S22 USEIX M4 MBE pp. 431~440 (2005)

== =IO ol S 31
Z8T} TS| 53 AAH T 2 450
Construction of Ultrasonic Power Measurement System and Its
Performance Evaluation
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The precise measurement of ultrasonic power is important to the quality assurance and the safety of
medical ultrasonic equipments. In the present work. a brief theory was introduced to determine the
ultrasonic power from the time varving balance-indication due to the radiation force acting on an
absorbing target and/or other causes such as buoyancy during the repetition of on/off behavior of
ultrasonic irradiation. The developed automated system measuring the ultrasonic power was described in
detail with the precise mechanical alignment tool, the electric signal generation network, the control and
measurement network, and the appropriate procedure. The ultrasonic power measured by the developed
system was compared to the reference data calibrated by the other national metrology institute at 1 MHz,
5 MHz, 10 MHz. and 15 MHz over the range 10 mW to 10 W. Their relative differences are within 5 %.
Keywords: Ultrasonic power, Radiation force, Absorbing target, Ultrasonic attenuation, Sound speed
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Fig. 2. Experimental setup of the ultrasenic power measurement
system.
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Table 1. The effect to the ulirasonic power measurements due to the ultrasonic attenuation in water according to the frequency and distance.

exp(2 (12) fexp(2 0z) - 1] (%)
f (MH2) at z (mm) at z {mm)
1 2 3 4 5 9 2 3 4 5
1 1.000 1.000 1.000 1.000 1.000 0.00 % 0.01 % 0.01 % 0.02 % 002 %
2 1.000 1.000 1.001 1.001 1.001 0.02 % 0.04 % 0.06 % 0.07 % 0.09 %
3 1.000 1.001 1.001 1.002 1.002 0.04 % 0.08 % 0.13 % 617 % 0.21 %
4 1.01 1.001 1.002 1.003 1.004 0.07 % 0.15 % 0,22 % 0.30 % 0.37 %
5 1.001 1.002 1.003 1.005 1.006 0.12 % 023 % 0.35 % 0.46 % 0.58 %
6 1.002 1.003 1.005 1.007 1.008 017 % 0.33 % 0.50 % 067 % 0.84 %
7 1.002 1.005 1.007 1.008 1.011 0.23 % 0.46 % 0.68 % 0.9t % 194 %
8 1.003 1.006 1.009 1.012 1.015 0.30 % 0.60 % 0.89 % 1.19 % 149 %
9 1.004 1.008 3.011 1.015 1.019 0.38 % 0.76 % 1.13 % 181 % 1.90 %
10 1.005 1.009 1.014 1.018 1.023 0.46 % 0.93 % 1.40 % 187 % 2.35 %
" 1,006 1,011 1.017 1.023 1.028 0.56 % 1.13 % 1.70 % 227 % 2.85 %
12 1.007 1.013 1.020 1.027 1.034 0.67 % 1.4 % 2.02 % 27t % 3.40 %
13 1.008 1.016 1.024 1.082 1.040 0.79 % 1.58 % 2.38 % 3.18 % 4.00 %
14 1.009 1.018 1.028 1.037 3.046 0.9 % 183 % 276 % 3.70 % 4865 %
15 1.10 1.021 1.032 1.043 1.054 1.05 % 291 % 3.18 % 426 % 536 %
27 *10° = 7} lexp(2az) — 119] £&of WE WIe 19 9% 7
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Fig. 9. The change of the relative difference of the correction factor
due to the attenuation effect.
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2004 Ra= mper 2o) 7|9l ¥kl e gL AY
FAR o= glen, 2xof nhE G2 Fd| 1 07t Aol
7hd o 90,2 % Hxe A AP YT 5 S
& ¢+ Urh

23 82 AR 24, f =10 MHz, z= 1 mm, 7=23
TAEE FAS B 52), A = 0.98 bar(dy gAY
HF7|ehe] disl, F 13 E 225 explaz) =
1,005, ¢ = 1,491.3 m/s ot} FE/IKE g =~ 9,81

‘w/sE A @) AU} YIS I, A
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E2 719 200 O &< 2370 3 A
Table 2. Correction values and their relative differences for the ambisnt pressure and the water temperature,

c{Pa, T) {nVs) (Gt - S{Pa DVCmt (%)
T at P, (bar) at P, (bar)
0.9 0.95 1 1.05 1.1 0.9 0.95 1 1.05 1.1
20 1482.2 1482.3 1482.3 1482.3 1482.3 0.8 0.6 0.6 0.6 0.6
21 1485.3 1485.3 1485.3 1485.3 1485.4 0.4 0.4 0.4 0.4 0.4
22 1488.3 1488.3 1488.3 1488.3 1488.4 0.2 0.2 0.2 0.2 0.2
23 1491.2 1491.2 1491.3 1491.3 1491.3 0.0 0.0 0.0 0.0 0.0
24 1494.1 1494.1 1494.1 1494.1 1494.1 02 0.2 0.2 0.2 0.2
25 1496.8 1496.8 1496.9 1496.9 1496.9 0.4 0.4 0.4 -0.4 0.4
26 1499.5 1499.5 1499.5 1499.5 1499.6 -06 0.6 0.6 0.6 0.6
E 3 S Ok 200 025 230 O 25 of
Table 3. Examples of the ultrasonic power determination by using the curve fitting results.
n b ar by yidto) a bz ylto) yelto)-yi(to) £ Py
[s) fmg/s} [mg] [mg) [mg/s] [mg] [mg] fmg] [mg - m/s2]
1 13 0.0026 0.5641 0.568 0.0074 1.3298 1.426 0.828 8.115 12,07
2 33 0.0014 0.6635 0.710 0.0083 1.2656 1.540 0.830 8.132 12.10
3 53 0.0024 0.7078 0.835 ©.0097 1.1649 1.679 0.844 8.27 12,31
4 73 0.0036 0.7437 1.007 0.0114 1.0233 1.856 0.849 8.320 12.38
5 93 0.0055 0.7057 1.217 0.0115 0.9999 2.069 0.852 8.352 12.43
12,07 mW o|t}, dto] AR, z = 00149 B S¥TRlE 12.26 mW

a2 102 23¥E 539 AA w84 10 2 7
S2 719E W A XS A7l w2 WlE 7
S35 Aotk 17 8ol Bi= nie} o] 5 A9 y3 5
Y] po7t 2310, of A2 R 5 o Skt gt
s 78 £ Uk

32 1% 109 5 79 gy 2 s A 25 A3t
g ol8sle, 4 Q2= 7= 0949 SFuiglE B
She A& Ve Rolch, Bofq B il go) 5 19
y&t yoo 71&7) att 2, W Y b by = A Gt
A3 glov}, whARle] Qg Ae Al w3} m =
VALY — yhtoe BT0] 0.841 mg, 5 3} vk ZAof 9
g #FE WA= 0 = 0,011 mgE et 4 (8 018

25
Y2

20} Ws
S 15¢
£
€ 10}

05 »

0 20 40 &0 100 120

80
t[s]
38 10. 38 FH0] CW ES0HR 5 2| D12 0] TXPE XAl 2ie) Al
20| mE gist
Fig. 10. The time variation of the electro-balance indication for 5th

times incidences of the CW ultrasonic irvadiation to an
absorbing target.

ol 5 & uHE &%) 3t EE HAL 0.17 mW o]
o, A EZ HA= oF 1.3 % BEoltk
230289 A5 Wlelrl Yot S 2o
¥3ly)2 SUEZE29 PIBY 234 4% vns}
gk, HE 2o AHSE WBlE 24 7|43 HER
k7t | MHz, 5 MHz, 10 MHz, 15 MH2¢ 4 &8 A}
S35t} B 4= oS 223t WIS g3l 7}
Ao ME LAWY 24 T 7)) 2 AnES
Holza ot 7|4 B2 Al R 71E L3uty)
2 PTBOI 249 S3ui9) gol L, AL 2L 287
Wg7lo) iy 2 24 A2glos 4% djolch 1
1L A WA (B - BB & HEER Bl
R & x-%02 Uehd 2goltt. ageld BE Hig}
o] A Fulg Wgle] 2X 24 ANE NE FL F
NOoE + 5% ooy REsK= AR vhehifr}
2% 19 7123 B & 285 WIS B4 Alele]
A2lE HSAZIBA o 8 - 53] &8kT Aeje) TE
WSS 13§ A W3l 2 = 0 A9 3
& 2y o2 33 Asjoln), B 23 Aago
2 7% 2% B, & Aol B2 74 ARE o4
2 BARl) 13k Aotk Hr} Peke 23 gl
= A% 2ol 7|QIEE Ag] B B0 AL
sier, ol A%A aQloas 280 9] 230 A
Sl B2y RHo 2Y = BHNY u)d W}
2 =32 o 22upE 9d T4 Rk 24
[11], A @olAe] Fuin} 7hge] thale] A&
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Jable 4. Comparison of the measurement results with the

reference values.
P Nominal Difference
(MH2) Power | V (V) | P (mW) | Pm (mW) PP | {(P—Pum)
(mW) (mw) /Pr
100 2.52 101.5 991 24 0.024

500 5.77 } 5150 495.8 19.2 0.037
1000 | 8.31 | 1038.0 999.7 383 0.037
10000 | 29.06 | 9650.0 | 10110.7 | -460.7 | -0.048

100 208 | 100.2 98.5 1.7 0.017

5 500 466 | 5020 4885 135 0.027
1000 | 6,71 | 1039.0 | 10158 23.2 0.022

10000 | 20.46 | 9990.0 | 101436 | -1538 | -0.015

10 4.60 11.0 109 0.1 0.012

10 S0 9,85 49.8 50.3 05 -0.009
100 | 1402 | 1012 102.0 -08 -0.008

10 1.10 105 104 0.1 0.006

15 100 3.51 1024 100.7 1.7 0.017
500 8.13 | 509.0 507.7 13 0.003

& @3H12], 22 23uM Y 5T (cavitation) &
A9 {4 B8 34, udgE B W3l A5 gt
A% ol29 Hg{13) Sol A AL £ 5 Ytk
H|E 719 22 gl tiglt 0|22 B4 melo) A
AE et BXetE, 24 Aol 9A4S SElAE
BEE THOE QUgElojo} 3ok, AR 32 &4 o3t
B HAlol Uit mile FABE8} 7o) 2§ 4
77t ARER Yt 1&Y Z3aol o3t 55 U
o2 AT FAIQ) 3F W) tigt o]2F A 2L
oFz] ARk Ao glont, 2o T YAE &4
& 4 g A7 AEE A Fof Yriie), &3
A g 24 2de AdE 55 S70) dolgls

1 0.10
0.05

e . : )

% 0.00 L —

Q . - .

L

S .
-0.10 L L s :

10 100 1000 10000
P [mW]

38 1. JI=30 Chet S5 2ajo) Y Bt
Fig. 11. The relative difference of the measurement results to the
reference values.
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