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PARTICLE SIZE MEASURING DEVICE
FIELD OF THE INVENTION

The present invention relates generally to a device for

measuring particle size distribution of powdery solids by utilizing

-diffracting and scattering light that occurs owing to the presence of

the powdery solids. The measuring device is particularly adapted for

measuring particle size distribution of powdery solids in a dry state.

BACKGROUND OF THE INVENTION

.1t is knoﬁn in the art that the particle size distribution of
powdery solids is measured by utilizing light diffraction singly or
diffraction and liéht scettering jointly each of which tends to occur
when powdery solids efloat in dispersion is irradiated with laser
beam. More specificzlly, the laser beam diffracts and scatters owing
to the presence of powdery solids, and the spatizl-.-intensity
distribution of the diffracting and scattering light is detected by
photo-sensors such as ring detectors. The resulting data are

converted into particle size distribution in terms of functions based

on the Fraunhofer's diffraction theory or the Mie light scattering

theory.
The known mezsuring devices necessarily uses a liquid
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diffracting and scattering light that occurs owng to the presence of the
‘powdery solids. The neasuring device is particularly adapted for neasuring
particle size distribution of powdery solids in a dry state.

BACKGROUND OF THE | NVENTI ON It is known in the art that” the
particle size distribution of powdery solids is neasured by utilizing
light diffraction singly or diffraction and |ight scattering jointly each
of which tends to occur ' '

dispersion agent so as to disperse the powdery solids, hefeinafter
referred to as "specimen", and the method using a liquid dispersing
agent will be referred to as "wet measuring method". If the specimen
is a type which tends to become dissolved or hardened at the presence
of liquid, which is common with medicinal substances and cement, a
liquid dispersing agent is substituted by air, hereinéfter referred to
as “dry measuring method®.

In order to carry out the dry measuring method, a group of
particles are obtained as a specimen from the powdery solids by
dispersing them into & misty state (hereinafter czlled “aerosol
particies") and the zerosol particles are irradiated with laser bezm.

This known measuring method requires that the specimen has &
constant concentration in & predetermined range.

- The wet measuring method makes it easy to homogeneously
disperse the specimen, .and to maintain the concentration of it within
a required range. The dry measuring method is difficult to keep the
concentration of specimen in a parﬁicular range unless a special
sampling device is employed. Even though a special sampling device is
employed, the concentration of spécimen is difficult to maintain
because of unexpected factors such as unstable pneumétic pressure,
improper handling of the sampling device and malfunction thereof.
There zre & kind of powders whose concentration is inherently
unstable after they are ejected in aerosol, which results in

imprecise mezsurement.
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when powdery solids afloat in dispersionis irradiated with | aser beam
*More specifically, the |laser beamdiffracts and scatters owng to the
presence of powdery solids, and the spatial intensity distribution of the
diffracting and scattering light is detected by photo-sensors such as ring
detectors. The resulting data are converted into particle size
distribution in terns of functions based on the Fraunhofer's diffraction
theory or the Me light scattéring theory. . The known neasuring
devi ces necessarily uses a liquid '

SUMMARY OF THE INVENTION

The present invention is directed to overcome the difficulty
in measuring the particle size distribution of powdery solids in a
dry state regardiess of any change in the concentration thereof.

According to the present invention, the meazsuring device
includes a laser for radiating laser beam upon a specimen, an optical
measuring system comprising a plurality of photo-sensors for
measuring the intensity distribution of diffracting and scattefing
light upon the'specimen, a2n arithmetic unit .for calculating particle
size distribution of the specimen on the basis of the intensity
distribution measured by the optical meaSuring system, & first judging
means for monitoring outputs from a predetermined number of photo-
sensors and seeing if the monitored outputs exceed a first reference
so as to know that the specimen is present in the optical measuring
system, a second judging means for storing the outputs of all the
photo-sensors after the first judging means ascertains that the
specimen is present in the optical measuring system, and seeing if &
meximum value of the outputs falls between a second reference &nd a
third reference sd as to know that the concentration of the specimen
is optimal for measuring, a storage for storing the outputs of z2ll the
photo-sensors as effective data when the sehond judging means
ascertains that the mazximum value is present between the second and
third reference, & third judging means for seeing if predetermined

sets of effective data have been stored in the storags, and wherein

//

—
———

een Replaced

"



2 dispersion agent so as to disperse the powdery solids, hereinafter
referred to as "speci nen™, and the nethod using a |iquid dispersing agent
will be referred to as "wet neasuring nethod". If the specinen is a type
whi ch tends to becone dissolved or hardened at the presence of “liquid,
which is common with nedicinal substances and cenent, a

the arithmetic unit is performed when predetermined sets of effective

data have been stored in the storage.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its numerous
objects and advantages will become appar=nt to those skilled in the
art by reference to the accompanying drawings as follows:

Figure 1 is an explanatory view exemplifying the principle
underlying the present invention; |

Figures 2 is an explanatory view'showing another example of
the embodiment;

Figure 3 is a diasgrammatical view showing the structure of an
embodiment according to the present invention;

Figure & is & front vigw’showing ring detectors used in the
present invention; _

Figure 5 is a flowchart showing a program written in a
combuter incorporated in the present invention; and _

Figure 6 is a graph showing & relatioﬁship between
concentration and maximum values of outputs from photo-sensors in a

dry measuring method under the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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liquid dispersing agent is substituted by air, hereinafter referred to
In order, to carry out the dry neasuring

dry nmeasuring nmethod"
particles are obtained as a specinen fromthe powdery

nmet hod, a group of

as

solids by dispersing theminto a m sty state (hereinafter called "aerosol
particles") and the aerosol particles are irradiated with | aser beam

Thi s known neasuring nethod requires that the specinen has a
concentration in a predeterm ned range.

makes it easy to honpbgeneously
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Referring to'Figure 1, the basic principle underlying the
present invention will be described:

. There is provided a laser 21 which generates laser beam
against a group of powder solids (specimen) 22. The laser beam
diffracts and scatters owing to the presence of the specimen 22, and
the spatial intens;ty distribution of diffracting and scattering
light is measured by photo-sensors 23. The spatial intensity
distribution is arithmetically processed so as to convert into the
particle size distribution of the specimen. There are three judging
means 25, 26 and 27 and a storége 28.. The data of the spatial
intensity distribution of diffracting and scattering light are
selected in aécordance with the results of each judging means 25, 26
and 27, and the effective date &lone are stored in the storage 28.
After the storage 28 stores predetermined sets of effective data,
they eare converted into the particle size distribution of the
specimen by an arithmetic unit 24. "

More specifically, the first judging means 25 monitors outputs
of a predetermined number of photo-sensors 23 so és to see if they

exceed & first .reference value X, and ascertain that the spécimen is

preserit in the optical measuring system. The second judéing means 26 -

monitors the outputs of all the photo-sensors 23, and sees if the
maximum value falls within a renge defined by a second reference
value X; and 2 third reference value X3, thereby ascertaining that the
concentration of the specimen falls within the required range. The

storage 28 stores the outputs of all the photo-sensors 23 as

const ant
The wet neasuring met hod



di sperse the specinen, and to maintain the concentration of it within a
required range. The dry neasuring nethod is difficult to keep the
concentration of specinmen in a particular range unless a special sanpling
device is enployed. Even though a special sanpling device is eriployed, the
concentration of specinmen is difficult to maintain because of unexpected
factors such as unstabl e pneunatic pressure, inproper handling of the
sanpl i ng device and mal function thereof. There are a kind of powders whose
concentration is inherently unstable after they are ejected in aerosol,

- which results in . : .
effective data only when the second judging means 26 ascertains that
the maximum value falls within the required range, that is, between
the second reference value X: and the third reference value X3. The
third judging means 27 sees if predetermined sets of effective data
" have been stored.

The relations between the méximum value of all the outputs of
" the phdto—séhéofé-é3 and the existing concentration of the specimen

are depicte& in straight line as shown in Figure 5.

Thus, even if the concentration of zerosol pérticles varies,
the storage 28 stores the spatial intensity distributions of
diffracting and scattering light that are obtaine¢ so long as the
concentration of the specimen falls within the required range. When
desired sets of effective data are stored, the stored data are
converted into the particle size distribution of the specimen.

An alternative embodiment shown in Figure 2 is additionzlly

rovided with a fourth judging means 29 located subsequent to the
second judging means 26. The fourth judging means 29 compares the
maximum output A ,,, of those of all the photo-sensors 23 with the
meximum output B .., of them in the corresponding previous -situation
where the second judging means 26 ascgrtains that the ‘concentration
of the specimen fzlls within the required range. The fourth judging
means 29 sees if the difference (A ,..— B ...) between the values A
ax &nd B ,,, remzins within a foﬁrth value X:. When the difference
remains within the fourth value X., the outputs of all the photo-

sensors 23 are stored in the storage 28 as effective data on the

e
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i npr eci se measur enent . ' 3 _
- SUMVARY OF THE | NVENTI ON The present invention is directed to

overconme the difficulty

spatial intensity distribution of diffracting and scattering light.

The addition of the fourth judging means 29 is advantageous in
widening the reference range X2 - X; so as to enable the second
judging means 26 to judge the concentration of specimen in a wider
range.

Referring to Figure 3, the structure of the mezsuring device
according te the present invention will be described: wherein
different numerals from those in Figures 1 and 2 are used to
designate the same componenté: '

An ejector 1 includes an zir inlet la connected to an &ir
compressor (not shown), a powdery solids supply port 1b located
ad jacent to a2 powdef supplier 2, &nd a powdery sol;dé outlet 1c¢
through which powdery solids (&) are ejected in ee;esol under
pneumatic compression through the air inlet la. The aercsol particles
(A) are eJecued by the eJector 1 toward a collector 3, and &re
col1ected therein.

An optical measuring system is placed in such & manner that
the optical axis (L) is loceted between the outlet 1c and the
collector 3. A laser U generates a flux of laser beam zgzinst the
aerosol particles through 2 beam flux forming optieal system 5
(hereinafter referred to &s “optical system") wherein the flux of
lzser beam has & predetermined cross—-sectional area in perallel with
the optical axis (L). A condenser lens 6 and a ring detector 7 are
loceted on the opticel exis (L) on the opposite side of the optical

System 5 with the azerosol particles (A) interposed therebetween,

\.—
\
. This Sheet Has

I



In measuring the particle size distribution of powlery solids in a dry
state regardl ess of any change in the concentration thereof.
According to the present invention, the nmeasuring device includes a |aser
for radiating |aser beam upon a specimen, an optical neasuring system
conprising a plurality of photo-sensors for neasuring the intensity
distribution of diffracting and scattering |ight upon the specinen, an
arithnmetic unit for calculating particle size distribution of the specinen
on the-basis of the intensity distribution nmeasured by the optical
measuring system a first judging

wherein the ring detector 7 is located on the focal surface of the

condenser lens 6. The ring detector 7 allows an image to be formed
by light diffracting and/or scattering which occurs owing to the
aerosol particles.

Referring to Figure !, the ring detector 7 has a plurality of
photojsensors 70a ... 70n having semi-circular or circular lighf
receptive_surfaces on a base place 70. The spatial intensity
distribution of the azerosol particles caused by diffraction singly or
diffraction and light scattering jointly is measured by obtaining the
amplitude of the outputs of the photo-sensors.70a ... 70n.

The outputs of the photo-sensors 70z ... 70n iﬁ the ring
detector 7 are digitized through an A/D converter (not shown) which
are taken into a computer 8 zt predetermined time intervals where
necessary data alone are extracted from the data obtzined in this way
and stored in a storage 9 in accordance with a program which will be
described hereinafter. The data stored in the storazge 9 is used to
calculate the particle size distribution.

Referring to Figure 5, the measuring device is driven prior
to s»artlng the ejection of ;e"osol (A) through the egector 1 end a
preoetermlned number of photo-sensors 70a ... 70n are selected from

' those in the ring detector 7. The output data of the selected photo-
Sensors are temporarily stored in at ST1 and ST2 among which the
mzximum value D ,,, is searched at ST3.

The obtazined meximum value D ,,, is compared with a

predetermined value ¥; at STE. This value X: is intended to detect

’I‘hls Sheet Has Been Rey laced




-

¥

means for nonitoring outputs froma predeterm ned nunber of photo- sensors
‘and seeing if the nonitored outputs exceed a first reference so as to know
that the specinmen is present in the optical nmeasuring system a second
judgi ng nmeans for storing the outputs of all the photo-sensors. after the
first judging neans ascertains that the specinmen is present in the optical
measuring system and seeing if a maxi numvalue of the outputs falls

bet ween a second reference and a third reference so as to know that the
concentration of the specinen is optiml for neasuring, a storage for

storing the outputs of all the
the presence of particles between the optical system 5 and the

condenser lens 6 through an increase in the spatial intensity of light
incident to each photo-sensor due to the diffraction singly or the
diffraction and scattering jointly. When the maximum value D ,,. does
not reach the value X:, the same sequence from ST2 is repeated. When
the maximum value .,, reaches the value X,, the sequence advances to
a concentration checking routine at step STS and“below.

In the concentration checking routine the number of times of
measurements (N) is reset to 0 (zero)(ST5), and the data from the
photo-sensors in the ring detectors.7 are temporarily stored to search
the maximim value A max &t ST6 and ST7. At ST8 it is checked to see
if the maximum value A ,,, is present between predetermined values X,
and Xa. _

' The values X> and X, correspond to the lower limit and the
uppef limit of an optimal range which determines an optimal range of
the concentration of powdery solids. The relations between the
maximum values A ., , of outputs from the photo-sensors and the
concentrations of powdery solids are shown in graph in Figure 6. It
will be understood from the graph that the relations are proportional

" a2s seen from the ;Eraight line within the predetermined range of
concentration. On the basis of this linear relationship the values X
» &nd X3 are set so as to correspond to the optimal mezsuring range.

At ST8, if it is found that the value & ,,, does not fall.

within the range defined by the values X, and X3, the sequence is

returned to ST6 where the check is repeazted. If it is found that the
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phot o-sensors as effective data when the second judgi ng neans ascertains
.that the maximumvalue is present between the second and third reference,
a third judgi ng neans for seeing if predeterm ned sets of effective data
have been stored in the storage, and wherein : :

4 the arithnmetic unit is perfornmed when predeterm ned sets of effective

maximum value A ;,, eiists between the values X» and X3, the sequence
advances to ST9 on the understanding that the optimal measuring range
is reached.

At ST9 and below where various concentration ranges are
checked, when N (number of times of measurement) is O (zero), which
means that the concentration of powdery solids fells within the
optimal range for the first time after the measurement is initiated,
the maximum value A ,,. iS compared with a previous maximum value B
.x if it exiSts, and if it does not exist, the meximum value & ,., is
compared with itself, a difference between the two meximum values is
obtained, and compared with a value X, &t Sf11, wherein the value X,
determines a range covering a sudden or unexpected change likely to
oceur in the optimal measuring range, thereby negating data zrising
from such sudden change. If the difference (A nax— Bnax ) is equal
to or smaller than thé value X:, the data from a2ll the photo-sensors
temporarily stored at ST6 are stored in the storage 9 st ST12, and the
maximum value A ,,; 1s stored at ST13 as the maximum value B ., for
subsequent comparison. One is added to N (number of leeS) at STilb,
and the same sequence below STé6 is repeated. When N is 0, meaning
that Aim., is equzl to B ... , the data is stored.

When N is 1 and more, and if the concentrztion of powdery
solids exceeds the allowable range with the result thet the difference
between A .., and B ... exceeds the value X.. The data are not.
stored, and the sequence from ST6 is repeated.

In this wey the datz is continuously stored in the storage 9
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data have been stored in the storage. BRI EF

:DESCRI PTI ON OF THE DRAW NGS This invention may be better
understood and its numerous objects and advantages w || becone apparent to
those skilled in the art by reference to the acconpanying draw-ngs as

fol |l ows: Figure 1 is an explanatory view exenplifying the

principle wunderlying the present invention;

S0 long as ;he concentration of powdery solids is within the optimal
range, and variation thereof, if any, remain within the allowable
range after the previous data are stored. When the number of times
() reaches.Xs times (normally a few hundreds of times),;the data in
the storage 9 are used, and particle size distribution is calculated
by a known arithmetic method (ST15 and ST16).

The present invention measures perticle size distribution with
precision regardless of any variation occurring in the concentration
of powdery solids ejected in aerosol through the ejector 1.

Instead of the concentration checking routine and the
concentration zllowable range checking routine, the latter can be
omitted if the values X; and X; in the concentration checking routine
&re narrowly set S0 as to provide & narrow optimal range. If the
maximum value A ,, . falls within this narrow range, it means that the
value A .., is virtually the same as the value B',“x . Thus the szme

effect is obtained as that resulting from the example cescribed zbove.
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Flgures 2 is an explanatory view show ng another exanple of t he
enboarﬁﬁﬁ?‘““‘**‘——~F+gure 3 is a diagrammatical view showi ng the

struct di ment according to-the present invention;-

Fi guerﬂ"g”,“mMﬂmﬁ w showing ring detectors used in thé present

i nventi*ong Figure 5 is a flowhart showing a programwitten in
a conputer |ncorporated in the present invention; and Figure 6

is a graph showing a relationship between

WHAT IS CLAIMED IS:

1. A device for measuring particle size distribution of
powdery solids, the device comprising:

a laser for radiating laser beam upon a specimen of the
powdery solids;

an optical measuring system including a plurality of photo-
sensors for measuring the spatial intensity diétribution of
diffracting and scattering light upon the specimen;

an arithmetic unit for calculating z particle size
distribution of the specimen on the basis of the spatial intensity
distribution measured by the photo-sensors§

a first judging means for monitoring outputs from a
predetermined number of photo-sensors and seeing if the monitored
outputs exceed a first reference so as to know that the specimen are
present in the optical méasuring system;

a second judging means for storing the outputs of zll the
photo-sensors after the first Jjudging means ascertzins that the
Specimen is present in the optical measuring system, and seeing if &
maximum value of the outputs falls within z range definéd by a second
reference and a third reference so as to know that the concentration
of the specimen is optimal for measuring; |

& storage for storing the outputs of all the Dno»o-snnsors as

effective data only when the second means ascertains thet the maximum

value fzlls within the range defined by the second zné third

\\ —_
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concentration and maxi mum val ues of outputs from photo-sensors in a dry
smeasuri ng—nettod—under t hé present invention. DETAI LED

A e

references; and
a third judging means for seeing if predetermined sets of
effective data have been stored in the storage so as to operate the

arithmetic unit.

2. The device according to claim 1, further comprising a
fourth judging means for seeing if a difference between the maximum
value of all the outputs of the photo-sensors and the previous maximum
value is equal to or smaller than a fourth reference, during the
period of time when the second judging means ascertains that the
concentration of the specimen falls within a required range, wherein
the storzge stores zll the outputs of the photo-sensors as effective

data when the difference is equal to or smaller than the fourth

reference.

3. The device zccording to clzim 1 or 2, wherein the photo-
sensors are constituted by ring detectors having different radii
arranged concentric of an optical axis of the optical measuring

system.

———
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Reﬁérring to Figure 1
invention will be descri bed: There is provided a | aser 21 which

generate§‘faseL\Qggg;\gggigft a -group of powder solids (specinmen) 22. The
| aser beam, diffrac catters owing to the presence of the"specinen -

22, and ”
light is

is arithmetically pr

t he basic principle underlying the present

d so as to convert into the particle size

di stribution of the specﬁnen. There are three judging
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4. A method of measuring particle size distribution of
powdery solids, wherein the powder is suspended in a gaseous
medium and the spatial intensity distribution.resulting from
diffraction and scattering of a laser Beam incident on the
suspension is measured by means of photo-sensors, the particle
size distribution being calculated as a function of the spatial
intensity distribution, characterized in that the outputs from
a predeterminegi number oI photo-sensors are wmonitored to
determine whether a powder specimen is present in the laser
beam, the outputs from all the photo-sensors are monitored to
determine whether a desired fange of concentration of the powder
is .present, and the outputs of the sensors are stored for
subsequent processing only when a powder specimen is present at

a desired concentration.

— . -~ 14 -
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I ntensity distribution of diffracting and scattering
MM-sensors 23. The spatial intensity distribution



neans 25, 26 and 27 and a storage 28. The data of the spatial intensity
:di stribution of diffracting and scattering light are selected in
accordance with the results of each judging nmeans 25, 26 -and 27, and the
effective data alone are stored in the storage 28. After the storage 28
stores predeterm ned sets of effective data, they are converted into the
particle size distribution of the specinmen by an arithnmetic.unit 24.
More specifically, the first judging nmeans 25 nonitors outputs of a

pr edet er mi ned nunber of photo-sensors 23 so as to see if they

ABSTRACT
(Fig.1)

A PARTICLE SIZE MEASURING DEVICE

The device includes a laser (21) photo-sensors (23)
-for measuring the spatial intensity distribution of diffracting
and scattering light from the specimen (22), an arithmetic unit
(24) for calculating particle size distribution, a first judg.:'Lng
means (25) for monitoring outputs from selected photo-sensors
so as to see if the monitored outputs exceed a first reference
(X,) so as tc know that the specimen is present in the optical
system, a second judging means (26) for storing the outputs of
all the photo-sensors whéﬂ the specimen is present in the
optical system, and seeing if a maximum value of the outputs
falls within a range defined by a second and a third reference
(X, - X;) so as to know that the concentration of the specimen
is optimal for measuring, a storage (28) for storing the cutputs
of all the photo-sensors as effective data only when the maximum
value falls within the reference rance, a thifd judging means
(27) for seeing if predetermined sets of effective data have
been stored in the storage, wherein the arithmetic unit is
operated when it is found that the predetermined sets of

effective data are stored in the storage.
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reference value X err] and ascertain that the specinen is
Wp¥esent in the optical neasuring system The second judging neans 26
nonitors the outputs of all the photo-sensors 23, and sees if the maxinmum
value falls within a range defined by a second reference value X err] and
.a third reference value X3, thereby ascertaining that the concentration of
the specinen falls within the required range. The storage 28 stores the

out puts of all the photo-sensors 23 as

exceed a first

175
Fig. 1
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t he

by
6 effective data only when the second judgi ng means 26 ascertains that
maxi mum.value falls within the required range, that is, between the second
reference value X2 and the third reference value X3. The third judging -
means 27 sees if predeterm ned sets of effective data have been stored.
the outputs of the

The rel ations between the nmaxi mum val ue of al
phot o- sensors 23 and the existing concentration of the specinen
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are depicted in straight line as shown in Figure 5. Thus, even if
tthe concentration of aerosol particles varies, the storage 28 stores the
spatial intensity distributions of diffracting and scattering |ight that
are obtained so long as the concentration of the specinen falls within the
requi red range. Wen desired sets of effective data are stored, the stored
data are <converted into the particle size distribution of the specinen..
An alternative enbodi nent shown in Figure 2 is additionally provided with
a fourth judging neans 29 | ocated subseq%??t to the
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second judgi ng neans 26. The fourth judgi ng nmeans 29 conpares the maxi num
gutput A [err] of those of all the photo-sensors 23 with the maxinum
output B [err] of themin the corresponding previous situation where the
second judgi ng nmeans 26 ascertains that the concentration of the specinen
falls within the required range. The fourth judging neans 29 sees if the
difference (Aferr] - Blerr]) between the values A [err] [err] and B
[err] remains within a fourth val ue XL& r]. When the difference remains
within the fourth value X err], the outputs of all the photo- sensors 23
are stored in the storage 28 as effective data on the

Fig. o
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7 Spatial intensity distribution of diffracting and scattering light.
‘The addition of the fourth judging nmeans 29 is advantageous in wi dening
the reference range X[err] - X err] so as to enable the second judging
means 26 to judge the concentration of specinen in a wider range.
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"Referring to Figure 3, the structure of the measuring device according to
the present invention will be described, wherein different_n -

;those in Figures 1 and 2 are used to designate the sane
An ejector 1 includes an air inlet |la connected to an air
shown), a powdery solids supply port llb |ocated adjacent |t
supplier 2, and a powdery solids outlet |c through whichjip
(A) are ejected in aerosol PARTKILE BRZUMEASURINEGTPECESE on t
inlet la. The aerosol particles

FIELD OF THE INVENTION

The present invention relates generally to a device for
measuring particle size distribution of powdery solids by utilizing
diffracting and scattering light that occurs owing to the presence of
the powdery solids. The measuring device is particularly adapted for

measuring particle siie distribution of powdery solids in a dry state.

BACKGROUND OF THE INVENTION

It is known in the art that the particle size distribution of
powdery solids is measured by ﬁtilizing light diffraction singly or
diffraction and light scattering jointly each of which tends to occur
when powdery solids afloat in dispersion is irradiated with laser
beam. More,sbecifically, the laser beam diffracts and scatters owing
to the presence of powdery solids, and the spétial inténsity
disﬁfibution of the diffracting and scattering light is detected by
photo-sensors such as ring detectors. The resulting‘data are
converted into particle size distribution in terms of functions baséd

on the Fraunhofer's diffraction theory or the Mie light scattering

theory.
The known measuring devices necessarily uses a liquid
| REPLACEMENT SHEETS 4G
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"(A) are ejected by the ejector 1 toward a collector 3, and are «collected
t herei n. An optical neasuring systemis placed in such a manner
that the optical axis (L) is |ocated between the outlet |Ic and the
“collector 3. Alaser 4 generates a flux of |aser beam agai nst the aerosol
particles through a beam flux formngZptical system5 (hereinafter
referred to as "optical systeni) wherein the flux of |aser beam has a

pr edet er nflh8RETYiSs 2gRBE| BN AS H0e 4 LSReRRS diheePordery sakidht iheneiarfsery) .

A condenser _| ens-6 and ring detector 7 are
referred %o as égpecf%enﬁ, ané)the method using a liquid dispersing

agent Wwill be referred to as “wet measuring method". If the specimen
is a type which tends to become dissolved or hardened at the presence
of liquid, which is common with medicinal substanées and cement, a
liquid dispersing agent is substituted by air, hereinafter referred to
as "“dry measuring method".

In order to carry out the dry measuring method, a group of
particles are obtained as a specimen from the powdery soligs'by
dispersing them into a misty state (hereinafter called “aerosol
particles") and the aerosol particles are irradiated with laser beam.

This known measuring method requires that the specimen has a
constant concentration in a predetermined range.

The wet measuring method makes it easy to homogeneously
diéperse the specimen, and to maintain the concentration of it within
a required range. The dry measuring method is difficult to keep the
concentration of specimen in a particular range unless a special
sampling device is employed. Even though a special sampling device is
employed, the concentration of specimen is difficult to maintain
becalise of unexpected factors such as unstable pneumatic pressure,
improper handling of the sampling device and malfunction thereof.
There are a kind of powders whose concentration is inherently
unstable after they are ejected in aerosol, which results in

imprecise measurement.
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"l ocated on the optical axis (L) on the opposite side of the optical system
5 with the aerosol particles (A interposed therebetween,

.8 wherein the ring detector 7 is |located on the focal surface of the
condenser lens 6. The ring detector 7 3lloms an imge to be formed by

l'ight diffracting and/or scattering whiPch occurs owng to the

SUMMARY OF THE INVENTION

¢

The present invention is directed to overcome the difficulty
in measuring the particle size distribution of powdery solids in a
dry state regardless of any change in the concentration thereof.

According to the present invention, the measuring device
includes a laser for radiating laser beam upon a specimen, an optical
measuring system comprising a plurality of photo-sensors for
measuring the intensity distribution of diffracting and scatggring
light upon the specimen, an arithmetic unit for calculating particle
size distribution of the specimen on the basis of the intensity
distribution measured by the optical measuring system, a first Judging
means for monitoring outputs from a predetermined number of photo-
sensors, and seeing if the monitored outputs exceed a first reference
S0 as to know that the specimen is present in the optical measuring
system, a second judging means for storing the outputs of all the
photo-sensors after the first judging means ascertains that the
Specimen is present in the optical measuring system, and seeing if a
maximum value of the outputs falls between a second reference and a
third reference sé as to know that the concentration of the specimen
is optimal for measuring, a storage for storing the outputs of all the
photo-sensors as effective data when the second judging means
ascertains that the maximum value is present between the second and
third reference, a third judging means for seeing if predetermined

sets of effective data have been stored in the storage, and wherein

W
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"aerosol particles. Referring to Figure 4, the ring detector 7 has
a plurality of photo-sensors 70a ... 70n having sem -circular or circular
light receptive surfaces on a base place 70. The spatial intensity
“distribution of the aerosol particles caused by diffraction singly or
diffraction and |light scattering jointld is nmeasured by obtaining the
anplitude Qf the outputs of the ot o-sensors 70a ... 70n. The
ot put 5 of henar SIS ERatl 4578aForned e, Prade Lot nefoRats Af PrApeELve

digitized {NLOHGN Hen/ RFRAVE he S0GgENOWN) whi ch

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its numerous

objects and advantages will become apparent to those skilled in the
art by reference to the accompanying drawings as follows: .

Figure 1 is an explanatory view exemplifying the principle
underlying the present invention;

Figures 2 is an explanatory view showing another example of
the embodiment;

Figure 3 is a diagrammatical view showing the structure of an
embodiment according to the present invention;

Figure 4 is a front view showing ring detectors used in the
present invention;

Figure 5 is a flowchart showing a program written in a
computer incorporated in the present invention; and

» Figure 6 is a graph showing a relationship bétween

concentration and maximum values of outputs from photo-sensors in a

dry measuring method under the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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are taken into a conputer 8 at predetermned tinme intervals where
necessary data alone are extracted fromthe data obtained in this way and

stored in a storage 9 in accordance with a programwhich will be described
herei nafter. The data stored in the storgge 9 is used to calculate the
particle size distribution. Referring to Figure 5, the neasuring

device is driven prior to starting the ejection” of aerogsol SA% t hrough the
gjector 1 and a %Ieé'BEFéFﬁi%crlrﬁHﬂ?eﬂ'of'h%htlﬂ%’-csé%?sl&cép?@aup.? Yomethe

selected Lo LASSAlot .0 B9 JlShegiey, 7+ The output data of the

There is provided a laser 21 which generates laser beam
against a group of powder solids (specimen) 22. The laser beam
diffracts and scatters owing to the presence of the specimen 22, and
the spatial intensity distribption of diffracting and scattering
light is measured by photo-sensors 23. The spatial intensity
distribution is arithmetically processed so aé to convert into the
particle size distribution of the specimen. There are three judging
means 25, 26 and 27 and a storage 28. The data of the spatial
intensity distribution of diffracting and scattering light are
selected in accordancé with the results of each judging means 25, 26
and 27, anq the effective data alone are stored in the storage 28.
After the storage 28 stores predetermined sets of effective data,
they are converted into the particle size distribution of the
specimen by an arithmetic unit 24.

More specifiéally, the first judging means 25 monitors outputs
of a predetermined number of photo-sensors 23 so as to see if they
exceed a first reference value X, and ascertain that the specimen is
present in the optical measuring system. The second judging means 26
monitors the outputs of all the photo-sensors 23, and sees if the
maximum value falls within a range defined by a second reference
value X. and a third reference value X3, thereby ascertaining that the
concentration of the specimen falls within the required range. The

storage 28 stores the outputs of all the photo-sensors 23 as

REFLACRMID'T SHBAT
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"sensors are tenporarily stored in at ST1 and ST2 anong whi ch the maxi num

value D [err] is searched at ST3. The obt ai ned maxi num val ue D
[err] is conpared with a predeterm ned value X err] at ST4. This val ue
X[err] is intended to detect 9 the

presence of particles between the opticaﬁ system 5 and the
effective data only when the second judging means 26 ascertains that

the maximum value falls within the required range, that %s, between
the second reference value X; and the third reference value X3. The
third judging means 27 sees if predetermined sets of effective data
have been stored.

The relations between the maximum value of all the outputs of
the photo—sensors 23 and the existing concentration of the specimen
are depicted in straight line as shown_in Figure 5.

Thus, even if the concentration'of aerosol particles v§ries,
the storage 28 stores the spétial intensity distributions of
diffracting and scattering light that are obtained so long as the
concentration of the specimen falls within the required range. When
desired sets of effective data are stored, the stored data are
convertgd into the particle size distribution of the specimen.

An alternative embodiment shown in Figure 2 is additionally
i provided with a fourth judging means 29 located subsequent to the

: second judging means 26. The fourth judging means 29 compares the

maximum output A ., . of those of all the photo-sensors 23 with the
maximum output B ,,, of them in the corresponding previous situétion
where the second judging means 26lascertains that the concentration
of the specimen falls within the required range. The fourth judging
means 29 sees if the difference (A ..x— B n.x) between the values A
«x and B .., remains within a fourth value Xj. When the difference
remains within the fourth value X,, the outputs of all the photo-

sensors 23 are stored in the storage 28 as effective data on the
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condenser lens 6 through an increase in the spatial intensity of |ight

I nci dent to each photo-sensor due to the diffraction singly or the
diffraction and scattering jointly. Wen the maxi mumvalue D [err] does
not reach the value Xerr], the sane sequg&;e from ST2 is repeated. Wen

t he maxi mum val ue [err] reaches the value X[err], the sequence advances to

a concent \géti'ﬁq g@ﬁ%&%oﬂ?ﬁg%ﬁ%n %%e@iﬁggc?%%%g?%atter\in mle}ﬁﬂﬂ‘ t he

concentrafion ch e numnber nmeasur S(N) is

per e by 2 TSRk S A0SR B 2SC1S Ot 100
widening the reference range X2 - X; so as to enable the second
Judging means 26 to judge the concentration of specimen in a wider
range.

Referring to Figure 3, the structure of the measuring device
according to the present invention will be déscribed, whérein
different numerals from those in Figures 1 and 2 are used to
designate the same components: |

An ejector 1 includes an air inlet 1a connected to ;n air
compressor (not shown), a powdery solids supply port 1b located
ad jacent to a powder supplier 2, ahd a powdery solids outlet 1c
through wﬁich powdery solids (A) are ejécted in aerosol under
pneumatic compression through the air inlet 1a. The aerosol particles
(A) are ejecteq by the ejector 1 toward a collector 3, and are
collected thereiﬁ.

An optiéal measuring system is placed in such a manner that
the optical axis (L) is located between the outlet 1c¢ and the
collector 3. A laser U generates a flux of laser beém against the
aeresol particles through a beam flux forming optical system 5
(hereinafter referred to as “optical system") wherein the flux of
laser beam has a predetermined cross-sectional area in parallel wWith
the optical axis (L). A condenser lens 6 and a ring detector 7 are

located on the optical axis (L) on the opposite side of the optical

system 5 with the aerosol particles (A) interposed therebetween,




- the maxi mum value A [err] at ST6 and ST7. At ST8 it is checked to see if
the maxi mum value A [err] is present between predeterm ned values X/ err]
and Xferr]. The values X[err] and X[ err] correspond to the | ower
“limt and the wupper limt of an optinmal range which determ nes an optina
range of the concentration of powdery s®lids. The rel ati ons between the
maxi mum val ues A [err] of outputs fromthe photo-sensors and the

concent r at YRR g bémﬁbﬁ&'Qﬁﬂqc&§ra7e1%kkﬂﬂﬁtﬁﬁ gh apie | fipceilgsueface of ttheyi | |

be understood, from q;aph that the relations _are proportional
condenser ens The ring detector 7 allows an image to be formed

Ey light diffracting and/or scattering which occurs owing to the
aerosol particles.

Referring to Figure U4, the ring detector 7 has a plurality of
photo-sensors 70a ... 70n hav;ng semi-circular or circular light
receptive -surfaces on a base place 70. The spatial intensity
distribution of the aerosol particles caused by diffraction singly or
diffraction and light scattering jointly is measured by.obtaingpg the
amplitude of the outputs of the photo-sensors 70a ... 70n.

The outputs of the photo-sensors 70a ... 70n in the ring
detector 7 are digitized through an A/D converter (not shown) which
are taken into a computer 8 at predetermined time intervals where
necessary data alone are extracted from the data obtained in this way
and stored in a storage 9 in accordance with a program which will be
described hereinafter. The data stored in the storage 9 is used to
calculate the particle size distfibution.

Referring to Figure 5, the measuring device is driven prior-
to starting the ejection of aerosol (A) through the"éjectof 1 and a
predetermined number of photo-sensors 70a ... 70n are selected from
'those in the ring detector 7. The output data of the selected photo-
sensors are temporarily stored in at ST1 and ST2 among which the
maximﬁm value D .. is searched at ST3.

The obtained maximum value D _, ; is compared with a

predetermined value X, at ST4. This value X; is intended to detect
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as seen fromthe straight line within the predeterm ned range of
concentration. On the basis of this linear relationship the values X [err]
and X[err] are set so as to correspond to the optiml neasuring range.
At ST8, if it is found that the value A [err] does not fall wthin the
range defined by the values Xferr] and &[err], the sequence is returned to
ST6 where the check is repeated. If it is found that the
* the presence of particles between the optical system 5 and the
condenser lens 6 through an increase in the spatial intensity of light
incident to each photo-sensor due to the diffraction singly or the
diffraction and scattering jointly. When the maximum vaiue D .. does
not reach the value X, the same sequence from ST2 is repeated. When
the maximum value ,,, reaches the value X, the sequence advances to
a concentration checking routine at step ST5 and below.

In the concentration checking routine the number of times of
measurements (N) is reset to 0 (2ero)(STS5), and the data from the
photo-sensors in the ring detectors 7 are temporarily stored to seapch
the maximum value A ,,. at ST6 and ST7. At ST8 it is checked to see
if thé maximum value A ... is present between predetermined values X,
and Xs. ‘

The values X; and X; correspond to the lowerilimit and the
upper limit of an obtimal range which determines an optimal range of
the concentration of powdery solids. The rglations between the
maximum values A ,,, of outputs from the photo-sensors and the
concentrations of powdery solids are shown in graph in Figure 6. It
will be understood from the graph that the relations are proportional
as Seen from the straight line Wwithin the predetermined range of

' concentration. .On the bésis.of this lineaf relationship the values X
»-and X3 are set so as to correspond to the optimal measuring range.
At ST8, if it is found that the value A ., does not fall

within the range defined by the values X, and Xi, the sequence is

returned to ST6 where the check is repeated. If it is found that the
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- 10 maxi mum val ue A exi sts between the values X2 and X3 , the sequence
advances to ST9 on the understanding that the optiml neasuring range 1is

r eached. At ST9 and bel ow where various concentration ranges are

" checked, when N (nunber of times of nmeasurenent) is 0 (zero), which neans
that the concentration of powdery solidd®alls within the opti mal range
for the first tine aft%r the nmeasurenment is initiated, the maxi num value A

[err] is cHHPHMEIVYS Aampr SHLSES PREHESINTREIVGUBS X2 and X3, the sequence

advances to ST9 on the understanding that the optimal measuring range
is reached.

At ST9 and below where various concentration ranges are
checked, when N (number of times of measurement) is 0 (zero), which
means that the concentration of powdery solids falls within the
optimal range for the first time after the measurement is initiéted,
the maximum value A ,,, is compared with a previous maximum value B ,
«x 1f it exists, and if it does not exist, the maximum value A max 1S
compared with itself, a difference between the two maximum values is
obtained, and compared with a value X; at ST11, whérein the value X,
determines a range cerring a sudden or unexpected change likely to
occur in the optimal measuring range, thereby negating data arising
from such sudden change. If the difference (A& ,.x— Bam.x ) iS equal
to or smaller than the vglue Xs, the data from all the photo-sensors
temporarily stored at ST6 are stored in the storage 9 at STiZ, and the
maximum value A ,,, is stored at ST13 as the maximum value B ,,. for
subsequent comparison. One is added to N (number of times) at STil,
and the same sequence below ST6 is repeated. WhenpN is 0, meaning
that A ... is equal to B ,.x , the data is stored. |

When N is 1 and more, énd if the concentration of powdery
solids exceeds the allowable range with the result that the difference
between A , ., and B ... exXceeds tﬁe value Xs. The data are not
stored, and the seﬁuence from ST6 is repeated.

In this way the data is continuously stored in the storage 9
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“[err] if it exists, and if it does not exist, the maxinumvalue A [err] is
conpared with itself, a difference between the two maxi num val ues is

_ obtained, and conpared with a value X[ err] at ST1ll, wherein the value X4
determ nes a range covering a sudden or unexpected change likely to occur
in the optimal neasuring range, thereby nébbting data arising fron1such

S AT i Sk Kb oot a8, BB
o mum vl SR ea‘i}d?“ﬁ??é?%’?ed"%f@%néfééﬁifﬁtel"%s.?%‘%n%#&aﬂ%ﬁ Bisebehs
range after the previous data are stored. When the number of times
(N) reaches Xs times (normally a few hundreds of times), the data in
the storage 9 are used, and particle size distribution is calculated
by a known arithmetic method (ST15 and ST16).
The present invention méasures particle size distributioﬁ with
precision regardless of any variation occurring in the concentration
of powdery solids ejected in aerosol through the ejector 1.

Instead of the concentration-checking routine a;d the
concentration allowable range checking routine, the latter can be
omitted if the values X and X; in the concentration checking routine
are narrowly set so as to provide a narrow optimal range. If the :
maximum value A .., falls within this narrow range, it means that the P

value A .., is virtually the same as the value B ,.. .  Thus the same

effect is obtained as that resulting from the example described above.
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subsequent conparison. One is added to N (nunber of tines) at ST14, and

tQﬂlﬂlllﬂlllIﬂﬂﬂﬂl&ﬂlhbe', “he data is stored. - When NS 1 and more.

d if the tortettration -of powdery solids exceeds the allowabl e range
mnth the result that the difference 12etween A [err] and B [err] exceeds
t he val ue X[err]WHA{Eﬁidata are not stored, and the sequence from ST6 is

r epeat ed. ﬁLéIWﬁy I8he data is contlnuously stored in the
storage 9

1. A device for measuring particle size distribution of
powdery solids, the device comprising:

a laser for radiating laser beam upon a specimen of the
powdery solids;

an optical measuring system including a plurality of photo-
sensors for measuring the spatial infensity distribution of
diffracting and scattering light upon the specimen; .

an arithmetic unit for calculating a particle size
distribution of the specimen on the basis of the spatial intensity
distribution measured by the photo-sensors;

a first judging means for monitoring ouEputs from a
predetermined number of photo-sensors and seeing if 'the monitored
outputs exceed a first reference so as to know that the specimen are
present in the optical measuring system;

a second judging means for storing the outputs of all the
photo-sensors after the first judging means ascertains that the
specimen is present in the optical'measuring system, and seeing if a
maximum value of the outputs falls within a range defined by a sépond
reference and a third reference so as to know that the concentration
of the specimen is optimal for measuring;

a storage for storing. the outputé of all the photo-sensors as
effective data only when the second means ascertains that the maximum

value falls within the range defined by the second and third

040CT 996 | |




so‘Tgﬁa‘EE'TTETEUhCEﬂ{ration of powdery solids is within the opti nal

ran ' thereof, if an remain within the all owabl e range
W 9
aft 31!],‘"’ “ I

i

ﬂﬁ ta are stored. Wien the nunber of tinmes (N) reaches
X[ err] finks {nar y a few hundreds of  tines), the data in the storage 9
-are used, and particle size distributiont3s cal cul ated by a known

arithnetic t hod (STlé and ST16).
references; an

a third judging means for seeing if predetermined sets of
effective data have been stored in the storage so as to operate the

arithmetic unit.

2. The device according to claim 1, further comprising a
fourth judging means for seeing if a difference between the maximum
value of all the outputs of the photo-sensors and the previous maximum
value is equal to or smaller than a fourth reference, during the
period of time when the second judging means ascertains that the
concentration of the specimen falls within a rgguired range, wherein
the storage stores all the outputs of thé.photo—sensors as effective
data when the difference is equal to or smaller than the fourth

reference.

3. The device according to claim 1 or 2, wherein the photo-
sensors are constituted by ring detectors having different radii
arranged concentric of an optical axis of the optical measuring

system.

-




. The present invention nmeasures particle size distribution with precision
regardl ess of any variation occurring in the concentration of powdery

sol i dsWthrough the ejector 1. I nstead of the
concent ' Cchecking routine and the concentration all owable range
checki ng “ er can be onitted if the values X2 and X3 in the
concentrﬂmm “\! tine are narrowy set so as to provide a narrow
opti mal i the maxmumvalueA[err] falls within this narrow

range, it nmeans that the val ue A [err] isldirtually the same as the val ue
B [err] . Thus the sane

4. A method of measuring particle size distribution of
powdery solids, wherein the powdexr is suspended in a gaseous
medium and the spatial intensity distribution resulting from
diffraction and scattering of a laser beam incident on the
suspension is measured by means of photo-sensors, the particle
size distribution.being calculated as a function of the ipatial
intensity distribution, characterized in that the outputs from
a predetermined number of photo-sensors - are monitored to
determine whether a powder specimen is present in the laser
beam, the outputs from all the photo-sensors are monitored to
determine whether a desired range of concentration of the powder
is present, and the outputs of the sensors are stored for
subsequent processing only when a powder specimen is present at

a desired concentration.
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- effect is obtained as that resulting fromthe exanpl e descri bed above.

12 °

WHAT IS CLAIMED | S: -~ 1. A device for neasuring particl
size distribution of powdery solids, the device conprising:

15
ABSTRACT
(Fig.1)

A PARTICLE SIZE MEASURING DEVICE

The device includes a laser (21) photo-sensors (23)
for measuring the spatial intensity distribution of diffracting
and scattering light from the specimen (22), an arithmetic unit
(24) for calculating particle size distribution, a f£irst judging
means (25) for monitoring outputs from selected photo~s;nsors
s0 as to see if.the monitored outputs exceed a first reference
(X;) so as to know that the specimen is present in the optical
system, a second judging means (26) for storing the outputs of
all the photo-sensors when the specimen is present in the
optical system, and seeing if a maximum value of the outputs
falls within a range defined by a second and a third reference
(X; - X;) so as to know that the concentration of the specimen
is optimal for measuring, a storage (28) for storing the outputs
of all the photo-sensors as effective data only when the maximum
value falls within the reference range, a third judging means
(27) for seeing if predetermined sets of effective data have
been stored in the storage, wherein the arithmetic unit is
operated when it is found that the predetermined sets of

effective data are stored in the storage.




~a laser for radiating | aser beamupon a specimen of the powdery solids;
an optical neasuring systemincluding a plurality of photo- sensors for
-measuring the spatial intensity distribution of diffracting and scattering

light upon the specinen; : an arithnetic unit for calculating a
particle size distribution of the specinen on the basis of the spati al
intensity distribution neasured by the photo-sensors; . ~ a first

judgi ng means for nonitoring outputs froma
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= predet erm ned nunber of photo-sensors and seeing if the nonitored outputs
exceed a first reference so as to know that the specinen are present in

. the optical neasuring system a second judgi ng nmeans for storing

“the outputs of all the photo-sensors after the first judgi ng neans
ascertains that the specinen is present in the optical neasuring system
and seeing if a nmaxi numvalue of t-he outputs falls within a range defined
by a second reference and a third reference so as to know that the
concentration of the specinen is optimal for neasuring;
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a storage for storing the outputs of all the photo-sensors as effective
data only when the second neans ascertains that the nmaxi mum value falls
Wi thin the range defined by the second and third

13 references; and a third judgi ng nmeans for seeing if
predet erm ned sets of

3/5
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effective data have been stored in the storage so as to operate the
actithnetic unit. 2. The device according to claim1, further
conprising a fourth judging nmeans for seeing if a difference between the
maxi rum value of all the outputs of the photo-sensors and the previous
maxi mum value is equal to or smaller than a fourth reference, during the
period of time when the second judgi ng negf§s ascertains that the
concentration of the specinmen falls ﬁ&thln a required range, wherein

1 8.
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the storage stores all the outputs of the photo-sensors as effective data
when the difference is equal to or smaller than the fourth reference.

3." The device according to claim1 or 2, wherein the photo- sensors are
constituted by ring detectors having different radii arranged concentric

of an optical axis of the optical neasuring system
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(Fig.1)

A PARTICLE SIZE MEASURING DEVICE

The devio_:;e includes a laser (21) photo-sensors (23)
for measuring the épatial intensity dis{:ribution of diffracting
and scattering light from the specimen (22), an arithmetic unit
(24) for callcuiat:':i:ng parficlq size distribution, a first judging ’
means (2_5) for monitoring outputs from selected photo-s;hsors
;so as to seé-lif the monitored outputs exceed a first reference
{X,) so as t§ know that the spedimen is present in the optical
system, a ségond judging means (26) for storing the outputs of
all the phdto—sénsors when the specimen is present i.n the
optical system, and seeing if a maximum value of the outputs
falls withiﬁ a range defined by a second and a third reference
(X; - X;) so as to know that the concentration of the specimen
is optimal for measuring, a storage (28) for storing the outputs
of all the photo-sensors as effective data only when the maximum
value falls within the reference range, a third judging means

* (é?) for seeing if ?redetermined sets of effective data have
béen stoéred in the storage, wherein the arithmetic unit is = 77

operated when it is found that the predetermined sets of

effective data are stored in the storage.
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