A SPEED CONTROL DEVI CE FOR D-C MOTCRS Thi's invention rel at esg} d 3ie@d® 6.
control devices for d-c notors. 5 As *we' shal | epraln elow with
reference to:Figure 1 of the acconpanying draw ngs, previously- proposed{
control devices have suffered fromcertain di sadvantages. The present
i nvention has arisen fromour work seeking tB1Brovi de inproved speed
control devices for d-c 1 $PiEw ScoNfrEL CHEGRBRE u'tl—bh,OQbﬁgent

i nvention, a speed contro

coupling a supply vol t ?ﬁﬁﬁ?ﬂaf%¥%tﬁfg§Pnﬁgesﬁ Fﬁ@iﬁgﬁo ev&ﬁ&s
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the armature Widditddf &édvidés "Wavé sdffletBa EpbfUbaredin Bdsaaviagitages.
constructed and arranged such that.,in operatjon a gurre rt|o al to
the armature current f Qﬁm?ﬁF??PFhénYFF§P°Pe¥ﬂFn3F F?nn%Fﬁ%a he
second tern1na@egkiﬂgwsmqpnmvﬂuéhlmpfovea speédtcbntmonedhudces mmnﬂd«g
the transi (#éﬁ bei ng connected to said second term nal and 25
across the ehitter thereof said transistor base being connected to
the first ter m naI andin caceerdanaenwithf theepresenty inventdesnd a @&nerdr ;

and a third reg o1 V&wbcéhfaﬂ éeal-étﬂbtkﬁ YAk alled aﬂ{éa'n% wect ed in
paral |l el across t ase and coll ec tran5|itor
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a fQU/rt h resi sinMstcad, aand 0a speed controlling integrated circuit for
15 controlling the application of said supply voltage
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thereto, which circuit is constructed so that in
operation a reference voltage is generated across first
and second terminals thereof, the first said terminal
being arranged to be coupled to the armature wiring of
20 the motor, and the integrated circuit being constructed
and arranged such that in operation a current
proportional to the armature current flowing in the flrst
terminal is maintained in the second terminal; a
transistor with a first resistor conhécted in parallel
25 acx%se'segﬁ'és‘ga&s"e aﬁa“? J.tter’ tﬂg}'égfet“s;ié‘?faaﬁélét%?”ﬁaﬂgék
: being connected to the first terminal and to one terminal 'Qs
N of the motor via a second resistor; and a third resistor,
' which third resistor is variable and is connected in
parallel across the base and collector of the transistor;
30 said transistor collector being connected to the other
terminal of the motor via a fourth resistor so as to
permit the value of the third resistor and the speed of
the motor to change in linear proportion to each other.
, The invention is hereinafter more particularly
35 described by way of example only with reference to the
accompanying drawings, in which:-



pernmt the value of the third. resistor and the speed of the mptor to change
i‘n I'inear proportion to each other. The i nverition is hereinafter nore '
particularly 35 described by way of exanEhe only with reference to the
acconpgnyi ng drawi ngs, in which:- Fig. 1 shows the circuit configuration
for a previously proposed type of notor speed control device; Fig. 2 shows
a first enbodi nent of speed control device constructed in accordance with
the present 5 invention; and Fig. 3 shows a second enbodi nent of speed
~control device in accordance wth the'gkesemt i nventian. Referrigg{first to

the previously proposed aF t&ngbnehPWar tREGCITCULE GPPEIBUTREAA g
resistance 10 cprevibusdyppropogedesyptoos mpeor] sapdd[ epnkrahddaviaei;abl e

resistor [err] Is connectgd acko e_t LDha . 3.C An
I ntegrated circuit: controFl%Frgugﬁo%gi% g??%ﬁggﬁbggéﬂeﬂﬁa?%EE@EPELnt

flow ng in the dentnolodewice dpnstredtedoimt acapndrnpeoithe thenpresent
circurt to g¢5 iﬁ@Fﬂkggh.Céﬁgereof, the current is controlled so as to keep
at a constant |evel a colinter-el ectronotive fqrce gsnerated in thﬁ d-c
¢! he

mtor M In the exanpl e shé8n $nsheustagepeondnembadiBapt| a4vSRES

terminal Dis a¢sappetl 46vDeePiRPREELSARNCEOWERE €HEr pREsenteinvgntiion.
termnal C 20 and t he %g%n1nal A_LS use or startin

L d for the_d-c tor M
~Reactor L, and capacitor ﬁFElﬁﬁag%EattBOeFﬁﬁiBﬁFEIPPgbVeE?O?RSggpeed
(rate of revol uirpapgehehbeo- Bigotdy it will be seen that a resistance

\ 10 circuit comprising resistors Rl’-RZ and R3 and a variable
\_ . resistor VR; is connected across the terminals of a d-c
motor M. An integrated circuit control circuit 1 is
arranged such that a current flowing in the d-c motor M
is directed from terminal D of the control circuit to
15 terminal C thereof, the current is controlled so as to
- keep at a constant levei a counter-electromotive force
generated in the d-c motor M. In the example shown in the
figure, the current leaving the terminal D is arranged to
be proportional to the currént entering the terminal C,
20 and the terminal A is used for starting the d-c motor M.
Reactor L, and capacitor C, are adapted to eliminate
ripples. _ )
P : - The speed (rate of revolution) of the d-c motor
o/ -_ can be controlled by changing the resistance value of the
25 variable resistor VR, . Changes in motor revolution caused
by the temperature characteristics of the d-c motor are
compensated by changes with temperature in the terminal
voltage VF of a diode'D1 connected between the resistance
circuit and terminal C.
30 The inclusion of a diode Dl makes the circuit
configuration complex. Furthermore, where the rate of
revolution of the motor is set by setting the resistance
value r of the variable resistor VRl’ a voltage applied
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can .be controlled by changing the resistance value of the 25 vari abl e
resistor [err]. Changes in notor reygLution caused by.the tenperature
characteristics of the d-c notor are Conpensated by changes with .
tenperature in the terminal voltage [err] of a diode [err] connected-3,?#
between the resistance circuit and termnal C 30 The i ncFisi on
of a diode [err] nakes the circuit configuration conplex. Furthernore,
where the rate of revolutjon of the nptor_is set by setting the resistance
value r of the tReiBRFRT MsigtBropertionalyspt 4g&- appsi @dresult3l1the t he

notor Mis prepationshiptbetwéenAtha améuht. oFhehaglat iAnsRepreetivRanckhe
anount of changﬁ int res%sta cer fng.in ﬁhe rabe of- revoluéion N. of the
PLHPRe

motor tends %c™Be HWONCRE EAFS XhkF AYC cBft th6 BALAFetaRES &Pebe
control 5 wnénnbineaspemakifggit2dififisulbhetoi ensutrecaotugarat conteblan

enmbodi megt °§f§R@€9¥CQQéé@| device in accordance with this invention. In
the figure, TTke reference’ letters and nunerals are used for like circuit

elenents to those 10 Fifowh $howsgthe ciffteitesosfigurdtionr e§pends to the
paral | el afréﬁEﬁH@ﬁ@anofe§ﬁ§é@rcgh@§gl[@éﬁicéhﬁﬁgaéEOFH?ncé'wétﬁar'able

resistor Rs is, connected across the base and, ¢co ctor of a_transistor
[err] the enFQ¥%r1¥Ne%ﬁﬁ%%'isf%o ¢ etilgwT e er hikal refenenesi destersi s
connect ed acamdsnumeraldeabeseseddfeni1ike. cifceiteslembhesCitbChbse
contl 9ufG! T SthGPth 'Fid 9. 2 PAESILLLLES, TRT L08r8hB88alotE] che 1o 1 2
parallel arrangement of resistor Rl and R2 shown in Fig. 1. y
A variable resistor Rs is connected across the base and \W/
collector of a transistor T., the emitter of which is
coupled to terminal C. A resistor R is connected across
15 the base and emitter. _
In effect, the circuit configuration shown in
Fig. 2 substitutes for the diode D1 in'Fig. 1 a transistor
Tr and associated resistors. In Fig. 2, the reactor Ll
and the capacitor Cl’ which are shown by the same reference
20 symbols as in Fig. 1, and are again used for eliminating
the adverse effects of ripple components.
- In Fig. 2, the speed of the motor M is set by

setting the value of the variable resistor Rs. The voltage

V. across the collector terminal of the transistor Tr and L
25 the terminal D of the control circuit 1 can be expressed

by the following equation:

. . R
- [
V= Vies * Vpp(1 + =)
\Y V
30 + refR+ BE X Rs
' 3
Rs
= Vref (1 + R )
R R
s S
35 (1) + VBE (1 + - * - ]



Tr and associated resistors. In Fig. 2, the reactor L and the capacitor
ferr], .which are shown.by the sane reference 20 synbols as in Fig. 1, and
are again used for elimnating the adverspieffects of ripple components. In
Fi g. the speed of the notor Mis set by setting the value of the

vari abl‘e resistor [err] The voltage V across the collector termnal of the
transi stor [err] and 25 the termnal D of the control circuit 1 can be
expressed by the foll ow ng equation [err] "4" where [err] is the

| t t.h t al t f | ; d
VBE | <t ho vor (HHF G aome 15 AN AESATIN® oftfe peeTh IR S 1o rand i ioe The

resistor R genecrezmq/sdfmtmmg sanrfeﬁmeendq wltdggh aml Egsathenwd¢ljagan be

rewitten as f%u[ k[}ﬁe”ﬂa J‘eaﬁlcflén?ﬂ&é@/l Hé‘dut Eﬁgﬂptor M can be
expressed by 1 er he curren oW ng e resistor RT
The current | can be exprEeal Bie [Qﬁ&!sﬁﬂﬂﬁﬁe&%ﬁ?ﬂalkythéﬁo%r$%fﬁ1@h?@tlhg
the termnal Dhig vaive d BBt - (2P can be rewrifeSHMagEdIBIws he
resistor R has a suff|C|entIy hi gh val'ue, as noted earlier, the voltage
[err] can be expressed by

(2) V=YV

Rs Rs
ref (1 + R3 ) ¥ VBE (1 + )

Rs

The voltage VM applied to the motor M can be expressed by

\ 10
U/ (3) Vy =V +RpxI
where I is the current flowing in the resistor RT. The
current I can be expressed by
15
() oI, Ve, Vrer + VmE
K R R3
where IM is the current entering the terminal D, and K is
a constant.
20 Assuming that the resistor R has a sufficiently
high value, as noted earlier, the voltage VM can be
. expressed by
U | R R
_ s T
Y T Vrer "R TR
25
: R R R
S T T
(5) *Ve Ot tR. ) T I
3 3 |
Now, simplifying Equation (5) as
- _ RT
30 (6) VM=V+TIM

yields



[err] Now, sinplifying Equation (5) as [err] yields [err] since the
termnal voltage [err] of the notor ‘the sum of the

counter-el ectronotive force [err] of tﬁe notor M and 5 t he voItage‘drop
[err] by the internal resistance [err] Furthernore, selecting RT andFr

so as to satisfy RT [err] 15 Thus, the rate of revolution of the notor M
can be nmuai ntai ned constant. And, since the voltage V is proportional to the
val ue of the variable resistor [errB t he counter-electronotive force Ea of
the nmotor M can be set (B) chan¥i rg—tre IypFug jof Rgd\variable resistor [err]
20 As a result, the rate of revol ution of the nDtor M can be set at any
desired val ue. In addi tion, changes in the rat revo tron due to

tenperature shacacthei serninad Vﬁét#BFoNQWQ§' oﬁﬁéﬁge Sad W) t age
[err] in Equgki @Re( @bunlBereeiectrbrodine fomice EN @&Camdammadthtand

t enper at re r se, shifti th ol tage,V i.n Equati gn Q.2 mal | er

regi on. thes g a&ﬁoB%@P gaﬁnd%%%%@? Fﬁtﬁﬁp Fﬁ? t?@h R;onfrguratron
shown in Frg 2 has begoarrhéirihoed,i sed ex timge Ryr acdi/oal Kesof iagurtat i on. I n
the figure, ggtisggnerals and synbols 1, M [err] and [err] correspond

(8 ¢ =R
10
yields

V =E --- (9)

15 Thus, the rate of revolution of the motor M can be
maintained constant. And, since the voltage V is
proportional to the value of the variable resistor RS,
the counter-electromotive force Ej of the motor M can
be set by changing the value of the variable resistor Rs'

20 As a result, the rate of revolution of the motor M can be
set at any desired value.

In addition, changes in the rate of revolution
due to temperature characteristics of the motor M are
compensated as the voltage VBE in Equation (2) above \_)

25 becomes small in accordance with temperature rise, shifting
the voltage V in Equation (2) to a smaller region.

Fig. 3 shows another embodiment, in which the
‘circuit configuration shown in Fig. 2 has been modified
into a more practical configuration. In the figure,

30 numerals and symbols 1, M, T., RT’ RS and R. correspond
with like parts shown in Fig. 2, and L1 and C1 correspond
with like parts shown in Fig. 1. A variable resistor R,
is connected in parallel with Ry and further with an RC



with like parts shown in Fig. 2, and [err] and [err] correspond with |ike
parts shown in Fig. 1. - A varlable resistor [err] is connected in parallel
with RT and furthér.with an RC "6" aigeuit conprising a resistor [err]
and a &apacitor [err] in series. Afurther RCcircuit conprising a resistor
[err] and capacitor [err] is connected between the base of the transistor

and the positive notor termnal. 5 The operation of the
configuration shown in Fig. 3 is essentjally the same as that of the con-
figuration sho s nor e. ract cal n res ect of

fol | owi ng poi n\tlg;' &) tlB "ﬁj & Var % r [%ar Citem é@ in

val ue of the flsmciersa& St cﬁuﬁlhdcxy R/(hia:ird;met Iamxpﬁmrmg:tarrssissor)mé he

motor M are dety f| d.characteristics
of the notor. Mggdnn eeclt)g:eﬁbyflnea ustrg]eﬁ'fee'ihtg}léo%f' St %he

ii) A capaci tortr@tnsalssfé?r @%lﬁhﬁjlﬁosdcﬁwq glafpm tepeicialor and a resistor
i's connected across the cgjd %té&faﬁrtﬁ{ (qua}?@cfgnfl%utém Sl 4 gnd the

posi tive or ive termnal sq as to prevent hunting, and
expand t he rang:g‘ %f’l A &G RR S Yorthforsame v ddadr ok |’&e c(‘Wrthe
particul ar ill fdiguatatdon tdhdwi ricliRig.ark Ruterd eford rPrdd SicdPtin

connected to tq%sggggjdgaéﬁngJyydwfﬁg ﬁg¥%€ﬂternat|ve arrangenent s
i) By adding the variable resistor R4, the
10 value of the fixed resistor RT by which
" the load characteristics of the motor M
are determined can be fine-adjusted. Thus,
the load characteristics of the motor M
can be selected by fine~adjustment of R4.
15 ii) A capacitor or a series circuit comprising
a capacitor and a resistor is connected
across the collector and/or base of the
transistor Tr and the positive or negative
terminal so as to prevent hunting, and
20 expand the range of fine-adjustment of
motor characteristics. (In the particular
illustration, the circuits are RC series
v circuits, both connected to the positive
-/ terminal, but the alternative arrangements
25 are also feasible.)

iii) By turning on the switch SW to connect the
base of the transistor Tr to the negative
terminal, the transistor Tr is forcibly
turned off, interrupting the output of the

30 control circuit 1 to stop the d-c motor.

In the specific embodiments it is possible to

set the rate of motor revolution at any desired value and

to maintain a linear relationship between the value of the



25 . are also feasible.) iii) By turning on the switch SW -
to connect the base of the transistog,ferr] to the negative ternnal, “the g
transistor [err] is-forcibly turned o?f, interrupting the output of the, 30
control circuit 1 to stop the d-c notor. In the specific enbodi ments & is
possible to set the rate of notor revolution at any desired value and to
maintain a |inear relationship between the value of the  "7" variable
resistor [err] and notor_ revolution by adjusting the varia&Le resi stor

[err] connectaXfialle Heesiebry sRora R R Ltet  FHEP FoE 2O )Y pReivaFhBEa

separat e vartledlearEshBé OFe§ PStdr OR_tdénnettedt o6 shdetpanshetbramsistor
[err] the | oad characteristics of the notor j ust ed er a

t can be. fine-adj ?y
wide range. In additi qrike%%ﬁﬁ%tt?%ng% 1¢1L0g %fs?ﬂﬁr?fﬁng?gfﬁp Tr to the
negative si deesistar sRy tal, théhecoblectopes ade onf chheberensisyost Gpped.
CLAIMS 15 thd POEPLEAUL QL £OVILL ¢PT e Gnft P Ohn! BE| HEHB0aHRARE LT
coupling a supply voltage to ? e arnmature w ndi ngs of the notof, and a
speed contrdveéme ividgreargecircuit for controlling the application of

said supply voltage thegeifaitbeh By resnhet ikPNehe UBASE 66 that in
transistor Tr to the negative side via a switch, the motor
operation can be easily stopped. '



operation a reference voltage is generated across first and second
terminals thereof, the.first said termnal 10 bei ng .arranged to be coupl ed
to the armature mﬂring of the notor, and the integrated circuit being
constr”*u.et ed and arranged such that in operation a current proportional to
the armature current flowing in the first tegwmnal is nmaintained in the
second tern1n3$g¥@$%5 transistor with a first resistor connected in
parallel the t i'tor -em tter being connected to said term nal and
across the basles therkespesd cantiral ﬁwimsﬁonear@-emmremcmdmgfu rst

termnal and tfafe #&F @6\?1:9{ g ld1SUPBIY VoPtage %69 thé Cotmatireand 2

third resistor, which thi resistor 1s variable and Is connected in 20

paral l el ac oMindings of the Mtor: Andra (FReed FRREYRI1ing integratedor
col l ector bei rgircuite cteel ddnﬁmmﬁ@rtﬁérdpﬁmi.cﬁiéﬂﬂeoﬂma&dVsﬁpﬁlfOUFt h

resi stor so as_t e val.u e thiyrd resi d thg speed of
the notor to 81?&#@% ?Fn%é ‘b’g‘%}h‘? °"H)te T rCYRH i'Z%‘E' €ha 8A peed
control devi ce:pmtm:bbmgptreﬁmme volktage nis rmenmeedirWMUﬁinstt he
first reS|stor r té@%ﬁ val ue of
the third resis %r%&%%%igfa%? ‘Ifiﬁefégfeeghg? #%ré@ ?g'{d eﬂgg at any
desired vaQe W@MWQ@@Q&%@Q#PWt% therarpatyse gviring of A

speed control Y iKetcES dni rm:é 01:& ﬂe&rcﬁé\hﬂt%emr@bﬂsarﬁe{:éb
resistor is connected in paralle th resistor, the fifth

resi stor bei ndRfhA%EANGeY such ﬂb%% R ?ﬂ%rT P A FREY R stics 35 of the
mgtor to be f|pmopn#t$nmnnctawthevarhatwmgecurrent flowing in the first

\_/ .termlnal is maintained in the second terminal; a

15 tﬁ?nsistor with a first resistor connected in parallel
ac;g;:”’ e“% sé°3ﬁ§"émi€%b§°ﬁﬁzzg Lé%!ﬁ trgﬁg?gtg?bﬁzgg
being connected to the flrst terminal and to one terminal

" of the motor via a second resistor; and a third resistor,

which third resistor is variable and is connected in

20 parallel across the base and collector of the transistor;
said transistor collector being connected to the other
terminal of the motor via a fourth resistor so as to
permit the value of the third resistor and the speed of
the motor to change in linear proportion to each other.

25 2. A speed control device according to Claim 1,
wherein the resistance value of the first resistor is
selected at a value sufficiently larger than the value of
the third resistor so as to permit the speed of the motor
to be set at any desired value by changing the value of

30 the third resistor.
3. A speed control device according to Claim 1 or
Claim 2, wherein a fifth resistor is connected in
parallel with the fourth resistor, the fifth resistor
being variable so as to permit the load characteristics

35 of the motor to be fine~adjusted over a wide range.
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"o" 4, A speed control device according to Cl.aim3, wherein a capacitor -
or a series circlit conprising a capacitor and a resistor is connected-.in
paralfel with 5 said fifth resistor so as to:.prevent the hunting N
phenonenon. 5. A speed contr ol deV|ce,@gpord|ng to Claim.3, mherehn(a
capacitor or a series circuit conprising acapacitor and a resistor is-
connect ed acMess t hd gpeedicontrahdevigsianeording tte Gtatm 3erninal of

the notor. 6yhereith W KPP oW it RES Yikdhi ¢ Compri g ng daim
wherein a switching neans,_ i s provided across the bgfe of the tTapsi stor and
a term nal ofcaRac and, & tf‘?ﬁ i Famecked }\Fél’flérm nal

of a 15 LBOWamelﬁ;trsq-métbmesdnas e pEsvant cele mwmql by the

swi t chi ng neagggi A speed control device for a d-c notor
substantlallﬁ’ qﬂﬁ&ﬁﬂﬂmﬁore described with reference to Figures 2 and 3
of the accom®anyi ng kirspee@;scomirol device accord:.ng to Claim 3,

whereln a capacitor or a serles c1rcu1t compr1s1ng a

capacltor and a resistor is connected across the base of
10 the transistor and the other terminal of the motor.

6. A speed control dev;ce accordlng to any preceding

Claim, wherein a switching means is'provided'across the

base of the transistor and a term1nal of the dev1ce

arranged for connection to the negatlve term1na1 of a

15 power supply so as to permit the motor to be stopped by ~/
the sw1tch1ng means. - - |
7. A speed control dev1ce for a d-c motor,
substantlally as hereinbefore described with reference to
Figures 2 and 3 of the accompanylng draw1ngs.
20
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