-1- ELECTRI C FAN DESCRI PTION 5 The present n e t| a&ﬁié&y
electric fan. Mre specifically, the present 1% Egt a novel
el ec fan usi.ng a DC brushl ess notor for dr|v ng an i mpel ler. 10
Eleftric) fans are disclosed in US Patent Nos. 3 446 429; and 3 ( '
ich utilise an induction notor. Since an induction notor

a small starting torque, difficulties can be encountered in
i.e. fromzero or |ow speed. 15 To overcone this difficulty, it
has Dbeen proposed to utilise a starting conpensating circuit, as '

di scl osed, for exanple, in Japanese Utility Mdel Publication hb.

46164/ 1975 but. this has the di sadvantage that a 20 conplicated circuit’
i s needed. Furthernore, since the teorgue of an induction notor is relative
low -at |ow speed and the lower linmit of the normally drlveable speed

is = relatively -~high, "a = -Z2BLECTRIC FAN
DESCRIPTION
5 The present invention relates to an electric fan. More
X _ : _ ;
A . . specifically, the present invention relates to a novel

electric fan using a DC brushless motor for driving an |

impéller._

10 Electric - fans are disclosed in US Patent Nos.
3 446 429; " and 3 431 533_'which'utilise an induction
motor. Since an induction  motor exhibits a small
starting torque, “difficulties. can be encountered in

starting i.e. from zero or low speed.

To overcome this oifficulty, it has been proposed to

utilise ‘a starting compensating cirbuit, as.disclosed,

for example, in Jopanese'Utility Model Publication No.

46164 /1975 'but_'this has the dioadvantage that- a -
20 .complicated circuit is needed.

Furthermore, since the torque of an induction motor is
relative low at low speed and the lower limit of the

normally- driveable speed is relatively' high, a



-so-called ultra-1ow speed driving of a conventional fan with an inductign
motor is not prkactical.. Mreover, the use of an induction notor incrgases
the 5 outside dianeter of the notor, thereby bl ocking the ai WY 1)
prodaced by the inpeller and deteriorating the fan efficiency. It
therefore, an object of the present invention 10 to provide a noyel
electric fan capable of overcomng the af orenenti oned I nher ent A
di sadvant ages of a conventional electric fan associated with the use of
an induction notor. 15 The present invention provides a novel electric
fan using a DC brushless nmotor for driving an inpeller. Mre particularly,
the present invention provides an electric fan conprising: a rotary
inmpeller; a DC 20. brushl ess aopor arranged to drive the inpeller,
and including a plurality. of coils and a magnet for rotation relative:
to the coils, swicdlted sltkeiloy speadoeeivitig Bf bl cohvertt iRNAERAN;
driving neans for applying a driving voltage to said coils of the notor,

-3- sai d driving withnani inductijon mopbyr £&ingt @rastiitabi ng

 Moreover, the use of an induction motor increases the
5 outside diameter of the motor,'thereby'blocking the
airflow produced by the impeller and deteriorating the

fan efficiency '

It is, therefore, an object of the present invention
10 to prov1de a novel electric fan capable of overccming
the aforementioned inherent disadvantages of a
conventional electric fan associated with the use of an

induction motor.

\_ 15 The present invention provides a novel electric fan
| ‘using a DC brushless motor for driving:an impeller.

More particularly, the present invention provides an
electric fan ccmprising' a rotary impeller, a DC
20 brushless motor arranged to drive the impeller and
including a plurality of coils and a magnet for
rotation relative to ‘the coils,; said coils being
arranged for multi-phase operation; driving means for

applying a driving voltage to said coils of the motor,



el ements for switching current through the notor phases respectively; a
pIurallty of magnetic sensing elenents arranged to sense rotati.on of the
\phase control 5 means responsive to said magnetic sensihg

s and operative to switch said switching elenents in ‘such a nmanne+
drrent is passed through the coils to energise the notor phases
ntjially for 'periods that are overl apped in tine; adjustable speed
3etting nmeans 10 for setting an operating speed condition for the fan;

powes~control nmeans for controlling the driving voltage applied from said
driving neans to the notor in dependence upon the setting of said setting
means; ratational speed responsiveneans, responsive to said 15 sensi ng

el enents “to generate atinme |nt3rval S|gnal defining a duration

correspondi ng tg HE@Q E%Q%g%IO 2??% i3 it f dﬂﬂd@’ it

" current operatlon spee means |n|ng the

duration of sal&%&haaofssﬁwmbebm%ugfhuml aat&f gHaedur ati on

defined by said tine interval signal. Accordingto the present iInvention,

P FonC o e peSHLOEDEP! 4 PIALLET ot I el umdiendc
arranged to sense rotation of the motor, phase control
5 means responSive to said magnetic sensxng elements and
operative to switch said switching elements in such a \;J
manner that current is passed through the c011s to
energise the motor phases sequentially for periods that
are overlapped in time, adjustable speed setting means
10 for setting an operating speed condition for the fan;
power control means for controlling the driving voltage
applied from said driving means to the motor in
dependence upon the setting of said setting means;
rotational speed responsive means, responsive to said
15 sensing elements to generate a time interval signal
defining a duration corresponding to " a predetermined
angular rotation of the motor at its current
operational speed; and period defining means for
_ defining the.duration of said overlap as.a predtermined
20 function of the duration defined by said time interval

signal.
According to the present invention, since a DC brush-
less motor is utilised instead of the conventional

induction motor, the motor size may be considerably



-4- reduced. Therefore, in -the electric fan in accordance with the
.present invention, the air volune blocked by the DC brushl ess notor }
i s-mM ninmsed, so tHat the fan efficiency of the inpeller my b
i npoved ‘as 5° . .conpared with a conventional fan using the indugt
motor. Furthernmore, the DC brushless notor has a large starting torque™at. ®
| ow speed, so the electric fan according to the present |nvent|on nay
be started directly at | ow speed w thout having any starting 10
conpensating circuit. In addition, as the DC brushless notor exhibits a
| arge torque in its |ow speed area, ghe electric fan according to the
present inveniton may be operated at | ower speed when COnpared mﬁth a

Cuch a5 ~or eezdt e SRR b %%%os%bﬁa%{‘ Bl RO Ly os

such as "breeze" uItra | ow br'eeze

and advant ag f on from
&AitHo tﬁé“epre%@&eritndé?:%d 3 enbo%ﬁ:{%ems cﬁ&{lﬁéw

the follow ng 20 detail ed description ‘of T

pr esent i nvent itee BT rualtlie do mRtd UMK Wid MnidtiOrg)y | R0 «HA0 ds,
erelrn: -

fan efficiency of the impeller may be impfoved as

5 compared with a conventional fan using thé induction
motor. Furthermore, the DC brushless motor ﬁas a large

— , starting torque at low sPéed, 'so the electric fan
according to the present invention méy be started
directly at low speed without haviﬁg any starting

10 compensating circuit. In addition, as the DC brushless
motor exhibits a large torque in its low speed area,

the electric fan according to the present inveniéon may

be operated at lower .speed ‘when compared with a
conventional . induction motor driven fan, and'thus an

15 = operation such as "breeze" or "ultra-low breeze" may be

L possible.

Further features and - advantages ‘of Ehé present
invention will become more apparent from the following
20 detailed description of the eﬁbodimehés of the present
invention when taken'in_conjunctioh with accémpahying

drawings, wherein:



-5- Figure 1 is an external view show ng one enbodi ment in accordance with
theg present invention, Figure 2 is a cross-sectional schematic view

i ng.the enbodinent in detail, 5 Figure 3 is a block diagram .
ng an electric circuit of the enbodi nent of Figures 1 and 2, Figure 4
8 Jci rcuit diagram showi ng the bl ock diagramof Figure 3 in nore detail,
e 5is a flow diagram explaining the operation for 10 controlling
or in the enbodi nent of Figures 3 and 4, Figures 6 and 7 are timng
grams for explaining the operation according to Figure 5, Figure 8 is a
graph for explaining operation ok ghe 15 enbodi nent , in which the
speed is plotted al ong the abscissa and torques and efficiencies are

pl otted al ongrigarer di iat @an ekyerad wiew Ghicking @naddkdBddlimdnl) A part
showing a different exanple of a constant voltage circuit, 20 Figure 10
I's a block di agecardahowe wigthhéhet pee seataipvendafiomn el ectric circuit in
accordance with the present invention, Figure 11 is a schematic
construct i onaFighee of alﬁ‘aj ar cross-sectional schematic view showing
the embodiment in detail,
5 Figure 3 is a block diagram showing an electric circuit
of the embodiment of Figures 1 and 2,
Figure 4 is a circuit diagram showing the block diagram
of.Figure 3 in more detail,
Figure 5 is a flow diagram explaininé the operation for
10 controlling a motor in the embodimept of Figures 3 and
4, |
.Figufes 6 and 7 are timing diagrams for explaining the .
operatipn acco:dihg to Figure 5, |
Figure 8 is a graph for explaining operation of the
15 embod iment, | in lwhich the speed is plotted along the
abscissa and torques and efficiencies are plotted along L
the ordinate,
Figure 9 is a circuit diagram of a major part showing a
different example of a constant voltage circuit,
20 Figure'lO is a block diagram showing the other example
of an electric circuit in accordance with the present
invention,

Figure 11 is a schematic constructional view of a major

part showing a further embodiment in accordance with



part showi ng a further enbodi nent in accordance with’ -6- the present
.invention, Figure 12 i;s a schematic constructional view showing a stj
f ur-tther anodinent'in accordance with the present invention, and 5
Figqure 13 is a schematic constructional view of a major part of the
enbodiment in accordance wth the present invention. Figures 1 a _
illustrate one enbodi nent in accordance 10 wth the present “y,
i nventi on. An electric fan 10 conprises a stand 12 which includes a
stand base 14 and a bottom plate 16 engaged thereto. Extendi ng upwardly
fromthe stand base 14 is a hollow pole brace 18 into which a supporting
nmenber 20 is inserted, in such a 56 = nanner that the sane is novable
vertically. A, ,peck- piece .22 is . nmovably supported on the upper end of the
supporti ng nenﬁgﬁ PEeSBR % 1BVSBEROPirece 22, as shown in Figure 2, there is
20 installgd a taQr coveg 24t.in whiih iiédisqpsed bg@gmplate 26
havi ng arnms t hat-94&Fi né AR B- SRAFER S¢FoSONSSELCHONa iTde%, PGat & 26
is, in the enbg@h

qﬁnkurther embod iment in accordance with the present
invention,'and
5 " Figure 13 is a schematic constructional view of a major

part of the other embodiment in accordance with the

present inventioh;

Figures 1 and 2 illdstr&te one embodiﬁént in accordance
10  with the .prESent invention. An electric fan 10

comprises a stand 12 thch includes a stand bése 14 and

a bottom plate'lS engaged thereto. Extending ﬁpwardly

from the stand base 14 is é hollow péle brace 18 into

which a sdpporting member 26 is inserﬁed, in such a-
15 ' manner that the same is movable vertically. A neck-

U piece 22 is movably supported on the upper end of the

supporting member 20.

On the neck-piece 22, as shown in Fiéuré 2, there is
20 installed a motor cover 24, in which is disposed base
plate 26 having arms thét éefine ah L;shaped. cross
section. The base plate 26 1is, in the embodiment,
formed of die-cast aluminum and supported by the

neck-piece 22 on one of its arms.



forned of die-cast alumnum and supported by the neck- plece 22 on one of

its'.arms. -7- The substantially vertical other armof ,the base plate 26
rotatably .supports shaft 34 of a DC brushless notor 28. The DC brushl ess
28 i's-constructed as an outer rotating type notor and i'ncludes an

siator 5 30 consisting of wndings formed around the periphery

| tylindrical body made of a nmagnetic material and an outer rotor 32

vifded with a magnet 38 secured to the inner. wall of a cylindrical or

- ghaped yoke 36 surroundi-ng the stator 30 serving also as a casing. 10
e“rotary shaft 34 extends through the centre ~of the inner stator 30, the

bott om of the yoke 36 described herei nabove is secured substantially at the

centre thereof, on the tip of the=sh&ft=34. Accordingly, the outer rotor 32

will rotate durlng operation of the 15 motor. An inpeller 40 is secured

to the tip of tfkerosubgtantimliyivesticak othercarmef fkhe Haseaplatef ace of
the yoke 36. Ndbre s eC|f|caII t he t|p of the rotary 20 shaft
34 is threade#b Fgta q§®°¥ﬁ? &ra DC brushless motor

28, The DC brushless motor 28 1s constructed as an
outer rotatlng type motor and includes an inner stator
5 30 consistin§ of windings forméd around the periphery
of a cylindrical body made of a magnetic material and o/
an outer rotot 32 provided with a magnet 38 secured to
the inner wall of a cylindrical or cup-shaped yoke 36
surrounding ' the stator 30 se#ving also as a casing.
10 The rotary.shﬁft 34 extends through the centre of the
inner stator 30, the bottom of the yoke 36 described
hereinabove is secured substantially at the centre
thereof, on the tip of the shaft 34. Accordingly, the
outer rotor 32 will rotate during .operatidn of the

15 motor. W

An impeller 40 is secured to the tip of the rotary
shaft 34 so as to cover the peripheral surface of the
yoke 36. More specifically, the tip of the rotary
20  shaft 34 is threaded to screw a threaded member



- 8- thereon, thereby securing the inpeller. 40 to the rotary shaft
.34. . The rotary shaft 34 extends through the rear end of the 5
brushless not or 28 (rlght side in Figure 2). A Hall IC 44 for det
pOSvIIOH of the .rotor 32 is nounted on a circuit board 42.
Furthermore, as wll be apparent fromFigure 2, the 10 p
edge of the opening of the yoke 36 is formed with a collar 36a
extending radially outwardly. The peripheral edge on the opening side of
the notor cover 24 is bent inwardly to forma collar 24a so as to engage
to or surround the collar 36a. Thegallars 24a 15 and 36a, prevent
the penetration of dust into the notor cover 24. NMore specifically,
between two cahledesn,24a thiedtebyba.seciit itld QNd eNimdd OMI MY 4qut Wy dpe | S
produced by the rotation of the inpeller 40, ‘thereby forning a so-called
air curtain andothuey mshefenBidng dust from 20 entering therebetween.
Moreover, there is an advantage that the DC brushl ess notor 28 I's cool ed by
the air current between the coIIars 24a and 36a

The rotary shaft 34 gxtends through the rear end of the
5 DC brushless motor 28 (right side in Figure 2). A Hall
IC 44 for detecting a position of the rotor 32 is

N mounted on a circuit board 42.

Furthermore; as will be apparent from Figure 2, the
10 peripheral edge of the opening of _ the yoke 36 is
formed with a collar 36a extending radially outwardly.
The peripheral edge on_ﬁhe_opéning side of the motor
cover 24 is bent inwafdly to.form a collar 24a so as to
engage to or surround the coilar 36a. The collars 24a
15 and 36a, prevent the penetratioﬁ of dust into the motor
dovér 24, More.specifically, between two collars 24a
and 36a, aﬁ air cu:rent-flowing outwardly is produced
by the rotatioh”of.thé impeliei 40, thereby forming a
so-called air curtain .and thﬁs preventing dust from
20 ehtering therebetween. Moreover, there is an advantage
that the ©DC brﬁshléss mo tor 28 is cooled by the air

current between the collars 24a and 36a.



I nside the notor cover 24, .an oscillating device 46 is secured on the
uppger surface of one side portion of the L-shaped nounting base plate 26
desgribed -above. The oscillating device 46 includes an induction notor
A shown in Figure-3, and oscillates the inpeller - 40 to both '
sifdeg¥} iy ough a crank mechani.sm (not shown). :The=oscillating notor may be
tpr. In front of the nmotor cover 24, a guard 48 covering the 10
y 40 is installed. "As shown in Figure 1, on the upper surface of the
stand—Yase 14, there is provided & switch. 50 which is connected to
a board 52 disposed within the stand 12 15 . -and wused for setting an
oper ating condinsigie stheh metapesaker The, bosw dob2iL5at iEg ahbedcdi 46 Dst he
stand 12 by neans of a suitable boss, and:-provided with a control
circuit to be seeMrEShar |therugren i sut fady of omensideée opont 1dn FofHuties 3 and
4. 20 Referring to Figure  2; the supporting nenber 20 extending
through the pdi-éhapede Mountinghdase plake R fdescribed sabore. 17The
i ncl udes a supponthg%,portion 54 provided _at  its upper end for

mount i ng th@s°11 ing 'dev;ce 46 includes an induction motor as
5 shown in'Figuté-3, and osciilates_the impeller 40 to
both sides thrd@gh a crank mechaﬁiSm (not shown). The
oscillating motér'may be.é DC motor. QJ
In front of the‘@otor cover 24, a gué;d 48 covering the
10 impeller 40 is installed. o "
As shown in Figure 1, on the upper surface of the stand
base 14, there is provided a .switch 50 which is
connected to a board 52 disposed within the stand 12
15 and used for setting an operating condition such as
speed. The board 52 is installed within the stand 12 _
by means of a suitable boss, aﬁd provided with a ~
control circuit fo be explained later particularly in
connection with Figures 3 and 4. |
20 |

Referring to Figure 2, the -supporting member 20
extending'through'the pole brace 18 extending upwardly
from the stand 12, includes a supporting portion 54

provided at its upper end for mounting the



- 10 - af orementi oned neck- pi ece 22 and a tel escopic guide 56 arranged. at -
its Lower end for guiding the telescopic notion thereof. The suppor
menter 20 consists of a tubular netal pole brace 58 and an ornanent al
cyliader 5 60 covering the netal pole brace 58, fornmed by noul di
synthetic resin. The cylinder 60 is nounted on the projections forned. /
t he af orenmenti oned supporting portion 54 and the tel escopic guide 56 at 1ts
upper and | ower ends. Then, the I|ower end of the netal pole 10

brace 58 is inserted into an inserting hole fornmed in the telescopic

gui de 56 to engage therewith and the upper end thereof is inserted into an
opening formed in the supporting portilor 54 to engage therew th. 15 A
rib 62 is forned to en age the |nner surf§ e of the |.ower end of QF

metal pole br&@&foremgntl '%sr?d’é’rl%@uﬂ?e

t el escopi ¢ gui de 56 agﬁhéﬂf ort| the taI le b ce 58 are
secured toget he® lff"& mﬁt"é‘% "%Erééﬁed 94 rfré? %% ERfE  The
upper end of th reI [ rte bove
menti oned openi E"é)f{eoﬁ’d t%%tr I°ocke§‘ht oge“?’l?%%t "téh rrPehe sru%go%to?’nsgﬁgtos?to?%n 54

and t he

tubular metal pole brace 58 and an ornamental cylinder

5 60 covering the metal pole braceh58, formed by moulding
a synthetic resin. The cylinder 60 is mounted on the
projections  formed _on: the aforementioned sﬁpporting

~ portion 54 and the telescopic guidé 56 at its upper and
lower “ends. Then, the lower end of the metal pole

10 brace 58 is inserted into an inserting hole Eermed in
the telescopic guide 56 to engage therewith and the

epper end thereof is inserted into an opening formed in

the supporting portion 54 to engage therewith.

15 A rib 62 is formed to engage the inner sﬁrface of the

-/ lower end of the metal pole brace 58. The lower
portion of the cylinder 60, the telescopic guide 56 and

the lower portion of the metal pole brace 58 are

secured together by a machine screw 64 screwed in from

20 the side.

The upper end of the metal pole brace 58 is merely
inserted into the above mentioned opening, and not

locked together.with the supporting portion 54 and the



N

eely

~ - upper portion of the cylinder 60. The netal pole brace 58

slideable wvertically wthin the openi.ng.of the suppo

pgrtipn\54. 5 In the event of extension or contraction of

contract

driving
circuit

sdp tlng member 20 due -to: changes in the -anbient tenperature,

IS,

rting
the
t he™

f exten5|on/contract|on of the cylinder 60 (nmade of a synthetic
res\n) /differs fromthat -of :the netal pole ‘brace 58, the exten
10 contraction of the netal pole brace 58 . being larger than

of the cylinder 60. In-the énbodiment, as previously explained, th
cyl i nder 60
| ower ends, ‘pol
Wi tiiger S ORANIGE e LR SHADPTEI NI THYE thdih P Se | :Béa&Qp

end, thereby absorbing differences in ext ensi on/ cont racti on caused
the change$s ifs,t aifias,atfes 1520 shdefiﬂ;flasrlmﬂfbﬂ%}ire«smﬁman&ae

t he
80,

and the netal pole fyace 58 are secured together at th

and the netal pole brace 58 is'. free to extend or 1

DC brushl ess notor 28, there is provided a driving cont
opan itly o Mcihéd esmappror thimy qmrmiﬂrerstl or a mcroprocesso

such as an integrated CIFCUIt "LC

10

15

20

In the eveﬁt;76£_ extension or . contraction of the
supporting meﬁber:20 due to chéngeél in the ambient
temperature, the;deg:ee of extension/éontraction of the
cylinder 60 (made of a synthetic re#in) differs from
that of the 'meta1 pole brace:_583.-the extension/
contraction of the metal pole brace 58 being larger
than that of the cylinder 60. In the embodiment, as
previously explained, the cylinderSGO ~and the metal
pole brace 58 are secured togethef'at-their lower ends,
and the metal pole brace 58 1is free to extend or
contract within fthe opening of the supporting portion
54 at its upper end, thereby absorbing differences in
extensioh/bontraction caused by ._the changes in

temperature.

Referring to Figures 3 and 4, for driving the DC
brushless motor 28, there is provided a driving control
circuit 80, whiéh includes a microcomputer or a
microprocessor 82 such as an integrated circuit "LC

6526 H" by Tokyo Sanyo. In the microcomputet 82,
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6526 H; by Tokyo Sanyo. In the microconputer 82, - 12 - altA

-not shown, a ne
por t<i s pr.ovi de
andwa counter

for applying th
expl ai ned | ater
position detect
44 di sposed re
feeds a contr
necessary phase
with a timng c
4, the signa
Hall 1C 44 are
- through PA2 of

drivers D thro
termnal s PDO t

5
o
10
15
k/:
20

nory, such as ROM or RAM and a necessary input and/or
d. In the nmenory area of the m croconputer 82, a ti
86 -are fornmed to be used in determning the 5

e voltage to the DC brushless notor 28 as wll be

A ng

in detail. In brief, on the basis of the signal frdhld

ing circuit 88 receiving the signal fromthe Hall 10
| ative to the DC brushl ess notor 28, the m croconputer
oI S|gnal to a drii2ng circuit 90, from which th

naI n to the coils of the DC brushl| ess nDtor
§’ gll?dlnﬁ °{"He @oﬂlemrysiw sléz%f‘t?r% @ed Figy
th Hal_| t I d
Peg <P fput anedoR Rl iy ot b ktdantal 35 ko

82.: The d ls f h
i e %?’SU?“%C B afiindiared BN B¢ oLt &
EEBHQQrPDQG are formed to be used in determining the

timing for applying the voltage to the DC brushless

motor 28 as will be explained later in detail.

In brief, on the basis of the signal from a position
detecting circuit 88 receiving the signal from the Hall
IC 44 disposed relative to the DC brushless motor 28,
the microcqmputer- 82 feeds a control signal to a
driving circuit 90, from which the necessary phase
signal is given to the coils .0of the DC brushless motor

28 with a timing corresponding to the control signal.

Referring to Figure 4,  the signals from the Hall

elements Hl through H3 included in the Hall IC 44 are

fed respectively to the three input terminals PAO
through PA2 of the microcomputer 82. The driving
signals fo; the drivers Dl through D3 and D4 through D6
are outputted from #he_output terminals PDO0 through PD2
and PEO through PE2  of the microcomputer 82. = The
drivers D1 through D3 comprise NPN transistors and the

drivers D4 through D6 comprise PNP. transistors.

| C
82
e

28
ure
t he



and PEO through PE2 of the mcroconputer 82. The drivers D through
D3* conprise NPN transistors and the drivers D4 through .D6 conprise PNP

transi styors. 13 - Accordingly, ‘'the drivers ~Dl through D3 are turned
on he high level is given to their base inputs, and ate turned YWef
whe low level is given. The drivers D4 .through D6 operate .in
rever st. The 5 respective collectors of-the drivers D1 through D3

are nected to the bases-of “the switching transistors QL through @
conpri sing PNP transistors,- and the collectors of the drivers D4
through D6 are connected to the basBs-of the switching transistors Q4
t hrough Q@ 10 conprising- NPN transistors. - The emtters of the
switching traecdedbngly Ql thérodghvef8 dilethroaghobDBy ageniached oh0 a
DC constant voltage froma snbothing circuit 122 and the emitters of
the switchiWgerrbpeiRiophslemelt fsoadnenQBo &heircbawenlinpatspecaad to 15
earth. The respective corresponding collectors of the sw tching
transistors ®€thEoiReS eobhd @erhr tigh Bwar devernvikygdurnect Bdet o
coil s 30u, BQX and 30mbgf_theﬁstator 30 respectively.

rivers t

prough - D6 operate; in reverse. The
5 respective cSLléCtors of the dri&efg'Dl through D3 are
connected to the bases of the switching transistors ol _
through Q3 ”.comprising PNP ttraﬂsistors, and the e
collectors ofi the drivers D4 tHrouéh D6 are connected
to the bases 6f the switching transistors Q4 through Q6
10 comprising 'NPﬁj'transistors. The emitters of the
switching transiétors Q1 through @3 .are . commonly
connected to a "DC constant voltagé from a smoothing
circuit 122 and the emitters - of the switching
transistors Q4 through Q6 are commonly connected to
15 earth. The reSpeétive'corresponding collectors of the..
switching transistors Q1 through Q3 and Q4 through Q6 )

are commonly connected to coils 30u, 30v and 30w of the

stator 30 respectivély.

20 Accordingly, with-the switching transistors Q1L and 5
ON, the current flows from the Statdr coils 30u to 30w.
The period of- current flow in this direction is
indicated at (Q in Figure 6. With the switching

.transistors Q1 and Q6 ON, the current flows from the



20 Accordingly, with the switching transistors QL and @ ON, th
.current flows fromthe stator coils 30u to 30w. The Pperiod of cur
flolw in.this direction is indicated at [err] in Figure 6
tha,_smﬁtching transistors QL and @ ON, the current flows from

-

14 - stator coils 30u to 30v. The period of current flowin this di

Is indicated at [err] in Figure 6. Wth the switching transist @
and @ ON, the current flows fromthe stator coils 30w to 30v. The period
of 5 current . flow in this directionis indicated at in Figure 6.

Wth the switching transistors @ and @ ON, the current flows fromthe
.stator coils 30w to 30u. The erlod of current flowin this direction is

i ndi cated at [Setrarq“ iGPiks Afw tas 30vay (The tprricedy e idurramt flow in
transi stors current flows frxomthe stator coils 30v to

30u. The peri (5(5"'§f dc‘%rerce‘?ftoql’tﬁm’i'ﬁi’t‘?ﬁ%e%ﬁ‘%ct n i & ifREwes & atWithrr]
ows - rom t a8 atBr S 118 SO ATF NG S TrE ] oo %15 the 'QURERHE 11 ow
in this direct 'f(i%dss ff&ﬁpl&aé[ esQ:a@cFr [cet;'r]ls 3dv§'l @ %\? ‘The period of
. 5 current flow in thlS d1rectlon ;s indicated. at C)
in Figure 6. With the switching transistors 02 and Q4
U ~ ON, the current flows from the statof coils 30w to 30u.
The period of current flow in this direction is
indicated at @ in 'F'igure; 6. With the. swifching
10 transistors 03 and Q4 ON, the curreﬁt flows from the
stator cqils 30v to 30u. The period of current flow in
this direction is indicated at (8 in Figure 6; With
the switching transistors Q3 and 65 ON,' the current
flows from the stator coils 30v to 30w. Thé period of
15 current flow in this direction is indicated at () in

Figure 6.

In the driving control circuit 80, a rotation error
dgtecting circuit 92 is provided for detecting rotation
20 ~errors based upon the signal from Hall IC 44. The
rotation error detecting circuit 92 detects the level
of current applied to the DC brushless motor 28, by
means of a resistor 92c and compares this level with a

reference by means of comparators 92a. and 92b, to



In the driving control- «circuit 80, a rotation error detecting circuit
92 is provided for detecting rotation 20 errors based upon the
sighal. fromHall I1C 44. The-rotation error detecting circuit 92 detects
t Ae: Ievel of current applied: to the DC brushl'ess notor 28, by neans B¥
i\stor 92c and conpares:-this level with a.reference by neans of
hYators 92a and 92b, to - 15 - product control signals. The
ting circuit 92 includes tw circuits . [err] and [err], the
being inputted to a first voltage control ‘circuit 118a and the
r being :inputted to the drivimg-controller 82. 5  The circuit
92 Is designed to pr.ot ect agai nst overvol.ttage in such a manner
that, if theoradwcbficomtedlonsignadsci blyheedaeedcehing tbertgpel lep 40
and the rotor 32 are rotati:ng, for exanple, at 40V 1500 r.p.m, by an
ext er nal forcknqkudvﬁnihgoofcércuitain93£ 18nd 92t hethki E6ymertbeingurrent
value in the resistor 92c i.s jncreased and the oufput from the. conparator
92a alters s ey Ve L age LhSt .6 ol cjgcui 18
reduces from4 u%%?%i&%ﬁ%EEiiégT%§§%?€%u%§6§ggidpggggééesi%%é%rI%n o the
circuit 92 the latter being; inputted to the .driving controller 82.

5 The circuit 921i'is designed to protect against
overvoltage in _éuch a manner l;haf, if the rate of O
rotation is fofcibly reduced wheﬁ'thejimpeller 40 and
the rotor 32;.afe rotating, for éxgmple, at 40V 1500
r.p.m., by an external force (entwining of a curtain or

10 the 1like), the current value in the resistor 92c is
increased and fhéfoutput from the comparator 92a alters

such that the voltage set by the first control circuit

118 reduces from 40V to 10V,

15 The circuit 922 operates similarly to the circuit 921.
However, its setting value differs from the circuit 92l

and remains unaltered even during tﬁe aforementioned
overvoltage protection.  However Qhen the rotational
speed of the impeller is reduced by the external force
20 ‘below. the rate of rotation set at 10V, the comparétor
92b outputs a sigﬁal which is inputted to a terminal
PCl of a microcomputer 84 in the driving controller 82

(the terminal PCl which is normally at high level then



However, its setting value differs fromthe circuit 921 and remains
-unaltered even during, the aforenmentioned overvoltage protection.
However when the rotational speed of the inpeller is reduced by the
extggnal force 20 - below the rate of rotation set at |10V, the
-conparator 92b outputs a signal which is inputted to a termnal PC g
m croconputer 84 in the driving controller 82 (the termnal PClL which is

normal Iy at high | evel then - 16 - changes to low |level), and
thereby the driving controller 82 1is controlled to stop the DC
brushl ess notor 28. 5 There Lsjgl so provided an operation control

circuit 94, which on the basis of the signal fromthe switch 50 (Figure 1),

control s functichanagedch toas 1owhe 1edlell) ,f | QWar aktBerebne thREr alg QR ingont rol
circuit 94 includes a mcroconputer or a mcroprocessor 96 suc as

an 10 i nt egoatedlleirr cARt i35l Ccoht26Tledbyo Eelspo thanye. bk leisgnal
fromthe aforenentioned swtch 50 is given as the input signal to the
m croconput er ®etowh28Rk, in accordance with the input signal, controls a
first voltage control «circuit 118 included in a voltage

5 There is also provided an operation control circuit 94,

which on the basis of the signal from the switch 50

\—~ - (Figure 1), controls functions such as the air flow

rate. The operation control circuit 94 includes a

microcomputer or a microprocessor 96 such as an

10 integrated circuit "LC 6526C" by Tokyo Sanyo. The

signal from the aforementioned switch 50 is given as

the input signal to the microcomputer 96, which, in

accordance with the input signal, controls a first

- voltage control circuit 118 included in a voltage

15 controller 98 to control the voltage applied to the ODC

brushless motor 28, that is, its rotating speed.

Also, the operation control circuit 94 includes a sound
circuit 100 generating a sound responsive to the
200  operation of the  switch 50, and an indicator circuit
102 including a light emitting diode etc. indicating
the operation of the switch. 50. = Moreover, an

oscillating motor driving circuit 106 is provided for



15 controller 98 to control the voltage applied to the DC brushless
notor 2B, that is, its rotating speed. Al so, the operation control circuit
94 | Mes a sound circuit 100 generating a sound responsive to the 20,
opef

of the swtch 50, . and an |nd|cator cirrcuit 102 including a N

i r” tting diode etc. - jl ndi cating the  :operation of the swtch.
50 Ot eover, an osciLLating nmotor driving circuit 106 is provided
fo £17- controlling ‘“an.:.zoscillating notor:-104 for 1in the

osciTTating device 46 (FigUre 2) The oscillating rotor 104 is conveniently
an® induction 5 nmot or that.fqgelves power frooman AC power source
108. A filter circuit 110:is:connected to the power source 108 and
consi sts of ceidntradia cap@wt(ygd¥11 [ r t noy 4&
noi se produced from tghe .BC br ushl ?slg%m{hgﬁ!&u 04 of({r;ehe rFfI% er
circuit 110, @stldllatifigr @evticePd@!t qEtigude quenent for absor bi ng
surge vol tages, for exanple a varistor, .is further incorporated
as shown in Figure 4. An AC voltage fromthe AC pomer source 108 is applled
15 to a rectifier circuit 112 through the filter circuit

The oscillating motqé 104 is conveniently an induction

5 motor that recelves power from an AC power source 108.

A filter ciréuit“llO is connected to  the power' source

108 and con51sts of coils and a capac1tor as shown in ™~
Figure 4 to remove the noise produced from the DC
brushless motor 28. In. the filcer circuit 110, a

10 circuit proﬁective element for  absorbing surge
voltages, fot_Q example a varistor, is further
incorporated as shown in Figure 4
An AC voltage from the AC power soufce 108 1is applied

15 to a rectifier circuit 112 through the filter circuit
110. The rectifier circuit 112 is a full-wave diode o/

bridge rectifier circuit and its odtput DC voltage is
applied to e first constant voltage circuit 114
including a Zener diode as well as to a second voltage
20 control circuit 116 incorporated in the voltage
controller 98. The second voltage control circuit 116
acts based upon a:controi signal from the first voltage
control circuit 118, which chops the applied DC

voltage from constant voltage circuit 114 by the signal



110. The rectifier circuit 112 is a full-wave diode bridge rectifier
.cirgcuit and its output, DC voltage is applied to a first constant
voltage circuit 114 including a Zener diode as well as to a second

voliage 20 control circuit 116 incorporated in t he vol tage” e
controller 98. The second voltage control circuit 116 acts based upon{a’
control signal fromthe first voltage control <circuit 118, whi ch S

the applied DC voltage fromconstant voltage circuit 114 by the sig
-18- from an oscillation circuit 120. Thus, the chopped DC voltage is
outputted by the second voltagel8centrol circuit 116, and snoot hed by ‘a
snmoot hing circuit 122, DC voltage fromwhich is applied to the driving
circuit 5 fgomof anhesadiddatdenyicigcadtt 80 .ci Thuist, 8bhe EheppedcDCS i er
circuit 112 provides a DC vol tage output having a nean value of |QOOV

and a peak V&ﬂﬁégeoﬂsaﬁbﬁskﬁgﬁ@el9Y14$VP wisecionds ¢iedpaae byonttgodecond
10 vol tage gontrol ¢jrcuit _116 and the first voltage control
circuit 118) cFﬁEBFBorii@d- PRI ERROthEA: RYe ac SACPSNIBE gdrandtappRired to

h hi | Lt 122. Th hi [ [ 122 .incl i
&hfcﬁnDOt 'ng Bérggikage fromewhiggogslggplgggc%gtthe dribq%gugﬁicu%t corts

5 90 of the motor driving control circuit 80.

Q_/ The rectifier circuit 112 provides a DC voltage output
: héving-a mean value of 100V and a peék"value of
approximately 141V, which is chopped by the second

10 voltage control circuit 116 (and the first voltage
control circuit 118) incorporated in the voltage

controller 98 and applied to the smoothing circuit 122,

The smoothing circuit 122 includes a coil, which

produces a saw-tooth voltage.LIZt/z, and a smoothing
15 capacitor, the smoothed voltage being applied to the DC

U brushless motor 28 through the driving circuit 90.

The first voltage contrél'éircuit 118 is_cohﬁréiled by
the microcomputer 96 incorporatéé in the driving
20 controller 94 and changes the V6ltage aéplied to ﬁhe DC
brushless motor 28 by cdntrolling the output voltage

from the sﬁoothing circuit 122 from about 5V up to 40V.



produces a sawtooth voltage LI2t/2, and a snoothing 15 capacitor, the
pqtRed vol tage being applied to the DC brushl ess notor .28 t hrough the

Ny circuit 90. The first voltage control circuit 118 is controlled;_by

nycroconputer 96 incorporated in the: driving 20 ° controll er-

'H-hanges t he voltage applled to the DC brushless nDtor 28 by

40V. 19 Thereby, - the rotating speed of - the DC brushl ess notor 28
~.be” changed from 250 r: P. m. up -to 1500 r.p.m. Also, the DC voltage from
the snoothing circuit 122: is. 5= 19 fed to the .second’ constant voltage
circuit 124. Since the mcroconputer 82 |ncorporated in the driving

control ler &G&hfPYrhe thicr: FRtuing e @f perat¥d b sihte speratonn

control l er 94.are b th, arra 12 t he 10 boar 52 Flgure 2),
a cl ocks of és %%%@mﬁ&’hd’ﬂ gto MyPBiven to

them and a resettlng CIrCUIt 128 is connected i-n common. However, if the
m croconputers 82 and 96 are each installed on separate boards, the clock

source 126 ang dfie gr@oBic il che £rcil "G Lokttt PR IRE spparatel v for

each board. S
5 fed to the secqnd“constant voltage. circuit 124.

Since the mic;@e@@putgr 82 incorpereéed in the driving \‘)
cont;oller 80;ahdithe microcompeferT?G incorporated in
the operation.eeettoller 94 are both ‘- arranged on the

10 board 52 (Figu;é. 2), a clockiof_e.g. 800KHz from a
clock source 126 fis_ commonly given to them and a
resetting circuit 128 is connected.in.COmmon. However,
if the microcomputers 82 and 96 are each installed on
separate boards;eéhe clock source 126  and the resetting

15 ~  ecircuit 130 are provided separately for each board.

A conduction angle setting circuit 130 is connected to
the microcomputer 82, which includes two switches 130a
and 130b as shown in Figure 4, and by switching these
20 switches on and dff selectively, différent conduction
angles are set. .The conduction angle setting circuit

130 will be described in more Getail hereinafter.



A conduct i on angl e setting circuit 130 is connected to the nicroconpute.r"{'
.82, ;which includes two switches 130a and 130b as shown in Figure 4,

by . émntchlng t hese 20 switches on and off selectively, different/ N g
conduction angl es are set. The conduction angle setting circuit 130 mnlk.
described in nore detail hereinafter. - 20 - Aforward/reverse rotalN.r

node selecting circuit 132 is connected 'to the mcroconputer 82, which,_
in this enbodiment, includes a resistor as shown in Figure 4, and thus
only forward rotation is set. However, a 5 suitable swtch nmay
be connected to select either jc&dwgd or reverse rotation. The DC
brushl ess notor 28 includes as shown in Figure 4, star-connected stator

coils 30u, 30v gang, éé) ro ta3'gﬁl[& dde p%o t%ti@o gé%%r‘pwd% As

shown in Figure 2, the rotor nmagnet secured I's formed as

an ani sot ropi ¢ FRINSNHRAES | S&S | $hd WES S PP Red £ Y8 R LA 18l el dh i fhid S

circunferential direction. The Hall 1C 44 includes, as shown in Figure 4,
the Hall el enentmbdbiment H inddedith Hae o1 @5Wess ahawgl a8 BEAstat efd, with
the stator <coils 30u, 30v and 30w respectively. The

and thus only forward rotation is set. _However, a
5 suitable switch may be connected to select either

forward or reverse rotation.

The DC brushless motor 28 includes, as shown in Figure

4, star-connected stator coiLs 30u, 30v and 30w, whose

10 neutral poinﬁ is not grounded. As shown in Figure 2,
‘the rotof magnet 38 secured to the yoke 36 is formed as

an anisotropic magnet magﬁetised in reverse polarity
alternately in'iﬁs circumfereﬁtial direction, The Hall

IC 44 includes, as shown in Figure 4, the Hall elements

15  Hl, H2, and H3 arranged at angles associated with the

U stator coils 30u, 30v and 30w respectively. The
signals from these Héll elements Hl, H2 and H3 are fed

to the driving controller 80 as previously described.

20 The driving. circuit 9¢ incluées switching transistors
| Q1 through Q6 for applying voltage successively to the
stator coils 30u, 30v and 30w previously‘ described,
with a ?rescribed timing, Ehereby providing a

three-phase bipolar type driving circuit. However, the



signals fromthese Hall elenents Hl, H2 and H3 are fed to the driving
.comEeQl | er 80 as previously described. 20 The driving circuit 90

' ¢s switching transistors QL through Q for- applying voltage o
Jively to the stator coils 30u, 30v and 30w previously described, ~~

2 prescri bed tim.ng, t hereby providing a three-phase bipol ar
pe drfving circuit. However, the - 21 - drizving circuit .can be of a
ee-phase uni pol ar type or .other known driving- -nmethods may be utilised. A
timer 84 incorporated in the-nicLOQ nput er 82" out:puts 5 a time-up
signal after a fixed time; and a counter 86'is-“utilised for measuring
the tinme int et&ﬁﬁﬁi e It LoQeSL ogpal s, Lk I ts Hl

t hrough H3. %e/ﬁ;&%)n t e-.iettijrb:o‘g?ﬁne%%,afhée g‘?%?%n%ﬁ%%ﬂ%ﬁ%%%ﬁc?fgﬁ angl e
setting circyd ddfled kmsidl dEDF iR hé ¥h SIS haPPbETut fiB; $oducting  peri ods
of the stator coils 30u, "30v. and 30w, thereby permtting selection of
four kinds of predeterm ned-overlapping angles (O[err], 30[err], 35[err],
40[err]) to 15 set the overlapping ratios thereof. The conduction
angl es are shownimer tthe imdorpormtéedbin. the microcomputer 82 outputs

S a time-up sigﬁalféfter a fixed time;fénd a counter 86
is utilised for. measuring the time intervals between
the position'sigﬁals from the Hall elements Hl1 through o/

H3.

10 In the emboéiméﬁi; the.aforemenéioneq.donduction angle
setting circuit-130 is used for'partly overlapping the
‘conducting periods .of the staﬁonzﬁoils 30u, 30v and
30w, thereby pefmitting' selection .of four kinds of
predetermined'ovérlapping aﬁgles'(o‘, 30°, 35°, 40°) to

15 set the overlappihg ‘ratios thereoﬁ.- The conduction

angles are shown in the following tabie.

TABLE

Conducting Time Ton

Setting Switch éonduction ‘Calculation Formula
20 130a 1306 . Angle :
OFF OFF 0° “Ton = 0
oN OFF 30° Ton =—30- T4 =-i-Td4
: 60 -2
OFF oN  35° Ton = =2~ 74 =-1d
| | 100 | 40 2
ON ON 40 T S — = — 7d
‘ on 60 .Td 3 T




TABLE Conducting Tinme Ton Setting Switch Conducti on Calculatlon

‘Fornul a 20 130a, ., 130b Angl e OFF OFF - O[err]

Ton=:0 ON* OFF 30[err] [err] OFF ON

35[&%] © -lerr] ON . ON 40[ err] _
.22 - Such dlfferent conduction angles are set by operating the sw{ch

130a and 130b I ncor por at ed I n t he conduction angle setting ci '

130. The conduction angle is set at the val ue whereat vibration an

noi se 5 is minimsed during the operation of the electric fan,

due to the inequality of characteristics of each fan, the value is not

constant for all fans so that in practice, it 1is advisable to

determ ne the optinum value by experiggent. for each fan

i ndividual ly. 10 Referring now to Figures 5 through 7, the operation of

the nicroconput er séhf differbhe! | ¢ohfitdbnCangues i & ml %éré‘ﬁng
expl ained. When a start switch incorporated in the smﬁtc
the switches 130a and 130b 1ncorporated in
conduction ahgie-setting circuit 130. The conduction
angle is set at the value whereat vibration and noise
‘5 is minimised during the operation of the electric fan,
N~ but due to the inequality of charactériétics of each
fan, the value is not constant for all fans so that in
practice, it is advisable to determiﬁe the optimum
value by experiment for each fan individually.
10 Referring now to Figures 5 through 7, the operation of
the microcomputer 82 for controlling such conduction
angle will be explained. |
When a start switch incorporatedl in the switch 50
U 15 = (Figure 1) is pressed, the microcomputer 82 first in
| the step 51,1 cuts off the signal to the drivers D1
through D6 and initialises the timer 84 and the counter
86. Next, . in the step S2, the microcomputer 82 checks
the condition of theisignalé set by the switches 130a
20 and 130b included in' the conduction angle - setting
circuit 130. Then, in the following step S3, the
microcomputer 82 sets the setting time *0" in the timer
84 incorporated therein.



15 . (Figure 1) is pressed, the mcroconputer 82 first in the step
~v-eoyts off the signal to the drivers D1 through D6 and initialises

4-and the counter- 86. Next, in the step S2, the nicroconpute{;BZ

o condition of the 'signals set by ‘the smntches 130a 20 ard

Nclfuded in the conduction angle setting circuit 130. Then,

ol l owing step S3, the mcroconputer ‘82" sets the setting tine "0"

mer 84 incorporated: therein. -23- Next, the microconputer 82
reads~ the pole position; 5|gna5ib from the ‘Hall elenments H through
H3 as the signals U, Vi, and"W w, as shownin Flgure 6, if the pole

osition detegtin al.s:at t rtin re respective
Bi = "1", Vi Nex, gt}h ﬁ‘crgc@xpu{]%fs 2 Eea‘g%t é‘&teﬁhe np° ep°§11E poRY |ny

riagglre gl g-rll-gl iq 0 it)% r veré% di?heéf O%%]/g?fg?gri?g?og? gd}; Cgr " g?

i ar e ol 20t B ﬁf%}%?élnpuﬁ‘e‘?" s B! LETE NG 20D, S O
trigger sygn%hé()§$mét|§6§;t§ﬂx dé@&é&lﬂéﬁfsigﬁ§ls 8¢ the starting
5 time are fesé?cti@ely Ui = "i", ?i_%lﬁo? and Wi = "0O",
this is detected in the .steéﬁ.Sé'in.Figure 5. The
'microcomputerSSZ,?in thglfollowingisﬁep S5, gives the o/
high- level siéhal to the driver Di‘and the low level

signal to the driver D6; thus the drlvers Dl and D6 are

10 ON and the sw1tch1ng transistor Ql and Q6 are ON.

'Nexﬁ; the microdbmputer 82, in the étep_SG,;gives the

trigger signal to ‘the timer 84. - Tﬁps the timer 84

starts at this time. The timér. 84 is designed to

15 ' output a time-up signal as the set  :ime elapses, as
described aﬁddei so when the set value is 0, it gives \;J

the timer starting command and simultaneously the time-

up signal is outputted.

20 When the microcomputer 82 detects the time-up signal
from the timer 84 in the step S6, in the step 57, a
high lével signal is fed to the driver D5 for turning

off the switching transistor Q5, which is however, OFF



starts at this tine. The tinmer 84 is designed to 15 out pu

.time-up signa

as the  set tinme elapses, as described above, so

set. value.is 0, it gives the timer starting comand and si nul t aneoysl"

tings up signal is -outputted. 20 Wien the mcroconputer 82

the time-up si

gnal from the tinmer 84 in the step S6, in the ste

i
S

ng

e of
Thus
or

high level signal is fed to the driver D5 for turning off the sw T
transistor @, which is however, OFF - 24 - in the initial state,
i.e. the same as the other switching transistors; thus it remains
unchanged. The conducting directiaon the stator coils 30u, 30v 5
and 30w is indicated as [err] as” shown in Figure 6, so in the stat
step S5, the qgyr f o fr e s or il Ou, ot 3

in the DC br-usﬁlllll{es?ﬁr?ot oirﬁ;%a%aggé]acf %%'on %'ﬁée poflggge%aelp%t e%lsi%]? hcgw's?%t

coi I's 30u thr oughs t30VI iR et s sk & N e ' B0 re hdEnd QunchakfdPr nmagnet 38
or the yoke 36 starts to rotate. Wth the rotation of the yoke 36, the

i mpel ler 40 (Figures 1 and 2) connected thereto starts to rotate. The

m cr oconput er

5
o/
10
15
\/
20

82, in the followng step S8, reads
The conducting direction of the stator coils 30u, 30v

and 30w is indicated as (2) as shown in Figure 6, so
in the state of step Ss; the cdrrent__flows from the
stator coils 30u to 30w. Thus in the DC brushless
motor 28, baséd'dpon the pole generated in the stator
coils: 30u through 30w according to the current, the
rotor magnet 38 or thé yoke 36 stafts to rotate. With
the rotation of the ybke 36, the impellef 40 (Figures 1

and 2) connected thereto starts to rotate.

The microcomputer 82, in the following step S8, reads
in the time data Td counted by the counter 86, which

counts thé time from the rising edge of pole position

signal Ui to the falling edge of pole position signal

Wi. Thus in the ihitiél state where the pole position

signals Ui and Wi are not detected yet, Td = 0.

‘Then the. micfbcomputér 82, in the step S9, based upon

'itS'counted time'data Td and on the basis of ~the

" calculation formula shown in the previous table,

calculates the conduction time Ton corresponding to the



15 in the tinme data Td counted by the counter 86, which counts the
the rising edge of pole position signal U to the falling edge of
ion signal W. Thus in the initial state where the pole g:
ignals U and W-are not detected yet,. Td 0. '20°Then the =

er 82, in the step.'S9, based upon its counted time data Td and

on asis of the calculation formul a: shown in the previ ous
t abl &5 | cul ates the conductlon time Ton correspondlng to the - 25 -
conduction angle indicated in ths table. Wen Td 0, Ton = 0. Next, in
the step S10, the ntcroconputer 82 gets the 5 _' onduction time Ton
t hus obtalne? ) E ti 184+ , he . |aI t at ce. "O
has been o Qc% &n Qﬁé § &“EgﬁgﬁggeﬁPuﬁh 0 Fﬁ gﬂt rof the
timer 84 coulﬂoye_l§ft unchanged 10 As the rotor magnet 38 starts to -
rotate as described above, -as shown in Flgure 6, the respective
pol e position signals U, Vi; and W will change.”- When the nicroconputer
82 detects the change in the step S, it :

Next, in the step S10, the mlcrocomputer 82 sets the

5 conduction time Ton thus _obtalned. in the timer 84.
However, in the initial state, since. "0" has been set
in the timer 345 when setting Ton = O, the content of \/
the timer 84 could be left unchaﬁged;,

10 As the rotor maQnet 38 starts to rotate as described
above, as shown in Figure 6, the respective pole
position signals Ui, Vi, and Wi willichange. When the
microcomputer-82 detects the chahge in the step S11, it
returns to the;preceding step S4.

15
In the example shown in Figure 6, as in the step S12 of <
Figure 5, when the pole positon signals Ui, = "1", Vi =
"1" wi = "o“ are.detected, the microcomputer 82, in the
step S13, gives the high level signal to the driver D2

20 and the low level signal to the driver D6; thus the

switching transistors Q2 and Q6 are turned ON. When
the time?up signal is detected inthe step S14, the
microcomputer 82, in the step S15, gives the low level

signal to the driver Dl. Thus the switching transistor



returns to the preceding step S4. 15 In the exanple 'shown in Figure 6,
.in the step S12 of Figure 5, when the pole positon signals U, = "1",
"1%AW = "0" are detected, the mcroconputer 82, in the step S513,. ¢l
the hi gh [evel signal to the driver D2 20 and the low |evel si
the driver D6; thus the switching transistors @ and @ are t
ON. \When the tine-up signal is detected in the step Sl1l4, the
m croconputer 82, in the step S15, gives the low level signal to the

driver D1. Thus the switching transistor - 26 - QL. is turned OFF and
the switching transistors 2 and €2&re turned ON. Although the switching
transistor Q6 is already turned 5 ON at the starting tine, here

agai n the hi ghQlevde swhroedn@FFsagdalthei swigchdng tthenstistor sTiP2s anids

for effecting normal starting regardless of the state of the pole

posi tion signaR® &ge turpgEnONae switching transistors 02 and Q6 are turned
ONin the step S13, the current flows fromthe stator coils 30w to 30v in
the direction [err] shown in Figure 6

Although the switching transistor Q6 is already turned

5 ON at the starting time, here again the high level
switching signal is given thereto. This is for

i_/ effecting normal starting regardless of the state of

the pole position signal.

10 When the switching transistors Q2 and Q6 are turned ON
in the step 513, the current flows from the stator
coils 30w to 30v in the direction CD shown in Figure 6
and the rotor magnet 38 rotates further. Thus the péle
position signals Vi through' Wi change further.
15 Therefore, the process of the microcomputer 82 is

returned again to the step S4.

At that time, as shown in Figure 6, the pole position
signals become Ui = "0", Vi = "1" and ‘Wi = "Q°"
20 respectively. Accordingly, the microcomputer 82
detects the state in the step 516 and in the succeeding
steps Sl7. through S19, turns ON the  switching
transistors Q2 and 4 and turns OFF the switching

transistor Q6.



and Fhe rotor magnet 38 rotates further. Thus the pole position signals Vi

t hy ough,~ change further. 15 Therefore, the process of the
m crocgnpuiler - 82 is returned again to the step 84 At that tine, as shown
in Firduge®\ the pole position signals becone” U= "O; Vi "L
and "W 0" 20 respectivel y. Accordlng}y, the m croconputer

82 deue t\s fhe state in the step S16 and in the succeedlng steps S17

9, turns ON -“the switching transistors @ and Q4 and turns
OFF the swi t chi ng transistor Q6. Thus the conducting directions to the
stator coils 30u, 30v and-: 3OM/are.3ngBSS|vely sw tched over whenever the -
pol e position S|gnal U, Virand W are changed, and the rotor magnet .38

I's thereby roal athe @hdud‘@i‘ﬁg dfrdetions @Y HE i sun toeini 1de3 o4 ot or
magnet 38 is rotated by half,-the pole position sizgnals U through Wowill

return to the 30iw ﬁndsB@n\alarmatshﬁm’egéiﬁlyCCBmiﬁhdw(ﬁi& RAfdride SOthbat 10
such conduction control is again repeated and .the rotor nagnet 38 is

rotated furth@oley letlommlnyly., Vds and d¥ulare tdhmngddy amdnetie 38 is

contlnuously rot at ed )
rotor magnet “38 is thereby rotated by half a

5 revolution.
When the réto;-magnet 38 is rotated by half, the pole -
position sign%ls}Ui through Wi wiil return to the first
signal pattetnf"after completiﬂg f;ne period, so that

10 such conduction control is again'repéated and the rotor
magnet 38 is roﬁated further by half. Accordingly, as
a result, the_rptor magnet 38 is .continuously rotated
and the rotary éhaft-34 and the impeller 40 are rotated
continuously.

15
During this proéess, when the pole position signals Ui o’
through Wi .change from "101" ih the step S20 to "1i00"
in the step Sé; the counter 86 counts the time
therebetween 'and outputs the tiﬁe data Td, which is

20 read by the microcomputer 82 in the step S8 of Figure 5°
as previously described, when the pole position signal

has changed to "100".



and the rotary shaft 34 and the inpeller 40 are rotated continuously: 15
.During this process, when the pole position signals U through W change
from"101" in the step S20 to "100" in the step S4, the counter 86 "cou
theﬁilne t'her ebet ween and outputs the tine data Td, which is 20 T ¢
the m croconputer 82 in the step S8 of Figure 5 as previously describad *
when the pole position signal has changed to "100". - 28 - As shown I'n
Figure 7, if the switch-on period of the switching transistor QL 1is
extended, for exanple, by the tine Ton, for conducting current to the
stator coils 30u, 30v, and 30w _thg current flow ng through 5 t he
stator coils 30u to 30v indicated at [err] and the current flow ng

through the stangr saeivhs iR0Mi§Qra80Y,i RE e ] t OVgll ap
by the tinme Tons Thus1 |%§ f he svmt%ﬁB gwqggbﬁgﬁ p%?qgﬁhe%freﬁgectlve

* swi tching swdBehsher stdnkhsesgh @b ang extended,b¥orhexh@ple, by
Ton, the respective conducting states are shifted so as to be partly

over | appi ng. the time Ton, for conducting current to the stator

coils 30u, 30v, and 30w, the current flowing fhrough

5 ‘the stator coils 30u to 30v 1nd1cated at () and the
current flowing- through the stator coils 30w to 30v

\/  indicated at (3 tend to overlap by the time Ton.
Thus if the switch-on periods. of the respective

switching transistoré Q1 through Q6 are extended by the

10 - time Ton, the respective conducting stafes_aré shifted

_ so as to be partly overlapping.

Now, fhe count time data Td prbdﬁced in the counter 86
is the time corresponding to an electrical angle 60°,
15 as shown in Figure 6. Thus aé given in the previous
table, the switch-on ¢time Ton corresponding to the
desired conductibn angle ﬁay be calcuiated. £rom the

count time T4.

20 More specifically, when the microcomputer 82 reads in
the time data Td, for exaﬁple, in the step S8 of Figure
S5, as shown in thé Eable} 1t calculates the switch-on
time Ton correspond ing to the conductlon angle selected

by the switches 130a and 130b in the step S9 on the



Now,/" gount time data Td produced in the counter 86 is the tine

cor ing to an electrical angle 60[err], 15 as shown in Figure 6.
Th divYen in the previous table, the switch-on tinme Ton

cor Nesp nd;ng to the desired.conduction angle may be cal cul ated fron?'“
t he ime Td. 20 “Mor e specifically,: when the mcroconputer 82
reads TTthe tine data Td,-for exanple, in the step S8 of Figure 5, as

shown in the table, it calcuiates the switch-on tinme Ton corresponding to
t he conduction angle selected by the switches: 130a and 130b in the step S9

on the - 29 - basis of.7:i'ts Catlurati on fornula Then I n t he
foll owi ng st S10, . it sets _the.cal.cul ated-s tch time Ton in the
timer 84. 5 gg51§s Pﬁe §ﬁftcﬁagﬁugﬁgé°?onfp§m§ s titer W as
previously d | Eg_ up uent SWi ff £4.m of. the .switch.ing
transistors CFgEEPW Eeé ' éndé& EﬁE :5MC%%?:¥%E S SRS \M ~For
exanpl e, s Qur t. ogpter 86 has counted the tine Tdl
the 10 n1g}ggongat%P %59 Q?Feg Esvvltchlng onr the switching

transistors @ and Qb |n,the step S13, turns off t he

5 As the sw1tch-on tlme Ton is set in the -timer 84, as
prev1ously descrlbed the subsequent switch-off timing
of the sw1tch1ng tran51stors Q1 through Q6 is extended &_)
by the sw1tch-on tlme Ton. For example, in Figure 6,
if the counter 86 has counted ' the time Tdl, the

10 mlcrocomputer 82 after switchihg‘:on the switching
transistors Q2 and Q6 in the step 513, turns off tﬁe
switching transistor Ql after the timer 86 has detected
the elapse of switch-on time Ton. Accordingly, as a
result, the'switeh-on time of the switching transistor

15 Ql is extended by the calculated time.Ton;

.In Figure 6, 'eltﬁough 'the period 'of pole position
signals Ui, :Vi and Wi are illustrated as constant, in
practice, the rotating speed at eta:ting time increases
20 gradually to .a. constant.speed, so- that the period is
also shortened: gradually to a predetermined value.
However, siﬁee the measurement of the time Td and the
setting of the time Ton is made every half rotation of

the magnet rotor, a fixed conduction angle



sﬁﬁtching transistor Q after the tiner 86 has detected the elap

.switch-on tine

illustrated as
i ncreases 20

Ton. ~Accordingly, as a result, the switch-on ti f fhe
swi.tichi ng transi stor 15 QL is extended by the calculated ti n.” In
Flggue 6, ‘al t hough it he period of pole position signals U, W W are

constant, in practice, the rotating speed at sta tinme

gradually to a. constant speed, so that the od is

al so shortened

gradually to a predeterm ned val ue. However, since the

measur ement of the time Td and the—séfting of the tinme Ton is nade every
hal f rotation of the magnet rotor, a fixed conducti on angl e
- 30 - correspoﬂﬂ¥ﬁ@sP6n@h69ré?athﬁgr§§éédﬂglﬁpeaﬁatlntlnhatlstamaayssset
and operated at_{he set flxedggonductlon angle _even after reaching

st eady rate

each phase fed
continuously a
stator coil or

AsCREEREPBed24bbhe, Seheféxedt epnduakiont
and 30w flow

a Ya¥8taF?5n a

sta

t he
s of

nﬁm%$% p%Y??y ng?FapﬁﬁacBéP?Iy tgﬁ th§teRf® rFPbfes PA the

95{ ngn00|l tend to

As described above, the electric currents of each phase

fed to the stator coils 30u, 30v and 30w flow

' continubusly and are partly overlapped partly, so that

the ripples in the stator coil or dfibing coil tend to
reduce. Thereby, the vibration and.noise of the DC
brushless motor 28 is eliminated and thus the vibration
and n01se of the electrlc fan 10 (Figure 1) as a whole,,

may be considerably reduced.

As previously mentioned, the driving controller 94 is

controlled by signals from the switch 50. Supposing

" that, for example, a "strong wind” has been set by the

"switch 50, then the microcomputer 96 outputs the high

5 .
Y
10
15
Y
20°

level signal at.ité output terminals_ PE0 through PE2
alike. The voltage to the (=) input of the comparator
118a (Figqure 4) in'the fi£st voltage control circuit
118 incoprorated in 'the voltage controller 98, will
change aceording'”to the signals from the output

terminals PEO through PE2. When the output terminals



10 _A=duce. Thereby, the vibration and noisé of the DC brushless

not;or

10i(F guke\l). as a whole, nmay be considerably reduced. 15 As previously
ment i bge®\_lt he dri vi ng controller 94 s controlied by signals from t hes
swtc Supposi ng that, -for exanple, a "strong-w nd" has been set by the

switch\ 50/ then the nicroconputer 96 outputs.the high Ievel signal at its
output térmnals PEO through™ PE2 20 alike:”- The voltage to the (-)

i nput of the conparator 118a (Figure 4) in the:first voltage control

circuit 118 incoprorated in the vol Bage controller 98, will change
according to the signals:: from the output’ téerminals PEO through
PE2. Wen t hePBlt ParoaghnPRadl are allzat- aphdgbhideglelPE2 thee ablltagea hi gh
| evel, the voltfge applied tb conparator 118a-increases to a maxi num and
a longest chdffR 1e$e€$oﬂ9mP§raﬁ?Falﬁ§§ ipgreppes secenaaydmumgendcant rol
circuit 116. Thus tﬂgV DC voltage_.5 . fromthe snoothing circuit
122 becones =PIFORF et ?Qpﬂﬁv,Peﬁg?éh 15 ashadeedd h¥d &batr serendby t he

driving CirCUi&of¥%§%K1§%§i£§E.tgigggigtaifé.gqi&ﬁugouthgovngngoltage

5 ' from the smootﬁing circuit 1222"bg59mes approximately

40V, which 'iS éonducted ahd.c6ntrolled by the driving
circuit 90 and épplied to the stétox‘coils 30u, 30v and N

30w of the_ﬁnc  brushless motor: 28. Then the DC

brushless motbi:éB rotates at.iév.maximum speed, for

10 example, at: 1450 r.p.m andqé maximum air volume is

outputted'frpm thé impelier 40. Alternatively, when

the output térm;nals PEQ through PE2 are all af the low

level, the _volﬁage decreases - fo. a minimum and a

éhortest choppe; period is attained by the second

15 éoltage control éircuit 116; Thus the DC voltage from
the smoothing éircuit 122 becomeé approximately 5V, [\,

which is conducted and controlled by the driving

circuit 90 and’ applied to the stator coils 30u, 30v,

and 30w of the DC brushless motor 28. Then the DC

20 brushless motor 28, therefore rotates at a minimum

speed, for examﬁle.at 250 r.p.m. and a minimum air

volume is outputted from the impeller 40.



30w of .the DC brushless notor 28. Then the DC brushless noios
rotates at a maxinmm, speed, for 10 exanpl e, at 1450 r.p'm  and
a nhxi num air .vol umé is outputted fromthe inpeller 40. Al t er natfi vg '
whet he output terminals PEO through PE2 are all at the low leve )
voltage decreases to a ninimum and a shortest chopper per
attained by the second 15 vol tage control circuit 116. Thusthe DC
voltage fromthe smoothing circuit . 122 becones approxi mately 5V, which
i s conducted and controlled by the dpiwing circuit 90 and applied to the
stator coils 30u, 30v, and 30w of the DC brushless notor 28. Then the-
DC 20 brusfthess 1mt othe28elethedef ofan r dnat @gcoczliadc Niwiwm Tpeed,

for exanple at 250° r.p.m and a mninmum air volunme is outputted from
the inpeller 4present 3aventhos, siincet hbe BCebtrnishlefsanmoitor dscasddnce
with the present invention, since the DC brushless notor is used in pl ace
of the convehnlonaﬂacﬁndeétléhe nopoventaosaénlhndantla@vambage may be

obtained. - Referring to 5 igure 8, there is shown a graph, in
whi ch the rateséﬁn#SPSFPGnaﬁSaﬁFGGFeEaHIbﬁg ph&adpedissaRederring tor que
S Figure 8, there is shown a graph, in which the rate of

'retatiqn is plotted aleng_the abscissa and the torque

and efficiency are plotted along the ordinate. ‘A line

Al in Figure 8 represents .the efficiency of the

embod iment of the present invention and a line Bl

10 indicates the torque ehe;eof. Lines A2 and B2
respectively show the characteristics of efficiency and

tordue of £he conventionel electric fan using the
induction motor. As it will be apparent from Figure 8,
according to the'present_invention , the torque in the

15 low sﬁeed area is very large as compared with a
conventional AC induction motor. Thus the start-up may

— be made readily at low speed and the operation of "mild
.wind“ or "ultfe-mild windf, fqr example, at 250 r.p.m.

which was not'éossible by the conventional electric fan

20 using an induction motor.

In the described electric fan in accordance "with. the
present 1nvent10n, _the max imum torque was 3.80 kg.cm,

as compared w1th the conventxonal electric fan using an



/and efficiency are plotted along the ordinate. Aline Al in Figure 8

rep s the efficiency of the enbodinent of the present invention
A e Bl 10 indicates the torque thereof. Lines A2 and =
B ivel y show the characteristics of ef fi.gi-ency and torque of t he?

cbnvent ofal electric fan. u5|hg the induction notor. As it will be apparent
fXom Figyre 8, according . to the present |nvent|0n the torque in the 15
area is very: Iarge as conpared “Mith a conventional AC |
i nd Ton nmotor. Thus the-start-up_may be made readlly at | ow speed and the
operation of "mild wind" or, “ultfa%iTd wind; for exanple, at 250 r p'nf

whi ch was not, ssi bl e by fhe“conventional electric fan 20 usi n
i nducti on m)t’d%o UGHGhe TR b TR AIITNE WP S L - 2 9 dERcat Wt‘ﬁz the

pr esent |nvent| h naX| mdpriue vas 3. 80 kg:-cm as c9 ared with the
conventi onal & dorclt tsei? £ ursTalutngatogr& %%e ?’n'ducﬁon motRT, ™FREe

as

torque was 1. at Qﬂ? - 60,.Hz re
the notor e?&c:%'gir%@,y the |'ectric fan u3| n 9{ h'éh‘bd’%'\{g’é‘h@ﬁ%sﬁm or | n
accordance \ddyy Jﬁaadaéﬁﬁch "U@¥H'(¥he‘M¥%esent invention was

5 improved up to 59 1% as compared with the conventlonal

one, which was 28;5% at 50 Hz and 31.0% at 60 Hz. : l

Figure 9 is a clrcult diagram show1nc ‘a majot portlon
of a further embodlment in accordance with the present
10 invention. Thls_embodlment is character1sed by u51ng
one constant voltage circuit 134 a57compared with the
embod iment of Figures 3 and 4, forming the first and
second = constant voltage circuits 114 and 124
independently;  ’The constant voltacé circuit 134
15 couples a scccndary winding to a coil diSpOSed in the
filter circuit 110, thereby obtaining. the. constant \;i
voltage alternating current to output the constant

voltage DC voltage after rectification thereof.

20 Figure 10 is a block diagram showing ‘a still further
embod iment in accordance with the present invencion.
In the embodiment of Figure 3, it was arranged to
control the magnitude of DC voltage aplied to the DC

' brushless motor 28 on the basis of the signal from the



5° I nproved up to 59.1% as conpared with the conventional on

.was 28.5% at 50 Hz and 31.0% at 60 Hz. Figure 9 is a circuit di

showing a major portion of a further'. enbodi ment in accordange

praapnt 10 “invention. This enbodinment is characterised by .one
constant voltage circuit 134 as conpared with the enbodi nent o es 3
and 4, formng the first and second constant voltage circurts 114

and 124 independently. The constant vol t age circuit 134 15
couples a secondary winding to a gg di sposed in the filter circuit
110, thereby obtaining the consfant voltage al ternating current to-

tput th I I ft tif t th f.
2loire 101 ReAbidP AAE TR SR AabETer T in He SRROURERE O
d t t _of . , it
rae ot anged iddEe MEAHol & BN ?Pav 8 e EIRP e 0 e Sknota B Roine
brushl ess not Oghg%pﬂ,i,{'ga &?&érsoi)iel; t‘@om g rér%n leg‘%d?ore4?%e&§g£ ation

control l er 94. However, 1n the enbodi nent o FI gur e riving
circuit 90 i nooimasi abe n WHECHIr iy GEnePOL1OE | B 8Bhet NRISrbSompRYe ded a

chopper

5 96 incorporated in the operation controller 94.
Accordingly, in this embodiment, from the émoothing
circuit 122 only the DC voltage of constant magnitude
is obtained, which is chopped by the' chopper control

‘circuit 136 to control the DC voltage applied to the DC

10 brushless-motor 28.

It 1is operated at "strong wind" as in the 'previous
embodiment at the 100% on-duty by the'chopper cbntrol
circuit 136. That is, the DC voltage of approximately
15 . 40V is outputted from the smoothing circuit 122 and if
the on-duty is 100%, the voltaée 40V’is-outputted as it
is.so that the DC brushless motor 28 will rotate at

- 1450 r.p.m.

20 Furthermore, in the embodiment of Figure 10, the
oscillating motor 104 is constituted by a DC motor, and
the DC voltage from the first constant voltage circuit

114 is applied to the oscillating motor 104. The



circuit 136, which is controlled by the mcroconputer 5 96

I ncor por at ed in the operation controller 94. Accordingly, 1in this
erfog@ieent, from the snoothing circuit 122 only the DC voltage of .=
syany - magni tude i s obtained, which is chopped by the™ chopper cont 81
_ m 136 to control the DC voltage applied to the DC 10 brushl ess
motH Z§. . It is operated at "strong wind" as in the previous enbodi nent at
% on-duty by the chopper control circuit 136. That is, the DC
vol t age of approximately 15 40%%is outputted fromthe snmoothing circuit

122 and if the on-duty is 100% t voltage 40V is outputted as it is soO

that the DC b . ot 8 4 || otate ' Q,.r..p. 20
Furt her nore, 6$§P%ﬁ§é1@£ﬁ@%F%%ntlm%f m?#gusé 3655%§?H§e830g}laﬁinBCnDtor
104 is constig et s dys andostor, and the DC voltage fromthe first
constant voltage circuit 114 is applied to the oscillating notor 104.
The -35- oscillating notor 104 nmay be constituted by a DC

brushl ess notor. Figure 11 is a schematic view of a major portion of

Figure 11 1is a schematic view of a major portion of

5 another embodiment in accordance with the present
invention. In this embodiment, the yoke 36 forming the
rotor 32 and the boss casing 40' off£he impeller 40 are \
extended further backward (right side in the drawing)
from the board 4? to which the Hall IC 44 is mounted.

10 On the board;42, not only the Hall IC 44 but also the
driving contnéller 80, voltage controller 98 and
constant voltage circuits 114, 124 (or 134 Figure 9)
are incorporated. Aécordingly, .in the embodiment, on
the board 52 secured within the stand 12 (Figure 2),

15 the driving controller 94, filter circuit 110 and
rectifier circﬁit. 112 etc are assembled together, and \;/
an individual, a reference clock source and resetting
circuit are pro#ided for the respective microcomputeré'

82 and 96.

20 |
In ﬁhe embodiment,. since the ~circuit components
radiating the heat  are integrally “assembled on the

board 42, an air current produced by the rotation of



5 another enbodiment in accordance with the present inve
.In this enbodi ment, the yoke 36 formng the rotor 32 and the boss

drqﬂgng) fromthe hoard 42 to which the Hall 1C 44 is nounted.
the™ board 42, not only the Hall IC 44 but also the driving contno

80, voltage controller 98 and constant voltage circuits 114,

134 Figure 9) are incorporated. Accordingly, in the enbodinment, on the
board 52 secured within the stand 12 (Figure 2), 15 t he driving
controller 94, filter circuit _1dp _and rectifier circuit 112 etc are

assenbl ed together, and an individual, a reference clock source and

resetting Circuite Ampdl T4 dell £y dderd CRSEL ik e S QFAMP Y Porfén £5d 96.
20 In the enbodinment, since the circuit conponents radiating. the

heat are .||ﬂxnﬁfﬂéqm1¢55enbled on the board 42, an air current
produced by the rotation of - 36 - the inpeller 40 serves to cool such
circuit conponents indirectly.
If still higher cooling effect is fequired, “air wvents
5 may be - formed on the other portions such as the rotor

yoke 36 and the boss casing 40°'.

In the embodiment of Figure 11, the rear edge of the
rotor yoke 36 is formed.to_cOVet the board 42, so that
10 it exhibits a shielding effect. As a result, any noise
produced by the DC brushless motor 28 and the circuits

on the board 42 is shielded by the yoke 36.

Moreover, in the embodiment of Figure 11, since the
15 rotor yoke 36 is long, the contact surface between the
boss casing 40' of the impeller 40 and the rotor yoke
36 itself may be increased, and thus the vibration of

the impeller 40 may be reduced.

20 Furthermore, in the embodiment, although the driving
controller 80 and the operation controller 94 are
formed on the separate boards 42 and 52, since the
‘output from the operation controliler 94.is only applied

to the first voltage control «circuit 118, the number



If still higher cooling effect is required, air vents 5 may be
fornmed.on the other portions such as the rotor yoke 36 and the boss casing

40" I\t he enbodi ment of Figure 11, the rear edge of the rotor yoke 36 is
foymed & cover the board 42, so that 10 it exhibits a shielding &=
effecg.: a result, any noise produced by the DC brushl ess notor 28 and
thg dircults on the board 42 is shielded by the yoke 36. Mreover, in the

of Figure 11, since the 15 rotor yoke 36 is long, the
contsct _gurface between the boss casing 40' of the inpeller 40 and the
rotor yoke 36 itself may be i-ncreas®ll,-and thus the vibration of the

i npel ler 40 may be reduced. 20 Furthernnre i n the enbodi nent,

al t hough t he ofir icomeabing olead wB0e s abetwe ér thpetweoi boardsm 2 obhdr 94
are formed on the separate boards 42 and 52, since the output fromthe
oper ation conﬁﬁbH%HmkﬂFW¥§%ﬁﬂy applied to the first voltage control

circuit 118, the nunber - 37 of connecting |ead wires between the two
boards 42 and 52 is mnimsed. Figure 12 is a schematic view of a further

enbodi nent - . . .
Figure 12 is a schematic view of a further embodiment

5_ in accordance with. the present invention. fn this
embod iment, on a rear guard forming the guard 48, a box
138 for containing the aforementioned board is mounted, v/
while the board 52 is contained in fhe stand 12 as same
as the previous embodiment. If the board 42 or the box
10 138 is mounted on the rear guard of the guard 48 as the
embod iment, :_the board 42 may be cooled similarly to
the manner described with reference to Figure 12. That
is, the box 136 is cooled by thg air current produced

by the impeller_40, and thus the board 42 contained

15 therein is cooled indirectly. The air volume blocked
by the box 138 is minimal and, in practice, gives no Q_/
problem.

Figure 13 1is a schematic view of a major portion of
20 another embodiment in accordénce with the present
invention. In the embodiment, the DC brushless motor
28 is secured on a centre ornament'i40 of a front guard
of the guard 48, and the board 42 for mounting the Hall

IC associated with the DC brushless motor 28 and the



5 in accordance with the present invention. In this enbodinent,
.on a rear guard formng the guard 48, a box 138 for centaining the -
af orenenti oned board i s nounted, while the board 52 is contained
stang 12 as sane.as. the previous enbodinment. If the board 42 or the

1387 1s nounted on the rear guard of the guard 48 as the enbodi nent

board- 42 may be cooled simlarly to the manner described with refe ceto
Figure 12. That is, the box 136 is cooled by the air current produced by
the inpeller 40, and thus the board 42 contained 15 therein is cooled

indirectly. The air volune bl ocked jay $he box 138 is mninal and, in
practice, gives no problem Figure 13 is a schematic view of a mgjor

portion of 20 boamNG@hefor GBI MR thd oGS duitM 4fk {4 6a DI&SEN
i nventi on. In the enbodi nent, the DC brushless notor. 28 is secured on a

centre or namentonl4heofpar tf oo to £ uied c¥indniet tQUar, 4&handid he bpprdefdl for
nmounting the Hall | C associated with the DC brushless notor 28 and the

- 38 - board SZdndrrenowot i et hguamdt r di8 ,Ci r aui tsugor il by A2 his
portion of the ornanent 140. That is, in the _

fixed, to which a cyllndrlcal mounting member 144 is

5 © secured, thereby securing the boaras 42 and 52

described above. In order to cover the boards 42 and

N\ '~ 52, there is arranged a cylindrical cover 146, to

which a heat radiating plate 148 is connecfed. Thus

the heat produced by the circuit components mounted on

10 the board 52 may be efficiently radiated. The cover

146 serves also as the shield against the noise

produced from the boards 42 and 52.

The ornament 140 is mounted in the centre of the front
15 guard of the guard 48 to cover the cover 146, and the
outer rotor 32 of the DC brushelss motor.28 includes
the yoke 36 and the rotor magnet 38 mounted therein.
On the guard 48, extendiné downwardly fron its centre,
is disposed a reinforcing member 150, which is formed,
20 for example, with a pipe and supporting the lower end
of the aforementioned supporting body 142 at a
connec tor 152 mounted on the upper end thereof.
Accordingly, even if the DC brushless motor 28 or

circuit boards 42 and 52 and so on are mounted in the



centre of the guard /48, a supporting body 142 is fixed, to which a

cylindrical nounting nmember 144 is 5 secured, |, thereby
: . the. boards 42 and 52 described above. In order to cover t ke
fds-\42 and 52, there is arranged a cylindrical cover 146, to: ~*
AAbeat radiating plate 148 is connected. Thus the heat produced
(\r cuit conponents nounted on 10 the board 52 may be efficiently

R The cover 146 serves also as - the  shield agai nst the
noi se\pr gduced from the boards 42 and 52. The ornanment 140 is nounted in
the cenfre of the front 15 . guaﬁa of the guard 48 to cover the cover

146, and the outer _rotor the DC brushel ss notor 28 includes the
yoke 36 and tﬁé"FSFonnéﬁﬁeﬂ“aﬁﬂ 4ﬁDHHF§dthﬁheW@ﬁﬁrQ§¢ e engdind 4
extendi ng down rdlgoéron its ﬁentre s dISpOS rei nforcing nmenber. 150,
which is forntd® imegt, they,may ﬁ|§ﬁeé %§e§%H?Q§ F§Sorting the | ower
end of the aforenentloned supporting body 142 at a connector 152
nounted on the upper end thereof. Accordingly, even if the DC
ngehless ot ep gﬁeOEmBBEQH Btbgg§g§ié%daggo§%,andt%%xOQx?r%€3¥HYé¥é'n the

5 motor was described as an outer rotating type.
However, it may be of the inner rotating type, in which

case the impeller 40 is secured to the inner rotor  \

(rotary shaft). -



centre of the guard 48 with the noderate strength as the enbodi ment , <
they may be steadily supported. In the enbodi nent descri bed above,

DC -brushl éss 5 not or was described as an outer rotating

t ypek= However, it “may be of the inner rotating type, in which.case t
inmpeller 40 is secured to the inner rotor (rotary shaft). - 40 -\,
CLAI M5 1. An electric fan conprising: a rotary inpeller; 5 a DC ¥

brushl ess notor arranged to drive the inpeller and including a plurality of
coils and a nmagnet for rotation relative to the coils, said coils being
arranged for nulti-phase operation;_df4ving neans for applying a driving
voltage to said 10 coils of the notor, said driving neans including a
plurality of switching elenments for cgipifMghi ng current through the notor
phases respectively; a plurality of “magneti c sensing el enents arranged to
sense rotation of the motor; 15 phase control neans responsive to said
magneti ¢ sensing .
1. An electric fan comprising:
a rotary impeller; |
5 a DC brushless motor arranged to drive the impeller and
including a plurality of coils and a magnet for
N~ rotation relative to the coils, said coils being
arranged for multi-phase operation;
driving means for applying a driving voltage to said
10 coils of the motor, said driving means including a
'pluraiity of switching elements for switching current
through the motor phases respectively;
a plurality of magnetic sensing elements arranged
to sense rotation of the motor;
15 phase control meahshrésponsive to said magnetic sensing
\_/ elements and operafive to switch said switching
elements in such a manner that current is passed
through the coils to energise' the motor phases
sequentially for periods that are overlapped in time;
20 adjustable speed setting means for setting an operating
. speed condition for the fan;
power control means for cbntrolling the driving voltage
applied from said driving means to the motor in
dependence upon the”setting of said setting means;

25 rotational speed responsive means, responsive to said
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el enent s and operative to switch said switching elements in such a
manghenthat current is passed through t he coils 'to energise the notor
phase equentially for periods that are overlapped in tinme; 20 =
Ad0abl e speed setting nmeans for setting an operating speed condition Lﬂr
power control neans for controlllng the driving voltage applied™
5ai d driving means to-the notor in dependence upon the setting of said
setting freans; 25 rotational speed responsive nmeans, responsive to said
- 41 - sensing elenents to-generate a time interval S|gnal defining a
duration corresponding to a predererﬂﬂned angul ar rotation.. of the notor -

at its current o eratlo al speed; and peri od def|n|£ means for
defining the durSf 9of ST erq%ﬁeé‘?ratﬁr%d'i’é?‘?n ASFeFVRALt | t he
duration defined, ly. said t| terval si gnal lectric . fan in
accordance with % ”Eur 55%5%%%% e R HeEmied .| udes

nmeans for sel ectly ﬁl %@g sadfj tfhlénctbggercorgtespgggl nq:&ﬁ_eqlttfferent
or t

conduct ance angle
operational speed, and

5 period defining means for defining the'durétion of said
overlap as a predtermined function of the duration

defined by said time interval signmal. J

2. An electric fan in_accordance_with claim 1,
10 wherein said period defining means includes means for
selectively . chang1ng said function, correspondlng to

different condnctance angles for the motor.

3. An electric fan in accordancé' with claim 2,
15 wherein said period defining means includes a switch

for selectihg said given function.

- 4. An electric fan in accordance with any
preceding claim, wherein said speed setting means

20 ~includes a manual switch.
5. An -electric fan in accordance with any

pteéeding claim, wherein said phase control means
includes a first microcomputer, to which the signals
25

ST



3. An electric fan in accordance with claim 2, 15 wherein said
‘period defining nmeans includes a switch for selectlng said given functyon.
4. -+ - An.electric’ fan in accordance wth any preceding claim j
salggspeed setting neans 20 i ncludes a manual switch. 5. An
electric fan in accordance wth any preceding claim wherein said
control means includes a first mcroconputer, to which the signals 25 —-
42 - from said nagnetic sensing elenments are inputted and from whi ch
~control signals are produced for said switching neans. 5 6.

An electric fan in accordance w thyglaim 5, wherein said power control
nmeans includes a second nlcroconputer responsive to said speed setting

means to controk,rgmdrisyiigg MgbhéﬂﬁcapEEhQanOeEBﬁeEW%t%@annB%%Qéd Mg’
An electric fan in accordance with claim6, wherein said driving neans

includes a DC vekbadewhich control signals are produced for said

switching means.

5 6. " An electric fan in accordance with claim 5,
wherein said power control means includes a second
o microcomputer responsive to said speed setting means to

control a driving voltage applied to the switching

means.

10
7. An electric fan in accordance with claim 6,
wherein said driving means includes a DC wvoltage
circuit, which is coﬁtrolled by said second
microcomputer.

15

\J 8. An electric fan in accordance with any

preceding claim, wherein said DC brushless motor is of
an inner rotating type. |

20 9. An electric fan in accordance with any one of

claims 1 to 7, wherein said DC brushless motor -is of an

outer rotating type.
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cirfuit, whi ch S controlled by sai d second m croconputer. 15
; ,An electric fan in accordance wth any preceding clain1

in said DC brushless notor is of an inner rotating type. 20 9.
gctric fan in accordance with any one of clains 1 to 7, wherein sa;d
s\l ess notor is of an outer rotating type. - 43 - 10 An
fan in accordance with claim 9, wherein said DC brushl ess notor
a stator having said coils and a rotor yoke covering said stator,
gnet being secured inside said rotor 5 yoke. 11. An el ectric
fan in accordance with claim210, wherein said nagnetic sensing el enments are
mounted on a first board which is arranged in the proximty of said 10

DC brushl ess notor. 12. "An el ectr#® motor in accordance with claim 11,

wherein said first board covered aid rot oke or other casin
'n sal ! ?.0. ISe ecvtrg.c faﬁl :LsnI accorganéle with claim és,l g

‘wherein said DC brushless motor includes a stator
having said coils and a rotor ycke covering said
stator, said magnet being secured inside said rotor

5 yoke.

11. An :_electric fan in accordar_xce,with claim 10,
wherein said'ﬁagnetic sensing elements are mounted on a
first board which is arranged in the proximity of said

10 DC brushless motor.

12. An electric motor in acco'rd;nce with claim 11,
vherein said first bogrd is coveréd by said rotor yoke
or other casing.
15 |
13. = An electric fan in accordance with claim 11 or
12, which.'_ includes a stand fgrl s_uppér_ting said DC
brushless motor and a second board drranged within said
stand and being mounted with other ciréuit components.
20 | |
14. An electric fan in accordance with claim 13,
wherein circuit components other than ‘said magnetic
sensing elements are installed on said first board.

O



15 13. An electric fan in accordance with claim 11l or 12, which
-includes a stand for supporting said DC brushl ess notor and a seco
boaﬁd arranged withi'n said stand and bei ng mounted with other cirecui

coqggnents 207 14. . An electric fan in accordance with claim 13,
wherein circuit conponents other than said magnetic sensing elenents
installed on said first board. - 44 - 15. An electric fan i

accordance with claim 14, wherein said ot her circuit conmponent
i ncl ude conponents that produce heat and said first board is arranged in

a position to be cooled by an air £l g4 5 produced by said inpeller.
16. An electric fan in accordance with claim15, including a guard
surroundi ng sail5inpel | ekn websetnisai Bahi LAt abodrdahceswppnr Eediky153i d
guard. 10 17. An electric fan in accordance with claim15, which

further conprivkeredn gusaid sumtbnemdl ngircsatd mpmbbaenaad abnoladeent
di sposed on the front of said '
components that produce heat and said first board is
arranged in a position to be cooled by an air flow

5 produced by said impeller.

i./ le6. An electric fan in accordance with claim 15,
including a guard surrounding said impeller, wherein

said first board is supported by said guard.

10
17. An electric fan in accordance with claim 15,
which further comprises a .guard surrounding said
impeller and an ornament disposed on the front of said
guard, wherein said DC brushless motor and said first

15 board are mounted on said ornament.

Y,

18. An electric fan in accordance with claim 17,
wherein said second board is mounted on said ornament.

20 19. An electric fan substantially as herein

described with references to Figures 1 to 8 or 9 or 10

of the accompanying drawings.
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guard, wherein said DC brushless notor and said first 15 board are
ted on said ornanent. 18. An electric fan in accordance with

ai/m 17, wherein said second board is nmounted on: ‘sai d ornament. 20 19.
electric fan substantrally as  herein described with ref erences=40

res 1 to 8 or 9 or 10" of t‘he acconpanyi ng. dramnngs 1111111 111111
An el ectric--fan substantially as

11111 111111 - 45-7207
descri bed withr reference to Figures 11 12 or 13 fo the
anyi ng draw ngs. P T
L g8 -
20. An fe'ééﬁric fan substantlally as  herein

described w1th reference to Flgures 11 12 or 13 fo the

accompany ing d;aylngs.

A



