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A study on the design of a trumpet horn for automobiles based on
acoustic reactance at the horn throat
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ABSTRACT: A car horn serves a crucial safety role as a means of communication between drivers and a part that
alerts pedestrians in advance. While previous studies have utilized finite element method and electric circuit model
to simulate and analyze characteristics of the car horns, there remains a lack of research on design methods of a
trumpet horn. This paper presents a design approach that predicts the operating frequency based on the acoustic
reactance at the throat of the horn, once the vibrating part is determined. We deal with a horn combining both an
exponential horn and a waveguide in the acoustic section, and confirm that the acoustic reactance at the horn throat
measured by impedance tube experiment agrees well compared with the numerical result obtained using the finite
element method. The resonance frequency of the car horn is predicted using the COMSOL Multiphysics finite
element numerical analysis model, and the proposed design method is validated by measuring the operating
frequency of the designed horn in a sound pressure experiment. As a result, the resonance measured in a
semi-anechoic chamber environment by applying a DC voltage of 12 [V] excluding the holder occurs accurately
within a few [Hz] of the design operating frequency. This paper discuss the design method of a trumpet horn from
the perspective of the horn’s acoustic reactance, and is expected to be useful for designing horn systems.
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Fig. 1. Structure of the trumpet horn,

Table 1. Element of the trumpet horn,

No. No.
1 Holder Shell cover
2 Wrench bolt 9 Stand
3 Armature 10 Air gap
4 Pole 11 Point gap
5 Coil 12 Shell
6 Connector 13 Diaphragm
7 Spring 14 Body
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Il. Theoretical background

2.1 Webster's horn equation
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Table 2. Definition of the impedance in various
physical domains,

Definition Description Unit
Electrical _p | Ratioofthe )y,
. 2y =5 voltage to the
impedance © I . [Q]
current in circuit
Ratio of the sound

pressure averaged
over that surface to | [Pa-s/m’]

irﬁcz(;l:ﬁ; Z,= pg the volume [N-s/m’]
P velocity of the | [ke/(m"*s)]
fluid through the
surface
Ratio of the

pressure at a point | [Pa-s/m]

= £ to the particle [N-s/m’]
“1 velocity at the | [ke/(m™s)]
point

Specific acoustic 7
impedance p.ac

Product of density | [Pa-s/m]
of the medium and | [N-s/m’]
propagation speed |[kg/(m’s)]

Characteristic
specific acoustic | 4, = pc

impedance of the medium [Rayl]
Ratio of the force
. acting on a )
I;ﬁczszﬁzl Zoen = ™ specified area to [I[\li;:]ﬂ
P the particle velocity
of that area
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Ill. Design method
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Fig. 2. (Color available online) Configuration of
vibration parts; armature (red), diaphragm (yellow),
acoustic domain (green), rivet washer (blue),
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Fig. 3. (Color available online) Configuration of
acoustic parts; waveguide (red), exponential horn
(yellow), acoustic domain (green), perfect matching
layer (blue).
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Table 3, Material properties used in the simulation,

Material I[ieg/nfrll?], Young’[;:]lodulus Poisson’s ratio
Diaphragm | 7,650 278.8¢9 0.25
Armature 7,570 200e9 0.25
Rivet washer | 7,480 200e9 0.25
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Fig. 4. (Color available online) 2—dimensional contour
plot of center velocity at armature; positive acoustic
reactance case.

x10°
0.6

0.4

0.2

-0.2
-0.4

-0.6

. 5.
Xthroat [N-s/m?]

-0.8

350 400 450
Frequency [Hz]

Fig. 5. (Color available online) 2—dimensional contour
plot of center velocity at armature; negative acoustic
reactance case.
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Fig. 6. SPL at 1 [m] from mouth calculated by COMSOL
FEM; horn A (gray), horn B (black).
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IV. Experimental results
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Fig. 9. Acoustic impedance at throat of designed
horn; 2D—axisymmetric FEM result (gray), Experiment
result (black).
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Fig. 10. Acoustic reactance at throat of designed
horn; 2D—axisymmetric FEM result (gray), Experiment
result (black).
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Table 4. Operating frequency of the designed horn
system applied at 12 [V].

Operating frequency [Hz] .
Relative error
Type Simulation | Experiment [%]
results results
w.o. horn 370 370 0
horn A 302 300 0.67
hom B 400 398 0.50
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$=0.1227 %10 *[m?].
Material property : p =1.21 [kg/m?®], ¢ =343 [m/s].

Wave number : k = 2L0f= 7.3273 [m '],
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be S, =8 Zy Sinh (VL) +pc B’

m,e“m,e

_1.21x343  —288.679—;3.661 <10 °
0.1227 % 10% —15.349 X 103 + j567.284
=24.743+ j1.721 < 10° [N-s/m°], (A5)
7] A

A" =cosfcoshb' L, —jsinfsinhb' L,
B =cosfcoshb' L, +jsinfsinhd’ L, o|T}.



& Yol 2] 23 elolel 2o

i) ¢ Qule A 7, = Eg. (AT}

_pc SZ, Lcos(kL, )+ jpesin(kL, )

A
tw 5 ;87 sin(kL,)+ pccos(kL,)

0 1.21x343  —0.111x 107 % 450.415 < 10°
0.1227x107°% —211.215+3.037 <10 *

(A6)

=95.536— 56.645 < 10° [N-s/m"].

o] u, Eq. (A6)ellA] A]4= 2] Q) et muhhe] Et=
Az ghgol glon® 7z —7 5 =59 WpEd

m,w’?

o mtebd, & o)) 3 el 2} 6645107
N2 A4 2 2 Egs. (92} 6)% 5] 3% 2]
RSB RN
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