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ABSTRACT

In the automotive industry, the use of beadingitely spread. Beads are primarily used to stitfenfloor
and dash panels. The aim is to reduce vibratiegldeand hopefully at the same time reduce radiatése.
Beading has a positive effect close to the firstgbanode’s natural frequency however it can hamegative
effect at all other frequencies. Typically, engirse@ssume a radiation efficiency of “1” (one) otlex whole
frequency range for simplicity or lack of availalmeplemented formulation in their simulation toolEhis
assumption directs the investigation at reducimgvibration levels only. This approach can be radieg
because even though radiation efficiency tend4dt¢dne) above coincident frequency it is not tasebelow
coincidence. While increasing stiffness reducesatibn levels, it also increases radiation efficien This can
yield to higher levels of radiated noise.

This paper presents a comparison between pandisuniitorm cross-section and beaded panels in tWerdnt
configurations: i) Academic frame and plate casgigrAutomotive floor. Vibration levels, radiatio
efficiency and sound radiated power are presemtedllf cases. Different types of beadings are @mghand
conclusions are drawn as to whether these beadtadlg reduce radiated noise.

INTRODUCTION

It is a common practice in the industry to consiolelly vibration response (acceleration or velocityien
designing automotive panels, railway wheels anérotbmplex manufactured components. Unfortunately,
reducing only vibration levels and hoping that tiifi have a beneficial effect on noise radiateténfprove to
be disappointing.

In fact, if the noise radiated was solely dependingelocity levels, this type of approach wouldveey
effective especially in computation cost. As thagper will show, noise radiation does not only aepen
velocity levels but also depends on radiation edficy, a quantity describing the ability of a pateetadiate
noise for a given level of vibration. This quayntiill be described in a further section.

This paper will focus on showing the importanceodustics consideration in the optimization of leehd
panels. It will also describe in detail and withample how radiation efficiency can play a signifiteole in the
radiated noise from a beaded panel compared tdf@mncross-section plate.
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NOISE RADIATION DRIVING PARAMETERS
BENDING STIFFNESS

Adding beads to a panel increagsendin stiffness by increasing its croseetion moment of inertia ar
moving the centref gravity away from the middle pla (see figure 1).
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Figurel: Cross-sectiofior uniform and beaded pan

Bending stiffness iproportional to the moment of area of panel ¢-section as expressed in equatio
Finally, in addition to breaking the first few madef a panel, the use of beads increases the lipsiififmess
significantly. This in return is likely to redueébration levels and potentially increase radiationciincy of
the panel resulting in the potential increase dhated noise

I E
B=——— 1)

(1-v*)

Where B is the bending stiffnesgsithe moment of area of the cross sectl = bh"3/12 for uniform X-
section) and is the Poisson’s ratio.

RADIATION EFFICIENCY

Radiation efficiency is defined as “the acoustievporadiated by the plate into a half space, divid the
acoustic power that an infinite piston (all paritsrating in phase) would radiate into the sehalf space if it
were vibrating with the same RM&locity as the plat¢ [1]. The radiation efficiency can be viewed as
ability of a panel to radiate noise ( equation 2).

I_Irad :UAIOOCVerS 2)

whereo is radiation efficiencylIradis the power radiated by the panelisAhe radiating area of the parpC
is the characteristic impedance of air &V*2rms isthe average rms velocity of the par

Many commercial software use a radiation efficiency étmane for the whole frequency range of interdst
reality, radiation efficiency equals one only ategy high frequency, most of the time outside tiegjfienc)
domain where design decisions are n. Equatior? indicates that the power radiated by a plateapqrtional
to its average velocity times its radiation effiaig. Therefore, considering radiation efficienoypredicting
sound power radiated is essential. Several pdyaees been wrien on the computation of radiating efficienc
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To illustrate the radiation efficiency conceptghrs section, the Leppington, Broadbant and Heoomdilation
implement in VA One is used [2,3The coincidence frequency (also called criticatjiency) is defined as t
frequency where the acoustical wavelength exactiches the bending wavelength in the plate. Hwshere
radiation efficiency is the highest and can be érghan one. Tyically, radiation efficiency tends towards c
at frequencies above coincidence frequency. Belmncalence, radiation efficiency can be order
magnitude lower and depends on the panel consiruaid shape. Curvature and presence of rib
significantly affect the radiation efficiency below coidence (se figure 2. Note in this case that for a 1n
steel panel, the coincidence frequency is arout 500Hz. fthe plate is curved or ribbed, the lower parthef
frequency domain of the radiation efficiency isremsed by several orders of magnitt

When beads are added to a panel, it increase®titirly stiffness of the panel and therefore shifradiation
efficiency curve to the left bringing the coincidenfrequency lower. Therefore, for a given frequeize
radiation efficiency can b&ignificantly increased. figure 3 at 1000 Hz, the radiation efficiency is increa
by a factor of close to 10 for an increase in begditiffness of 10. In this case, the coinciddneguency wen
from 12 500Hz to 4 000Hz.
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Figure 2: Radiatioefficiency of 1mm steel panel fi Figure 3 Effect of increasing bending stiffness
flat, curved and ribbed panel construct radiation efficienc

This indicates that considering strictly the velpdevels of a panel toerive its radiate sound power by
considering a radiatioefficiency equal to one over the full frequency damwill yield the wrong predictions
The following section provides examples to illustrthis concept

APPLICATION EXAMPLES:
CASE 1: ACADEMIC FRAME AND PLATE

In this paper 4 different beading configurationsevgtudied. The plate size is 0.74m by 0.585mig
surrounded by a stiff frame to maintain same amobtippwer getting into the structur

Panel and frame are modeiedrinite Elements (FE) and the panel is connected to a Bourteleryent Methoc
(BEM) fluid. Only the panel is radiating noisethe acoustic fluid. The boundary conditions usedlie
structure are freéee. The large central panel and the frame hatheknessof Imm and are made of ste
The structural FE model was built using 6 elemeetswavelength and is valid up to 800 Hz. Normates
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are computed to 1040Hz to avoid truncation of modias frame is excited by a point force of 1N (rims¢ach
1 Hz bandwidth. The same model was used for eaafigewation, only the central plate was changegluie
4Figure 4). The configurations studied are showdeigure 5 5. The first configuration is the fldage. Itis
shown in black in all graphs. The second confijanshas three beads along the length of the plate.
Configuration three has seven beads along the lglaggh and finally the fourth configuration haghdibeads
along the width of the plate. All beads were crédtem elliptical section 10mm high and 30mm across

Frame

) a) Flat plate b) 3 long beads
Boundary Element Fluid

Panel Point Force

¢) 7 long beads c) 8 short beads

R

Figure 5: Configurations for the academic beam-

Figure 4: Description of the vibro-acoustic model plates study

The addition of beads on the central plate redtleesaumber of modes as shown in Figure 6. The maléd
plate has more than one hundred modes below 800rke.beaded panels on the contrary have betwien fi
and eighty modes below the same frequency.
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Figure 6: Modal content for all configurations Figure 7: Average velocity of central plate study

As mentioned earlier, beads are used to breakrtddw modes of a plate and reduce average \glbhoping
this will in turn reduce noise radiation. Figurehbws average velocity levels on the central peomedll
configurations analyzed. The flat panel is in kland can be used as a reference to compare the oth
configuration levels. From 0 to 50 Hz, the effetbeading can clearly be seen. The velocity leasds
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significantly lower than for the flat plate casd.dther frequencies, the benefit of beading is &bsar,
sometimes velocity levels are reduced sometimesdteincreased.

The central plate radiation efficiency shows gaitgifferent behavior. Figure 8 shows that for naishe
frequency domain the radiation efficiency increasti the addition of beads. The overall levelsaxfiation
efficiency provide further insight at the magnituafehe differences between the flat plate andoteeded ones
(see figure 9).

As discussed in the previous section, this is ratrarise since bending stiffness is now increasgmificantly.
From the previous section, it was also seen tleastlund power radiated is proportional to the pcodiipanel
average velocity and radiation efficiency. Sineéoeity did not decrease significantly over thegfrency range
and radiation efficiency has significantly incredgser the whole frequency range, it is reasonebéssume
that sound radiation will increase for all the caswidied.
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Figure 8: Radiation efficiency of the 4 configucats Figure 9: Radiation efficiency overall levels for
studied different central plate beading configurations
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Figure 10: Sound power radiated for different calrptate Figure 11: Overall sound power radiated for
beading configurations different central plate beading configurations

Figure 10 confirms this assumption; only the fpstk has disappeared and for most of the confignsatthe
central plate radiates more noise than the flaeplase. It is easier to assess the differencauindsradiation
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levels when looking at the overall values. Figliteshows the overall levels of sound radiated pdveen 10
to 800 Hz. Itis interesting to note that by addjnst a little beading (three beads along thettenipe sound
power has increased by more than 3 dB and thahgdight beads along the width increases soundmpowe
radiated by more than 4 dB.

It is important to remind the reader that theséedi#inces are for the frequency range from 10 tdH20@nsay
and all have observed that: “Both low and high éieracy behaviors of the panels are affected byhbee of
bead configuration...” [4]. One can imagine thatddrequency domain where acoustic design is pedgdrm
(approx. 10 to 5000 Hz) the increased radiatedenwili be much larger. Therefore, adding beadbis case
might force the noise control engineer to desitneavier or more expensive sound package (carpst, da
insulator...) to counteract the beads negative etiratadiated noise.

CASE 2: AUTOMOTIVE FLOOR

In this example a floor without beads is comparéth & beaded floor panel (see figure 12). A hgdvdaded
panel is use to better illustrate the effect ofdieg.on noise radiation. The models are similah®previous
example where the structure is modelled as FE lanfidid is modelled as BEM. The structure use@.&mm
steel with 1% structural damping. To avoid haviadptild a frame around the structure, the largesmasthod
is used to constraint acceleration on the noddsegberimeter of the floor panel. A mass of onériméon is
excited by a force of 10N in each 1 Hz bandwidiine mass is connected to the edge nodes using RBEs.

a) b)
2 g J w;:‘_,- P . ,_,-f"’/
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Figure 12: Automotive floor panels: a) non-beadgtddaded

The results are shown in figure 13. The graphe leen placed on top of each other for better rmaten of
the results. On the average velocity graph, tmefs of the beads can be seen in the frequemgerbetween
0 and 120 Hz except for a single peak at 58 Hihérrest of the frequency domain, the average itglsc
slightly decreased except at some frequencieshthat been circled in green. In the radiation efficy graph,
most of the beaded curves lie above the non-beaaleel. The increase in bending stiffness conteibtd the
increase in radiation efficiency. The green cir@eslocated at the same frequencies as for thageeelocity
graph. These circles indicate where the incraaselbcity matches an increase in radiation efficie At
these frequencies, the sound power radiated sladgsddncrease for the beaded case. The sound padiated
graph confirms that for the beaded case, the smadidted by the floor is higher at the frequengibgre
circles can be found. The beading reduces thedsadiated power mostly at low frequency aroundfitisé
few panel modes. It is interesting to note thatli@ beaded floor the highest level of sound pawé8dB as
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opposed to only 61dB for the non-beaded case.ll¥;itlae overall sound power levels for both noratted and
beaded cases are presented in figure 14. Thed@aderadiates more than the non-beaded floombye than
3 dB for the frequency range of 10 to 800 Hz. Laeféect are to be expected on a wider frequencyaio.
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Figure 13: Floor vibro-acoustic results. Circlediaate where both velocity and
radiation efficiency peaks coincide to generatdargound power radiation
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Please note that the beading used in this papeiits heavy and is intended to indicate the trariti@beading
effect. The effect of beading one would measur@iieal vehicle might be different depending onngisiaand
size of the beading used. But the principle restaadding beads does not necessarily reduce atated
noise.
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Figure 14: Overall sound power radiated by non-bdaahd beaded floor
CONCLUSION

This paper has demonstrated the importance ofdgakin consideration not only the vibration respohst also
the acoustic aspect of a problem when designingdgegeneral. The assumption that the soundtextia
power scales directly with vibration levels therefconsidering the value of radiation efficiencypequal to
one is only valid above the coincidence frequemegynd 12 500 Hz for non-beaded and 5 000Hz foddxba
steel 1mm). Below coincidence, radiation efficigan vary over several orders of magnitude. Thmd
power radiated is proportional to the product afiation efficiency and velocity and therefore angtah in
peaks of these two quantities will yield a higheise radiation. Finally, optimization of beads skcalways be
done on sound radiated power if one wants to redoise radiated otherwise the acoustic enginedlfiawe
to design heavier or more expensive countermeasusezluce the noise emitted by such beaded/stifene
panels.
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