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1. Introduction

In this article we show how 3D Response simulatam be used in low — mid
frequency crossover design in a big 3-way systesmaexample we took real built
140 liter big 3 way speaker based on JBL 123A1 &8s driver, seas h1262 6~
midrange and seas h1149 1" dome tweeter (Fig.bweer, even real tweeter was
used in the speaker our goal is the bass-mid iatiegr, and we omit considering
the crossover for the tweeter. The later can besdanconventional way with
microphone measurements of midrange and tweeter.

Fig.1 3-way system

The problem with bass—mid integration is accuragasnrement of driver response
in real room at bass and low midrange frequencsesEh measurement will be

strongly influenced by room resonances as webasle step. To do measurements
correctly one needs anechoic camera, which is dlimegond the capabilities of

most DIY speaker builders.

Instead of microphone measurements we use ResBbndéhe plan of this paper is

as follows: at first in the verification section wslaow that our simulation of the

bass and mid drivers is in relatively good agredmmth near field microphone



measurements, where the response is mainly detedniy direct radiation of
drivers and reflecting waves are negligible.

Next we calculate far field drivers radiation a¢ tthesign point, which is 1 m away
from speaker in our example. Based on the previ@as field verification as well
as the verifications in different other projects eomsider that responses as the data
which one would obtain if the speaker is placedeal anechoic camera. In other
words we consider the simulator as“wrtual anechoic camera”. It gives
response at any 3D point around the enclosure.

After the responses are obtained at a design 3Bt p@ import them along with
iImpedance data to conventional crossover desiggramo (i.e. Leap). This gives
the reliable response without room effects aftex tnossover is added to the
system. Finally, we also measure the final respatsdesign point, even it is
affected by room resonances, and compare the dedulaesults with
measurements. In this work ARTA was used in allsneaments.

In this work, as the speaker was already built teefthe simulation, we had
measured T/S driver parameters in advance and hese for the simulation.
However, if the reliable T/S data can be obtainexnfthe manufacturer of the
drivers the same can be repeated without real panat) of the drivers and building
the speaker. Thus, the designer will have the toolerify their project before
buying the drivers and building the cabinet.

2. Verification

2.1 Speaker Cabinet

We import the speaker cabinet into the Responssi@iDlator in a series of planes
(slices) each 1 cm thick. The slices and 3D viewntdrnal braces are shown in the
Fig.2.
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Fig.2 Internal construction of the box, externainginsions 40 x 40 x 100 cm
(a) — slices, (b) — 3D view

2.2 Bass driver

Thiele — Small parameters of bass driver JBL 128#&ie measured with ARTA and
are shown in Fig.3.



Loudspeaker Parameters - Added Mass Method E

Thiele-Small parareters: User Inpuk
Fs = 23,43 Hz Woice coil Resistance (ohms) | 4.5
Re = 4,50 ohms[dc]
Le =1663.523 uH
L2 =709.24 uH Membrane diameter (cm) 25
RZ = 12,65 ohms

L =0.50
ges =0.54 Added mass () 140
Qms =7.36

Mms = 66,04 grams
Rms=1.321216 kg/s
Crns = 0.000693 mfM
Was = 236,34 likers

Sd= 490.87 cm™2

Bl =&.985034 Tm

ETé = 0,54 %
Lp(2.83%/lm) = 91,92 dB

#dded Mass Method: : -
Added mass = 140,00 grams Calculake Cancel

Diameter= 25.00 cm
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Fig. 3 JBL 123A1 TS data

Fig.4 provides comparison of near field measureméd cm away from front speaker
plane on the driver axis) with numerical simulatiorResponse 3D. Take into account
that the measurements where performed with 3008 arbplifier which has output

resistance of 1ohm, hence we perform simulation with Rg=1 Ohm.

& DFT frequency response (JBL123A1_10cm)
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Fig.4 Comparison of near field measurements for d@Ver ( distance 10 cm on axis)
with tube amplifier (Rout=1 ohm) (a) and RespoBBesimulation(Rout=1 ohm) (b)

Besides minor variations two curves are quite clwseach other. Fig.5 shows the

calculated and measured impedance (absolute mieneplevel was not calibrated and

do not verify the absolute figures). Notice thataswwed impedance peak and its Q —
value are slightly less than predicted, which iplaxed by small losses in real

chamber.
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Fig.5 Comparison of JBL123A1 impedance: measurebsemulated
2.3 Midrange driver

The measured TS data for Seas H1262 are showg .. Fi
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Fig.6 Measured Seas h1262 midrange driver TS

Fig.7 and 8 show the measured and calculated SPtnilnear the mid driver) and
impedance.
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Fig.7 Measured (a) and calculated (b) responsegrbn axis
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Fig 8 . Comparison of measured (a) and simulatgdrfld driver impedance

Fig. 7 shows good agreement between measuredioadatd the calculation. It also
outlines the problem at around 470 Hz, which isl@ared by the box resonance in
horizontal direction from left to right side walls this direction the chamber has the
internal length of 36 cm, hence the main resondrempiency is 340/0.36/2=472 Hz.
This resonance is also amplified by shifted drizgybsition. The shift was designed
for better diffraction on the front face, howeveglving the diffraction problem
brought another one: the pressure of the standlange is maximum near the wall, so
positioning the driver close to the wall increadse tesonance. This is demonstrated in
Fig. 8, in which distribution of SPL and pressurdéhe wave are visualized in 3D view
at the cross area at driver level. The higher wabfethe SPL surface the higher SPL
values. Maximum is achieved near the chamber walls

To solve the problem one can suggest that sounor@izen material be placed inside
the mid driver chamber. In this case the irregtyaat 470 Hz is reduced much (Fig.
10).
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Fig. 9 3D view of SPL(a) and pressure wave (biyithstion at 482 Hz at the surface
(blue) crossing the driver at center point. Thewlirag of enclosure is switched off to
show SPL distribution inside.
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Fig. 10 Measured midranger driver response 10 cnaxia with absorbing material in
the chamber

3. Crossover design

Our goal is to verify the crossover for SPL resgoatsa given 3D point in front of the

speaker. As an example we consider the point Alwisibetween bass and mid drivers
and 1 m away from front speaker baffle, see FigBekcause the crossover point will
be around 350 Hz (wavelength about 1 m), we dotake into account the depth

difference of two radiation centers of both drivetee later in practice is 2-5 cm and
much less than the wavelength at the crossovet pmifass and mid drivers. (In the

case when it is necessary one can shift the midiiviie simulation to the appropriate
point).
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Fig.11 Test point A for design of the crossover

Response 3D records SPL values at all 3D pointhencomputational domain. We
simply place the virtual microphone to the point désign, first for bass driver
simulation, and then for mid driver simulation. Bosimulations are carried out
independently (Fig.12).
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Fig.12 Simulated response at design point A

Next step is to export the obtained data into fextnat and import it to crossover
design software (Fig 13):

SPL vs Freq
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Fig.13 Simulated SPL curves for woofer and midets\are imported into LEAP

Now we turn to evaluation of the bass-midrange swesr. Fig 14 shows original
crossover of the speaker which was designed béf@esimulation. Here R1, C7 and
L2 values on the mid section where designed fagration with the tweeter.
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Fig.14 Original speaker crossover

Eliminating the tweeter section we obtain thedoling sum response at point A,
taking into account output amplifier resistancd @hm (Fig 15).
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SPL vs Freq
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Impedance vs Freq
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Fig. 15 Crossover (a) and predicted performancpant A. (b): red — bass driver,
green — midrange driver, black — the sum.(c): suphase, (d): impedance + phase

Finally, we check the simulation with real measugats (Fig.16), exactly at point A,

in real listening room, for crossover in Fig.15ae Yace a soft material on the floor to
reduce reflection from the floor, and take full @mange measurements with ARTA.
Even the curves are affected by room resonancesaweonclude that in general our
simulation is close to real measurements.




(b) Smoothed 1/12 octave

() Smoothed 1/6 octave



(d) Smoothed 1/3 octave

Fig.16 Measurements at design point A, with soursbeber in the midrange box and
on the bottom of bass box.

4. Discussion of results

This study demonstrates how Response 3D can bamusedign of real crossover. The
work also showed disadvantages of the originallsgredesign, which are:

(i) Internal volume box resonances. Separatingrtteznal box with braces (which was
done originally to reduce walls vibration) adds n@hthough small) resonances, as the
volume is divided into separated volumes connedtedw holes like Helmholtz

resonators. Fig. 17 gives the comparison of catmrs with original and simple box
without internal braces.



Fig.17 Simulated response of woofer (10 cm distamcaxis, Rg=0) in the simple “no
braces” box and original box.

(i) Positioning of mid driver near left wall crest standing wave at 47Q. It can be
reduced by sound absorption material inside the dnider chamber, as shown in
Fig.10.

(i) There is strong phase frequency dependenckass-mid region due to reverse
polarity of midrange driver (Fig.15 c). Even thesganidrange crossover is done in
minimalistic way with one coil and capacitor’(@rder serial filter) and that provides
flat SPL curve, the phase is changing fast. Thegmelay is determined byd- /df,
where is phase andl is the frequency. Because approximately the plasee is
linear in logarithmic frequency scal@,/d In(f)=-const const>Q the group time delay
increases with the decrease of frequencydasdf= const/f.It is suggested that the
crossover can be re-designed to improve frequeapgridence of phase.

This paper is property of the 3D Acoustic Reseathi cannot be mentioned without
clear reference to 3D Acoustic Research.



