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brushl ess DC notor. BACKGROUND OF | NVENTI ON Conventional notorized |inear
actuators found in the market today are driven by either the stepper or
the hybrid notor. The stepper version is used for |ight applications while
the stronger hybrid is used for heavier applications but is nuch costlier.

A maj o ese two notors is linear s limtatjon. SThi
Iinelar Mﬁggnon is powered by a convent P?%g?"t Rﬂ'ﬁ?bgg'&v( LDC)
nmotor and 1s able to produce high force at high reciprocating speeds. An
internal nut and a | ead screw convert the rotational notion of the BLDC
notor to linear notion. In addition to the typical «circuit that drives the
BLDC mBDESCRIPSTION sensor and microcontroller are used to switch the
not or cl ockw se and counter-clockwi se at the correct instance. Page 3 of 3
Portescap Patent Application - Rev 2 BRIEF DESCRI PTI ON OF PRI OR ART The

Br ushl known as the BLDC notor is a rotating electric
machi nwgﬂ@ﬁgﬁlzﬁlb nd in many applications, fromtoy ca?s to

phot ocopi er machi nes. They are. .generally preferred conpared to other DC
mot or s [HBeas Reeipsrcatipg Actuabys diHizing & Brashiéss DC Matorci ency, | ow EM

(el ectromagnetic interference), |ower tenperature rise, excellent

i nst ant aneous speed variation and | ow audi bl e noi se. The typical BLDC notor
has a 3-phase stator coil that generates magnetic field that "pulls" the
rotor which ntially_ is nmade of pernmanent nmagnets forned into the shape
of a riFJ&i‘D&i“ZﬁVYESTgb or is energized in the correct sequence, the rotor

rotates _and noves as quickly as the rotating electromagnetic field. Hall
sensor sThig @V&@rﬁwnye@r?bpb%#va@ thpfeprovides 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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"brushl ess” conmutation (electronic conutation) of the notor. They are

pl aced next to the rotating rotor magnets and provide the "position”
information of the rotor to the notor drive circuitry. This notor driver
controls the smooth rotational novement of the rotor by firing
(energm ? t set of stator coils based_o M.otor si tion.
These Mot st §)%?control | er features such aspf’g?{'h 'g?t'%?BﬁY% not or
enabl e and directron rnput. The tachoneter output I1s represented by a
square wave (al so known as tach pulses) which provide information on notor
speed and nunber of rotations. The wave is generated when the magnetic
field BRIEFBESERIPTIONOF PRIQBAREgnet) which is attached to the rotor,

cuts the path of a conductor that is laid onto the drive PC board. The
nmot or dhabBrshltsaD0r motarnetso dmewni ke the BWDICc motdrats 4 estating slectricumashion) and

"di sabl es” (turns off) the nojor. Lrection input i s.another sw.tch that
cont r oPESh AT BupHh reany BPHEIgRS. LR ASY SHe LG BbuPSSRanedats, pihey e
appl i Cabh@Ripy Pr&brrdd RiParl 1 GHPNMBO mdddHEPSecadsey of leéiﬁffongﬁﬁbﬂf@,”mgh@ﬂ of
any kind, valve control ‘and many nore. There are literally hundreds of
types eBici¢ricyedpwadiMhbt(eleciperoagnstis interfarenaebt lawerc bampesituiendissst repcelleath
type provides specialty . in riQus., paraneter such as speed, accuracy,
price rl%s\rﬁagnga}nef)ﬂé)ﬂ)sefgI‘f%%%l,oncﬁnrgg%vf/ a}l%gp,noslslem constraints, axes of notion,

etc. Linear actuators can be broken down into different classes Page 4 of
4 Portescap Patent Application - Rev 2 hut the one that relates to this

i nvent i188 tyRicyRLPRanoter has adsphase piatoncatlithy) geperiss magagtis feldha) inullsT on
such a r ' l: posi.td s are
sual o REGH THRN BESen ST RRRCT pefthleRe rag e Sl inRERe h Al SERSAES P
They anghetsehd statorais\eatigited infthd carats sequehcegshd rodersdotatesl anduhoviatasapujickly

t ti t ' duct ' ' I ke.
O S g SO TP LS ! DR o2l e

“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
pulses) 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 control 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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are also used for electronic commutation in the BLDC notor. The

m crocontroller is essentially a "special purpose mni conputer" that
executes one specific programthat is stored in its nmenory. They have

i nput and out put ports that receives and sent signals to the device that
it is ) : his case the BLDC notor. Th ar ften spal |, and

| ow comgﬁﬁ ery little power to run thenﬁg%ép@%ﬁt'@ ngf’@scap
Patent Application - Rev 2 SUWARY O- THE TNVENTTON This T1near actuator

i nvention produces high Iinear force at high speeds and is powered by a
conventional Brushless DC (BLDC) notor. Instead of a regular rotating shaft
f ound ibut theeonenthehedlatey PCthis inyientiem issonavihal pravédesigeiprocatirg mosinafused Hat
extends_and.retracts in i pr i.ng i.0 Devices to be driven are
attachélagltl%tlf)ﬂéu%nac? ngmfrﬁiplslﬁ@%a(‘?%p %%Jtszrnjrgéenr&mqshée}%r actuators found today
have a slightly different configuration. There is a nut that rides al ong
an external screw thread driven by a notor, To prevent the nut from

rot at i ALl pesitipn srasee pEusyally iged gy ap dntggial aart 06 andosed dpem eedbagki epatiebmber
that Nasebl DPnaS abeBtkaf bMGuricly BY HehR LR iMRbistAP afihatidhll SuSthbd
menber takes up space and theselinear actuators may not be applicable
when usenhpbnientgsémiveddsqpac@anufhanrisy aopdtesiand shevhlot) uAs penponddhabose cbes
hole to the d%ﬁzhr%gn1is made as Sna%'@ﬁngOSSible to mnimze air |eaks.
The | i AESFSQRIEAPOF CCHINRARRHRR ¥} i P¥%esol ves this probl em by
doing away wth the slide nenber. The noving shaft is the only conponent

present outside the actuator body. This shaft can be nade very narrow to
fit thridegmidaroeongnetlel ishessentagdbnintypedialt herppsapinio cawpelss' that tehecuteli aphr agm

l-gre evrr/a Isﬁ%ci(%ﬁcgﬁﬁ)%?a% %hatt ri1sasttorrg8l§1? itlélrr)netnp(;r? ﬂ\é}? Hzti\lfeolplpu ra%dtobl?pul?lf)c?gs {B%E 1(')ercéiv|ese ad

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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spindl e, nounting plate and position feedback system The Brushless DC
Mot or The BLDC notor used here is a conventional type that conprises a
stator with a wound coil, an outside-spin rotor with permanent magnets
bonded to it and el ectronics required to drive the notor. In a typical

not or com ng out of the notor bo I s.shaft |
attachepgﬂ%mm revol ves together with ngtqng%pge? BS\’/\Er to
what ever device that 1t 1s driving. In this Tinear actuator, the shaft
does not revolve. Instead, this shaft noves linearly along the rotor axis
as it extends and retracts fromthe notor body. It provides "pull"™ and
"push” SUMVARY QR HEINYENREINi t is attached to, for exanple, a diaphragm
in a vacuum punp. This shaft forns part of the |ead screw, which will be
expl ai b limeade¢tnatbr invention produces hegh lingar feicomt highépgfmmmdsw powengil Iny aef er

2 Thecomsted ayp e GALDKadr PR mir R rotct PR R PR (AR e te

the r ohgihANBLDIDURIBN tthidf “héi@fied’ Ohtort Aad hNGAR {Hat |leénd§ tandl Sretfdle inlfa Of
two different portlons The threaded portion of the |ead screw mates with

t he i nresiprasatingmeetipnofDavices ko be duvenprpattached tuthsend of gios thadn of the | ead
screw is a shaft that has a cross-section that is shaped to prevent
rotational novenent. This part of the | ead screw extends out of the notor
t hr ouglCusrefiplin¢aptaatuatogs Fuaing toddyhhaveshsipghtiyhdifferenbt@tfgmrationh Theee iseaduscrew
cross-section. Devices that require the reciprocating action are attached
to t he thahgidss alopg an external sqrew tllﬁﬂa# G5V SIh PH @170t L oI Y g the it tfrquy rofating

coONpPOnGhth thBaLkred! 1488 td BEgliGaftoShbEMIbAg & sBEd AL@BEr thhi¥ss t be bS1AkREELd tO

traverse length of the nut. This slide member takes up 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
moving 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 BLDC motor used here is a conventional type that comprises a stator with a wound coil,
an outside-spin rotor with permanent magnets bonded to 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
attached to the rotor and revolves together with it. It provides power to whatever device that
it is driving. In this linear 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”
and “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 as the lead screw.
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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 |ead
screw. As the rotor turns, the threads of the hollow spindle and the |ead
screw convert the rotational nmotion into |inear novenent of the |[ead

screw. : te The nmountin | ate has t rposes,. Firstly, it
i s useﬂ?%tsﬁ?pnear act uat or gn!too t he dev}w@égﬁiré)ﬂpﬁ\‘:?t'a?’i'veﬁ "~ for
exanpl e onto the housing of a punp. Secondly, It prevents the Tead screw
fromrotating with the rotor. The nounting plate has a hole with a shape
that matches the anti-rotating shaft. The anti-rotating shaft of the |ead
screw slides in and out of this hole to create the |linear reciprocating
not i 0“-Thyleea¢'?8%iew on Feedback System The position feedback assenbly
conprises a sensor magnet, a hall effect sensor, a tach nmagnet, a tach
pat t er Imhenidad sthe®r Re@Bpaal dfathe nidthasionshist cageRs thid tofationdl ABYERENtORE €S
stacked along the axis of the | ead screw stroke, is_attached to the end of

the | edBtosde Spearpagiions Biis mageupeddyp dodereat PoSHpRS: chbe Bicadege@ortion ofifhe ha| |
Sensor jkzy ‘f}ﬁ%ﬁ ﬁf&tt%gm@qeg%%{eh&{'th%ﬁf&thgﬁoﬁcﬁﬁ@pm@a%@%tﬁé BRlcA diind %g@' s

its state screw 1s at the end the retracting stro
tach megrest isi xshalfiethstiegser @bssasectiorgthas isashtpadhecrtvent hetatiatab movemept. afles j ust

above a tac attern inprjnted.qn the printed circuit bqard.that hquses
he. motiit @ the FRg P exdyicut gt theygpeir Hhre BenFQIRtRS half yitheyshape £haf el ds
from tf}ﬁﬁl_cl‘i@%%i@ﬁ t}f%ulrea@gére\%%réslgese&t?&h E@&i&@srﬂﬂaMhﬁitPe tﬂeﬂ%@ipﬂ{&%%}ioﬁ a€l! €s

of electrical pulses. Wien viewed on an oscilloscope, they have a
attached to the end of this shaft.

The Hollow Spindle

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
device 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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square waveform The frequency of this series of pulses is proportional to
the speed of the rotor. The mcrocontroller circuit basically consists of
a programrabl e mcrocontroller chip and its supporting el ectronic devices
and is typically integrated onto a printed circuit board (PCB) together
wWth t ' ectronics. The m crocontrol |e ircuit.is gonpected
to thepp%t%ns% sensor and the notor drive ck?gﬁﬂgﬁpyﬂcﬁ%"'ﬁeva

m crocontrolTer, which acts as the "brain™ of this system senses the

vari ous signals and executes the necessary tasks based on the firmwvare or
program codes that has been pre-programmed into it. One such task for
exanple, is "commandi ng" the notor to start, stop and reverse its

di rect HQn; r Lari ai f t r i

oads. 010 naffShHELRRIEEAFSE pottbh ALAMMEURbOmbBRt: ARPId BBl SAGRP, | .
fir matie letisbréw doalthd eal efitRsredtactingsrdkbose rel ated to safety can al so be
I ncl uded. Actuator Operation During operation the rotor rotates |like a
regul ar notor. The rotary notion of the rotor is transferred to the

i nt erna| I i pdl 8. N HNSJ 1 hi L,

spi ndl 2 (t:%ir?\vﬁér setSPL{e}Qr%tagg!agr?arFﬁgremr@S%{ c?ﬁ ﬁ\?gmgpﬁgog%n%ée%gr#&oﬁo?ﬁg trgm(\éﬁt I ng

| ead sopattern iWpemtddhen aled pahted discufti bard shat tholiesd thie, motoe eldcopoics rircakdyer

conman the notor to rotate | i rection that causes the |lead screw to
ot ac T hdmER Foe bt St e SO R BORiet CUARIY Dok RETED ARGt he
hal | sespOprodede8 G Seried @ fERual ipllsthIe WRaNelelved fdndr o&fi11dsbspes Ry ORav@BHNEL
Page 8 of Portescap Patent Application - Rev 2 (placed at the end of the
nmovi ng sfesael wavelonwn. alhet fiequengpnet thirasesies ofprlsss isi propertidnal Hp she pped of ithe

capt ur eqopy the mcrocontroller. The mcrocontroller then commands the

rotor £0°%t op and

The microcontroller circuit basically consists of a programmable microcontroller chip and its
supporting electronic devices and is typically integrated 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
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

Page 8 of 8



reverse its direction of rotation causing the |l ead screwto nove in the
opposite direction (extend). During shaft extension, the mcrocontroller
keeps track of the traverse length by counting the tach pul ses generated
by the interaction of the magnetic fields of the tach nagnet and the tach

patterpg nl! MCircuit board. \Wen the tac ount reaches_a _preset
val ue, "t h r §§ ler tells the rotor to chan é&l"?gp&ﬁ'f"%&?? oRe%dai n.
The | éad screw W I now begin to retract and this cycle is repeated.
However due to inertia, the rotor does not stop instantaneously when

changing direction. This may cause the reciprocating shaft to overshoot
its i n{glackdmt sheendoofsthe mnving lgadiscrewhes theanagnevpassagracrassét, and thisgiganl & f ect

the stroke l.ength of the tuator..ln view of this potential robl e a
spec: aPabgieadR i afierep it qu michetiBienticd oRaBBT My Blar BIFRER. Co
Cor r eclevetdei i$s pheaNENOftatn ehsing the 1ELE sewetoohotdién BADGppoRiterdiRbEbrIST NG
various thread configurations, this actuator can be designed for various

| oads Aftdenshe ddringoshalh extensiqne e mppPeRndiollenkeeppargek of she Gavmsse keagipbypat ent
Appl i C%{)}ﬁrﬁﬂl " tHReMUCK ﬁuﬁ%E%Bﬁé\&% %ﬂ}ﬁ{@%%’“@ﬁ tl’lAé'\lBaE S URERS ggfat‘ﬂ'e Nert

shows the cross-sectional® view of” t I near actuato aw ng 2 shows the
| i near neaghetasml thehtach patesse cnf therprirched eirchivbodrie When thotahi dognisteatlies a

Drawing 3 is. a close-up view of the anti-rotating shaft wt
ant i - r TS tlug, the %@9&@&0%&1%{1? ihs Tgort chingedts Airectian Agaiiy .t} he s S8 hat

has a nahaBEefYo etk 3hd B &l ish&eaftdiaw Ng 4 shows the | ead screw that
is threaded at "one portion and an anti-rotational shaft at the other

portion. Drawing 5 shows the anti-rotation hole feature on the nounting
plate. However due to inertia, the rotor does not stop instantaneously when ché.nging 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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Drawi ng 6 shows the tach pattern on the printed circuit board. Pictures |
and 2 shows the external view of the reciprocating |linear actuator with the
main conponents | abel ed. Picture 3 shows the sectional view of the |inear
actuator. Picture 4 is a view of the hall effect sensor nounted at the rear

of them pe 5 shows the part of the | haped
to prevent rot a§9§ novenment. Picture 6 shows t%@gwikgwﬁﬁﬂ% c e t he

hal| effect sensor to the mcroconirollTer PC board. Picture 7 shovvs t he
actuator with the encl osure renoved. Picture 8 shows the enclosure with the
hal | effect sensor nounted. Picture 9 shows the rotor with the hol | ow

spi ndl REFERENFESTGHEHE DRAWINGSIANDBUSsTYREShpt or driver printed circuit
board Picture 11 shows the | ayout of the magnetic poles around the tach
magnet Draagel stowsfthd Groposactenal yieaobthe liApepIaiccatdron - Rev 2 DESCRI PTI ON OF

best P?ﬁ%@%ﬁ%@%&ﬁ%%ﬁ Slaie AT o R Bl ERE MRS 12

use. Thmywwg b iba EBSEH T%h@&wldf tﬂeta%erovunhQ dheft &% BR GRS-rbRtidhaWrbgSsedtion
t hrough 6. BLDC Mot or is invention refers to a |inear reciprocating

actuator dri velnsidy the kadnobtheinepiating plate et kesiamatshing lapdgatation pofide. The
ot or ?%%gfhgsf ¥hO| S tﬂg lé’aat ?{?é@%lafalsstﬁl%% A ohe ?-Oﬁgo%r a[nlﬁ 1‘%0?&&10951%%21& aor cui t

board contail nin Ive an m cro roni cs
Spi ndl e the other portlon

Drawing 5 shows the anti-rotation hole feature on the mounting plate.

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 linear 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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A hollow spindle 8 with an internal thread 6 is attached to the rotor. The
hol | ow spindle is made fromnetal. The internal thread is nolded out of
engi neering plastic such as glass reinforced PBT (pol ybutylene

terepht hal at e) or PA46 (polyanmi de 4/6) that is able to vvithstand t he high

phy5|c eratures. The rotor is the te s ator
riding on two%% I ngs 15 Lead Screw The Ieadre’gge?rg\rb ifﬁﬁ? tz

made up of two d|fferent types of shafts, the threaded shaft 9 and the
anti-rotating shaft 10. One end of the threaded shaft has a recess that
will facilitate the assenbly of the sensor nmagnet 11. The anti-rotation
shaft HHESGREPBEANLQE [ PRIFERBEDHENERODS THat it can prevent
rotational notion when fitted through with a stationary matching hole.

Thi s hdlhe foﬂowmgrdstsmptibhé)elmudtscrigesgathafoestmctetprbsendx ptilimdefsbr patdecing Ae
attachnent .. feature at t do tion shaft .th Wil |
be. wsed 1iatiog FarcHaFHEL Ee TR Ao BBl Vi e B frapatetch o
are scriwugiheeads (external ly or internally threaded) and hooks. The two
shafts can be nade fromone solid netal piece or joined together either by
interference fit, adhesives, screw or any other nethod that is strong
enoughbtl?%dqg)[d 'Ihe two parts together. The holding strength nmust be
greater an the maxi num |inear force of the actuator. The 2- pol e sensor
magnet Thss ailvemidiedfdre td Adineardeciprdchting hoteatciedriveor iy ® tonwieatiordd hasideespin Page
11 of 11 Portescap Patent Application - Rev 2, Munting Pl ate The mount i ng
pl at e Prushigss O mote t“&b%mttrohqsr?ereyeaﬂﬁ rqter n@d%at&na%ttatoraﬁa RalIIRGHE
mount | agouitBh& (PEBFAEMuEAhothe iitfe MPhRrdltniBIE Fectidffls! 0T mOUNtiNg the

| i near actuator onto t

I Cce

Hollow Spindle

A hollow spindle ® with an internal thread ® is attached to the 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 9
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-rotation 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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that it is driving. A hole 13 with a shape that matches the anti-rotation
shaft 10 is nmade at the area where the |ead screw protrudes out fromthe
actuat or body. The Position Feedback System A ring-shaped tach nmagnet 7
that has been pre-magnetized with poles around it (pi cture 11) is attached
to the a tach pattern 16 that ISI the PCB. The
tach mtg%m%nerat es electric pul ses R'\Ppﬁﬁﬁﬁ%? @eh el ds
fromthe tach magnet cuts through them when the rotor IS rotating. To

pl ace the hall sensor 14 at the rear end of the actuator, sone kind of
stationary nmounting device is required. One possible nethod is to have a
nmetal encl osure that envel ops the whole rotor (picture 1) and secured to

t he m)LMltl Is| 9412{‘9 A small printed circuit board sits at the top of the
encl osure ? fittire 4, 8) secured by two screws. The position hall sensor is
sol der dgthe nh@uriting $>1d?£”baaamh 1aradacmaa itd thenseomsis nidde ofmiktaifanihas tved rRahiing
stroke of the | ead screw. We t he sensor nmagnet 11 attached to the each

of t he holssa@t §%Crhéwdrﬁf\ﬂ%f‘splﬁ§s‘t’h1€h areised f%retﬁ%rtmgtth%hn%%ﬁ@étor Anfortbe dayjfet i c
pol ari tﬂé{atflto gﬁé b vﬁﬂi‘é apMih & I deDYRA oR M- ﬁﬁa@o &Eﬂbafs‘ﬂﬁ&fk dthife
mcrocontro Ier e5| es provi r?g a nounting surface for the hall sensor,
t he encaraswiieze dedead s‘cmvcptommﬂesamxtzfrmﬂfetajmdmrlbodythat prevents human
contact with the spinning rotor. Slots around the enclosure allow for air
ventilation around the notor. The sensor board is then connected to the

M CT OC oMb Flslifoh AP Sk \WhiibmWi res. These wires carry the signal fromthe
hal | sensor to the m crogont roller. The mcrocontroll er board, which

cont ai nsringehgned-taqhrroggretm it haschass pre-moihasized Mith pohes drowndsit ﬁpgmtq hyg is
| ect 6 d tly to.t d
boar o, SRAERaPrnpaner I AEve i R € v o6 VB chrnbil o *obage

12 of }attern 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 method is to have a metal enclosure that envelops the whole
rotor (picture 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 each 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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Portescap Patent Application - Rev 2 Stroke Correction Methodol ogy This
net hod was devel oped to correct "shaft overshoot" and "shaft underrun".
Shaft overshoot is caused by rotor inertia which makes the shaft travel a
little further than designed stroke before the rotor conmes to a conplete
stop a ) irection. Both shaft oversRhopt .and.,.underryn (i.e.:
act ual Et okeesmmmn desi gned stroke) are Caﬁgge&tappgc%%- Hﬂ‘nét S
varying 1 n magni tude. One exanple of this kind of Toad 1s the vacuum punp
where the vacuum pressure (load) is built up over tinme as nore and nore
air is punped out. The correction nethodol ogy is described as foll ows.
Upon péweke Gprreetinn Mediodelogxrol ler is progranmed to retract the shaft. Wen
t he sh h t t d |6 SE 4t & £SO ghet
t oggl egjhishg{ eﬁgﬂ%} %éls f%gf {Ogge&nggrc.eoqm?ﬂes%%ro g%gl% drtolaltngr géqg{tsﬁl{lﬁgﬁﬁaché%%%nt to

zer o abvémhsotiinsdused by ok inbtianwhichi makeshkishartt travel avittle figthet thanhlesighed N t he
opposite direction. This cause the | ead screw to nove away. fromthe sensor
(ext endtreks Brigre thesratore comenio AotomRISie 5P @Re dRVRTSRS i airetion: | Bophp shaft

m croc r.a hsd: ' | ses
gencr ab o st #hd oSSR, fieabnalskile ol Ealuoh BRARNOKOTRE DhisDB LY Aokt

fi xed mthatherargingtiachagnitudes Ondemamplecofpthissiand ofihdadr isdbt escuua purep etheval ue,
the m crocontroller c&rrr{ﬁnd not or to.stog. Thi s, preset .val ue iorreﬁ{l}onds
to t hiHRPYRRTeSPrOReD dh JHt W ov§idime At Jio5r andgiore 2 ih Pemped Sltve That
the t aghrE@dnehethedold isRaddibe®hs oML I ¢ pol es that generates 45 pul ses
per rotor revolution, and the threaded shaft of the |lead screw has a pitch
of 2.44 mm (i.e.: the shaft noves forward/ backward by this anmount in one

r ot or volution). Jf the r jred stroke length i.5,18 n {
nonber Pt g usBabRAtct TE ofestf ey TR g ot Wbed e
traver seché&s th.réttactederfifor tHe first Jiake, [Bhel S®Sor 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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This will be the preset value. \Wen the pul se count reaches 336, the

m crocontrol |l er sends the stop signal to the notor. However, due to
inertia the rotor does not stop instantly when commanded to stop. It wll
continue to rotate while slowing down at the sane time. During this

decel e m crocontrol | er keeps on coyn t he tach uI ses
unti | M$MO a conpl ete stop. Page 1355 ; "?%HBJ)'F? Q3R ¥>§t ent
Applicatron - Rev Z The difterence between the actual nunber of tach

pul ses and the preset value represents the overshoot. The overshoot val ue
is subtracted fromthe preset value and this result wll be wused as the
"pul se T@gmferencw batweenethe astuabnumber oft trelk puls@aaridnge presehialpe espresaats dhanpl e,
assune th shaft r 5hoot n t t

ext endQve ﬁ%" e n?‘éef%lc%)ﬁ ,E/:?loﬁls §ubtg%ted igr rptdtﬁg ppe%gt!r Szﬂ tax\(,ﬁ] ?l'ps résu VB‘?I lée7

pul ses ukéd &s the6‘7ptm& samt’ baymdnetﬁmxteﬁe@ngmede 333“a)smgTd51e1t}£a‘ pxree;ou‘s teearnplese
count for the next extension stroke will be 336 - = 269 pul ses At the
next e%ﬁsé‘ﬁsq Hratstheoalt preshaots theyiiptengdsd @aﬁﬁ%débert &t drgpexipeds ank theil se
count e t. the
e i e S e g an B A T

bef or e desigeed 336) Wirhérefomeigke pililge ¢aino fortthe s¢it ext@nsibn strdles wibltger and w I I
finally cone to a conplete stop at the desired position. In sone
applications, the load is not constant but changes over tinme and this wll
al so affect the stroke |ength.33gnegrbagaphred stic of the BLDC notor is
that its torque changes with the |oad. A heavy load will slow the notor
down and vice versa. In the Ilnear act uator, this attribute causes the
stroke J.ength to var Ioadtht has, ch e ni t ude
From & K BF aorb eBign Reoth 19 moRcitf e SPamsati K Roprhan e muse ek o

our earédchEs BORNPInGe this value is smaller 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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assune that the | oad has increased this tinme round and the rotor cones to a
conplete stop at pulse count 329 (Note: it would have been 336 if the | oad
were constant). This is 7 counts |ess than the preset count of 336. This
variation will be added to the pulse count (currently 269), nmaking the new
pul se Par to 269 + 7 = 276 pul ses Thiss, coryrection i g repeated
each tine attﬁm every extension stroke. Wkﬁtﬁrﬁi@pﬁﬁ?%%'b: ﬁe%?roke

| engt h deviation caused rotor inertia or varying lToad is virtually

el imnated. Page 14 of 14 Portescap Patent Application - Rev 2 O her
Features The actuator has a safety protection feature that switches the

not or &lthenkrsfres s an overload, i.e. when the load is above the capacity
of the t.or. ne due to
the' 1 narg by hef S3pIRERcMcton TRUAR BARSIREL uknoBF PGR TG oDERatLC

t he nofi.er when thesload lis abuvdetthe capaciteas etk hewsr. May ocaliad witlecansd the metot $o t 0

burn. This safety feature is acconplished by addi ng codes to the firmware
whi ch &rugs Bxich higatidyero thyingreased,RreRunpigganto the cqihwindipg,  Injthe e4FRGded

to rot 35& I?r'rg mtoﬂﬁr@illagtglfl %ﬂdﬁﬂg If'no%usé@ﬁe@tfﬁlgyg c%lgseitﬁé tnﬁ:jt& &;iﬁeto tﬁlrﬁ.i Mg out i's

enabl e ] the notor. Page 5 Portescap Patent

that swtches o
Appl i casfenfeatirRevs 2ccadhplishE] Wyaddding cddeis ntedthe sirmfwaré whiole analysssi thedaelt | ng

B b SRR g S S BB il S o

a certain time, a time-out is enabled that switches off the motor.
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The BLDC notor of the said |linear actuator conpri sing: arotor 2 a
stator 4 drive electronics nounted on a printed circuit board 5 The |ead
screw 3 of the said |inear actuator conprising: an externally threaded
shaft 9 which is mated with the internal thread of the hollow spindle 8
an ant ' 10 with a cross-section shape, that prevent

rotati MQ%% fitted through a natching f"ﬁeﬂtaﬁ’&’ﬁﬁatﬁ%’f éﬁf‘ézBoth
the externally threaded shaft and the anti-rotating shaft are joined
together to becone a single conponent. The holl ow spindle 8 of the said

| i near actuator having an internal thread 6 that matches the externally

t hr ead 0L ARMS9 of the said | ead screw. The hollow spindle is attached to
the said rotor 2 along its axis of rotation such that when the rotor
rotates, the internal thread converts the rotational notion into |inear
novene of the |ead screw. The nounting plate 12 of the said |linear

act uat oY A 51ANed ol e 13 whose shaped matches the cross-sectional shape
of the anti-rotating shaft 10 of the said | ead screw. The anti- rotating
shaft 10 of the lead screw fits through this hole. The position feedback
syst emlof At lireas a¢aiproeatmgr achurteral compusipg iasbmghlessRigest Torait (BLIFOY metwap

Pat ent licatien - Rev.2 tach t 7 att. tq the said rotor 2
= sensor FEbRar T iniste bR TG, et hPE R P ErS o caid 1 ead

SCrew

The BLDC motor of the said linear actuator comprising:
e arotor’
e 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
spindle ®
e an anti-rotating shaft '® with a cross-section shape that prevents rotational motion
when fitted through a matching stationary hole "
Both the externally threaded shaft and the anti-rotating shaft are joined together to

become a single component.

The hollow spindle 8 of the said linear actuator having an internal thread § that matches
the externally threaded shaft ® of the said lead screw. The hollow spindle is attached to
the said rotor * along its axis of rotation such that when the rotor rotates, the internal

thread converts the rotational motion into linear movement of the lead screw.
The mounting plate '2 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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a hall effect sensor 14 that is placed in a fixed position where the said
sensor nmagnet can toggle its digital state when the said | ead screw
approaches the retracted end of the stroke a tach pattern 16 inprinted on
the said printed circuit board 5 a programrabl e mcrocontroller 2. A

met hod ' ) he |inear actuator defined n,claim.l that_consists
t he stme% an internal thread inside t 8‘%‘6?\%‘%@%‘?%&‘8"@
attaching the sensor magnet 11 to the end of the Tead screw nounting the
hal | effect sensor 14 at the retracted end stroke of the |l ead screw 3. The
met hod of dynam cally correcting the actual stroke |length of the |inear
actuat or def ateah magnst adttached v thesaidestpyned stroke | ength by using the
tachoneter pulses in thefor f an a rithm storedoi psi. he

or ocont o | @meaner Mgt nediclrblohe R IFlbe e bt s ah i bt Rerompl et o
stop of the ¢sgirdlefe@seRfor!Nhal isHERE AEL HALPoHESH WRSke R safd &hRr'miBhet
checki ng the absence of tachoneter pulses at the end of each extended and
retracted str olmetdggletitsedifivalrstaté whaen gegard lehdrsarewrapproacissis diee tekbracted end of

m crocontrol | ?}{f’ qie?ﬁ(i ned in claim3. 5. The nethod of sensing overloads to
the |inear actifat'd“defined in claim1 by checking the absence of the
tachonet er Rubseh FAMEINY ifRpGHted bh YSsald FYRES BirélRE bdaR¢? udi ng the end of each
stroke and turning the notor off in the formof an algorithm stored inside
t he m cr ocentampobgrenmableimecbdontrallai m 3. Page 17 of 17

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

e mounting the hall effect sensor ' 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 each
stroke and turning the motor off in the form of an algorithm stored inside the

microcontroller defined in claim 3.
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