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ABSTRACT

It is importantto detectwood-boringinsectsattheimport or export port for plantquarantineChemicalpestcontrolis
oneof the methodshowever, we needto considerinterferencawith environmentalrisk managementn this paperan
ultrasonicvibration wasdirectly suppliedfrom the surfaceof wood. It wascornvertedto the thermalenegy andwas
propagatedn the pallet, thenthe temperaturef the palletwasincreasedWe found that the temperaturaistribution
clearlyshavedtheshapeof theartificially drilled holes.Moreover, whenthe pallethaving the bite markwasflippedand
the temperaturealistribution wasmeasuredip to 40°C, the bite mark wasfound on the distribution. Therefore it was
determinedhatthis systemcould be very positive asoneof the moreervironmentallyfriendly pestcontrolmethods.

Theauthorshave beendevelopingto producehighintensityair-
borneultrasound[1]thelevitationis oneof theapplications[2,3].
The applicationsare not only for the airbore ultrasound but
alsofor the applicationsof vibrationalenegy in the materials,
especiallyin wood. Fleming et. al[4] usedultrasoundat 200
kHz to detectlive beetlelarvae, but the systemdidn’t obtain
gooddataonthatpurposedueto thelossof airborneultrasound
enegy. In this experimenta half wavelengthstephornwasde-
signedatthefrequeny of 28 kHz andultrasonicvibrationwas
irradiatedin woods.A few amountof ultrasoundenegy was
finally corvertedto thethermalenepy, thentherisein temper
aturewasexpectedn woods.

PLATE SPECIMEN

Figure 1 shavs threetypesof plate specimenA is a pallet
madeof ceday 30 mm width, 15 mm thick, and600mm long,
B is a pieceof chairin oneof importedprocesedyoods there
aremary insectdamage®n thetail of theboard.C is a piece
of slicedcedarog having 12mmthich and85 mm diameter

Figure1l: Specimertestedn this experiment.

STEP HORN

Half wavelengthresonancestep horns, madeby Duralumin,
weredesignedn thefrequeny rangebetweer?0 kHz and40
kHz. Figure 2 shavs a sampleof 28 kHz stephorn driven by
a piezoelectrictransducersthe vibrational displacementvas
increaseddoubleat the tip of horn. The tip of the hornwas
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seton the surfaceof wood, the surfaceof thetip wasroughly
worked on a lathe,becausef increasinghe contactforce be-
tweenwood andhorn. The vibrationaldisplacemenbf thetip

of hornwasobtainedup to 2.7 um at 13 W of electricalinput
power.
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Figure 2: Designof a half wavelengthstephorn for 28 kHz
vibrationsystem.

TEMPERATURE DISTRIBUTION

A palletof Japaneseedarasshavn in Figure 1A wastested.
We artificially drilled holes (2 mm diameter)into the pallet
andthe holeswereopenedn 3 mm depthfrom the surfaceof
thepallet. The stephornwasconnectedo the sidewall of the
pallet andthe ultrasoundwas suppliedas shawvn in Figure 3.
Thedisplacemenof thetip of hornwasmeasurect1.9 um at
4.6 Wattsof electricpowver. Theultrasoundvasirradiatedin 3
minutesanda 10 kg weightwasput on the hornto addstatic
pressuravhile the palletwastested.

An infraredthermalvideosystemwasusedio measurghetem-
peraturedistribution. Radianthermalenegy wasconvertedto

the temperaturaistribution inside the pallet. The thermalen-
ergy in 8to 15 um wasditectedby a microbolometeandmin-
imum thermalresolutionwas0.05°C.

Figure 4 shaws the visualizedtemperaturadistribution. The
temperaturebetween20 to 40°C was cornverted to the rain-
bow color asshavn asthe color table on the left side of the
figure. The bottomfigure wasmadeby the temperaturelistri-
bution on the dottedline markedin upperfigure. It wasfound
thattheultrasoundenegy wasconvertedto thermalenegy and
thetemperaturef the cedarwasincreaseaverall. Therisein
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Figure3: Thehornconnctedon thesidewall.

temperatursvasespeciallyincreasedinderthetip of horn,the
edgeof drilled holeswasincreasediboutmore4°C while the
additional10 kg of staticpressurevasputonthepallet.
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Figure4: Temperaturelistribution on the surfaceof Japanese
cedar Ultrasoundwas irradiatedfor 3 minutes. Temperature
aroundthe holesgot 4°C higherthanthe surroundingarea.

Thenext specimerhadinsectdamagesisshavn in Figure1B.
PlateB wasreversedandthe hornwassetat the surfaceof the
plateasshavn thetop portionin Figure5. Theultrasoundvas
irradiatedfor 3 minuteswith 10 kg of additionalweight and
thetemperaturelistribution wasmeasuredsshavn in Figure
5. Thetemperaturen the crosssectionwasalsomeasureds
shavn asthesideview. Thetemperaturaroundtheinsectdam-
agewasobtainechigherthan10°C,the maximumtemperature
wasmeasuredip to 40°C. It wasfoundthatthe ultrasounden-
emgy in wood was corvertedto the heatenepy, this system
could be very positive to usefor the pestcontrol without ary
chemicals.

Rightpicturein Figure6 is aslicedcedarog, 12 mmthick and
85 mm diameter 2 mm drilled holeshaving 8 mm and4 mm
depthwereopen.Thetip of thehornwaslocatedonthesurface
of the cedarlog andthe ultrasoundwvasirradiatedwithout ary
additionalweight. It wasfound that the temperaturedistribu-
tion was affectedby coarseor fine-graineddensity hardness,
and moisturecontent,but the temperaturearoundthe drilled
holeswasobtainechigher

side view

Figure5: Temperaturalistribution of cedarboard.Theinsect
damagewasclearlyshavn asthe highertemperature.
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Figure 6: Slicedtestpieceof small Japaneseedarlog hav-
ing 2mmdrilled holes(Right) Temperaturaistribution after3
minutes(Left).

CONCLUSIONS

The ultrasoundat 28 kHz wasirradiatedin wood andthe tem-
peraturedistribution was measuredy the microbolometerlt
wasfoundthattheultrasoundenegy wasconvertedto the heat
enepgy andthetemperaturevasincreaseanorearoundthecav-
ity madeby the insects.It was alsomeasuredhat the higher
themoisturecontentthehigherthetemperaturevasincreased.
This meanghatis is easyto obtainhighertemperaturdor the
useon live trees(datarenot shavn here).

The temperaturenside the wood was measuredup to 40°C,
most of the larvae might be damagedthis systemcould be
very positive asone of the moreervironmentallyfriendy pest
controlmethods.
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