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SYSTEM FOR CONTROLLING TI-IE SPEED OF A MOTOR DRIVEN BY AN
" UNREGULATED VOLTAGE
FIELD OF TH.E INVENTION _
| The present 1nvent10n relates generally to methods.'
5 and apparatus for controlllng ‘the speed of a motor More
.partlcularly, the invention relates to an 1nexpens1ve system .
that drives a DC capstan motor with an unregulated voltage :
| supply and controls the motor speed by employlng a simple’
yet elegant supply ripple feedback into the servo control
-zlo'Tloop without additional microcontroller intervention or
' sophlstlcatlon ' '
BACKGROUND OF THE INVENTION
Prior art systems for dr1v1ng a DC motor of the
'type employed in a computer tape or disk drive typically
15 employ a relatlvely expensive regulated DC voltage supply.
For example, in the system deploted in Figure 1, a voltage
regulator 10 regulates the unregulated DC supply voltage Vi
and provides to a motor 12 a regulated supply of DC voltage -
- Vgge @and a motor driving current Iy, wherein the latter is a’
- 20 function of the voltage across the motor 1nput and output
' supply terminals and the motor 1mpedance The motor
‘impedance is a function of the resistance of the motor
windings and the speed of the motor.
' In the system deplcted in Figure 1, a s1ngle Hall
25 .effect sensor 14 provides position feedback 31gnals to a
mlcrocontroller circuit 16 for use in determlnlng the motor
speed. The mlcrocontroller 16 provides to a pulse width
. modulator (PWM) circuit 18 a 51gna1 1nd1cat1ve of a target
Yoltage to be applled_to the motor. The microcontroller 16
30"contrOIS'the voltage across the motor, and thus the motor



yet el egant supply rippLe-feedback i.nto the servo. cdntrol 10 Ioop mnthout.

addi tion ontroller intervention or sophisti CatpEMus9o6/13090
BACKGROJ%?%@ﬁﬁﬁE I NVENTION - . Prior art systens for driving a

BC motor of the type enployed in a ‘conput er ‘tape or disk drive
typically 15 enploy a relatively expéh31ve regulated DC voltage suppl y.

For exanple, in the system-depicted in Figure 1, a voltage - regulator 10
regul ates cwernemtedul ab¥dgBBeTaSing wolsighaly @alled T Brivithe to a

~motor 12 ag; |r%$9d P! s uiEeVﬁiaaﬂemodulé/wﬁrlbyapﬁlmacﬂat:a&tdtzevi ng
current I[err e

re|n t he Ia function_of the, volt acr oss
the nmotor i TEHPYSAHR R contggﬁptﬁ t%?h?ﬁﬁ}gnaﬂ nEW FBruPﬁggggnce |
_Thednotor Aacuﬁﬁﬁhtﬂﬁ?hiih%:d@wtéeonzoprbhbdessassagnalov(Enb motor
wi ndi ngs -an ee t he npt t Feted .
in Flgu%e é%Qﬁqﬁﬂ%e Fhiém%??gc?régﬁsg?rlﬁnprOW’gg%?g%§¥ I%ﬁ& %gd %Ck'
si gnal s to fed baqk(naxthErEWMeClncuEU|1616nﬂ0¢mnéeyed b¥t &hegining t he :
mot or Wco%éﬁ[félg%@téﬂé'?ﬁml&%ﬁﬂdﬁﬁ £8 fiRutseny fbkor

nodul at or ndicative of a target . - voltage to
be applied qurnent MR & . Prq¢ﬁﬁﬁ¥@%B§€nWF6FWBW 46V8b- controls the voltage

across the notor, andridUswihei§RaRr controlling the switching device
10 and thus modulatlng the motor current I, is generated by the
PWM c1rcu1t 18 under the assumptlon that the motor supply
voltage is well regulated and that a given duty cycle of the
PWM signal w1ll result in a certaln motor current (note that -
motor speed increases as. motor current: 1ncreases,,and the. _
15 - number of Hall transition 91gnals per unit time 1ncreases as .
the motor speed increases). The mlcrocontroller 16 and PWM
circuit 18 deal with any low frequency varlatlon of the
load, such as, e.g., a- varlatlon ‘due . to the w1nd1ng of a
_cartrldge tape (e.g., a Dczoooltape_cartr;dge), which mlght
20 'otherwise cause the motor speed to vary unacceptably, by |
periodically monitoring'the motor speed and adjusting the
PWM signal to increase or'decrease the current I,.as needed.
- In the exemplary system of Figure i, 'the microcontroller 16 .
o checks the motor speed approx1mately every ‘10 ms, or at a
25 rate of about 100 Hz.. = '
In the hlghly competltlve computer perlpherals
industry, it is extremely important to produce products.at a
low cost. Therefore, it would be advantageous to reduce the
cost of a motor control system for use with a tape or disk
30 drive by eliminating the need for a_regulated,DC voltage '
supply. However, it is imPOrtant that the recording |
'frequency (and thus the motor speed) of tape/dlsk drlves be
well controlled. If one were to simply ellmlnate the
voltage_regulator from the system of Figure 1, a ripple in
35 the-supply voltage; typically having'a frequency of about
. 100-120 Hz and an amplitude of several volts (peak-peak) , .
- would cause'an unacceptable motor speed variation. This.
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- -2- %% ﬁsﬁ[err] by generating.a signal (called TARETUSIs/13000 .
dr awi ngs) S pulse wi dt h nodul ated by PWMcircuit 28 and enployed
to control the actuation of a switch unit 20. A current sensing device

22 provides a signal V(I[err]) 5 indizative of the nmotor drive current -
I[err],'and this signal is - fed back to the PWM circuit 16 -and. enployed
by the epT katoken ofdwkd e aavo FRA chY ciineressiag ther spredBnc:

current to g, Rifdef Woﬂeghgaébﬁﬁﬂbiféﬁ| articularly bylHacPédssngnah
control Ii ng trﬂ% svmt'e%hl ng device 10_- and ?hugormdul atyl ny he . rmt %ﬁrﬁcqurreent

I[ert] is foredtel BhetRain SEPYRI LPPRUFP 2BOHEJEWLCRe hat the
mot or 5Upp|}¥andw1d@k|1t@ﬂethé Mppléequinpbﬁénandft Rake swpleynvd:ltt)agslclmlmf :
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" Hal | tranmﬁo@hmmggnah%dpbe gaiihedi fromnelémipeting the h@]{ﬁﬁgﬁ speed -

increases). hf gb rocontroller 16 and PWM circuit 18 deal wth any
I'ow frequency~ varrat i on of the | oad, such as, e.g., a variation due to

t he Wi ndi ngSGMMARY OF cFHEr INYENTAQN (e.g., a DC2000 tape cartridge), which

m ght 20 otherw se cadggriiagy!, Oé.nSBbgécﬁ:oo\falthelﬂiﬁ@sﬁﬁtaﬁlrwermion is
perlodlcallggnnnltorlng t he notor eed an ustln he flgnal

i ncr eask0 ortAcRFe¥dEet fe LOWr FORE F‘f’gf’rr] c&? f’f@ dé’d‘rc partlcular

suited for use in connection w1th a computer tape or disk
“drlve A more specific object of the invention. is to
prov1de a mechanlsm for- obv1at1ng the need for a hlgh
cost/high performance controller in a motor control c1rcu1t
15 that employs an unregulated power supply. .The present
' 1nventlon achleves these goals by employing the rlpple
component of the unregulated supply voltage in a nested loop
"_w1th1n the maln sexrvo control locp to make high speed
adjustments to the signal modulatlng the motor current I,.
20 o In a presently preferred embodlment of the
'1nventlon, the inventive method comprises the steps of
obtaining a r1pp1e s1gna1 (V@) representatlve of the rlpple
component of the supply voltage, and modulating the_motor
current (I,) in response'to at least the ripple signal to
- 25 malntaln the speed of the motor at a prescrlbed target
- speed. The presently preferred embodiment descrlbed hereln
further comprlses the step of prov1d1ng a first modulating |
signal (PWM,) for ‘modulating the motor current to maintain
the target speed. ' The step of modulatlng the motor current
30 -comprlses employlng PWM1 to obtaln a second modulatlng s1gna1
| (PWM,) for use in modulating the motor current In this
- embodiment, the ripple voltage has a predetermined, or
'predetermlnable, bandwidth (i.e., the bandwidth can be
measured or calculated), and the second modulatlng s1gnal
.35 PWM2 is adjusted at a frequency greater than the expected
maximum frequency of-the]ripple voltage. | o



fn t he exenplary. systénlof Figure 1,. :the_micrOCOntroIIer 16 . checks the
net or spewd on@ge19xi matel y-every 10 ns, or at. . a 25 rate ofp@bnmmytﬁﬁb
In the highly conpetitive conputer perlpherals |ndustry, it :

extrenely inportant to produce products at a | ow cost. _Therefore, it

weul d be advantageous to reduce the - 4 cost of -a notor control system for-
use with a tape or -disk 30 drive by elimnating the need for a. regulated
DC voltage =~ suppl yTheHEhEeEr and; seeonshglodadetima siignale %8 ng |

. frequency (@f@lféhalﬁlyhpumaéomanﬁedlbdaflan:elae/dcilgsltaqr isiemales . Tm.eléte

controll ed. elimnate voIt e r egul at or from' _
the syst em3f $?§Hf§gengagﬁﬁpﬂgg°¥n°§§r e35ﬁ§§%? cally o
havi ng a freopeerying theufirst WOOulad®iky aidmeal &mwhlinﬂe afreéeeeﬂce
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-3-  varrippde tgmtaggeaadoadmlbygimdﬁfe(atai hgreneespasatana of the -
conpl exi ty pbedpecqepbhel! €in RAE! brelrarned eniddflifRt)d B is a binary
signal whlch _assumes a first level (e.g. ; high) When the
reference voltage is greater than the sum and a second level
10 (e.g., low) when the reference voltage is less than the sum.
According to another aspect of the present _
1nventlon, a method is prov1ded for controlling the speed off
a motor of a tape or dlSk drive, where the motor 1s drlven
by an- unregulated voltage supply The method comprlses the
15-'steps of determlnlng a target motor speed and modulatlng the
| motor current to¢ma1nta1n the target speed, where;n, in a
main servo loop performed at a first_frequency,.the motort
speed is checked and the motor current is adjusted'if” o
necessary._'In_addition; the motor current and ripple_ _
20 voltage are'measuredtand_the'modulation'of'the motor current
is adjusted to maintain the target motor'speed,with greater
I accuracy1f_According to the invention, the latter steps areg
performed-in a nested 1oop at a second frequency greater
. ~than the frequency of the maln servo loop.’ The second
25 frequency may be spec1f1ed to be greater than approx1mately
200 Hz, at least 10 times larger than the flrst frequency,
or at least tw1ce the expected bandwidth of the ripple
voltage. -
| Another 1mportant feature of the 1nventlon is that
30'-the cost of performlng the nested loop is less than the cost
of increasing the speed of the main servo loop to account o
“for the ripple voltage and maintain the target speed. '
_ cher features of the invention are disclosed
below. | ' o '
35 BRIEF DESCRIPTION OF THE DRAWINGS
. Flgure 1 schematlcally deplcts a prlor art motor
 control system



speed of the main servo loop to about twice the expected  bandwidth of .
~the ripphgoopogaenent of the supply voltage, but 5 this woptThusssemse t he

cost of the controller and thus  nothing would be gained fron1elln1nat|ng
the vol tage regul at or. SUMVARY OF THE | NVENTI ON . -
Aecordingly, an object of the present Pnvention is 10 to:provide a low

cost motor control. circuit particularly . suited for use in.connection
with a conputer tape Bigarek2 schgmagicaldyngepigiecione: BsseRtls t he

i nvention igrdferred PéNbdeméntieefani BLber cobtrali Ry dtha Hepdddraarigh
cost/high performance controller in a notor control circuit 15 that

enpl oys an'Yﬁﬁ%gﬂm%lﬁﬁeﬁﬁﬂﬁrl§vﬁBF§°n The present i nventi on achi eves
‘these goal s by enployFmgurée3rdaphets detaifieneft tdfe mhmmunmpgﬁhanadzsubply

vol tage in & nf %ﬁeg?e Fgg%%mlgftgq nyservo control |loop to make -

hi gh spe d e S|gna dulatlng t he notor current
1[err]. 2 Figuzepteientl flpweherteofemboithod fsfr the

 nvent | on, e{;ﬁ%%yﬂﬁveha% BadaCaEPL! fRE kN4 S eRhbrdance WRIRIUHA a
na err

ripple sig representative of the ripple conponent of the
supply voltﬁgéseéhdlﬁﬁGBFéPPng the notor .~ current (l[err]) in response

to at leastnt-mxmnpbssemmt:onoo%pmmmdm)lmmd-s)f the notor at a )
- prescribed target eed. n@{gsegﬁl ref r.red. enbqdi nent_ descrlf '

erern 10 further coRSEREES 21 SeBheh TRsumERTe LY
si gnal (PVWbEéférrédrembddhmknngofhehsnumwsmnmcnu tAs retfiowrsi rehis the

'target Speegmbggfméhgpoﬂﬂtgnghla&b&%a@%@f@ﬂdl B ot the system of
' Figure 1, but it does include the motor 12 m1Crocontroller |
.16, PWM c1rcu1t 18, sw1tch1ng device 20, and current sens1ng
15 _unlt 22. In addltlon, the 1nvent1ve system deplcted in
Flgure 2 includes a low pass filter (LPF) and 'a summing |
circuit 26 arranged as shown. The. capac1t1ve coupler 24
,prov1des an AC rlpple voltage V, (i.e., the AC component of
the unregulated input voltage Vy), which is employed by the
20 summing circuit 26, in comblnatlon with the voltage V(IM), to
'generate a second modulating signal PWM,. The second
modulatlng 51gna1 PWM, is employed to modulate the motor
current I, by actuatlng the switching: unit 20.
Referring to Figure 3, a presently preferred
- 25 embodiment of the invention employs a summing c1rcu1t 26
' comprising a low pass fllter 30 and a comparator 32 The
low pass fllter 30 converts the first modulating signal PWM1
to a reference voltage, and this reference voltage is input '
to a first input terminal of the comparator 32. A feedback
30'-31gna1 is also prov1ded, ‘via a feedback path 33, to the
first input terminal of the comparator 32. The sum of the
ripple voltage Vr and the voltage signal V(I,) is input-to
the other input terminal of the comparator 32. ' The output -
of the comparator is a binary; pulse width modulated signal
'35 PWM,, which is used as descrlbed above to modulate the motor
current. The means for formlng the sum of Vy; and V(I,) may



30 conprises enploying. PAMerr] to.obtain a second nodul ati ng.si gnal .
. (PWR) f qyoorgessin nodul atiing the nbtor current. In this pcrusssaaetonent., -
the ripple voltage has a predetern1ned or . predet er mi nabl e, bandw dt h
(i.e., the bandwidth can be -  measured or cal cul ated), and the second

medul ati ng.signal- 35 PVW[ err] i s adj Lét'ed at a frequency greater than the

expected | maxjnmumfrequency of the rip Ple vol tage. . - WO 97/ 08817
PCT/ US96/ 13gsdude, for example, 'a pair o sultahle resistors c°nn?ﬁ§e§|rst

and second ggodidat idke m@'@é&ﬁy@sum preferably pul se width nodul at ed
digital signals. TheF

ste current . pref erabl y.
conpri ses - convertl {§m3f+§s?nﬁ€%ﬁlgﬁ?ﬂ5 éiﬁﬁﬁﬁrﬁﬁﬁfgr?? ﬁ?
ref erence asped taljechandinroemiong the shéenenaefivbtageeposa snﬁrm:(htle the
- ripple wol ( e f ~kh
current. & ﬁe pre%érﬁrge n%%/déﬁf&}%’%/[gﬁe‘?ﬁ 8%1%Ee8 Dt %011:58%0 i
whi ch assurkde angtiowt | evel (e.g., high) when the _reference voltage is
greater than the SumT%EiﬁE§@C§ﬂép|§¥eis to provide a target motor

. speed. A maln servo loop comprlslng steps S3 through S10 1s
. then performed ' ' . : '
10 Step S3 determlnes a duty cycle for the modulatlng
Signal PWM,. A nested.loop comprising steps_s4 through s8 is-
- then performed f" '
| Step sS4 measures the. motor current IM and step S5
~ determines the ripple component of the supply voltage.
15,-' In step S6, the first modulatlng signal PWM1 is
employed along with the motor current I, and. rlpple voltage
V; to generate the second modulating signal PWM,. '
- In step 87, the motor current- is modulated w1th
} the second modulation signal PWM,.. '
20 ~ In step S8, the system checks the Hall count -
(i.e., the accumulated Hall transitions) and at the same
~ time loops back to- step 84 as shown, to contlnue the nested
loop, whlle in step S9 the motor speed is determlned on the .
~ basis of the Hall count. _
25 In step SlO the measured speed is compared w1th
the target speed to determine whether the measured speed is
~within predefined limits. The method then loops back to
step S3 to recompute the duty cycle and adjust the motor
speed if necessary. _ _
30 . | ' Those skilled in the art will readily appreciate
" that the-preferred.embodiments_discloseduherein may be |
modified in many ways, and that such modifications will
perform the same functions and achieve the same resultS'as
_ described herein . For example, it 1s not absolutely
. 35 .necessary, although it is preferred that the first and/or:
| second modulatlng ‘signals be PWM: signals, or even that they
 be digital signals. It_is'also not necessary that the motor1g



10 -(e.g., | ow) V\,hen t he reference voltage is less than the sum

Accordin her aspect of the present i nventi on, PCt® _

" provi -ded%‘%?w@{o&nfrol i ng the speed of a notor of a tape Orkﬁ#‘féﬂét};“ ve,
where the notor "is driven - by an unregul ated vol tage supply. The nmethod -
conprises the 15 steps of determ ni-ng7a-target notor speed .and. nodul ati-ng
t he notor .current to maintain the target speed, wherein, ina =~ min.
servo | oop querfeortgee atoduiated byeguewiychihg devace as §p§§d0|S§dcl4®cked
and the m)gﬂ B eNlaAd 2] U6LRLr | hoas 1 88E25RR! yunl Beadre! bpparkhe ot or
- current an rqpp vol t age are neasured_and the nodul ation of the notor .
current  in &isy wef this dbsalepurenandakhet fﬁ’%ﬂ-@?’lEﬁe@&aWh gr eat er
accuracy. According to the invention, the latter steps are .  perfornmed
in a nested | oop at a second fr eq-uency greater. . than the frequency of.
the main servo loop. The second 25 frequency may be specified to be
~.greater than approxi mately 200 Hz, at l'east 10 tines larger than the .
first frequency, - or at |least twi ce the expected bandw dth of the ripple
vol t age.. - Another inportant feature of the invention is that
30 the cost. of perform ng the nested loopis | ess than the cost. = . of:
‘increasing the speed of.the main servo |oop to account for the ripple
~voltage and nmmi ntain the target speed.. : Ot her features of the
i nvention are disclosed - bel'ow.. 35" BRI EF DESCRI PTI ON -OF THE DRAW NGS
Fi gure 1 schematlcally dep| cts a prlor art notor
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‘schemati ca 9 gepl cts one presen Iy Rﬁ?@@@ red odi nl'[)cloIPS% not or
control systemin accordance. e. present invention.

Figure 3 depicts details of the sunming eircuit 26 5 'Lllmmllﬂeulmlulﬂ"
systemof Figure 2. . - . Figure 4.is a flow for

~control lingtdbaspeed of a notor in accordance w.th t hé present
invention. - . DETAILED Ilg%ggg -
Figures 2.and 3. scherrgfl Ca#%%{é@f%nngﬁgggﬁgn@V@@ refergéefd aennil)%td?rrrent'

of the invedxiven by eno\mregﬁile ed V@%ﬁéﬂwpém:t §atllﬁ’e YRdtagRe SURRM AL or -

10 of the systeiush a mgtgﬁréuireﬁﬁt(l ) 0gR8 &4 evbitaget Qv )2 havin
m crocont rosq{l er g PWM circuit ,LSWI tchi ngbww ce 3%@ an curarventg

sensi ng A5 au%F]PSEEntl?nl¥dﬂPP?5ﬁntt R CRRBRRSR: d‘aﬁlﬁ ed.in
Fi gure 2 ln@d:!ﬂﬁ@ﬁeﬁtl,owbﬁﬁﬁisﬁ.ngter (LPF) and a sunming

(a) means for obtalnlng a ripple signal (V)
representatlve of sald ripple. component of the supply -
voltage, -and '

10 . (b) means for modulatlng the motor current (IM) in
response -to at least sald ripple s1gnal to malntaln the
speed of the motor at a prescribed target speed.

2. A system as recited in claim 1, further
"._comprlslng a controller prov1d1ng a flrst modulatlng 81gnal
15 (PWM,)  for modulating said motor current to malntaln said

target speed, wherein sald means for modulatlng the motor
current adjusts PWM, to obta:Ln a second modulat:l.ng s:.gnal
(PWM,) for use in modulatlng sald motor current.

3. . A system as rec:Lted in claim 2, where:Ln said
20 ripple voltage has a predetermlnable bandwidth, and wherein
' said second modulatlng_s:.gnal PWM, is adjusted at a frequency.
_greater than the ekpected maximum frequency of Said“ripple ‘
voltage. ' -

4. A system as recited in claim 2, wherein said-
- 25 first and second modulating signals PWM,, PWM, are pulse
width modulated digital 'signals.

5. A system as. rec1ted in clalm 2, whereln sald'
‘means for modulating the motor current comprlses a low pass
- filter for. converting said first modulatlng signal PWM1 into
30 a reference voltage, and a comparator for comparlng said
reference voltage to a sum of said ripple voltage and a
voltage (V(IM)) representatlve of said motor current, where:l.n
N sa:.d comparator outputs sa:Ld second modulating s:l.gnal PWM2
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circuit 26 arranged as shown. The capacitive coupl er 24 provides an AC

ripple v (i.e., the AC e unreg t
-~ vol tage %er r{a?éﬁmm ch is enpl oyg 3 THPS gﬁrﬁrm ng ci rcﬁmzygm?ﬁu :
“conbi nation with the vol tage V(I [ﬁrr])ﬂ EPBA D rate a second nodul ati ng

numunmﬂull][u[l The second 3 I-ng Ssi gnal PWerr] -i.s enployed to
current Iferr] by-actuating the switching unit 20.
Retertirdg f'o Eigure 36.a pResaisttem meefragidedsin anwidn fentwhérehn PWM,

invention:-englg W A Ladid eTpge) S ter- 30
and a corrparggtor gla 1o low S‘a?%sf“.“f‘?éér SOi%o@n\%ﬁ%Pmﬂgé?ﬁéia' -

~ nodul ati ng E‘ﬁéﬁé‘lenPN/P’@rlrt]age ig greatan tdt satd /0 aRd %h?%c?’é@erence
"voltage i s hBpEl when! @add iveferdiid VSItEdWiof1dde Cloapasaiqrsod. A
feedback 30 signal is also provided, via a feedback path 33, to the
first input term nal of the conparator 32. The sum of the ripple
“~voltage §[err] and theg.vol tragsystieynals \fddred )in sclajmtifo t he ot her .

i nput term nal of the rat €0 r o

b1 nary. Ul e widt h naSOIa AR gt e (b oREaPAOP Bh0RE C °

above to nouodalatimg mdgnal fommomatlngnesa%motw ¢arneny the sum of
V[err] and g&gh@%&ﬁ gHE targeé/\gp‘e?éci)saﬂﬂereln said means for
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modulatlng the motor current adjusts said first modulatlng
- 10 s1gnal to obtain a second modulating s1gna1 for use in
modulating’ sald motor current, |
- wherein said ripple voltage hae a predetermlnable
: bandWidth and wherein said second modulating 81gnal is
- adjusted at a frequency greater than the expected max1mum
15 frequency of said ripple voltage, '
o whereln said means for modulatlng the motor
' current comprises means for-convertlng said flrst.modulating
gignal into a'reference_voltage,.and a - comparator for '
comparing said reference voltage to a sum of said ripple
- 20 voltage and a voltage (V(IM)) representatlve of said motor
current, wherein said comparator outputs said second
modulatlng s1gnal, ‘and -
_ wherein said second modulatlng s1gnal assumes a -
_first'level when sald.reference voltage is greater than said
25 sum and a second level wnen said reference voltage is less.

than said sum.

8. A method for controlling the speed' of a "motor
driven by an unregulated voltage supply, .said voltage supply _
- providing a motor current (I,) and:supply. voltage (Vm) having
30 a substantially constant DC component ‘and a ripple- '
'component, compr1s1ng the steps of:
_ (a) obta:.n:Lng a ripple s:.gnal (VR) representatlve
ofisaid'ripple component of.the supply voltage; and.
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-6- °  include, for exanple, a paili TﬂiS SHEERBIAS BEEN Stors connect ed

‘to formwgﬁ@ﬁﬁssary sum ' EED |s al f | ope1y0896r13090
i¢|..c‘frar| ng anaot her aspect of .t he 'nﬁg\% ofr—AS Shown, a first step

resent invention is to provide an unr egul at ed DC vol tage to
Emmﬂmw”u um The next ste@0S2 is to provide a target notor
o | oop conprising steps S3 through S10 is - then -
perforne (b) Sﬂ@@uSBtHEEthﬁnﬁthrdGP?r@y@lélﬁbrlPhEGﬁﬁﬂﬂﬁﬁtlng

signal PWegrdy 1&@@8&5&'99%%%”8&@%%& &aan%lhhltwrsp%%d of thd hen
perfornmed. E nmeasures the notor current: [err] and step
S5  det dioRPe 2k 2 PYPBRFE PﬁﬂpEﬁEﬁFto?pFﬁa "suppl y vol t age.. '

In step S6, the flrst nDduIatlng signal PWMerr] is - enproyed along with

the notor current P err] aﬂd tBBldea\éOIrE%gﬁedstlg Igg_%q_“? rﬁte:}{é}e second

nodul ati ng signal err]- or current -
nmodul at esl vm:dsmpr:r.smgeprevmddngoduIfanrs@nn@dgrlaltM/[Segn]al 2Apwy,) for In :

step S8, t %a€£n§23853 ﬁBEogaEhrEQP@tto md&nﬂirn‘é%id“ﬁ&ﬁ&é tesbdin) |

transitions)o Qops to step S4 as shown, to
conti nue tnehcpeepedsald pBEP, Oﬁhmpéuﬂ-ﬁté-tn@p t@@ t“!‘?@%tcé’rr%ﬁf%d:‘?@rlses '

det er ni ned &fpidfing Pﬁﬁs'ébcﬁbﬁﬂﬁnfa|éeé@ﬂdtmodulatlng s1gnal (PWIM,)
for use in modulatlng said motor current

.10 | 10. A method as recited in clalm 9, wherein'said
ripple voltage has a predetermlnable bandwidth, and wherein o
sald second modulatlng signal PWM2 is adjusted at a frequency
greater than the expected maximum frequency of sa1d rlpple
voltage. ' '

is5 - L 11. A method as recited in claim 9, wherein said
. first and second modulatlng 51gnals PWM,, PWM, are pulse'
‘'width modulated dlgltal 51gnals ‘

' '12. A method as recited in claim 9, wherein said
" step of modulatlng the motor current comprises convertlng |
20 said flrst modulatlng 51gna1 PWM1 into a reference voltage,
and comparing said reference ‘voltage to a sum of said ripple
‘voltage and a voltage (V(I,)) representative of eaid'motcr
current. -

13. A method as rec1ted in claim 12 wherein PWMz_
25 .is a binary signal which assumes a first level when sald
reference voltage is greater than said sum and a second
1eve1 when said reference voltage is. less . than sald sum.

14. A'method as recited in claim 8,

further comprising prov1d1ng a flrst modulatlng
..3b 51gnal for modulating said motor current to maintain said
| target_speed, whereln_sald step of modulat;ng the motor

—_—
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25 In step S10, the neal ed tassBEENTpared with the
target s %,&glﬂeterm ne whet her H(Fa ngggjﬁgeénspeed is  PCTIUSIE13090
imts

: pre efine he net hod t hel_Looj step S3 to reconpute

Imlllmll I““ﬂllﬁrﬂ Edj ust the notor speed, if necessary. 30 .
I art will readi I'ylétpprecrate t hat ‘'t he preferred
nbadi sents Mi scl osed herei n may. be - modified in
such nodi f icvanents ingludes ep QNh?ﬁh%aéénglfﬁﬁCFPGHEaéﬁaggéﬁﬁgﬁg %ﬁb sane
resul ts as optadesersdeshdercddlat Heg Sxghal efoirt use hat mokdsdbntiagy se5d
necessary, although it is preferred, that the first and/or second =

-nndulatrng“§ﬂ§ﬁ%l ?ﬁmﬂsrgnals or even that they be drgrtal

;lc%nal S. It is also mhenetﬁssaid rippleheokbage has a poedptegginable
.a SWH?? (§§§W%%F%S %ngcyher in sald second &od&lgtﬁhéf%&g%%l”qulated by

0560 er_ nodi fications:
Wi || becomadﬂusuedtat anfnequﬁDCYtQrsaﬁﬁgctb§9r§h§n6x9ﬁ§tﬁﬂIWﬁﬁWﬁF%Iarns

frequency of said ripple voltage;

.wherein said step of modulatlng the motor current
comprises convertlng said first modulatlng s1gnal into a ‘
10 reference voltage, and_comparlng said reference voltage toa
sum of said ripple voltage and a voltage (V(I,)) | |
'representatlve of said motor current; and
. wherein said second modulatlng s1gna1 assumes a
flrst 1evel when said reference voltage is greater than sald'
15 sum and a second level sa1d when reference voltage is less
than said sum. | | . - I

iS.I-A method for controlling the speed of .a motor
of a tape or disk drive, said motor being driven by an L
: unregulated voltage supply, said voltage supply prov1d1ng a
20 motor current (I,) and supply voltage (Vo) hav1ng a
substantlally constant DC component and a rlpple component,-
compr1s1ng the steps of:
(a) determlnlng a target motor speed and
modulatlng said motor current to maintain said’ target speed
25 whereln,_ln a main servo loop performed at a first
frequency, said motor speed is checked and said motor
current 1s adjusted if necessary; and
_ (b) measuring said motor current and the rlpple
-voltage, and adjustlng the: modulatlon of sa1d motor current.
30 in response to said motor current and rlpple voltage to
' malntaln said target motor speed;
' wherein step (b) is performed in a nested 1oop at
a second frequency greater than said flrst frequency

j 16. A method as rec1ted in- clalm 15, whereln said
35 second frequency greater than approximately 200 Hz.
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wo 97/08817 . - - PEF-HS96/ 13090 -
. -.8- wWo 5/08s1 1. $M$SHEETOHA$&E dl | i porubss/spsed of a. .

not or driven by an. unregul ated voltage REWACED said vol tage supply .
providing a notor current (l[err]) an ppty—vortage (V[err]) -having 5 a -
substantially constant DC conponent afdd aripple conponent, conpri sing:

- (a) neans for obtaining a-ripple signal (VR . represent atlve of .saj

ripple conponent of the.supprgthod gg| rggdtegndniglaim 15, whemgin

for modul ats hdeE PR ?@éné?"ignht( hEaet] Lo Rimes NesRerstHan afaildakirsaid
ri pple 5|gn to mai nt-ai n - speed of the notor at a prescribed target -

speed. frequency. . Asystemas recited in claim1l, further

conpri si ng a controller prOV|d| ng a first nodul ating. signal 15 (P\/\Merr])

for nodul ating said urr ot | | g ‘gaid - .
_wherein said means fo Eﬁadt %gr@et%ie'd 33 %lalm g, %he%’erg said

5 second frequency 1s at least twice the expected bandwidth of
' the ripple voltage - '

19. A method' as recited in claim 15, "wherein the
cost of performlng sa1d nested loop is less than. the cost of
1ncrea51ng the " speed ‘of said main servo loop to account for

.10 said ripple voltage and maintain said target speed_ -
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current adj ust's PVW[ err] to obt ai n a second ‘modul at i’ ng Si gnal (PWWR) .
for use iy FhekgiALi ng. said hotor current,. - BCT/USPG188902 M aS
recited inclaim2, wherein said 20 ri ppfe vol tage has a predeterm nabl e

. bandwi dt'h, and wherel_n ' sai d seCf/ilfl modul ati'ng signal PWerr] is
~adjusted at a frequency. . greate han the expected maxi mum frequency of
said ripple. ' voltage o 4. A systemas recited in claim .
2, wherein said 25 first and second m)dul ating si gnal s PWMerr], PWerr] -
are pul se- wi dt h nodul at ed di gital signals. 5. A system
~as recited in claim?2, wherein said means for nodul ating.the notor-
current. conprises a Iow pass filter for converting said first

“nmodul ating signal PWMerr] into 30 a reference voltage, and a conparator -
- for conparing said . reference voltage to a sumof said ripple voltage

- and a ~voltage (V(I[err])) representative of said notor current, wherein

" 'sai d conmparator outputs sai'd secoand nodul ati ng signal PWerr].

| Vin
| ./.16_ R e
| contRotLER 1 n‘é&’h&%ﬂ- o
¢TARG_ET |
=
| pwm
Vi

Figure 1 (Prior Art)
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MD 97/08817 ' PCT/U896/13090 6. A
- system aswbdsiosgas i n cl aim 5, V\/nerel n PVW[ err] o SPQTmsgamgngsl gnal -
‘whi ch assunes a first |evel when said reference voltage is greater
than said sum and a second . ~ " level .when said reference voltage is
| ess than said sum . .5 o 2/3 7. A systemas recited in claim
1, : . further conprising a controller providing a first
nmodul ating signal for nodul ating said nmotor current to ' mai nt ai n

sai d target speed, wherein said neans for - nodul ating the notor
current adjusts said first nodul ating 18 signal to obtain a second’
modul ating signal for use in s atlng said nDtor(HNREGHtAIED)
wherein said ripple voltage has MICROedet able . . Vjybandwidth, and
wher ein sai d second nodul at i ) GONTROMLER: “adjusted at a frequency
greater than the expected naxiTromm 15 frequency of $agdly i pple o
vol tage; - .wherei ABﬁngean; for nodul & ¥ng: t he notor-

.current conprises means for GoHv-e¥F G 8f{rst noghl g-
signal into a refereqpe voltcge RWH a d arator 10
- S IN CKT _ _ -

(UNREG) 147

* | ¢PW“1

caPACL [T Va [ PWM
 COUPLER | = X

__24/ N N vy

12

~ Figure 2.

PWM, o
3l LPF

- PWM,

Vg + V(Il“)-
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Ebnpafing sai d reférénééfvottage to.a sumof said ripple 20 vol t age
| and a volv{,&gﬁngsy.;l [err])) representative of said mbtor  permysesfiSfdoent .

wher ei n sai"d conparator outputs said second nodul ating signal; and
wherei n said second nodul ati ng signal assunes a : first |evel -when
- said reférence voltage is greater than said- 25 sum and.a second | evel
when said reference voltage iS'|e353 . _than said sum o -

8. A nmethod for controlling the-speéa of a notor driven by an
unr egul at ed vol t age supply, said voltage supply provi di ng a notor
current (l[err]) and supply voltage (Vlerr]) having.. 30 a IR
~substantially constant- DC conponent and a ripple conponent,
conprising the steps of: . —WfIPHOVIDEUNREGULAT _obtsiining a ripple signal
(V[err]) representative DC VOLTAGETOMOTORE |conponent of the supply. .
vol t age; and . WO 970887 _ : . : :
PCT/US96/ 13090 10 s2 | MAINSERVO

PROVIDE TARGET _ _ djfﬁ;
- MOTOR SPEED '

'“““““---—---——;i—-—---___-.'.__f______, .

DETERMINE DUTY CYCLE , "fg;f," :
FOR MODULATING - | (250 Ha)
| _ | ©  SIGNAL (PWM,) _ | 1 s
——— e o o e e e e e e e e e e e —————mle ey
- s Y
~ MEASURE | ./ DETERMINE RIPPLE
'MOTOR CURRENT | COMPONENT OF VOLTAGE
: w ' ' VR

MODULATING SlGNAL /
IN RESPONSE TO '

lg_n_, Vp, PWMy

§6

—WODULATEMOTOR | 57
CURRENT WITH .

MOD SIGNAL (PWM,)

l ' "'sa.

SRR m— A

- DETERMINE
'MOTOR
SPEED

COMPARE MEAS SPEED | S10.
~ WITH TARGET
* SPEED
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AR

(b) nodulating the notor current (I[err]) I n response - .to at least
sai d-ripple signal to mai ntal n the speed of the . oetor. a
preserybed tar’get “Hpesd.” ’ A A ‘met Hod &s’ 1

fkaﬁ'é?[miil‘ nilrlll ||||| | ||‘i’m833? L Theshr 8 ot or i o pbtits 9’5'/ 1 3 0 9!

-t ar get erein sal d step of nodul ating the notor_ curren m
conprises ¢ err] to obtain a second !REPUM? ng* s‘l &h&
(PWerr]) for useln rmdulatlng said notor curr

10. ‘A nmethod as recited in claim9, whegein said - ripple voltage

has a predeterntnable bandwi dt h, and whefein sai d second nodul ati ng
si gnal PWW2 | ﬁted at a frequency greater than the expected

maxi mum f requency of said ripple vol t age. 15 11, A
method as recited in claim9, wherein said first and second

nodul ating signals PVW[ err], aPslseem] fau:euaul ia writing/wiedidingoda/fAmuh a
digital signals.

|‘?A hod _as rem?e%yq:e%lalmQ
wherei n said ‘=°mPut°rsFﬁﬁdéplﬁnaﬁPéFFﬁng “ﬂ‘ﬂt o el (e N t g M ees
convertings c039r0§3| ghbi speedodt! at DCgcapgtan Rakpar, r compixd. sd ngfsaish REC

vol tage, capstan motor and:
(a) an unregulated voltage supply, said voltage
supply providing a motor current (I,) and supply voltage (V)
having a substantially constant DC component and a ripple
10 component; .
(b) means for obtaining a ripple signal (V)
representative of said ripple component of the supply
volteqe: and '
(c) means for modulating the motor current (IH) in
15 response to at least said ripple signal to maintain the
speed of the motor at a prescribed target speed, whereby
said system for use in writing/reading to/frem a computer
readable storage medium operates without a voltage '

regulator.
20
2. A system as recited in claim 1, further
- comprising a controller providing a f£irst modulating signal )
' (PwWM,) for modulating said motor current to maintain said
target speed. wherein said means for modulating the motor
25 current adjusts PWM, to obtain a second modulating signal
(PWM,) for use in modulating said motor current.

3. A system as recited in claim 2, wherein said
ripple- component has a predeterminable bandw1dth and
30 wherein said second modulating signal PWM, 'is adjusted at a
frequency greater than the expected maximum frequency of"
said ripple voltage.

4. CANCELLED.
35 .
5. CANCELLED.



and conparing said reference voltage to a sumof said ripple .
voltage and a vol tage (V(I[err])) representative of said not or

N 11117117 T T R B a'mﬁeﬁzsaf“’a‘eré' "
reference vol t dge ti sMgreater than said sum and a second

_ : m%n.. E” W'L”'Dgl
_sald reference voltage is |l ess than said sum R T
net hod as recited in claimS8,

: further co
providing a first nodul ating 30 signal for nodul at| ﬂdm rmgfcﬁfAUG 199k

current to maintain said- target speed, wherein sald step of
nmodul ating the notor WO 97/ 0887
PCT/ US96/ 13090 - 11 - current includes enploying said first

nodul ating signal to  6- OPAEEREIERecond nodul ating signal for use in
nmodul ating said

7. CANCELLED.

5 8. A method for use in writing/reading to/from a
computer readable storage medium, wherein said method
controls the speed of a DC capstan motor driven by an
unregulated voltage supply, comprising the steps of:

(a) providing a motor current (I, and a supply
10 voltage (Vy) having a substantially constant DC component
and a ripple component by means of said voltage supply;
(b) obtaining a ripple signal (V) representetive
of said ripple component of the supply voltage; and '
(c) modulating the motor current (I,) in response
15 to at least said ripple signal to maintain the speed of the
motor at a prescribed target speed, whereby said computer
readable storage medium operates without a veltage
regulator.

20 9. A method as recited in claim 8, further
comprising providing a first modulating signal (pWM,) for
medulating said motor current to maintain said target speed,
wherein said step of modulating the moter current comprzees‘_
employing PWM, to cbtain a second modulating aignal (PWM,)

25 for use in modulating said metor current.

10. A method as recited in claim 9, wherein said
ripple compenént has a predetarminable bandwidth, and -
wherein said second modulating signal FWM, is adjusted at a

30 frequehcy greater than the expected maximum frequency . of
said ripple component.

11. CANCELLED.
35 12. CANCELLED.

13. CANCELLED.



notor current; - wherein said ripple voltage has a
predet ' dwi dt h, and wherein said second nDduIatlng s1gna

requency gr eat ert-han™theé expect ed:raxi Tk
frequen ﬁ Bﬂ voltage wherein said step of
nodul at i ent . : conprises converting said flrst

‘nodul ati ng signal |nto a 10 reference voltage, and conﬂpa-f 1 jﬂq
reference voltage to a sum of said ripple voltage

(V(1[err])) representative of said notor current; S 14AUG]997
wherein said second nodul ating signal a nes a : flrst | evel

said reference voltage is greater than said 15 sum and a second IeveI

sai d when reference vol §3ge icANCEE3LED. than said sum

15. A nethod for controlling the speed of.a notor of a tape or

di sk drive, said notor being driven by an unr egul ated vol t.age

supply, said voltage supsl.y pr mettiody for condaidiiorgy dve aapegd [of rq ymatitic
suppl y voltage (V[ rr hav, bstant i I t

conponent and®% F’Q nﬁlltﬁg‘n?inve' sail t%élb%g r%en%&q't eeg'{s1 g

(a) determi nungegutlaltgelt verlitages pappland said voltageusupply ﬁwmm a
current to ”H'”;%#”FE%&%n&?H%?E §H§egupplglgélﬁggﬁek0 ) Ra¥iHy & servo |oop

performed at guency, I s checked and
sai d notor substaotiaddly icoratjantt & icompanentyan ancFiPPlﬂ component,

comprising the steps of:

(a) determining a target motor speed and
10 modulating said motor current to maintain said target speed,
wherein, in a main servo loop performed at a first
frequency, said motor speed is checked and said motor
current is adjusted if necessary; and
(b) measuring said motor current and the ripple
15 component, and adjusting the modulation of said motor
current in response to said motor current and ripple voltage
to maintain said target motor speed such that said tape or
disk drive operates without a voltage regulator,
wherein step (b) is performed in a nested loop at
20 a second frequency greater than said first frequency.

16. A method as recited in claim 15, wherein said
i second frequency is greatér than approximately 200 Hz.

25 17. A method as recited in claim 15, wherein said
second frequency is at least 10 times larger than said first
frequency.

‘- ~

18. A method as recited in claim 15, whereln s;id
30 second freguency is at least twice the expectad bandwidth of

the ripple component.

19. A method as recited in claim 15, wherein the
cost of performing said nested loop is less than the cost of



(b) neasuring said notor current and the ripple vol t age, and
agj usting the nodulatiom of said notor.cyrrent.. .30 in.respaonse 10

2‘528&;_“1 T LRI s: 225 CPep oy 1o el ‘S"r Pes 1B wondst ol aop &

fl: g f f
ié'secon regquency® grseater than said first frequency. 3”‘!’4’&19 A /1 3 0 9U

A method as. recited in claim15, wherein said

frequency greater than approxi mately 200 Hz. WO 97/ AU6 mtq
PCT/ US96/ 13090 -12- WA7U§7 ‘4

met hod as recited in claim15, wherein said second frequency is at | east
10 times larger than said first frequehtyT 18. A net hod

as recited in ol L o i el P o AP L WA Vb @ deBSlnt eSE

said ripple component and maintain said target speed.
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rlpple volta

the ripple vol tage.

- 409.

mai ntain said t
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A method for controlling the speed of a motor driven by an unregulated voltage supply is dlsclosed The disclosed method compnses
obtaining a ripple signal (Vr) representative of the ripple component of the supply voltage, and modulating the motor current (In) in
response to at: least the ripple signal to mamtmn the speed of the motor at a presmbed target speed.




