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Introduction

When manufacturing wood fiberboard panels
(hardboard panels) one should retain in the permissible
limits all their shown parameters. To secure these
parameters and effective control of the production process
information about their basic parameters already in the
very production line is necessary. Therefore, effective
methods of these hardboard parameters determination,
based upon non-destructive testing are necessary. In this
paper the non-destructive measurement method for
determination of hardboard bending strength (Modulus of
Rupture) is offered.

Standard determination method of bending
strength

One of the most important hardboard (HB) technical
parameters is their bending strength (in MPa), which is
determined by breaking in two (500x50 mm dimension)
specimen by a special arrangement. In many countries,
where hardboard is manufactured, this method has been
legalized by national standards.

The bending strength is being determined by bending a
specimen placed on supports until it breaks and is fixed the
maximum bending (breaking in two) force P,,. A
measurement diagram is shown in Fig. 1.

ip
h 4

A 4

Fig. 1. Standard bending strength measurement diagram

The strength is assessed by bending tensions
corresponding maximum force P, the breaking specimen
in two parts:
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where [ is the distance between the supports, % is the

thickness of the sample, b is the width of the sample, P,

is the force of breaking in two parts.

In order to determine the bending strength by this
method one should cut out from various HB places four
specimens, each of them from different HB quarter: two
specimens are being cut out along the HB, i.e. in the
machine direction, the other two- in the cross-direction.
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One from each specimen couples is broken from one side
(face), the other- from another side. The HB bending
strength is determined, having calculated the average
strength value out of four specimens.

The relative extended bending tensions uncertainty
may be expressed on the basis of (Eq.1) as
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measurement uncertainties corresponding to the force,
distance between supports and specimen width; 4k is the
quantization error of the specimen thickness measurement;
the error distribution is regarded to be even.

In reality, during the measurement of the strength we
attain

where are the relative standard

ﬁzlo‘z; Al=2.10—3; %bzlo—z; Ah =0, mm.

Then, when A=3mm, we obtain
U, =7,5-1072 .

If o, =40 MPa (typical value), then at the probability
0,95 the true oy, value will be

37 MPa <o, < 43 MPa.

Ultrasonic symmetric Lamb waves method

The essence of this method is that the velocity
propagation of ultrasonic waves depends upon their
propagation environment Young modulus, density and
Poisson’s ratio. The symmetric Lamb waves have a very
good feature - their velocity does not depend upon
thickness of the sheet when thickness is less than
wavelength. Then the velocity may be expressed as
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where v is the velocity of ultrasonic waves propagation, £
is the material elasticity modulus, p is the material density,
k is the proportionality coefficient.

Taking into account this fact and also initial
investigation results during which Lamb waves excitation,
attenuation and their frequency features were examined,
there has been chosen the frequency about 50 kHz and the
measurement base 400 mm. The measurement diagram is
shown in Fig. 2.
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Fig. 2. Measurement diagram and Lamb waves propagation paths

The wave propagation time 7, is measured as shown in
Fig. 3, from the transmitter impulse start till the receiver
signal passing through the zero level.
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Fig. 3. Measurement of wave propagation time

The measurement channel will influence the
propagation time measurement accuracy. To investigate
this influence we have proposed the measurement channel
model.

Model of the measurement channel

The measurement channel consists of the pulse
generator, the piezsl ic Lamb waves transmitter, the
segment of the pl tﬂer a test and the piezoelectric
Lamb waves receiver. The structure of the channel is
shown in Fig. 4.
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Fig. 4. Measurement channel’structure: G-generator, T- transmitter,
P — plate, R- receiver

The two conditions determine that low frequency
Lamb waves must be used:

1. Attenuation in the
frequency increases;
The wavelength of the symmetric Lamb waves
must be longer than the thickness of the plate.
The influence of the plate thickness is avoided
in this case.

plate increases when
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Considering these conditions, the center frequency of
the measurement channel must be about 40 kHz.

We will use resonant bimorph type piezoelectric
transducers both for excitation and reception of Lamb
waves. The electric capacitance of these transducers is
about 2 nF, and mechanical quality fagtor 5 to 15.

For electrical excitation of the Lin(;;itter we have
used the circuit showed in the Fig. 5.
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Fig 5. Transmitters exciting circuit

The MOSFET transfor is opened by variable duration
pulsfs. The exciting voltage waveform on the transmitter
was' calculated by Pspice software, when L=2,7 mH ,
R=22Q and 1=100us, MOSFET type IRF730 and is shown
in Fig. 6
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Fig. 6. The exciting electric signal waveform

This waveform differs little from the half sine pulse,
corresponding to an ideal case.

Free vibrations may be damped using additional diode
circuits, or by choosing proper L and R values, or by
choosing duration of the exciting pulse. In Fig. 7 is shown
how the ratio of main and following pulses amplitudes
depends on duration of the exciting pulse. From these
results we can see, that the preferable duration of the
exciting pulse is t;=(70-100) us, when L=2,7 mH and
R=22 Q.

I I =
| o —+—] =
/"J’/Q/O/Q/
//

Fig. 7. The dependence of the ratio of the main pulse amplitude to the
other pulses amplitudes (baffling pulses) versus duration of
the gate opening pulse 7.
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The electric model of the electromechanical part of the
transmitter is shown in Fig. 8.
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Fig. 8. Electrical model of transmitter

The transfer function of the transmitter is:
P

Ry (p=ri)(p-rs)
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The quality of the resonant circuit depends on the
force applied to the transmitter.

The transfer function of the plate:

ko
P l4p-T @

where T reflects damping dependence upon the frequency,
and zis the wave delay in the plate.

The electric model of the electromechanical part of the
receiver is shown in Fig. 9.
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Fig. 9. Electrical model of receiver

The transfer function of the receiver is:

Klp)= CoR; (p —P3)['?(P - p4) ;

(®)
where
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Thus, the measurement channel part from the
transmitter input to the receiver output is described by the
transfer function:

K(p)=Kr(p)K ,(p)Kr(p)=

kg ple P’
CiRCyRs (p—p1\p— P2 Xp - p3 Np— pa 1+ pT)
(10)
The pulse response is:
W)= — 0
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) (-7 (11)
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When the half sine form pulse is fed to the transmitter,
the waveform on the receiver output we can calculate from
the convolution of the system pulse response and the input

signal [3].
'[Sm t - T)d

The examples of calculatlons are shown bellow.

The delay time in the measurement channel is 7 and

the measured time till the output signal zero level crossing
instant is 7; . The difference

Ary=1 -1

(12)

out

(13)
we shall call the propagation time.

The calculated dependencies of this propagation time
on the qualities of the transmitter and receiver resonant
circuits are shown in Fig. 10., on the receiver resonant
circuit quality in Fig. 11, on the plate damping time
constant 7 in Fig. 12, and on the receiver resonant circuit
resonant frequency- in Fig. 13, all other parameters were
constant.
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Fig 10. Propagation time dependence on the resonant circuits quality
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Fig. 11. Propagation tim: nce on the receiver resonant circuit
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Fig. 12. Propagation time dependence on the plate§amping
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Fig. 13. Propagation time dependence on the receiver resonant circuit
frequency

The calculated dependencies show stabilization of the
measured propagation time when the resonant circuits
quality is big enough. The recommended resonant circuits
quality is Q) ,>4.
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Fig. 14. The signal on the receiver output circuit, when L;=L,= 10
mH, C1:C2: 1 nF, R2:R4: 15 kQ
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The resonant frequencies of the resonant circuits have
considerable influence on the propagation time shift (Fig.
14). The transmitter and receiver resonant frequencies will
depend on the interaction between them and the plate,
namely from the pressing force. Consequently, both the
transmitter and the receiver must be manufactured so, that
the pressing forces will be constant.

For wverification of the modeling results the
experimental measurement were carried out. The results of
these measurements are shown in Fig. 15 and 16.
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Fig. 15. Experimental exciting electrical signal
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Fig. 16. Experimental receiver output signal

The measured signal at the receiver output shows that
real quality of the transmitter and receiver circuits is more
than 5.

On the basis of the modeling and experimental results
we may evaluate uncertainty of the propagation time
measurement.

The measurement uncertainty Up consists of the
following basic components: component Uy, that causes
passing through =zero instant determination in a
comparator, digital measurement technique stipulated
quantization component Uy and a component of
measurement basis change Up (instrument positioning,
surface influence, etc.). The distribution of the component
Ur is kept to be even, while others components
distributions — normal.

Thus, the extended uncertainty of the propagation time
measurement is

1
UTX:Z-JU%O+§U%,€+U%,- (14)

Considering that the standard uncertainty of the base /
is U;= 0,22 mm, the velocity in the plate is 2200 m/s, we
obtain Uy = 107 s. We easily obtain Uy 1078 s.

By measuring the propagation time close to the HB
edge or in band like HB specimen, due to reflections the
received signal may be distorted, and at the same time the
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passing instant through the zero level may be determined
incorrectly. Such a situation is very difficult to be assessed.

This above mentioned problem does not occur, when
the measurement is performed at the plate center. Analysis
of the modeling results shown in Fig. 10-13 allows get
conclusion, that zero level crossing instant determination
uncertainty Upy = 107 s may be achieved. From (Eq.14) we
get:

Urp, =2.8-10"s (15)

Propagation time and
experimental determination

bending  strength

459 examples in the machine direction (MD) and 459
examples in the cross machine direction (CD) were
prepared from plates manufactured at different time.

First of all the propagation time of the symmetric
Lamb waves were measured, and after that the bending
strength was determined using the usual destructive
method. Summarized results are presented in Fig 17 and
18.

Fig. 17. Cross correlation between the bending strength measured by
the standard method and the Lamb waves propagation time
measured by the hardboard strength meter in the machine-
direction (n=459)

56

Fig. 18. Cross correlati® between the bending strength measured by
the standard ﬂgt nd the Lamb waves propagation time
measured by ardboard strength meter in the cross-
direction (n=

From these e@;i ts the following equation were
obtained Ztg

oMb %161.43—0.6711-TMD (16)
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and
Oocp =199—08456CD (17)

where oyp, Typ are the bending strength and the
propagation time for the samples cut out in the MD; o¢p
Tcp are the bending strength and the propagation time for
the samples cut out in the CD. The obtained dependences
were used in the developed measuring instrument.

Hardboard strength measuring instrument
On the basis of the obtained results the hardboard

strength measurement instrument has been developed,
structure of which is shown in Fig. 19.
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19. Structure of instrument for measurement of hardboard
strength: G- generator; T- transmitter; R- receiver; F-
former.

Fig.

Main characteristics of the measurement instrument
are the following:
1.  Measurement of the hardboard strength in the
machine and in the cross directions.

2. Strength measurement limits 20 ... 50 MPa.
3. Strength measurement uncertainty 2 MPa.
4. Ultrasonic Lamb wave propagation duration

measurement limits 100 ... 250 pus.
5. Memory (number of measurements) 250.

The series of measurements were carried out using the
developed instrument and by standard means. Different
operators at a different time carried out more than 800
measurements. For illustration the results of the first group
of specimens are presented in Fig.20 and 21.

N

Fig. 20. Measurements results of specimens cut out of hardboard in
the machine-direction, the strength measured by the Lamb
waves method (n=400)
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Fig. 21. Measurements results of specimens cut out of hardboard in
the machine-direction, strength measured by the standard

method (n=8@

Repeating measurements by the ultrasonic method
after several months, it was noticed that the hardboard
strength in the cgusse of time increases. This result does
not contradict thezf]g Its obtained by the standard method.

For comparison the results obtained by the standard
method and by the ultrasonic method the data are presented

in Table 1. 20

Table 1.
Method of measurement Strength of Strength of
ecimen cut of in ecimen cut of

ﬁ) achine- E ﬁ)the Cross-
direction of HB, direction of HB,
MPa MPa

First group of specimen

Standard method 42,82 +2,92 40,75 + 3,15

Ultrasonic 42,92 +£2,44 40,55 +£2,29

Second group of specimen

Standard method 42,36 £3,56 40,16 +4,16

Ultrasonic 42,38 +£2,38 40,3 +2,84

Total measurement results

Standard method 42,62 +3,23 40,55 + 3,64

Ultrasonic 42,68 +2,43 40,44 + 2,55

The difference of using total measurement results was
verified by calculation the Student’s criteria. If the
significance level p= 0,05 (n=825) then one may affirm
that the measurement results are statistically reliable for
measurements in the machine-direction and in cross-
direction of hardboard.

Conclusions

1. Ultrasonic strength measurement method may be
used for an effective hardboard strength testing and in
assessing its distribution in a panel. The method may
be implemented in a line.

Although the main investigation was carried out on
the basis of hardboard, however, the ultrasonic

86

19

ISSN 1392-2114 ULTRAGARSAS, Nr.4(53). 2004.

method may be also applied to other panels. This is

proved by statistic averages of hardboard strength

measurement results by the standard method breaking
in two and by the ultrasonic method, which
practically coincide with each other.

% q results of some specimens

0 curg?fe he To owmg causes
in narrow specimens there are side reflections.
Therefore, ultrasonic measurement instrument
should be positioned at the centre of a specimen.
When measuring in large hardboard panels,
errors due to reflections were not found;

e  ultrasonic measurement method presents
strength value integrated between measurement
point (the distance between points was 400
mm), while the standard method presents the
local strength value in the breaking place.
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Ultragarsinis medienos plauso ploks¢iy lenkiamojo stiprio bandymo
metodas

Reziumé

Medienos plauso drozliy ir skiedry plokstés yra placiai naudojamos
ivairiose srityse. Vienu i§ svarbiausiy $iy ploks¢iy parametry yra
lenkiamasis stipris. Standartinis lenkiamojo stiprio matavimas atliekamas
lenkiant ant dviejy atramy padéta bandinj iki ltizimo.

Sio darbo tikslas buvo istirti ultragarsiniy Lembo bangy
panaudojimo neardomajam lenkiamojo stiprio ivertinimui galimybes.
Sukurti simetriniy Lembo bangy keitikliai skirti Lembo bangy greiciui
arba sklidimo tarp Zinomu atstumu esanciy siuntiklio ir émiklio trukmei
matuoti. Sudarytas matavimo kanalo modelis, kuri naudojant iStirta
matavimo kanalo jtaka Lembo bangy sklidimo trukmés matavimo
tikslumui.

Eksperimentiskai iStyrus Lembo bangy sklidimo trukm¢ medienos
plauso plokstése ir ju lenkiamaji stipri standartiniu ardomuoju metodu,
nustatyta lenkiamojo stiprio ir sklidimo trukmés priklausomybé.

Remiantis atliktais tyrimais sukurtas lenkiamojo stiprio matuoklio
prototipas, jgalinantis neardomuoju budu jvertinti ploks¢iy lenkiamaji
stipry ir istirti jo pasiskirstyma isilgai ir skersai plokstés.
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