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Knowledge of Coupling Loss Factors (CLF's) for energy flow evaluatiostructural el-
ements of complex mechanical systems is fundamental. Severalragpés were conducted
to evaluate CLFs of different perpendicular connections of rectangldtes. The method of
energy storage was conducted under acoustic free-field conditimhg, large number of thin
plates with different designs of junctions were examined. The tests irctiwaetypes of con-
nections: welded line junction and point junctions. In the first type of cotiome, the influence
of the thickness ratio of plates on CLFs values was tested. In the secandftgpnnection
the influence of the point of distribution at junctions on CLFs values wetede®©ther tests
were done to establish the impact of junction design on CLFs. Welded linégnadave a
tendency to decrease the CLFs when the ratio of thickness of plates iasadrélThe CLFs
also increase with density of joining points. Maximal values of CLFs weseonied for spot-
welded junctions. Mid-values were represented by screw-bolted joidtshenlowest values
by riveted junctions.

Key words: statistical energy analysis, coupling loss factor, rectangular plateectoms,
welded junction, point junction, acoustic power flow.

1. Introduction

Statistical Energy Analysis (SEA) is a useful tool for designers to premioer
transmission paths, energy distributions, and radiation of complex mechsystams
[26, 27]. Fast computer modeling vibrational and acoustical paramédteosnplex me-
chanical systems are achieved from commercial computer codes [31LhSUSEAM,
developed by Cambridge Collaborative Inc. [30], AutoSEA, developgavibro-
Acoustic Sciences Ltd. [3], and AARCSEA, developed by Atlantic Appliegé&arch
Corp. [18]. The design process can be followed by computer simulatigreiotypes,
modification of existing constructions in acoustical modernization, then by aontp
several different solutions, and optimizations constructions [13, 154 70In Poland
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the building acoustics approach was at the Institute of Building Technologamsaw
[19], and at the Structural Acoustics and Intelligent Materials Laboyad@H Uni-
versity of Science and Technology in Krakow with FEM evaluations of tnggdoss
factors [24, 25], car muffler energy flow [44], ribbed panels epeatjos [29], structural
modification [16, 17], flexural plates [43] and many other applications dustical en-
gineering [36, 37, 38] and the reciprocity law developed at the Depatifidechanics
and Vibroacoustics of the same University [10].

The SEA method has been developed for middle and high audio-freqad@gie
11]. New solutions based on a hybrid approach combining finite elemelgsan@EA)
in the low-modal density regions and statistical energy analysis (SEA) inghenmodal
density regions will soon benefit the systems which require wider frexyussnd solu-
tions [14].

When using the SEA method, the balance of energy is fundamental. Theugtruc
is assumed to be built on a set of simple elements including beams, plates and rods
which are called subsystems. Coupling Loss Factors (CLF), Modalitten@D) and
Dissipation Loss Factors (DLF) are parameters of the SEA subsystems.

Coupling Loss Factors describe particular types of joined elements antibjusic
They can be obtained by theoretical modeling [2, 8, 22, 23, 27, 42 048]y exper-
imenting in the laboratory an situ conditions [1, 9, 35, 47]. Further development of
data bases of CLFs with more sophisticated junctions used by designeedsdni®
improve the calculations and to eliminate the sources of errors.

The main purpose of this research was to make experimental evaluatiostatsd
tical summaries of CLFs values for a variety of mechanical junctions overgaéncy
range and then to make comparisons. These experiments were perfarried @ct-
angular plates connected perpendicularly on a common edge. Two kijaisctibns
have been examined, welded line and point kind junctions. In the weldedHmaflu-
ence of thickness ratio of the connected plates on CLFs was evaluatkd.daint-kind
junction, the effect of distribution of point junctions on CLFs along a comnugeavas
estimated. Using theoretical expressions for wave approaches, tpingooss factor
relationships were derived and compared with experimental data.

Additional investigations were made to establish the influence of differeint-po
kind junction designs on the transfer of energy by connections. Thiscaaducted
to show that the simple models often used in engineering are not alwayslesudab
use for sophisticated practical cases of welded, spot-welded, rivetectewed junc-
tions [34].

Currently, several direct and indirect methods for CLF evaluation eveldped.
Direct methods with input power measured by an impedance head or drfamsducer
with an accelerometer pair [13]) and ones indirect the like the power injegt&thod
[1], the energy difference method [5], the mobility method and structuraisitietech-
nigues [31]. Authors used the indirect approach to test the energddtosubsystems
[13, 35].
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2. Sea matrix — coupling loss factors of joined plates

2.1. Energy balance equation

At present the Statistical Energy Analysis is still one of the best codedeflew
methods. In this method, the response of each subsystem on the frgdpa@ilcis cal-
culated by using the resonant modes of the associated conservatsyesteny. SEA
requires the use of CLFs or transmission coefficiénisbetween any connected sub-
systems. DLFs and Modal Densities (MD) of subsystems are also regtaea system
with N subsystems, the power balance equation can be written in the matrix form

Er tor/m1 Wiin
Es ot /12 W2 in
w[A4] : = : 1)
E, tot/nN WN in
where
_ N _
m + Z M | N1 —12n1 —MN”
i1
N
[A] = —12172 n2 + Z n2i | N2 . —M2NT2 @)
i#£2
N
—NNINN . o | N+ Z NNi | N
L i#N |

Nitot = 1i + »_ ni; IS the total loss factor for each subsystemis the DLF of theith
subsystemy;; is the coupling loss factor between ti& and;*" subsystemsy;(w) =
N/Aw is the modal density of resonant frequenciedin, N; is the number of resonant
modes inAw band, E; . is the total time-averaged energy in the frequency hand
of the i"" subsystem andiV;, is the time-averaged power of inputs from the applied
excitations.

SEA CLFs can be calculated from theoretical formulas or the measurei@ita
DLF’'s are evaluated from measurements and include two parts of dissipategy.
The first is the energy dissipated by the material structure. The secoissiisaded by
radiation of the structure to the surrounding air. The part dissipated bypaherial can
be obtained from measurements or from the literature. The part dissipatadiation
of the structure can be obtained from radiation loss factors measurstroated from
the theory [33].
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The CLF indicates the efficiency of vibration power transmission from obeys-
tem to another. Coupling Loss Factors between subsysterd subsystenjis defined
as follows [6]:

Wi

- )
wEi =0

Nij )
whereW;; — power flow between subsystemandj, E;, E; — energies in subsystems
and;j respectively.

There are modal and wave approaches when deriving CLF expnegsigunctions.
In the modal approach, the power flow between two continuous systemsis iy av-
eraging the power flows over each mode and frequency band. Thegavever all pos-
sible mode-to-mode couplings produces an estimate for the coupling losssfatdh
In the wave approach, the vibrations are considered in terms of elastesywathich
propagate through the structure and are partially reflected and transniistedcaural
discontinuities such as plate and plate or plate and beam junctions [6]. In ttlisdne
the CLF can be related to the power transmissibility for semi-infinite structuees. B
low, the wave approach expressions are outlined for line junctions (31)sand point
junctions (Subs. 2.3. and 2.4.).

2.2. Line junctions

Since the power transmission coefficient has been defined as the ratepviter
transmitted through the junction to the power incident on the junction from BEan@
[26], we have:

cgiLc
i = T 1 Tijs 4
7]] w7TAi7jT] ( )
where
90y — 2 /ama — 2, <4 (5)
Cgi = 2Cp = WKC] = —_—
E;

The index: describes the plate being excited whileoncerns the second plate. The con-
stants arec,; — group velocityc, — wave phase velocity, — bending radius of gyration,

h —thickness of the plate; — longitudinal wave velocityd;, A; —areas of platesor j,

v — Poisson’s ratior transmission coefficient for flexural waves. In the case of plates
of the same material with different thickness we obtain [6]:

2
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4

and CLF
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Ei LC\/ wh
Mijlin = = 1_ 2 5 5 (8)
V3r\l p( v )wAi(a 1401)
whereo = % is the thickness ratio,
2.3. Stiff bridges
Expressions for the configuration with stiff bridges were propose@bj; [
2Re(z; )Re(z;
Nig,br = &z)Rel ]) )

Twn; | zi + 2 |2

There are two cases. The first one is when the coupling occurs fgrfeava the edges
of the plate, and the second concerns an edge coupling. Expressiampédance are
given by Egs. (10) and (11)

zi = 8phikcy, (120)
Z?D = 3.5phikc. (1)
Parameten,; represents the modal density of plater j:

V3 A

2m crhy (12)

(4) B

2.4. Point connection

Models depend on flexural wavelength, and the distance between the points of
connection. Six cases can be distinguished basing on the ratio of wadBg].
For plates of the same material, expressions are given below in Eqs.nd 8)4) and
concern the point-like junctions or line-like junctions respectively.

o 3.5Nh1011 h%h%
N2 T muA, (B h)

2 2
= 4\[ \/ h2c” hlh —, for A, > 151, (14)
(h? + h3)?

where)\, — flexural wavelength of platé— point spacing. In the case of flexural wave-
lengths betweehand1.5 /

for \p <1, (13)

M = 0.5(n1y +ni3). (15)

That is, how the average value of the CLFs given by Eqs. (13) arjdg&4timated.
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2.5. Energy storage model

The assumption was made that two joined perpendicular plates can be cedside
as two flexural plate subsystems with negligible power flow in air volume betteen
plates. The power balance equation can be written as:

m+mn2  —n2 Ergor | _ Wi in/w (16)
—mz2  n2+n21 | | E2tot Wain/w |

Input of energyi¥ ;,, occurs only to the first subsystem, thigf ;, = 0 and
(M2 + 1m21) E2.t0t = M2E1 tot - (17)
Assuming reciprocityy; jn; = n;in;

_ 772E2,tot
No/N1FE1 tor — Eatot

721 (18)

The average energy stored in a thin plate can be obtained from the meaa gglocity
Eitor =m; < UZ-Q >= pAnh; < v? >, (29)

where< v? > is the mean square velocity of vibrations of theh plate.
Finally, the equation for two flexural plates is

N = 2
HOIGIOIESE
A2 hg P2 < (5 > no
2
= . 20
A (Y () (252) - () () (2 =
Ay ) \ha) \p2) \ <03 > Az ) \h1) \cn
This equation was used for calculations of CLFs, based on experimeitaivith
anechoic conditions of propagation. To estimate the DLF, the decay rate angtso

used [27, 35]. This method is based on the transient response ofreanésnode with
linear damping for a reverberant plate. The dissipation loss factor cabthmed:

&)

220
7 InTso’

(21)

where Tyo — reverberation time, time taken to decay 60 ¢B,— center frequency
in bandn.
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3. Models in simulation — examples

One method of calculating the unknown values of coupling loss factor foptx
connections of plates is to divide a complex mechanical system in the pheologen
ical way into simple elements (subsystems). These subsystems usually casilpe e
described by SEA parameters. Figure 1 shows the elements of mechdiicai@lels
of the investigated junctions: (a) —welded modelled as a line and (b) — softsyoint
welded, or riveted modelled by point junction.

a.

/

/ Plate 2

Weld

Plate 1

—\ X X%

/
/ piate2

X
x X
X x + 4+ 4+ 4+
N XK
® X X
X b1
X
‘0'2* + - acceleration measurement points
a - suspending points
h2 o - input force point

Fig. 1. Plate connections: a) line-welded, b) point with angle steel, c) disitiib of measurement,
suspended and input force points in plates.
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3.1. Line junction

The SEA subsystem model of the welded junction (Fig. 2a) consists of wtarne
gular flexural homogenous plates and the weld. The input power is injettethe first
subsystem. Then Eqg. (22) represents in a matrix form the power flow irys$iens.

m + N2 —121 0 Eq Wi/w
—M2 M2 —M21 + 123 —N32 Ey | = 0 : (22)
0 —123 n3+ms2 | | E3 0

Power flow between the first and third subsystems is obtained from EpafD
then CLF can be shown in an equivalent form:

e 72
— ) 23
s [773(772 21+ m23) Fns2(m2 + )| m 23)
12723 3
User Defined Power
Plate Flexural # 1 Plate Flexural # 2

I By

Beam Flexural (weld)
Fig. 2a. SEA model: line-welded junction.

3.2. Point junction

This model is built of four subsystems with input power injected into the first su
system. Plates are rectangular, flexible, homogenous and with anglednstieél,can
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be considered two L-connected plates, with a frictionless connection. rBadel is
shown in Fig. 2b. The power flow represents the following matrix:

m +me —121 0 0 Eq Wi /w
—m2 N2+ M1 + 123 —132 0 Ey | _ 0 (24)
0 =123 N3 +M32+ M4 —T43 E3 0 '
0 0 —1)34 N4 + 743 Ey 0

Assuming that subsystems 2 and 3 have the same stored energies, at@i#de-
tween the first and fourth subsystems equals

e 2
Tha (N4 4 143) (M2m3 + 12 + 1+ 03 + N21) + 0a(192034 + 1721734 + N34
112734
12
SR (29)
14

Computer simulations were carried out with AutoSEA code, developed by-Vibr
Acoustic Sciences Ltd. [3]

User Defined Power

5
Lo

Plate Flexural # 2 Plate Flexural # 3

(angle steel, first leg)  (angle steel, second leg)
Fig. 2b. SEA model: point type junction.

j Plate Flexural # 4
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4. Experiment

The experimental set-up consisted of joined plate structures hung fraertieaV
duralumin base on nylon threads, additional vibration isolation was susgéydubber
tapes. The standard steel plates were joined perpendicularly to eacliFothed). Two
main kinds of junctions have been tested: welded line and point junctionsvéided
example the influence of the thickness ratio of the plates on CLFs was athalyze
the point-kind of junction, the effect of distribution of connecting points wader
consideration. The program of experiments include tests performed ldedyecrew-
bolded, spot-welded and riveted junctions. The construction detailsasfetyof joined
plates are listed in Table 1.

Table 1. The variety of design and parameters of tested joints of plates.

Type of connections

Linear points
Welded Screw-bolts| Rivets ‘ Spot Welded
number of
DimeE!s,eilE)ens [ points _in Plate Dimensions [m]
connections
a1 = 0.65
a2 = 0.65
b1 =1.20 2
ba = 1.00 3 a; = 0.65 b1 =1.20 | hy =0.001
hi1 = 0.001 4 az = 0.65 by =1.00 | he =0.001
h1 = 0.0015 5
h1 = 0.002 9
h1 = 0.003
h2 = 0.001

Material of plates

Constructional Stee = 2.110"" [kg-m~'s™?], p = 7820 [kgm™?], v = 0.3,
E — Young modulusp — material densityy — Poisson ratio.

In order to evaluate the energy stored in vibrating plates, the measurerhants o
plitudes of velocities of vibrating plates were carried out in an anechoitibba Eval-
uation of CLFs were processed with Eq. (20). All experiments were wded in the
frequency range 100 Hz — 100 kHzip3 octave bands. Experimental set-up consists of
input power measurement systems built of an impedance head BK 8000, araiif
2635, dual channel analyzer BK 2043, graphic equalizer, two acreéters BK 4344,
two amplifiers BK 2635 and a RTF electrodynamic shaker suspended feffnatime
(Fig. 3). Systematic measurements of all sets of the examined plates’ consegtce
carried out with eight repetitions for sets of fourteen measured pointstlowesurface
of the plates (Fig. 1c).
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3, [Charge Amplifier| Vs
| B&K 2635

|
J

Accelerometer
B&K 4344

B&K 4344 B&K 2635

Accelerometer | 22 |[Charge Amplifier| v

F 'Charge Amplifier —
Impedance Head B&K 2635
B&K 8000

rCharge Ampliﬁer‘
al B&K 2635 —‘

I

Dual Channel Real-Time)

Frequency Analyzer PC Computer
B&K 2133

Generator

— )
|

Power Amplifier .
—[ ShakerH B&K 2706 H Filter ]

Fig. 3. Measurement set-up.

Additional measurements of reverberation tihef plates were conducted for eval-
uations of Dissipation Loss Factors of the material of plates. The decay dheitio
white noise signals from a loudspeaker were used to excite the platess YeFe cal-
culated using Eq. (21). The results of DLFs of plates with a thickness 6L({ are
shown in Fig. 4. There are two cases: a homogenous steel plate, amd jplate cov-
ered on the edges by damping viscoelastic tapes. The plate with dampedvedgesed
in further CLFs investigations. The reason for additional damping was tease the
directivity of energy flow from platéd to plate2.
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0.0100
—#- undamped
L —+—damped
0.0001

100 400 1600 6300
Frequency [Hz]

Fig. 4. DLFs of steel plate damper on circumferences and undarnipekhess 0.001 [m].

5. Results and evaluation

5.1. Statistical evaluation

To choose a probabilistic model for a set of measurements, a Kolmogaorney
goodness-of-fit test was applied. The hypothesis that the values wigasurements fit
an exponential distribution at the= 0.05 significance level was studied. The variance
has been used to analyze the hypothesis that Coupling Loss Factordegrerident of
the type of junctions described by the parameters shown in Table 1. A twauvedysis
of F-distribution of variance at the = 0.05 significance level was used.

The estimation of thdé" factor and the critical value at the = 0.05 significance
level are shown in the Table 2. This table also contdfactor values and critical val-
ues of D at thex = 0.05 significance level. Two conclusions are: — A. In the analysis
of the entire range of frequencies all investigated values were greatef'thalues at a
level of significance oft = 0.05. Thus, according to the Fisher distribution test, the cou-
pling loss factors depend on the thickness ratio of connected plates, timgjeiements
spacing, and the type of joining. — B. The null hypothesis cannot betegjdzcause
the experimental data fits an exponential distribution attke 0.05 significance level
and then the exponential approximation is the best model for this data.

Table 2. The tested” and D factors, critical values at the = 0.05 significance level.

Type of
junction

Line welded 2.09 3.78 1.09 | 0.17-0.24

Fo.05 F Do.os D

Point: screw-bolts, distribution

distancel = 0.075 [m] 2.09 18.7 1.09 | 0.12-0.13

Point: screw-bolts, rivets, spot
welded, distribution distance 2.09 0.7 1.09 0.17-0.32
1=0.075[m]
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5.2. Line junctions

Junctions were tested with a fillet weld triangular 0.0004 [m]. CLFs were measu
with two different thickness ratios 1.5:1 and 3:1. The result for the ratio 3shasvn
in Fig.5. Comparisons of exponential values of CLFs for three diffdieckness ratios
for connected plates (1:1.5; 1:1; 1:3) lead to the conclusion that there isne@df
decreasing of the CLFs up to 6-7 dB for larger ratios of thickness. Thisis evidentin
higher frequency bands, where large decreases of density of rappear. In the lowest
frequencies this effect is below 2.5 dB. The agreement of experimerdahaoretical

(Eq. (4)) CLFs was observed, and larger differences accordirigtd8) are shown
in Fig. 6.

100
%E (oY T . 720 e/, S S
5 = —O— aprox.
o8B 8 - e expestdy [
— exp-stdv
70

100 250 630 1600 4000 10000
Frequency [Hz]

Fig. 5. Experimental values of CLFs for plates joined with weld thickne€9@@i[m], thickness
ratio 3:1 (0.003[m] and 0.001[m].

110
100
n o
© 90 -
o —
SR g
70~ theory (4) s
- theory (8)
60

100 250 630 1600 4000 1000
Frequency, [Hz]

Fig. 6. Experimental and theory CLFs (Eq. (4) and Eq. (8)) for weildgd plates, thickness ratio 1.5:1.

Results shown in Fig. 5 and Fig. 6 demonstrate that the theoretically obtailned va
of CLFs for both the line and stiff bridge models are closer to the experimesitats
when we are increasing the thickness of the injected plate. Results in Figwvalsdt the
experimental data fits very well between the line junctions and the stiff britigeels.
When increasing the plate thickness, the data for stiff bridges approdobexperi-
mental data more closely. The conclusion is that junction cannot be modeddihas
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5.3. Point junctions

The example of measured CLFs of point screw-bolts joining plates is fegsen
in Fig. 7. This example represents data with five joining screw-bolts at thendesta
0.300[m]. The distribution of measured data fits the exponential approximaiibrca.
5dB standard deviation.

Another screw-bolt junction of plates CLFs for five different densitiesomnecting
points is shown in Fig. 8. Maximal values of CLFs were obtained from junstmin
larger density of connecting points (maximum was nine). This tendency is sfoilait
other screw junctions of plates. Increasing differences were aigatiow frequencies
up to 5 dB at 100 Hz.

110
oy 100 mwg
—U, n ;1;:1:'1‘4_;. = N
ke 20 = aprox "“:5%-:53;
SIR +

=80 toexpHstdv o I:
— exp-stdv
70 L

100 250 630 1600 4000 10000
Frequency, [Hz]

Fig. 7. Experimental CLFs for point screw-bolts junctions’ plates: fivimijg screws, distance
of screws 0.300[m].

105 ‘

—*—75 mm (9)

% 150mm (5)

% A 95 Y T —— ——225mm (4)

- m : -8 300mm (3)

5 : —o— 600mm (2)

O e R TR 1 VA
75

100 250 630 1600 4000 10000
Frequency, [Hz]

Fig. 8. Experimental CLFs for point screw-bolts junctions, variety ofsity of joining screw.

The CLFs shown in Fig. 9 present a good agreement between the thmebeyaer-
iment and up to 3—4 dB difference between the simulation and the experimesas It
possible to observe that in the case of a small number of connecting pomtsesh
agreement is at high and low frequency ranges, while for larger dehsigreement is
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better at a low frequency range. One possible explanation is that imgezHshe den-
sity of connecting points is a reason of the increase of constructiontibiriand up to
a 10 dB difference between the theoretical and measured results. @iasial friction

introduces additional losses of energy, which were not included in thelaion mod-
els. This is evident in the middle band of frequencies about 1kHz. Goagbagent is
observed between the measured and simulated results with a maximal défeoéric-
5 dB. According to the results shown in Fig. 7 — Fig. 9, it can be concludbderetical
values come closer to the experimental data at higher frequencies. 8dtegjrvaria-
tions of the calculated and experimental CLFs occur at the middle frequgia€ié Hz
— 1250 Hz). When the density of connecting points is lower then the calcul4tes fit

better to the results obtained experimentally.

110

—_
)
(=

CLF, dB
ref 1E-12
O
S

[0}
]

—¥—exp —> theory Eq.(13) —&— theory Eq.(14) -5~ simulation

~
]

100 250 630 1600 4000 1000
Frequency, [Hz]

Fig. 9. An example of experimental, theory Eq. (13), (14) and simul@ldes for spot welded junction,
nine joining points, distance of spot welds= 0.075[m].

- riv.

- scb

CLF, dB
ref 1E-12

& spw

100 250 630 1600 4000 10000
Frequency, [Hz]

Fig. 10. Experimental CLFs for point junctions: screw-bolts, rivets spot welded.

Studies of the impact of examined technology of junction on CLFs are shown in
Fig. 10. Three exponential fitting curves represent trends of CLFsmatiiked — screw-
bolts, — rivets and — spot-welded. These factors depend significantiheaonstruction
of point connections. The largest values of CLFs were obtained fairvgplded junc-
tions, while middle values were for screw bolts and the lowest values wera/éted
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joints. The maximal differences occurred at high frequency bands apdot 20 dB at
10 kHz. At low frequencies these values differ by 10dB up to 13 dB 8tHf. This
shows the importance of technical realization of connections on CLFshwhimot be
simply modeled like the contacts of plates or linear junctions.

5.4. Evaluation of results

The following are: experiment versus Line Junction and Stiff Bridges &igdEx-
perimental and Point Connection Models, Point Junction — Different Desig Exper-
imental Data versus Code Simulations.

Experimental values match better the theory for both the line junction and stiff
bridge models when increasing the thickness of the excited plate. The relsoits
in Fig. 6 and results of other similar tests illustrates that the experimental dataamatch
well the models of line junction and stiff bridges. When increasing the platertbgsk
the data for stiff bridges approaches the experimental data more clogély asction
can no longer be considered a line junction. The experimental data fits tharisiifes
model better than the line model, which can not be considered for a plategef lar
thickness.

CLF factors depend on construction of the point connections. The erdncion-
nections show that the lowest values of CLFs were obtained from rifadkswed by
screwed and spot-welds, respectively. The simulation output of CLpsaaonsis-
tently lower than the experimental values. This was expected since theirgalljave
a higher density of modes with additional forms of transfer of energy leiilee sub-
systems. Simulation of the weld junction using the bending beam was not datigfac
but it was encouraging. The point junctions correspond with the expetaigata quite
well. Differences that occur at low frequencies are results of usimgadlar density of
modes in simulations models.

6. Conclusions

Coupling Loss Factors for different perpendicular junctions of thiteregular plates
were examined experimentally and approximated by expressions for waveaghes
as line junctions, stiff bridges, or point connections. An energy starsapel was pre-
sented for evaluation of CLFs in plate junctions. Fisher distributionKesttowed that
coupling loss factors depended on changes of the thickness ratio betvessonnected
plates, joining element spacing in junctions, and the type of point junction.

Experimental tests included two groups of connections of plates: weldepliine
tions, and point junctions with rivets, screw-bolded, and spot-weldetdé&u line junc-
tion tests showed a tendency for decreasing of the CLFs when the ratickiig¢hses
of the plates is increasing up to 6—7 dB for larger ratios of thicknessesCLs de-
pend significantly on the density of distribution of joining points. There is adeace
of increasing CLFs with increasing number of joining points in junctions. Thisathp
is larger for low frequencies than for high frequencies.
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Comparison of the results of CLFs with different design of junctions skdwat it
is possible to control the energy flow. For point junctions, CLFs depensiderably on
the type of junction. For the tested thin plates, maximal values of CLFs weeswaas
for spot-welded junctions. Mid-values were represented by scréigeband the lowest
values by riveted junctions. Typical graphs show the values up to 20gt&hof spot-
welded junctions compared to joints riveted for high frequencies and 46aiB at low
frequencies. Consequently, expected vibrational power flow atitess/eted junctions
will be by about 20 dB lower than similar spot welds.

Experimental data matched well the point connection models. Using thesedfinds
models in computer simulations, better agreement with real conditions canibeeath
In the case of line models certain corrections have to be done which will imdtraer
forms of flow of vibrations and dissipation in the junction.
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