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D1. Laborator Mobil de Mdisurdtori Vibroacustice:
a. Sistem portabil multicanal de achizitie, prelucrare si analizd a vibratiilor si semnalelor acustice cu softuri
de prelucrare, procesare si post-procesare a datelor achizitionate pe 12 canale, rezultate in urma mdsurdrii
vibratiilor si semnalelor acustice. Valoarea de achizitie: 331.415 Ron( approx. 92.000 Euro). Achizitionat din
contract CEEX Modul 1 (31-06-05 nr. Intern ca responsabil contract A6761/2006). Utilizat la laboratoarele de
MASTER (discipline: Bazele acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii,
Vibratii neliniare, Stabilitatea dinamica a masinilor si structurilor) si la contracte, 2008,
b. Analizor PULSE 3560D Bruel&Kjaer. Valoarea de achizitie: 70.000 Ron( cca. 20.000 Euro). Achizitionat din
contract CEEX Modul 1 (31-06-05 nr. Intern ca responsabil contract A6761/2006). Utilizat la laboratoarele de
MASTER (discipline: Bazele acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii,
Vibratii neliniare, Stabilitatea dinamica a masinilor si structurilor) si la contracte, 2007,
c. Vibrometru Laser Bruel&Kjaer OMETRON model 8329. Valoarea de achizitie: 200.000 Ron(cca. 55.000
Euro). Achizitionat din contract CEEX Modul 1 (31-06-05 nr. Intern ca responsabil contract A6761/2006). Utilizat
la laboratoarele de MASTER (discipline: Bazele acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de
zgomot si vibratii) si la contracte, 2008,
d. 2 Microfoane cu preamplificator 4” B&K 4939 tip free-field cu gama de masurare in frecventd 4 Hz-100
kHz, 2008,
e. Accelerometru triaxial B&K 4506 (dotare 2009). Valoare totala investitie 200.000 EURO.
D2. Lant de mdsurarea vibratiilor fira contact HOTTINGER-Baldwin Messtechnik inductive (achizitionat pe baza
GRANT ANSTI A.ad. 6001/2001 ca director tema B11), utilizat la laboratoarele de MASTER(discipline: Bazele
acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii) si la contracte, 2001;
D3. Lant de mdsuratori acustice Bruel &Kjaer ( achizitionat in 2001 din Contr. CNCSIS —Banca Mondiala nr.32/1998,
tema 66) utilizat ulterior la: laboratoarele de MASTER (discipline: Bazele acusticii, Prelucrarea semnalelor) ,
GRANT nr. 5003/2001 pentru masurarea semnalelor acustice de scurta durata pentru amortizorule de zgomot ce
echipeaza pistolul DRACULA MD 19,2001;
D4. Stand pentru cercetarea atenudrii zgomotului propagat printr-un tub cu derivatii laterale, in cadrul
Laboratorului de Acustica al Catedrei de Mecanica utilizat la laboratoarele de MASTER (discipline: Bazele acusticii,
Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii),1999;
D5. Stand pentru cercetarea radiatiei acustice a plicilor rectangulare, in cadrul Laboratorului de Acusticd al
Catedrei de Mecanica utilizat la laboratoarele de MASTER(discipline: Bazele acusticii, Prelucrarea semnalelor),1999;
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in baze de date internationale recunoscute.
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The aim of this researchis to provide a better prediction for noise attenuation using thin rigid barriers. In particular, the paper presents an analysis on four suggest a correction.

methods of computing the noise attenuation using acoustic barriers: Mackawa-Tatge formulation, Kurze and Anderson algoerithm, Menounou formulation,
and the general prediction method (GPM-1SO 9613). Accordingly, to improve the GPM, the prediction computation of noise attenuation was optimized for an
acoustic barrier by considering new effects, such as attenuation due to geometrical divergence, ground absorption-reflections, and atmospheric absorption.
The new method, modified GPM (MGPM), was tested for the optimization of an y-shape edge geometry of the noise barrier and a closed agreement with the
experimental data was found in the published literature. The specific y-shape edge geometry of the noise barrier contributes to the attenuation due to the
diffraction phenomena. This aspect is based on the Kirchhoff diffraction theory that contains the Huygens-Fresnel theory, which is applied to a semi-infinite
acoustic barrier. The new method MGPM of predicting the noise attenuation using acoustic barriers takes into consideration the next phenomena: The effect
of the relative position of the receiver, the effect of the proximity of the source or receiver to the midplane of the barrier, the effect of the proximity of the
receiver to the shadow boundary, the effect of ground absorption-reflections, the effect of atmospheric absorption, and the meteorological effect due to
downwind. The conclusion of the paper reveals the optimization of the method for computing the noise attenuation using acoustic barriers, including the
necessary corrections for IS0-9613 and the Sound PLAN software, as well as the optimization on a case study of a specific gecometry of the edge barrier.
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Abstract

The aim of this research was to design a physically consistent model for the forced torsional vibrations of automotive driveshafts that considered aspects of the following
phenomena: excitation due to the transmission of the combustion engine through the gearbox, excitation due to the road geometry, the quasi-isometry of the automotive
driveshalt, the effect of nonuniformity of the inertial moment with respect to the longitudinal axis of the tulip-tripod joint and of the bowl-balls-inner race joint, the torsional
rigidity, and the torsional damping of each joint. To resolve the equations of motion describing the forced torsional nonlinear ic vibrations of automotive dri a
variational approach that invelves Hamilton's principle was used, which considers the isometric nonuniformity, where it is known that the joints of automotive driveshafts are
quasi-isometricin terms of the twist angle, even if, in general, they are considerad CVs (constant velocity joints). This effect realizes the link between the terms for the torsional
vibrations between the elements of the driveshaft: tripode-tulip, midshaft, and bowl-balls-inner race joint elements. The induced torsional loads (as gearbox torsional moments
that enter the driveshaft through the tulip axis) can be of harmonic type, while the reactive torsional loads (as reactive torsional moments that enter the driveshaft through the bowl
axis) are impulsive. These effects induce the resulting nenlinear dynamic behavior. Also considered was the effect of nonuniformity on the axial moment of inertia of the tripod-tulip
element as well as on the axial moment of inertia of the bowl-balls-inner race joint element, that vary with the twist angle of each element. This effect induces parametric dynamic
behavior. Moreover, the torsional rigidity was taken into consideration, as was the torsional damping for each joint of the driveshaft: tripod-joint and bowl-balls-i race joint.
This approach was used to obtain a system of equations of nonlinear partial derivatives that describes the torsional vibrations of the driveshaft as nonlinear parametric dynamic
behavior. This model was used to compute variation in the natural frequencies of torsion in the global tulip (a given impased geometry) using the angle between the tulip-midshaft
for an automative driveshaft designed for heavy-duty SUVs as well as the characteristic amplitude frequency in the region of principal parametric resonance together the method of
harmonic balance for the steady-state forced torsional nonlinear vibration of the driveshaft. This medel of dynamic behavior for the driveshaft can be used during the early stages of
design as well in predicting the durability of automotive driveshafts. In addition, it is important that this model be added in the design algorithm for predicting the comfort elements
of the automotive environment to adequately account for this kind of dynamic behavior that induces excitations in the car structure.
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Modeling and Analysis of FBY Movements for Automative Driveshafts in the PPR Region
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APPLIED SCIENCES-BASEL

Volume: 12 Issue: 7
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Rbstract

Featured Application The asymptotic method approach (AMA) is used to compute the amplitudes of forced bending vibrating (FBV) movements versus the excitation frequency in
the region of principal parametric resonance (PR for multibody mechanical systems. An FBV movements mode was designed for an automotive driveshaftto realize a powerful
dlesign tool for FBY movement control of the automotive transmission. This research's goal is tomodel and analyze the forced bending vibrating (FBY) movements for the elements
of an automotive driveshaft using a perturbation technique, the asymptotic method approach (AMA),in the region of principal parametric resonance (PPR). The PR region was
chosen because the principal parametric resonance region is one of the essential resonance regions. The model of FBV movements for the automotive driveshaft (AD) considers the
aspects of the following phenomena: geometric nonuniformity of the AD elements and shock excitation due to the road. To overcome the equations for the FBY movements of the
AD elements,allinertia characteristics were reduced to the longitudinal 2x of the midshaft using the variation of the geometric moments of inertia with the concurrent axis and
Stener's theorem, The midshaft of the AD was considered a Timoshenko simply supported beam with a concentrated mass at both ends and springs and dampers forlinear and
rotational movements at both ends. To determine the equations describing the FBY movements of the AD elements, Hamilton's principle was used. Afier establishing the equations
of motion for each AD element coupled with the specific boundary conditions, the amplitude and the phase angle were computed for stationary and nonstationary motion in the
PPR region using the first order of the AMA, and the dynamic instabiliy frontiers were determined based on the same equations. The dynamic behaviar of the AD wasinvestigated
concerning the variation of the damping ratio and the variation of the parametric excitation coefficient. The AMA coupled with the model of FBV movements for the AD exhibits the
future research directions for analyzing FB movements for the AD in the ragions of superharmonic resonances, subharmonic resonances, combination resonances, internal
resonances, and simultaneaus resonances. Additionally, the AMA can predict the endurance of the AD and design control of car damping systems.
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A New Robust Method to Investigate Dynamic Instability of FTV for the Double Tripod Industrial Driveshafts in the Principal Parametric
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Abstract

Featured Application Time-history analysis (THA), the Lyapunov Exponents Approach (LEA), and the Poincare Map (PM) are enhanced to investigate the dynamic instability of forced
torsional vibrations (FTV) for a double tripod industrial driveshaft {DTID) in transition through the principal parametric resonance region (PPRR). Based on a modified designed
model of FTV for an automotive driveshaft (AD), a robust method comprising THA, LEA, and PM (THA-LEA-PM) was created that certifies the existence of deterministic chaos or an
ergodic process for the dynamic behavior of DTID's FTV in transition through PPRR. These methods represent a design tool for the DTID's FTV control of the homokinetic driveline
transmission in the industry. The present work aims to design a robust method to detect and certify the deterministic chaos or ergodic process for the forced torsional vibrations
[FTV) of a double tripod industrial driveshaft (DTID) in transition through the principal parametric resonance region (PPRR) which is considered by the researchers in the field as one
of the most important resonance regions for the systems having parametric excitations. The DTID's model for FTV considers the following effects: nonuniformities of inertial
characteristics of the DTID's elements, the harmonic torque excitation induced by the asynchronous electrical motor used for a heavy-duty grain mill, and the harmonic reaction
torque generated by different granulation of the substance needed to be milled. Based on these aspects, a model of the FTV for the DTID was designed which was a modified,
physically consistent model already used by the authors to investigate the FTV of automotive driveshafts (homokinetic transmission). For the DTID elements, the dynamic instability
for nonstatienary FTV in the PPRR using time-history analysis (THA) was analyzed-THA represents the phase portraits. Time-history analysis is a detection methed for possible
chaotic dynamic behavior for the nonstationary FTV (NFTV) in transition through PPRR. If this dynamic behavior was seen, a new robust method LEA-PM was created to certify and
confirm the deterministic chaos for the NFTV of DTID. The new method, LEA-PM, is composed of the Lyapunov exponent's approach (LEA) coupled with the Poincare Map (PM)
applied to the global system of differential equations that describe the FTV of DTID in the PPRR. This new robust method, which embeds LEA and PM, LEA-PM, establishes if the
mechanical system has a deterministic chaotic dynamic behavior (strange attractor) or an ergedic dynamic process in this resenant region. LEA represents a new method that
includes not only the maximal Lyapunov exponent method (MLEM) but also new mathematical criteria that is "the sum of all Lyapunov exponents has to be negative" which,
coupled with MLEM, indicates the presence of deterministic chaos (strange attractors). THA-LEA-PM had been used for the NFTV of DTID computing the phase portraits, the
Lyapunov exponents, and representing the Poincare Maps of the NFTV for the DTID's elements in transition through PPRR, founding deterministic chaos or ergodic dynamic
behavior. Based on the obtained results, numerical simulations revealed the pitting manifestations of the DTID's elements, typical for the geared systems transmission, mentioned
recently in experimental data research for the homokinetic transmissions.

Using the new robust method, THA-LEA-PM (time-history analysis coupled with LEA-PM) can be used in future research for chaotic dynamic analysis of DTID's NFTV transition
through superharmonic resonances, subharmonic resonances, combination resonances, and internal resonances. Time-history analysis as a detection method for chaos and LEA-
PM as a certifying method for deterministic chaos can be integrated as a design tool for DTID's FTV control of the homokinetic transmission.
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vibratii), 1999,

Lant de mdsurarea vibratiilor fard contact HOTTINGER-Baldwin Messtechnik

inductive (achizitionat pe baza GRANT ANSTI A.ad. 6001/2001 ca director tema B11),

utilizat la laboratoarele de MASTER(discipline: Bazele acusticii, Prelucrarea

semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii) si la contracte, 2001;

Lant de mdsuratori acustice Bruel &Kjaer ( achizitionat in 2001 din Contr. CNCSIS -

Banca Mondiala nr.32/1998, tema 66), include Sonometru Bruel &Kjaer utilizat

ulterior la: laboratoarele de MASTER (discipline: Bazele acusticii, Prelucrarea

semnalelor) , GRANT nr. 5003/2001 pentru masurarea semnalelor acustice de scurta

durata pentru amortizorule de zgomot ce echipeaza pistolul DRACULA MD 19,2001;

Laborator Mobil de Mdsurdtori Vibroacustice:

a. Sistem portabil multicanal de achizitie, prelucrare si analizd a vibratiilor si semnalelor
acustice cu softuri de prelucrare, procesare si post-procesare a datelor achizitionate pe 12
canale, rezultate in urma mdsurdrii vibratiilor si semnalelor acustice. Valoarea de achizitie:
331.415 Ron( approx. 92.000 Euro). Achizitionat din contract CEEX Modul 1 (31-06-05 nr.
Intern ca responsabil contract A6761/2006). Utilizat la laboratoarele de MASTER (discipline:
Bazele acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii,
Vibratii neliniare, Stabilitatea dinamica a masinilor si structurilor) si la contracte, 2008,

b. Analizor PULSE 3560D Bruel&Kjaer. Valoarea de achizitie: 70.000 Ron( cca. 20.000 Euro).
Achizitionat din contract CEEX Modul 1 (31-06-05 nr. Intern ca responsabil contract
A6761/2006). Utilizat la laboratoarele de MASTER (discipline: Bazele acusticii, Prelucrarea
semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii, Vibratii neliniare, Stabilitatea
dinamica a masinilor si structurilor) si la contracte, 2007,

c. Vibrometru Laser Bruel&Kjaer OMETRON model 8329. Valoarea de achizitie: 200.000
Ron(cca. 55.000 Euro). Achizitionat din contract CEEX Modul 1 (31-06-05 nr. Intern ca
responsabil contract A6761/2006). Utilizat la laboratoarele de MASTER (discipline: Bazele
acusticii, Prelucrarea semnalelor, Proiectarea atenuatoarelor de zgomot si vibratii) si la
contracte, 2008,



d. 2 Microfoane cu preamplificator 4" B&K 4939 tip free-field cu gama de masurare in
frecventa 4 Hz-100 kHz, 2008,
e. Accelerometru triaxial B&K 4506 (dotare 2009). Valoare totald investitie 200.000 EURO.

Director Departament Mecanica,

Prof. Habil. Dr. Ing. Andrei CRAAFALEANU
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