M NI ATURI ZED DI RECT CURRENT FAN The invention relates to a mniaturized
direct current ‘fan, particularly for ventilating electrical orééﬂéﬁﬂﬁéhﬁg;l
equi pnrent. 05 Numer ous miniaturized direct current fans are knowwﬁand ¢
t hese-.general | y-have a pol ygonal contour, usually that of a square in af
axial plan view on the rotor axis. In guch a standardi zed parall el epi pedic
casing, there are al so- standardi zed nounting holes, 10 quadffically

Spaced i.n the cornér area of the square contour of the casing. Generally,
such bl owers are construct M MIATURFIED | DBREGOWIRRENT AN he feed direction
Is parallel to the rotor axis of the drive notor arranged centrally in the
casing area. It is l¥hevdinweitidrhaslptese tateminiawpized direatasi ng,

but also the axial length of the square, i.e. the fan casing length in the
feed direction, awrreny sfagonaanticwharion rfny stentddatinhelepirdcal v

called electronic fans and 20 constructed in the formof axial-flow

bl owers, have bé¥n LRFTWLG AYHRPM® decades and are usual |y operat ed

with altern tg’r ng current. However,, t_’fhe.r eﬂ%ﬂa& of 1late l:'be n an si ncrreeasi ng
denand f or ect curMHRTVHL AT PSP TS AT hatt W &hF ent

drives 25 for sygh r ?gyggﬁyu | W | tdbntesue smal |
di nenstons, an i mr%g;hﬁr‘e%tﬁ}%%f i'Cl enc &%\%qlo al%éeg(}x%%/ "fbncreasi ng the

frequency. Thergdifi1y that of a square in an axial plan view on the

rotor axis. 1In such a standardized parallelepipedic

~

e A casing, there are also standardized mounting holes,

10 quadratically spaced in the corner area of the square
contour of the casing. 'Generally,;such blowers are
constructed as axial-flow blowers, i.e. the feed
direction is parallel to thé rotor axis of the drive
motor arranged centrally in the casing area. It is

15 not only the square latefal length'of the casing, but
also the axial ;ength.of the square, i.e. the fan
casing length in the feed direction, which is
generally standardized. .

ﬁﬁ' | Such fans, generally called eledtronic fans and

20 constructed in the form of axial-flow blowers, have
been used for roughly two decades and are usually

. operated with alternating current. However, there has
of late been an increasing demand for direct current
operation of such fans. Alternating current drives

25 for such fans afe.already known in éonnection with
very small dimensions, an improvemenflin efficiency

being obtained by increasing the frequency. There are



17 -2 - also ‘already direct current drives for very snmall fans. However,

such Known sol utions.have .the dis- advantage of a relatively short service
lsi fe,_hecause they are driven with brush notors and external, 05
conplggated el ectronics are required. The present i nvention nom1prOV|des a.
direct:,current fan for ventilating electrical and el ectroni c equi pnent, 17
- conprising a casimmg containing a central, flange nounted, external rotor
type drive notor Wth 10 an inpeller fi xed t her et o, whi ¢h drive notor is a
brushl ess direct current notor for one or tyo-pul se operation having a
cylindrical air gap between rotor and stafof and a bearing nenber injection
nmoul ded in plastics in one piece with the flange holding the 15 notor and

i npel | er ‘and sur r3t#Qi fbrea a?*?ﬁf?(ﬁuﬁfﬁﬂﬁw vesofor ¥RE¥t SBAlihe notor,
Pref or Qbf‘y?tf‘hirfé%”?h? °v§e‘t'%§m4c3£ %S'%&é%%%ﬁgﬁrtﬁ!‘ﬁsgeaiéP?ng‘??*éi{
_ :felsg\évn?:ﬁf I f/uzztr)(r)lrjgsp £,'alén to t%lgdlaaénieh{éeg % 3(3332_?8 Il géc u%?] t he
SIS S8 TS g gt i s s
Al ternativel y 95t heohpTi catved sl roniay iaxe a:equl.red.
The present 1nvent1on now provides ; direct
current fan for ventilating electrical and electronic
.\~) equipment, comprising a casing containing a central,
flangermounted, external rotor typé drive motor nith
10 an impeller fixed thereto, which drivé motor is a .
brushless direct'current notbr for one or two-pulse
'.operarion having a cylindrical air gap between rotor
and.stator'and afbearing-member injection mouided in
plastics in one piece'witn the flange holding the
15 notor_and-impéller nnd surrounding a bearing for a
central rotor shaft of the motor, wherein a stator
.winding of the motor closely surrounds the bearing
member. | |
‘Preferably, the fan further comprlses a cas1ng
20 defining a cylindrical flow duct surrounding the
' impeller, the diameter of the impeller essentially.
corresponding to-the'diameter of said duct, which duct
.on the outlet side, is widened to apbroaéh_corners of
the casing in such.a.way that said enlargements extend
25 radially beyond the impeller. |

~Alternatively, the fan may further comprise a



-3- casing deflnlng a flow duct about the |npeller such that the -
cross-section of the flow duct decreases in the flow direction initialy in
t he manner of a Venturi tube to a mninumcircul ar cross-secti.on and 05 _
fromthere widens-to the outlet cross-section, the radial outet edges of
‘the inpeller blades passing close to the inner wall of. the duct. The fl

duct may be wi dened on the outlet side to approach the eorn ﬁ of the
casing in such a way 10 that the enlargenents extend radi @\ substantial ly
beyond the inpeller. The smaller the blomeg particularly the axial- flow .
fan, the nore noticeabl e the advantages I n tﬁe case of a solution of this
type. (However, the 15 . arrangenent is not linmited to axial-flow bl owers,
because t he seunF%ﬁﬁ&ﬂlqﬁﬁﬁﬁlQﬁ ﬁeﬁ%ﬂw Wuat abaydctheo impeldenpauchess of

the notor to be driven and the inte on of the notor electroni¢cs in the
mount i ng flange '3? at h'g’%tﬁ’fﬂsstaﬁ?% t°aﬁ e Eomnducksdesreases ifery
smal | diameter r 4 tyhe conbination features of =~
nmotor and such aégéag% ng con |gurd;ﬁlﬁa'n iaa\}l'elyai cﬂ'ﬁ&f“f’fﬁgvﬁnt ageous

effect i ” the caggmirid tiley &m! |m1frﬁ.'?numecg.rc|u9.§§' EQ@%F QeéﬁZQ%”Qﬁ&“d wi th
an axi al B&%h of 15 to 30 nm 2 More prefera ase area of
casing is ab®¥t ok thekeniddins: &26 ahe QﬂﬂﬂthfcrbBS-EEB_thén._ the
' radial outer edges of ﬁhe impeller.blades:passing _
close .to the inner wall of the duct.: |
The flow duct may be widened on the outlet side

to apptoach'the'corners of thé-casing in such'a way

10 that the enlargements extend radially substantxally
: beyond the impeller. |
‘The smaller the bloﬁer, pafticularlyithe-axial-
_flow fan, the more notxceable the advantages in the
case of a solution of thzs type. (Hoquer, the
15

arrangement is not limited to axial-flow blowers, -
because:thé saﬁe.advantages,'at.least.with_respect to
thé compactness-of-ﬁhé motor.ﬁo be drivén and  the
integration of the motor electronics in the mounting
flange'of the motor can be obtained in'the'case of a
20 -very'smali diameter radial blower). However; the two -
' combination features of motor and such-afcasing |
~.configuration have a particularly advantageous effect'
in the case of a very small fan, e.g. leas than 70 x
70 mm and with an axial length of 15 to 30 mm.
25 | More.préferably; the base area of casing is about

3844 mm2 and the axial 1ength-6f'the fan is



- 4 - about 25 mm Thus, such a notor with one or two pul ses per 360 can
‘have very.reduced el ectronics, which can be econonm cally and advant ageously
housed_{n the nmotor, 05 above all in the flange, particularly in the case
of ma§s; production so that, "unlike in the case of known sol utions, no
externa electronics are required I n addi tion, the casing configuration 19
W th such a small, Eﬁn and particularly with a ratio of the 10 di aneter of
the .central drive dhit to the i npel l er dianmeter of approximately 1:2 (or
great-er than 0.5) is particularly advantageous, the latter applying equally
to radial and axial-flow blowers. The drivegmator may be for two-pul se -
operation 15 with a nmagnetic resistance of the stator which is variable
over the rotation %%Qle 2l60mRr 0duci ng an auxi liary reluctance noment, which
S staggered in tinme mnth respect to the el ectrodynam c torque. The fan

casing surrounding theThiggg! ls@ch™ay mBEoROwi tR] 66é | 6 ! slexkds gaze pi ece
with the flange, so that -casing, flange and bearing nenber systens forma

single plastics pasi0® Raaf hawbl yerperédoced ele¢cimnies, avhiach aanf Ibew
bl ower. 25 Preferably electronic circuitry includes only two power
transistors. economically and advantageously housed in the motor,
05 above all in ‘the flange, particularly in the case of
. mass production so that, unlike in the case of known
solutions, no exiernal elecerbnics ate'reQuired.
_'In additieﬁ, the casing configuration with euch a
smali fan ahd'particularly with a ratio of the
10 diametef'of the:eentrai drive unit to the'impeller
diameter of approximately 1:2 (or greeter than 0. 5) is
particularly advantageous, the latter applying equally
to radial and axial-flow blowers.
'The drive motor may be for twq—pulse'eperation
15 with a magnetic resistance of the stator which is
| variable over'the'rotation'angle for produéing an
\;j _ ' au#iliafy reldctence'memeni} which is staggered in
tihe-with'iespecﬁ'to the eleetrodynemic tor@ue.
The fan casing surrounding the impeller may be
20 _injeetion moulded in one piece with the flange,.so
- that casing, flange and bearing member systems forﬁ a
_slngle plastics part. | |
- Preferably the ‘fan is arranged as an ax1a1 flow
5lower. o .
25 Prefeiebly electfeﬁic circuitry includes oﬁly two

power transistors.



- 5 - Preferably, said circuitry includes only one notor position sensor.
Preferably, said electronic circuitry includes a PTC resistor in the.,power
feed to the notor close to 05 the voltage source. Preférably, said notor "
includes a serially wound bifilar stator wi nding. Said bearlng meaber ks
preferably -a tube. The ratio of the dianeter of the central 10 .drive .i#otor
to'the dianeter of the inpeller is preferably about 1:2: i.ﬁernatively, t he
rati 0 of the dianeter of the central drive notor to the di ter of the

i mpel l er may be greater than 0.5. 15 Enbodi ments of the invention are
described hereinafter with reference to THe drawi ngs, in which: Fig. 1

Full i 7o STZE"'V?JJ FefRraiy crsaiti S st ety tnigdes” ondsoBecect ion |
along the line I]- 3 shows a section along the line Il-11

~of Fig. 1 throug’?fo ?eé?%&ékﬁQi%1 éé)lhe I nvention with a different blow

duct configuration. Zpreserably s sa%m%%&owccwi&c%ﬁ%am%dwe drive

not or..
_ PTC resistor in the povwer feed to the motor close to

05 the voltage source.
Preferably, said motor 1ne1udes a serially wound =
bifilar stator winding. |
Said bearing member is preferably a tube. | 1_2
The ratio of the diameter of the central
10_.drive motor to the diameter of the:impeller.iS'
preferably about 1 2, | B L B
' Alternatively. the ratio of the diameter of
the central drive motor to the diameter of the
1mpe11er may be greater than 0 5.
15 Embodiments of the invention are described
hereinafter with reference to the draw1ngs, in which:
Fig. 1 shows one example of an embodiment of a B
fan accoreing to the invention in a full size plan |
view of the outlet side.
20 Fig. 2 shows a section along the line II-II of
| f Fig._l.
Fig. 3 shows a section along the line II-II of
Fig. 1 through a fan aecording to the invention mith a
different_blow duct configuration.' o
- 25 Fig. 4 shows a circuit diagram for the drive

motor.



- 6 - Fig. 5 shows an alternative circuit diagramof the drive notor. Fig.

6 shows a diagramof the feed characteristic of the fan according to the
inventjqn. A fan 1 (Fi'gs. 1 and 2) conprises a casing 2, whose webs 3
connect,sald eaS|ng’2 to a centrally arranged motor 5, via a flange 4.

These webs -3 are p05|t|oned on the outlet side, so that the noise produced

by the air novenent : 1$ reduced. Casing 2, 10 webs 3 and flange 4 are 21
“preferably construct®d in one piece. Mdtor 5 is. an external rotor-type
rnotor, which will be described in greater detail hereinafter. ‘An inpeller 6
S flxed (bonded or shrunk-on) to the outer 615 casing of notor 5. |npeller

6 preferably has seven fan.blades 7, which are distributed in irregular

manner around the peri pliigiy5 shewebsn dabpenmativeeirecyil elilagram ofet ween
the fan blade 7 and the inner wall ‘8 of 20 casing 2 is forned a
substantially cyl ther dcdvef mokodect. The external dianeter of inpeller 6

(outer fan bl ade dianeter) is to be only slightly snaller than the dianeter
of -the inner wall 8 of Figsj igshowsnaodiagram obht ’FRZ@Q%é:’Hr@theGWSGFFg

2 Ver ood res 2 re obtained if casing .2 and inpeller 6,
|%clud|né:?ts fan® EE ?a“a?ﬁcﬁféﬂﬁ%eﬂ°fYQﬁntﬂ%é&f*?Qﬁwa rglnforced

05 A fan 1 (Figs. 1 and 2) comprises a casing 2,
whose webs 3 connect said casing 2 to a centrally
,arranged motor 5, via a flange 4. These webs 3 are
positioned on the outlet ‘side, so that the noise
produced by the air movement isdreduced. Casing 2,

10 webs é.and flange 4 are preferably constructed in one-

'piece. | |

Motor 5 is an external rotoretype motor, which
- w111 be described in greater detail hereinafter. An
impeller 6 is fixed (bonded or shrunk-on) to the outer

_15' casing of motor 5. _Impeller 6 preferably has seven

fan blades 7, which are distribnted in irregular'_

U ._ : manner around the periphery, thereby damping annoying
| ..pure tones. |

| Between the fan blade 7 and the3inner wall 8 of
- 20 .caSLng 2 is formed a substantially cylindrical ‘£low
:duct. The external diameter of 1mpeller 6 (outer fan
blade diameter) is to be only slightly smaller than
the diameter of the inner wall 8 of casing 2, in order
_ to_optinize the air flow (Fig. 2). Very good results
25

are obtained if ca51ng 2 and impeller 6, 1ncluding its

fan blade 7, are produced from glass fibre-reinforced



-.7 - plastic by the injection nmoul ding process. The feed capacity of the
fan is further increased if, at least on the outlet, side of the flow duct,
wi deni ng takes place in contour corners 9 of casing 2 05 in such a way. .
that the w dened or enl arged portions 10 extend significagply beyond tjgf i
di aneter of inpeller 6,7. This corner w dening particdl*#ty helps to ¥

i hprove the efficiency in the case of fans of this type (base area 62 x 62
mm axial length 25 mm. On 10 the inlet and/or outlet side of contour.
corners 9 are also provided mounting haleg 11. Ball bearings 12 are used
for mounting the rotor of nmotor 5, which rotates at a speed of

approxi mately 59PQs€i® by thdeaPfdctidd intiiREHd Hocedsi.ch are used 15 in

the case of | arger f-ans,” are not” suitable here,” particularly due to the

hi gh speeds. The ba|'1'he)eﬁéedlg§aﬂa3:jaiye g ahd fan dshEurithgrt iher8dsedhose
external dianeter is reduced in the vicinity of the stator lamnations, in .
order to obtainifin 20 leaketjuar ethe mutireJS$isis:tdﬁ)rtlrfeorflbhednagnet ic circuit .
~there by neans of- the sl ot bottomin the stator, which should be as close:
as possible to Wiﬁwiwaﬁk&% PIReR | iy qambewy qornexjse 8t P§ncABERGed i n one.

© . piece with e 4. _Surprisingly, thls has ade uat e precisign 25 and -
'Phern'al st a || 'g/ ?‘eﬁh C%rf?qmlﬁﬂ%y %nlarg%d portions 10

extend significantly beyond the diameter of impeller
36 7. This corner widening particularly helps to
improve the efficiency in the case of fans of this o i,)”m
'type (base area 62 x 62 mm, axial 1ength 25 mm).' On
10 the inlet and/or outlet side of contour corners 9 are
also provided mounting holes ll._
Ball bearings 12 are used for mounting the rotor :
- of motor 5, which rotates at a speed of approximately
_5000 r.p.m. Cheaper sliding bearings, which are used
15 .in the case of larger fans, are not suitable here.
particularly due to the high speeds. |
| The ball bearings 12 are placed in'a;bearing tube . ..
99, whose external dianeter is reduced in the yicinity
of the stator laminations, in order to obtain an
y20 adequate iron cross—section for the magnetic circuit
,there by means of the slot bottom in the stator, which
should be as close as poss1ble to rotor shaft l9.-
_ bearing tube'99 is injection moulded in one piece with
'flange'4._ Surprisingly, this has adequate preCiSion

25 and thermal stability for continuous operation in



23 -8- «conjunction with a brushless D.C. notor operated in a one-pul se or

t wo- pul se manner. The casing, flange, webs and bearing tube forma single
pkasti cs noul di ng. Bearing tube 99 has injection noul ded shoul ders 99A, 05 23
99B ang ;99C for fhe-ggpagenent of bearings and stator. the flow direction
is indisated by arroWs T3 and 14. Fig. 3 shows another embodi ment according
to- the invention. A fan-21 conprises a casing 22, which has webs 23, which
pass over into-a flange 24, provided 10 centrally with respect to-the
square base area of casing 22 (correspondi rg8te Fig. 1). Casing 22, webs 23
and flange 24 are in one piece and a notor 25 is fixed to flange -24. An

I npel ler 26 wth faonjumttiod/with hi breshlesshB,.Outmstandperatfed i@ @0t or .
In this 15 case, the flow duct 28 is in the formof a Venturi tube and on
the outlet side, i|®ngcPyldeneor kwohnpuhsecmbouerentThe dasing.,l Lang®,of flow

duct 18, enlargenen%i 30 are provided into the contour corners 9 of casing
22. On the inlet ¥9¥SodfdepPedrdng SuPOLOEBNROBINGIR rRlastics mauldinge

ounti 19,101 31 GaRRLR SR oACNRE) 1o}EhPloR maiddh A e
ok TS OIS oW i S QU OBHEnb A ok 8 S AT
resistance of the ¢he flow direction is indicated by arrows 13 and 14.
Fig. 3 shows another embodiment accordihg to the
Lv} invention. A fan 21 comprises a casing 22, which has
‘webs 23, which_péss over into a flange 24, provided
10 centrally with respect to the square base area of
casing 22 (corresponding to Fig. l). Casing 22, webs
23 and flange'24 are in one piece and a motor 25 is
. fixed to flange -24. -An.impeller.zs with fan blades 27
 aré fitted to the oﬁtér casing of the motor. In this
15 case, the flow duct 28 is in the fofm of a Venturi
tube and on the outlet sidé,_in accofdance-with the
'embodiment o£ Figs. 1 and 2 of.flow_duct 18,
enla:geﬁents.BO are pro#ided into the contour corners
9 of casing 22. On the inlet and outlet sides of
. 20 contouf_corners 29, there are mounting holes 31
- (spacing 50 x 50 mm). | |
. ‘Motor 5, 25 is a commutatorless d.c. motor for “
one or two-pulse operation with a so-called auxiliary
reluctance moment, théh is brought about in that the
25 electrodynamic moment from the stato; winding only has

"an a.c. field and the magnetic resistance of the



- 9 -- magnetic circuit in the stator region is- so nodified over -t he
rotation position of the inpeller, that magnetic energy is stored for as
l.ong as the el ectrodynam c nonent drives in pulsewi se manner and 05 in the
" pul se gaps, the stored magnetic energy is freed again by thq;qpoperatiqegbf
the rotor permanent nagnets with the stator iron acconpanittd®by torque <
“formation. Such notors are described in detail in GB Patent Specification.
1392582. The electronics for 10 controlling such a notor (described in
British Patent Application 8108534) requ Be<f ewer conponents than
conventional d.c. notors of this type, so that it is possible to house.
‘Wi thin the extemaghetieerdirenstoincahengtitor2refgidmnid, s@ mddiEidddct ronics
for 15 comutating the notor, in fact wirthin the notor, above all in the
vici-nity of theoWeangbesrotakiofupopitiboravfnthe\pphpeblenn WRt11882. 5
(publ i shed specification 0084156) discloses a comutation unit with few
el enents, whi chm@gnesdcyepargy dsogteredcforcas. lomg as then principle, it
is al so possible_to use advanta eouslgegor this purpose, the comrutation *

circuit accordi RGeFE5ro8YPaRift MePeRtt ELYSS IR bie s A 42 and
2460419. To oi e sary_len reference is yade to 25 the

forenentioned boiPRaBRIRE' banSeatha, BEPFE BFendt (R Tasr s dss et
-parthU|arLyit0aEh§ﬁ“b§ Eﬁg éoBberation of the rotor permanent o

magnets with the Stator iton.accémpanied by torgque

v

formation. Such motors are described in detail in GB J
* Patent Specification 1392582. The electronics for |
10 controlling‘such a motor (described in British Patent
- Application 8108534) require fewer combonehﬁs than
conventional d.c. motors of this type; 50¢that it is
' poésible'to housé within the external.dimehsidns of
' casing 2, 22 of fan 1, 21 tﬁe-elect:onics for
15 " commutating the motor, in fact within-the-ﬁotor. above
B all in the vicinity oﬁ the flange 4. -Thethropean
Patent Application 82111882.5 (published specification
0084156) discloses a commutation unit with few . A
elements, which can be used to good effect hefe, |
20 - ‘In principle, it is also.possible to use
- advantageously for this purpose, the commutationf
- circuit according to US fatént Specification 3873898
or DE OS 2263242 and 2460419, | |
‘To avoid unnecessary length, reference is made to
25  the aforementioned'publications-(eg'GB Patent Speci-

fication 1456546) ‘and particularly to Figs. 6 and 7 of



25 - 10 - GBPatent Application 8108534. Due to |ack of space, the
relatively large capacitors 68, 74 (Fig. 6 of (B Patent Application
8108534) used for bl ockKing purposes are onmtted and replaced by a

PTC-r ag;stor 78 tryt:he 05 positive line 33. Fig. 4 shows such a circuit gn
whi ch there is a mat ¢hi ng network 65 conprising three resistors. From 2
output 50 of Hall-1C s -55, a resistor 66 |leads to the positive line 33, a
resistor 67 to the basé of a pnp- 10 transistor 69, said base being
connect ed across a bl eeder resistor 70 to the positive line 33 to which is
al so applied the emitter of transistor 69.- M -Hall 1C 55 serving as a
rotor position-dependent sensor is connected with one termnal to the
negative 15 |ine G5 Batenti tApplicadtiloar 800863BAal , Duer beslack esf sdprcel8 to
the positive lines 33. Parallel thereto is prOV|ded a Zener di ode 49, which
regul ates the vol tthee ralatdivelyclazge PHP&Q@IFPFQnGBir'bh bRigut6 spf GB
resistor 73 leads to the base of ,an npn_transi staqr ,. 20 . which is also

connect ed across &ah é’rpﬂléﬁaé:t"&“ ?é°§§3ﬁﬁeuﬁ@3a§?§eﬂ‘??\’é‘% PYIPRRALh i s
~also applied the-emtte ai SIS o, T ect or tyansi stor 69.
is connected to t&'h é’f"t%l of’"%i 3"?? éﬁd V\?Tgmﬁ??éﬁt?ﬂg;%o’ﬂe r of
transistor 75 0% eGtsed t ternlnal a2 of winding strand W2. The

free-running di od? 419 arvr?ledq' %ar3(e§ ‘connected in '

Fig. 4 shows such a circuit, in which there is a

matching network 65 comprising three resistors. From

— output 50 of Hall-IC's 55, a resistor 66 leads to the
positive 1ine 33, a resistor 67 to the base of a pnp-
10 transistor 69, said base being connected across a
_bleeder resistor 70 to the positive line 33 to which
is also epplied the'emitter of transistor 69. The
Hall IC 55 serving as a:rotor position-dependent.
sensor is connected with one terminal to the negative
15 1ine 35 and_With the other terminal, across a resistor
48 to the positive lines 33. Parallel thereto is
provided a Zener diode 49, which regulates the voltage
at.Hall IC 55. In addition, from output 50, a
'resistor 73 leads to the base of an npn transistor 75,
20 which is also'connected across a bleeder resistor 76
:to'the negative'line 55; to which is also applied the
emitter of said transistor. The collector of
-transistor 69 is connected to terminal al of winding
strand W1, whilst the collector of transistor 75 is
25 connected to terminal a2 of winding strand W2. The

free-running diodes 49 and 60 are connected in



antiparallel to the associ ated transistors 69 or 75. Coupl i ng capacitor 47
I's positioned between termnals al and a2..1f on starting, a north pqle
e.g. faces Hall 1.C 05 55, its output potential becones low.and it

approxi mately assunes the potential of negative line 35‘£¥§Bg .a. char gl pg -

current flows across the emtter-base junction of transi 69 and nakes
~the latter conductive, so that a current flows in winding 10 strand W.
If this current is subsequently switched off, the energy fron1mnnd|ng
strand W is recovered by coupling capagijpr_47 and diode 60 via the _
transfornmer coupling. Transistor 75 is then conductively controlled. If

the rotor is bl | V. r tibkl receives
part of the reI%‘?@%té#gﬁO{?%ﬁ nagssgz(”urren(’%‘zpﬁ"lolsat%1 \/‘3?3”%618.3 ?/' Réats t he
PTC-resi stor 78:4gg é? pdd¥td 4 ié“ﬁééFﬂxdd%dr%%h%%@ﬂcﬁeih paisharply
I.n accordance mnth |ts aracteristic curve and consequently-the actual 20
current in the #l ogkedazfate is reduced to 10 to 20% of the "normal "

" short-circuit current value. Thus, the current ‘acting on transistor 69, 75
i's so | ow that they BfeonuntaﬂumngﬂIa/nnntmnqmﬂede .ghe faicesualacecarding to
Fig. 4 repr gents an 25 econom cal 'y advantageous sol ution for such a
‘mniaturized>f a8, bletﬁamnltte patientibadl pejoomes low and it

approxlmately aseumes the.potent;al of negative line

35. Thus, a charging current flows across the

emitter-base junction of_transistor_GQ.and_makes the o/

latter conductive, so_that.a_current flows in winding
10 strand Wl. ,If_thie”current is subeequently switched
off, the energy_from_winding strand Wl is recovered by
~coupling capacitor 47 and diode.ﬁo via the transformer
__coupling. Transfetor_fs ie then conductively_
control;ed. If the:rotor_;s_blocked, the conductive
_;5 _transistor 69 or 75 still receives part of.the
- relatively hxgh startxng current, but very rapidly
heats the PTC-resistor 78 located at the input, so
that”1s resistance rises sharply in accordance with
its characteristic_curve and consequently the actual
- 20 _current in_rhe blocked state is reduced tollq_torzd%
fof the “norma1F short-circuir current value. Thus,
the current acting on transistor_§9,_75 ie so low that
they_areﬂnot thermally endangered. '
The c1rcuit according to Flg. 4 represents an
25 .economically advantageous solution for such a |

-miniaturized fan, because the relatlvely_few



27 - 12 - conponents have to be housed in space-saving manner in the flange

of the very small drive notor, despite fulfilling the requirenents of
bkocking protection and protection against wong poles (by neans of the
PTC - resistor 78.located at the input and which is also housed in tlaz

flange)~ A further fedugtion of the conponents is achieved with a circuit
according to Fig. 5. A parallel-wire winding (so-called bifilar w nding)
makes it possible 10 to use snaller capacitors, whilst the nunber of
capacitors can be reduced. Through the use of the PTC-resistor 78 and the
bifilar windings [err] there is no need ferlRhe capacitors 45, 47, 68, 74
used in GB Patent Application 8108534 (Fig. 15 6). In place of the sinple
transi stors 69, 75camponédnhg havéi o de housdd sim aspacorgavdmgnimanyier in
Darlington transistors 80, 81 are used and preferably those types already
contai ned in the heefdangespEt the mosmagh-dm tmetomedespidtieng di odes
80", 81". As the'DarIington transi stors have a nuch greater current

anpl i fication thafUbfdihapg thencequbrements of hlogking, progectdrpeandith

hi gher inpedance RC-el epents. The Hall 1C is constituted b typehavi ng

25 i nt egrat ed vol PAGESSEABR FgaTIEh YEOH PRXSE S0k meag= gl the’ BCT nat

diode 49 (Fig.054) rb815€8H78%10cated at the input and which is also =
| housed in this’f;ange). ' |

A further reduction of the cohponénts is achieved

»

.\*j with a circuit according to Fig. 5. A parallel-wire
' winding (so-called bifilar winding) mékes'it possible
10 to use smaller capacitors,'whiist the number of
- capacitors can be reduced. Through the use of the
PTC-resisﬁor 78 and the bifilar windings -
(Wi')W'zf, there is_ﬁoﬁneed'for thé'cépacitoré 45,
47, 68, 74 used in GB Patent'Appiicatibn 8108534 (Fig.
15 6). | |
In place of the Simpie transistors 69,75
W, ' according to Fig. 4, in this c#se.complementary

'Dérlingﬁon transistors'BO)'Sl aré“used'and'preferably'
ihbse types airéady contained in the bleeder resistors
20 g80', 81' and the free-running diodes 80", 81", As the
:Daflington'tfaﬁéiétors7have a much greater current
amplification than ordinary transistors, they can also
' bé-controlled ﬁith'higﬁer impédance RC-elements.
| ' The Hall IC is constituted by a type having
25 integrated'voltage'stabilizétiéﬁ (e.g. UGN 3016

"Sprague*), §o that diode 49 (Fig. 4) is rendered



superfluous. The resistance network 82 serving as a matching el ement can in
principle be constructed here in the sane way as network 65 of Fig. 4.
Junctd.on 83 is 05 connected across a resistor 85 to the positive line 33,
actross 'a resistor 86 to.the base of the transistor 80 and across .a res#s}.or
88 to the base of transistor 81. The arrangenent Qf\gaﬁﬁcitors 16, 17~%
bet ween thé bases of transistors 80, 81 and lines 33; 35 inproves 10 the
swi t chi ng behavi our. The enmitter of the pnp-transistor 80 is here again
connected to the positive line 33, its cokhector is connected to term nal

al of a winding strand [err] and the emt{ér of the npn-transistor 81 is
connected 15 tguégg Sgg&ive line 35, whilst its collector is connected to
termnal a2 of W |ﬁg ‘rand [err] * ‘Fig. 6 shows the feed - -

G262 % 25 mmand SEnreEpEaRte Aabffrh A e S Y hEBR TCY T
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auxiliary reluctance nonent, - 1's advant ageously constructed in

accordance wi t hs&iie Paagnas Spetwbrk aé s oof 1809580, Wiwric tAon 83hdiseby
I ncorporated_into the present application, it is also possible to operate
with a two- é|sgonnected across a resistor 85 to thq,positivg_line

33, across a resistor'SG to the bésg“of theﬂtfahsistbr
_80_and_acro§s a resistbr'ss to the_base_of transistor
81. :The arfahgement bf_caéacitors 16._17 between the ' \;j
_ bases of tr&nsistors 80, 81 §nd lines 33, 35 improves
10 the switching behaviour. |
_ ?§3 emittér_of-thefpnpfttﬁpsistor 86 is here
again connected to the positive line 33, its collector
.is.cqnnec;ed_to Eerminal_al of a winding strand W',
~and the emitter of the_npn-iransi#tg: 8l is cqhnected '
15 to_the negatiée line 35, whilst its collector is
.conngqted:to ;éfminal a2z of winding strand Wa'.
- Fig. G_shows:the_fee& characteristic of a fan
acco:ding'to the invéntion_with external dimensions
62 x 62 x 25 mm and with a speed of 5000/6000 r.p.m.
9_20--for 12/13V.d,c. |
In place of the aforemen;iohed two-pulse,
commuﬁatorless d.q. motor_wi#h an auxiliaty reluctance'
moment,_which_is advantageously constructed in
Haccordanpe_ﬁith Gé_Patént Specification 1392582.which
25 s hereby incorporated into the present application,

it is also possible to operate with a two-pulse



- 14 - comutatorless d.c. notor without an auxiliary reluctance nonent,

e.g. in accordance with GB Patent Specification 2000646 which is also .
i ncorporated into the*present application. In conjunction with said 05.

not or,\\t'he central. bearing tube can also be made fromplastic material and 29
i s moulded in one piece@th the flange, webs and outer casing. However, :
particul ar advantages are obtained with a two-pulse, auxiliary reluctance
"nonent notor, because its efficiency i's 10 particularly high (particularly
if-in accordance with GB Patent Specification 1392582) and its heating is
correspondi ngly | ow, whereby a rel ativel y- Higgh stability of the bearing:

tube is ensured. It is evident that the outer contour of the fan casing

does 15 - not SRt IRLes] frid MPLOF H&houLr ARy ANKAPLRFY t ube nor. the

acconodation of the;soraRtidied ,2E.g.CYnValclbrdbige i ek B p2Larel | ed
onepul-se notor is described in GB Patent Specification 1456546. It can be

seen that there hipedbbicakion 2000646 which isf @elencéncorpbratiedwnings a
very smal |l axial flowfan wth.di nmensions. of |ess than 80.x 80 x .35 mm a
b1 oner uni t bt ch RPN AR BEIR oA SoRREnEEoan. 25En Erd 2 Whi oh
has a very | ooy ststdEL thd oertd IC Pearinlg @0bed caANA2EH B¥Emadé from
arrangenent (i.e. 25. the conplete drive electronics for the-fan can be

housed in the squdtastiegiateriglgnad disomouldedi éneAey, Phegeowithcthe
characteristic (V@] e PSlebi GHY JLTY M¥ingR! € nBLEVSL! ChapPicdadpderate

power _ : _
: advantages are obtained with a two-pulse, auxiliary

% >
i

\~( : - reluctance moment motor, because its efficiency is
10 particularly high (particularly if in accordance with
GB Patent Specification 1392582) and its heating is
corresp@ndinglﬁ lcw; whereby 5 relatively high '
stébility of the.béaring tube is ensured. It is
evident that the outer contour of the fan casing does
15 ' not affect the Stability of the béariﬁg-Support '
{ tube nor the accomodation of the commutating electrics
within the motor. A sb—called onepulse motor is
described in GB Patent Specification 1456546.
_ It can be_éeen that there has been described with
~ 20 reference to the drawings a very small axial flow fan,
with dimensions of less than 80 x 80 x 35 mm, a blower
‘unit which can be'produced'ecOnomically and
advantageéusly'and which ‘has a very long service life,
" low consumption, a compact over;ll.arrangement (i.e.
25. the complete drive electronics for the fan can be
| housed in the square area), a higher blower _
efficiency, a good feed characteristic (voluﬁe per
' second under variable_ptessure) and a modefate power
consump;ion (approximately cénstant:wiih Qariable

spéed).



consunption (approximately constant with vari abl e speed). - 15.- CLAI M5
1. A direct current fan for ventilating electrical and electronic
equi'‘pment, conprising a casing containing a central, flange nounted,
external rotor 05 type drive motor with an inpeller fixed thereto, mhlch
drive notor is a brushless direct current notor for one or two-pul se &ff
. operation having a cylindrical air gap between rotor ang SRVt or and a
beari ng nmenber injection noulded in plastics in one piece with the 10

fl ange hol ding the notor and inpeller and sy rounding a bearing for a
central rotor shaft of the notor, wherein a stator winding of the notor .
'closely surrounds the bearing nenber 2. irect current fan as clained
in Caiml 15 further conprising a casingééﬁﬁgning a cyIindricaI fl ow duct

surroundi ng 't he |npellehir%gg g salgrﬁuct%gg bgﬁg&iggigis ¥? i

. corresponding to t*he duc si de,
' - is widened to ap%ga@hgeca%a&a QEugBﬁeﬁﬂs'ES 91§yﬁ& & s ¥Ry that sai d

enl argenment's -exten ially.beyond the |npe . A direct current fan
~as claimed in O gomthiningt BekefeERL), SEmenQeCﬁéuﬂﬂedBfeﬂtélﬂ\ﬂfﬂ'@&bﬂUCt

about the i mpel | er such that the . cross-section of the flow
_ type drive motor with an impeller fixed thereto,.which
drive motor is a brushless direct current motor for

' one;or:twofpulse operatioo having a cylindrical air
gap'betWeen rotor and stator and a bearing member \_}
'injection moulded in plastics in one piece with the |

10 flange holding the motor and 1mpe11er and surrounding
| a bearing for a central totor shaft of the motor,
wherein a stator w1nding of the motor closely
surrounds the bearing member. _
2, A direct current fan as claimed in_élaim 1
15 further comptising a casing defining a cylindfical.
flow duct surrounding the impeller, the diameter'of '
the impeller'essentially'corresponding to the qiameter
of saio-duct;:which duct on the outlet side;.is"
widened'to approach corners of the'easiag_inlsuch a
20. way that said enlargements extend_radially.beyond the
impeller. ' | -

3. A direct current fan as claimed in Claim 1,
further comprising a casing defining a flow duct about
the impeller such that the cross—section of the flow

25 4uct decreases in the flow di:ection 1n1t1ally in the.
‘manner of a Vemturi tube to a minimpm oitcular-

',cross-sectiod and from there widens to the outlet

* € L K 5 =




25 duct decreases in the flowdirection initially in the manner of a
Venturi tube to a mninmumcircular cross-section and fromthere widens to
4 he thlet 31 - 16°- cross-section, the radial outer edges of the .
inpeﬁler bl ades* passing close to the inner wall of the duct. 4. A di i3t
curréimt fan as claimed-in Claim3 wherein the flow duct- is widened on the
outlet side to 05 approach the corners of the casing in such a way that -the
enl argenents extend radially substantially beyond the inpeller. 5. A
direct current fan as clainmed in any preceding claim wherein the base area
of the casing is no 10 greater than 4900-nn& -and the axial |length of the

fan is-in the range 15 to 30 nm 6. A direct current fan as clained in
G aim5, whereinckbgsbagetdbra the Cosd |l i cutsdw Wdgeibfmeaidpehdeaxi al
| ength of the fan is about 25 nm 15 7. A direct current fan as cl ained

~in any precedi ngbthdes) pahsing ncldse dtd Vherskrorer w¥valdr afwdhgukdueteper ati on
with a magnetic resistance of the stator which is variable over the
“rotation angl e fdr prdddiragtaeurrertifay 3% kained ipfMdadm dhich is 20

SLaggered 11 L1 b ! PRRCELof G le Bl SHSS R Sl Tee s aeed o
'\ | 05 approach the corners of the-easing_iq such a way that
'the enlargements extend radially'substantially beyond
the impeller.
5. A direet currene fan as claimed in any p:eceding
claim, wherein the base eree of the casing is no
10 greater than 4900 mm2 and the axial length.of the
fan is in the range 15 to 30 mm. |
6. A direct_cufrent-fan'es claimed in Claim 5.
wherein the base -area of casing ‘is about 3844 mm?2
“aﬁa the axial length of.the fan is about 25 mm.
15 7. A direct current fan as claimed in any preceding
claim, wherein the drive motor is for two-pulse
_ operation with:e magnetic resisﬁanCeeof the stetor
:ﬁhich'is variable over the rotation angle for -
producing an auxiliary reluctance moment, which is
20 staggered in time with respect to the electrodynamic
*torquei |
8. A direct current fan as claimed in any preceding
-claim, ‘wherein the fan casing surrouhding-thefimbeller
is.injection moulded in one pieceiwith.the flange, so
25 - that casiﬁg, flange and bearing_member systems form a

'single plastics part.

Y e



claim wherein the fan casing surrounding the inpeller -is injectian noul ded
in one piece with the flange, so 25 that casing, flange and bearing ngenber
- systens forma single plastics part. - 17.- 9. - Adirect current fan as
claiméd in any preceding claimarranged as an axial - fl QV\%%@V\/EI’. 10, ATH
direct current fan as clained in any one of ains 1 t @8 %4rranged as a
radial flow blower. 05 11. A direct current fan as claifred in any
_preceding claimfurther including electronic circuitry for control thereof.
12. A direct current fan as claimed in CO.agim11l, wherein said circuitry is

~mountedon said flange. 10 13. A direct <urrent fan as clainmed in Caim

11 or Adaim12, wherein.the said electronic circuitry includes only two

power transistofs. 18 dipegf eurrent Eae #3nclringd HAn% RERFSHADT .

Sensor. 15, A EMAaR SEGPPaRY farsichlal TEAST IR, O PG e 10 0 14

-- wherein said el ggta'r_ ogi gﬁ%&ﬁu%&{,izeﬁgckggeézgcf{%é@%%g}{ ié}xé tbef power feed

to the notor close to the vol tage source. - iTect current fan as
clained in any pige¢Rdi 10t6! 8] MarvhREEd NasSad drd@L LY #14 Wikswer Serial ly
wound bifilar 'stator w nding. _ _ o
11. A direct current fan as claimed in any preceding
claim further including electronic:circuitry for.
controi,thereof. | | |
_.12. A direct:current fan és claimed'in_C1aim 11, _ K«/
whéﬁein said circuitry is mounted on said flange.
10 13, A direct surrent fan as claimed in Claim 11 or
Claim 12)lwherein“the Said electronic cirqpitry_.
includes only two power transisﬁois.,u -
14. A direct .curtent fan as claimed in any oné of.
Claims 1}'to_13;;wherein said_circuitry inclﬁdes only
15 one motor position sensor.
15, A difect current'fan as claimed in any one of
Claims 11 to 14, wherein said electronic circuitry
. includes a PTC resistor in_the_péwer feed to the motor
. close to the voltage source. |
20 _16.-_A;direct current fan as claimed in any preceding
‘claim, wherein said mbﬁor includes a seriélly.woﬁnd
_ bifilar stator winding. o
17. A direct current fan as claimed in any preceding
claim, wherein said bearing member is a tube.
25 8. Aidireét current fan as claimed in any preceding

claim wherein the ratio. of the diameter of the central

. *¢c L M 3 = :



17.. A direct  current -fan as clained in any preceding claim wherein said
‘bearing nmenber is a tube. .25 18. A direct current fan as clained in any .

gr ecedi ng claimwherein the ratio of ‘the dianeter of the central 33 - 18

- drlu& notor to the.diameter of the inpeller is about 1:2. 19. A direct
currentv fan as claimed in any one of Clains-1 to 18 wherein the ratio of 33
the dianeter of 05 the'central drive notor to the dianeter of the inpeller

is greater than 0.5. 20. A fan substantially as herei nbefore descri bed

with reference to and as illustrated in Figures 1 and 2, or Figure 3 of -the
acconpanyi ng draw ngs, 10 optionally inclddi mg electronlc circuitry
substantially as described with reference to and illustrated in Figure 4 or

Figure 5.. 15 20 Zxive motor to the diameter of the impeller is about
1:2.
19. A direct currenﬁ fan as claimed in any one of
Claims 1 to 18 wherein the ratio of the diameter of
05 the central drive motor to the diameter of the
impéller'is greatér than 0.5..

20. A fan substantially as hereinbefore described

"with reference to and as illustrated in Figures 1 and
2, or Figure 3 of the”accompanying drawings,

10 optionally including electronic circuitry
substantially as described with reference to and
illustrated:}n Figure 4 or Figure 5.
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