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ABSTRACT

This study deals with wave propagation based on the elbow shape in a linear waveguide coupled

with an ultrasonic sensor. The elbow was introduced to reduce the waveguide length. Three elbow

shapes were designed and their wave propagation performance was evaluated. The received wave was

monitored, and its amplitude was evaluated using finite element analysis for ultrasonic propagation.

Prototypes were manufactured using a 3D printer, and an ultrasonic reflection experiment was con-

ducted to compare the analysis results and verify the similar tendencies. An ‘L’ shaped waveguide

with a circular elbow with curvature exhibited the best performance.
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Table 1 Dimensions of ‘U’ shape waveguides

Elbow Curvature | Straight part length [mm]
Model . = =
type radius [mm] | First | Second | Third
A | 45° plane 0 100 100 100
B 1/4 circle 7 100 100 100
C 1/4 circle 14 100 100 100
D 1/4 circle 14 125 50 125
E 1/4 circle 14 50 200 50

Table 2 Dimension of ‘L’ shape waveguides

Elbow Curvature | Straight part length [mm]
Model ; -
type radius [mm] First Second
F 45° plane o 277.5 50
G 1/4 circle 7 277.5 50
H 1/4 circle 14 277.5 50
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Fig. 5 Acoustic signals at various ‘U’ shape waveguide obtained by transient analysis
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Fig. 6 Acoustic signals at various ‘L’ shape waveguide obtained by transient analysis
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Table 3 Acoustic pressure and TER of the received signal obtained by analysis

Elbow Model - Acoustic Ep;fi::sure [Pa — TEﬁReﬂectlon ratio [d?éXR
A 0.076 0.089 0.028 -8.87 -10.22

B 0.019 0.022 0.014 -2.69 -4.22

‘U’ shape C 0.003 0.003 0.021 16.10 16.04
D 0.002 0.003 0.013 13.46 12.01

E 0.048 0.044 0.021 -7.21 -6.34

F 0.024 0.014 0.041 4.42 9.01

G 0.010 0.015 0.016 3.62 0.67

‘L’ shape H, 0.001 0.008 0.025 27.19 9.87
F 0.024 0.010 0.041 4.42 12.26

G 0.010 0.007 0.016 3.62 7.58

o’ 0.001 0.002 0.025 27.19 19.84
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(a) Transmitting wave

(b) Returning wave

Fig.7 Acoustic pressure distribution in a waveguide
with 7 mm radius elbow
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(a) Transmitting wave

(b) Returning wave

Fig. 8 Acoustic pressure distribution in a waveguide
with 14 mm radius elbow
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Table 4 Acoustic pressure and TEIR

Acoustic pressure [Pa]
Model TEIR [dB]
Elbow Target
F’ 0.258 0.132 -5.8
G’ 0.042 0.032 2.4
H' 0.059 0.104 5.0
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