Three Drivers in a MEH
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Horn Locations

Points 0, 1, 2, and 3 are axial positions along the horn length

Point 0 is at the High Frequency Driver throat (Compression Driver), z =0
Point 1 is at the Mid Driver Throat axial dimension

Point 2 is at the Low Driver Throat axial dimension (not used for two drivers)
Point 3 is at the Open End (Mouth), z=L

horn

Goal: Calculate the selected driver's U and p that produce the Open End boundary conditions U, |
and p,,.. Calculate the pressure on the other driver's stationary cones to calculate coupling terms.

At each driver location :

U = volume velocity arriving from the open end direction

U' = volume velocity towards the driver passing through the throat and coupling volume
U" = volume velocity towards the closed end

Coupling volumes and throats can exist at each driver location.

All variables and expressions are functions of frequency and geometry, all expressions are matrices.

Transfer Matrix Notations
U, pl"= [Transfer; ] x [U; pj]T wherei=0,1,2andj=1,2,3
and the inverse for the opposite direction

Y, pj]T = [Transfer, J]'1 x[U; pI"

Transfer Matrices and Notations

e Horn - Mouth ---> Throat

Uy pol™ = [Transfer, 4] x [Transfer; )] x [Transfer, jx [U P’
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e Horn Holes to Drivers
[Uiow Piowl” = [Transfery,,, o x [U, p,JT
[Urig Pridl" = [Transfer iy 1x[Uy pqIT

[Utigh phigh]T = [Transfer,q, ol X [Ug Pol’

Calculation Algorithm for High Frequency Driver

e atthe Mouth

U, =1
pm =Zmouthx Um

e atpoint2 in the Horn coming from the Mouth

U, p"= [Transfer, ol X [Up, Pl
e atthe Cone of the Low Frequency Driver

U,,=0

=1

low

plow

[U p]T= rrransferlow_z]'1 X[Uiow Powd"

Z=p /U atthe throat of the low frequency driver
Uy=p,/Z

U,"=U,- U, and p, is unchanged

using U,' and p, calculate p,,,

Uiow Piowd" = [Transfer,,, o] x[U; pol"

Pow Used to calculate coupling term between low and high frequency drivers

U, .. should be zero

low

e atpoint 1 in the Horn coming from the point 2
U, pJ= [Transfer; ,]x[U," P,

e atthe Cone of the Mid Frequency Driver

Unig =0
Prmig =1

[U pI" = [Transfer,y 11X Ui Prigl”



Z=p /U at the throat of the mid frequency driver

U/=p,/Z

U,"=U,- U, and p, is unchanged

using U, and p, calculate p, 4

Unia Pmid" = ﬂ'ransfermid_1]'1 x[U; pIT

Prmig Used to calculate coupling term between mid and high frequency drivers

U,y Should be zero
e atthe Cone of the High Frequency Driver

[Unigh Prignl” = [Transferyq, ol x [Transfer, 11x [U" p,]"

Prigh Used to calculate impedance at the high frequency driver

Uhigh used to calculate coupling term between mid and low frequency drivers
Outputs

Ziigh.high = Phigh / Unign

Zrid_nigh = Pmid/ Unigh

Ziow high = Piow! Urigh

Ehigh = (Sd_high 'S noutn) X (17 Uhigh) = air velocity ratio

Calculation Algorithm for Mid Frequency Driver

e atthe Mouth

U, =1
pm =Zmou1hx LJm

e atpoint 2 in the Horn coming from the Mouth

[U2 p2]T = [-rranSferZ_moum] X [Um pm]T

e atthe Cone of the Low Frequency Driver

[U pI" = [Transfer,,,, oI X [Ug, Ponl"

Z=p/U at the throat of the low frequency driver



Uy =p,/Z
U,"=U,- U, and p, is unchanged

using U,' and p, calculate p,,,

Uiow Piowd = [Transfer,,, o] x[U; pol"

P USed to calculate coupling term between low and mid frequency drivers

U, .. should be zero

low
e atpoint 1 in the Horn coming from the point 2

U, pJ= [Transfer; ,]x[U," P,
e atthe Cone of the High Frequency Driver

Upign =0

Phigh = 1

[U p]™= [Transfer,y, ol X ﬂ'ransfero_1]]'1 X [Unigh phigh]T

Z=p/U

U"=p,/Z

[Uhigh phigh]T = [Transfery, ol x [Transfery (1x[U," p I

Prigh used to calculate coupling term between high and mid frequency drivers

U4 Should be zero

hig
e atpoint1inthe Horn

U,, U,", and p,

U,'=U,-U,"and p, is unchanged
e atthe Cone of the Mid Frequency Driver

[Unia Pmigl’ = [Transfer, .y 1x[Uy" p]"

Pmiq Used to calculate impedance at the mid frequency driver

U,,iq used to calculate coupling term between high and low frequency drivers
e Outputs

Ziigh_mid = Phigh/ Umnia

Zrid mid = Prmia/ Umia



Ziow mid = Piow’ Ymid

Emid = (Sd_mid 'S enoutn) X (1/U;4) = air velocity ratio

Calculation Algorithm for Low Frequency Driver

e atthe Mouth

U, =1
pm =Zmou1hx LJm

e atpoint 2 in the Horn coming from the Mouth
[U2 p2]T = [-rranSferZ_moum] X [Um pm]T
e atthe Cone of the High Frequency Driver working towards point 1

Upign =0
Phigh = 1

U," p "= [Transfer, ol X ['I'ransfero_1]]'1 X [Unigh phigh]T
Ziigh =P/ Uy"
e atthe Cone of the Mid Frequency Driver

Upig=0

Prig =1

[U p]T= rrransfermid_1]-1 X[U g Prigl”

Zng=p/U

U'=p,/Z

U,=U,"+U,"and p, is unchanged

using U, and p, calculate values at point 2

[U p]T= rrransfer1_2]'1 x[U; p,IT

Z=p/U

U," =p,/ Z volume velocity into the horn towards the mid and high frequency drivers

U, =U,-U,"and p,is unchanged, volume velocity at the throat of the low frequency driver

using U,' and p, calculate p,,,and U,

Uiow Piowd = [Transfer,,, o] x[U; pol"



back calculating p,,;; and Ppign Since U,qand Uhigh are zero

U, pJ= [Transfer; ,]x[U," P,
e atthe Cone of the Mid Frequency Driver

U, =p,/Z,4 volume velocity into the throat at the mid frequency driver

u,"=u,-u;

Unia Pmid" = [Transfer, 4 41x Uy’ p I

U, 4 Should be zero
e atthe Cone of the High Frequency Driver

Uy p™ = [Transfery 41x[U;" p I

[Uhign phigh]T = [Transfer,;, ol x[Ug Pol’

Uhigh should be zero

Phigh @nd p,,,4 used to calculate coupling term between high and mid frequency drivers
e Outputs

Ziigh tow = Prigh/ Yiow

Zid 1ow™= Pmid/ Yiow

Z|ow_|ow: plow/ lJlow

Eow™ (Sy _Iow/ Smoutn) X (1/U,,,) = air velocity ratio



