ISSN : 0974 - 7435 Volume 8 Issue 3

LioSechn o/oyy

A Tudian Goarnal
—===> FyLL PAPER

BTAIJ, 8(3), 2013 [324-329]

Rigorous design and implementation of an innovative eectric
generation unit for a portable self-powered lung air flow meter

Z.L.Gaing*, SH.Wang? C.H.Lin!, C.M.Lin?, C.Chen®
1EE Department, Kao Yuan Univer sity, Kaohsiung, Taiwan, (CHINA)
2M E Department, Kun Shan Univer sity, Tainan, Taiwan, (CHINA)
3Ditmanson M edical Foundation Chia-Yi Chrigtian Hospital, Chia-Yi, Taiwan, (CHINA)
E-mail: zIlgaing@cc.kyu.edu.tw; songhaow@hotmail.com; 01994@cych.or g.tw

ABSTRACT KEYWORDS
An innovative portable self-powered digital lung air flow meter with a Axial-flux permanent-magnet
useful electrical generation unit (EGU) isproposed, for the monitoring of generator;

asthma and the measurement of the expiratory strength, using an electrical
signal generated by the EGU. The EGU must be ableto provide sufficient
electric power to the proposed surveying instrument when a blower uses

Cogging torque;
Finite element method;
Lungair flow meter.

theinstrument. The EGU is composed of apneumatic turbineand ahighly
effective generator. A pneumatic turbine is used, in the form of a Pelton
turbine, which has less air resistance and allows increased mechanical
power for generation. A coreless axial-flux permanent-magnet (AFPM)
generator, which has the advantages of simpler construction, lower
cogging torque, light weight and small size, is also used to measure
expiratory strength in this paper. The experimental results show that the
proposed EGU exhibits excellent performance and provides sufficient
electrical power to the proposed portable self-powered equipment, without
vibration and noise. © 2013 Trade SciencelInc. - INDIA

INTRODUCTION self-powered lung air flow meter isproposed for the
monitoring of asthmaand the measurement of expira
Asthmaoccursinthelower airways, fromthetra-  tory strength. The structure of the proposed meter,
cheadowntotheaveoli (air sacs). Asthmaisan expi-
ratory problem, caused by anarrowing of theairways
and anincreasein airway resistance”. Inorder to moni-
tor asthma, doctorsgenerdly useapesk expiratory flow
meter. A digitd lungair flow meter measuresthepatient’s
maximum ability toexpd ar fromthelungs, or the pesk
expiratory flow rate (PEFR or PEF), asshourenin Fig-
ure 123,

For digita applications, aninnovativeportabledigita
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shownin Figure2 composessix mainunits. Theseunits
can beform asingle portable devicethat hel psto diag-
nose and monitor asthma. Further, thisproposed meter

Electrical
Generation
Unit

(a) The proposed equipment

(b) Perspective drawing of the EGU

allowstheuse of the equipment anywhere, without of
the need to recharge or change batteries. Another ad-
vantage of themachineisitsrdiability.
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Figure?2: Theproposed self-power ed digital lungair flow meter

However, inaself-powered digital lungair flow
meter, thee ectric generation unit (EGU) isamain key
component. TheEGU not only servesasthedigita Sg-
nal generator for the presentation of air-flow data, but
a so actsasthe energy sourceto rechargethe batteries.
This paper proposesan innovative EGU, with both a
pneumatic turbine and a coreless AFPM generator,
which providessufficient e ectrical power to the pro-
posed portabledigitd lung air flow meter.

CHARACTERISTICSOF THE PROPOSED
ELECTRICAL GENERATIONUNIT

A practica EGU iscomposed of apneumatic tur-

bineand ahighly effective generator, asshownin Fig-
ure 3(a). Theformer behaveslikeawind turbineand
thelatter isahigh-quaity permanent-magnet (PM) gen-
erator. The equivalent circuit model for the proposed
electrical power generation unitisshownin Figure 3(b).
Figure 3(c) isthe curvefor the DC output voltage of
the EGU.

In order to maintain an unhindered airway for expi-
ratory flow without obviousairway resistanceand ac-
curately measurethe peak expiratory flow, apneumatic
turbine cannot assume the structure of aHAWT or
VAWT that isusudly used in wind powert¥. Hence, the
pneumatic turbinemust beredesigned to meet theneeds
of the proposed meter.
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Figure3: Electrical power generation unit

Currently, theaxia-flux permanent-magnet (AFPM)
machineisan attractive aternativeto theradia-flux
machines used in wind-turbine applications>". Ina
corelessAFPM generator, the permanent magnet (PM)
replacesthefidd winding, sothe copper lossesaredimi-
nated. Furthermore, the stator ismadefrom anon-mag-
netic non-conducting materid with alightweight struc-
ture, such asPEEK engineering plastic, soiron losses

areal so eliminated. Therefore, corelessAFPM gen-
erators have the advantages of simpler construction,
lower weight and size for the same performance, re-
duced lossesand higher efficiency!.

PNEUMATIC TURBINE

A Pdtonturbineisused asthe pneumatic turbine.

s LBioTechnology

An Tudian Yourual



326

Rigorous design and implementation of an innovative electric generation unit

BTAIJ, 8(3) 2013

FULL PAPER o

Themechanica power of the Pelton turbinemodel is
dependent onthedrag forcesfromtheairflow. Thedrag
force produced is caused by the pressure difference
between theairflow hitting theinner part of the blades
andtheair blowing agang theback of theblades. When
thereisan airflow with speed v (m/s), the kinetic en-
ergy avalableis:
By =5 MV &
To convert the kinetic energy, E_, to mechanical
power a theinterval, t, theairflow power, P_, can be
expressed asfollows:

1

Py =5 PAV @

At standard temperatureand pressure (STP= 273K
and 101.3 KPa), theair density, p, isequal to 1.294,
so the power of the airflow isproportional totheair
density, the areaof the segment of airflow being con-
Sidered and the airflow speed.

In (2), themechanica power generated can becal-
culated, but it should be noted that the pneumatic tur-

(a) Structure

bine cannot convert al of theairflow power into me-
chanical power, for generation, because some of the
arrflow energy isconsumed in pressure changesacross
theturbineblades. This pressure change causesade-
creaseinvelocity and therefore usableenergy. There-
fore, the mechanica power (P_) and torque(T ) can
bere-expressed respectively as

1
P =11, = Z1CpPAV” ®)

In(4), omistherotating speed of turbineand » and
Cp aretheefficiency coefficient and the performance
coefficient of the pneumatic turbine, respectively. The
performance coefficient dependson airflow speed, the
rotationda speed of theturbineand bladeparameterssuch
asthepitch angle (6, ) and theangle of attack (0,), as
shown asFigure4. The pitch angleistheangle between
thelineperpendicular totheblades’ motionand thechord
lineof theblade. Theangleof attack istheanglebetween
therdaiveairflow ve ocity and the centerlineof theblade.

O

(b) Angle of attack (8,) (c) Pitch angle (6p)

Figure4: Sructureof apneumaticturbine

CORELESSAFPM GENERATOR

A single-sided cord essaxid-flux permanent mag-
net (AFPM) generator is designed for the proposed
device, asshownin Figure5(a). Thisiscost effective,
reliable and simpleto manufacture®. The proposed
corelessAFPM generator usesonested! rotor discand
one non-magnetic non-conducting stator disc. The
former carriesthe NdFeB permanent magnets, arranged
circumferentialy around therotor in aN-S-N-S ar-

BioTechnologqy — cmmm—

rangement, as shown in Figure 5(a). The latter uses
PEEK engineeringplastic carrying coilstoeliminatethe
cogging torque and to reducetheironloss. The pneu-
matic turbineisthenintegrated with therotor disc of the
AFPM generator. Themagnetic flux 1oop of the6-d ot
8-pole corelessAFPM generator isshownin Figure
5(b). Theinstantaneousinduced electromotiveforce
(EMF) of each phaseis

e, (t) =D N ABwsinet o)
Cc=1

where, B, istheair-gap magnetic flux density.
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Figure5(c) dso showsasmulated 3-D air-gap flux
density distribution for the proposed AFPM machine,
used to predict theinduced EMF of the stator wind-
ingd¥. Figure 6 showstheoutlinesof flux density at
different measurment position.
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IMPLEMENTATIONAND PERFORMANCE
TESTING

TABLE 1 showsthe geometric parametersof the
proposed coreless AFPM generator. The proposed
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(a) 6s8p Coreless AFPM Generator (b) lumped magnetic circuit (c) Air-gap flux density using 3-D FEM
Figure5: Electrical power generation unit

pneumatic turbine and the corelessAFPM generator
are assembled to form an EGU. Figure 6 shows the
prototype of the proposed EGU.

TABLE 1: Geometric parametersof the proposed AFPM
generator

Phase 3(Y) Air-gap (mm) 0.5
Pole 8 Stator diameter (mm) 50
Slot 6 Rotor diameter (mm) 46
Rotor yoke A5C Coail turns 900
Stator PEEK Speed(rpm) 300~1500
Magnet NEOMAX-35

(a) Measurement position

Usingtheresultsof practica experiments, Figure 7
showstheinduced voltage profilewithno-load at arated
speed of 600rpm. The peak value of theinduced volt-
age, determined by 3-D FEM, is5.36 (V) and the prac-
tical test voltageis5.8 (V). Figure 8(a) and Figure 8(b)
respectively show the peak val uesof theinduced volt-
ageswith no-load and heavy-load (100€/phase) at dif-
ferent speeds. Thesolid lineistheinduced voltage, de-
termined by 3-D FEM, and thedotted lineistheinduced
voltage, determined by practicd tests. Ascanbeseenin
Figure8, theresultsfor the practical testsarea most the
sameasthosefor thesmulationusing 3-D FEM.
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(b) Outlines of flux density at different position

Figure6: Air-gap flux density

Figure9 showsapractical induced voltageprofile
generated by ablower. Theresult of thepractical testis
almost the same astheideal induced voltage profile
showninFigure3(c).

Theresults of these experiments and comparisons
show that the proposed designisfeasibleand that the

corelessAFPM generator can provide sufficient elec-
trical power for theportabledigital lungair flow meter.

AnEGU that isfreeof coggingtorque, smdl, light-
weight, low-speed and that haslow vibration and noise
and high efficiency, providessufficient € ectric power to
the proposed equipment. The proposed EGU composes
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(a) LCD Panel, rotor and stator

(b)The assembled equipment

Figure7: Prototypeof the proposed equipment
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Figure10: Induced voltage profilegener ated by ablower
(measur ed using a Sefram DA S600)

apneumaticturbineandahighly effectivegenerator. The
pneumétic turbine, intheform of aPeltonturbine, gener-
atesmechanica power. A sngle-sded cord essaxid-flux
permanent-magnet (AFPM) generator a so providessuf-
fici ent €l ectrical power to the proposed meter. Theex-

perimental resultsshow that the proposed EGU hasex-
cdllent performanceand that it providessufficient eectri-
cal power to the proposed salf-powered equipment,
without vibration and noise. Sincethe proposed EGU
exhibitsexcd lent performance, it formthebasi sof asdlf-
powered digital water flow meter, infuturework.
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