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" AlR PUVP". DESCRI PTI ON 5 This i.nvention relates to ""u mpr \ferrents
in and concernlng an air punp for supplying air into water, particularly
intowater in an aquarlunt The conventional air punp generally conpri ses,
as 10 - illustrated in Figure 1, a case 1, a reciprocating arm3 di sposed
in the case 1, pivotally supported at one end t hereof by a support nenber 2
and provided at the other end thereofl with a permanent nagnet 4. A
driving el ectromagnet 7 f or med by winding a coil 6 on 15 a core 5is

di sposed inside the case 1 with the-ddRePM¥B3posed to the pernanent magnet
.4. A diaphragm9 is fitted on a valve housing 8 and held in place by a pin
10 on the arm 3 partway along the length thereof. An air suction inlet 12
is formed in the valve housing 8 2 ?P side incorporating a
suction valve 11, and an air disch§P58R6%3F8 14 is forned on the val ve
housing 8 on the side incorporating a discharge valve 13. A tube 15 is
connected at one end thereof to the aforenentioned air discharge outlet 14

and at thes25  sgiber ;89dntlBneotenardn aito PELFRALGESE 115! doan

-2- aquarium driving el ectronagnet I'S actuated by

supply of alter nabbaaeeuthgnt ant N@i2" Budp ?orrecyu@rpqqqtn%d aa.tboqtnttdwa%a}port
menber 2 by the interaction between the rapidly alternating N and

particularly into water in an aquarium.

U/ . The conventional air pump generally comprises, as
10 illustrated in Figure 1, a case 1, a reciprocating arm
-3 disposed in the case 1, pivotally supported at one

end thereof by a support member 2 and provided at the

other end thereof with a permanent magnet 4. A
driving electromagnet 7 formed by winding a coil 6 on

15 a core 5 is disposed inside Ehe case 1 with the core 5
opposed to the permanent magnet 4. A diaphragm 9 is

fitted on a valve housing 8 and held in place by a pin

10 on the arm 3 partway along the length thereof. An

air suction inlet 12 is formed in the valve housing 8

20. on the side incorporating a suction valve 11, and an
.air discharge outlet 14 is formed on the valve housing

8 on the side incerporating a discharge valve 13. A

tube 15 is connected at one end thereof to the
aforementioned air _discharge outlet 14 and at the

25 other end thereof to an air permeating stone inside an
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when the driving el ectromagnet 7 -is Zactuated and the arm 3 drives the

di aghragm 9, even if the reciprocation 15 commences from a point

pol

es generated in the core 5 and the nagnetic poles af the
per manent magnet 4, and thus the diaphragm9 alternately inflates "and
deflates to a slight degree so as to suck in air through the air sucti ok’
inlet 12 and discharge air through the air discharge outlet 14 10
virtue of the valves 11, 13. The first drawback resides in the fact that

adj acent the ceRAuardlum.ravelVhsm the hrer etk ngageleecr gnwgret i s7t his

optimum position), the diaphragm9 tends to inflate with continued

operation until 2Chaateds byf supnhy PF AdEFFR G INg gysrienh | e ca2e® b

chain line in Figure 1, 20 whi ch is far renoved fromthe optinmum
esdcha?fbd’é‘tof ‘the

position as -a
anpl i tude of
position of the
small. 2

the arm 3 shoul

frictional

of
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be supported w thout 1 nhducin ric resi

by
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g an i onal ance,

the supporting @f he ¥PudnEHHagrtit! UAl Iand Renudt t@ddedy; YphPadhe o

resi stance. Wen the arm3 is reciprocated therefore,

reci procation of the arm 3.

10

15

so as to suck in air through the air suction inlet 12
and discharge air through the air discharge outlet 14

by virtue of the valves 11, 13.

The first drawback resides in the fact that when the
driving electromagnet 7 -is actuated and the arm 3

drives the diaghragm 9, even if the reciprocation

- commences from a point adjacent the centre of travel

20

25

of the permanent magnet 4 (which is the optimum
position), the diaphragm 9 tends "to inflate with
continued operation until the axis of arm- 3 reaches
the position ‘indicated by chain line in Figure 1,
which is far removed from the optimum position as a
result, the discharge of air is insufficient because
the amplitude of reciprocation of the arm 3 is low.and

the change in the position of the diaphragm 9 between

. its inflated and deflated states is small.

the friction | ogssceenataigd hnei sdippaid denhares f@AICEBi §he aagpkitude

(N
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The di.scharge of air ks thus insufficient. 10 Anot her drawback lies in
the fact that wth elapse of tine, the support nenber 2 gradually
wears™ and eventual'ly reaches a point when the required support for the
arm3 is lacking-and, as a result, the arm 3 slips off the support nenber 2

to interrupt the 15 operation of 'the punp. The present invention seeks
to overcone the drawbacks descri bed abgve. Specifically, the present
invention ainms to provide an air punp WHi Ch permts an efficient -20

SUpPply of air i ntork! 8kcodfoRE BBokCrhl gagge eng%ggyggé JIR O

there is provided e art punp conpr i sih dhife gne
di aphr agm and bei nan@rogfdeﬁevu $efbla patay @geﬁqygg@g}rggvﬁgggfnm

air discharge outlet va sal d diraphragm elng

a per manent Wgne&nsﬁﬁi’é@ﬁoﬁ@l%Eﬂgtgﬁcﬁhetﬂﬁara AL RGN yéﬁ‘é;téfﬁ’ste%er

t he core of an el ectr omagnet erise

housing fastened cifnét I espesdi Ve dbaphsees Aed '&limaéhéh?odfh}’wgoﬁéfn s
operatively supported only by the di aphragns whereby actuation o

el ectromagn®t causeesideanité Vi heéni the 866 8! 4 er SOOME o Fa il NEhOLEXERS, t he

supporting 10 di aphragns. Air punps according to the present i nvent i on

will now be described frigtiemy dfosxanpérepatyd by tthé S E&HFHEE nember 2
reduces the amplitude of reciprocation of the arm 3.

The discharge of air is thus insufficient.

10 Another drawback lies in the fact that with elapse of
time, the support member 2 géadually wears and
eventually rééches a point when the required support
for the arm 3 is lacking aﬁd, as a result, the arm 3
slips off the  support member 2 to interrupt the

15 operation of the pump.

The preseﬂt invention seeks to overcome the drawbacks
\./ described above. Specifically, the present invention
aims to provide an air pump which permits an efficient

20 supply of air’ into water.

According to the present invention, therefore, there
is provided an air pump comprising a valve housing

capped with a diaphragm and being provided with an air



to the acconpanying drawi ngs, in which:-.15 Figure 1 is a schematic view
of a conventional air punp. Figure 2 is a schematic view illustrating-
t he basic 20 construction of an air punp according to ‘the present \¢
i nvention. -5- Figure 3 through Figure 6 are schematic views each
illustrating an air punp according to the present invention. 5 Fi gure
2 shows the basic construction of an air punp according to the present
i nvention. A driving eIectrona@H%t'l? di sposed inside a case 16

~conprises a U shapad &QF “ad coil 19 und, around one of the shanks
of the core 18. 1nsi dﬁﬁtﬁ"eﬂ%a?ﬁ%' ﬂ/é) P %/Agr'h tRehREIOPubket Sral e sposed
in a spaced arragaj i *Bﬂﬁi gl cat ed by 20,1 rovi ded o
internally with aan air ﬁ%{% va \/d;gfsﬂ“a?lﬁdggn g?r %Iis%?éfﬁlg vl 222 |t
is further provigthdénedte midnestldd e | de of_ with an air
suction inlet 23 and on the aglrnr dicé'séc‘ﬂ'!;tl‘rélg‘fi*I %‘glﬁ %éjs?%ﬁ{eé% ‘f{% tH%n air

di schar ge. out | ctari. Fixtjduua value hussad 2% | ol LIUSMRLY oI det
i e but

with an air suction valve or an air discharge valv I'S provi With an

air suctifon inl ethad3cterd s=d aiby disClfangthent | 6usdhg Mt didd) to a
comuni cate with the interior of the housing.
respective diaphragm and in that the "driving arm is

operatively supported only by the diaphragms whereby

actuation of the electromagnet causes the driving arm

to oscillate about a point between the supporting
10 diaphragnms. |

Air pumps according to the present invention will now

be described, by way of éxample only, with reference

-to the accompanying drawings, in which:-
15

Figure 1 ié a schematic view of a conventional air

pump. - . .

U

-Figurg 2 is a schematic view illustrating the basic

20+ construction of an air pump according to the present

invention. .



*The two housings are capped with di aphragms 25, 25'. A slender driving arm

26 i-s fastened by pi'ns 27, 27' ‘to the two di aphragms 25, 25'. The opposite

ends_of this arm26 are supported only upon the diaphragns 25. 25'. The arm

*26 is provi ded at one end thereof wth a permanent magnet 28. This

per manent magnet is di sposed opposi te t he opening separating the two

| eadi ng ends of the U shaped core 85 of the af orementi oned val ve housi ngs,
20, 20', the valve housing 20, which.s rOV|ded |nteriﬂ:(éla thh t he alr

suction val ve afid9uRe ai’r &lhé'@h’érhge RV ee, i% &% peisp 5 1§

el ectromagnet 17 and the val ve hqusin oy d Wlt he r
suction val ve n&rn&ﬁté'l 1595 @fa g v spégseqd fartheréfro &P?lﬂ

el ecromagent 17. % air dlscharge outlet 24 of the val ve housing 20 and
the air suction |“|’(I " of the valve housing 20" are interconnected by an
air path 29. An air di scharge path 30 is connected to the air discharge
outlet 24' of the valve housing 20'. The remaining end of the

af or enentyi oned iyt (JieSChAr a8, Rl e Hhdic CARMAOHASE {6h A0E Ak _POr Npaih e

stone inside an aduarium (not shown) The basic construction of the air punp
of the present iJM&JHdiNYy | T AS RS CridesembovinveMiicon an al & er nét i ngng
current is passed through the coil 19 of the el ectronagnet 17, the arm 26

reciprocates by the ymONeli& ac i §ls hdd@einsNge bt 45811 60cDnANLsEs a
.U-shaped core 18 and a coil.lg wound around one of the
o/ shanks of the core 18. . Inside the case 16, two valve

" housings 20, 20' are disposed in a spaced array.

One of the housings indicated by 20 is'provided
internally with an air suction valve 21 and an aix
discharge valve 22. It is further provided on the air
suction valve 21 side thereof with an air suction inlet
23 and on the air discharge valve 22 side thereof with

an air discharge outlet 24, The other valve housing 20
is not internally provided with an air suction valve or
an air discharge valve but is provided with an air

suction inlet 23' and an air discharge ocutlet 24' which

both communicate with the interior of the housing.

The two housings are capped with diaphragms 25,
25'. A slender driving arm 26 is fastened by pins 27,
27' to the two diaphragms 25, 25°'. The oppoéite ends

of this arm 26 are supported only upon the diaphragms

25. 25'. The arm 26 is provided at

L
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pol es generated at the |eading end portions of the core 18 and the ;
per manent magnet 28. In this case, owng to the initial vibration of the
arm-26, the inner pressure is heightened to a certain degree:in each of (pe
val ve housings 20, 20' and the di aphragns 25, 25' are proportionately - '
inflated. The condition so assumed—bé the di aphragns 25, 25' represents the
~standard position for the reciprocation of the arm26 (dotted line in

Figure 2). In its actuated condition, the arm 26 sw ngs about a point or

node "a" as its -7- center. Wien the diaphragm 25 is inflated, the other

di aphragm 25'ong en@t kheredf whsh eheedimaplemdgmazfheds 2Hnt rieied, the ot her

di aphragm 25' |1 s,1 t When 5B ' “hgﬂyg%égiiL_' g, the air is
sucked in via?%%%égééesﬁg?Pgﬁ T%I%?%f%b%ﬁto th_vd1§2u%3%%%%ﬁq§0 by the

action of theseparaténgofheatve Aeadimgersndte afi 4itn dgriiPPes corerudt ed,

the air held hpsitde Lberkmbueibawa RG1Q npudsar gay, tig oughnd hea pire

di scharge out|et 24 by the action of the air discharge valve 22. The air

di schar ged vi%o?ﬁénﬁiﬁodi§EH&Pgéso§Hq¥F°fﬁ VAT hrtligh #Me 2F path 29
into the val veuboishnga20e and depantis FigvHdreaivaldischbs gkl podbHed0. When
the elctromagnet 17 Ls %f‘t uated therefore, the darr%26vi .recilgrocal &é,

driven despi t 8SRh8*f a8t “thaf °C SRt pi vot an y &S athied atCRTREr % 8nd.

Thus, the airppovpded alikbweeitbefrulahi ldin tsidhimet ivalJfaldgr an air

elecrromagent 17. The air discharce outlét 24 of the

the L

valve housing 20' are interconnected by an air path 29.

Hh

alve housing 20 and ‘the air suction inlet 23' o

<

An air discharge path 30 is connectasd to the air
discharge outlet 24' of the valve housing 20'. The
remaining end of the aforementipned air discharge outlet

30 is connected to an air permeable stone inside an

aquarium (not shown)

The basic construction of the air pump of the
present invention is as described above. f%When an
alternating current is passed through the coil 19 _of the
electromagnet 17, the arm 26 reciprocates
by t i i ' -

Y the magnetic action between the alternating N and S
poles generated at the leading end portions of
18 and the per: ;

e .e permanent magnet 28. In this case, owing to
the initial vibration of the arm 26
4

u

the core

| the inner
Pressure is heightened to 3 certain degree in each of

.Lhe valve housings 20! 20" and the diaphragms 25, 25°

are proportionately inflated. The condition so assumed
by the diaphragms 25, 25' represents the standafd |
position for the reciprocation of the arm 26 {(dotted

line in Figure 2). In its actuated condition, the

arm 26 swings about a point or node "a" as its



Oni ng to the operation of the diaphragns.25, 25, the point "a" is enabled

to occur between the portions (pins 27, 27') at which the - arm
26 i 5w ixed to the diaphragnms 25, 25'. To be precise, the point "a" is
slightly toward .t he di aphragm 25" f -the center between the two portions
of fixation. This phenonenon is ascribable to the presence of the pernmanent
magnet 28 at one end of the ...arm26 and the absence of, a permanent
magnet at the eeh&erend Vhgaming %HW%ffga’r%n’t‘“erb%??\gEn“t‘ﬁeBBé;e)ﬁsi te

ends of the diaphragm arsm 3% MMhdeddwi. when tiend28&phsagm 2heistate
of vibration, the conditjiong of .inflatjon and contractj Lhe dhaphragm
25 change nor e SPR&FXFSSe &S RHRES o‘#r %%%t?gct?%n‘lg?l?fﬁg di aphr agm
25'. Figure 3 depi atisphieidrer 28 ripuirpt babedlyi bige ahe psesvakefngentien.
The arm 26 is provid - £06o L bRL e0h 196 t Ho@sPREMTROERY Magnet
28 and at the dthﬁef‘-1€nf\{)%teﬁéeno$lqlwla%%ogfper manen{ rmagnet 3% which is

i dentical wit h thlee amarimanedf ke iR8SUTHECR oY ARV e pét man¥ Fnrﬂaéﬁet 28 is
opposed to the [0 bd hes el St £ poBgact t1d. aThentdl vabidehahei ngs 20,
20" are provi dedg'%m%g;aﬁ r suction valves 21, .21'h and, ai._;,edia g_hgr,.%%h\éqjc\ées
22; 22' respectialels hogfeing r2Qi 5313 HepaERI36F 8 E8nMECt 83 i n commor to
the air dischargelo |2t 2 cRe adesPeCéf Vehy #1rt Bestheryal vg1haushngs 20,
20'. Further, 4n tah.er . g arm 21?1‘1 the pqrtions at vvhi]ch t he

di aphr agns 251ﬁ£§ 1%134%§&RF5%F- via e alr discharge outlet 24

advances through the air path 29 into the valve housing
- 20' and departs from the air discharge path 30.

When the elctromagnet 17 is actuated therefore, the

arm 26 is reciprocally driven despite thé fact

that it is not pivotally attached at either end. 'Thus,
the air pump is allowed to fulfill its function fully.
Owing to the operation of the diaphragms 25, 25°,

the point "a" is enabled to occur between the portions



t he - arm26 wth pins 27, 27! are symetrical, so that the length
fromthe permanent nagnet 28 to the fixed portion of one diaphragnms 25-i's
equal to the length fromthe other permanent nmagnet 31 to'the fixed portion
of the other diaphragm?25'. In the present enbodi nent, therefore, the arm
26 is well bal anced. When the electro net 17 is actuated and the arm 26
I.s driven, the point "a" falls exactly @t the center between the fixed
portions of the two diaphragns. As a result, the conditions of inflation
and contract ijjcaused by f he shaking-qem are equakabebhwean stihaqt we,
di aphr agns Zé, 25' and the air discharge outlets 24, 24' of the valve
housi ngs 25, 2% ddiarhaiams 2 i sthar geT @n°RgBALCYSPumMEREf PRLAT Bn ti s .
enmbodi ment , - tshe grgREt:Rda rd . €hé& PDBLEh 88glesesi bedorbeve kehtidie purpose of
count er bal anci ng the weight of the nagngt:Zl.u,Thus,mgt may Qe repl aced
with some ot RETESEMT T T TEPRDI 8T of 1FAFEPRI i ngPERe PBFAFEEE I st
ment i oned. Fiiguraasck ideyb lod Sty ethanot deenasr oputpheenbeyangnthesgmese s
invention. This enbodinent_differs in construction, fromthat of- Figure 3
in respect tﬁi:Q_ea?ﬂérgéhTI%O i s conn%gfe %tﬁgghéngi?géﬁg%ﬁa?ﬁé‘butlet 24
of the val ve peousinen2Mnafingbsetd thesethen ehé,ehevelymadeectlerk afd an air
di schar ge pat _ 4 ¥ fol uakye 32_Lg connected the air
di schar ge ou%Pg%%ﬁg(%%éﬁ%ég%a$%g°ﬁgﬂérné ?ﬁﬁgdf§p6§§d 2 241

While the : arm 25 is in the stats of vibration,

-

the conditions of inflation and contraction of =he
ag ]

ion and \_/

-

diaphr

a

V3
th
'_l
1

§d-

m 25 change more than these of ir
contraction of the diaphragm 25°'.

Figure 3 depicts ancther zir zump embodving the
present invention. The . arm 26 is provided at
one end thereof with a permanent magnet 28 and at the
other end thereof with a gs;ganent magnet 31 which is
identical with the permaneﬁ magnet 28. The former

 permanent maghet 28 is opﬁ%sed'to the opening in the
electromagnet 17. The two valve housings 20, 20' are
provided with air suction wvalves 21, 21' and air
discharée valves 22, 22' respectively. The air
discharge path 30 is connected in common to the air
discharge outlet 24, 24' respectively of the two valve

housings 20, 20'. Further, in the arm 26, the -/
portions at which the diaphragms 25, 25' are fixed to
the . arm 26 with pins 27, 27' are symmetrical, so

that the length from the permanent magnet 28 to the
fixed portion of one diaphragms 25 is equal to the
length from the other permanent magnet 31 to the fixed K
portion of the other diaphragm 25'.
In the present embodiment, therefore, the

arm 26 is well bhalanced. When the elegtromagnet 17 is
actuated and the arm 26 is driven, the

nw_n

point "a  falls exactly at the center between the fixed
portions of the two diaphragms. As a result, the



farther fromthe el ectromagnet 17. Since Figure 4 is the same as Figure 3

except for the points described above, description of its construction is

Qqmitted. In the air- punp constructed as described above, when the control

-~ valve 32 is closed and the el ectronagnet 17 is excited to set the

-arm 26 in notion, the diaphragm 25 of the ?alye housi ng 20 di sposed nearer
to the electronmagnet 17 is alternately inffated and contracted and the air

i ntroduced via the air suction inlet 23 is forced out into the air path 30

via the all i SCRAIE Ul %L £ 2t BLOE8n | 8a ALbndlsERaLMAC QULLE pod cr@f the
ot her val ve housi ng ih a closed state In this case, the I nner

pressure of theShﬂﬂk?9unﬁﬂrﬁF%KﬁG%ﬁad%%FV9°ﬂneﬁéasé@ dharhaases e 2°

di aphragns 25' tgydeHdfdat etk dendhge pohpi=-05 geaspbay bherakt eanatd on of

inflation and cqntraction As result, the p "a" of the arm 26 shifts

from the center BHEHS tfr %g d?%b%n%@ﬁ%'Yoaéﬁﬂh?ﬁae angrgNRlagRidge

whi ch is graduald®y 4] atmg’-‘&rwl émipodiyeneachre hhentixed perdieroefed he

i nfl ated diaphré% 5! _Thqgeafter,_tbe_ihaking arm \i br at srabogtc1gls

fixed portion as ts??ﬁn TUM 29A0E, “The 2%t BRf€°3F PﬁngPFGﬁ afgancne

contracti on causdte iveidiet dApthagnag@detadl be Thuseasédmandbeheepiowsd of

air discharged can be; QQQEQépqﬁgeégtlgﬁ gased. égabhg al=l =AY ; qf_glgure

4 operated as descrlb above control ~valve 32-can.be a justed so as
to _ the purpose just mentioned.

Tigure 4 depicts yet another air pump embodving

(a}

he present invention. This embodiment differs in

-

ruction from that of Figure 3 i

cr
o}

0

ons respect that :the

air

b
e

ath 30 is connectad to the air discharge outlet 24
of the valve housing 20 disposed closer to the
electromagnet 1z)and an air diséharge path 33 provided
with a control valve 32 is connected to the air by
discharge outlet 24' of the valve hou31ng 20' disposed
farther from the nlectromagnet 17. Since 1gu:e 4 is
the same as Figure 3 except for the points described
above, description of its construction is omitted. 1In
the air pump constructed as described above, when the
control valve 32 is closed and the electromaénet 17 is
excited to set the . a:m_26 in motion, the

\./ diaphragm 25 of the valve housing 20 disposed nearer to
the electromagnet 17 is alternately inflated and
contracted and the air introduced via the air suction
inlet 23 is forced out into.the air path 30 via the air
discharge outlet 24. Since the air discharge outlet 24'
of the other valve housing 20' is kept in a closed state
in this case, the inner pressure of the valve housing
20' gradually increases and causes the diaphragms 25' to
be inflated to the point of ceasing the alternation of
inflation and contrpctlon. As a result, the point "a"

of the arm 26 shifts from '

the center between the two diaphrayms toward the



control the inner pressure of one of. the val ve housi ngs.and ‘conseauently”
change the position of the ful crum point of the shaking arm as deS|red"
Thus, the volune of air discharged can be continuously and appreci abl y*¢
varied by adjusting the alternate inflation and contraction of the other

di aphragm 1 n Japan, dependi ng on t-he @st+ict, comrercial line current is
supplied at 50 cycles or 60 cycles and whether an air punp will operate
efficiently at one of these cycl ages nornal Iy depends on the | ength of the
arm 26 and t@gapbsiaginedt 'f ohéehof: st e adivaphiragimst 125 inqy ar@of Haatéywi th the
embodi ment of EpguLe 4o RoWRKCL, r%'_%b ddethange of.d hﬁ.a?&ﬂ%&@%ﬁ“ the
fulcrun1p0|nt constitutes i1tself a stantial change in th ength of the
arm the ai rTharpaissgnabhed Skepe & FORT AT ARMT Yo $ hdikSFef erence

to the cycl eoeé the alkt erRaltuNE G4 .r entndly, Stid ablyendd Usti nErihei¥al ume of
air flow ng hrough the air dlscharqe path 33 with thg control valve 32 and

setting the POFCFRRTRECHE OFp SRAGFEa S A P AR S Popt vt 2Rt PRI another air
punp enbodyi mgc&baspaeaaﬁt tiheyv aridurt  ofhisi sk erdedli ¢4€rsein
construction_fromthat _of Flgure 3 |n respect that two el ectromagnets 17,
17" are di spB58H°&S? SRESSEd 6 FIE S5 manent magnets 28, 31 at the opposite
ends of the arm 26. In f%hemlth@umuunrcﬂngpmﬂs-lﬁgeﬁg*éaresoppesedQEO

above, the contrcl valve 32 can be adjusted so as to

control the inner pressure of one of the valve housings

and consequently change the position of the fulcrum O
point of the shaking arm as desired. Thus, the volume

of air discharged can be continuously and apprsciably
varied by adjusting the alternate inflation and
contraction of the other diaphragm.

In Japan, depending on the district, commercial
line current is sdpplied at 50 cycles or 60 cycles and
whether an air pump will operate efficiently at one of
these cyclagﬁfﬁnprmally depends on the length of the

armLand the re_si;ient force_of the diaphragms 27T,
In accordance with the embodiment of Figure 4, however,
since'thé'change of the position of the fulcrum point
constitutes itself a substantial change in the length of
the arm, the air pump is enabled to operate most \¢/
eFrlc1ently without reFerence to the cycle of the
alternatlng currept_by sultabLy adjusting the volume of
air flowing through the air discharge path 33 with the
control valve 32 and seﬁting the fulecrum point-
approprlately. _ | . _

- Figure 5 deplcts Stlll another air pump embodying
the present 1nventhn. This embodlment differs in
cohstruction from that of Figure 3 in respect that two
electromagnets 17, 17' are disposed as opposea to the
'permanent magnets 28 31 at the opvosite ends of the

- irm 26.



ﬁhe:opposite_ends‘of‘the arm 26 as in the present enbodi nent, the
arm 26.is caused by the actuation of the two electromagnets 17, 17' to
reci-pwocate powerfully about the point "a", with the result that the

di aphragns 25, 25' are alternately inflated and contracted to induce

di scharge of air through the air dischgrgf.pagh 30 connected in common to
the air discharge outlets 24, 24' respectively of the val ve housings 20,
20'. Figure 6 depicts another air punp enbodying the present invention.

i nsi de the case 16, tvwhﬁgﬂ5$ﬁ¥“4ﬁé§t%§@§ﬁﬁ%l% pai red, valye_hausings 420,
20' are disposed as vertical Ty opposed to’ each other. Two ~~° “Tarns
26a, 26b are fashenaPrfdtdEnds efwckets each otrhalerabl §ypaheed

- diaphragns 25, 2%=8apidhbddfax [ henyal ve housgs, 295 20" cauiB8 vy the
arms 26a, 26b a@tedtldi @ ditk awd 61 pnasadgnetUlsy § NeT epT {SSPEELbYBLYLe
wi th permanent nmagnets 28, 31. The two el ectromagnets 17, 17" "disposed In

the opposite enpguAiults, eiodde d4d esd Dt of at heycagse-46 akeueppesed t-g<t he
permanent nagnets 28 31.  _Thus  fthe two,  ___ . _. . acfs_26a, 26b are laid
parallelly to edch RIS |37 1 e pracenis ERERAF fbht 12FH2FEForBd when the
two el ectromagneiontfactded @ embicat@isthergagodt atrachronghenkbrated

bet ween t he twodggggﬁégﬁgqﬂggﬁ ﬂJ’C33%e§§%PEh§ BS&HEEGQB nqgn%gg 28, 31

drives the arms 26a, ' ' he operation of tR&"di aphragns
i nduces di schar §& ssfhagige tnolrfts the, af¢ ' drespacgevparhefs3ghe 3ebBveln this
enbodi ment, the HeIBHdH.2018 20f, the el ectromagnets 17, 17' -are in the

shape ”

W,

™a A o

igurs 5 depicts another air sump smbcedving the
invention. .Inside the case 16, two sets sach of

ly paired wvalve housings 29, 20' are Zispcsed as
vertically opposed to each other. Two arms 26a,
26b are fastened one each to two sets each of laterally
paired diaphragms 25, 25' adapted to cap the wvalve
houses 20, 20'. The arms 26a, 26b are each
provided at the opposite ends thereof respectively with
permanent magnets 28, 31. The two electromagnets 17,
17! disposéd in the opposite end portions of the
interior of the case 16 are opposed to the permanent
magnets 28, 31. Thus, the two arms 26a, 26b are
laid parallelly to each other.

N/ In the present embodiment, therefore, when the
' two electromagnets 17, 17' are actuated the magnetic

action generated between the two e}e;trémagnets 17, 17
and the permanent magnets 28, 31 drives the arms

26a, 26b and the operation of the
diaphragms induces discharge of air through the air
discharge paths 30a, 30b. 1In this embodiment, the cores
18, 18' of the electromagnets 17, 17' are in the shape
of the.letter E so that the permanent magnets may be
opposed to the openings separating the adjacent leading
ends of the core. : |

In the embodiments of Figure 5 and Figure 6



of the letter E so that the permanent nmagnets nmay be opposed to the

openi ngs separating the adjacent |eading ends of the core. In the ]
enbodi mrents of Figure 5 and Figure 6 descri bed above, when the h-4
alternating current is passed in the sanme direction through the coils 19,
19" of the two electromagnets 17, 17', the surfaces of the permanent
magnets 28, 31, disposed at the opposit® ends of the arn(s) 26
(26a, 26b) which are directed toward the correspondi ng el ectromagnets are
pol ari zed oppositely. Wen the alternating current is passed in opposite

di rections t AESGHH DERe 20VEs Then gthefal FRrr2gblRf cERFERAHNEFs PARGREV er

the af orenmentho sufeacas - ddie persppentnangpets 28, 3§'dibgpesed at the
opposite ends of. the arng are_sihjjarly_polarizedL As a result,
the arms 26 &M@ EASEFECMIFEED reci bf ocat’e® aPoTit2ERE Boi Al®" a" at the.
center of theekimeednromisgars: 0728 he3 di dpdwaged . aAsthe 6beasikteorntize
foregoing description, the pngsgn} é v§€éion2 az reduce _the deviati.on of

t he pernanetoﬁa & due to tHE %ang ¥ he %8 if?oﬁ“of‘rhé'arﬁrgdring t he
inflation of towardi diter apnEdend ing aélepunpnagnénsoperavpdarieeduse t he

armis suppopteddin HlAce wiyed W, di 2PNL AGLE; Y6t BQUL ReaYLr Lag selst her of the
opposite endg&?%eﬁééggﬁo be pivotal Iy attached. The ma netic action
gener at ed bePRPOsitife diraainmyidiraen t Hee peraindBtr flgnef it&ehitydl y
electromagnets, however, the aforementioned surfaces of
the permanent magnets 28, 31 disposed at the'cppcsite

-1 - - ‘admi < 1 2 3 S \/
ne Erms zare s;ml-_arlg’ soiarlzec =8 =2

ands of ¢ - o
result, the arms 26 are each enabled to reciprocate

about the point "a" at the center of the fixed portions
. _

the diaphragms.

As is clear from the foregoing description, the
present invention can reduce the deviation of the
permanet magnet due to the.change of the position of the

' - arm during the inflation of the diaphragm while

the air pump is in operation because the - arm is
supported in place by two diaphragms without requiring

either of the opposite ends thereofzto'be pivotally

attached; The magnetic action generated between the
lelectromaqnet and ths'ggrmanent magnet is:highly \v/
effective and the drive produced by the arm is

powerful enough for the inf;ation and contraction of
the diaphragm to be effected efficiently and for the
amount of air discharged to be increased. Since the
arm is ndf pivotally attached. the diaphragm ié
operated efficiently without entailing significant
mechanical frictional loss. This invention,
accordinély, provides'ah air'puﬁp.of high eéoﬁomic

value.



é%fective and the drivye produced by the armi,s powerful enough for the

i pfl ation and contraction of the diaphragmto be effected efficiently and
fgr t™ anmount- of ai'r discharged to be increased. Since the armis not
pivotally attached, the diaphragmis operated efficiently w thout entailing
si gnificant mechanical frictional |oss. This invention, accordingly,
provides an air punp of high econom c val ue. - 13 - CLAIMS: 1. An air
punp conprising a val ve housi ng capped w3t a di aphragm and bei ng provi ded
with an air suctiog iﬁ inlet valve and an air discharge outlet valve,
sai d di aphragm bei &- B&8éened to a driving arm a pernmanent nagnet secured
to an end of the driving arm and juxtaposed the core of an el ectromagnet,
10 characterised by-a further housing fastened to a respective di aphragm

and in that the drivi g 3L bBadBLAREYSing UPRRIVE RNk ngY chiBed' 2RYER™

wher eby actuation of magnet ~cau rev

oscillate about _ LAt t t pp l i a 2. i
punp according to ?Ia?%?ghﬁﬁgﬁerﬁﬂgaiggéﬁpvi%ggg?gfﬁsag?évgggalgﬁ?ﬁggﬁbk
permanent nggnet ajn?@t val98CBn@Ndn air discharge outlet valve, said

diaphragm being fastened to a driving arm,

a permanent magnet secured to an end of the driving
arm and juxtaposed the core of an electromagnet,

10
characterised by a further housing fastened to a
respective diaphragm and in that the driving arm is
operatively supported oniy by the diaphragms whereby
actuation of the electromagnet causes the driving arm

15 to oscillate about a point between the supporting
diaphragns.

. .

Y 2. An air pump according to claim 1 wherein said

driving arm is provided with a permanent magnet at

20 each end.

3. An air pump-éccording to either preceding clain

wherein the air discharge outlet of one of said two

* [ L M S *



3. An air punp according to either preceding claimwherein the air
di scharge outlet of one of said two - 14 - housings is connecfed to {he
air suction inlet of the other housing. 4. An air punp: according

any of clainms 1 to 3 5 wherein the air discharge outlets of the t
housi ngs are connected to one common air discharge path. -5. An air punp
according to claim1 wherein one of §gid housings has no air inlet or
di scharge val ve 10 and wherein 'the air outlet is provided wth

an .adj ust abl e

hoRRlingls 1%ak¥anewkelcky cheeaLQSbetabhogn§E§0%§ ot pkhe

driving armacting upon the other di aphragm can be contr
air punp substaathaklmoasihgrelnbefore set forth with reference to and/or
as illustrated in Figures 2 to 6 ef the acconpanyi ng draw ngs.

10

15

e
"o
air

6. An

4. An air pump according to any of claims 1 to 3

.Wherein the air discharge outlets of the two housings

are connected to one common air discharge path.

‘5. An air pump according to claim 1 wherein one of

said housings has no air inlet or air dischargé valve
and wherein the air outlet is provided with an
édjustable éon;rol valve whereby the oscillation
stroke of the driving arm acting upon the other

diaphragm can be controlled.

6. An air pump substantially as hereinbefore set forth
with reference to and/or as illustrated in Figures 2

to 6 of the accompanying drawings.
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