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Research on the directivity of square plate stepped radiator
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Abstract: The directivity is an important parameter for evaluating radiator. With the features of low impedance and large
surface, the square plate stepped radiator in bending vibration has been widely applied in high power air ultrasonic
processing. For an example of square steel plate stepped radiator, the side length and thickness of the base plate are 50
mm and 6 mm respectively, and the stepped thickness is 10 mm. By using finite element method, the directivity pattern of
the radiator is calculated. It shows that the square plate stepped radiator exhibits better directivity, for its major lobe is
sharper and its side lobes are small. In addition, the relationships of both material and geometrical dimension with di-
rectivity pattern are studied. It shows that the directivity of the square plate stepped radiator is independent of material
but dependent on radiator dimensions. The smaller of the side length to thickness ratio of the radiator, the shaper of the
directivity pattern will be. Finally, the directivity of a fabricated radiator is measured, and it shows that the calculated

result is in good agreement with the measured one.
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Fig.1 Calculations of radiators by using finite element method
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Fig.2 Schematic diagram of the sound field calculation of the radiator
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Table 1 Material parameters of four same size radiators

PRI & N K P AR A
woOME L Rl kem?)  JNem)
¥ 4 158 028 7 800 21.6x10'
26/ 158 021 2670 6.6x10'
3 158 031 8 800 20.1x10'
4 W 158 035 8 900 12.3x10'°

30° ,Oj -30°
-60° 6(;( O \60°
VALY,
90° 90 ST -90°

(c) 3*

K3 &1 A AT AR BB AR IR AE =00°T-1i P A F& il 4
Fig.3 The directivity patterns of four radiators in Table 1 when ¢=90°
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Table 2 Geometric dimension parameters of four steel radiators

with the same frequency f
ikl a/mm h/mm fkHz h;/mm
1# 21.0 1.0 15.8 10.0
2% 36.0 3.0 15.8 10.0
3# 50.0 6.0 15.8 10.0
4# 57.0 8.0 15.8 10.0
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Fig.4 The directivity patterns of four radiators in Table 2 when ¢=90°
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Table 3 Geometric dimension parameters of four steel radiators

with the same base thickness 7

Y5 a/mm h/mm fkHz hi/mm
1# 70.0 6.0 6.5 26.0
2% 60.0 6.0 8.5 20.0
3# 50.0 6.0 15.8 10.0
4# 40.0 6.0 21.0 8.0
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Fig.5 The directivity patterns of four radiators in Table 3 when ¢p=90°
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Table 4 Geometric dimension parameters of four steel radiators

with the same base side length a

P a/mm h/mm flkHz h/mm
1# 50.0 3.0 6.0 28.3
2# 50.0 4.0 10.6 16.0
3# 50.0 5.0 15.8 10.0
4# 50.0 7.0 17.3 9.8
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Fig.6 The directivity patterns of four radiators in Table 4 when ¢p=90°
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Fig.7 The fabricated square plate stepped radiator
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Fig.8 The calculated and measured directivity patterns of the
fabricated radiator when ¢=90°
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