METHOD AND APPARATUS FOR CLEANI NG A DC MOTOR COVMUTATOR- BRUSH I NTEIQF%% C BT 200%
BACKGROUND OF THE | NVENTI ON The present invention relates generally t ﬁ@
ficeld of electric nmotor repair and nore specifically to the repair of a
comutator to brush interface in a direct current notor w thout dismantling
the notor. In particular operations using a direct current, the commutator

to brush interface can get dirty or covered with a coating commonly caltled

a "varnish" which can cause intermttent and unreliable operation. The

speed can vary causing undependable rotatjon. In a tape drive for a data
pr-ocessi ng system constant notion of a tape over a transducer is

conmpul sory. Any hindrance to a constant speed causes errors in the reading

or writing of yh@cdahfn! APRARAY 3BR WHEERIE@ TRS MolrokNcambrdiAmore Brsiihe

dat'a processing system The rotational speed of the notor and thereby the
|inear speed of the tape nust not varyINTERIAGE reel notion control systens

in tape drives set the DC tension on the tape using cal cul ated notor

currents. Wen the notors are run at IOM/currents for long periods of tine

the brushes get dirty and th&A&d N oy [AVENERON at or becones

unreliable. This results in data errors and tape danmage en_t %sten1
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the two reeil%cfﬁﬁ.usiﬁoﬂbisofﬁoa&a:nﬁﬁﬂ APLE adeaii ftikkad gl to ctiie erdm itthodugh t he

b hes f tr ol ] h
wignet i ¢ SFEUNFPORE. CA NG GOEFERECaHtid yECRPGUGHEERAL IR SBRBaeE or

interface wssmahtlaeg the motor.

In particﬁlar operations using a direct current, the
commutator to brush interface can get dirty or covered with a
coating commonly called a “varnish” which can cause intermittent
and unreliable operation. The speed can vary causing
undependable rotation. In a tape drive for a data processing
system, constant motion of a tape over a transducer is
compulsory. Any hindrance to a constant speed causes errors in

. the reading or writing of the data from the tape which can result
in a failure in the data processing system. The rotational speed
of the motor and thereby the linear speed of the tape must not
vary. Reel to reel motion control systems in tape drives set the
DC tension on the tape using calculated motor currents. When the
motors are run at low currents for long periods of time the
brushes get dirty and the connection to the commutator becomes
unreliable. This results in data errors and tape damage when the
system tries to move the tape and maintain the proper tension of
the tape between the two reels. Brush motors cannot operate with
small currents through the brushes for long periods of time in a
servo control application such as magnetic tape drives. A high
current density through the brush-commutator interface as well as

high speeds are required to keep the interface clean and thereby



hi gh speeds are required to keep the interface clean and thereby

mai ntain speed reliability. These are not always available especially in
tape drives used in data processing systens. The tape has gotten very thin
and consequently the tape drive required nuch lower current to maintain
tape tension between the reels. the currents required for steady state
notion are | ow once the tape is noving since the energy required to

mai ntain constant notion is small. For a gejority of the tine, the notors
are operating in a region, low current and | ow speed, where the

self-cl ea“in&gnggr&hggggédtgﬁi%%%ég%m%ééegraﬂe%w 286 saNNALi 1Lke place. A
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. self-cleaning action of the brush-commutator interrace cannot

take place.

A common method for cleaning the commutator-brush interface
of a motor to spray the commutator with FREON, a
chlorofluorocarbon compound, and then let the compound dry. An
advantage of this cleaning method is that the FREON evaporates
rapidly thereby eliminating any doubt about the armature windings
having dried after being soaked by this cleaning process.
Operation of the motor with wet windings must be avoided, as
short-circuiting of the windings may occur. The indeterminate
drying process and the environmental-unfriendliness attributed to
the use of chlorofluorocarbons makes this process unusable,

especially in a data processing system.

Another common solution is to dismantle the tape drive and
remove and disassemble the motor fdr cleaning. In a small data
processing system, the disconnection of the tape drive unit
completely disrupts the operation of the data processing system
and essentially shuts down its function. 1In a large data process

unit, at minimum the productivity is affected.



processi ng system the disconnection of the tape drive unit conpletely

di srupts the operation of the data processing system and essentially shuts
dewn its function. In a large data process unit, at mninumthe
product|V|ty is affected. An object of the present i nvention, therefore,
is to provide a process for reinstating the reliability of a notor,
especially a notor used in a tape drive, without dismantling the tape drive
and/ or the notor and w thout the use of unfriendly, environnmentally
undeS|rabIe products SUNNARY OF THE | NVENTI ON The present invention

provides a methed for cl QAL BrCONIUt ARATACHS Neh Ol E1dALC 51N e8 Phorde

current notor conpr|i|ng app g a very el ectrical current
mot or. The appracesy Eﬂrtﬁﬂinﬂhééﬁﬁgcbme(ﬁﬁ% 11F§Ya9¥e#rﬂﬁﬁﬂflaﬁépFﬁb?%%%nted
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cl eaning process. Neith unit driven by the notor needs

tq be di sm@REYEd. t?ﬁe%???%xﬁqdyWlﬁhﬁpﬁt?ﬁﬁIqif eonLRERt e ded direct current
not or has iehsieofmuhes DIy alre@sédabYye ampdduatg.a square wave al ternating
polarity direct current to the notor. The notor is particularly useful in
tape drives for data processing systens or anyplace where a controlled
speed notor is required. The a$WemARE ORgTEBI BFVENTIOHUare wave direct

current is preferably applied in a variable duty cycle in order to control
t he heat The present invention provides a method for cleaning a

commutator-brush interface in a direct current motor comprising
applying a very high electrical current to the motor. The
polarity of the electrical current is alternated and implemented
in a variable duty cycle. The motor can remain in the drive
during the cleaning process. Neither the motor nor the unit

driven by the motor needs to be dismantled.

Specifically, a controlled constant speed direct current
motor has its commutator cleaned by applying a square wave
alternating polarity direct current to the motor. The motor is
particuiarly useful in tape drives for data processing systems or
anyplace where a controlled speed motor is required. The
alternating polarity square wave direct current is preferably
applied in a variable duty cycle in order to control the heat
buildup in the motor. The cleaning is accomplished by burning
off the coating on the commutator and restoring an intimate
electric contact between the commutator and the brushes of the

motor.

This invention uses a method and apparatus for cleaning the
brush-commutator interface of a direct current motor by
delivering a maximum amount of alternating polarity direct
current to the motor. The method and apparatus can be used and
activated anytime the motor is inactive and the drive operated by

the motor is idle. The objective of the cleaning cycle is to
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bui l dup in the notor. The cleaning is acconplished by burning off the
coating on the comutator and restoring an intimte electric contact

bet ween the conmutator and the brushes of the notor. This invention uses a
met hod and apparatus for cleaning the brush-comutator interface of a
direct current notor by delivering a nmaxi mum anount of alternating polarity
direct current to the notor. The nethod and apparatus can be used and
activated anytinme the notor is inactive and the drive operated by the notor
is idle. The objective of the cleaning cy%le is to 4 apply large

currents to the notor while allowing the rotation.in.reversin I.rect.ions
to cl ean a®PPbyf Jt%ecéh‘ﬁﬁ?%‘t:%rt%e%}‘?e}?%?rT‘P‘Féla]rfhﬂqr}ﬁl’ﬁl@grgf(:é%tr a&oﬁg]habhe
notor i s optddNEithPWikerershaged heedinr etli of e tdvamappkpedseanardge and
resultant cur-rent so no _appreciable rotaf] 0 \MRLoKS tSyaigved.
The appar al i = FH&@ﬁEFo ﬁ?ﬁﬂhuéég %%%?ﬁgléiiﬁﬁi?ggﬁ|a%|e pulséﬁhddth
modul at ed tin¢ oti mdcezvinng fpbherappifsidy vobtede ante SRRLTEAT cOREFYIT #9 i t h
a motor cl f&gia%]%t rrgltaﬂﬂbﬁ 30 SR getb¥s! ¥s applievdae ovhpuippirdtie wat or
cl eani ng power supply to the notor when the t ekgﬁtlog contrq% unit is
i nactive. FhetHvenrstiead 1orlufenadingd BoRfRtR bF B USRIt B¢ e of a
direct curpeml ¥ motlole cPegEBEE pokelrudappl hetsttgys tapecoantet igrptaol
cl eani ng pgxf 5&%Hﬂ9/ﬂg%o% g?égginér%%n%kggnﬁﬂgt to selectively apply the
output of the motor cleaning power supply to the motor when the

tape motion control unit is inactive.

In the method of cleaning a commutator-brush interface of a
direct current métor, the process includes the steps of
connecting a cleaning power supply to a motor. The cleaning
power supply is adjusted to produce a pulsed square wave current
of alternating polarity and adjustable frequency. The period of
the waveform and the peak current is selected based on the
wattage and mass of the motor. The current waveform may be
selected to provide either a slow net rotation of the motor or no
net rotation. Tachometer signals from the tape motion control
unit may be monitored to diagnose the cleanliness of the
brush-commutator interface. The current may be varied to reverse
the net rotation of the motor. The motor cleaning control unit
can monitor the leaning process to monitor the output of the
motor to increase the asymmetry of the duty cycle and invoke and
control a longer cleaning cycle or produce a diagnostic message
of a motor problem. The motors of a two reel tape drive unit may
have each motor independently cleaned or both motors cleaned and
monitored at the same time. The cleaning process may oOccur on

each and every tape cartridge unload operation.

The present invention enables processes for cleaning

commutators on motors while the motors are installed in the unit



pomer supply is adjusted to produce a pul sed square wave current of
alternating polarity and adjustable frequency. The period of the waveform
and the peak current is selected based on the wattage and mass of the
motor. The current waveform nmay be selected to provide either a slow net
rotation of the notor or no net rotation. Tachoneter signals fromthe tape
notion control unit may be nonitored to di agnose the cl eanliness of the
brush-commutator interface. The current nay be varied to reverse the net
rotation of the notor. The notor cleaning control unit can nmonitor the

| eani ng process to nonitor the output of the motor to increase the
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the f act or Presgnaddnvephieon ryovddepepwpsantial advantages over the prior '

art.

An object of the present invention, therefore is to provide
an enhanced method for cleaning a commutator-brush interface in a

direct current motor.

Another object of the present invention is to provide a
method and process for cleaning a commutator-brush interface in a
motor while the motor is installed in a unit driven by or

operated in the unit.

Still another object of the present invention is to provide
a process that cleans a commutator-brush interface in a direct
current controlled speed motor useful in a tape drive of a data

processing system.

Yet another object is to provide a method of cleaning a
commutator-brush interface in a motor that can be controlled and

provides information showing the results of the cleaning process.

The foregoing, and other objects, features and advantages of
the invention will become more apparent to those skilled in the

art after considering the following detailed description in
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realized fromthese inprovenents, significant cost advantages result from

t hese inprovenents. For all of these reasons, the present invention

provi des substantial advantages over the prior art. An object of the
present invention, therefore is to provide an enhanced nethod for cleaning
a commutator-brush interface in a direct current notor. Another object of
the present invention is to provide a nethod and process for cleaning a
commut at or-brush interface in a notor while the notor is installed in a
unit driven by or operated in the unit. $till another object of the present
invention is to provide a process that cleans a co - h_i ace
i-n a di rectorn@atden whhPr oM AFSOPRERY DY o rﬂ%%ﬁhﬂnrgH%a%g%gggg%vghgkgg;data
processi N sYidrife Yekeapottiertmijugbbuts to provide a nmethod of cleaning a
cefmut at or-brush interface in a notor that can be controlled and provides
i'nformati on show ng the results of the cleaning process. The foregoing, and
other objects, features apd, AdVANLAGes:6 b erddYRAKIRBSW | | "become nore
apparent to those skilled Thn the art after consi dering the follomjn%
det ai | ed descrimig.on is a lewirrdctsichamabin FRIEC SRBERYY iy FRENNTGVEN the
EELS\F ence QUIPeT S JeshgRabe LidEdanhgtt broughny o RBLEE QESCRIMTMENTOF THE

according to the present invention.

Fig. 2 is a waveform generated by the motor cleaning unit of
Fig. 1 according to the present invention showing a duty cycle

wherein little or no net rotation of the motor occurs.

Fig. 3 1is é waveform generated by the motor cleaning unit of
Fig. 1 according to the present invention showing a duty cycle

wherein net rotation of the motor occurs in one direction.

Fig.4 is a waveform generated by the motor cleaning unit of
Fig. 1 according to the present invention showing a duty cycle
wherein net rotation of the motor occurs in the opposite

direction.
DESCRIPTION OF EMBODIMENTS

The present invention is based upon a fundamental problem
that occurs when using large brush type motors and the steady
state currents are not enough to keep the brush and commutator
clean. Brush motors cannot operate with small currents through
the brushes for long periods of time such as in servo control
applications. A sufficient current density through the
brush-commutator interface is required to keep the interface
clean. There are many different brush formulations to address
the problems of both brush wear and god electrical contact with

the commutator. With usage, the commutators of the motors become
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Fig. 1 is a logical schematic diagramshowing a tape drive with a tape
nmotion control unit including a motor cleaning unit according to the
present invention. Fig. 2 is a waveformgenerated by the notor cleaning
unit of Fig. 1 according to the present invention showing a duty cycle
wherein little or no net rotation of the notor occurs. Fig. 3 is a waveform
generated by the motor cleaning unit of Fig. 1 according to the present
invention showing a duty cycle wherein net rotation of the notor occurs in
one direction. Fig.4 is a waveform generd@ed by the notor cleaning unit of

Fig. 1 according to the present invention show ng a du cycl e. wherei_n, net
rotation oflithe- notrorsySEEHFsWRAre N IspBSiPEs d"i"?%éﬁegin%xDﬁé@h}%laOﬁ%agt
EI\/ECDI I\/\IIEWI:IT§nJh§t<p£5 f{ﬁf‘é}tatioialﬂﬁﬂfh@mdﬁgeb@ﬂedeﬁ'pﬁmme fnortdaeege ad s preshligedt hat
occurs when using |large brush t tors,an t currents are
not enoughfPd RRERR% beﬁgﬁ ﬂﬁ%ﬂgo apaﬁg? cf%%ﬁﬁﬁhﬁﬁg uﬁ%?%fs cannot
operat e w iht&éfbite curlremaayt hnstaprdshe theushesentor nesingrper Fo¥s of time

such as | N 3etyo. SON LAl ARRbhEALLONeryAsRAL ] Ci BteHltl ehb e giRosd {yertdr ough
t he brush- &6fmut at or 1 nt er ace is required to keep the interface clean.
There are mehgrdid¥erannrasedshnfdrraian FRETE ot diTds LREPPPILTEMC B thot h

brush wear gady,806h & & ddintidh t6 8N @Ed r fticeh whiieh casnme atoamalVyt beasage;tht he
comut ators of the notors becong o . .
large currents does not take place. This 1s especially true in

motors used in magnetic tape drives for data processing systems.

In present day magnetic tape drive systems, the large motors
provide the quick start and stop operation that the data
processing systems require. The magnetic tape itself has gotten
thinner and thinner and consequently the system requires much
lower current to maintain the tape tension between the reels of
the tape drive. Once the tape is moving, the tape drive is a
very low friction system and the energy required to maintain
constant motion is small. The self cleaning action of the brush
to commutator interface-is not available because the large

currents are not used.

In the tape drives of the present day data processing
system, the control system of the tape drives relies on the
motors delivering the requested torque immediately. The design
uses constant current drivers with a digital to analog converter
that the control processor uses to command the requested current.
If the brushes of the motor are not making perfect contact with
the commutator due to a dirty commutator segment, there will be a
momentary loss of tension in the tape and this can lead to tape
damage and a loss of data. When the control loop is unable to
obtain the requested torque from the motor because of a dirty
commutator segment, there is a dip in the tension or velocity.

The control loop responds to the disturbance and keeps commanding
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7 dirty. In systens where |large notors are used to provide a start and stop
operation, the large currents are not |large as required for operations that
woul d cl ean the brush to commutator interface. In many instances, the
currents required for state-to-state notions are very small. In these

I nstances, the notors are operated in a region where the self cleaning
action of the brush to commutator interface which would normally occur with
| arge currents does not take place. Thi:s is especially true in notors used
in magnetic tape drives for data processi8hg systens. In present day
magnetic tape drive systens, the |arge notors provide the quick start and
stop oper afi 6AYBREL APl IEASE SPEERS STHP W seBset BYE 198 MRReMAbYheti ¢ tape
itsel f hasrdatlién the nietormidthbesnaif Mird eansetoanting bhethyst e tiagui r es
mich | ower current to i ntain the tape.tension between.the reels of the
tape driveoToRRE cREREREY arngorhart PRE™ 458 AFROE T8 £PoPo P bWt i ction
syst em andthie dadiyyr réwuinegdesbedetioncpien cBostiaid priinitonthe segidstebhe

sel f cl eanicggqaet i 9nyofy HGHOLHNCAO KLRUIPTWLRL L r LS TRGE tnbBe NOL, BYAIS abl e
because the Iarge currents "are not used. In the tafq?%ldrlves of the present

day data plPORESSFRY YT EANSERE €¥fRYt ol WPsUBAPHf L CXFE~BFNTEY" rIT¢s on
t he notorscdal Leati bg tde aaHgst £6 tHy Gapel MFEshapRId/ frofeadesi@n uses
constant c Brsggiorqqc\)/ea{ ShiWih”E a d(i)x?i toasl.tt.% anahg‘% Cg rzaverrt;r hat t he
control prOCESSOr uses to Lomrand Tt He T eqidst ed Cur rentr SPEEne BT USIEs of
the notor &feProviddnd riy nedihbdcand ornregtatwist fior hel crovimgt at BE oot doxausdhi rty

commut at or +ge@bRithni dd¥Se Wtk rREe s especially important when used in a
tape drive system for a data processing unit. Thus the detail
description of the preferred embodiment will be discussed with
respect to the cleaning operation for motors especially used in

the tape drives for the data processing systems.

Tape motion control as used herein connotates the specific
procedure in apparatus described in incorporated U.S. Patent
numbers 4,125,881 and 4,015,799, both assigned to the assignee of

- the present invention and incorporated herein by reference in
their entirety. Also incorporated by reference is U.S. Patent
number 5,576,905 issued on November 190, 1996 to Garcia, et al
and assigned to the assignee of this invention. The preferred
embodiment of the present invention is directed mainly for motors
used in tape drives because of the operation of the tape drives.
But it should be understood that the cleaning operation of the
present invention can be used on any motors that use direct
current to provide a quick start and a quick repositioning and
reversal of the motors during their operation. The invention
will be particularly described with reference to the tape drive
as shown in Fig. 1.

The invention can be understood with reference to Fig. 1
where a bi-directional reel-to-reel tape drive 10 includes a palir

of reels 11 and 17 each driven by a respective motor 16 and 21.
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monentary | oss of tension in the tape and this can |ead to tape danmage and
a.loss of data. Wien the control loop is unable to obtain the requested
torque fromthe notor because of a dirty conmmutator segnent, there is a dip
in the tension or velocity. The control |oop responds to the disturbance
and keeps conmmandi ng a larger and larger torque wthout any effect on
the notor. Finally the notor rotates sufficiently to bring another section
of the commutator in contact with the brush and the notor can then deliver
the requested torque. To this point, thegrequested torque is very high and

the | oop overcorrects and there can he a nt.ar ver -t ensi event. The
under fl asHoBvkse t'ehdigndEvERtS p&aaafﬁoﬁp@eﬁ}?&&sai t?urédo'?z&pé‘si §
snapped froima Eireclkajpheinbion 12 andilgh resseoriydyit wohh dhusuttdre present

vention of Ryl g A FRERR A aRRALAlIS.{ Ofy GhRARbgnd SXC HRGr Br Ush
t'0 comuni ¢at or 1 nterface i s especi al I'y i npor tant en"used in a tape drive
syst em f or Lanelata gnb@@sdiiaplaeed . rafigd lyhandeidliy oeScERPPREDH T t he

preferred ggbpdidmitect lehoRerfd sSEyRsadnd hhrd@specttabe bhei £lwAaAd@n
operation for notors especially used in the éa%le %I:ll ves for toglt dat a
processi ngte§ st Hag@dmbti 3 IRt FOICES tRetPhérleiPh®cORNGY e
speci fi c procedthie tiapeappafat usecastimgbheddi playlearkpdnatethér £ Rdteeitvo

nunber s 4’éZ{???@ilor?é‘gn‘&i%ﬁe&g@;Ee@%}]*&&%ﬁi gg_ed to the assignee of the

present invention and 1 ncorpora erern by reference in their entirety.
Al so incorporated by reference is U S. Patent

Each of the tachometers 12 and 18 functions as tape motion
sensors. Each tachometer emits a single pulse in response to an
index mark to signify completion of relatively large preselected
angles, preferably 360 degrees, that is, once per revolution of
the reels 11 and 17. 1In addition, each of the tachometers 12 and
18 generates a two phase fine tachometer signal comprising two
phase displays pulse streams. Fine line tachometer arrays on the
tachometers 12 and 18 are identical, each emitting impulses

during each revolution of respective reels 11 and 17.

During advance of the tape 22, various parameters such as
tape'motion, position and tension are monitored in order to
derive motor currents having the polarity and magnitude necessary
to operate the motors 16 and 21 while recording data on the tape
22. These currents are derived by the algorithm of the
incorporated signal ‘881 patent in response to fine tachometer
line and tachometer index signals which are fed to a tape motion
control unit 26. The tape motion control unit 26 processes the
fine tachometer and index pulses, generating current for the
motors 16 and 21 on respective current lines 27 and 28. The
signals on the current lines 27 and 28 are amplified at
amplifiers 29 and 30, respectively, and the amplified motor
currents are conducted to the motors 16 and 21 on the output

lines of the amplifiers 32 and 33, respectively.
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nunber 5,576,905 i ssued on Novenber 190, 1996 to Garcia, et al and assigned
to the assignee of this invention. The preferred enbodi nent of the present
invention is directed mainly for notors used in tape drives because of the
operation of the tape drives. But it should be understood that the cleaning
operation of the present invention can be used on any notors that use
direct current to provide a quick start and a qui ck repositioning and
reversal of the notors during their operation. The invention will be
particularly described with reference tao the tape drive as shown in Fig. 1.
The invention can be understood with ref%rence to Fig. 1 where a

bi -directional reel-to-reel tape drive 10 includes a pair of reels 11 and
17 each driven tiye adpespetibnecomtayl Liand62dperatediot edin’oairhetrcéri ve

el voRSEo gl 1SS 2 1o L AT i Bal | 02144 110 LDEBATELEL AR 15,

respectlve Y, af “odtef “crfc AXray of "fine tachomster 11nes 14 and
19 and an kedéing i Heagabding.- dlﬁﬂﬁaﬁﬁﬂélPaHGaP¢§t%QﬂﬁaPél?hént%P?éﬁﬁ@ﬁ%lve

coating whegl & romdde f Mg, |1n@a@r5@malﬁtaaﬁ@d&2y i repuad op the reg s 11
and 17 and the motors 16 and 21 are controlled to nove the tage 22 for

recor di ng BAHSPF ADIAESERNEPENRFEDI™ 1 hed PEWS2BRPRTLS o RS SERAT ¥ at RU by he
arrow 23. Emsh® amstﬁutéhachﬁﬁmﬁees d ZzomvéntBohahotpoints lasehape/ emt dder

sensors. ERRNCAASOIRIE, JeThE 8. ff BRULEE bk JESAANSEHEREL L MBrk

to signify conp ion of arge pres
rotation of the code wheel and an 1ndex pulse once each

revolution of the code wheel.

Referring again to Fig. 1, presentation of the present
invention is a motor cleaning system 101 which includes the power
supply 103 and a control unit 105. The power supply 103 directs
its current to the control unit 105 where it is distributed to
the motors 16 and 21 via the output lines 32 and 33,
respectively. The control unit 105 is activated by a signal
called the clean motor signal along the line 107. The clean
motor signal could be emitted by a recording channel control unit
35 as shown in Fig. 1 or any other controcl unit. The present
invention uses the method and. apparatus for cleaning the motors
with the objective being to deliver the maximum amount of current
to the brush-commutators interface in the shortest time. The
solution is to use a method of cleaning the motors that can be
used during the time that the tape drive cartridge has been
unloaded from the tape drive and the drive is idle. The
objective of the cleaning cycle is to apply large currents to the
motors while rotating the motors slowly to clean all of the
commutator segments.

Spinning the motors at high speed to clean the
brush-commutator interface is ineffective for this particular
problem where the motors are used in a tape drive. The motors of

a tape drive are driven by constant current drivers. When the



anhgl es, preferably 360 degrees, that is, once per revolution of the reels
11 and 17. In addition, each of the tachoneters 12 and 18 generates a two
phase fine tachonmeter signal conprising two phase displays pul se streans.
Frne line tachoneter arrays on the tachoneters 12 and 18 are identical,
each em tting inpul ses during each revolution of respective reels 11 and
17. During advance of the tape 22, various paraneters such as tape notion,
position and tension are nonitored in order to derive notor currents having
the polarity and magnitude necessary to gperate the notors 16 and 21 while
recording data on the tape 22. These currents are derived by the al gorithm
of the i nconpoicdt @doSEgAArs ' BHL apaPeHE R e Fhfs&egdsSERhet ddomerEr ti ne
and tachongisy Jd)dexeStegnetsl Wicph taksu§etied snplld[feerBt 2 DMagDIBO alriesni t

26 The ta e motion control unit, 26 esses._ .t f|ne a er ndex
pul ses, rdaeﬁlﬁf@rcﬁpfeeﬁ?q‘feosrtetdnguﬁg?ﬁ st ’T%Edan&eif on %eégjgac vecu%%(rgfl%nt
lines 27 and jueEhtedsi ghal motor tWidlcaccehdrdigemiizklinean® 8 sirtdreameltioti ed
at anpllflégﬁﬁéﬁi gcggai%EZn 5!%%'!1 8€@£ﬁ$¥i¢yﬂ¥orEbteﬂPtfﬁcfaggkentS are

conducted T« ors on the out put lines of the anplifiers 32
and 33, respdrtiakatyonal Yelogtie %et%tm%wléont%s WALl YorpBHstdy to
mai ntai n t hequdd ane E@rﬁeﬂtZQhEHughOﬂﬁbaﬁétéwnaguﬂhevabﬂertcameé(up recor di ng,

reading and S é” chi n%heT?ul{emillryaggng(reél oPsthoef m:[oh]:%rt, agﬁedrg
| electromotive force is very high and the current through the

motor is very low. High current through the motor which could be
useful for the cleaning process can only be achieved at
acceleration or deceleration where the motor back electromotive
force is not counter to the applied voltage on the motor. It is
only in the stopping process that the back electromotive force of
the motor is not counter to the applied voltage. So to obtain
maximum current through the motors, it is desirable to start and
stop the motors by reversing the direction of the applied voltage
and resultant current applied to the motors without achieving any
appreciable rotation of the motors. The present invention uses
the mass of the motors by reversing the polarity of the applied
current as the motor starts to rotate and then rotating the motor
in the opposite direction. In one embodiment as shown in Fig. 2,
four amperes of peak DC current is attempted to be directed to

the motors.

As shown in Fig. 2, if a 50% duty cycle voltage waveform is
applied to the motors, then the motor will start to turn in one
direction only to stop and turn in the opposite direction as the
voltage polarity is reversed. Thus the motor will attempt to

turn in one direction as the peak current 110 is applied to the



10 as shown in Fig. 1 can be maintained by a review of the '905 patent as
referenced herein. The tachoneter assenbly shown in the '905 patent

i ncl udes a conventional optical sensor/encoder which produces a stream of
tachometer pulses in response to the rotation of the code wheel and an

I ndex pul se once each revolution of the code wheel. Referring again to Fig.
1, presentation of the present invention is a notor cleaning system 101

whi ch includes the power supply 103 and a control unit 105. The power
supply 103 directs its current to the com2rol unit 105 where it is
distributed to the nmotors 16 and 21 via the output lines 32 and 33,

r-espect i vefptor Tived cigmn dlheupptonosiltls addempht 69 IWtaLsiignabecarred t he

cl ean not 0kisbgPabn AU ot RBeaki BErddht 11he igl epp1 1@y alo wogbal dapung e

emi'tted by _a recording channel confrol unit 35 as %g%¥n n Flg. 1 or _any

ot her cont Fol*€uhtt . 1’1‘*’2&:}’& RLEAT ST T EN T T HEES e RS Iﬁ’(fjdcéfﬁﬁ Bbpathttus f or

cl eani ng the notoestsvilld,t a6pblegtanvk 120 Rget didettiaderto hbemagtomm Ereount

of current,to thes bgégsﬁli-e%ogmt Q{:?%éed ef k8CR Lhaf %%Oﬂch%s%e%f‘?e The
method of cl®ani ng

solution is to use a g the nmotors that can be used during
the tine tHBareehton ape anrliedcHpl FagRatas cfuShanh| GHUEAL! pSM Eheet sk
drive and kbetdeiMSrds. i@kloeobiagnomégrltagmuﬁf tcpheefﬁﬁamr{aggﬁyglﬁ Ih&cilg,
cloan all “5F RCSESHAMLA dP SERREHE SR APRGRONY ot GRYSAP LRP O Lpeed (o
cl ean the biusbtiommuf ather appléeed aceltisye pedf ehé i vesdldranthcarpanti cul ar
pr.obl.em whepe Lof ORI Hstod GivREd: | dbrt fARG dhlVEop 8 SBRECESt Eion of
the motors. The mass of the motors is used by reversing the
polarity of the applied current as the motor starts to rotate and
then rotating the motor in the opposite direction as is shown in
Fig. 2. The motor will start to turn in one direction only to
stop and run in the opposite direction when the current is
reversed. This will result in the motor causing a “buzzing”
noise without any net rotation of the commutator. If the duty
cycle is short enough, then the motor will have the maximum
current per unit time thrbugh the brushes. The period of the
waveform is selected based on the available current and the mass
of the motor and can easily be determined by experimentation.
Once the motor starts to rotate the back electromotive force will
determine the current through the motor. The high four amperes
of current is sufficient as shown in Fig. 2 to perform a cleaning
operation on the brush to commutator interface. Additionally, it
is desirous to rotate the motor so that all sections of the
commutator can be cleaned and a process for obtaining this is
shown in Fig. 3.
As shown in Fig. 3, varying the requested current from the
50% duty cycle so that the net current is greater in one
direction than the other, the motor can be made to buzz and also
rotate slowly in the direction of the higher net current. As

shown in Fig. 3, the positive current pulses 122, 124 and 126



a*tape drive are driven by constant current drivers. Wen the 11 control
processors set a value in the DAC register of the control unit 26, the
control loop through the anplifiers 29 and 30 tries to deliver the
requested current immediately. If a large current is requested, the notor
w || accelerate quickly and as-the notor velocity increases the back

el ectronotive force will increase with rotational velocity of the notor
This will very quickly reduce the current through the notor as the notor
cones up to speed. At the full no | oad speed of the notor, the back
electronotive force is very high and the current through the notor is very
l-ow. H gh envekere tahrlongiert herhed orf wiiechives| Bl bel Lsekdull 3f and t HuuscItégni ng

process Capoodt Vel %%'a%%eguﬁéhé’xccﬁl hat hPPe OF 1 SE Gl %' Phe WiEF & iRG
met or back el ectronotive force 1's not counter to the applied voltagre on the

motor. It RSCORHIRY Fa F&eseBRhi ¢ N5¢dys PRATCS H@%aél@sefi%‘éﬂ%?mt i€ force
of the not devistnm dfowmtaeautp ¢helappl Fed. val fage.th3o 508 abt@i dydmmxi mum

current th e mtq i s d able to start and sto he not ors by
reversing %}ge dclirecat |S(I)nr"1i of r?he %lcforblol e&%voin? andél1 N sg’Ft gﬁ?g cUt rent
appl i ed t odifgnoms m@hmetnhomtlacttheewomgranyIapq;heemaectﬂleuﬁ@r a¢mlgodigfertthe

nmotors. Thg; pEES&N iNERLI 9N LSS I'[I:JH.Q.lg@één&)fVé%mt20ﬁ§l§?¥sé%rgf sing the

polarity of the %Eplled ¢urrent as the notor starts to rotate t hen
rotating tABTRDYY Gish HRe SEpBLYTY PditePF ofbe | TR GIFR te AB6ER FERMELSES shown i n

Fig. 2, Thus the positive peaks 122, 124, and 126 are retained for the 12
' millisecond time while the negative current pulses 123, 125 and

127 are maintained for a 10 millisecond time. These time
durations were used as a starting point for the current
differential. 1In the system as shown in Fig. 1, each motor has a
fine-line tachometer 12 and 18 connected to motors 16 and 21,
respectively. A quadrature signal can be used as disclosed in
the '905 patent to obtain direction and velocity information.
The tachometer signals are monitored to make sure that the motor
is rotated in the expected direction at the desired net
rotational velocity. If there is a bad spot on the commutator,
then the motor will stall in the slow rotation and again buzz in
this spot even with a net current in one direction. The dirty
commutator section, in effect, gives a directional bias in the
system that cancels out the offset from the 50% duty cycle as
shown in Fig. 3 thereby giving a difference in the net current
through the motor that is being cleaned. The ability to diagnose
a problem during the cleaning cycle and to use this diagnosis to
either change the offset in the net current and thereby continue
cleaning. This information can also be used to identify the
motor as bad and not cleanable. The control system of the
recording channel control 35, for instance, will monitor the
rotation of the motor and increase the asymmetry of the duty
cycle to get the motor correctly rotating again. This can invoke

a longer cleaning cycle or a diagnostic message that there may be



four anperes of peak DC current is attenpted to be directed to the notors.
As shown in Fig. 2, if a 50%duty cycle voltage waveformis applied to the
notors, then the notor will start to turn in one direction only to stop and
tarn in the opposite direction as the voltage polarity is reversed. Thus
the nmotor will attenpt to turn in one direction as the peak current 110 is
applied to the 12 notor and then the notor will attenpt to rotate in the
ot her direction when a peak current 112 is applied to notor during the tine
TI. As the progressive alternating peaksipf current, such as currents 114,
116, 118 and 120 _are directed to the notor, the notor is started and-

st opped and PRERLISR rtidy the MAECF evelsdhGi PEELPBREA LS8Rty oR E dte and

resul tant ewsrent4as@didsCctfd hotdhe ame Broudht 0bd @l s dolpe a ABXER N QUIdeent s
t hr ough th% ot or it is degirable to start ang.stq%ﬁ{he not or bﬁﬁreyersing
the directCBR- 8t thet hgfPcakedol t A ARPOSHES, SSTFTHRAD &6r PEAYT t 1R JUigh t he
not or wi t hdut achi eving any appreciable rotation of the notors. The nass of

the notors is uggdsi¥.{ Q%er]i‘ik;r.]gll;[ hﬁ)eOQ:iLﬁ:E(' %Z’c?g igeré%qjsiegdtgué#(?&eﬁcea% the

motor starts to rotate and then rotating "the notor in the oppo

di rection 88t SUEFHHN im Yhegorposite dgestifnt | %%a?fhto%lflughgi n ortdre

direction pbkytive séfrettdabphicditidie praResi t2sdi 1B/ NN 19hesrd hanLurdrent

s reverSe@ha1h£§eV%ééaﬂf%%ukhrkghérg%fg%goﬁzgéuféiw£é%'l%g%ZiQQ; motor
will slowly rotate in the opposite direction while buzzing as
shown in Fig. 3. A net current in the opposite direction is
produced. The rotation of the motor is monitored and the duty
cycle is adjusted again if there is a bad or dirty spot on the
commutator. After the 4 second cleaning operation in each
direction, using the pulses of Fig. 3 and Fig. 4 for instance, if
no problems are detected, the cleaning operation is ended. The
cleaning operation of the. preferred embodiment occurs on each and
every cartridge unload operation. What has been described herein
is that the cleaning operation is performed on a single motor at
a time. In the preferred embodiment, both motors are controlled
independently by the control algorithms but the cleaning
generally takes place concurrently. The cleaning can take place
individually but since the brush to commutator interface is the
same for both motors, the cleaning generally takes place
concurrently.

While ‘the invention has been shown and described with
reference to a preferred embodiment thereof, it will be
understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the
spirit, scope and teaching of the invention. For example, in Fig.
1, the motor cleaning system 101 and its control unit 105 is

controlled by a clean motors pulse from the recording channel
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noi se without any net rotation of the commutator. If the duty cycle is
short enough, then the notor will have the maxi numcurrent per unit tine

t hrough the brushes. The period of the waveformis sel ected based on the
avail abl e current and the mass of the notor and can easily be determ ned by
experinmentation. Once the notor starts to rotate the back el ectronotive
force will determne the current through the notor. The high four anperes
of current is sufficient as shown in Fig. 2 to perform a cl eaning operation
on the brush to conmutator interface. Adg§tionally, it is desirous to
rotate the notor so that all sections of the commutator can be cleaned and
a process tontobl aifi ngtt Bheuid lshamviocnsFihat 3thaAsosiltowh uni i N5 &,an
varying thger gauesdach Gy LeHy H00M WG0MINLY. Gy Glguse EBAL- SNt |
current is greater in orie ection an the ot e notor can be nade
to buzz anétaFEOth%t@te@néfFIG\APlyeiT?\tlt% dllﬂe‘éh%%nr%ﬁart%eahﬁglﬁ@?a%tsxﬁhement

As shown iBofig- cghtxtdle t@@sb éf@tfdi{ fst'&‘h HH| §1$é ﬂr?s%rti%ﬂ and é‘éﬁwal 13
eﬂvelopealon thus the notor will

Cotat o f ur Eher G GORaGhP ORIV ERECOH T ocht GOMRBoPai 11 49 he
appl i ed neghétvetipad sesok23thd25famd al2dpe Thes davinelyl davef thdiesat y cycl e

DTS 3 PEOILLRS ARG YL SO e B T i8LA hope il the motor
and can be used to di agnose pro e notor. I'n the particular
enbodi ment Accordingly, the detailed description given above is to be

considered merely as illustrative and the invention is to be

limited only as specified in the claims.



disclosed in Fig. 3, a 10 mllisecond versus 12 mllisecond duration is the
starting point for the current differential. Thus the positive peaks 122,
124, and 126 are retained for the 12 mllisecond tinme while the negative
current pul ses 123, 125 and 127 are maintained for a 10 mllisecond tine.
These tine durations were used as a starting point for the current
differential. In the systemas shown in Fig. 1, each notor has a fine-line
tachometer 12 and 18 connected to notors 16 and 21, respectively. A
quadrature signal can be used as discloggd in the '905 patent to obtain
direction and velocity information. The tachoneter signals are nonitored to
make sure that the notor is rotated in the expected direction at the
desired net rotational velocity. If there is a bad spot on the conmutator,
then the notor will stall in the slowrotation and again buzz in this spot
even with a net current in one direction. The dirty commutator section, in
effect, gives a directional bias in thaimgstemthat cancels out the offset
fromthe 50% duty cycle as shown in Fig. 3 thereby giving a difference in
the net current through the notor that is being cleaned. The ability to

di agnose =. pr ¢l eppduatng fdre néanlhing yidie matdohoofise nagretdicagapsi s to
either ch .Set | net c¢ a - i,N eani ng.
This inf ofrpnaga?i%a’%%cg%&ggs%)ﬁ%e&%ggqgt gﬂl:l%j{eﬁ{%%ly%% ﬁ%mﬁ% (t}ér{a\glg%gdtfgﬁgjcnot

cl eanabl eroe IOFnErPERLEYS oMo iERE ALERFiNy teharpR]lY comagsetas, tape

i nstance, and | forMaRith@ing hen rootsalicbad @f rddei oiicer tapd hpciRasaghBeiasymetry
of. the duty cycle to rotatin can

Lt { tl in. This.
i Avoke a 1'fa}o/%eger":‘ cslegé)ﬁlgﬁﬁe%ggalsgsgén(r%&gc ?r“é‘S’(%:ﬁ)s iSE°HBYs ‘g‘é‘?g%{} trﬁélf"g“r’r%y be
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14 a problemwi th the notor. In the preferred enmbodinent, at the end of 4
seconds, the mptors are brought to a stop and the entire operation is
repeated in the opposite direction as. shown in Fig. 4. As shown in Fig. 4,
the duty cycle is reversed to produce a net current in the opposite
direction. As shown in Fig. 4, the positive current application pul ses 128,
130 and 132 are smaller than the negative current pulses 129, 131 and 133.
The notor will slowy rotate in the opposite direction while buzzing as
shown in Fig. 3. Anet current in the opposite direction is produced. The
rot-ation of the notor is nonitored and the duty cycle is adjusted again if
there i s aibacthorfidistt ligpotiom tdhdakennpt magnetiAf ttepet hepdl set dnd t(tieeanl ng

operation gfvgachdi rackh8iy s NGt Qetgum& 10ftHd Secdnd@Ngi Fl&idh fiQ '
i nstance, if no problens are detected, the Tleaning operation is en ed The

cl eani ng op&rRdt Y(ﬂ?gﬂEtﬂﬁetaE?e#%ﬁqﬂﬁjféﬁﬁédF?ﬁ%na%ﬁ9ﬁ9#§roﬂ Ehett and every
cartridge ﬂm@mrmoefa@hbmatewmuﬂwa lﬁeeﬁhéleﬁﬁfs!@%ehleégbé}nbﬁyt hata the

ho pr of er FERDShOA RS BBTRPMIES: SOUPLBoH r'ls S8°PRCHEKIEIY By he
control aJ@ﬂwdt&pnaﬁmmMStﬁarthe%umnqjugengralIy t akes pl ace concurrently_ The
cl'eani ng can t%%no%@sc%lbaﬂi?{ %&Je'rysﬁﬂﬁg 1£Elceam 09 bEHSQﬁ%& ator

interface |s t he sane for not or s genera akes pl ace
polarity, ad]ustable current and variable frequency square wave;

a motor cleaning control unit connected to selectively
supply the output current from said motor cleaning power supply
fo the first and second motors; and

means for activating said motor cleaning control unit to
clean a brush-commutator interface of the motor connected to said
motor cleaning power supply when the tape drive is otherwise

inactive.

2. The apparatus of Claim 1 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle to produce no net rotation of the motor or a net

rotation of the motor in either direction.

3. The apparatus of Claim 2 wherein said motor cleaning power
supply produces a four ampere pulse current in a 50% duty cycle
to produce a no net rotation of the motor through the cleaning
cycle.

4. The apparatus of Claim 1 wherein the motor being cleaned and
its fine-line tachometer are sensed and monitored to ensure that
the motor being cleaned is rotating in the expected direction at

the desired net rotational velocity.

5. The apparatus of Claim 4 wherein both motors are cleaned

concurrently.
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concurrently. Wiile "the invention has been shown and described with
reference to a preferred enbodi nent thereof, it wll be understood by those
skilled in the art that various changes in formand detail nmay be nade
therein without departing fromthe spirit, 'scope and teaching of the

i nvention. For exanple, in Fig. 1, the notor cleaning system 101 and its
control unit 105 is controlled by a clean notors pulse fromthe recording
channel 15 control 35. It should be obvious that the control unit 105
can be activated by many other neans suaB as a manual control to start the
cleaning operation. In this regard, a separate systemcould control the
operati on guch The phparates t¢bflads ferbeeginfthe faprerithre FaherekRert dpe

drive syst&disdd heubdthe odminy thale otdefetddin@he §hathd matoa tape
system may, have the sanme problens and situations that have been descri bed

herein. AR dingly, the detail ed description given above is to be
considered nerely as illustrative and the inventionis to be“limted only

as speC|f|$g 'QH&b%p%E?BQES of ch@ift® MPerein the fine-line tachometer is
sensed during the cleaning cycle to determine if the cleaning

cycle should be ended or extended for more cleaning.

8. The apparatus of Claim 1 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle wherein the positive pulses are applied for a
longer period of each cycle to produce a net rotation of the

motor in one direction.

9. The apparatus of Claim 1 wherein séid motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle wherein the negative pulses are applied for a
longer period of each cycle to produce a net rotation of the

motor in the other direction.

10. The apparatus of Claim 1 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle wherein the positive pulses are applied for a
longer period of each cycle to produce a net rotation of the
motor in one direction and then the negative pulses are applied
for a longer period of each cycle to produce a net rotation of

the motor in the other direction.

IR
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1. An apparatus for controlling the notion of a nmagnetic tape in a tape
drive including a first reel assenbly having a first nmotor for rotating in
a first direction to supply-a magnetic tape and for rotating in a second
direction to take up the nagnetic tape, a second reel assenbly having a
second notor for rotating 17 in the first direction to take up magnetic
tape supplied by the first reel assenbly and for rotating in the second
direction to supply magnetic tape to the first reel assenbly, a first
fine-line tachoneter coupled to the firgsé reel assenbly, and a second

fine-l1ine tachoneter coggled to the secopd reel assenbég oal d apparatus
further inthudifhdCtRInGt 6 tIe ARPRG258Re °%Lf§'pﬁ?lﬁl?oauc WY A8 R4t i ng
polarity, hdjarsteadsd efcar dénéctanthnranitabbeof reiguenty ds gassankidneg, taenot or

cleaning c I it nected to selectively supply the output current
fromsaid I?r%%%l? Ccﬂ%ggéfs%gabomer supply to the first and second notors; and

means for acti\atiot@rssleanbr®raiegafrpl e vt aBIcingi pnt dlegewtiag

br ush- co Bty Naehhacsr ol dha et ahdconrraied rireqsehdly NdIreClia@a} Ng
power supply when the tggg drive i s otherw se inactiyve. thhg appar at us
of daim 1l wherkiPtoZi FLRBELRI BNPgUPLheT T ES %?o B ¥ cdntrol | ed
pul se w dt supmdultteedutput ecirientt Heoml said nup teyrc k@ ebnipy qehvee BOPREY

rotation o{otgg%lggéy',ogng net
means for activating said motor cleaning control unit to
clean the brush-commutator interface of the motor connected to

said motor cleaning power supply.

12. The apparatus of Claim 11 wherein said motor cleaning power
supply produces a controlled'pulse width modulated current in the

cleaning cycle to produce no net rotation of the motor.

13. The apparatus of Claim 11 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle to produce a net rotation of the motor in either

direction.

14. The apparatus of Claim 11 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle wherein the positive pulses are applied for a
longer period of each cycle to produce a net rotation of the

motor in one direction.

15. The apparatus of Claim 11 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the

cleaning cycle wherein the negative pulses are applied for a

* [ L M S *
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rotation of the notor in either direction. 3. The apparatus of Claim?2
wherein said notor cleaning power supply produces a four anpere pul se
current in a 50%duty cycle to produce a no net rotation of the notor

t hrough the cleaning cycle. 4. The apparatus of Claim1 wherein the notor
being cleaned and its fine-line tachoneter are sensed and nonitored to
ensure that the notor being cleaned is rotating in the expected direction
at the desired net rotational velocity.~ 5. The apparatus of Claim4
wherein both notors are cleaned concurrexly. 18 6. The appar at us of
Claim4 wherein the fine-line tachoneter is sensed, duri thef%kﬁanlng

cycle to dEMgeki REXiPI e SASTOLYFLe bhYy PEPAUCETRNGH pHP Fm a4

wher ei n t i@tdmeénl the daehonrdirectisnsensed during the cleaning cycle to
determne if the cleaning cycle should be ended or extended for nore

cl eani ng. 8. The apparatus of Caim1l wherein said notor cleaning power
suppl y prdduce§he epperatiecdipelsemwi Htvhersdal sréd ReteemleamingePeVeani ng

cycle whergid,the Bagkil Ve &Ht&%iléaep@m 'uﬁ.@tﬁqoﬁtoéuimrcﬁ%hﬁdlﬁf tgach
cycle to produce a net rotation of the notor in one dlregylon The

appar at us GfeARONEIC KA YT IE10a R nBP B H i e RNLRGS pdteraPPLied for'

longer period of each cycle to produce a net rotation of the
motor in one direction and then the negative pulses are applied
for a longer period of each cycle to produce a net rotation of

the motor in the other direction.

17. A method for cleaning a brush-commutator interface of a

direct current motor without disassembling the motor comprising:

producing an electrical current having an alternating
polarity, adjustable current and variable frequency square wave;
and

applying the electrical current to the motor clean to clean

the brush-commutator interface of the motor.

18. The method of Claim 17 wherein said motor cleaning power
supply produces a controlled pulse width modulated current in the
cleaning cycle wherein the positive pulses are applied for a
longer period of each cycle to produce a net rotation of the

motor in one direction.
19. The method of Claim 17 wherein said motor cleaning power

supply produces a controlled pulse width modulated current in the

cleaning cycle wherein the negative pulses are applied for a
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= -~

supply produces. a controlled pulse width nodul ated current in the cleaning
cycle wherein the negative pul ses are applied for a | onger period of each
cycle to produce a net rotation of the notor in the other.direction. 10.
The apparatus of Claim 1l wherein said notor cleaning power supply produces
a controlled.pul se wdth nodul ated current in the cleaning cycle wherein
the positive pulses are applied for a | onger period of each cycle to
produce a net rotation of the notor in one direction and then the negati ve
pul ses are applied for a |longer period ofieach cycle to produce a net
rotation of the notor in the other direction. 19 11. A notor_cl eaning
appar at us f¥Madre ®eirAagdacbrertt CoFrat P PrIdHEE RaBtoFoR e @ &her ent

not or W t hawdtddi Sassesbbingr tdiged@tion. conpri sing: a notor cl eani ng power
supply producing an alternating polarity, adjustable current and variable
frequency square wave; a notor cleaning control unit connected to

sel ecti vel 2Gupahe mkéehodt pfitClalitr @it whenemirsaaddmuboor cdbsamingy power supply
to the noto o] L9y I ;4N to
clean the b{uﬁéﬁr}dgﬁpg?%r%%ﬁ; }égggag@%% nmot glr mggﬁ%%%{%d toteégl U‘er
cleani ng powearsmgpleycle2whapring shar aeastbre udises1aranpriiedsdrd Aot or

cl eani ng poM#{ger period of each cycle to produce a net rotation of the
motor in one direction and then the negative pulses are applied
for a longer period of each cycle to produce a net rotation of

the motor in the other direction.
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supply produces a controlled pulse width nodul ated current in the cleaning
cycle to produce no net rotation of the notor. 13. The apparatus of Caim
11 wherein said notor cleaning power supply produces a controlled pul se
wirdt h nodul ated current in the cleaning cycle to produce a net rotation of
the nmotor in either direction. 14. The a&garatus of Claim 11 wherein said
not or cl eani ng power supply produces a certrolled pul se wi dt h nodul at ed
current in the cleaning cycle wherein the positive pulses are applied for a
| onger period of each cycle to produce a net rotation of the notor in one
direction. 15. The MRETMHEDUSNDIARRARATUS RORCILEANBNG ATDCAvVIOTIGRaNi ng power
supply produces a controlled pulse width nodulated current in the cleaning
cycl e wherein the negative RUSRSIBRATORRBRIUNH MNTERFACE20 | onger period of
each cycle to produce a net rotation of the nmotor in the other direction.
16. The apparatus of C aim 11 wherei npgaigA®for cl eani ng power supply
produces a controlled pulse width nodulated. current in the cleaning cycle

wherein the positive pulses are applied for.a |lon eri.od. of eacgh cycle

o br oduceompupias P8 i S Rl foBpin 3t e SO Er RO R e neEipd gt et
negative pul ses are applied for a Iﬁngerﬂperiod of each cycle to produce a
net rot at5o¥ereds wither spatig that iprkesthe inigriaee betgysen the commutator and' the brushes

unreliable, especially with the low speed, low current operation. This is especially true for drive
motors (16, 21) in a data processing tape drive unit (10) where speed control is critical. The
brush to commutator interface can be cleaned by applying a very high electrical current to the
motofs (16, 21) and varying the polarity of the current with a variable duty cycle to obtain the

maximum cleaning currents in a relatively short time without dismantling the motors (16, 21).
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17 A method for cleaning a brush-comutator interface of a direct current
not or Wi t hout di sassenbling the notor conprising: producing an electrical
current having an alternating polarity, adjustable current and variable
frequency square wave; and applying the electrical current to the notor
clean to clean the brush-commutator interface of the notor. 18. The net hod
of daim 17 wherein said notor cleaning Rever supply produces a controlled
pul se wi dth nodul ated current in the cle€aning cycle wherein the positive

pUl ses ar ot-et—f-or—er TIUHQCI pet oc—of—each bybi € L0 Pr oduce g et

rotation [oFAPERBRIVG or | ni®ne direction. 19. The nmetBdd of O aim 17 wherein
said notgr cleaning powey supply. produces a contrelXed pul se width
modul at ed curr ' ‘ ] e fpgafllve pul ses are
applied flor a l- du e a net rotation
of the ngtor j o Sgim 17 wherein
said motdr cl o1 ol LN e width
nodul at ed cur ' Ve pul ses are
applied flor a rotation of the
notor in fone di lied for a
| onger peJri od
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the notor in the other direction.
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