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54y PROCEDE DE DETERMINATION DU PROFIL DE DENSITE
D’UN MATERIAU EN FORME DE PLAQUE
54y A METHOD OF DETERMINING THE DENSITY PROFILE OF A

PLATE-SHAPED MATERIAL

(57) L imvention concerne un procede permettant de
déterminer en ligne et de facon non destructive le
profil de densit¢ d’un materiau en forme de plaque au
moven de rayons X ou de rayons gamma provenant
d’une source placeée sur un cote de la plaque, la densite
du matériau variant de maniere discrete et continue a
travers 1’épaisseur de la plaque, tandis que la densite
a une profondeur specifique de la plaque est supposee
constante, par exemple dans les plaques a base de bois.
Deux déctecteurs sont places de 1’autre cote de la
plaque, un detecteur mesurant dans le sens d’émission de
la source, 'autre mesurant dans |’autre sens et étant
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(57) A method of non-destructively, on-line determining
the density profile in a plate-shaped material with a
density which varies discretely or continuously over the
plate thickness, while the density at a specific depth of
the plate 1s assumed to be constant, such as for instance
plates based on wood, by means of X-rays or gamma
rays from a source placed on one side of the plate. Two
detectors are placed on the other side of the plate, one
detector measuring 1n the emitting direction of the
source and the other detector measuring in the other
direction and being movable relative to the plate. The
counting number of the second detector 1s adjusted by
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mobile par rapport a la plaque. La valeur mesurce par le
second détecteur est corrigée au moyen de la valeur
mesurce par le premier détecteur. En choisissant de
facon approprice le sens d’¢mission et le sens de
detection, 1l est possible d’effectuer une mesure de la
densit¢ dans un volume de mesure specifique en divisant
simplement la valeur mesurée par le second detecteur par
la valeur mesurée par le premier detecteur. Ainsi,
[’atténuation du rayonnement dans le matérnau est
exclue. L’ angle d’incidence doit é&tre pratiquement
1identique a I’angle de rétlexion.
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means of the counting number of the first detector. By a
suitable choice of emitting direction and detecting
direction 1t 1s possible to provide a measurement of the
density 1 a specific measuring volume merely by
dividing the counting number of the second detector
by the counting number of the first detector. As a
result, the attenuation in the material 1s left out. The
angle of incidence must be substantially identical with
the angle of reflection.
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(54) Title: A METHOD OF DETERMINING THE DENSITY PROFILE OF A PLATE-SHAPED MATERIAL

(57) Abstract

A method of
non-destructively,  on-line
determining the density
profile in a plate-shaped
material with a density
which  varies  discretely
or continuously over the
plate thickness, while the
density at a specific depth
of the plate is assumed to
be constant, such as for
instance plates based on
wood, by means of X-rays
or gamma rays from a
source placed on one side
of the plate. Two detectors
are placed on the other side
of the plate, one detector
measuring in the emitting
direction of the source and
the other detector measuring
in the other direction and
being movable relative to the
plate. The counting number 7‘
of the second detector is
adjusted by means of the
counting number of the
first detector. By a suitable

F

choice of errolit.tigg direction and detecting direction it is possible to provide a measurement of the density in a specific measuring volume
merely b){ dividing the counting number of the second detector by the counting number of the first detector. As a resuit, the attenuation in
the material is left out. The angle of incidence must be substantially identical with the angle of reflection.
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Title: A Method of Determining the Density Profile of a
Plate-Shaped Matexri .

Fiel the Invention

The invention relates to a method of determining the den-
5 sity profile of a plate-shaped material of a densgity vary-
ing discretely or continuocusly over the plate thickness,
while the density at a specific depth of the plate is
agsumed to be preferably constant, such as for instance
plates based on wood, by means of X-rays or gamma rays

10 from a source placed on one side of the plate.

Background Art

Such a detection may for instance, but not exclusively be
used by the producticn of plates based on wood and manu-
factured by a gluing together of wood particles of a vary-
15 ing size, i.e. plywood made of individual layers, OSB
(Oriented Strand Boards) made of large stripes of wood,
chipboards (made of a mat of layers of large and small

chips usually separated in layers), and fibreboards made
of wood fibres.

20 By the manufacture of these plates, a thermosetting glue

is applied onto the particles, said glue being laild out or .
scattered on plates or tapes 1in form of a laminated or
homogenous mat and subsequently subjected to a continuous
or non-contlinuous process 1n a hot press so as to be

25 pressed or cured.

The parameters of the process and especially the charac-
teristics of the press have an effect on the typical prop-
erties of the completed plate. The latter is particular
obvious 1in connection with the density profile of the
30 plate, 1.e. the variation of the density over the thick-

ness which accordingly ig an indicator of both the operat-
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ing conditions of the production plant and ©of the use

properties of the plate.

According to the prior art it is possible to destructively

determine the density profile on laboratory tests, elther
gravimetrically by way of a milling off and weighing in
layers or by way of an igotope-transmission scanning on a
test sample in the plane of the plate. Based on these
results, the process can be adjusted, but not without

involving a time-delay of at least 1 to 2 hours.

A demand exists for a possibility of performing a non-
destructive, on-line-determination of the density profile
in the plate in such a manner that it 1is possible to
adjust the process very quickly, typically in a few min-
utes without interrupting said process and without involv-

ing a sampling and laboratory tests.

German Patent specification No. 4,243,454 discloses a way
of measuring the density profile along the edge of a plate
by means of a pencil of rays and a plurality of detectors
arranged below the plate. The pencil of rays is obligquely
emitted inwards from the side along the edge of the plate.
A resulting advantage is that nothing but the attenuation
in the lowermost layer is measured by means of a first
portion of caid pencil of rays, whereafter the attenuation
in the lowermost and the lowermost but one layer is
measured by means of another part of gsaid pencil of rays,
etc.Subsequently, it is possible to calculate the attenua-
rion in each layer. This method is, however, encumbered
with the draw-back that it is too unreliable. In addition,
it only involves a measuring along the edge, which is not

always sufficiently representative.

7S-PS No. 5,195,116 discloses an apparatus for detecting
the lavers of separation in a laminated plate by means of
X-rays. A narrow pencil of . X-rays is scattered as the

PCT/DK95/00242 .
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consequence of the Compton-effect. A detector directed towards a measuring volume detects the
radiation scattered therefrom, said radiation representing the electron density and consequently the
density in the measuring volume. A displacement of the source and the detector, respectively, in an
up and downward direction relative to the plate renders it possible to obtain information on the
structure of the layers and on possible errors in the material. This measuring system is, however,
encumbered with the drawback that the signal and the scattered radiation intensity from a specific
measuring volume beyond the density also depend on the thickness and density of all the superposed
layers. These values can be determined in principle. The latter would, however, require extensive
calibration measurings on known articles. In addition, possible measuring errors are accumulated
from all individual layers to the instant measuring volume.

Brief Description of the Invention

The object of the present invention is to provide a method of determining the density profile of a
plate-shaped material, which is independent of the instant distribution of the density and which
accordingly only involves a minimum of calibration.

Generally speaking, the present invention provides a method of determining the density profile of a
plate-shaped material M of a density varying discretely or continuously across the place thickness,
while the density at a specific depth of the plate is substantially constant, by means of X-rays or
gamma rays from a source K placed on one side of the plate M, comprising at least a first detector
T and a second detector F arranged on the opposite side of the plate M advanced between the source
K and the at least first detector T and second detector F in a longitudinal direction, whereby the first
detector T 1s placed in an emitting direction of the source K and measures radiation transmitted
through the plate M, and the at least one second detector F is placed outside the emitting direction
of the source K and measures scattered radiation from partial volumes along the emitting direction
of the source K, the second detector F being displaced relative to the first detector T while a
detecting direction is maintained, wherein the detecting direction of the second detector F is chosen
relative to the emitting direction of the source K such that the density is expressed directly as a
proportion between the radiation measured by each of the first and second detectors, and an angle
of incldence V between the emitting direction and the plate M is almost identical with an angle of

reflection W between the plate M and the second detector,
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In thig manner a suitable choice of emitting direction and
detecting direction renders it possible to provide a measg-
urement of the density in a specific measuring voluma
rerely by dividing the counting number of tha second
5 detector by the the counting rumber of tha firat datector.
As a result, the attenuaction in the material is left out.

The second and movakle detector may according te the in-
vantion opticnally be replaced by a mechanically idle
array of detectors, where the individual detectors in the
10 array detect measuring values simultaneously or
succeedingly durlng the movement of the plate.

f Degcript! :

The invention is explained :in greater detail below with
reference to the accompanying drawings, in which

15 Fig. 1 illustrates how the source and the detectors are
arxanged relative to the plate by the method according to
the invention,

Fig. 2 illustrates how the neasuring of the density pro-
file is optimized by a suitable choice of emitting direc-
20 ticon and detecting directions relative to Ele plate,

Fig. 3 illustrates various optimum choices of the emitting
direction and the detecting directions of gcme plate

materials, and

25 Fig, 4 illustrates an example of a density profile pro-
vided by means of the methed according £o the invention.

AMENDED SHEET



. WO 95/35491 PCT/DK95/00242

10

15

20

25

30

35

5

Best Mode for Carrving Out the Invention

Fig. 1 illustrates how the method according to the inven-
tion renders it possible both to measure transmitted and
to measure forwardly scattered (Compton-scattered) radia-
tion. X-ray and gamma radiation is preferably scattered as
a consequence of the Compton-effect from the electrons of
the atoms in all directions apart from isotropically. In
response to the scattering angle 8 the following terms are
often used, viz. "Back-Scatter" for (8 = 90°) and "For-
ward- Scatter" for (8 s 80°). The measuring technique uses
the term "Back-Scatter" or backscattered radiation for.
measuring situations in which the source and the detector
are placed on the same side of the measuring target irre-
spective of the scattering angle which can be less than
90°. Correspondingly, the texm "Forward-Scatter" or for-
ward radiation is used for measuring situations in which
the source and the detector are placed on their respective
side of the measuring target. The present invention can
only be carried out provided the source and the detectors
are placed on their respective side of a typical, plate-
shaped measuring target. As far as the field of applica-
tion is concerned, the invention is therefore limited
compared to the well-known "Back-Scatter" techniques, but
within the limited field of application, viz. the plate-
shaped materials, the method according to the invention
renders it possible to obtain a measuring signal which is
proportional to the density in a partial volume irrespec-
tive of the densities and thicknesses of the surrounding

layers.

In Fig. 1 K is a radioactive source or an X-ray tube emit-
ting radiation towards a detector T which measures the
radiation transmission through a plate M. A detector F is
collimated such that it only receives scattered radiation
from a small partial volume about a scattering location P.
The detector F can be displaced such that the observed
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scattering location P is displaced along the line P-Q.

As far as plate-shaped materials are concerned, the densi-
ty of which only varies substantially perpendicular to the
plane of the plate M, the needle-shaped pencil of rays can
5 in principle be.replaced by a fan-shaped pencil of rays.
Consequently, the locations P and Q can be considered
elongated measuring volumes perpendicular to the plane of
the drawing. In this manner a very strong measuring signal
is. obtained for a sepecific source intensity. Then the
10 collimator in front of the detector F need only be struc-

tured such that it comprises a visual field exceeding the
maximum width of the fan-shaped pencil of rays in the
plate M.

The detector F can comprise several movable detectors in
15 order to obtain a more intense measuring sensitivity, or

more movable detectors can scan partial areas in such a
manney that a "complete density profile is obtained very
quickly or in such a manner that only the areas being most
interesting from a productional point of view are exam-

20 ined.The examination of interesting partial areas is an
exact property which is only obtained by the method ac-
cording to the invention. The Kknown "Back-Scattex"-prin-
ciples necessitate a measuring of all partial areas
between the surface and the desired measuring area in

25 order to allow a calculation of the distribution of the
density at a specific depth of the plate.

Fig. 2 illustrates how the density profile is mathematic-
ally derived from the measured sizes. K, T and F have the
same meaning as in Fig. 1, and here they are only illu-
10 strated in form of emitting directions. M is the plate
rypically moving below the contact-free measuring. The
density varies continuously or discretely perpendicular to
the plane of the plate M, here indicated as an X-axis. The
radiation from the source K meets the plate M at the loca-
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tion A below an angle of incidence ©f V. In the observing
location C the radiation is scattered, and the detector F
detects only the portion of the scattered radiation which
1s scattered at an angle 6. The angle of reflection is

5 designated W. The emitted beam exits the plate M at B, and
the observed scattered beam exits the plate M at D.

When 1t 1s assumed, that it is a discrete density distri-
bution, the intensity of the radiation beam I from a
volume element V; at X: can be expressed as Ipg (X;) =

i N
— . p. . . p'[#
(1) IX) =1 e S, - e

10 where

R Y T S
' sinV 7 % sin(180-8-V)  sin(6+V)

The equation includes the intensity of the radiation I, of
the source K, the attenuation along A-C, the attenuation
along C-D, where the coefficient of absorption u’ > u, as
the enefgy E' of the Compton-scattered radiation is lower
15 than the energy E of the primary radiation from the source
K. S; includes the scattering probability ¢ depending on
the energy E and the scattering angle 6 as well as on the
density p; 1in the volume element V., the size thereof as

well as a combined solid angle and efficiency factor €
20 for the detector F.
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An insertion of the identity u’ o, = g’ o, + 4 Q- p o,

implies that

i N
-p-AXa,X p, (pa,-p’u,)AX.E Pp
@) I (X) =1 -e LS, e i1

orx IFS (xl) -~ T ¢ Sl. K.

The factor T is indeed recognized to be the intensity of
I, + E- K<P>-L  ywhere

the emitted radiation found at I;

<p>=£}3pi

N

is the average density of the plate, and L = t/sinV = t

o, = N - AX - o, is the travelling length of the beam in

the plate M.

The expression K is 1 for p o = pu’ «,, which is obtained

for

15 The equation is as mentioned due to the Compton-relation

E' =

E

1 + (1-cosbB)

M,C?

In other words, E’ < E and consequently upu’ > p for a very

large area of radiating energies and materials.
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The density in volume elements V; for K = 1 is in other
words determined by the proportion Ipg(x;)/I. independent
of the density profile. The parameters forming part of S;,
are apparatus constants, ¢{f, E} being found at the radia-
tion energy E and the scattering angle 6 is determined by
the cross-section of the beam, and the collimator and ey
are found at the collimator opening, the efficiency of the
detector, and the distance between the detector and the

scattering location.

The angular relation can alternatively be expressed by the
fact that the distance CD must be shorter than the dist-
ance CB (which must be the same attenuation of the radia-

tion along these paths. The coefficient of absorption is,
however, higher along CD).

The angle of incidence V must therefore always be less
than 90°.

E’ < E implies that p’ > p. As a < 1, it is in many cases
possible to choose u’ - o = u, whereby the density in the
cbserved volume V; can be expressed by the measured radia-
Lion 1ntensities I, and Ipg. Two solutions apply as pu
AS/AX is symmetrical about V

|

45°. In practice, § = 90°
is chogen to be the angle providing the best sclution. The
energy of the primary beam must, however, always be chosen
such relative to the thickness, the average density, and
the composition of the measuring target that the attenua-
tion is approximately 10 to 70% which corresponds to 0.1
< upy - t < 1. One has for instance for a material with py
almost equal to 1 g/cm® and £t = 2 cm, the equation 0.05
cm?/g < g < 0.5 cm?/g. A gamma source K with an energy of
60 keV or an X-ray source with an anode applied a voltage
of 100 keV corresponding to a photon enexrgy of approxi-
mately 70 keV turned out to be suiltable for materials-
based on wood or plastics (g = 0.165 cm®*/g for carbon at

70 keV). In connection with a suited scattering angle 8§ =
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, the following equation is i%Fnd for E = 70 keV
Y n
N

L W
5

E! = 0 _ 62 kev

70

511 _

The change in p can be found by consulting tables to be
approximately 0.0l cm®/g, of which

The above is met by the angular relation provided the
angle of incidence V = 43.5°. When the angle of incidence
V is chosgen to be 45°, the corresponding scattering angle
is § = 87°.

A complete angular relation means in other words Ipg (Xi) =
IT . Si‘ 1 With Si = J - p_i' Vi . ED OX Pi = constant
LpefXi)

o _

When tests are performed with V = 45°, the used scattering
angle 6 should be 87°, as wmentioned above, instead of 9p°.
The difference is, however, almost irrelevant, and more-
over, an effect justifies a scattering angle of 90°.

When an X-ray tube is used instead of a gamma source, &
beam-hardening takes place forwards through the material
which corresponds to the average energy in the location B-
., cf. Fig. 2, being slightly higher than the average
energy of the radiation in the location A. The scattering
probability ¢ in the location B is therefore slightly less

_an g aam —a e _aa e el Chedl B el e e B e B el e [ S S g —

PCT/DK95/00242 .
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likely in the location A. Conversely, the correcting fac-

tor
N
K =exp [(pea, - pla,) - AX - 3 pﬂ = 1
L+1 3
in the location B (I = remaining plate weight for scat-
tered radiation = 0) and a few percentages lower in the

5 location A. In practice, these effects neutralize one
another more or less, and usually 8= 90° is chosen instead
of 6= 87°. Under all circumstances, the effects are insig-
nificant, and the image is not changed although several

slot collimators are used which means that a larger angu-

10 lar interval i1s covered.

As far as light materials are concerned, energies of 50 to
100 keV are, as mentioned, advantageously used, where the
Compton-change 1s low and the coefficient of absorption
for Ipg 1s therefore only a few percentages higher than
15 for I,. Therefore the angular relation stipulates that the
angle of reflection W must almost be equal to the angle of

incidence V. Examples of the latter appear from Fig. 3.

The invention is based on a combination of scattered and
transmitted radiation through a plate-shaped material with
20 a varying density over the thickness, whereby it is poss-
ible by a suitable choice of angles and radiation energy

to obtain a calibration-free measuring of the density

profile.

The target 1n question is not necessarily plate-shaped. It
25 can also be o©of other shapes, such as wedge-shaped or

shaped with a curved surface.
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We claim:

1. A method of determining the density profile of a
plate-shaped material M of a density varying discretely or
continuously across the plate thickness, while the density at a
specific depth of the plate is substantially constant, by means
of X-rays or gamma rays from a source K placed on one side of the
plate M, comprising at least a first detector T and a second
detector F arranged on the opposite side of the plate M advanced
petween the source K and the at least first detector T and second
detector F in a longitudinal direction, whereby the first
detector T is placed in an emitting direction of the source K and
measures radiation transmitted through the plate M, and the at
least one second detector F 1is placed outside the emitting
direction of the source K and measures scattered radiation from
partial volumes along the emitting direction of the source K, the
second detector F being displaced relative to the first detector
T while a detecting direction 1is maintained, wherein the
detecting direction of the second detector F' 1s chosen relative
to the emitting direction of the source K such that the density
1s expressed directly as a proportion between the radiation
measured by each of the first and second detectors, and an angle
of incidence V between the emitting direction and the plate M is
almost identical with an angle of reflection W between the plate

M and the second detector.

2. The method according to claim 1, wherein the angle of
incidence between the emitting direction and the plate 1is
substantially identical with but smaller than the angle of
reflection between said plate and the second detector so as to
obtain the same attenuation between the scattered and

non-scattered radiation, even if the scattered radiation has a

smaller energy.

3. The method according to claim 1, wherein the angle of




. CA 02192340 2000-10-11

13

incidence between the emitting direction and the plate is
different from the angle of reflection between said plate and the
second detector so as to obtain the same attenuation between the

scattered and non-scattered radiation.

4. The method according to claim 1, wherein the angle of
incidence between the emitting direction and the plate is smaller
than the anglé of reflection between said plate and the second

detector so as to obtain the same attenuation between the

10 scattered and non-scattered radiation, even if the scattered

radiation has a smaller energy.

5. The method according to claim 1, wherein the angle of
incidence between the emitting direction and the plate is

15 approximately equal to the angle of reflection between said plate

and the second detector so as to obtain the same attenuation

between the scattered and non-scattered radiation.

6. The method as claimed in claim 1, wherein the angle of
20 incidence V is at least approximately 60°, whereas the angle of

reflection W is at least approximately 65°.

7. A method as claimed in claim 1, characterized in that the
angle of incidence V, between the emitting direction and the
25 plate 1s approximately 45°, whereas the angle of reflection W,

between the plate and the second detector, is approximately 48°.

8. The method as claimed in claim 1, characterised in that the
angle of incidence V is approximately 30°, whereas the angle of

30 reflection W is approximately 31°.

S. The method as claimed in claim 1, characterised in that the
detecting direction of the second detector F is approximately 87°
relative to the emitting direction of the source K when said

35 emitting direction forms an angle of approximately 45° with the
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surface of the plate.

10. The method as claimed in claim 9 where the radiation source
K used is an X-ray tube, characterised in that a compensation for

beam-hardening is carried out.

11. The method according to claim 1, wherein the angle of
incidence between the emitting direction and the plate 1is
substantially identical with but different from the angle of
reflection between said plate and the second detector so as to
obtain the same attenuation between the scattered and

non-scattered radiation.

12. A method of determining the density profile of a
plate-shaped material of a density varying discretely or
continuously across the plate thickness, while the density at a
specific depth of the plate is substantially constant, by means
Of X-rays or gamma rays from a source placed on one side of the
plate, comprising at least a first detector and a second detector
arranged on the opposite side of the plate advanced between the
source and the at least first and second detectors in a
longitudinal direction, whereby the first detector is placed in
an emitting direction of the source and measures radiation
transmitted through the plate, and the second detector is placed
outside the emitting direction of the source and measures
scattered radiation from partial volumes along the emitting
direction of the source, the second detector being displaced
relative to the first detector and parallel to the emitting
direction of the source, while a detecting direction is
maintained, wherein the detecting direction of the second
detector is chosen relative to the emitting direction of the
source such that the density is expressed directly as a
proportion between the radiation measured by the first and second
detectors, and an angle of incidence between the emitting

direction and the plate is almost identical with an angle of
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reflection between the plate and the second detector.

13. The method as claimed in claim 12, wherein the angle of
incidence is at least approximately 60° whereas the angle of

reflection is at least approximately 65°.

14. A method as claimed in claim 12, wherein the angle of
incidence, between the emitting direction and the plate 1is
approximately 45°, whereas the angle of reflection, between the
plate and the second detector, is approximately 48°.

15. A method as claimed in claim 12, wherein the angle of
incidence is approximately 30°, whereas the angle of reflection

is approximately 31°.

16. The method according to claim 12, wherein the angle of
incidence between the emitting direction and the plate 1is
different from the angle of reflection between said plate and the
second detector so as to obtain the same attenuation between the

scattered and non-scattered radiation.

17. The method according to claim 12, wherein the angle of
incidence between the emitting direction and the plate is smaller
than the angle of reflection between said plate and the second
detector so as to obtain the same attenuation between the
scattered and non-scattered radiation, even if the scattered

radiation has a smaller energy.

18. The method according to claim 12, wherein the angle of
incidence between the emitting direction and the plate 1is
approximately equal to the angle of reflection between said plate
and the second detector so as to obtain the same attenuation

between the scattered and non-scattered radiation.

19. The method according to claim 1, wherein the second and




CA 02192340 2000-10-11

16

movable detector is replaced by a mechanically idle array of

detectors, wherein individual detectors in the array detect

measuring values at the same time or succeedingly during the
advance of the plate M.
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