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Fig. 1 Sketch of measurement system for

mechanical property of fruit
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Fig. 2 Composition of measurement system for
mechanical property of fruit
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Table 1 Specification of NI5052 digitizer

item specifications
resolution 8 bits
bandwidth 15 MHz
number of channels 2

1 GHz repetitive,
20 MS/s single shot
663,000 samples

+50 mV to £5 V

max. sample rate

max. waveform buffer

vertical ranges

1 ns
<20 MHz with
a 50% duty cycle

interpolator resolution

frequency
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Table 2 Specification of the ultrasonic pulser

items specifications

0.1 ~ 9999 ps

range

resolution 0.1 us

nominal 1.2 kV or 500 V,

energizing pulse
gizing p 1.5 us switch selected

105/125, 210/250 VAC

mains power
50~60 Hz

dimensions 186 x 130 x 186 mm

weight 3 kg
23 X234 EHARAM

247 EI2FNE FFEZHHATANA
M 220 ER2FHEAN EWAXF A

Fig. 3 Ultrasonic pulser(PUNDIT)

A8 dAANEE PZT Aty AdY gAANE
o] g3 HUAFT S HIZE, FHAE o
Al AEE E2(150um) - B2Y ER(1um)E
221 HEEA ARY FAFASI 100 kHz
Ef@MFAoI XEL 40 mm, FAE 20
m& AAAL, FHANLY Fdd FHAH =
Zﬂ% 7] 98 A= e ¢ EAL JIRE A
BEE A4 % A¥sd HF9 AME ALE A
olr}.

A i

HA4 &3 EdaARAE #3439
HEHES Hus 2A 7198 250 28R
AzEom o] FE2 A 2 W
AFH 2L F .54 F8o] FHHEE
vt olgd & EdAFAY FzIL
i°jJr ““M oA g FFE vXEx Lol
A 257 &7 s AlEdolA L A
JE TZE 2 283 ERAFAY W
ZERYE AlEHIME7] Yl Oneil EEE
HE3gen, 2g9 EIAFMY 4L
2A4817] Y8 Gaussian beam R 2L HL3lA
AEHNA AT AEGHLE  xew
ERd2FA9 FH F4 100 kHz, A2z
A 40 mm, 2% A8 60 mm, A x&
A5t £% 200 m/secd] ZZAA A&

Fig. 4= 23 ¥ Z29d &4 Aoy
AEHe 22 A S Yol 20~60 mm

Abolol RFHATE Fig. 5 &9 Yo &%
a4 Aol i—%i} Hel FFez A oF 40
mm F2o|A o] FEHE AL E F ok
dnt e 147301 R
nshd z2EHrt FE3
Hed Aoz waH



R DR L

ANE - #FALFENA A58 A2k

Fig. 4 Ultrasonic beam profile of 100 kHz

transducer

Fig. 5 Ultrasonic pressure profile of 100 kHz
transducer
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Table 3 Specifications

of moving block

items specifications
capacity 100 w
servo |_POwer supply 200 V/.\C
‘ serial encoder 13-bit incremental
motor
brake, oil seal | 1O PrEKe:
no oil seal
usage temperature | 0 C ~ 55 C
speed control 1 - 5000
range
repeatability +2 %
Servo p9sxtlon control 0 ~ 450 r/min.
bias
driver

reference input
pulse

Line driver type
+V)

position signal
output

Phase A, Phase B,
Phase C(Line driver)

interface

RS-422

(a) TX transducer
holding unit

(b) RX transducer

holding unit

Fig. 6 Transducer holding unit

transducer holding unitE
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Fig. 8 Signal flow diagram of measurement system
for mechanical property of fruit

Fig. 7 Load cell mounted on the signal received
transducer

2.7 Electric control unit(ECU)
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Fig. 9 Circuit diagram of ECU CPU board
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Fig. 10 Photo of electrical control unit(ECU)
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Fig. 11 Flowchart of the program for control and

signal measurement

12 Main display of the program for signal
measurement and storage
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13 Main display of the fruit firmness

estimation program
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ageld 29 + ARl AL WE 43
SAASE EHE JRABAE RoFa Qon
e 87 B4 23, BY YR 252 v,
GAATE ES T o AL g3 2o,

E =3.387xV.2%%

L2 Three Point Thresholding 7] &
oldFozM FEdxE 23 54 A9E BA}
32 250 EMEYAAHS EE

el umq 2453 AL 290058
A%, AZsHs 25 252 Fig. 167 2on 289
ATE  BMsd ¥ PEE  FHee

Z=2a9¢ 52 Fig 173 2o}

4. HE

13

Fig. 16 Operation of the fruit firmness
measurement  system  using by
ultrasonic
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Fig. 17 Operation of the fruit firmness estimation

program
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