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ABSTRACT

A bending type design and application presented for the construction of
segments permanent magnet (PM) actuator made up of thin plastic strip
with segment PM, rectangular PM and support. The strip consists of one
layer good bending functional plastic sheet and PM segments under the
action of magnetic force, thus obtain amaximum center deflection of bending
plastic strip. The N45H (sintered neodymium-iron-boron) material is used
for the segment PM and rectangular PM. The purpose of this paper is to
investigate the center deflection of thin plastic strip with segments of PM
under bending. The center deflection performs as the stroke length in the
segment PM actuator. The important of this paper might be contributed to
the innovation of mechanical part designs. The segment PM actuator can
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produce stroke length with its own magnetic energy.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Therearesomemagj or actuating methodsused and
gopliedintheconventiond actuators. It isoften aready
tofindthegpplicationfiddsin eectric, hydraulicand air
pressure. Inthefield of permanent magnet (PM) actua:
tor, theactuating method istill under goinginvestigated
and designed. In 2013, Tiegnaet a.™ reviewed the
state of theart of analytical modelsin the pre-design
stagesfor the PM machines. In 2012, Hs el presented
the magneti zation reversa application of micro cantile-
ver, ferromagnetic, multilayer thinfilmsinthe PM ac-
tuator under the action of external magneticfield. In
2012, Chen et d ¥ designed aPM spherical actuator
by using arator with 8 neodymium-iron-boron (NdFeB)
PM polesand astator with 24 coils. In 2010, Arunanidhi

and Singaperumal used Terfenol-D (Th, ;D,, Fe,,,

madein USA) rod with high dynamic servo valveto
design the magnetostrictive actuator (MA). In 2009,
Jiaet al.® used the giant magnetostrictive materials

(GM M ITbX Dl—x I:ey ’ X= 027 -~ 035 1

y =1.9 ~1.95, madein China) dender rod to design
andimprovetheproportiona plusintegral plusderiva-
tive (PID) feedback control of the positionin thegiant
magnetostrictive actuator (GMA). In 2009, Watson et
a ¥ introduced therotationa, bending and torson types
of actuating mattersin the ultrasonic actuator. In 2008,
Ishiyamaand Yokotd” presented the cantilevered MA
constructed by 1x5 mm amorphous Fe—Si—B magne-
tostrictivematerial with 1.1 u m Cu substratelayer in
the 10 kA/m magnetic fields and produced 153 u m
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displacements. In 2008, Oh and Ahn® introduced some
applications and concepts of micro systemsused in
magnet actuator e.g. micro vaves, micro pumps, micro
mixers, micro mirrors and micro switches. In 2008,
Grunwald and Olabi® des gned the MA with Terfenal -
D dender shaft of 8mm diameter and 79mm length, and
found theel ongation of shaftisproportiona tothemag-
neticfield intensity. In 2007, Ghodsi et a.1*% used the
high temperature superconductor (HTS) and thebimetd
stripscomposited of 40mm Iength, 8. S5mmwidth, 1mm
thickness Galfenol (Fe-Ga) and stainless steel to apply
and control apositioning actuator. In 2004, Ackermann
et al.* used aspherical PM actuator to simply con-
struct the high-fiddity force-feedback joystick. In 2003,
Jiles and Lo*? presented some improved magnetic
properties e.g. magneto-resi stance, magneto-optics,
magneto-el ectronicsand magneto-elasticity intheap-
plications of magnetic sensorsand actuators. In 2002,
Coey™ introduced one of the PM actuator applica-
tionsintheuniform magneticfield. In2002, Kruusing™¥
presented the optima magnetic force cal culation and
measurement inthecylindrical PM and coaxia planar
coils. In2001, Janochd™ surveyed theactuating types
of magneticfield driven actuatorse.g. electromagnetic,
€ ectro-dynamic, magnetostrictiveor magneto-rheol ogi-
ca (MR). In 2000, Howe'*® showed the application
fields of magnetic actuatorsin aerospace, automotive,
industrial, healthcare and computer. There are some
particular motionse.g. rotary, linear, continuousand lim-
ited inthe magnetic actuators. In 1999, Carotenuto et
a ' demonstrated the piezod ectric actuator with adisk
stator of 32 mm diameter, 0.2 mm thickness, with the
cylindrical PM rotorsof 6 mmdiameter, 5mm length
and with prismatic beam asthelinear output for 1.21
m/sveocity, 0.51 N forcesinthe 18V voltages. In 1997,
Clagyssen et d .18 used the GMM rod of 20mm diam-
eter, 100mm lengthto design andinvestigate thelinear
MA. In 1996, Fastenau and L oenen*¥ introduced the
sintered NdFeB PM materia used inthe applications
of CD-lensactuator, personal computer (PC) card hard
disk drives (HDD) spindle motors, voice coil motor
(VCM), loudspeaker, magnetic resonance imaging
(MRI) and automotive.

Theauthor has some experiencesin thefields of
generdized differentid quadrature (GDQ) computation
and application of MA. In 2013, Hong!?® introduced
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an application of abendingtype MA. The center de-
flection of thetwo-layer |laminated strip with Terfenol -
D and plastic material under bending performslikeas
the stroke length in the MA. In 2012, Hong'?! pre-
sented the computational center displacement GDQ
solutionsof magnetostrictivefunctiondly graded mate-
rial (FGM) plate (Terfenol-D, S,N, and SUS304)
with four sidessimply supported under rapid heating.
Inthesimilar gpplication, itisinteresting to investigate
the center deflection of the strip with segment PM and
plastic materia under bending in the segment PM ac-
tuator. The segment PM actuator is made up of thin
strip, magnet and support. Thethin strip consistsof PM
segmentson thetop surface of plastic material sheet.
The purpose of this paper isto present an available
strokelength feature for the center deflection of thin
strip under bendingin the segment PM actuator.

METHODSOFAPPLICATION

Design and construction

A bending type of the segment PM actuator iscon-
structed asshownin Figure 1. The PM actuator com-
posed of actuation shaft, thin plastic strip, ssgment PM,
rectangular PM and support. The actuation shaft per-
formsthedirect output motion of actuator. Theplastic
sheet of dimensons63mm x 12mm x 1 mmused as
thethin plastic strip. Themagnet material N45H (sin-
tered NdFeB magnets) isused intheapplication. The
magnet of dimensions 10.5 mm 5mm 3mm N45H
used asthe segment PM. The magnet of dimensions
10.5mm x 5mm x 3mm N45H used asthe segment
PM. The magnet of dimensions 75 mm x 14 mm x
5mm N45H used astherectangular PM. Therectan-
gular block of dimensons93mm x 63mm x 16 mm
aluminum used and cut off inside asthe support. The
rectangular N45H PM isfixedinthesupport. Thethin
plastic stripissimply supported and parallels 17 mm
apart from rectangular N45H PM inthe support.

Declar ation of thetest methods

Theusudlyinternationd standard test methodsused
ASTM standards and 1SO standards that define the
performed way and theprecisonresultin2011 by Liu
et al.[?2, Inthispaper did not usethe method of inter-
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Figurel: Theconstruction of bending typesegment PM actuator
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Figure2: Thel-5numbersof segment PM fixed on thetop
surfaceof plastic strip

national standard tests, used only personal investiga
tionview tofind the prdiminary and smpleresults.

Segment PM and plastic strip bending test

Thesegment N45H PM fixed on thetop surface of
thin plastic strip. The 1-5 numbers of segment N45H
PM located at the symmetric position with respect to
the center of plastic strip asshowninFigure 2. The
samedistance4 mm between each segment N45H PM
used for the 2-5 numbersof segments. All of themag-
netic pole N of segment N45H PM isupward to the

Figure3: Bendingtest of onesegment N45H PM on thethin
plasticstrip

Figure 4 : Bending test of two segments N45H PM on the
thin plasticstrip

plastic strip. The segment N45H PM and plastic strip

bending upward when the repul S ve magnet force comes

fromtherectangular N45H PM. The center deflection
s Patoriolsy Science
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Figure5: Bendingtest of three segmentsN45H PM on the
thin plasticstrip
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Figure6: Thecenter deflectionsof theplastic strip vs. num-

ber sof segments

[=]

Figure7: Providethestrokelength and lift theload for 3
segmentsPM actuator

of theplastic strip providesthe avail able strokelength
inthe segment PM actuator. The bending testsof one,

two and three segments N45H PM fixed on the top
surface of thin plastic strip are shown in Figures 3-5,

respectively.
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RESULTSAND DISCUSSIONS

The center deflection values of theplastic strip for
the 1-5 numbersof segmentsN45H PM are shownin
Figure6. Thecenter deflection vauesfor the 1-5 num-
bersof segmentsare Imm, 2mm, 3mm, 2mmand 3mm,
respectively. Itisgood for 3 numbersof segments PM
actuaor to providethemaximum center deflectionvaue
(3mm) asthestrokelength and lift theload asshownin
Figure 7. The direct output center deflection can be
amplified to an enough available value (greater than
3mm) by using thelever arm device. Thesimilar ex-
perimental result can be compared with the center de-
flection of self-deformed composite material presented
by Trakakisand Galiotisin 2010 by hesating an epoxy
strip (270mmx 20mmx 1.8mm) embedded with car-
bon and glassfiber'?¥, the steady center deflectionvaue
3.5mm can be found at 400s and 110°C. In conven-
tional mechanical actuator devicethat converts exter-
nal energy (created by air, electricity or liquid) into
motion and force. Inthe segment PM actuator, bending
type design can provide another actuation motion by
usingitsown magnetic energy. Theimportantin thefu-
ture of green energy, thisapplication might be contrib-
uted to theinnovation of mechanicd part designs.

CONCLUSIONS

A simplebending type design and application of
segments PM actuator presented and constructed by
thin plastic strip with segment N45H PM, rectangul ar
N45H PM and support. The 3 numbers of segments
PM actuator can provide the maximum center deflec-
tion value 3mm asthe stroke length and lift theload.
Thebending type design can perform an actuation mo-
tion by using its own magnetic energy in the segment
PM actuator.
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