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Transmission Loss and Insertion Loss

Transmission Loss (TL) Insertion Loss (IL)
W; IL = SPL; — SPL
TL = 201logy, (—l> Pl = SPL;
Wi * Property of the system
» Property of the attenuating element . Typically measured
* May not reflect the attenuating « Preferred method for defining
element’s performance in an actual performance
system
y _ _ _ » Prediction requires knowledge of the
* Easily predicted using plane wave, FE characteristics of the source and
or BE analysis termination
SPL,
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Prediction of Insertion Loss

* Analytical analysis is possible, but the

source and terminations must be accurately : (T,] = A B : SpL
simulated. " lc b : o 1
« For plane wave analysis (Prasad and Lo”
Crocker, 1981) :
T112y + Tip + Ty1Z¢Zs + TrpZ; Acoustic i i
IL =20 10g10 Source ! T11 T12 !
A11Z2y + Ap + Ap1 ZeZs + App Zs ! [To] = l !
: Ty Ta ;
| . _SPL,
« Termination (Z;) impedance can be : Muffler r
estimated using handbook equations. ; !
» Source impedance (Z;) has no ST, Up

mathematical solution
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Avirat vent
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Direct Measurement of Source Impedance “‘Qﬁ
, Without Flow
Two-microphone method (Prasad and Crocker, 1983)
« Described in ASTM E-1050 and ISO 10534-2 //
« Measurements are made inside the duct ((([>|
* A second source is necessary
« Challenges Samary Secondry
* Microphones must be placed in the flow path
» A secondary source must be attached to the system and :
be sufficiently powerful. With Flow
A Secondary
- Source
=

0

Primary
Source



Four Load Method of Measuring Source

Impedance
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Measurements are made outside of the . Ly R
1
Does not require a secondary source ' T
: : R SPL
Four different straight ducts are used as 4 L, !
different loads on the source < d
Using measured sound pressure levels '4’)) T=—7
outside each duct the source impedance is e SPL
calculated 2
G L3
!
=) ~~_r
SPL;
oL,
1
=) ~—_
) SPL,




&

Develop the Four Load Method N et

* Analogous circuit for a duct of length L

connected to a source L
« Source characterized by x -
i. Source Pressure (ps) Iﬂ)) 5\\\
ii. Source Impedance (Z) ' T~
» Load characterized by the load impedance (Z;) X=0 SPL
» The pressure at the inlet of the duct is ZL——Z;

N
v
@)

pL - ZS + ZL pS

@)



Develop the Four Load Method

» Measure sound pressure levels at a single
point outside the duct

« 7, is defined by the four pole parameters
termination impedance (Z;)

« Assume that Z; and p, do not change for the
different lengths

* Fourloads — Four load pressures — Four
equations for Z; and p,

 Four unknowns
Zs = Ry +sz
Ps = Ds +jps

Zs = f([T11,IT2]), [T5], [T4), Z¢, SPLy, SPL,, SPLs, SPL,)
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T Lq .

1
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Real Part of Source Impedance

R [ (ayc1—aqcy)(azdy—azds)—(asc,—azcs)(azdi—asdy) |
S |(azbi—aqby)(azdy—azds)—(azby—azbs)(azdi—aqdsy)

Imaginary Part of Source Impedance

Y = [ (azc1—aicy)(asby—asbs)—(azcy—azcs)(azbi—agby) |
s | (apdq—aqdy)(azb,—aybsz)—(azd,—azds)(azby—aqby)

o = { |CLmZt + DLm| }1OSPLm—SPLm+1/20
|CLm+1Zt + DLm+1|

am = (1 —a%) bm =2(Ry, ., —a&R; )

dm = 2(XLm+1 - aranLm) Cm = 2 (az(Rgm + Xfm) o (R%mﬂ T XL2m+1))



Validation of Four Load method

 The measured and predicted insertion
loss of a simple expansion chamber
are compared

* Enclosed loudspeaker is used as the
source

» Plane wave analysis is used to predict
the IL

3.77
A

cm

14 cm

A

27.3 cm

v

T11Zt + Typ + Ty1Zi Zs + Ty Zy

IL =201
0810 A1 Ze+ A1y + ApiZiZs + Ay Zs

@

b

’:'I
NODISE-CON 2020

JAZZIN' UP NODISE CONTRO)

Must Go On dine) )

Avirat vent




&

Validation of Four Load method N et

88.3 cm R
@ [E) ~ 5o,
e SPL4

; 67.3 cm g

) ) ~ 15
T SPL,
50.8 cm
© @ ~~15cn,
b SPL,

34.3cm
(d) Iﬂ))) ~_15¢

B ~~__.SPL,




SPL (dB)

Validation of Four Load method
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» Developed first multi-load method to determine the source impedance.
* Four-load method is a much easier measurement than the wave decomposition approach.

« Bodén and Abom built on the Prasad's four load method to develop multi-load methods for
evaluating source characteristics.



