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1. . INTRODUCTION

Among the most difficult problems to handle for light weight floor structures, besides impact sound
insulation is vibration isolation against ordinary laundry and dish machines and fan installation. A
literature survey in this area results in zero score addressed directly to the problem, however some
related studies can be found, e.g. [1-5] penetrating stiffened plates. where [2-3] also considers
vibration isolation. Therefor, due to the raised interest of residential housing built-up by light weight
floor and wall structures it is judged necessary to penetrate this area. Hence, this paper contains a
theoretical study of structural acoustic characteristics of light weight wooden joist floors. A routine to
predict the input point mobility is also outlined herein, mainly using the results in [4]. The paper ends
with aexperimental case study.

Classical vibration isolation theory deals with isolation of a source structure supported on a
massless resilient spring. The spring is often assumed blocked at its termination to the receiver
structure. This model is often appropriate if the receiver is a heavy concrete plate and if the
frequency range of interest pertains to ‘massless‘ springs. But in general the receiver should be
included in the analysis, in especially when dealing with lightweight structures as e.g. wooden joist
floors.

Taking into account the floor mobility one may end up with an installation design of a one stage
isolator. where the mobility mismatch of the aforementioned elements involved is to low. One way to
solve this problem is to use two—stage isolators. This may in practise imply an additional rigid mass
either directly at the receiver or within the mount itself. The additional mass if appropriate design can
then be used as the blocked terminator for the isolator mounted to the source.

This paper is mainly built on the report [7].

2. THE VIBRATION ISOLATION ON AN ARBITRARY PLATES
STRUCTURES

The effectiveness of vibration isolation depends on the mobility of the elements involved in a set-up.
If the mobility of the receiver structure is low an one-stage isolator can be used with satisfactory
results. An example of a application may be a fan mounted on a concrete plate.

The power supplied to a plate structure by apoint force is

P=%|FI2R3{YR}

where YR is the mobility of the receiver structure and F is the force acting on the receiver structure.

Consider Figure 1 a). The power supplied to a plate structure before and after the vibration isolation

treatment is
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where the isolator mobility Y,, assumed to be massless, and YS is the mobility for the source. The
effectiveness, or the insertion loss. of the vibration isolation may be formulated by means of supplied
power as

E2 E PDEIUIE

Palter

 

Thus, a large E indicate a good isolation treatment. In case of one—stage isolation. the effectiveness
is

Y!
YR + Y3

1+

 

(1)

  

For the aforementioned concrete plate one often have that |Y,| >>|YSHYR|. Hence, the quotient
contributes significantly to E. The more complicated case with light weight floor structures |YR| may
be in the range of lY,l or even higher. Hence, E may be close to one, implying ineffective isolator.

An alternative to "decrease" the receiver mobility may be to use a two—stage isolator, In practise it
means that a rigid body. with mobility Y,,,, is inserted between two isolators. The formulation of E
then becomes

E=1+M+AE,AE=—*—(W1+YS)(W2+YR). (2)
(Y3 + YR) Ym(Ys +YR)

  

The symbol Y” and Y,2 denotes the isolators connected to the rigid body Y,,,, as indicated in Figure 1
b).

 

Figure 1 a) One—stage isolator, b) Two-stage isolator.

It is clear that a greater included mass. i.e. low Y,,.. corresponds to an increase of AE and thereby E.
Hence, the case of a high receiver mobility may be compensated by means of a rigid mass. In
general, however, one desires to obtain the greatest effectiveness given a weight of the rigid mass
and total mobility for the isolators. The limit may be set by total static load of the floor and static
deflection for the source. From this point of view AE may be maximized. if we do so, AEM, becomes

-AE = (YI1+YI2)2

"‘3‘ 4Ym(Ys+YR)

where the conditions to be fulfilled are|Y,,| >>le| and |Y,,l >>|YR|.
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Consequently, the aforementioned condition can easily be fulfilled in practise and Y,,, may be chosen
appropriate. The given consideration in this section demands some knowledge of YR. The lack of
theoretical data on YR has hindered the proper use of the two-stage isolator concept. Hence, in the
following section theoretical expressions for the input point mobility of light weight floor is derived,
includingrapproximate expressions.

3. INPUT POINT MOBILITY OF A PERIODICALLY STIFFENED
PLATE

An infinite. stiffened. thin plate is excited by apoint force located in x0. F,,fi( x - x0) 5( y) e"”’.

i F0

    

Figure 2 A sketch of the beam reinforced plate.

The time variation ei‘“ will henceforth be suppressed. In the treatments of the governing equations
Fourier transform technique will be used. The approach used herein is similar to Mace [1] and
Evseev [4]. A similar approach was used by Mace in [5]. The authors has also used the approach
[6]. The Fourier transform pair is defined as

vT/(k,,ky) = [ w(x, y)e”I"'“"")dxdy (—> w(x. y) = I); T] Mk,,ky)ei(k‘“k’y)dk,dky (3)

The governing equation for the plate is, in terms of its displacement w,,.

2 2

BP + wp(x,y) — mpmzwpbr. y) = F°6(x — xo)5(y) — p,(x,y) (4)

where B, in the bending stiffness and mass per unit area of the plate. The pressure p,(x, y) is the
sum of the reaction forces due to the frames. The nzth frame is governed by the Euler-Bernoulli
beam equation

4 _
B. d—W'Jzfl'mrwzwriiU/i: PM). (5)

dy

where B, and m, is the bending stiffness respectiver mass per unit length, assumed to be equal for

al frames. F,, is the reaction force from the beam acting on the plate. Note that bending moment

transmission is neglected. However, as pointed out in [3], this has very little effect of the results In

terms of transverse displacement. The boundary conditions at the junction between the plate and

the beam are

Wu. (Y) = Wp(fll.Y) (5)
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This problem was first solve by Evseev [4], by means of Fourier transforming equation (3—6), and
taking into account properties of infinite sums and using the Poisson rule. After some manipulations,
the transformed displacement can be solved for. Vlfith our notations, the transformed displacement
can written as

 

W (k k )—Foei(k‘x°+k’y°) K’U‘ylFo Tith-ky) (7)p X' y _————-_—-—-—_Kp(k,,ky) le(kx,ky)1+Kf(ky)_.r2(kx‘ky)

where

Kp = 3,,(k3 + kff — mpafi. K, =B,k;‘ ~m,wz (8)

is the spatial stiffnesses of the plate and the frame and

. 2m1rm e-i((k.-—I)xn+k,yi k w 1

T‘(k"k’)=m=2mi< k,—2m7r/l,k 'T2(k" ’)=m=2sK k,—2m;r//.k[-7 y P y

Normalising on F0 and introducing the variables a = k.*/ kg, [3 = ky/ k, y = k,/ k, leads to, with

YD=1/B Bpml, , and the abbreviations

G1 = (a‘ - 7") . G2,." = ((OL-ZITIIr/kpl)2 + 13 52-1

  

HI _ 81k? i e—r(a—m2x1k,,l]xok,, H2 = Elk; m 1

Ispk; mm G2,”, IBpk; m“, Gm

v 2; ”’ 1 amt» H1-G1
75:72 I -———2»—r— dadfl. (9)

where the inverse transform (3 b) has been used. and the receiver is located in the excitation
position, x=xa, y=0. Equation (9) is an exact expression for the point mobility and for an arbitrarily
excitation position. As found out during theprogress of this work. the limiting cases for kpl constitutes
valuable results. Hence, for the simplest case, namely if k,,l —> no, one finds by examine H1 that

H,—>O. The remaining term in the integral is the first one. If integrated, one gets the input mobility of
an unstiffened plate.

Y —> Y0 (10)

if on the other hand we let kpl -> 0, which also implies that xokp —> 0, one gets

BFk;

Ispk;((a2 + [12)2 — 1]
H1—»H2-> ,m=0

Inserted in the integral in (9). with £= BFkF“ /(IBpk;) .

Y 2i “j’ J. dadfl
2 w—2——‘ (11)YD 7: “m (a2+fi2) _1+(a4_74)£/74

14 Proc.l.O.A. Vol 22 Part 2 (2000)



 

Proceedings of the Institute of Acoustics

Introducing the polar co-ordinates a = (10 sine and )3 = do c059 and integrating in 110 by means of

residue calculus, equation (12) reduces to

2Y J." d0Y 1
= o..___ ____

2nd1+ao a .4
’HFsm 0

From (12) we get two special cases. If s/y‘ —) 0, the plate is more bending stiff compared to the

frames.

(12)

YzY0/1/1+E. (13)

If dy“ —>no, the frames are more bending stiff compared to the plate. The integral can be rewritten to

yield
in

427‘”) 2/ 1/4

“vow—1+5. j gang. (14)
7! 1+5

J—

Now, by summing up the result we get the following valuable formulae.

k21> 1: Excitation between frames

Y=118 mpo. (153)

Excitation on/near frames

y=(1_i)/(4mFJZ(BF/mF)"‘) (15b)

kg < 1: Arbitrarily excitation point

Y=1/(8.lmpap- 1+BFkF4/(Iapk3); Bpliap<<1 (15c)

1/4231/3
Y—( " F) ————1 ;BF/IBp>>1 (15d)
- 8‘)!"po . 1+BFk2/(Iapkg)

3.1 APPROXIMATE DESIGN OF Y

mm the aid of expression (1Sa-d) one may now introduce an approximative design procedure in

order to determine Y. In terms of Helmholtz number for the plate, if kpl s 0.5 one may use either

expression (15c) or (15d) depending on the quotient e/y‘. If kpl 2 1, expression (153) or (15b) may be

used, depending on the excitation position, If the excitation position is between frames expression

(153) is valid and at or near a frame expression (15b) is appropriate.

For 0.5 < kpl < 1 a straight line is draw. connecting the aforementioned expressions. In

Figure 3 a) Approximation for Y between frames. is. excitation point between frames. b)

Approximation for Y atlnear frames, Le. excitation point atlnear frames and the results are illustrated.
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a) b)
Expression Y
(1 Ga)

   

  

  

  
Expression
(160) or (16d)

Expression
(16c) or (16d)

  

 

  

  

Expression
I 16b)  

i1 kpl

Figure 3 a) Approximation for Y between frames, i.e. excitation point between frames. b)
Approximation for Y at/near frames, is. excitation point at/near frames

0.5 1 kpl 0.5

The phase for the case between the frames is zero for all kpl. This can of course not be true at low
frequency. Separation of peaks due to standing waves both along and between frames causes the
phase to vary between -n/2 and "/2. This apply for the case in Figure 3 b) as well. But still the
magnitude of Ycan be quantified satisfactory.

Finally, if we focus on wooden joist floor one can examine the parameters e/y“.

   

 

    
0.022 —umam-J

lam-fitt-
0.3 P (kg/m )

0. 6 0.05

Figure 4 Example of a wooden joist floor

Using the data given above Ely“ can be calculated The result is sly“ e 42 >> 1. This result is quite
representative for wooden joist floors. Consequently, expression (16d) is valid for most wooden joist
floors. Experimental verifications of the expressions can be found in [7].

4. A CASE STUDY

This section pertains to a case study of an axial fan mounted on a light weight floor structure. Due to
the high mobility of the floor an alternative method to increase the vibration isolation is by means of
blocking masses. There are two different principles that one could bear in mind when pertaining to
blocking masses. In [1] it is demonstrated that the if the blocking masses is mounted firmly to the
receiver structure (floor) it should be concentrated to “points” rather than evenly spread out. to
obtain efficient vibration isolation. On the other hand if a soft layer is placed between the blocking
mass and the receiver structure, the mass should be spread over a large area as possible. The
conclusions are valid provided that the total weight of the blocking mass and stiffness of the layer
are constant and if the source mobility is lower than that of the blocking mass. In the case herein
presented the later principle has been used where soft springs are imposed between the fan and
blocking mass.

4.1 THE FLOOR STRUCTURE AND EXPERIMENTAL SET-UP

As shown in section two the variation of input mobility for the different floor structures considered is
in the range 10" to 10‘3 m/Ns. A sketch of the pertinent floor is given in figure 4.1. It’s impact sound
transmission index is 51 dB.
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TRP45, t=0.5 mm
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95 mm Rockwool 36 kglm3
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Figure 5 Floor structure under test. The floor is simply supported.

The fan was an axial one with diameter 500 mm and total weight 93 kg. The engine weight was 43
kg. The rotation per minute was 2860 or 48 Hz. Engine power was 7.5 kW.

The floor was mounted between a sending room and receiver room. The volume was 70

respectively 90 rn 3. Five different fan mountings was tested, and two are chosen to be presented in

the present paper. In the first experiment the fan was freely hinged and had no mechanical contact

with the floor structure. Thereby, a situation was created where only air born sound was transmitted.

The resultant sound pressure in the receiver room for this case was the compared with that found

from the other set-ups. The two set-up to be presented are illustrated below.

Fan

  

   

  

3) Fan b) 4 M50A
Trelleborg

 

    

Blocking mass

Stone wool

Blocking mass

Stone wool
Source room Source room

Lightweight floor structure Lightweight floor structure

Receiver room Receiver room

Figure 6 a) Case A. b) Case 8.

Data for case A; Blocking masses: Concrete plates 300x300x75 mm. Density 2400 kg/m 3. Total
area is 1200x600 mm. Stone wool: 1200x600x120 mm with density 36 kglm“.

Data for case B; Blocking masses: Concrete plates 300x300x75 mm. Density 2400 kglm 3. Total
area is 1200x600 mm. Stone wool: 1200x600x120 mm with density 36 kglm 3.

In the analysis of transmitted sound pressure only translatory motions perpendicular to the floor are '
considered. The floor input mobility in figure 4.3 is approximated with a constant Ym = 10 '3 m/Ns.
The isolators and stone wool are at low frequency considered to act as a pure spring. The blocked
resonant frequency between the blocking mass and stone wool is approximately 3 Hz. That for the
isolators and fan is approximately 15 Hz.

4.2 RESULTS

The sound pressure level for the different cases are shown in figure 4.7. The peak at 48 Hz in case
2, 3 and 4 is due to the fan engine. The bottom curve . case 1, is the lower limit of the sound
pressure level. In the range from 30 - 250 Hz the structure borne sound transmission dominates the
sound pressure level. One may even note that for the case with directly mounted fan on floor. a
higher sound pressure level .at 48 Hz in the receiver room compared with that in the sending room.
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Figure 7 Sound pressure level in receiver room, ( + + ) Case A, (' ' ‘) Case 8, (- - -) only airborne
transmission. Sound pressure in the source room ( —).

5. CONCLUDING REMARKS

A simplified design guide for the prediction of point mobility for some typical wooden joist floor is
presented. The theoretical and experimental findings agrees well. It is also demonstrated the gain

one may expect from using two-stage isolator compared to one-stage isolators. The two—stage
isolator, seen from the source. decreases the receiver mobility if the isolator is proper designed. For
the experiments case study, the difference between the two aforementioned set-ups is as high as 20
dB at the machine rpm.
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