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WccnepoBaHbl napamMmeTpbl Kosie6aHWA pasHbIX TUMOB FPy30BbiIX BaroHoB. lpeasiodkeHO HeCKOoJIbKo
KOHCTPYKLUUIA MNbe3oreHepaTopoB A8 3pPeKTUBHOro Nnpeo6pasoBaHUs MeXaHU4eCcKUX KosiebaHuin
B 3/1IEKTPO3HEPrnio. Ha OCHOBE 3KCNepUMMEHTasIbHbIX AAHHbIX MPOBEAEHO CPaBHEHMEe pasHbIX TUMOB
M KOHCTPYKUUA MNbe3oreHepaTopoB. OLEHEHO KOJIMYeCTBO 3Heprun, Heobxoaumoe pans pa6oTbi
yCcTpoicTBA npuemMa-nepegayvm uHpopmauuun. [MonyyeHHble [aHHble MOTFyT 6biTb MCMOJIb30BaHbI
ANns paspaboTKku Mbe303/ieKTpU4eckoro reHepatopa Toka, NpefgHasHayeHHoro pas obecnevyeHus
ABTOHOMHbIM NMUTaHUEM FPY30BbIX BAarOHOB U NaaT¢opm.

Investigation of vibration parameters of the freight cars is presented. Several designs of
piezoelectric energy harvester are proposed for the efficient conversion of mechanical
vibrations into electrical power. Based on experimental studies a comparison of different
types and designs of energy harvester is performed. The amount of energy required for
wireless transceiver for monitoring location of a vehicle is evaluated. Obtained data can
be used for development of production technology of the piezoelectric energy harvester to
provide autonomous power supply for freight cars.

LIeJISIX OIITUMHM3ALUU PaboTHl CUCTEMBI SKeJIe3HO-

JNOPOSKHOTO TPAHCIIOPTA aKTyaJIbHA 33/1a4a Co3/1a-

HUS eJUHON NHPOPMALIMOHHOH CHCTEMBI, KOTO-
past obecrieduT CaefyoIIMe IIPeMYIIecTBa:

* peanu3aluIo B IIOJHOM o0bbeMe PYHKIIMH aBTOMA-
TH3UPOBAHHOI0 KOHTPOJISI COCTABa [10€3/10B, A TAKKe
yMeHbllIeHHe LITaTa COTPYLHHUKOB, KOHTPOJIHUPYIO-
IIMX COCTABHI [I0€3/I0B;

e BHeJpeHHe Oe30yMakHBIX MHPOPMAILHMOHHBIX
TeXHOJIOTUH;

* TIOBBINIEHME JOCTOBEPHOCTH U OIIePATHBHOCTH OTUETHO-
CTH 0 COCTOSTHUM BaTOHHBIX U IOKOMOTHUBHBIX I1aPKOB;

* BBICOKHI ypoBeHb MHOOPMALIMOHHOIO CepBHCA
BO BHYTPEHHHUX U TPAH3UTHBIX MeXIyHapOAHBIX
[epeBo3Kax.

JlJ1s1 9TOro HeOHXOA MO OCHACTUTD KasKIYIO IIOJIBHIK-
HYI0 eJUHUILY SKeJIe3HONOPOSKHOTO TPAHCIIOpTa Habopom
JATYHKOB, KOTOPBIE CIIOCOOHBI OTC/IESKUBATH ee IIapamMe-
TPBI U OTIIPABJISITH [T0TyYeHHBbIe CBe/IeHH s B LIEHTP 06pa-
60TKYM JaHHBIX. OCHOBHOH ITPO6/IeMO¥ ITPH pean3aliui
TaKOM HJIeH SIB/ISIeTCsl OTCYTCTBHE CUCTEMBI 3/1IeKTPOIIH-
TaHMS Ha IPY30BBIX BaroHax. [IppMeHeHHe 3/IeKTpHUye-
CKUX Kabeser UK TaTbBAaHUYeCKHX 37IEMEHTOB ~ CJIOK-
HOe W LOPOrocTosiliee pelieHHe (1], I03TOMy OGHUM
M3 [IepCIIeKTUBHBIX HAIIPaBJIeHUMN SIB/ISIETCS UCIIO/b-
30BaHMe COJTHEUHOM, BeTPSIHOM, TEIJIOBOM HJIM Mexa-
HUYECKOM 3Heprud [2]. OCHOBHBIM KpHUTEpHEM BbIbOpa
CHUCTeMBbI, IPUMeHSeMON B KayeCcTBe aBTOHOMHOIO
HUCTOYHHUKA 3HEePruH, SIBISETCSI BO3MOKHOCTh PaboThl
B YCJIOBHSIX SKCIUIYATALIMHU JKeJIe3HOLOPOKHOIO TPAHC-
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nopTa. HecMoTpst Ha IIPOCTYIO0 CTPYKTYPY COTHEUHBIX
37IeMeHTOB, [JIsl HUX XapaKTePHO CHUsKeHHe HaKaIlIu-
BaeMOI SHepryy B TeMHOe BpeMsI CYyTOK, a TAK3Ke Jerpa-
JaLlys ONTHYeCKUX XapaKTePHUCTHK IIPU 3aTrpsi3HeHUHU
[IOBEPXHOCTH 37eMeHTa [3]. TepmoreHepaTopsl KMeIOT
MaJible pa3Mepbl U IPOAO/IKUTE/IbHBIH CPOK 3KCILTyaTa-
LIMH, OGHAKO /IS UX 3¢ HeKTUBHON paboTsl HeobxonrMa
bosnpInas pasHOCTh TeMIlepatyp [4]. BeTporeHepaTop Ipe-
obpasyeT 3HepPrHIo IIO0TOKA BO3[yXa B 3JIEKTPOIHEPIHIO,
HO IIPX MaJIBIX pa3Mepax TYpPOHHBI XapaKTepPHU3yeTCs
CJIOXKHOCTBIO KOHCTPYKLIMH K HHU3KOM I1POK3BOAUTEIBHO-
CThIO [5]. ABTOHOMHBIE FeHEPATOPbI TOKA Ha OCHOBE IThe30-
37IeKTPHUYECKOro 3¢ deKTa OTBeUAOT IIPOUHOCTHBIM Tpe-
6oBaHHUSIM U CIIOCOOHBI 3G PeKTUBHO paboTaTh B IIHPO-
KHUX JHAIla30HaX TeMIIePaTyp XU BIKHOCTH, a TaKXKe
BBIZIEP’KHBATh BUOpPAIIUY I MeXaHHUYeCKHe yAaphl, BO3-
HUKAIOLIHe ITPH ABUKeHU U Toe3a [6-9).

Ons obecrieyeHUST MaKCHMaabHO 3beKTHBHOTO
npeobpa3oBaHUs MexaHUYECKOHN SHepruu Bubpa-
LIUH Iesecoobpa3Ho IIPOBeCTH HCCIeLOBAHUS KOJe-
GaHHUH I'PY30BBIX BATOHOB U OIIPEeleIHUTh YaCTOTHBI
IOYaIa3oH ¢ HAaUOOIBITMMU 3HaYeHUSIMU YCKOPEHHH.
IKCIIepruMeHTaIbHOe CPaBHEeHMeE PAa3HBIX THUIIOB I1be30-
reHepaTOPOB [TO3BOJIUT C/ieIaTh 3aK/I0UeHHe 0 BO3MOXK-
HOCTH CO3[JaHUsI aBTOHOMHOI'0 HCTOYHHUKA [TUTAHUS IS
obecriedyeHHsI HABUTALIIOHHOM IT0/IIep>KKH Ha SKeJle3HO-
JIOPOKHOM TPaHCIIOpTe.

WCCNEAOBAHME MAPAMETPOB KOJIEBAHM

I'PY30BbIX BATOHOB

HccnemoBaHMs IIPOBOAMIIMCD Ha Pa3TMYHBIX YYaCTKaX

MOCKOBCKOH >KeJIe3HOH JOPOrd Ha C/IeAyIMHUX TUIIaX

BaroOHOB:

* BAaroH-IMCTepHA Ha Tejeskkax Mofienu 18-100. [JaHHBIN
TUI OBLT BRIOpaH Kak Hanbosee Heb6IArOIIPUSITHIN
C TOYKH 3peHH s JUHAMUYECKOro [TOBeJIeH I, TaK KaK
BarOHBI-LIMCTEPHBI UMEIOT BHICOKH I LIEHTP TSKECTH;

* II0JIyBarOH YHHMBEPCAJIBHBIM Ha TeJIeKKaX MOJeIH
18-9855. [JaHHBIH THUII BaroHa BeIOpaH Kak Haubosee
MaCCOBBIH BUJ, IIOABUYKHOIO COCTaBa. YHHBEPCA/IbHbIE
[IO/1yBaroHbI IIpeJJHAa3HauYeHBHI 11 IIepeBo3KU 60/1b-
IIOF HOMEeHKJIaTyPhl IPY30B, He TPeOYIOI KX 3aIUThI
OT aTMOCEPHBIX 0Ca[KOB: HACBIIIHBIX HEIIbIIEBU/I-
HBIX, HABJIOYHBIX, IITa6e/TBHBIX U TAPHO-IITYYHBIX.
Anmapartypa, perucTpupyromas JUHaMH4YecKue

IOKa3aTe/H BaroHa, pacIiojaranack B BaroHe-1abopa-

TOPUH OIBITHOIO I10€3/a, a alllapaTypa, PerucTpu-

pYyIolLas IOKa3aTelX BO3[eHCTBUS BaroHa Ha MYTh U

CTpeJIOYHbIe IIEPEBO/IbI, ~ B M3MEPHUTEIbHBIX MOIY/ISX,

CTaI[MOHAPHO YCTAaHOB/IEHHBIX BOTH3H M3MePHUTeTbHBIX

Y4YaCTKOB ITyTH.

OCHOBHBIM CPeACTBOM perucTpalluM AaHHBIX
SIBJISLICSL TEH30MEeTPHUYeCKUM ycHIUTenb Spider-8
(HBM, T'epmaHHu$). PerucTpanus oCyIeCcTBIsIACH
C IIOMOIIIbI0 KOMIIBIOTEPA C YCTAHOBIEHHBIM CIIELIH-

n order to optimize the operation

of the railway system it’s neces-

sary to create a unified informa-
tion system that will provide:

« implementation of automated
control of the trains, as well as
a reduction in staff controlling
the train;

« introduction of paperless infor-
mation technology;

« increase the reliability and effi-
ciency of reporting on the car
and locomotive fleet;

 high level of information ser-
vices in domestic and interna-
tional transit traffic.

To achieve this it’s necessary to
equip each mobile unit of railway
transport with a set of sensors,
which can monitor the required
parameters and send their to the
data center. The main problem for
implementation of this idea is the

lack of power supply system on
freight cars. Application of electric
cables or galvanic cells is a complex
and costly solution to the prob-
lem [1]. Thus one of the promising
directions is the use of alternative
sources of energy based on solar,
wind, thermal or mechanical
energy [2]. The main requirement
to the system used as an autono-
mous power source, is the ability
to work under railway transport
conditions. In spite of the sim-
ple structure of solar cells, their
main disadvantage is the reduc-
tion of the accumulated energy in
the dark as well as the degradation
of the optical characteristics due
surface contamination of the ele-
ment [3]. Thermoelectric genera-
tors produce electricity based on
temperature difference, and have
small volumes and long service

life. However, their efficient oper-
ation requires a large temperature
difference [4]. Wind turbine con-
verts the energy of airflow into
electric energy. Its main drawback
is the complexity of the design
and, as a result, performance
degradation with decreasing of
the turbine size [5]. Autonomous
power generators based on the
piezoelectric effect can satisfy
strength requirements, operate
effectively in a wide temperature
range and presence of moisture,
withstand vibration and mechan-
ical shock arising during the
motion of the train [6-9].

In this project for the most effi-
cient conversion of mechanical
energy to electricity the vibra-
tion parameters of freight cars
were studied and the frequency
band with the highest values
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Puc.1. BepmukanbHble KonebaHus 2py308bix 6a20H08
Fig.1. Vertical acceleration of the freight cars

aTM3MPOBAHHBIM IIPOrPaMMHBIM obecrieueHHEM 7151
cbopa 1 06paboTKu JaHHBIX. [IJIsI H3MepeHUsI yCKope-
HUHU UCII0Ib30BAIMCh aKCe/IepOoMeTphl THIa B12/500 c
JHaIa30HOM H3MepeHHH +100g. OnudpoBKa Benach
c yactoToH 200 I'1] 1 GUIBTPOM HU3KHUX YacToT 20 1.
Bech M3MepHUTeTbHO-PerUCTPUPYIOMIME KOMILIEKC OB
aTTeCTOBAH I10 IPUHATOM B PO TeXHOIOTHH U IIPOLIeS
IIOBEPKY.

Kak BUIHO K3 pPHC.1, ypOBeHb BePTHUKAIBHEBIX YCKO-
PeHHH 3aBHCUT OT THUIIA IOABHUKHOIO COCTaBa (KOH-
CTPYKILIMH U THIIA TeJIeXKeK), a TAKKe 3ar Py>KeHHOCTH,

a) Ty

Puc.2. MNbe3o3nekmpuyeckue 3AeMeHmbl: a — MeMbpaHHbil 3ne-
mMeHm; b - 6anouHbill InemeHm

Fig.2. Piezoelectric elements: a - membrane element; b - beam
element

IIpHYeM y TPY’KeHOH LIHMCTePHHI YPOBeHb YCKOPEHHUH
bosnblile, 4UeM y IIOPOKHEH, a Y II0JIyBaroHa Haobopor.

MUHMMabHbIe BepTHKAJIbHbIe YCKOPEHU ST PaBHBI
0,015g Ha ckopocTH 10 KM/4 (COOTBETCTBYIOT MaHeB-
POBOI CKOPOCTH), O HAKO IIPU IIPOXOZe CTPEIOUHBIX
[IepeBOOB BO3HUKAIOT OMHOYHBIE BBIOPOCHL yCKOpe-
HUMH, [IpeBbILIAIONIHEe OCHOBHOM yPOBEHb B TPH pa3a U
bornee.

Ha skcrnyaTallMOHHOM CKOPOCTH (80 KM/4) MHUHHU-
MaJibHbIe YyCKOpeHUs paBHBI 0,054g, a MaKCHMa/lb-
Hble - 0,22g. ONMHOYHBIe BCIIJIECKH YCKOPeHHI, BO3HH-

of accelerations is determined.
Experimental study and compari-
son of various types of piezoelec-
tric generators demonstrate the
possibility of creating an autono-
mous source of power for naviga-
tion support of railway transport.

STUDY OF THE VIBRATION

PARAMETERS OF FREIGHT CARS

The studies were conducted at dif-

ferent parts of the Moscow railway

on following types of cars:

e tank car with the bogie
model 18-100. This type of car
chosen due to its high center of
gravity and the most unfavorable
dynamic behavior.

HAHO MHOVCTPHA #4/66/2016

+ gondola car with the bogie model
18-9855. This type of car was cho-
sen as the most popular type of
rolling stock. Gondola cars are
designed to carry a large range of
goods that don’t require protec-
tion from the weather.
Equipment recording the

dynamic performance of the car

located in the car-laboratory which
is the part of the train; equipment
recording the impact indicators
of the car on track and turnouts
located in the measuring units
installed near measuring sections
of rail.

The main measuring device
for recording data is a strain

gauge amplifier Spider-8 (HBM,
Germany). Data recording was per-
formed using computer with spe-
cialized data collection and pro-
cessing program. For acceleration
measurement used accelerome-
ters B12/500 with measuring range
+100g. Digitization conducted
with a frequency of 200 Hz and a
low pass filter of 20 Hz. All mea-
suring and recording equipment is
certified by technology adopted in
Russian Federation.

As can be seen from Fig.1, ver-
tical accelerations depend on
the type of rolling stock (type
and design of bogie) as well as
load. Acceleration level of the
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Kalollle OT CTBIKOB U 1edeKTOB IIyTH, MOI'YT AOCTUIaTh
0,8g 1 bornee.

YacToTsl KonebaHUE exkaT B mpefenax 1,5-18 I'm.
VIMeIoTC 4aCcTOThI, HAIIPSIMYIO 3aBUCAILKE OT CKOPOCTH
JIBIMKeHM S (OT B3aMMOJIEHCTBH S KOJIeca U pesibca, Koe-
baHMs Ha peccopax), HallpKHMep, IMKOBAsi aMILTUTYAA
py 60 KM/4 HAXOOUTCS HA 4acToTe o0Kojo 5,6 I'ly, a mpu
135 km/4u-Hal2,1T1.

AHanu3 Mo/ly4YeHHBIX JaHHBIX [103BONSIET CeNaTh
BBIBOZIBI, KOTOPBIE ITOJTHOCTBIO ITIOATBEPKAAIOT TeOPeTH-
YecKUe IIPeJCTABIIEHUS 0 KojebaTeIbHBIX ITPOLIECCaX B
CHCTeMe "BaroH - JkeJIe3HOJOPOSKHOE IT0JI0THO'

* C yBeJIHYeHHeM CKOPOCTH BaroHa yBeJHUYHBaeTCs

YCKOpEeHHMe U 4acToTa KosiebaHUH;

* pasHHUIlAa MeXAy IPy’KeHbIM 1 IIOPO’KHUM BarOHOM He

SIBJISI€TCS CYLIeCTBEHHOM,, TaK KaK [TO/THAasl Macca MeHsI-

eTcsi He boJiee ueM B 1Ba pasa.

PA3PABOTKA U UCCNEAOBAHUE NMbE303/IEKTPUYECKOIO
FEHEPATOPA TOKA

Hcxonst W3 mapaMeTpoB KojnebaHUN ITOABHUSKHOTO
cocTaBa, OBIIM BBIOpAaHBI Ba THIIA I1be303TeMeH-
TOB, KOTOpHIE II03BOJSIOT Hauboee 3¢pdeKTUBHO IIpe-
06pa30BBIBATh 3HEPTrHUI0 MeXaHHUYeCKUX Koneba-
HUH B 3/IeKTPUYecKyIo: 6aJIouHBIN U MeMOPaHHBIM.
JlJ1sI TpOBeIeH U ST SKCIIePUMEHTaIbHbIX HCCIIeI0BAHU M
B KauecTBe 6a7104HOro 06pa3siia UCII0/Ib30BaICs IThe303J1e-
MeHT V25W drpmsr Mide Technology, a B kauecTBe MmeM-
6panHoro - I16 100x 0,51 (puc.2). s OACTPONKYU C06-
CTBEHHOM YaCTOTBI II0J], YaCTOTY BBIHYKJAIOIIEH CHJIBL
Ha I1be303/IEMEeHT YCTaHABIUBAJIHCh JOIIOJIHUTEIbHBIE
I'PY3bl Pa3HOHM MacChl. BhIITpSIMJIeHIE 3/IeKTPUYECKOro

Puc.3. 2aekmpoHHas cxema 06pabomku CU2HAAA ¢ Nbe303AeMeHma
Fig.3. Rectifying electrical circuit

CHTHaJIa C IIbe3037IeMeHTa OCYLIeCTBISIOCh C IOMOIIBI0
3/1IeKTPOHHOM CXeMBI, ITpe/icCTaBIeHHOM Ha PHC.3.
M3MepeHH sl TIPOBOJIM/IMCh Ha 3/1eKTPOSMHAMUYeCKOk
BUOpalMOHHOM ycTaHOBKe V650 HPAK-CE. YTo6bI 06e-
CIIEYUTh IIPOrub Ibe303/1eMeHTa BO BpeMs BO3/IEHCTBHS
BHeIIHUX BUOPALIMH, /I7Is1 KaKI0T0 THIIA IThe303/1eMeH-
TOB 6b1/1a M3TOTOB/IEHA CIIeIHa/IbHAs OCHACTKA.
IKCIepPUMeHTa/IbHbIe HCCTIeIoBaHK A 6aI0UHOTO ITbe-
3oreHepaTopa IIPOBOMIMCh IIPH MTapaMeTpax BHeIl-
Hero BO3/JeHCTBUSI, IPHUBeeHHBIX B Tabnuiie. [is psaaa
Pe3UCTOPOB C 3MeKTPHUUECKHUM COIIPOTUBIEHHEM U3

RESEARCH AND DEVELOPMENT OF

loaded tank car greater than the
empty, and the opposite situation
observed for gondola. The mini-
mum vertical acceleration equal to
0.015g at a speed of 10 km/h (corre-
sponding to shunting speed), but
when the train passing through
turnouts single acceleration peaks
occur, which exceed the basic level
in more than 3 times. At opera-
tional speed (80 km/h) minimum
acceleration level equal to 0.054g
and maximum level is 0.22g.
Single peaks of acceleration arising
from the joints and track defects
can reach more than 0.8g.

The oscillation frequencies
of freight cars are in the range

of 1.5-18 Hz. Some frequencies

directly related to train speed

(interaction of the wheel and the

rail, spring oscillation). For exam-

ple, the peak amplitude at 60 km/h
is5.6 Hzand at 135 km/h - 12.1 Hz.

Processing and analysis of the
obtained data fully confirm the
theoretical concepts of oscillatory
processes in the system car-track
and can be summarized as:

« oscillation frequency and accel-
eration increase with increasing
of car speed;

« difference between load and
empty car is not essential as the
total car weight varies no more
than twice.

PEIZOELECTRIC ENERGY HARVESTER
Based on the vibration parame-
ters of the rolling stock, beam
and membrane types of piezo-
electric elements were selected
which provide the most efficient
conversion of mechanical energy
into electrical oscillations. In
experimental studies V25W beam
piezoelectric element from Mide
Technology Corp. and PB 100 x0.51
membrane piezoelectric elements
were used (Fig.2) [10]. To adjust
the natural frequency to the fre-
quency of the exciting force addi-
tional loads of different mass
were installed to the piezoelectric

#4 /66 /2016 NANO INDUSTRY
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[0MONHNTENbHbIR Mbe3osnemMeHT

Piezo element

rpy3
Mpy>xunHa Additional load Z////

Spring

\

Puc.4. YnpouweHHbll 8ud KoHCmpyKyuu 6an04H020 Nbe3ozeHepamopa
Fig. 4. Simplified design of the beam piezoelectric energy harvester

nuamnasoHa 10-1000 KOM 6blIM M3MepeHBI 3HAYeHHU I
BBIXOZHOIO HAaIIPS>KeHK S ¥ MOIITHOCTH IIbe30reHepaTopa
(puc.6).

YT0oO6bI OLIEHUTH BO3MOXKHOCTb HCII0/Ib30BAHMSI [1bE30-
reHepaTopa B KaueCTBe aBTOHOMHOI'O MCTOYHMKA [THTa-
HUS [1s obecrieueHH s HABUTALIMOHHOM ITOAZEPKKH Ha
>KeJIe3HOIOPOSKHOM TPAHCIIOpTe, ObIT ITpOBe/leH pac-
YyeT KOJIMUYeCTBA SHepTUH, Heo6X0mMMOro Ijs paboTsl
YCTPOMCTBA IIpHeMa-TiepeJayul JaHHBIX, COCTOSIIETO
u3 GPS-monyis Jupiter SE868-AS u GSM/GPRS-mozynst
GL865-DUAL ¢upmsi Telit. [Tpearionaranocs, 9T0 Ha Kaxk-

Puc.5. KoHcmpyKuyusi MemMbpaHH020 nbe3o3AemeHma
Fig.5. Design of membrane piezoelectric energy harvester

JIOM BaroHe yCTAaHOBJIeH I15e30reHePaTop, COCTOSIIHH
13 100 6a/109HBIX IIbe303/1eMeHTOB. BbIXoHas MOII-
HOCTB KasK[IO0r0 IIbe303JIeMeHTAa, UCXOAS U3 IKCIIePU-
MeHTaJIbHBIX JaHHBIX, IPUHUMAaJach PaBHOM 3,5 MBT.
Bo BpeMs OBHXKeHHS I10€3[a BeNeTCs IOCTOSHHOe
OTC/Ie;KMBAHME MeCTOII0/IOKeH S BaTOHa, a BO BpemMs
crossHKH GPS-Momy/ib HAXOMUTCS B PesKMMe IIePHOI M-
yeckoro oTcineskuBaHusg (12 ¢ - osKUgaHMe, 3¢ - pa60Ta).
JlaHHBIe C BaroHa IIepefaloTCsl B CEPBUCHBIM LIeHTP I10
GSM/GPRS-KaHajly OJHMH pa3 B 5 MUH IIpU JBUKEHHUHU
COCTaBa U OJMH pa3 B 15 MUH BO BpeMs CTOSHKH. YT0o6bI

element. Rectifying of the elec-
trical signal from the piezoelec-
tric element was performed with
the help of the electronic circuit
shown in Fig.3.

The measurements were exe-
cuted on an electrodynamic vibra-
tion system V650 HPAK-CE. A spe-
cial rig was made for each type
of piezoelectric elements for
the deflection of piezo element
during the action of external
vibrations.

Experimental studies of beam
piezoelectric energy harvester
were carried out at parameters
of exciting force, given in Table.
Output voltage and power of

HAHO MHOVCTPHA #4/66/2016

piezo generator were measured
for a number of resistors with
electric resistance in the range
10-1000 Ohm (Fig.6).

In order to evaluate the possi-
bility of using piezoelectric gen-
erator as an autonomous power
supply to provide navigation
support for railway transport,
the amount of energy required
for operation of the transceiver
was calculated. The transceiver
consist of GPS module Jupiter
SE868-AS [11] and CSM/GPRS
module GL865-DUAL [12] from
Telit Company. It was assumed
that each car has piezo genera-
tor consisting of 100 piezoelectric

beam elements. Based on experi-
mental data the output power of
each piezo element is assumed to
be 3.5 mW. Location tracking of
the car is constantly monitored
during movement of the train,
and GPS module works in a peri-
odic mode (asleep for 12 s, then
awake 3 s) during parking. Data
are transmitted from the cars to
a service center for GSM/GPRS
channel once every 5 minutes
during movement of rolling stock
and once every 15 minutes dur-
ing parking. Taking into account
the possible loss in the conversion
of energy from the piezoelectric
element, during charging and
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Fig.6. Output voltage and power of beam (a, c) and membrane (b, d) piezoelectric energy harvester depending on the load resistance

y4eCTb BO3SMO>KHbBIE IIOTEPH ITPH HPEO6P&3OB3.HI/II/I SHep-
THH C IIb€303/IEMEHTA, 4 TaK3Ke 3apsaKe K CaMopa3psae
AKKYMYJ/IATODPA, II0JIE€3Has N0/ SHEePruu IIpuHHMa~-

self-discharge of the battery, the
proportion of useful energy was
assumed to be 60% of the energy
initially obtained from the piezo-
electric element. According to the
results of analysis, in the worst
case, when the car is idle 80% of
the total time, beam piezoelectric
generator able to harvest 104% of
the amount of energy required for
operation of the transceiver.

To increase the output power a
special design of beam piezo gen-
erator is proposed, which allows
accumulate energy not only from
vertical but also from horizontal
vibration of the car. Piezoelectric
elements placed on a special

holder in three spatial dimen-
sions (Fig.4). Additional features
of this design are more compact
arrangement and, as a conse-
quence, increase the power den-
sity of piezo generator [13].

The parameters of exciting
force during the experimen-
tal studies of the membrane
piezoelectric energy harvester
are shown in Table. To reduce
the initially high natural fre-
quency of the piezoelectric ele-
ment (500 Hz) a special design
was used (Fig.5). The presence
of the spring between the piezo-
electric element and the load
can significantly reduce the

71ach paBHOM 60% OT M3HAYa/IbHO [I0/1yYeHHOH C I1be30-
37eMeHTa. B Xy/iem ciydae, Korja BaroH HaXO4UTCS B
ripoctoe 80% BpeMeHH, 6aI0O4UHBIH ITbe30TreHepaTop CII0-

natural frequency of the whole
system depending on the stiff-
ness coefficient and geomet-
ric dimensions of the spring.
Furthermore, this design allows
registering both vertical and hor-
izontal mechanical vibrations.
The measurement results for the
different springs are shown in
Fig.5. For comparison, measure-
ments of loaded piezoelectric ele-
ment without the spring were
made. As seen from the graphs,
the output power of the mem-
brane piezo generator increases
with the use of springs with a
low stiffness coefficient (spring
number 1, 2), and decrease with
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HAHOTEXHONOrMn. MOMC

MNapamempbl 8HelWHe20 6030elicmaus
Parameters of exciting force

BanoYHbIN
nbe303/IeMeHT
Beam piezo
element

MeM6paHHbI
Nbe303/IeMeHT
Membrane piezo
element

MapameTp

Parameter

YactoTa koneba-
HUR, T,
Oscillation fre-
quency, Hz

8,7 15

YckopeHwue, g

Acceleration vz e

Macca fo6aBoy-
HOro rpysa, r
Mass of additional
load, g

50 250

cobeH BbIpaboTaTh 104% OT KOTHMYECTBA SHEPIUU, Heob-
XOZIIMOTO JI/IS1 pabOTHI yCTPOMCTBA IIpHeMa-Tiepefiadu
IOAHHBIX.

JU1sl yBeJTMYeHHUsI BEIXOZAHOM MOIIHOCTH 6aI0OUHOr0
IIbe30TreHepaTopa MpeJioskeHa KOHCTPYKLIHSI, KOTOpast
II03BOJISIET PETUCTPUPOBATH HE TOJTBKO BePTHKA/IBHBIE,
HO 1 TOPH30HTa/IbHEIe KojebaHUs BaroHa. [IIsl 3TOro
I1be303/IeMeHTHI PACIIONAraloTCs Ha CIIelIHaIbHOM Jiep-
KaTesle B TPeX IIPOCTPAHCTBEHHBIX M3MEepPeHHUsIX (pHC.4).
JIOTIONHUTEIBHOM 0COO@HHOCTBIO TAKOTO PACIIONIOKEHHSI
siB/sieTCs1 boJlee IIOTHASI KOMIIOHOBKA U, KaK CJIeICTBHE,
yBeJTHYeHHe IIJIOTHOCTH MOITHOCTH IThe30reHepaTopa.

ITapaMeTpel BHEIIHer0 BO3LEHCTBH S IIPU IIpoBeie-
HUU 3KCIIEPHMEHTA/IbHBIX HCCIeJOBAaHUN MeMbpaH-
HOT'0 [1be303/IeMeHTa [TPHBeIeHbl B TabnuLe. [ yMeHb
IIeHHsI MU3HA4YaTIbHO BBICOKOHM COOCTBEHHOM YaCTOTHI

npe3o3neMeHTa (500 I'1) MCII0/1b30Ba1ach KOHCTPYKLIMA,
IIpeACcTaB/lIeHHas Ha pUC.5. Hamuune Dpy>KMHBL MeXKIY
[I1be303/IeMeHTOM U I'Py30M II03BOJISIeT 3HAUKUTEIbHO
CHHU3UTH COOCTBEHHYIO YaCTOTY BCEH CHCTEMEBI B 3aBHU-
CHMOCTH OT KO3PPHILIHeHTa >KeCTKOCTH U reoMeTprye-
CKHMX pa3MepOB IIPY>KHMHBL. KpoMe Toro, Takast KOHCTPYK-
LM [I03BO/IsSIeT PerMCTPUPOBATh KaK BepTHKAJIbHEIE,
TaK M TOPU30HTAJIbHble MeXaHHUYecKue KonebaHHUs.
Pe3ynbTaThl U3MepeHUH [J/151 Pa3HBIX IIPYKUH Ipen-
CTaBJIeHBI Ha PUC.6. [IJ1s1 CpPaBHeHHU S ObLIN ITPOBeIeHbI
H3MepeHHsI ITbe303/IeMeHTa C Ipy30oM 6e3 ITpy>KUHBI. Kak
BUHO U3 I'PadUKOB, BEIXOJHAS MOIIHOCTh MeM6paH-
HOTO IIbe30reHepaTopa YBe/IMUHBaeTCs [IPH KCII0Ib30-
BaHUH IIPYKHUH C MaJIBIM KO3OOUILIMEHTOM >KeCTKOCTH
(mpyskuHBI N2 1, 2), 1, I10 Mepe YBeIMYeHHsI JKeCTKOCTH
(mpy>kuHBL N2 3, 4), yMeHbIIIaeTCsI 0 3HAYeHHU S, [10Tyda-
€MOTI0 B C/Iy4ae OTCYTCTBHUS IIPY>KHUHEL.

Mautsle 3HaYeHHU I BBIXOJHOM MOLIHOCTH MeMOpaH-
HOTO I1be30reHepaTopa OTHOCKUTEIbHO 6a1ouHOro 06y-
CJIOBJIEHBI 0COBEHHOCTSIMU IEePBOTO. [IJIs1 JOCTHKEHHU S
GO/IBIIMX 3HAUEHHH BBIXOMHOM MOIIHOCTH HeO0OXOMMMO
U3TCOTOBUTE [1be303JIEMEHT C MeHee SKeCTKUM MeTaJlJIU-
YeCKMM OCHOBAaHHUEM U IByM S CJIOSIMHU I1be30KEePAMHKH.
OpHako mony4yeHHble JaHHBIE [I03BOJISIOT KaYeCTBEHHO
CPaBHUBATb 3pPeKTUBHOCTD Pa3HbIX KOHCTPYKLIUH I1be-
30[eHepaTopOB.

3AK/NIOYEHUE

B cTaTbe U3/I05KeHBI OCHOBHBIE 9TAIIBI Pa3pabOTKHU I1be30-
37IeKTPUYECKOr0 reHepaTopa ToKa, IpeIHA3HAUYeHHOT0
115 obecrieueHM sl aBTOHOMHBIM 371eKTPOIIUTaHHEM I'Py-
30BBIX BATOHOB U IIJIATPOPM C LieIbI0 HABUIALIHOHHOHN

the high stiffness coefficient
(spring number 3, 4). With the
increasing of spring stiffness
coefficient the output power of
piezo generator is reduced to the
value obtained in the absence of
the spring.

Low output power of the mem-
brane piezo generator compared
to the beam piezo generator
caused by features of the mem-
brane piezoelectric elements
(rigid metal base, single layer of
piezoelectric ceramic). However,
the obtained data allow to qual-
itatively compare the effective-
ness of different designs piezo-
electric energy harvesters.

HAHO MHOVCTPHA #4/66/2016

CONCLUSIONS

To date, the use of satellite technol-
ogy to provide navigation support
for railway transport is complicated
due to the lack of power supply of
freight cars. In this paper inves-
tigated the vibration parameters
of the rolling stock and proposed
designs of the beam and mem-
brane piezoelectric energy har-
vesters for the most efficient con-
version of mechanical vibrations
into electrical energy. Based on
the data analysis, the freight cars
are experiencing fluctuations in
the frequency range 1.5-18 Hz and
the average values of the accelera-
tion are 0.015-0.27g. The maximum

output power of the investigated
piezoelectric energy harvester is
3.5 mW per one piezo element.
In case of placement on each car
100 piezoelectric elements the gen-
erated energy obtained by moving
of the car is sufficient for operation
of the transceiver, even if 80% of the
total time the car is idle. Presented
results confirm the possibility of
using the piezoelectric energy har-
vester as an autonomous power
supply for freight cars. [ |
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MO IeP>XKKHU >KeJIe3HOLOPOKHOM MHOPACTPYKTYPHI.
ITpoBeseHO HCC/IeJOBAaHMe [TapaMeTpoB KonebaHUH pas-
HBIX TUIIOB I'Py30BbIX BATOHOB, Ha OCHOBE KOTOPOIO OIIpe-
Je/leHbl YaCTOTHBIM UAIla30H U XapaKTepHble 3HAYeHH S
ycKopeHUM. Mcxofs 13 MOoMy4YeHHBIX JAHHBIX PACCMO-
TpeHBI HaKnboslee MOAXOSII e TUIIHI [1be303/IeMEeHTOB
U ITpe/i/IO’KeHbl KOHCTPYKLIMH [1be30reHepaTopoB Ha KX
OCHOBe. JKCIlepMeHTasIbHBble HCCTIeJ0BaHHU S [Tbe30reHe-
PaToOpOB MOKa3bIBAIOT BO3MOXKHOCTb HAKOIJIeHH S I0CTa-
TOYHOTO KOJIMYeCTBa 3/IeKTPO3HEPrUH /15 Olpesesie-
HHS MeCTOIIO0JIOKeHH I JKeJIe3HOI0PO’KHOI0 TPAHCIIOPTa
Y Ilepefiauy HHPOPMaLIMU B CEpBUCHBIM LIEHTP.

Paboma sbinoaHeHa npu noddepskke Munrucmepcmea obpasoea-
Hus u Hayku Poccutickoii Pedepauuu (Coznawerue Ne 14.579.21.0086
om21.11.20142.)
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