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HHEPIAHYH

Me v mpoomTiKy THG EQOPUOYIS OTA 10I0QPMVO. HOVOIKG Opyova, ORWS T.Y.
uetadlopwvo, Eolopwvo, papiura, Pumpapwvo, ueAetwvial kai ovalboviol Slpopeg
TEPITTOTELS POPOWYV KUPIWS MG TPOS TIS LOLOCVYVOTHTES KOL TIC LOLOUOPPES OV
roapovaialovv. O1 pdfdor povielomorovvrau ue fdon to povrélo Euler-Bernoulli alid
Kai1 o povrelo tov Rayleigh, to omoio Aoufaver vmown v adpavela opéwng. Tia
Abon tov mpofAnuotos Twv 1010TINOYV TOPOVCIGLETAL Li0. TPOTEYYITTIKY opLOuUnTIKY
uéboodog mov Pacileror ota moivavouo. Chebyshev, evad n axpifeia g uebodov
eAEYyyETAL OVLYKPIVOVTOGS TIG ECAYOUEVES LOLOTIUES e TIC LOLOTIUES TTOV TPOKVTLTOVY OO
AVOLVTIKES CYETELS, OE OPKETES TEPITTMOELS TOV AVTO EIVal ePIKTO. 110 TIG TPEIG TP TES
10100V VOTHTES OV OGS EVOLOPEPOVY OTO UOVOIKHG TAEVPAGS, 1 okpifieia tne uefodov
QTAVEL UEYPI KOL TO. 2 OEKAOLKA WHQLO, OTAV 01 OpoL THS OVVaUOTEPAS pTavovy Tovg 10.
To evoi109EPOV EMKEVIPOVETOL OTIGC CYEOEIS TMV EYKAPTINV 1010GVYVOTHTWV GTNV
eAedBepn-eAevBepn pdfido ue oxomo o1 Loyor g 2" kai e 3" 101000y voTHTAS O GYéoH
ue my 1", va wAnoialovv omoiovednmote L0yovg uiag apuovikng oxolovbiog. Xta
TPAYUOTIKG. 1010QMVO, LLOVTIKG OPYaVo., OTO. OTOLO TO KODPOIGUA. YIVETAL UE TPOKTIKO
POTO OUIAEDOVTOG TIG pafdovg, ot Loyor avtol Eyovy ayéoeis 1:3:6, 1 1:3:8, 17 1:4:9.8.
Eéetdovrar o1 mepimtaoels Omov n muKVOTHTO, KOl TO UETPO EAAOTIKOTNTAS THS PASd0v
aAldfer ovupwva pe rolvadvoua 20v kar 6ov Paluov aviiotoryo, 1 olidlovy kai o
000 OUOLOLOPPO. COUPWV. ILE EVO. TPLOVVUO, OLOTHPDOVTIOS COUUETPIKN 1] [N COUUETPIKR
HOpQN o€ oyéon ue T0 KEVIPO THS pafoov. Xpnoyomoiwviag ooy mopauETpovs tovg
OVVTEAEOTES TV TOALVWVIOUWY eéetd{ovue TS allalovy ot LYol TV ouYVOTHTWY TOV
200 ka1 00 300 EYKAPTIOV TPOTOL O€ oyéon pe tov lo. Bpioketon ot vmapyovv
TEPITTWCELS OMOV 01 A0Y01 Aouflavovy axépoieg TWES, YEYOVOS TOV EYEL TPOKTIKH
ONUOGLO, OTNY HOVGIKN ATO000N UIAS pafdov.
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ABSTRACT

With the prospect of applying the results to musical idiophones such as the keys of
vibraphone, xylophone or marimba, several cases of functionally graded beams are
investigated mainly with regard to the eigenfrequencies they present. The bars can be
modeled using either the Euler-Bernoulli or the Rayleigh model. In order to solve the
eigenvalue problem an approximate method based on the Chebyshev polynomials is
presented. To validate the method several cases found in the literature of uniform,
nonuniform and functionally graded beam boundary value problems that have exact
solutions, were used as benchmarks. We assume that the density of the beam varies
either according to a trinomial and the Young modulus according to a 6th degree
polynomial or to a trinomial. By varying the polynomial coefficients we are seeking
integer ratios of the 3rd and 2nd bending mode eigenfrequency with respect to the
primary vibrational mode. In most commercial instruments the tuning is done
empirically by sculpting an arch on the underside of the bar. This way the frequencies
are tuned in most cases to ratios 1:3:6, or 1:3:8, or 1:4:9.8. By varying the polynomial
coefficients one at a time while keeping the rest of them constant we plot the frequency
ratios. With this process we can detect cases where both frequency ratios reach
integer values which pertain to a musically useful bar.



