around the fixed-side ceramic
insulation tube 29 to moderate the concentration of
electric fields in the connecting portion of the tube 29

and the fixed-side end plate 31; a movable-side electric

25 field moderation shield 35 is disposed around the movable-



5bus bushi ng center conductor 14 and is provided with a fixed

el ectrode for bushing 3 connected to the bus side through the bus
bushi ng center conductor 14, a ground-side fixed electrode (guide) 19
as a ground potential, an internmediate fixed electrode 9 |ocated

bet ween the above 10el ectrodes in the axial direction for

el ectrically connecting with the novabl e-si de conductor 6 in the
vacuum val ve 26-side through a flexible Bonduct or 20; the ground

di sconnecting portion 27 is air-insulated inside. Each of these

el ectrodes has the sane inner dianmeter and they are 15di sposed

linearly. A GRFadi<e R h@hdrtacon dnfvaBicdedsiduddsr 4 noves

i nside the ground disconnecting portion 27 linearly to each of these
el ect r odes B QIR SRt Gfi i SSitdig tHE U @ FdS GBRSBRNG S$ithg.on
di sconnecting, .and groundi ng. The ground di sconnecti_ng paortion

movabl e 206’0%&&’& &P%z? i EhIE Wamebde siids fd &lédeard -sol i d-

i nsul ated operation rod 18 to all ow novenent by an operation

mechani sm not  sHEWHEEHAh &S RIe ¢ T R 1QBht%lc tL S1 F I S5taA ded 2on
t he ground_di sconnecting portion novabl e conductor 4 at each site

whi ch3is | RYCoMUISEENG (F7R38h & MWETF CCortttadid( tife PEOYAd s ¥dithode)
descri bed ove, so -7-. that reliable contact can be achi eved by
spri ngi nes ¥§BQI%je§§HO &6t RESHANGhGuCORPECHES g thE RUSeRRRE of
L o R RHeL B h Pk RS GRRUEART 4, The 2eRng 310

fixed electrode (guide) 19 as a ground potential, an
intermediate fixed electrode 9 located between the above

10 electrodes in the axial direction for electrically
connecting with the movable-side conductor 6 in the wvacuum
valve 26-side through a flexible conductor 20; the ground
disconnecting portion 27 1s air-insulated inside. Each of
Chese electrodes has the same inner diameter and they are

15 disposed linearly. A ground disconnecting portion movable
conductor 4 moves inside the ground disconnecting portion
27 linearly to each of these electrodes to allow switching
among the three positions of closing, disconnecting, and
grounding. The ground disconnecting portion movable

20 conductor 4 is coupled with an air-insulated and solid-
insulated operation rod 18 to allow movement by an
operation mechanism not shown in the figure. A spring
contact 10 is provided on the ground disconnecting portion
movable conductor 4 at each site which is in contact with

25 the fixed contact (the fixed electrode) described above, so



5covering around the bus bushing center conductor 14; a cable bushing
28 is made up by the solid insulator 2 covering around the cable
bushi ng center conductor 15. As a material for the operation rod
12 for the vacuumval ve, the operation rod 18 for the ground

di sconnecting 10portion, and the solid insulator 2, an epoxy resin is
used in consideration of its insulation 9r9perty, mechani cal

strength, and formability. The operation‘rods 12 and 18 and the solid
insulator 2 are air-insulated by the surrounding air in addition to
the solid-insulation by thenselves. 15The ground di sconnecti ng
portion novaRte Hedi@RtorcR tadte TR SUL TGRS P nGiRess of the
novabl e- si de conductor 6, an air portion 7, and the vacuum contai ner
8 are cast SRS HE HEBY IS EHE % diticd Mavsieator 2 thgnd
heat-radiation fins 1 fornmed with the sane material as the solid

20i nsul at 0@TPUR% PreGATESF o RE TJitEr T CORAUE Hold-d

i nsul ator 2 coveri t he ground di sconnecting novabl e conduct or 4,
the fixed-si de 'CBhdlic 2?‘15331% 1 He MARDIE S ormRidibrirpulagor 2
shown _i n Fi% . on the outtﬁ)i ce nearest to a heat generating

source is & Nﬁ%ﬁﬁﬁﬂQQQ¥n§Bt Fb ur; Uﬁ&ﬁpﬁoﬁeptﬁraﬁ@nggqtprg&ég Away
rom the heal o 1B e S g e el gkness d ol the
deor eased. Tug.eal SSNSIFLIND SHACETERNS 2 BiLE LDl h, 15
Sresistance, | ol A a1 ol catodss, contagh i UhPIS) A1 SO
valve, the operation rod 18 for the ground disconnecting
10 pertion, and the solid insulator 2, an epoxy resin is used
in consideration of its insulation property, mechanical
strength, and formability. The operation rods 12 and 18 and
the solid insulator 2 are air-insulated by the surrounding
air in addition to the solid-insulation by themselves.
15 The ground disconnecting portion movable conductor 4,
the fixed-side conductor 5, the movable-side conductor 6,
an air portion 7, and the vacuum container 8 are casted
together as one body with the solid insulator 2; and heat-
radiation fins 1 formed with the same material as the solid
20 insulator 2 are provided on the outer surface of the solid
insulator 2 covering the ground disconnecting movable
conductor 4, the fixed-side conductor 5, and the movable-
side conductor 6. As shown in Fig. 1, on the outer surface

nearest to a heat generating source is a maximum f£in

25 thickness portion 1’, and as it goes away from the heat



covering of the solid insulator 2 increases airtightness, which
reduces heat-radi ation performance so that heat tends to be

accunul ated easily. On the other hand, the heat- 10radi ation
performance will be better when the area around the heat generating
source above is surrounded by air, despite of the fact that it is
around the heat generating source; in this case, the area is |ess
likely to accumul ate heat although its heaf-generating property is
hi gh. For 15t hese reasons, the heat-radiation fin in the area between
t he cabl e bushi ng center conductor 15 and the vacuum val ve 26, that
is, the ar SERMHTHWasBoEenttrhd & iHmaRs ¢ £fadds fesdveardd afy orhe
solid insulator 2, has a thick fin thickness, and as the fin goes

away from tHe dr &2 e MR EIMIAGRIS KEAsHHEd lohi (westinueugddit i on,

the fin provided around the spring contact 10 and the fixed el ectrode
for bushi n§esTeaR&d i sThEhBear e RRrBA1IRAEsSPHECE| BERPBURSSEBACKR nghich
with each other and is covered by the solid insulator 2, has a thick
fin thi ckn&SEAUGHPTEs afife CONF oS toshwidy dershtthefatés, corduciters as
t hi ckness becqonmes thinner. In - 9 - the present specification, a
heat dener &g €06 Ec e SWhiioh )i $nCbPerEd Toesh&0asRicE MAshl gpeh other
referred to as a heat huil dup region. The region aroqund the bus
bushi ng 13 (GPERE 468 SEA8RENG 2SS A thgar bLl| 8EPLEEEP ontiSNext, a
state of the sw.,tch n% accgnggn%ﬁhg t he %resent enbodi nent _when the
unit is in“Q¥ETEPA Obe t4Es SOHBED IHER ORe “s MICER2GAEL 3S T GhRBEEE
to a power stem power.is suppl.ied into the switch unit froma bus
bar . And. alLEroREFLY S CWhER T RECIPOIRE GREZORREECPNGo10p6E NA o ponas
'na Closegopgglgbgﬂmﬁqgtg eeg%gﬁgq]s&ﬁtggelgther hand, the heat-

10 radiation performance will be better when the area around
the heat generating source above is surrounded by air,
despite of the fact that it is around the heat generating
source; in this case, the area is less likely to accumulate
heat although its heat-generating property is high. For

15 these reasons, the heat-radiation fin in the area between
the cable bushing center conductor 15 and the vacuum valve
26, that is, the area which has concentrated conductors and
is covered by.the solid insulator 2, has a thick fin
thickness, and as the fin goes away from the area, the fin

20 thickness becomes thinner. In-addition, the fin provided
around the spring contact 10 and the fixed electrode for
bushing 3, that is, the area which has the electrodes
touching with each other and is covered by the solid

insulator 2, has a thick fin thickness, and as the fin goes

25 away from the area, the fin thickness becomes thinner. 1In



power - on,

power is sent fromthe power-systemside via the bus bar

passi ng through the bus bushing center conductor 14, the fixed

el ectrode for bushing 3, the spring contact 10, the ground

di sconnecting portion novabl e conductor 4, the 15spring contact 10,
the internediate fixed electrode 9, the flexible conductor 20, the
novabl e- si de conductor 6, the anabIe-sige el ectrode 17, the

fi xed-side el ectrode 16, the fixed-side

onductor 5, and the cable

bushi ng center conductor 15, to the load side via a cable. In this

case,

20Joul e heat is generated in each of the above current

conduct i ng 1% & SR FRRF I Gat Gesids thfite dPNAFE t SIS ¥HIGehgich

hi gh vol tage such as, that .in swtch e%bﬁgfnerates an exceedi ngly

| arge anount® GPHERT hdds 9idd

QF rfecdds SELE R T divsidde

heat-releaﬁe %gggqit when 25manuf acturing the e uiBnent. -1

The Joul e

0 -
Pod S Bach T8Ft EeddPingTeBREuERFORUPsPYBRERE! &4

nore in the contact area where the ground di sconnecting portion
novabl e coffdu Cfbg'ﬁd%%@lﬂgxgga égse(?t Iyenitsgi®cone in

contact with each .ot her 5thrgﬁ§

cont adt area belSieen & HE-3sv

e spring contact 10, and in the

h.th
b et-htsfi R et SCEHHNh T i506&d- si de

el ectrode 16; in.additian, the_ rel eased heat. tends to accumnul ate
rposle

| ocal Iy ar 84584 s
where the fjxed-

Nt FOETL AEEs Uidr tisc diaMiSe ¥iddn®St he site

ortion_of the vacuum

i d 105 dth d
cont ai ner gﬁécfﬂiéggtg@ﬁ?ﬁé#ﬁéAﬁH?Fggnﬁng,gghﬁgPBﬁﬁE?gtE?eaopoﬁﬁEh

conduct or

i nside the swt.ch t. is, the ground disconnecting

wthat is,,
portion no&gﬁFSméoR&H@Fbﬁs4fu%ﬁ§lﬁﬁxé@¢§i& CcSHdGE oPIEE dKQT febus

nnvable-S|ggrgog%%cgghiﬁioh%llncre%Fed, pronot i

10

15

20

25

1y, when 'the grounggdisconnecting
portion 27 is in a closed position and the vacuum switch is
power—-on, power is sent from the power-system side via the
bus bar passing through the bus bushing center conductor 14,
the fixed electrode for bushing 3, the spring contact 10,
the ground disconnecting portion movable conductor 4, the
spring contact 10, the intermediate fixed electrode 9, the
flexible conductor 20, the movable-side conductor 6, the
movable-side electrode 17, the fixed-side electrode 16, the
fixed-side conductor 5, and the cable bushing center
conductor 15, to the load side via a cable. In this case,
Joule heat is generated in each of the above current
conducting sites according to its resistance value.
Application of high voltage such as that in switchgear
generates an exceedingly large amount of heat, thus it is

absolutely necessary to consider heat-release capacity when

manufacturing the equipment.



15t herm onic el ectron em ssion due to the tenperature increase, which
unfavorably reduces the insulation performance. In order to prevent
the tenperature increase, heat generation may be reduced; nore
specifically, the ground di sconnecting portion novable conductor 4,

t he 20fi xed-si de conductor 5, and the novabl e-si de conductor 6 nay be
increased in size to reduce current density, or the contact pressure
agai nst the electrodes 16 and 17 in the itch portion nmay be
increased to reduce contact resistance. However, the former idea wl]l
cause the whol e 25 ratus to be |arger, and the |atter idea w|l
cause the capacit %@re IRG7F (BB ARG A5 P ridd ] KRG fanghction
mechani sm r.equi r es re drivi,ng power; consequently, the apparatus
ey becoms HCARSEERATSE TGP dAed ReTRORTAGT GitFec tTPEndpe 6TAERE i ¢ h

t he tenperature 5ingrease i s not reducing the heat generation anount
by resi st affcd PERFGEET @ﬁF%FﬁﬁrSVWﬁéﬁﬁhgoﬁgﬁFIPédﬂaﬁpgntB@rﬁéﬁ@ﬁnce.

To i nprove the heat-radiation perfornmance, in consideration of the
fact that Fﬁ&?ﬁﬁﬁaé ﬁ%ﬁi agﬁépﬁtédcpﬁee&PhC§PF€C5fWﬁﬁ@ §RFHcRTAGE ng
conduction_is generated 1Qmainly arou a conductor and a contact

bet wedn elgbfp%@ ¢ eF@§§PﬁgCﬁ§§choggsiﬁ&doﬁntﬁ@?ecﬁééﬁgﬁeﬁéﬁéting
sites woul e nore effective. h%wevir, as in_the switch unit of the
present enb§ Wﬁgﬁt,hﬁhFEWaklecﬁé Ed%48CbReBody GEFngEnE1E6Argide

insulator 2, if cooling fins are.for on the 15entire outer surface

of the sol F&euc%ﬁggt LOL%’Z,J'H‘[ ﬁ‘g%flfe‘ﬂrgnwnl%geb§e ﬁiaﬁsangﬁa%{ﬂeaf}}% R€l udi ng

t he area which hﬁs a smal tengerature difference. between the outer
(3R 0 h

g rRSEAY of T9UBAd 22 SpafeP8f CRESSWALEAJear for

C
surface of *ChETSoFi imsarat

R

much 1 npr ovemnen

| gul fi f Ld i I LS. ided,_.b
T Hiormp Eonainei sheyERE-Ron odnbhP el A Bt i BRferabr e Sa™ ¢

its _erin conduc _ (
d'Str'bUt'Qgg@%hgrchﬁﬁdiﬁﬁéﬁgif?f]the temperature of each conductor

inside the switch, that is, the ground disconnecting

portion movable conductor 4, the fixed-side conductor 5,
and the movable-side conductor 6, is increased, promoting

15 thermionic electron emission due to the temperature
increase, which unfavorably reduces the insulation
performance. In order to prevent the temperature increase,
heat generation may be reduced; more specifically, the
ground disconnecting portion movable conductor 4, the

20 fixed-side conductor 5, and the movable-side conductor 6
may be increased in size to reduce current density, or the
contact pressure against the electrodes 16 and 17 in the
switch portion may be increased to reduce contact
resistance. However, the former idea will cause the whole

25 apparatus to be larger and the latter idea will cause the



made of the solid insulator, that is, heat will not be 25transferred
to the area away fromthe heat-generating site, - 12 - so that
installation of the heat-radiation fin to the area wll have little
contribution to inprove heat-radiation perfornmance. Providing the
fins to the entire outer surface will increase the weight of the
entire swtch unit, thus 5the fins should not be provided needl essly
but shoul d be disposed to a | ocation whi ‘allows the fins to
contribute to inproving the heat-radiation performance, and it is
preferable that the formand the installation |ocation of the fins be
det er mi ned FEETHIhFSE LorhdL K% @it rime de remstesent

enbodi nent, the heat-radiation fin petween the cabl e bushi ng center
conduct or ﬂ%ecg}‘?d”t% TREBURRS AIRKE 55 HEAS G R LK qust%l@kﬁgé‘s ahe,

as it goes away fromthe site, hecones thinner. In addition, the fin
provi ded aracﬁﬂ%al% T Rf o e 1 - tarfd TR 19388¢ el ectrode for

bushi ng 3 al sorﬁgs a thick_fin thickness as it goes away from

nd,
the site, becomeFhiHheFiiectivadigiadd icg‘“e?jl dbiovte | ERfh PR BT S

passed, Joule heat i,s generated .in a._current conducting site. The
genergt ed 26¥ENF heat %Ot X ANE NG e dsadd IFEHTI G Gy e diva and

is released outside fromthe surrounding nedia. The solid insulator 2
S c 2

bet ween t hé & BirsHi éﬁlerb_ué:orjﬂt?& Or-TP5 it 97 FACHAMIPR ve 26
PP e el 1ok a0p2LL2N R2PASLEY 0S8, ERep DRt L ASnEL 2 £
consideration of the fact that the Joule heat generated in
each site of the switch during conduction is generated
10 mainly around a conductor and a contact between electrodes,
releasing heat focusing on these heat-generating sites
would be more effective. However, as in the switch unit of
the present embodiment, which is casted as one body using
the solid insulator 2, if cooling fins are formed on the
15 entire outer surface of the solid insulator 2, the fins
will be uniformly set up including the area which has a
small temperature difference between the outer surface of
the solid insulator 2 and a panel of the switchgear for
storing the switch unit, that is, the area which does not
20 require much improvement in the heat—radiétion performance.
In particular, when a fin made of a solid insulator is
provided, because its thermal conductivity is low compared
to metal, temperature distribution will cccur in the fin

made of the solid insulator, that is, heat will not be

25 transferred to the area away from the heat-generating site,



25bushi ng center conductor 15 and the vacuum valve 26 are - 13 -
transferred there. In the present enbodinent, the heat-radiation fin
bet ween the cabl e bushi ng center conductor 15 and the vacuum val ve 26
is made to have a thick fin thickness and, as it goes away fromthe
site, beconmes 5thinner. The site is a heat buildup region but having
athick fin, its heat-radiation performance can be inproved. On the
ot her hand, the farther away from t he silte or the heat bui | dup region
the finis, the lower the density of conductors will be, and it is no
| onger in the vicinity of 10the heat generating site in the first

pl ace. Fur t3ferthaf |3 taneratdione G dds iaaF e dime isdl ifdn fsultieo” meign
hi nders heat, fron1befnq:transferned fromthe heat buildup region to
the di st ant¥idrleal@Vehdst tidfe GREEE Y- Lo%pitsyildp nove meat—regddisatiosn
performance in the area away fromthe heat 15 buildup region wll be
| ess from BFELOIERRE - THEPEF-GLBY FReof4BF B EUSiﬁnEhéeuﬁPFeBeéﬁﬁfﬁﬁe
| ar ge- si zed,, .the thi ckness of the heat-radiation fin 1 is gradually
made t hi nnéflds INCI5EEE Fhsy WSightt ke ditce oot itife SHE&ChL WP Gup thus
region. In the sanme nanney, the solid insulator 2 provided 20around

t he sgri ng t&’@nfﬁgﬁs f@oéﬁri{ 198 S & FLEedy &GS Ss Rikg sBoid da bReat
bui | dup regj.on since the solid insulator 2 is covering the fixed

el ectrode PRFER 1¢ & 1T TPSuAR 1Ghs GdiR¥S: ithe FéPsi &/ FERAEREBuUte
conductor 4, and the contact area between the sprin% contact 10 and
the 25fi xedCe BB CIdES S HERTNG 281 2FREGE, PERE RBANTLadrA df ££n

preferable that the form and the installation location of
the fins be determined accordingly.

10 Thus, in the switch unit of tﬁe present embodiment, the
heat-radiation fin between the cable bushing center
conductor 15 and the vacuum valve 26 has a thick fin
thickness and, as it goes away from the site, becomes
thinner. In addition, the fin provided around the spring

15 contact 10 and the fixed electrode for bushing 3 alsc has a
thick f£in thickness and, as it goes away from the site,
becomes thinner.

As described above, when current is passed, Joule heat
is generated in a current conducting site. The generated

20 Joule heat, then, is transferred to surrounding media and
is released outside from the surrounding media. The solid
insulator 2 between the cable bushing center conductor 15
and the vacuum valve 26 should have a higher heat-radiation
capacity since the heat generated from both the cable

25 bushing center conductor 15 and the vacuum valve 26 are



- 14 - 1 provided to this site has a thick fin thickness, and as it
goes away fromthe site, the thickness of the heat-radiation fin 1

becones thinner. Because of these, the cooling perfornmance
can be 5inproved and at the sane tinme, the apparatus can be prevented
from becom ng unnecessarily | arge. Opt i mum desi gn conditions of

the heat-radiation fin will be described.. Normally, the shape of the
heat-radiation fin 1 as a resin casting ]1'%,' as shown in Fig. 2,
10f ormed according to the thickness (d), height (1), plate thickness
(t), and fin spacing %b), so that these shape paraneters nust be
appr opri at 1SRAHERSSRhdd e Basi dal e Pﬁ@sﬁégt empaPatesh - f Fhe1hpatfor
enlarging a heat-transfer surface to the surrounding to reduce the
ther mal derdrShp G Ftife Refiesde, tharalife Qustgdys des isgatcondasépar 15
area is, the pbetter the performance will be. However, thoughtless
enl ar gementPTGt e V@GHHE & 3rvea Jfay T 88de Hon he e & €y F1& surface
heat -transfer, coefficient and a decrease in the efficiency of heat
transfer t&PHENETF NI h&hddt A erdy £ the |5 tevhdecmseds, the
heat-transfer, fin 1 is nost efficient when_ the tenperature of the
entire heatt¥-adeZti ohSuPLaeelPsat RR2E a1 4dUPhERISPNt AUt hBAY1BYUR ce.
A netal, because qof its high thermal conductivity, is less likely to
cause tenpé & @i st dSad Tt dery Pegde e ncse Cé® g improved.
25i nsul ator_ 2 2]1%\/&3% a lLow thermal_conducti vit

r

t enper at ur &°dit8Er b0 Eh r’i&eal?laft&&?ura?“aﬁ’héré’}”gﬁée- tséget Ricckh&ss
o e oot L adl ot on S La Lo ot A LOT Ut L ol gped L thece
?gf}érgglatbgguzkgr%'w?lqeh%ifB%BQQ%yigfn%hio%bgrcﬁg %%esgg%Qn?%yaof
10 the heat generating site in the first place. Further, a low
thermal conductivity of the solid insulator fin hinders
heat from being transferred from the heat buildup region to
the distant area. Thus, the need for improving the heat-
radiation performance in the area away from the heat
15 buildup region will be less from these views. Therefore, in
order to avoid the unit becoming large-sized, the thickness
of the heat-radiation fin 1 is gradually made thinner as it
goes away from the site or the heat buildup region.
In the same manner, the solid insulator 2 provided
20 around the spring contact 10 and the fixed electrode for
bushing 3 is a heat buildup region since the solid
insulator 2 is covering the fixed electrode for bushing 3,
the ground disconnecting portion movable conducter 4, and

the contact area between the spring contact 10 and the

25 fixed electrode for bushing 3. Thus, the heat-radiation fin



"an actual heat discharge"” to "a heat discharge when the tenperature
of the entire surface of the heat-radiation fin is equal to that of
the heat source"; it can be interpreted as a rate of the effectively
wor ki ng surface area. Using a 10hyperbolic tangent function (tanh),
the efficiency of the fin can be represented as follows. [Equation 1]
tanh (nd) Fin efficiency nd where n]:'131 1Aver age heat - transfer
coefficient of the fin Thermal conducti Aty of the fin (fin
thickness/2) , d: fin thickness (n) For exanple, when heat is

applied to_one end of an . , , _ ,
1 provided to this site has a thick fin thickness, and as

it goes away from the site, the thickness of the heat-
radiaticn fin 1 becomes thinner.

Because of these, the cooling performance can be

5 improved and at the same time, the apparatus can be
prevented from becoming unnecessarily large.

Optimum design conditions of the heat-radiation fin
will be described. Normally, the shape of the heat-
radiation fin 1 as a resin casting is, as shown in Fig. 2,

10 formed according to the thickness (d), height (1), plate
thickness (t), and fin spacing (b), so that these shape
parameters must be appropriately determined. Basically, the
heat-radiation fin 1 is for enlarging a heat-transfer
surface to the surrounding to reduce the thermal density of

15 the surface, thus the larger the heat-transfer area is, the
better the performance will be. However, thoughtiess
enlargement of the surface area may result in a decrease in
a surface heat-transfer coefficient and a decrease in the
efficiency of heat transfer to the end of the heat-transfer

20 fin 1. In other words, the heat-transfer fin 1 is most
efficient when the temperature of the entire heat-radiation
surface is the same as that of the heat source. A metal,
because of its high thermal conductivity, is less likely to
cause temperature distribution in itself, but in the solid

25 insulator 2 having a low thermal conductivity, the



al umi num plate which is 100 mmin length and 1 nmin plate

20t hi ckness (thermal conductivity is 0.17 Wm©C), the fin efficiency
wll be around 73% if the average heat-transfer coefficient is 10 x
10-6 WmRC. Thus the optinmum fin thickness can be determ ned using
the equation (1). For the heat-radiation fin 1 made of the solid

25i nsul ator 2, a relationship between the thickness of the - 16 -
heat-radi ation fin and the fin efficiéhéfSFé shown in Fig. 3. Wen
the heat-radiation fin 1 is nade of the solid insulator 2, the plate
thickness t of the finis limted to at least. 10 mmif rounding of R3
or nore is FRATFEF IO S 6 197 matakd Yomeaur ditdlee@fare, the
strength. Thus, in Fig. 3, the fin efficiencies are obtained by using
a fin plat é%w@@r%@gﬁ the) disah -t iday & iNedt -its et e ideert iiterdts
- of 10 x 10-6 WnRC assuni ng natural air-coaling, and a therma
conduct i vi ty- O8RS ddith e 3.819%K tHiskimak meE s ctoffbdthia dilimg tonted e
equation (1). ,The efficiency wll be 100% when a fin thickness d =5
mm or | ess SHdwEGET, Ralninckitds $h6F et atd pmEid decessary when
it is_made in consideration of formng rounding of R3 to each corner
portion of the Fi& Snid GfIF Pigrdi £ SHN AHE e % Faisiq F s

f or ned usin% a netallic nold. Thus, an optinmumfin
“an actual heat discharge” to “a heat discharge when the

temperature of the entire surface of the heat-radiation fin
is equal to that of the heat source”; it can be interpreted
as a rate of the effectively working surface area. Using a

10 hyperbolic tangent function (tanh), the efficiency of the
fin can be represented as follows.

[Egquation 1]
tanh (md)

Fin efficiency = (1)
md

where m =

15
Average heat - transfer coefficient of the fin
Thermal conductivity of the fin (fin thickness/2) .,
d: fin thickness {(m)
For example, when heat is applied to one end of an
aluminum plate which is 100 mm in length and 1 mm in plate

20 thickness (thermal conductivity is 0.17 W/mm°C), the fin

efficiency will be around 73% if the average heat-transfer
coefficient is 10 x 107° W/mm®*°C. Thus the optimum fin
thickness can be determined using the equation (1).

For the heat-radiation fin 1 made of the solid

25 insulator 2, a relationship between the thickness of the



spacing b for the heat-radiation fins (a fin spacing for m nim zing
heat resistance with the sanme vol une) using natural air-cooling when
a fin thickness d = 10 nmcan be estimated by the foll ow ng equation
[reference: Kinshi Ito, 20 Kuni mi ne Naoki, "Toraburu wo sakeru tane
no denshi ki ki no netsu taisaku sekkei (Heat design of an electronic
device to avoid troubles)", N kkan Kogyq Shinbun (The Business &
Technol ogy Daily News)] [Equation 2] ZBGﬁﬁrhun1fin spaci ng bopt (nm
= - 17 - 5 xFin height (mm 10.25... (2) Allowable tenperature rise
(oC) Figure 4 shows a relationship between the optinmum spacing of
heat - r adi atieGrt FESIF TN Tdad ke ten tHe it licd epg vt dspehatior ary Fia .
(AT) range.. The smaller_ the tenperature rise (AT) and the larger the
fin height 3-s, "PRB FhpgBpainEafiatspRCcEAY %eéén@%@eVﬁEntbﬁesﬁghd
spacing is too _small, heat resistance will be | arge, thus a_spacing
of 5 nn1orlﬁﬁPéa¢§rn§ce§§§rFlﬁﬁéntﬁépﬁpéﬁsaﬂr9@06%?n§lpslﬁsédm1%ﬁént0
10the entire resin nold is to have a fin structure, a fin height wll
be 300 mm &td +&7S&ppPopt dife TPURIdBECPAg Bl IOF B Te0 tfnPapvaded to the
al l owabl e tenperature rise of AT = 20C_.inside resin. Therefore, the
opti mim sh&p& 8 HE Redt TPadPifion diedertrin ShresAsPder BV on b Fig.

desi gn congitions 15(insyl ation performance) will be a thickness d =
10 mm a , the fin efficlencies are obtainhed by using a fin plate

thickness t = 10 mm, an average heat-transfer coefficient
of 10 x 10°% W/mm?°C assuming natural air-cooling, and a
thermal conductivity of resin of 0.6 x 10~ W/mm°C for

10 substituting into the equation (1). The efficiency will be
100% when a fin thickness d = 5 mm or less; however, a
thickness of at least 10 mm is necessary when it is made in
consideration of forming rounding of R3 to each corner
portion of the fin end and fin groove floor since the resin

15 fin is formed using a metallic mold. Thus, an optimum fin
spacing b for the heat-radiation fins (a fin spacing for
minimizing heat resistance with the same volume) using
natural air-cooling when a fin thickness d = 10 mm can be
estimated by the following equation [reference: Kinshi Ito,

20 Kunimine Naoki, “Toraburu wo sakeru tame no denshi kiki no
netsu taisaku sekkel (Heat design of an electronic device
to avoid troubles)”, Nikkan Kogyo Shimbun (The Business &
Technolegy Daily News) ]

[Eguation 2]

25 Optimum fin spacing bepe (mm) =



plate thickness t = 10 nm and a fin spacing b = 10 mm In the
switch unit of the present enbodinent, the heat-radiation fin 1 has a
t hi ckness sloped in the longitudinal direction of the fin, so that
its cooling performance can 20be inproved conpared to the case where
the fin thickness is not sloped, and at the sane tine, this structure
prevents the unit from becom ng unnecessarily | arge. In
‘addition, the thickness of the fin is tTHick at a heat bui | dup region
and becones thinner as it goes away 25fromthe region; in this way,
nore appropriate cpoling can - 18 - be achieved,according to
tammaUHecm@ui e '1ﬁﬁntheSWt@ﬂUMt
of the present i nveAlilowabaebtaakeratant: aigkowad| ng swtch are nol ded
t oget her as one body 5using the solid insulator 2; in this way, the
size of the unit is reduced by the optimzation while enhancing the

i nsul ati on progerdyre TheSRQWs ch imiat el et wasre the ArRimway i s
highly airtight and heat can concentrate in it easily, thus, not the
reducti on SPAERT Féndrenti Firdinit ahe erdimprisvermest tihe Héat hedghat ilon
performance is greatly needed. The present enbodinent is nore

suitabl e | # PSR Gifce e $aN9E i nShrasBrl2esf thpetempesature
unit is provided with the heat-radiation fins 1 having a slope. In

addi tion, tHSE® stidcdrk tigh lFrerentt bend ignite ighdmise c Giiend alrgege the

15si zed and therefqgre allows the unit to be reduced in size.
fin spacing becomes. When the fin spacing is too small,

heat resistance will be large, thus a spacing of 5 mm or
more 1s necessary when natural air-cooling is used. When
10 the entire resin mold is to have a fin structure, a fin
height will be 300 mm and an appropriate fin spacing will
be 10 mm at an allcwable temperature rise of AT = 20°C
inside resin. Therefore, the optimum shape of the heat-
radiation resin fin in consideration of design conditions
15 (insulation performance) will be a thickness d = 10 mm, a
plate thickness t = 10 mm, and a fin spacing b = 10 mm.

In the switch unit of the present embodiment, the heat-
radiation fin 1 has a thickness sloped in the longitudinal
direction of the fin, so that its cooling performance can

20 be improved compared to the case where the fin thickness is
not sloped, and at the same time, this structure prevents
the unit from becoming unnecessarily large.

In addition, the thickness of the fin is thick at a
heat buildup region and becomes thinner as it goes away

25 from the region; in this way, more appropriate cooling can



In fact, this unit is very small as a switch unit with such

heat -radi ati on performance. Furthernore, in the present enbodinent,
the grounding switch is added with a di sconnecting function also and
20provi ded as a ground di sconnecting portion, thus the unit can
achieve further size reduction in addition to the above point.

Needl ess to say that the switch unit further reduced in size in such
way and the heat-radiation fins 1 of fhéfbfésent enbodi nent go wel |

t oget her. 25(Enbodi nent 2) - 19 - Enbodi ment 2 will be
described with reference to Fig. 5. The present enbodi nent has a

i g di
heat - r adi atiFFIHERL RGH HaY & S ItEpwsaadigss e@rel tdesrse assg rivgd

stages (discontinuous]y) instead of a slope deceased gradually
5( cont i nUOGSIAAP ARSI UEHIGI ‘ment 1. The ot her conponents are the sane
as Enbodi ment 1, thus descriptions for those will not be repeated.

Vari ous ef f ect siddts i BEd-Gth Ehbodiimeite PRefeHe idbtedi ied als buspker

constructing the heat-radiation fins 41
and a grounding switch are molded together as one body

5 using the solid insulator 2; in this way, the size of the
unit is reduced by the optimization while enhancing the
insulation property. The switch unit reduced in size in
such way is highly airtight and heat can concentrate in it
easily, thus, not the reduction of heat-generation, but the

10 improvement in heat-radiation performance is greatly needed.
The present embodiment is more suitable in this regard
since the solid insulator 2 of the switch unit is provided
with the heat-radiation fins 1 having a slope. In addition,
this structure can prevent the unit from becoming large-

15 sized and therefore allows the unit to be reduced in size.
In fact, this unit is very small as a switch unit with such
heat-radiation performance.

Furthermore, in the present embodiment, the grounding
switch is added with a disconnecting function also and

20 provided as a ground disconnecting portion, thus the unit
can‘achieve further size reduction in addition to the above
point. Needless to say that the switch unit further reduced
in size in such way and the heat-radiation fins 1 of the
present embodiment go well together.

25 (Embodiment 2)



10according to the present enbodi nent. The inportant points conmmon to
t he both enbodi nents are that the thickness of the resin-nade
heat-radiation fin is not uniform but sloped (varied), and that the

t hi ckness of the heat-radiation fin around the heat buildup region is
the thickest to achieve 15nore effect. (Enbodi nent 3) Enbodi ment
3 wll be described with reference to Fig. 6. Switchgear according to
the present enbodinent is constituted Teithly by a bus bar 40
connected to the power 20system side for receiving power, a switch
unit 46 having a switch connected to the bus bar 40, a cable 42 for
suppl yi ng powerEnpesineret si vehl ubhet dascrobediewibhdreifdeengecabl &ig. 5.
head 45 for joining the cable 42 and the switch unit 46 of Enbodi nent
1, an oper &P iRSAe AP IBMGPerlrd rig IESttharasldiattdlon f itthd 1s wintich
unit 46, and a control instrument - 20 - room44 for storing a
protecti on s & slepe MGrasse@l ripdusssedhem stageshe tine of
overcurrent detection or lightning strike. The switch unit 46 is not
limted to {HeoRd igenslyed Bistmtbedi memtlope Iecerseido gs asiwatldly
units _are applicable including those described in each of the above
enbodPent < CORT iSIONG 190, Sadh dfadingedcrdi-beBhabetvhesnt comperenssnate
to be reduced by applying the switch unit to the switchgear. In the
swi t chgear tHf ﬁﬁ@epﬁéséﬁ%qgﬁ&ﬁﬂ@méntFhﬂﬁed§ﬁcﬁé@t}@@ﬁiﬁ0¢6tb§se will

provided with heat-radiatjion resin fins having a
not be repeated.

Various effects described in Embodiment 1 can be
obtained also by constructing the heat-radiation fins 41
10 according to the present embodiment. The important points
common to the both embodiments are that the thickness of
the resin-made heat-radiation fin is not uniform but sloped
(varied), and that the thickness of the heat-radiation fin
around the heat buildup region is the thickest to achieve
15 more effect.

(Embodiment 3)

Embodiment 3 will be described with reference to Fig. 6.
Switchgear according to the present embodiment is
constituted mainly by a bus bar 40 connected to the power

20 system side for receiving power, a switch unit 46 having a
switch connected to the bus bar 40, a cable 42 for
supplying power from the switch unit 46 to the load side, a
cable head 45 for joining the cable 42 and the switch unit
46 of Embodiment 1, an operation device 43 for operating

25 the switch in the switch unit 46, and a control instrument



t hi ckness sloped in the longitudinal direction of the fin, so that
cool ing performance can be inproved for the switchgear as a whol e
since the switch unit is the main site of high heat-generation in the
swi t chgear (panel). 15 Moreover, it is notable that reducing the size
of the switch unit, which is the main portion in the swtchgear,
allows the entire switchgear to be reduced in size as well. - 21 -
[CLAIMS] 1. A switch unit, conprising:” 20 —a switch (26) having a
novabl e el ectrode (17) and a fixed electrode (16) facing the novabl e
el ectrode; 5 a bushing conductor (14) to be electrically connected to
one of the HFaR% et Tde Dr2 HEFGdP el wEdEodé& tand fiog freotecting
connected to a bus bar (40); and a bushing conductor (15) to be
el ectri cal INSIGESYEd At thife toiiferofoveie Hea dediesdtdiomde@ror t he
fixed 10el ectrode and to be connected to a cable (42); wher ei n
the switch WdaHNT £4%dSs one body with a resin (2), the resin is
provided with resin fins (1,_4é%Ei and the resin fin has a thickness
sl oped in the I'CIfgiTUdiFaIvHiT ¢ ifoh it thidited 9 ithe pre dpReribed
swtch unit _according to claiml, | wherein the thickness of the
resin’fin G0 EAPPGEEN dic hadr VATHENS St WediSoR TendPPRiiFaReSr a
regi on having.a small anount of heat generation. 3. The switch
unit accor dfrgEI 8 &RSe IEGRTLSIh ihEardar b ihed@povegeaRoddmgnt s .

regi on aro%nd each bushi ng_ conductor (14, 1%) and the thickness of
the resin 1B doing so, eath effect described above at least is not to

be reduced by applying the switch unit to the switchgear.
In the switchgear of the present embodiment, the switch

10 unit 46 is provided with heat-radiation resin fins having a
thickness sloped in the longitudinal direction of the fin,
so that coeoling performance can be improved for the.
switchgear as a whole since the switch unit is the main
site of high heat-generation in the switchgear (panel).

15 Moreover, it is notable that reducing the size of the
switch unit, which is the main portion in the switchgear,

allows the entire switchgear to be reduced in size as well.



fin around the bushing conductor is the thickest (1'). 4. The
switch unit according to any one of clainms 1 to 3, 25wherein the
swtch is a breaker (26) having a closing - 22 - function and a
current interrupting function, and wherein the switch unit
further includes a grounding switch (27) being capable of sw tching
bet ween cl osi ng and groundi ng. 55. The %%ﬂtch unit according to claim

4, wherein the breaker is a vacuum<ircuit breaker (26)
installing the novable el ectrode (17) and the fixed electrode (16) in
a vacuum cont ainer. (8), and wherein the grounding switch is a
ground di sciétfedtSIng 10switch (27) being capabl e of switching ampong
~closing, disconnecting, and groundi ng. 6. The switch unit
accordi ng tlo aﬁysﬁﬁécgfuEFEPn§OTPFéSSPg= wherein the

thi ckness of the resin fin is continuously 15increased or decreased.
7. The switch (thit"dcCor thHg ha7 dy DMPGPIS fiRctrads s(17) anghérein
(e {1l ckness.of e reoin [l | e eased of ecrsased Ly stages.
of C|%iﬁ5 1 a bushing conductor (14) to be electrically connected
to one of the movable electrode or the fixed electrode and
t¢c be connected to a bus bar (40); and
a bushing conductor (15) to be electrically connected
to the other of the movable electrode or the fixed
10 electrode and to be connected to a cable (42);
wherein the switch unit is casted as one body with a
resin (2), the resin is provided with resin fins (1, 41),
and the resin fin has a thickness sloped in the
longitudinal direction of the resin fin.
15 2. The switch unit according to claim 1,
whe;ein the thickness of the resin fin (1, 41) is thick
near a heat buildup region and thin near a region having a
small amount of heat generation.
3. The switch unit according to claim 2,
20 wherein the heat buildup region is a region around each
bushing conductor (14, 15) and the thickness of the resin

fin around the bushing conductor is the thickest (17).

4. The switch unit according to any one of claims 1 to

25 wherein the switch is a breaker (26) having a closing



to 7, a bus bar (40), a |oad-side cable (42), and an operation device
(43) for operating the novable el ectrode (17).

10

15

20

25

- 22 -

function and a current interrupting function, and

wherein the switch unit further includes a grounding
switch (27) being capable of switching between closing and
grounding.

5. The switch unit according to claim 4,

wherein the breaker is a vacuum circuit breaker (26)
installing the movable electrode (17) énd the fixed
electrode (16) in a vacuum container (8), and

wherein the grounding switch is a ground disconnecting
switch (27) being capable of switching among closing,
disconnecting, and grounding.

6. The switch unit according to any one of claims 1 to

wherein the thickness of the resin fin is continuously

increased or decreased.

7. The switch unit according to any one of claims 1 to

wherein the thickness of the resin fin is increased orx
decreased in stages.

8. Switchgear comprising:

the switch unit (46) according to any one of claims 1
to 7, a bus bar (40), a load-side cable (42), and an
operation device {43) for operating the movable electrode

(17) .



