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TI'TLE OF I NVENTI ON Li near Reciprocating Actuator Utilizing A Brushless DC
Motor FIELD OF | NVENTI ON Patent Application - Rev 2 This invention concern
about a device that provides |linear reciprocating notion powered by a
brushl eP%:E?s " WGRQJND OF | NVENTI ON Conventj onal notorized |inear
actuatol's rp mar ket today are driven by diattiARRlicationsRey 2 of
the hybrid nmotor. The Stepper version 15 used Tor rrght appiicattons while
the stronger hybrid is used for heavier applications but is nuch costlier.
A maj or drawback of these two notors is |linear speed limtation. This

li near DESCCRIPTIENN on i s powered by a conventional Brushless DC (BLDC)
notor and is able to produce high force at high reciprocating speeds. An
internal nut and a | ead screw convert the rotational notion of the BLDC
not or t | hear ion. In addition to the typical <circuit that drives the
BLDC rmﬁlgh,‘Eﬁﬁw%@Q@nsor and m crocontroller are used to swtch the
nmot or cl ockwi se and counter-clockwi se at the correct instance. Page 3 of 28
Por t eschipcBrREIPDEROR Actvatnr Orliprg ArBmgtiesdPeMotappl i cation - Rev 2 The

Brushl ess DC notor, also known as the BLDC notor is a rotating electric
machi ne

FIELD OF INVENTION

This invention concern about a device that provides linear reciprocating motion powered by a

brushless DC motor.

BACKGROUND OF INVENTION

Conventional motorized linear actuators found in the market today are driven by either the
stepper or the hybrid motor. The stepper version is used for light applications while the
stronger hybrid is used for heavier applications but is much costlier. A major drawback of

these two motors is linear speed limitation.

This linear actuator invention is powered by a conventional Brushless DC (BLDC) motor and
is able to produce high force at high reciprocating speeds. An internal nut and a lead screw
convert the rotational motion of the BLDC motor to linear motion. In addition to the typical
_ circuit that drives the BLDC motor, a position sensor and microcontroller are used to switch

the motor clockwise and counter-clockwise at the correct instance.
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whi ch can be found in many applications, fromtoy cars to photocopier

machi nes. They are generally preferred conpared to other DC nptors because
of their :% life, higher efficiency, low EM (el ectronagnetic
|nterfe erature rise, excellent n

vari ati on an gow au M| e noi se. The typical BLDC rﬁ%’% ic3 Q"p%geé'gz
stator coil that generates magnetic freld that” "pulTs™ the roftor which
essentially is made of perrranent magnets forned into the shape of a ring.
When th at | ner.gi z in the correct sequence, the rotor rotates and
noves asqu CI%E§/C§£§ngg ﬁt %Ag'éctrorragnetlc field. Hall sensors are
commonl ﬁbe ed as the brushl ess"” conmmutation (el ectronic conmutation)
of the mB¢ ﬁ?ﬁépﬁr@(’fﬁr»aﬁﬁlm@w ag ghe Bd-DC grefor pﬁgarr@tabng @kgym glaahlue
provi degt b [ L) o] I the t Qr.

circuitry. ﬁﬂ%?g)%rr%{uwl d&%ﬁgéﬁc (glgi go#hgys?gn%g rotco lerE)qr%‘a lrrlreDSve eﬁ/tar%f t he

rotor byederaliyngreféresie compired)tot bibelc MT andtosebe@biss bt their donds BRsadslon t he
rotor position. These m)tors al so_have controller features such as
t achone€idiciegay.plew  ENHofelesiomagnatitd intarfeieaed)odOVRh JeMPIREITE Fissoracelensut put

S re"%ﬁ%ﬂfaﬁ@o&%ﬁecﬁ%ﬁh nﬁ@d’ﬁav&%@é@ 5{)‘198"“ as tach pulses) which provide

I nformati on on no speed and rotations. The wave is generated
when t he magnetlc fleld of ring-shaped magnet (tach magnet) which is

attachegh or, cuts the path of .a conductor that is laid ontg the

drive %B@ﬂ mﬂf‘arhaér?a%lﬂ asefSéaé@ruffOél hahesnerles Mgt figld theh “pulst
“enabl e er(>fowvl}lﬁ P@%]eﬁt@ﬂl Qi @Eh%r{ﬂﬁn%%@s AR dREP the lBhé%‘Pta' nput
i s anot her svvltcﬁ at contro I recti on rotation. il ear actuators

are useWhen thqapihiomas promgized) trhtha$one¢t|seqmenequh@ oot rotqﬂamml meves dsadpliady
ﬁﬂ;g?gé!%so rg;%gég kelgg.fon\ﬁ?gn\égc it erfgl ' Ohaﬁngenrggr%y are rc(gmmo (lay err?prlgyeldl tase r%l 'y

“brushless” commutation (electronic commutation) of the motor. They are placed next to the

_rotating rotor magnets and provide the “position” information of the rotor to the motor drive

circuitry. This motor driver controls the smooth rotational movement of the rotor by firing

(energizing) the correct set of stator coils based on the rotor position.

- These motors also have controller features such as tachometer output, motor enable and
direction input. The tachometer output is represented by a square wave (also known as tach
puises) which provide information on motor speed and number of rotations. The wave is
generated when the magnetic field of ring-shaped magnet (tach magnet) which is attached to
the rotor, cuts the path of a conductor that is laid onto the drive PC board. The motor enable
feature functions like a switch that “enables™ (turns on) and “disables” (turns off) the motor.

Direction input is another switch that controls the direction of rotation.

Linear actuators are used in applications such as medical equipment, pumps, x-y tables,
automation of any kind, valve control and many more, There are literally hundreds of types
of linear actuator products in the motion contro! industry. Each type provides specialty in
various parameter such as speed, accuracy, price range, thrust load, direct load, size

constraints, axes of motion, etc. Linear actuators can be broken down into different classes
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of |inear actuator products in the notion control industry. Each type
provi des specialty in various paraneter such as speed, accuracy, price
range, thrust load, direct |load, size constraints, axes of notion, etc.

Linear.!’ broken down into different classes Page 4 of 28
Por t escap “rat ation - Rev 2 but the one t FatentéArplication -Reve?
i nvent 'OTT TS Offe tiat provirdes rect procati g motTom used—T—apptrecatton

~such as vacuum punps, conpressors, engines, etc. Hall position sensors are
usual |y used as an integral part of a closed | oop feedback control system
~They arbutubedne rthai relates @b yhisfinfdngiboss sne thaaprovidkssecipedcating ammiohamed in
autormtip\éﬁg co ogents, sem conduct or manuf.acturing, robotics and the I|ike.
As mentf Eﬁ(g%\? a5 Y3MAUNDS, CPNPIEEETS GPLRF%=8r oni ¢ conmut ation in the
BLDC notor. The mcrocontroller is essentially a "special purpose m ni
conmputer” that executes one specific programthat is stored in its nenory.
They - hallall ipapition gersotuarp wsugdby vsedtadsan intsgwil ey of andossdnivopifepdahek cantiohe
devi ce t itnis control.ling, .in this,case the BL not or .. They ar often
rml | ot TS, RS dh ' Fardil o il R, bt Fhtopirnl BigRoBveS g
Por t es céegniadvMAREniEontidEiol MABNRL NN aloBBicsAREIthe Hké. OAs mdRE¥ned dBuive, thipear

actuator invention produces high linear force at high speeds and is powered
by a  arealso used for electronic commutation in the BLDC motor.

- The microcontroller is essentially a "special purpose mini computer” that executes one
specific program that is stored in its memory. They have input and output ports that receives
and sent signals to the device that it is controlling, in this case the BLDC motor. They are

often small and low cost and require very little power to run them.
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conventional Brushless DC (BLDC) notor. Instead. of a regular rotating
~shaft found in the nornal BLDC notor, this "nodified" notor has a shaft
that extends and retracts in a reciprocating notion. Devices to be driven
are att? tt m of this shaft. Current |inear actuators found today
have a ? nt conflguratlon There i s &atRnt ARRiigatiend&eva ong
“an exte 7] IOt OT . 10 pPrevert tie mut T o
rotating wth the screw, it has to be guided to nove along a slide nenber
that has to be as long as the traverse length of the nut. This slide
menber SEHNBYARY A CHFAMNVENGION i near actuators may not be applicable
when used in confined spaces. For exanple in a vacuum punp, the access

hol e t oThik émd&r@qnhta&gﬁhireﬁmﬂﬁﬁdﬁoca&essnighlhnaa ozt high dpeeds aidnis 2ewatdad Hyeaks.

The |inear act u i nyention _described her esol ves thi s r.obl em by
doi ng a%%vem% Rishlest B0 EPeHB@) moffe InpERe A a SHRNE TPEUipR gD Wt@dﬁﬁbﬁem

present,, o’ » e r.0
fit throug %ﬁj PT%? Hﬁge %pogﬁ%ﬁg %?ﬂot? %ngh%ﬁﬁghaggegé@g%gﬁt o iEalpiX":/r agm
The mai mciporpong ntotion hBevicak® heplrivien ard attaelntdi to theerel dfhies BhddC rmt or, lead
screw, hollow spindle, nounting plate and position feedback system The
Brushl ess DC Mot or The BLDC notor used here is a conventional type that

conpri Séﬁrréht%ﬁﬁpéctﬂﬁt&ﬂé f@uﬂ@w&‘éy G@ld a sh%‘iﬂ}plsﬁfﬁéﬁ% céﬂﬁghrét%rpr Therk s gq{u@anent

magnet s bonded to it and electronics redquited to drive the notor.
t ypi cal thabmdm,alcm‘@meextgnal wheaf thrciﬁndmg:ndxyta wbtor ko movert thoudyt frd’murstaghgf t is

ahat ever B BE ke (PP by gt SRR e rioost tabbuSpd o G °
does nofrave@deabi@h of fisd Mad THihilfdeSHahberM¥RSup space and these linear actuators may
not be applicable when used in confined spaces. For example in a vacuum pump, the access
hole to the diaphragm is made as small as possible to minimize air leaks. The linear actuator
invention described here resolves this problem by doing away with the slide member. The
fnoving shaft is the only component present outside the actuator body. This shaft can be
- made very narrow to fit through the small hole opening of the pump to access to the

diaphragm.

The main components that make up this invention are the BLDC motor, lead screw, hollow

" spindle, mounting plate and position feedback system.

The Brushless DC Motor
The BL.DC motor used here is a conventional type that comprises a stator with a wound coil,
an outside-spin rotor with permanent magnets bonded fo it and electronics required to drive
the motor. In a typical motor, there is a shaft coming out of the motor body. This shaft is
aﬁached to the rotor and revolves together with it. It provides power to whatever device that
it is driving. In this .Iinear actuator, the shaft does not revolve. Instead, this shaft moves
| linearly along the rotor axis as it extends and retracts from the motor body. It provides “pull”
ahd “push” force to the device that it is attached to, for example, a diaphragm in a vacuum
pump. This shaft forms part of the lead screw, which will be explained in detail in the next

section. From here onwards, we-will refer this item asthe lead screwe. .
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linearly along the rotor axis as it extends and retracts fromthe notor
body. It provides "pull"” and "push" force to the device that it is
attached to, for exanple, a diaphragmin a vacuum punp. This shaft forns

part ofpﬁMMWh will be explained in detail in the next
section ds, - - we- W|-ILrefer tflls |tPatmmehqa§au 59@r2v
Page 6-of—2€ S ~Pat-e o ead
screw forns part of the mechamsmthat converts the r ot atlonal noverrent of
the rotor to linear notion. It is made up of two different portions. The
. threaded portion of the |ead screwmates with the internal thread of the
hol | ow %Egﬂlﬁf The ot her portion of the lead screwis a shaft that has a
Cross-s SRE —i-s - shaped to prevent rotational novenent. This part of
the | eaghs f WoftX! RIS R of0he LAEHIRLA! T ANGH: T RaicBhahbdandal & et h 2
shape that matches wth the | ead screw cross-section. Devices that require
t he recromrdoaltneangmat;m oft 1amdea1ptafdh®dhffaenhmrannb ofhd ﬁu@dsth@httxonﬁffethﬁol | ow

Spi ndl e, The hoII at drive | ead. screw a

e A gt PSS ey SR vt EGORE HaBe pp IS sPe” b Ghes RAtB A B A ¢
it. | nsigleyide st thanhspi a@b@secﬁo@mattstﬁfaﬁ@d tol HeREH rotMibiell mdvemengangd to
the external thread of the |lead screw. As the rotor turns, the threads of

t he hobarbof gpilendl ssreamnextemds queal theometar tinmwgbra netheotatotgshalomath mgrpothat nt o
i near I%Q%Egse \Qrgth%e fegg scre\evacg'ossscsectlon Devzces that require the reciprocating action are

attached to the end of this shaft.

.T he Hollow Spindl'e

| The hollow shaft is a component that drives the lead screw in a straight line. It is attached to
the axis of the rotor and rotates with it. Inside the hollow spindle is an internal thread, which
is engaged to the external thread of the lead screw. As the rotor turns, the threads of the
hollow spindle and the lead screw convert the rotational motion into linear movement of the

lead screw,

The Mounting Plate

The mounting plate has two purposes. Firstly, it is used to mount the linear actuator onto the
dévice that is driving, for example onto the housing of a pump. Secondly, it prevents the lead
screw from rotating with the rotor. The mounting plate has a hole with a shape that matches
the anti-rotating shaft.. The anti-rotating shaft of the lead screw slides in and out of this hole

to create the linear reciprocating motion.

The Position Feedback System
The position feedback assembly comprises a sensor magnet, a hall effect sensor, a tach

magnet, a tach pattern and a microcontroller.

The sensor magnet with two magnetic poles stacked along the axis of the lead screw stroke, is

attached to the end of the lead screw.
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The Mounting Plate The nmounting plate has two purposes. Firstly, it is used
to nmount the linear actuator onto the device that is driving, for exanple
onto the housing of a punp. Secondly, it prevents the lead screw from
rotatin . The mounting plate has a hole with a shape that
rratchespngtaﬁsq:?n ng shaft. The anti-rotati nd’aéﬁ'&fﬂplﬁfca!'ﬁé IR@HCP screw
sl ides T and out ths“trotre—to create tihe tTnear™ T

The Position Feedback System The position feedback assenbl y corrprl ses a
sensor magnet, a hall effect sensor, a tach nagnet, a tach pattern and a

- microcontroller. The sensor magnet with two magnetic pol es stacked al ong

t he aX| | ead, screw stroke attached to f. the |

screw. Page” et 95 PO 1§g1a%c{ ipAgosoBAY }?ﬁ? thg SEHSOE BPERT 18 tlﬂ%g’ étsl‘?&}t? g‘@‘h sor

i's pl acshe1¢atasarep@i'%latt}fé@n&/@e&erta@&t@g@&@l&e magnet is able to toggle its state
when the lead screwis at the end of the retracting stroke. A tach nagnet

in the shape of a ring is attached to the rotor and placed just above a

tach pat r|nt i t t.hat hou es the notor
el ectr o‘ﬁlt%(éq{ gll =i b%ggh%%e fhat Hg Ch? g“ EOE ar?ég‘?%@?edc]uf RS afTiaSIFn tach
magnet lﬁmterra(ﬁhpﬁﬁteﬁhﬁ tha gitirpat bﬁ‘dfl,ﬁt B@arﬁ h:hatt BRRePHROMERS clecti®hice iRbitry.

el ectrical pul ses. Wien viewed gn an oscill oscope, they have a square

wavef or Wherrfike 1okcr uasctie aagnaic lields frem @eh papBE U} acrpysahe fach paEsmrwhiehe

speed Ofpeh ri,‘)'?ocluces a series of electrical pulses. When viewed on an oscilloscope, they have a

square waveform. The frequency of this series of pulses is proportional to the speed of the

rotor.

The microcontroller circuit basically consists of a programmable microcontroller chip and its
supporting electronic devices and is typically int_egrated onto a printed circuit board (PCB)
together with the motor drive electronics. The microcontroller circuit is connected to the
-position hall sensor and the motor drive circuitry. The microcontroller, which acts as the
“brain” of this system senses the various signals and executes the necessary tasks based on
I_ the firmware or program codes that has been pre-programmed into it. One such task for
example, is “commanding” the motor to start, stop and reverse its direction. Actuator stroke
variation due to rotor inertia or changing loads can also be fixed by incorporating a correction
algorithm into the firmware. Additional features such as those related to safety can also be

included.

Actuator Operation
During operation the rotor rotates like a regular motor. The rotary motion of the rotor is
transferred to the internal hollow spindle. The internal screw thread inside this hollow

spindle converts the rotational motion into linear movement of the mating lead screw.

When the actuator is first switched on, the microcontroller commands the motor to rotate in a
direction that causes the lead screw to retract. When the lead screw reaches the retracted end

of the stroke, the hall sensor detects the change in the magnetic field of the sensor magnet
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rotor. The mcrocontroller circuit basically consists of a progranmabl e
m crocontroller chip and its supporting electronic devices and is

typically integrated onto a printed circuit board (PCB) toget her with the
not or !qt The m crocontroller circui ted fo.he
posi ti on p § ﬁs%rﬂ!id the motor drive circui tryIJ 8Ht ﬁ?l"lé

which act's as the "brain’ of This System senses thne var| ous stgnal s Znd
executes the necessary tasks based on the firmware or program codes that
has been pre rogramed into it. One such task for exanple, is

" commanidiargd 2t the endobthamowng lead seresp) aaithe Magnst Besses asreRsriband 8ns sigpaliat or

st roke }éor a{}"‘owﬂ HH&oE&t{oﬂEPr Th?%ﬁ&ﬂo@ Iﬁ}%ﬂl%?%ﬁh@%&%g%hg%}% o %%O]Q%n | xed

by i ncor a correctlon I rmhar e
f eat ur emvege ﬁts&iirdcﬁ@ﬁ @f rrefatibe daﬁs@n@ decleynd @amuatos mobe inithe loppedie Aeictad or

Qoeratlé% Dé}ll ng ope ation the rotaor rotates like a regtul ar notor. The
rotary (Stengh Huripge il%@is‘ieﬂﬁlgn the msrogenteiler segnsdrackod the trakesse HRZhPndl e.

The lnt@d fihg SAE GAnt 1§§§d dshde bghhé &egcgm o%%e%agngf?@\fﬁ[&ssoﬁ tach

rotati ona tron in ear mat i n ead 'screw. en the
~ act uat omags:t fand she savht jgttech om the henteidl cirosio hoaal | Wheucthmrﬁmﬂscduhe remnhesrat 0

rotate in cti.on that the | ead scr to retrac the | ead
screw rléfﬁéf}‘ié’ép ¢ muiproseRtERyles il thy rqtﬂfetos%%@egseﬂs lﬁ@ﬂﬂa@galee%e%ﬂ% ENs the

change 111 ltl(;vebggg@@}étfaclfdlﬁltglsgg,dghgr@@ﬂg@r magnet Page 8 of 28 Portescap
Pat.ent Application -

However due to inertia, the rotor does not stop instantaneously when changing direction.
This may cause the reciprocating shaft to overshoot its intended stop position. Loads that
vary in magnitude will also affect the stroke length of the actuator. In view of this potential

problem, a special set of instruction codes or algorithm is added to the firmware to correct

this phenomenon.

By changing the size of the BLDC motor and using various thread configurations, this

actuator can be designed for various loads and speeds to suit various applications.
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(placed at the end of the noving | ead screw) as the magnet passes across
it, and this signal is captured by the mcrocontroller. The

m crocontroller then commands the rotor to stop and reverse its direction
of rot ] | ead screw to nove in the osite direction
(extengr l‘lrt(%s?aqlsextensi on, the mcrocontrol ﬁpﬁe'kt IGatigRKk REY 2 he
traverse Iength by counting the tach pulses generated by the Tnteraction
of the magnetic fields of the tach nmgnet and the tach pattern on the
printed_circuit board. Wen the tach count reaches a preset value, the
nicr OCQBEF@ CES | TQ THE DRAXYINGS MNSLCTURES r ecti on again. The | ead
screw wll now begin to retract and this cycle is repeated. However due to
i nert i aPravieg d shews thsesosssectimahviewst s lawebatiaforwhen changi ng directi on.

This ma i procatin haf.t to.overshoot.its intende top

posi t i o%?&@gggs? h{;ﬁ%th%q{/n%éryacﬁ%to%lfﬁntvde&@eﬁr?m%? %@ ngdf’ee%qu"f%%m&gt 8%e length
of the Betwiag @ is hrelosealy okwt Bf Shepaitbritatilg sHIROWR Nntidrotdd@ahlakrosteclbn
instruction codes or algorithmis added to the firmmare to correct this

~ phenomenon. By 1BHgheAgleddhasmprntie plafe st bes aeishingranticetatignesefilous t hr ead
At ony i . ‘ Cooe ] o
o suft DELiiRE shbh Fre 185 UACPUERTmERARER! AT AL Tl BB IRI MRt Poc s

DRAW NGS AND PI HERES pBaticant Application - Rev 2 Drawing | shows the

cr oss-zﬁcti_ongl view of the |inear actuator. Drawing 2 shows the |inear
act uat oPT4¥HBR > vhev therntrrtatian balg featuieras tanmoupigRlrisg shaft .

Drawing 6 shows the tach pattern on the printed circuit board.

Pictures 1 and 2 shows the external view of the reciprocating linear actuator with the main
components labeled.
~ Picture 3 shows the sectional view of the lineé,r actuator.
Picture 4 is a view of the hall effect sensor mounted at the rear of the actuator.
Picture 5 shows the part of the lead screw that is shaped to prevent rotational movement.
| Picture 6 shows the wires connecting the hall effect sensor to the microcontroller PC board.
Picture 7 shows the actuator with the enclosure removed.
Picture 8 shows the enclosure with the hall effect sensor mounted,
Picture 9 shows the rotor with the hollow spindle and tach magnet.
Picture 10 shows the motor driver printed circuit board

Picture 11 shows the layout of the magnetic poles around the tach magnet.
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Drawing 3 is a close-up view of the anti-rotating shaft with
anti-rotational cross-section inside the hole of the nounting plate that
has a mat chi E) anti-rotation profile. Drawing 4 shows the |ead screw that

i's thr on and an anti-rotational t t he ot her
porti on. ) the anti-rotation hole fej{]qi 'ét'%?‘f"l QOHDB{%M%IQ

pl at e. Dravm ng 6 shows the tach paitern on the printed circult board.
Pictures 1 and 2 shows the external view of the reciprocating |inear

act uat or w th the main onents | abeled. Picture 3 shows the sectional
vi ew of %@W@QNQ&EHE& PERRER EMBODIMENSof the hall effect sensor
nmounted at the rear of the actuator. Picture 5 shows the part of the | ead
screw t hbg fqlb“smé@dﬂpt@rpb@w eesaribesthedwal modepesantly utized foreréluwhgbet he

Pi ct ur o refin 87 S i oFhGH P BR 88ienbPo e SHBURIE et 14,6 Ebue

t he encﬁmms_vmth the hall effect sensor nmobunted. Picture 9 shows the
rotor with the hollow spindle and tach magnet. Picture 10 shows the notor
driver printed circuit board Picture 11 shows the |ayout of the magnetic
pol es aEEB%%%F tach magnet. Page 10 of 28 Portescap DESCRI PTI ON OF THE
PREFE MENTS Pat ent Application - Rev 2

This invention refers to a linear reciprocating actuator driven by a conventional outside-spin

brushless DC motor. The motor has a revolving rotor 2 a stationary stator * and a printed

circuit board (PCB) * containing the drive and microcontroller electronics.

. Hollow Spindle
A hollow spindle ® with an internal thread  is attached to Ithe rotor, The hollow spindle is
made from metal. The internal thread is molded out of engineering plastic such as glass
reinforced PBT (polybutylene terephthalate) or PA46 (polyamide 4/6) that is able to
withstand the high physical forces and temperatures. The rotor is then mounted to the stator

riding on two ball bearings '°

Lead Screw .

The lead screw (drawing 4) is made up of two different types of shafts, the threaded shaft ®
and the anti-rotating shaft '*. One end of the threaded shaft has a recess that will facilitate the
assembly of the sensor magnet !*. The anti-rofation shaft has a cross-section that is shaped
such that it can prevent rotational motion when fitted through with a stationary matching
hole. This hole is found on the mounting plate which is explained later. An attachment
feature is made at the end of the anti-rotation shaft that will be used to attach to the driven
device. Examples of attachment features are screw threads (externally or internally threaded)
and hooks, The two shafts can be made from one solid metal piece or joined together either
by interference fit, adhesives, screw or any other method that is strong enough to hold the two
parts together. The holding strength must be greater than the maximum linear force of the
actuator. The 2-pole sensor magnet is attached to the end of the threaded portion via

adhesives.
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The foll ow ng description bel ow descri bes the best node presently utilized
for producing the invention for industrial use. They will be described in
detai | %th references to drawings 1 through 6. BLDG Mbtor This invention
refers- rocating actuator driven by ntlonal
out si de- S_QI n rushl es's DC notor. The notor has a rl:(’a:"\elE 6‘&%@ GLPg Rfv
stationary stator 4 and a printed circuit board (PCB) 5 contalining the
drive and mcrocontroller electronics. Hollow Spindle A hollow spindles
with an internal thread 6 is attached to the rotor. The hollow spindle is
made fromnmetal. The internal thread is nol ded out of engineering plastic
such asighasse Plogd nforced PBT (pol ybutyl ene terephthal ate) or PA46
(polyam de 4/6) that s able to wthstand the high physical forces and
t enper al be Buntimepleist drvhich iswstachmiunitedstator iseadst eft roctal ariddias gwo mduntingal |

b d_ Scr d d

di 11 er ol gy5at o B P pREm Y LG Rkt Sder b ientt v e
shaft 1at mdleﬂag ofA kdle 1t hiB adashesial haliRs e LAGSSES MHarW id maa& hibate
the assenbly of the sensor nagnet 1r. The anti-rotation shaft has a

cross- st P‘@S‘ﬁfetth%deaﬂ§°@Wé}3@@ud6§@©hfr@1mahe peturteirbqelyevent rotational notion
when fitted through with a stationary matching hole. This hole is found on
the nounting plate which is explained later. An attachnent feature is nade-
at the EmdPeditidiBecbdk $)8teat i on shaft that will be used to attach to the
driven  device. Exanples of attachment features are screw threads

(ext er nAlmg- .‘Q],‘l,ap(’rqqtla@lp FEnst *tthat dgs bepn pre- magnetlzed with poles around it (picture 11) is

attached to the rotor just above a tach pattern '® that is imprinted on the PCB. The tach

pattern provides generates electric pulses when the magnetic fields from the tach magnet cuts

through them when the rotor is rotating.

To place the hall sensor * at the rear end of the actuator, some kind of stationary mounting
device is required. One possible methed is to have a metal enclosure that envelops the whole
rotor (pi.cture 1) and secured to the mounting plate. A small printed circuit board sits at the
- top of the enclosure (picture 4, 8) secured by two screws. The position hall sensor is soldered
to this PC board and positioned at the end of the retracting stroke of the lead screw. When
the sensor magnet ' attached to the cach of the lead screw moves past the hall sensor, the
change in the magnetic polarity toggles the hall sensor which then provide a feedback to the
-microcontroller. Besides providing a mounting surface for the hall sensor, the enclosure also
functions as a safety device that prevents human contact with the spinning rotor. Slots
around the enclosure allow for air ventilation around the motor. The sensor board is then
connected to the microcontroller board with wires. These wires carry the signal from the hall
sensor to the microcontroller. The microcontroller board, which contains the pre-
programmed microcontroller chip and its supporting electronic devices (picture 6) is
- connected directly to the motor drive board. The main power input terminals are also found

in this board.
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and hooks. The two shafts can be nmade from one solid netal piece or joined
together either by interference fit, adhesives, screw or any other nethod
that is strong enough to hold the tvvo parts together. The holding strength
must beg m maxi mum | i near force of the actuator. The 2-pole
sensor g ed to the end of the threadé’&t%ﬂmﬂ'ﬁaypﬁ Rev 2
adhesi V€ TT O 28 T ' ~NoT
The m)untl ng plate 12 WhICh S attached to the stator is made of netal and
has two nounting holes at each end of the plate which are used for

nmount i ngrekeeCorrensian Methedlegy onto the device that it is driving. A hole 13

with a ape that matches th ant | on shaf,t ..s.made at .,.th rea
wher et RAS| Geliog BT PR, SBuretr Rk RErSEE L auEt By S pos Shibn

Feed bac&sve%&ﬁ)bem cAusddny- SRARRSH4 %tbhrmﬂ&gtthe7shfahaiavaaa$hﬂ%%ﬁ&-t}ﬂhrr%hﬁ!a&aﬁgtnbé ed
with poles around it (picture 11) is attached to the rotor just above a

tach pafti@kenbeferct fatroles qomssitatedownleth stopcad rﬁﬁerS@Saaﬁ diggtiqrer Bqsh shildes
generat nel kg fiel ds the ta

oS % SRS s S0y SRR i eSS R S TERE! .,
at t he thanis \ellﬂjiinQﬁn nfigniadel aboE examnite o il kcnfd @ﬂiaad QNAE Wadisn g wﬁtﬁ‘&’l ce
Is required. One p055| ble nmethod is tqg have a netal enclosure that envel ops
t he whothe Vapgig pressyugiinad) 1s) bual 4p SVeLIHEE 853nems EnABRTE digis pruaped ont.shbeE |

pri nt ede GGt RS it fesBlibdd R follows.

Upon power-up, the microcontroller is programmed to retract the shaft, When the shaft
reaches the retracted end for the first time, the sensor magnet toggles the hall effect sensor.
The microcontroller sets the tach count to zero at this instance and the motor direction is
switched to rotate in the opposite direction. This cause the lead screw to move away from the
sensor (extend stroke). As the motor rotates and extending the shaft, the microcontroller
keeps track of the stroke distance by counting the pulses generated by the tach magnet. Each
revolution of the rotor produces a fixed number of tach pulses. When the pulse count reaches
a preset value, the microcontroller commands motor to stop. This preset value corresponds to
the designed stroke length of the actuator. For example, assume that the tach magnet has 45
pairs of magnetic poles that generates 45 pulses per rotor revolution, and the threaded shaft of
- the lead screw has a pitch of 2.44 mm (i.e.: the shaft moves forward/backward by this amount
in one rotor revolution). If the required stroke length is 18.21 mm, then the number of pulses

generated by the tach magnet during the entire stroke traverse is

18.21 = 2.44 x 45 = 336 pulses

This will be the preset value.

When the pulse count reaches 336, the microcontroller sends the stop signal to the motor.
However, due to inertia the rotor does not stop instantly when commanded to stop. It will
continue to rotate while slowing down at the same time. During this deceleration time the

microcontroller keeps on counting the tach pulses until the rotor comes to a complete stop.
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top of the enclosure (picture 4, 8) secured by two screws. The position
hal | sensor is soldered to this PC board and positioned at the end of the
retracting stroke of the lead screw. Wen the sensor magnet 11 attached to

t he eacg’gﬂlﬂt‘a rew noves past the hall sensor, the change in the
magnet i es the hall sensor which thdatgmdnplisationeddlyak to
t he *"*;”’i"" e :_;_.__ﬁ_;_;___;_,__ By ;,,,:,%7;7::%,i,:,ff:,%7-,,,*7;,-,:7,%,7f:,:7:,;, |

sensor, the enclosure also functions as a safety device that prevents
“human contact with the spinning rotor. Slots around the enclosure allow

for ai rThediffckaict dotvasenuntadthad mmiber of ok paBasaid thedieket Salibedpreeanrniet ed
to the mcrocontroller board wth wires. These wires carry the signal from
t he hal PVerdiens o he GVEITROGH varuscis fipsaqtest fromnide presebrgue aud Uais rewdr il fpi ch

cont ai nghne AL e"guﬁ% A" ']H%g{h&ét%&éﬁs{o‘h' LiRieC _*‘Eka%iﬁ“glnsin e P%%%Q rdebGle.
el ectronic devices (picture I's connected directly to the notor drfve
board. aempuathat pleevshaft npatsho@s nthaailngznded pakision f wherd it ifinstt bktsndsoandl . théage

12 of 28 Portesc Patent Application - Rey 2 Stroke, Correction Mthodol ogy
Thi s noPHORC RS e anBEy ECo NG OBEPavg e G BYISHGbE" ndEnipond the
under r Uesionslahé). THERISROME pufse COURGH: ¥ nE}gKte%enbi'aErsﬁbl@e Wi 6h makes the

shaft travel a little further than designe stroke before the rotor cones
to a conplete stop and reverses its direction. Both shaft overshoot and

underrun (i.e.: actual stroke s ter than designed stroke) are caused by a
I Sl

load that is varying in magnit fe of this kind of load is the
vacuum punp where

At the next extension stroke, the motor will be commanded to stop when the pulse count
reaches 269. Since this value is smatler than the preset value, the motor will be commanded
stop before the end of the actual stroke. Like before, inertia will cause the rotor to spin a

little longer and will finally come to a complete stop at the desired position.

" In some applications, the load is not constant but changes over time and this will also affect
the stroke length. One characteristic of the BLDC motor is that its torque changes with the
load. A heavy load will slow the motor down and vice versa. In the linear actuator, this
attribute causes the stroke length to vary with the load. A load that has changed in magnitude
from the previous stroke will affect the rotor deceleration time. Back to our earlier example,

“assume that the load has increased this time round and the rotor comes to a complete stop at
pulse count 329 (Note: it would have been 336 if the load were constant). This is 7 counts
less than the preset count of 336. This variation will be added to the pulse count (currently

.269), making the new pulse count value equal to
269 + 7 =276 pulses

This correction is repeated each time at the end of every extension stroke. With this method,

stroke length deviation caused rotor inertia or varying load is virtually eliminated.
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t he vacuum pressure (| oad) is built up over tine as nore and nore air is
punped out. The correction nethodology is described as follows. Upon
povver-ua the mcrocontroller is programmed to retract the shaft. Wen the
shaft Ftﬁ cted end for the first ti t he, sensar n

t oggl es tg ha S;F@Pasensor. The mi crocontr ol IrTE’lat Rﬁ’égf’ﬁgﬁ%&’%nt to
zero at this 1nstance and the notor direction 1S sSswitched to rotate in the
opposite direction. This cause the |lead screw to nove away fromthe sensor
. (extend strok@). As the notor rotates and extending the shaft, the

“mi cr ocoRthesiFe #réSkeeps track of the stroke distance by counting the pul ses
gener at C . f I a
ixed et Epi e e ko RN BB U mbOE ol ThEke PRRENERSE, e

t he m croodmnriad [lcerd isabvwnths capicdty dfahs tpor. TAR @v@ﬂ@ﬂesmw@duueﬂmomr)mp@nds
to the daﬁl ghe ake | ength of the actuataor. tgor exa assune t hat

t he t acPrOrBgmere t ‘L’Fto ?F@Y%‘Fe%ﬁ{jﬁé‘f PEmB’(SPé@ f5¢il ’f‘%t%’s %X%‘?}P%es
per rotofe rt@M%érth W‘ll 8 Ifdhﬁ'le 1H5r@?s‘é8q1e§pfiﬁ% %Q%&Sﬁgoﬁsc{oeﬂmﬂasl" 1 Pi tCh
of 2.44 mm (i ; t noves torward ac War by this anpbunt 1n one
Totor reNgy Lfeatore) 1s atdconmhshedqlw néding toodésetd drgfitmwvare 18hi2l amalyz¢shew table
nunber of ener t.he tach net duri n the entire stroke

't aver sols it e ASHE e wtor'i S anaaid e ik et ireicnh B A8f we.
When th@c&%ﬁﬁm@%ﬂﬁlefo@l@%%ﬁblééﬁqatEwbﬁc}féb%fﬂﬁ@ﬂfofd?' ler sends the stop signal
to the notor. However, due to inertia the rotor does not stop instantly
when commanded to stop. It will continue to rotate while slow ng down at
the sane tinme. During this deceleration time the mcrocontroller keeps on
counting the tach pulses until the rotor cones to a conplete stop.
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Page 13 of 28 Portescap Patent Application - Rev 2 The difference between

t he actual nunber of tach pul ses and the preset value represents the
overshoot. The overshoot value is subtracted fromthe preset value and this
result N mme "pul se count” in the next extension stroke.

Basi ng On r;ﬁ exanpl e, assune that the sHAENARPIGISENS Reye?

i nt end€d posTtron wnen 1t TIrSt exXtenas arna e T CT OCOTNLT Of &1 COITput es

t he overshoot value to be 67 pulses (i.e.: 67 pul ses beyond the designed
336) Theref ore, the pulse count for the next extension stroke will be 336

- CEbALMVESs At the next extension stroke, the nmotor will be commuanded
to stop when the pul se count reaches 269. Since this value is smaller than

t he preset val ue the notor will be comanded stop before the end of the
actual oke e before, inertia will cause the rotor to spina little
| onger Wlkilmle mally conme to a conplete stop at the desired position. In
sone applications, the load is not constant but changes over tine and this
will also affect the stroke Iength One characteristic of the BLDC not or
~i's thatli tA; lmcmqmma:tbmtlggsacmatdn 1t doeprisomda bmsh&aslyhrbmadlrmﬁ [BsDOW ntdter,not or
down and ver§ In the l4 near .actuater, .this %t(i Eute causes the

st roke Ie cfed”vgﬂuowsﬂ’ﬂ" e T1o3EHnE Rlajeo 474 RaFHpEedtgh 68 n magni t ude
fromthe previous stroke WI|| affect the rotor deceleration tine. Back to

our earlier exanple, assune that the |oad has increased this tinme round
and the robeerB&‘i‘emotOGOQtMmdllmeer&ﬁ@q@oractommuirge count 329 (Note: it would
have been 336 if %hq | oad were constant). This is 7 counts

¢ 4d71o10r

 astator*

e drive electronics mounted on a printed circuit board ®

The lead screw ° of the said linear actuator comprising:
e an externally threaded shaft ? which is mated with the internal thread of the hollow
spindie ® _
e an anti-rotating shaft '® with a cross-section shape that prevents rotational motion
when fitted through a matching stationary hole 1
Both the externally threaded shaft and the anti-rotating shaft are joinéd together to

become a single component.

The hollow spindle ® of the said linear actuator having an internal thread ® that matches
the externally threaded shaft ? of the said lead screw. The hollow spindie is attached to
~ the said rotor 2 along its axis of rotation such that when the rotor rotatesl, the internal

thread converts the rotational motion into linear movement of the lead screw.
" The mounting plate ? of the said linear actuator having a hole ** whose shaped matches
the cross-sectional shape of the anti-rotating shaft !® of the said lead screw. The anti-

rotating shaft ' of the lead screw fits through this hole.

The position feedback system of the said linear actuator comprising:
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| ess than the preset count of 336. This variation will be added to the

pul se count (currently 269), making the new pul se count value equal to 269
+ 7 = 276 pulses This correction is repeated each tinme at the end of every
ext ensi m his method, stroke | ength deviation caused rotor

i nerti a op (ﬁ is virtually elimnated. PdgdéentArplicaiopoRexyZap
‘Patent “Appr i cation - Rev Z X ner Features Te actuator fas a saf ety
protection feature that switches the notor off there is an overload, i.e.
when the |load is above the capacity of the notor. An overload w |l cause

the notor te ptackiumgnen/ciiathedtto thessatdorotdré i ncreased current running into
the coil w ndi ng@?l n the gxtrene case, the not ' stall and the

r.ow il |
i ncreased h&at? SREyORANS! ¢ ERrksddp hemdofths Hiraded shafts of saifldead s ure i s
~acconpl i shed, b, ' 9 . I I I '
pul ses fromt h%h%g&g%? S%@glfhéﬂa?rﬁgt @gcelfds}{l?gﬁrrﬁerg %ﬁ&@@g@;ﬁ%gﬁ%@%ﬁ@g egr e no
tach pul ses aftamrtogge itedigiiahsthiervehenahd sdidicadtscies sppalakled thdadtrasistitcalies of f

t he notor. Pagt e%golgg 28 Portescap Patent Application - Rev 2 CLAIMS Wat

is clainmed is:
' e atach pattern *® imprinted on the said printed circuit board °

* a programmable microcontroller

2. A method of fabricating the linear actuator defined in claim 1 that consists the steps of?
¢ making an internal thread inside the hollow spindle ;
e attaching the sensor magnet ' to the end of the lead screw

¢ mounting the hall effect sensor 14 at the retracted end stroke of the lead screw

3. The method of dynamically correcting the actual stroke length of the linear actuator
defined in claim 1 to the designed stroke length by using the tachometer pulses in the

form of an algorithm stored inside the microcontroller defined in claim 3.

4. The method of sensing the complete stop of the said rotor of the linear actuator defined in
claim 1 by checking the absence of tachometer pulses at the end of each extended and
retracted stroke in the form of an algorithm stored inside the microcontroller defined in

claim 3.

5. The method of sensing overloads to the linear actuator defined in claim 1 by checking the
absence of the tachometer pulses during each stroke traverse not including the end of cach
stroke and tumning the motor off in the form of an algorithm stored inside the

microcontroller defined in claim 3.
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1. Alinear reciprocating actuator 1 conprising a brushless direct current

. (BLDC) notor, lead screw 3, hollow spindle 8 nounting plate 12 and
position feedback system The BLDC notor of the said |inear actuator
conpris a stator 4 drive electronics nmounted on a printed
circui tpgr(;em screw 3 of the said |i nearpaé%mwwtcabehpﬂem%g

[T ° % AT y ioiv Of
t-he hol | ow Spl ndle 8 an anti-rotating shaft 10 with a cross- sectlon shape
that prevents rotational notion when fitted through a matching stationary
hol e 13@$:M§§Eternally t hreaded shaft and the anti-rotating shaft are
joined together to becone a single conponent. The hol |l ow spindle 8 of the
said linear actuator having an internal thread 6 that matches the

ext er nal Iy t hreaded shaft 9 of the said | ead screw. The hollow spindle is
at t achehigoinvemions enbodiet or lnzeaalrgﬁgrqcmm@ﬂctgatof thast st porersdidly @ha@dlﬁh@n t he
rotor r e pvert s t he, rptati on into

T near " kiRt BRushRhe PEPIOCLARHT Gt s t5%s ol ey} near
act uat omohattighplate 412l £ pdStivk ésdbsdkae@mraTENB6llow REindlcOsS -meidtdra ahreaiape
of- the anti-rotating shaft 10 of the said | ead screw. The anti- rotating

shaft 18dotateseVit g 16tor e Whe {aad sergPoagrade Bp of Rhreadetishats sdiiahiis mait@e‘dﬁhc k
system f?1fe_ ihfdfhaP Hhrbad bP AR MAOW §liRile CHIPI Sl tating shaft that has a cross-section

that is shaped to prevent rotational motion when fitted through a fixed hole that has a

matching profile. This hole forms part mounting plate which is fixed to the stator of the
BLDC motor. As the rotor tumns, the internal thread of the hollow spindle causes the lead
screw 10 move in a straight line along the rotor axis. '.When the lead screw reaches the end of
the stroke, the feedback system incorporated into the drive electronics senses this position
' and switches the direction of the revolving rotor. This causes the lead screw to move linearly
in the opposite direction. The rotor switches direction again when the lead screw reaches the
end of the opposing stroke and the cycle is repeated. Unlike current linear actuators which
utilize a slide component takes up precious space in addition to the nut and lead screw, this
linear actuator invention has only a single shaft extending from the. actuator body. This is
useful when the device to be driven can only be accessed through a small opening, such as in

the case of a vacuum pump.
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Page 16 of 28 Portescap Patent Application - Rev 2 a tach nmagnet 7
attached to the said rotor 2 a sensor magnet 11 attached to the end of the
thread;ibshaft 9 of said lead screw a hall effect sensor 14 that is placed
in a fi rtesqqpre t he said sensor magnet ot al
state e?t he sai d screw approaches the retr%?ergq\g%dﬁa b ﬁeggtroke
a tach pattern 16 inprinted on the said printed circuit board 5 a
programabl e mcrocontroller 2. A method of fabricating the Iinear actuator
defined in claim1l that consists the steps o maki ng an internal thread
i nsi de OVFHEBER REIENMANT INF@RMAHEMHSOI‘ magnet 11 to the end of
the lead screw nounting the hall effect sensor 14 at the retracted end
stroke of the |ead screw 3. The nethod of dynamically correcting the actual
stroke tor defined in claiml to the designed
stroke *’E&gpﬁuﬁ/oggi Rgégﬁilpﬁtﬁﬁer pul ses in the formof an algorithm
stored inside the mcrocontroller defined in claim3. 4. The nethod of
sensing the conpl et e ENGYPSIRE he said rotor of the |inear actuator defined
in claim1l by checking the aRgse tachoneter pulses at the end of each
extended and retracted stroke of micww-gorithm stored inside
the mcrocontroller defined i CONTROLLER

PC BOARD

MOUNTING MOTOR DRIVER
PLATE PC BOARD

Picture 1. External view of the linear actuator

ROTOR ENGCLOSURE MICRO-
CONTAINED CONTROLLER
INSIDE THE PC BOARD
ENCLOSURE

MOTOR DRIVER
PC BOARD

LEAD SCREW THAT
RETRACTS AND EXTENDS

Picture 2. Another view of the linear actuator
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5. The method of sensing overloads to the linear actuator defined in claim
1 by checking the absence of the tachoneter pul ses during each stroke
traverse not including the end of each stroke and turning the motor off in
theforpﬁ m stored inside the mcrocontroller defined in
claim 3 M ortescap ABSTRACT Pat ent A;ﬂaltelﬁaﬁnpilnatlomeﬁeﬂ 2Thi s

i nvent For— i ; :

nodi fied conventi onal brushl ess DC (BLDC) m)tor and corrprl ses a hoI | ow
spindle, a lead screw, a nmounting plate and a position feedback system
The hol I ow spindle has an internal thr and rotates with the rotor. The
| ead screw is made up of a thre Is mated with the internal
thread of the hollow spindle,- shaft that has a
cross-section that is shaped to notion when fitted
through a fixed hole that has a# ‘ his hole forns part
mounting plate which is fixed to the § BLDC notor. As the
rotor turns, the i nINTERNAL hread of 't¥ ndl e causes the | ead
screw to nove in a FHREADHNSIDETE xis. Wien the | ead screw
reaches the end of THEHGLULOYKe, the m i ncorporated into the
drive electronics s&RINILE hi s positi 8s the direction of the
revolving rotor. This causes the | ead ¢ velinearly in the
opposite direction. The rotor switches’ BEMHNGRen the | ead screw
reaches the end of th@%ﬁﬁ%@“ngﬂe and the cycle is repeated. Unlike
current |inear actuators which

Picture 3. Sectional view of the actuator showing the internal structure

ENSOR MAGNET 10

Picture 4. View of the hall effect sensor mounted on the enclosure at the rear of the actuator

ANTI-ROTATION PORTION
OF LEAD SCREW

Picture 5. The part of the lead screw that is shaped to prevent rotational movement
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utilize a slide conponent takes up precious space in addition to the nut
and | ead screw, this |inear actuator invention has only a single shaft
extending fromthe actuator body. This is wuseful when the device to be
drivenwi% ssed through a small opening, such as in the case
of av aﬁZZ of 28 Portescap OTHER RELEHWNpINHM-iRMZ

Pl CTUR -BOARD

Pat ent Appl [ catlon - Rev 2 M CRO CC]\ITRC]_LER PC BOARD Pi cture 1. External
view of the linear actuator ROTOR CONTAINED | NSIDE THE

WIRES FROM THE HALL
SENSOR TO THE
MICRO-CONTROLLER
PC BOARD

Picture 6. Wires running from the hall effect sensor to the microcontroller board

ROTOR
TACH MAGNET

MOUNTING
PLATE

Picture 7. Actuator with the enclosure removed
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ENCLOSURE ENCLOSURE M CRO- CONTROLLER PC BOARD MOTOR DRI VER PC BOARD LEAD
SCREW THAT RETRACTS AND EXTENDS Pi cture 2. Another view of the |inear
actuat or Page 23 of 28 Portescap | NTERNAL THREAD | NSIDE THE HOLLOW

SPI NDLEP&P Patent Application - Rev 2 Picture 3. Sectional view of
t he actla aﬁe I nternal structure L SENSeatdvid@dplicMibMTERy 2T END

d L E,/\L_l CCDO\A/

TN OO AV Y

Picture 8. Enclosure with hall effect sensor mounted

TACH
MAGNET

INTERNAL
THREAD
{blue)

HOLLOW SPINDLE
{shown transparent)

Picture 9. Rotor assembly with hollow spindle
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Picture 4. View of the hall effect sensor nounted on the enclosure at the
rear of the actuator ANTI-ROTATI ON PORTI ON OF LEAD SCREW Pi cture 5. The
part of the | ead screw that is shaped to prevent rotational novenent Page
24 of2 S a Patent Application - Rev 2 WRES FROM THE HALL SENSOR TO
THE PC BOARD d. Picture 6. W pPagentWppliogtidn om:,t,lae hal |
effectéép.sg;t_gmme m.crocontroller hoard PO] I\ Al e
PLATE Picture 7. Actuator with the enclosure rem)ved Page 25 of 28
Portescap Patent Application - Rev 2

Picture 10. Motor driver printed circuit board

Picture 11. Magnetic poles of the tach magnet
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Picture 8. Enclosure with hall effect sensor nounted TACH ROTOR MAGNET
HOLLOW SPI NDLE (shown transparent) Picture 9. Rotor assenbly with holl ow
spi ndl e Page 26 of 28 Portescap Patent Application - Rev 2 Picture 10.

Mot or dB i‘ﬁg Lrcuit board Picture 11. Magnetic poles of the tach
magnet 6 rtescap PI CTURES OF ACTUAL Habhait Apgdieatiod\pRlev@at i on
- Rev 2-Rage-28-9f 238

PICTURES OF ACTUAL MODEL
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