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Li near Reciprocating Actuator Utilizing A Brushless DC Motor FIELD OF

I NVENTI ON Thi s invention concern about a device that provides |inear

reci prog:pgti ng_noti on powered by a brushless DC notor. BACKGROUND OF

1 NVENTI ert torized linear actuators f i ar oday
are driven by ee;tﬁgatpe‘o stepper or the hybrid not ?ré?g?r@@?gﬂggfﬁ%&r ion
is used for light applications while the stronger hybrid is used for

heavi er applications but is nmuch costlier. A major drawback of these two

i i limtation. This linear actuator invention is

power ed 124 IPEONal  Brushl ess DC (BLDC) notor and is able to produce
hi gh force at high reciprocating speeds. An internal nut and a | ead screw

convert the rotational notion of the BLDC notor to linear notion. In

addi ti o%lg{rﬁ@&mﬁ?ﬁpwi rcuit that drives the BLDC notor, a position

sensor an er are used to switch the notor cl ockw se and

counter-cl ockwi.se at the correct.instance. 3 of 28 Portescap Patent
Appl i catiAT :ﬁeﬁB(Pcﬁtm%ﬁFEﬁt : ﬁjﬁl%’%éﬁu%ﬁesﬁﬁ(@)&%% The Brushl ess DC notor,
al so known as the BLDC notor is a rotating electric machine which can be
found in many applications, fromtoy cars to photocopi er machi nes. They are
generally preferred conpared to other DC notors because of their |onger

life, hithEEb O%fIN\?li:ﬁ‘fﬁ%N |l ow EM (el ectromagnetic interference), |ower
tenperature rirse, excellent

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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i nst ant aneous speed variati on and | ow audi bl e noi se. The typical BLDC not or
has a 3-phase stator coil that generates magnetic field that "pulls" the

r ot or Wh'#:h l3isenti ally is made of permanent magnets fornmed into the shape
of a ri tor is energized in the correct seaguyence E?he ot or
rotates an rm\%ssgaq lckly as the rotating el ect F@ﬁﬂﬁﬁe‘lﬁ?aﬁf’er Vifal |
sensors are comonly enployed as the T"brushiess™ commutation (efectronic
comut ation) of the nmotor. They are placed next to the rotating rotor
magnet s W Vi ﬁle he sposition” information of the rotor to the notor
drive & |b&§ 51;15%5 rPBF(SMRIontroI s the snmooth rotational novenent
of the rotor by firing (energizing) the correct set of stator coils based
on the rdeddrugigssst PénmotdiesisongtoninsasafhsoBhBfe mosert isod kesptife aleariesmsdthe as

t achonet gr ;0 . : irection.input. The tacho er out put
is repr é@g% %%p%%/foggggﬁgnray\%gbgca?gﬁ%o@ nrllg%c%r% 1 Bc(ﬁocoﬁ)ﬁffrs%% m\’/ﬁﬁrglf*ebrafﬁ/i de
i nf or matgemeralon prefeoed spagaraingd pitd eDComotat ddcans. ofl figivadtet Jife JaNREAL ed
when t he tmagneti c field of ring-shaped nagnet gygqch magnet) which is

at t ache8fiencyndoyo Ml (elgesompgnega: migferencehnryear ofenapeatuies risai ¢xemllest t he
drive P¢ T, : I functions like a swtch that
"enabl esg'l"s ﬁ?gcr)]lés %)%d”g%rgiupg{éggé egﬁc‘ﬁ?{eﬁ{oﬁsse. off) the notor. Direction input
is another switch that controls the direction of rotation. Linear actuators

are useq.in appli ions such_as nedi cal equi pment, punps, x-y tables,.

aut onat &Bﬁ W%rﬁfﬁ Retor B 3gbAts BroaRal PERGRES MpgRFle Beld thatt ebls] y
hundr edgneOfotdr¥iREieh eQdentibiNE R m3&d Hﬁb%aﬂéﬂ%ﬁéﬁeté Porhldg AR hO @hé&n#’ Oling.

i ndustry. Eaeh type provides specialty in various paraneter such as Speed,

accur acyVheprthe stataarigenergizedisn tHeomarecdseqeerice| tmdotosiratates eodstavas mt gnicakes of

! ¢la Sraigtes: syicae
TOLEON, €hfe blIRR cREIRERRC CAAAP® RAPKERGIO e | Sl | EREYed! A5

“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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Page 4 of 28 Portescap Patent Application - Rev 2 but the one that relates
to this.invention is one that provides reciprocating notion used in
appl i catl on such as vacuum punps, conpressors, engines, etc Hal | position

sensors as an integral part of a cl 0 f.eedback
contr ol system #Fey ?e used in a variety of fiel & ?& pigaf'ﬂﬂuﬁer"lzal
automation, autonotive conponents, sem conducCtor nanuiacturing, fobotics
and the |ike. As mentioned above, they are also used for electronic
comutation in the BLDC notor, The mcrocontroller is essentially a

" speci aPUbthepRisethal Filateo i thieinveptinn 1sequsc ek grayides regiprocaiing motigh awed rat i s
stored i, r d uf,.ports that receives and
sent si g af%ﬁ?ﬁo@{kﬁl éé&/aglhgﬁe{ppﬁé?d :ﬂésssg&gh n%“ﬁglér% in this case the BLDC
notor. They are often small and | ow cost and require very little power to
run thegq Page. 5 of 28 Porteﬁcap Pat ent Application - Rev 2 SUMVARY OF THE
| NVENTI &R Elqnl 78OS &E% LSYRBY USEy ahen sHeHRbBRTE 85 arfilepsd loore fredbaskcaentipl hi gh
speeds gpderhs PRULLRALRY A acx%pi\éfé'ngf @i@ﬁis BHshl &35 t% gtﬁbB@lor?.D&Rgmo st ead
of a regular rotating shaft found in the norma nmotor, thrs

"modi fi e@l‘hpwmn@r Sﬁasoadmmartdfatturmg evtisicanod thetlikectAs mendonedexbbpe, abat i ng
not i on. NBNIK tf ‘% driven are atta é]?rtd the end of this shaft. Current
| i near act uat‘%ﬁ;g ISP P ARG oy g @“H’l“frferent configuration. There
is anut that rides along an external screw thread driven by a notor. To

prevent the nut fromrotating _ o
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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with 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 takes
up space_and these linear actuators may not be applicabl e when usedhl n
‘confi nem SC nple in a vacuum punp, the acce ole to the

di aphragm 1 s rrge as shall as possible to mnimze efeqﬁgp@_caﬁﬂg-ﬁeﬁgar_
actuator invention described here resol'ves this probl em by dolng away W th
the slide nenber. The noving shaft is the only conponent present ou':]3| ﬁe

t he act (. body. This shaft can be nade very narrowto fit through the
smal | h%@%ﬁm@F&HN@V&MI% access to the diaphragm The nain
conponents that make up this invention are the BLDG notor, |ead screw,

hol | ow T&jsi lingreactygfoninvastion produees diglolingar derce etliighckesigsindris pdwereBroyshl ess

DC Mot or. glnﬁ)% [ e i s a,converntional type that. conprises a
stator W Iﬂ%ﬁ% mur{g%gslsll?é?gr%%? {85 %%S?er?d_rogitao?egbdaf H&E‘é’?%rg?‘?&fougggﬁé%%
bonded hormdl BDDCehetsr ahisCnédfed’T @btérohsl bVéhaftt et BRIAds ahd RurhdPiif
motor, there is a shaft _com ng out of the notor body. This shaft is

at t achefFiRFOsRBS MR dPRyiGes @by ddvanpye atizchedita theiend of thipshelti des power to
what ever device that it is driving. In this linear actuator, the shaft
does not revolve. Instead, this shaft noves linearly along the rotor axis
as it egusmanisliread ac@htosconind nedayt hee rmgligmﬂpﬁm%ferehtt c?&'@dta@@ﬁ. 'l"lFHéH i'sdq ﬂﬁﬂ
"push” force tq the device that it is attached to, for exanple, a diaphragm
iﬁ a vaﬂ’&hﬁﬁesp@ﬂﬂ‘ﬂﬁ a‘Tﬁ%‘térf’éﬁaﬁfr?WfﬂHFﬁ%dﬁam b maier- Leate st i, nupfioghraigting be
expl ai nggthithe S84R1 ik hhdol ieg Ui 1o ﬁ(g\%gd#@r%a SRMAGES RARE B be A o feeter

i
this itemas~the 1ead screw. Page
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 rr;oves
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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Portescap Patent Application - Rev 2 The Lead Screw The | ead screw forns
part of the mechanismthat converts the rotational novenent of the rotor
to linear notion. It is made up of two different portions. The threaded
portion tt ew mates with the internal thread of the hollow

spi ndl e.P19ero ?&?ﬁ Yon of the lead screwis a s'%é?'?t Application -Rev 2
cross-section that 1s shaped to prevent rotatronal movenent. T1ms part of
the | ead screw extends out of the notor through a non-rotating hole with a
shape that nmatches with the | ead screw cross-section. Devices.that require
the reciprocating action are attached to the end of this shaft. The Hol | ow
Spi ndl e I shaft is a component that drives the |ead screwin a
straighfﬁ??fggs%?wes attached to the axis of the rotor and rotates with

it. Insilde lehd streiv fowns pandifehe sneehanishehmadontvetedaw, rosdtioghl mosergigagedet 0

t he external thread of t?e Iegd screw. As the rotor turns, the threads of
~the hol"PER!SpPFAIITBOUHY K ALMAEGYP O e diderorlr Rortinis. r bleatrelad PrEtanoe that o

l'i near noMERRRY nfafestith ihleqagrrﬁpfh%’gtd ofife MW Eﬂgﬁlg §he offle ggﬁﬂ)ﬂto'fr?lge Blf'iél te
has two purposes. Firstly, 1t I1s used to nount the |inear actuator onto the
devi ce tshiew iss shaftwthardhas facrrossxmotpdretheniscshpeel foqueveng rathticnap uwemee onidb y

it prevents  the |lead screw fro otating with the rotor. The nounting

pl ate h&etpfilylea 'S‘frﬁwaexéﬂl\zlﬁyﬁé’u{ %‘5’6 r‘?ﬁ%%%éou _f?en%'fqtati“(gtlé)cl? Hefhshurpe thepe
anti - r otnadeleg veillfte 104d §d16w |cBRD-sSGTRAW I5¢VidRShat ek ﬁ@treaﬁrotcgt'irﬁg N8R ard ©

create the linear reciprocating notion.
attached to the end of this shaft.

e

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 exémple 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 Position Feedback System The position feedback assenbly conprises a
sensor magnet, a hall effect sensor, a tach nagnet, a tach pattern and a
m crocogtrol l er. The sensor magnet with two nagnetic pol es stacked al ong

t he axi HﬁeWew stroke, is attached to he
screw. Page 7 of 28 Pottescap Patent Application - EEGHQQﬂTﬁéa Qﬁlhgg%Sor

Is placed in a position where the sensor 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 aring is attached to the rotor and placed just above a
tach pattern inprinted on the printed circuit board that houses the notor
el ect r omhé falf bdrebi fspYaced WLPoditiéh WRER hd HnBS mAdiRt BBNELItSJiL b ISl WA tach
magnet cut across the tach pattern which then produces a Series of

el ect ri thellegsidcseys is antleerend; afweireacting kel | oscope, they have a square
waveform The frequency of this series of pulses is proportional to the
speed of the rotor. " The mcrocontroller circuit basically consists of a
pr ogr anpedatle ngheO@OMhE rshhpeetf &Ring @neatiicd toSHOROIOE hAQ pBlceg §EPRbEVISVAGES
and is typically integrated onto a printed circuit board (PCB) together
with t hBatI%ﬁ‘P émpHpiedeorefhecpiiipd ccurieaid debbewntes dhe eroter elesireni¢s ciconiect ed
to the i ] ' ireyipry, The - .

i or oconrnl e for Bins BENAEIcRO Rl R P LRR Mgt Fit b beYocti o ppish

var i ousthsh gnedigesndeeizeofiekstrichlepunieses By iasdd obasadcidioscdpbettel rHarse or

rogram codes that h een pre-programred into it. One such task for
prog square wavetorm. q’ie requerﬁ:y ofpt 1sgserles 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 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
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exanple, is "commandi ng" the notor to start, stop and reverse its
direction. Actuator stroke variation due to rotor inertia or changing
| oads can al so be fixed by incorporating a correction algorithminto the

Ti rrrwarf t?xs tures such as those rel ated saf et an so, be
i ncl uded. Ec! ua or%% ation During operation the rcﬁ*‘g‘?“%'ﬁ%&é@mf‘i%&%z

regular notor. The rotary notion of the rotor 1s (transierrea to tne
internal hollow spindle. The internal screw thread inside this hollow
spindl e converts the rotatignal notion into |inear novenent of the mating
Tead scrBReedpidhe PHbOLE FRGRE ead prresy os e mast B#SSeY 460 & BB I8 pighalds
command i i i t d r to
ot act RIS Phale e @itofir, QI b REhioRE: LA coh TR O RuufB HER R e
hal | sensarsedas datstidref edtatge causirighthentegihetiew foi mlode @fi thdreppssite Afirsdeigmet
Page 8 of 28 Partesc Patent Application - Rev 2 (placed at the end of

t he mvi<?f§errdéa§5%r&ge af%?t?qﬁéowgen@ecra%gr@él%&?%érqc ot 4 travgrse kangHuby i s

hbGted, Jy@hmrﬁwg@m 'tbP thé Evnagn&% %Qm';a&dﬁlg; &h

capt ur eQoBMirdeNtheMath GRARE re

I
rotor to stop and reverse its di rection of rotation causing t he Screw
t o nove magnthandbppoech eadérment itherprintek tiead) boddr | Wihes hiad tachxdomns reanhest e

m crocontrol |l er eps track.of the traverse length by counting the tach
Ul ses  desiet v TS Piarht ROUPLILF BiF tPorine Pansgi 1Eech P A oft PE e sst

magnet aAH nbliebelzard eRhdt @hd R cidieisRépdatedd circuit board. \Wen the tach

count reaches a preset value, the mcrocontroller tells the rotor to

change its direction again. The lead screw wll now begin to retract and
this cygevd hEP %"tiﬁe(;tia, 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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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
t he strWﬂﬁgap actuator. In view of this potential Fr oblem a
speci al "s€ on codes or algorithmis add@tertARplicatippmBeve? t o
correct™ TNis phenonmenon. By changi ng tNe SizZe of the BLDC nmotor and usi ng
various thread configurations, thi s actuator can be designed for various
| oads and speeds to suit various | ications. Page 9 of 28 Portescap

Pat ent WEBENQE\S TQQEHIQDWE NDRIGHERBSAW NGS AND Pl CTURES Dr awi ng
| shows the cross-sectional view of the linear actuator. Drawi ng 2 shows

t he | i néxawagt usttosrs thb eross seedal fvionof the limaat azfuatdre anti-rotating shaft.

Dr awi ng S | ose; up view of the anti-rotatin ft

anti-r otD:{? :I? (iE’IW&Ee Bﬁ Agiyator hbFpXiewed fram Q‘ec?%dtqlggh%’ﬁlnrtofaﬁ‘@gﬁh%\fﬂ ‘e t hat
has a nMEieWingg3 anta closd-ap e RIfahe | @iti-rOfaan Naft v%mwﬁntrbfaub%dcéé‘srs%\éh&hat
is threaded at one portion and an anti-rotational shaft at the other

portion. Drawi n@sﬂeéhﬂ)b@e pﬁ@lemun—tm@pb@m that haslaemétehing asti gatatibie prodilat | ng
| at e. n the printed ci.rcui
Igl ctur e??&‘gaﬁ’d HRW% Hesgrgy?t g’r n15I é{% gfon? Rartionand a3 aati; rﬂ&“ﬂ“ﬂéﬁ?g at

actuator with thﬁe mhbﬂporﬁ@mrponent s | abel ed. Picture 3 shows the sectional

view of the |inear actuator.
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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Picture 4 is a view of the hall effect sensor nmounted at the rear of the
actuator. Picture 5 shows the part of the |lead screw that is shaped to
prevent gotational nmovement. Picture 6 showzI the wires connecti nﬁ t he hall
‘ef f ect #gr rocontroller PC board. Pictyire .7, sho t

act uat or withtt?(?ecnc sure renoved. Picture 8 sho att?'l'ét%‘?fglc\éﬁﬂpé%ﬁ"t% t he
hal | effect sensor mounted. Picture 9 shows the rotor With the noltow
spindle and tach magnet. Picture 10 shows the m)torI driver p&i n':]ed Ci LCUIt
board Pi 0 I f the magnetic poles around the tac
magnet . ﬁ@i@@‘%‘@&é@ﬁ%ﬁt@%@&%ﬁM%ﬁWT%n - Rev 2 DESCRI PTION OF
THE PREFERRED EMBQODI MENTS The fol | ow ng description bel ow describes the
best noddegplbeumgdesetntiondstev descpbesdhe bay mards preseudnuiibred or prosouserthal
use. Thi L - L bhed 4 ofal | with references to drawings 1

t hr ough?%v.ewgb’k)é&en)&qgsﬁﬁﬁlh‘?sg i#ﬂ%@ﬂﬁ@? ‘r’éelzglf}é{r’]‘%s‘]r DETTHRY @a{F%Feél?Fi)F"ogr&E*ﬁ‘% 1

act uat othrdnglvén by a conventional outside-spin brushless DC motor. The
notor has a revolving rotor z, a stationary stator 4 and a printed circuit
board (PCB) 5 containing the drive and microcontroller electronics. Hollow
Spi ndl e pAhrohj.oy spindle 8 with an internal thread 6 is attached to the

rotor. The hollow spindle is nade fromnetal. The internal thread is
nol ded dibis ioferdivgi méees iong liptastdiprosattty @suagdradrdven by a conventional outside-spin

brushless DC motor. The motor has a revolving rotor %, 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 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 °
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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rei nforced PBT (pol ybutyl ene terephthal ate) or PA46 (polyam de 4/6) that is
able to wthstand the high physical forces and tenperatures. The rotor is
then nounted to the stator riding on two ball bearings I5f Leﬁd]c Screw The
' ead sc : s made up of two different eg ,of s ts, the
threade! sgaf!%s%\?ne anti-rotating shaft 10. O%Peéﬁ(f‘p(ﬂ"c?ﬁ "fﬁfetggded
shaft has a recess that wIT fTacilitate the assSenbly ol tne sensor magnet
11. The anti-rotation shaft has a cross-section that is shaped such that
it can prevent rotational notion when fitted through with a stationary
matching hole. This hole is found on the nounting plate which is explained
later. Apghhaphyent feature is made at the end of the anti-rotation shaft
that will be Used to attach to the driven device. Exanples of attachment
f eat ur eShanwustingplatchPewtich (e atahedtd the statérrit eradalof ynetdd raﬁdiﬁeﬂt)\x(fjo ﬁxl@dnth}ﬁg)ks.
The two, shafts can be made from one solid netal piece or joined together
o ther 1Bl it £Bd BF B e M el or Segiing R b ik OrBHASES TREC | s
strong @ReHAY dfiingo! AnbiRe? LW 2 8APE that Qg%ﬁgﬂhe ahfGrofRlofsHgr: SUis GRSt be
greater than the maximum|inear force of the actuator. e 2-pole sensor
magnet &rsa atheecthe deadsctemeponddefout fiont the @aedr podyt.i on vi a adhesi ves. Page
| | of 28 Portescap Patent Application - Rev 2 Munting Plate The nounti ng
plate 12, which is attached to the stator is made of netal and has two
nmount i NGre ReYigsH Bbesdach SRRy of the plate which are used for nounting the
| i near actuator onto the device _

A ring-shaped tach magnet  that has been pre-magnetized with poles around it (picture 11) is
1

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 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
connecfed 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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that it is driving. A hole 13 with a shape that matches the anti-rotation
shaft 10 is nade at the area where the |ead screw protrudes out fromthe
act uat or ody't The Position Feedback System A ring-shaped tach magnet 7

t hat ha%ﬁ eSCaANi zed with poles around it (R M kil Ll S
attached”'to the rotor Tust above a tach pattern 16 ?ﬁg‘%&{i@q}%’f'?ﬁt ggvozn t he
PCB. The tach pattern provides generates electric pul ses when the nmagnetic
fields fromthe tach nagnet cuts through themwhen the rotor is rotating.

To pl aC?{’%ﬂ%?ﬁektﬁ%’e&EQ{Wé@ at the rear end of the actuator, sone kind of

station &'s required. One possible nmethod is to have a
metal  enGiPsiitod Rat @WRIpEPSot BftredhokRaft 19bRAIPI UL afk) uRldufecuspd t o
the mounting plate. A small printed circuit board sits at the top of the
encl osuozersh@tisigansad bgyotgemartedvingh melesteehsl! trave agotde furter Heinldesignedr i s
sol dere 0 i s.,PC hoard and positioned at the end of the.retracti

st roke g%ml%%}é)gﬁ%é%gl es{:olr%cérw?o Sego 2y GRanRlg, sscdg?p ARYAY S I lﬁfl%ﬁbo&‘ t @Qﬁhéﬁ%&ph
of the lbeaghcsmawuidsam @astactubsthklelshe@&rSBin désiged Ghargent Badsb& byagost i ¢
pol arity toggles the hall sensor which then provide a feedback to the

ni cr ocomtat &y Vayinggadnagndtude.oHngi rgmRlenefuthts gd ofideadcis thevaquye prinp versor
the enc I i f i I

cont act et e R St 164D BEBuRS Ry B8 Ehd nE KL Fod RN PESY PONE U T Ihe oy
vent i | acoomect@nongtboddiegynivtdescribéthes fdlosar board is then connected to the
m crocontroller board with wires. These wires carry the signal fromthe
hal | sensor to the microcontroller. The mcrocontroller board, which

cont ai n@pbh?awe@:uppwm tfBIIEF @scgfb%mh}n@a (& HeRac® Nl Ishay. SURRAY thd Ghatt

el ectronic devices (picture 6) is onnected directly to the notor drive
boar d. Taehesathe retoastad éndplor theefirsi tiales theer @nsdrgvagnetnggles 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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in this board. Page 12 of 28 Portescap Patent Application - Rev 2 Stroke
Correction thhodology This nethod was devel oped to correct "shaft

overshoqt ang "shaft underrun”. Shaft overshoot is caused by rotor
inerti am esca shaft travel a little furt h@ratérha!(bpii%%haﬁe@ev% roke
before the rotor cones to a conplete stop and reverses its direction Both
shaft overshoot and underrun (i.e.: actual stroke shorter than designed
eroke) are caused by a load that is varying in magnitude. One exanpl e of
this ki of.load is the,v e is
bui 1t u v Bk by S 1 T BB AR P SR S it dhe

met hodoloeehd&. dHS@Mebﬂfﬂ)oaSth@hi @Mlﬁractéldoﬁﬂorﬂ(lhemrdism vilhe and chiiocesdtrwill B i s
programmed to retract the shaft. Wien the shaft reaches the retracted end
for the Used s the rrulse punseisdie RexgRatensigggiieke t Raswgl on dier BEvioge FXample. The
i cr 0CONL{ld far SEHLSHRC Qb ALRFOUR ih@nddl Bodliof fier HStRACELANA LAP Dt Of
directioni1s h to rotate in t e opposite dlrectlon I'S cause the
| ead scrnﬁwdot:omrmxeg cawipytesrthenovhishoseviday to bx t@nplilstsr @ke)67 pdsdshieeyiond ahe
rotates and extending the shaft, the _m crocontroller Kkee track of the
stroke dr3gRHd Dy TSTSHIE EeP%@eﬁ@%%@§*5%ﬂ@?§¥@8$89S?W@”Fﬁ@ % magnet. Each
revolution of the rotor produces a fixed nunber of tach pul ses. Wen the
pul se count reaches a preset value, the mcrocontroller commands notor to
stop. This preset val ue correspdidds ¢b=26hpuldesi gned stroke I ength of the
actuator. For exanple, assune that the tach magnet has 45 pairs of
magneti c pol es that generates 45 pul ses per rotor revolution, and the

t hr eadedyish@frexOfxtension stroke, the motor will be commanded to stop when the pulse count

reaches 269. Since 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 rhotor 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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the | ead screw has '‘a pitch of 2.44 nmm (i.e.: the shaft noves
forward/ backward by this amount in one rotor revol ution). If the required
stroke ngth is 18.21 mm then the nunber of pulses generated by the tach

magnet ?ptes stroke traverse is 18.21 = 33 ses
This wll be the prese”value. When t he pul se count'£%d§ﬁ§¥ﬁ§§g°n JH

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 will
conti nue % otate while slowi ng down at the sane tine. During this

decel er &f* 3’ “ESthe microcontroller keeps on counting the tach pul ses
until t hgeraehforHa8Sak t t; ent
Application - Rev 2 Tﬁ@/g???@?&ﬁ%ﬁwﬁgﬁaggﬁﬁﬁﬁgﬂig?ﬂ% §WE 1§§§%ng

pul ses andwheretherles@is staivaehe egraegenf shat metorover shabiad Wﬂﬂecauwr}&hﬁoﬁor val ue

|s subtracted fromth et value and this result 'Il d as the
putse. ERUMES R P el et SRR RBN TSRl ool gt ol Bt s el o
assume that tHehﬁloﬁhaki/ﬂl QYRRBAaR suckdi8ed REANHRA cRRSIthé %btw"'@(ﬂls' fo gdrﬁStThls
extends and the nicrocontroller conput es the overshoot value to be 67

pul ses @ifewy. feagire g3 lageamplishieth &yt avidlingd eedeg rtedthsa“a)nwarhevteﬂmaeal} tdvethp uhele

t f k | | | At .t he
Fromt opluskDRoMKE nRAACNF A InGE R BoithdideR T B hubtere 48 00 RERTRETE0T s
count neackiesinZf9.tin%-owds tibedibhtusvitche SofkHeaniofohan t he preset val ue, the

notor will be commanded stop before the end of the actual stroke. Like
before, inertia will cause the rotor to spin a

-
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little longer and will finally cone to a conplete stop at the desired
position. In sone applications, the load is not constant but changes over
time angdathis_wll also affect the stroke length. One characteristic of
‘the BL tesQaPts torque changes with the pLed-adbiiasay -Regc W I
slow the notor 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
magni tude fromthe previous stroke will affect the rotor decel eration
tinme. Bzgﬁ¢£EBESL earlier exanple, assune that the |oad has increased this
time ro e rotor cones to a conplete stop at pul se 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
pul se ¢ i ag&&$qkly 269), nmaking the new pul se count val ue equal to 269
+ 7 = 276 pulses This correction is repeated each tinme at the end of every
extension stroke. Wth this nmethod, stroke |ength deviation caused rotor

inertia or varying.load is virtually elimnated. Page /4 of 28 Portescap
Pat ent App?iltf%ﬁ B RrOgPE A e r C%éarfﬁ%é%ﬁgﬁa%tfﬁmﬁuwg é@o&%wtorf
protectioncjeatiy e fdiRly %&l@h%@ﬁn@iﬁg;ﬁ%@n Alipobiteh ?ee‘d%a@knsvgtgﬁ[! oad, i.e.
when the | oad is above the capacity of the notor. An overload wll cause
the notor to produce nmuch heat due to the increased current running into
the coil wpdi In the extr case, the motor will stall and the

i ncr easedmhg%lb?“ﬁ)ag/m@éﬂsogﬂﬁs@ Bt a‘gB‘fi’tPEquBprbsﬁ‘?gi. This safety feature is

~acconpl i shedeby,; gflgli?2ng codes to the firmmvare which anal yzes the tach

e

e g stator 4

. . . . . 5
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 ® 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 2 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 '? 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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pul ses fromthe notor. If the motor is commanded to rotate but there are no
tach pulses after a certain time, a time-out is enabled that swi tches off
the notgr. Page 15 of 28 Portescap Patent Application - Rev 2 CLAI M5 Wat

is clai ﬁo&%se?gar reci procating actuator 1 rd Sing.a br sg; ess
direct current (BLDC tor, lead screw 3, hollow s?%?érﬁlp{enspé',c Hﬂﬁnﬁéﬁ
plate 12 and position feedback system The BLDC notor of the sard 't near
actuat or conpri sing: arotor 2 a stator 4 drive electronics nounted on

a printed circuit board ,The | ead screw 3 of the said |inear actuator
coPrpri si ng: 'aﬁ%@t%?gﬁléh9‘@#}?&9&865@%@@8 which is mated wit]tl thg i
I nternal thrga 1) | b ool bi -shaft 10 with a
cross-sectioﬁ gﬁ%g}?ﬁgl?&pr%@R?@%#%‘?%@P t%%(%egns%f&hgﬁ%f@?etagaclieh&rough a
mat chi ng st abi ahall yffeelsensbd '"Bobhis phreent £fival positidarerde thesAaf denddtdnidiR
anti-rotating shaft are joined together to becone a single conponent. The
hol | ow spi ndi e Beelerts dgital Srarfwg?n thetsaigtlead seaew appranctien the rsthcted eechdf 6
t hat mat ches {l{gestl%ﬁ%ernally t hreaded shaft 9 of the said | ead screw. The
hol | ow spindle I's attached to )

e atach pattern '® imprinted on the said printed circuit board °

e aprogrammable microcontroller

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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the said rotor 2 along its axis of rotation such that when the rotor
rotates, the internal thread converts the rotational notion into |inear
nmovenent _of the |ead screw. The nounting plate 12 of the said |inear
’actuato"t, ! 3 whose shaped matches the_cyross-s ctLonaF shape
of the ant] -':%’Faﬁmft 10 of the said |lead scr eﬁf{e?igpgﬁf?t-'m?b SYigng
shaft IO of the lead Screwifits through this hole. The position feedback
system of the said |linear actuator conprising: Page 16 of 28 Portescap

Pat ent lication - Rev 2 a tach magnet 7 attached to the said rotor 2

a senso_JﬁﬁbﬁﬁﬂIﬂﬂﬂittached to the end of the threaded shaft 9 of said |ead
screw a hall effect sensor 14 that is placed in a fixed position where the

sai d sensor magnef— can toggle its digital state when the said | ead screw
appr oaches the re{?éthd end of the stroke a tach pattern 16 inprinted on

the said printed circyit boar4 a programiabl e mcrocontroller 2. A nethod
of fabricating the |inkar actugbﬁr deayﬁzd in claiml that consists the
steps of: maki ng an internal t ﬁf i nsidegt he hollow spindle 8

attaching the sensor t 11 to EE%(; d of the | 2ad screw nounting the
hal | effect senso Sy of the | ead screw 3. The
nmet hod of dynam cal | e length of the |inear

actuator defined in | engt h by using the
t achonet er pulse% in
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Drawing 1. Cross-sectional view of the linear actuator
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formof an algorithmstored inside the mcrocontroller defined in claimS3.
4. The nmethod of sensing the conplete stop of the said rotor of the |inear
actuator defined in claiml by checking the absence of tachometer pul ses
‘at the Pngr;mmed and retracted stroke i th{e fo‘:m of %Q

al gorit the microcontrol | er defined 3Nt APRliGAtON Revif o

nmet hod=of—sensing overtoads to tNe ffnear actuaator defrned rn claim1 by
checking the absence of the tachoneter pulses during each stroke traverse
not including the end of each stroke and turning the notor off in the form
of an algorithmstored inside the mcrocontroller defined in claim3. Page

17 of 28 Portescap Patenti,Application - Rev 2 DRAWNGS 1 4 11 2 150 7
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Drawing 2. View of the linear actuator when looking from the anti-rotating shaft

10

Drawing 3. Close-up view of the anti-rotating shaft with anti-rotational cross
section (shaded) 1% inside the hole of the mounting plate that has a

matching anti-rotational profile 13
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13z w I w V10 i FY c¢cn L_J Fi EXTENDED PCSI PION Draw ng 1.
Cross-sectional view of the |inear actuator Page 18 of 28 Portescap Patent
Application - Rev 2 12 0 OMO Drawing 2. View of the |inear actuator when

1 ooki ngmtescap’t ating shaft 10 13 Patent Application - Rev 2

Drawing 4. Lead screw

Drawing 5. Anti-rotation hole feature of the mounting plate
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Drawing 3. Close-up view of the anti-rotating shaft with anti-rotational
cross section (shaded) 10 inside the hole of the nmounting plate that has a
mat chi ng_ant |-rot ational profile 13 Page 19 of 28 Portescap Patent

ga

‘Applica ap 9 '"DO Drawing 4. Lead scr ng
5. Anti-rotatl onﬁq eature of the nounting plat es%gég‘pfijcﬁ?or% ‘Q‘
Portescap Patent Application - Rev 2 5 16 Drawmng 6. Tach pattern on the
printed circuit board Page 21 of 28
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Drawing 6. Tach pattern on the printed circuit board
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