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Objectives

• To measure moisture in wood chips and wood pellets by sound with target uncertainty of 5 %

Δu …. speed of sound

ΔP…. power 

• Changes in:
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State of the art

• Red pine samples

• High power transducers at 140 kHz

Δu, ΔP
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State of the art

• Red oak and hard maple

Δu

• Similar results on speed of sound
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State of the art

Δu

• Spanish Scots pine
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State of the art

• Brazilian hardwood

Δu
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State of the art

ΔP

• Most promising method

• Moisture influence on attenuation

• Characteristics varying with f
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Experiments at CTU

ΔP at longitudinal resonances

• Similar experiment at CTU
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• Attenuation of sound depends in RH, changes with f and T

𝑢𝑑
𝑢𝑣

=
𝛾𝑑
𝛾𝑣

𝜌𝑣
𝜌𝑑

≅ 0.813

Influence of temperature and humidity

𝑢𝑎𝑖𝑟 =
𝛾𝑅𝑇

𝑀
≅ 331.41 + 0.61 ∙ 𝑡 𝑓𝑛 =

𝑛 · 331.41 + 0.61 ∙ 𝑡

2 · 𝐿

𝜌𝑑 = 1.20479 kg/m3 , 

𝜌𝑣 = 0.756182 kg/m3

Longitudinal resonances in a cylinder
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Moisture and acoustic impedance

For plane wave and perpendicular wave impact

𝑧air = 𝜌air𝑢air

𝑧solid = 𝜌solid𝑢solid

• u depends on moisture, humidity, temperature and frequency

• Another influences: angle of impact, pores, .. 
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Acoustic Hygrometer

• secondary method

• stainless steel container

• tight enclosure

• compact

as for MW technique
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• Expected longitudinal acoustic modes of unloaded cavity at 23 °C close to 

(1122, 2243, 3365, 4486, 5608) Hz

𝑓𝑛 =
𝑛 · 𝑢

2 · 𝐿

L is the inner length of the cavity and n = 1, 2, 3, …

Acoustic Hygrometer

𝑢𝑎𝑖𝑟 =
𝛾𝑅𝑇

𝑀
≅ 331.41 + 0.61 ∙ 𝑡 𝑓𝑛 =

𝑛 · 331.41 + 0.61 ∙ 𝑡

2 · 𝐿
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Acoustic Hygrometer
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Woodchips:

• produced by AGRO CS a. s. company

• originally purposed as a drainage layer for raised flowerbeds

• made of natural, chemically untreated coniferous wood (of unspecified type)

• only mechanically "chipped" into small pieces

• Their coarse structure with sufficient non-capillary pores ensures increased permeability to

air and water

Wood pellets:

• (of unspecified wood type) produced by Dřevovýroba HEPA, s.r.o company

• According to the producer, purely natural pellets

• compressed under a pressure of 1220 kg·m3, and thus are produced completely without

adhesives and chemicals

Both materials are commonly available at local DIY shops

and are distributed in closed plastic bags.

Calibration series 
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Traceability – reference dry samples

• Loss-on-Dry method

• Drying < 24 h @ 105(±2) °C

𝑀𝐶 % =
𝑚𝑖𝑛𝑖𝑡𝑖𝑎𝑙 −𝑚𝑑𝑟𝑖𝑒𝑑

𝑚𝑑𝑟𝑖𝑒𝑑
· 100

• Traceable to SI unit kg through calibrated balance 

According to ISO 18134-3:2015
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Traceability – moist samples
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Traceability – moist samples



18

Samples directly inside the container

• Shaking when filling
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A 2.2.6 version 2

• One button measurement

• Portable measurement system

• No qualified person needed for measurement
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Frequency ranges

Excitation signal Bandpass filter

Area no. fmin, kHz fmax, kHz fmin, kHz fmax, kHz

1 0.8 1.2 0.5 1.5

2 1.7 2.1 1.5 2.3

3 2.6 3.0 2.4 3.2

4 3.6 4.0 3.4 4.2

5 4.5 4.9 4.3 5.1
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• 5 f ranges

• Measuring P at resonance f
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Stabilisation time necessary < 30 min

1 sample ~ 6 s
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Stabilisation time necessary < 30 min
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Reference dry pellets

Without waiting to stabilise

• F shift due to T, gas composition, thermal expansion, p
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Results of Calibration, with σ

Wood Chips         Wood Pellets 
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Inversed (transfer Function)

Wood Chips         Wood Pellets 
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Interlaboratory comparison
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Conclusion

• Secondary method

• Measurement for interlaboratory comparison finished

• Draft of uncertainty budget

• One button measurement

• Article in development

• Future plans: 

• Detailed recalibration at climate chamber 

at various temperatures (+ machine learning?)

• Employ device with thermometer

• Pressure dependence

• Testing in industry
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