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ABSTRACT

This study analyzes the transmission and reception performance of a step-shape horn guide. We

designed a step-shape horn guide whose reflection would not affect the received waves while main-

taining transmission performance at the gradually expanded exit. The step size is defined as a factor

of the radius of the sensor face. The received waves are identified using finite element analysis for

ultrasound propagation. Experiments were performed with 3D-printed prototypes, and the results of fi-

nite element analysis were compared and verified. We found that a step size of half the wavelength

improves reception while maintaining transmission performance.
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Fig. 1 Multi-directional reflections on a smooth horn
guide
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Fig. 2 Schematic diagram of a cone shape horn guide
coupled with a waveguide
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(a) 45° cone

(f) 14 mm step

(e) 7mm step

Fig. 3 Examples of horn guides
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(b) Analysis model of a 4 mm step

Fig. 4 Diagram of the horn guide model

(a) 3D model

(b) 1/32 section model

Fig. 5 Three-dimensional view of an analysis model

Table 1 Physical properties of air

Property Value
Mass density 1.204 kg/m?
Sound speed 343 m/s

Dynamic viscosity 17.83X107 % Pa « sec

Bulk viscosity 10.96 10" ° Pa » sec

Thermal conductivity 25.7x10° 3 W/m »
Specific heat, C, 1.005 J/kg « K
Specific heat, C, 0.718 J/kg « K
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(c) With an exponential horn guide

(d) With a 45° conical horn guide

Fig. 6 Examples of smooth horn guides
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Fig. 7 Acoustic signals at smooth horn guides obtained from transient analysis
Table 2 Magnitude of each signals obtained by analysis
Acoustic pressure [Pa] Ratio [dB]
Horn guide g : : : ;
g Exit reflection Target reflection Waveguide reflection TER TWR
[RMS] [RMS] [RMS]
No horn 0.075 0.533 0.041 17.3 223
1/4 circular 0.003 0.372 0.450 42.7 -1.7
Smooth Exponential 0.013 0.243 0.239 25.7 0.1
Conical 0.046 0.377 0.158 18.2 7.6
1 mm 0.036 0.255 0.158 17.0 4.1
2 mm 0.107 0.244 0.212 7.2 1.2
Step 4 mm 0.034 0.281 0.086 18.3 10.3
7 mm 0.035 0.280 0.181 18.1 3.8
14 mm 0.037 0.262 0.101 16.9 8.3
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Fig. 8 Acoustic pressure distribution in multiple di-
rections from a smooth horn guide
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Fig.9 Acoustic signals at various step-shape horn
guides obtained from transient analysis
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Fig. 10 Acoustic pressure distribution inward direc-
tions from a step-shape horn guide
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Fig. 13 Acoustic signals at smooth horn guides
Fig. 12 Experimental devices obtained by experiments

Table 3 Magnitude of each signals obtained by experiment

Acoustic pressure [Pa] Ratio [dB]
Horn guide Exit reflection Target reflection Waveguide reflection
[RMS] [Max] [Max] TER LA
No horn 0.16 1.89 0.13 19.5 23.3
Smooth 1/4 circular 0.11 1.45 0.17 22.2 18.6
0 mm 0.17 1.90 0.17 21.2 21.0
1 mm 0.14 1.74 0.20 21.8 18.8
2 mm 0.17 1.74 0.20 20.0 18.8
Step
4 mm 0.12 1.96 0.14 23.9 22.9
7 mm 0.13 1.66 0.20 21.6 18.3
14 mm 0.15 1.76 0.16 21.0 20.8
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