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3,461,030 
DETERMINATION 0F FIBER CHARACTERISTICS 

IN PAPER MAKING 
Marion A. Keyes, South Beloit, Ill., assignor to Beloit 

Corporation, Beloit, Wis., a corporation of Wisconsin 
Filed Oct. 22, 1965, Ser. No. 501,767 

Int. Cl. D21f 11/00 
U.S. Cl. 162-198 7 Claims 

ABSTRACT OF THE DISCLOSURE 
Apparatus for measuring the size of fibrous particles 

in paper pulp and which measures the length, cross 
sectional area and volume of the fibers is disclosed. The 
apparatus allows measurement of liber particle sizes to 
be made as a continuous process without interrupting the 
Operation of the paper making machine. The measure 
ments made are used to control the size of the particles 
being fed into the paper machine. Also, the conductivity 
of the paper pulp is regulated and the rate of ñow through 
the machine is controlled. 

This invention relates generally to an apparatus for 
measuring size of fibrous particles and the like and more 
particularly to a system for measuring the length, cross 
sectional area, and volume of individual fibers. Par 
ticularly, this invention relates to an apparatus used for 
measuring fibrous particles used in the paper-making 
industry in such a manner so as not to disturb the con 
tinuity of the paper-making process. More specifically, 
this invention relates to an apparatus for measuring 
various constituents of ?ibrous'particles of pulp and to 
develop control signals indicative of the value of such 
constituents to automatically control the paper-making 
machine during the paper-making process. 
The size of the individual fibers in a pulp stock or 

slurry determines many of the resulting characteristics 
of the finished paper web. This über size is variable and 
is dependent upon many factors which contribute to the 
making of the pulp stock. For instance, the type and 
moisture content of the wood, the chipping and pulping 
mechanisms employed, and other methods and apparatus 
employed in the manufacture of paper pulp contribute 
to variations in fiber size. These variations are also attrib 
utable to minute factors, such as the amount of Water 
employed in the chipping and pulping processes and the 
speed of operation of the chipping and pulping apparatus. 

Since the fiber size in a particular pulp stock is vari 
able and since the fiber size determines many of the 
resulting characteristics of the finished paper web, it is 
desirable to provide some means of determining the size 
of individual fibers. Such a determination or measure 
ment could then be employed to adjust the input to the 
paper machine to alter the fiber size accordingly. 

Prior methods and techniques for measuring individual 
fiber size of a paper stock have required inspection of 
random samples, usually under a microscope. This process 
is relatively slow and cumbersome and, at best, is only 
as accurate as the individual making the inspection. In 
addition, since such a process is slow, and relatively few 
samples can be inspected, the samples inspected may 
not be an accurate representation of the entire stock. 

Another important factor in maintaining the resulting 
paper web within prescribed requirements is that of the 
consistency of the pulp stock. Since the consistency can 
be determined by multiplying the total liber volume per 
milliliter counted by the dry liber density (which is deter 
mined empirically), a system for measuring the size of 
fibrous particles is useful in such determination. Such a 
fiber size measuring system is also useful in determining 

United States Patent O 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

70 

3,461,030 
Patented Aug. 12, 1969 "ice 
2 

headbox consistency, since that parameter is determined 
by multiplying the previous mentioned consistency value 
by the dilution factor. 

It is, therefore, one primary object of the present 
invention to provide an apparatus which can measure 
size parameters of wood pulp fibers which are variable 
during the entire paper-making operation and, in accord 
ance with the measured information, provide suitable 
control functions to the paper-making machinery so as 
to consistently produce the desired grade and quality 
of paper. 
Another object of the present invention is to provide 

an apparatus for measuring the average length of the 
fibrous particles used in the manufacture of paper. 

Another object of the present invention is to provide 
an apparatus for measuring the average cross-sectional 
area of fiber particles used in the manufacture of paper. 

Still another object of the present invention is to pro 
vide an apparatus for measuring the total volume of 
fibrous material used in the manufacture of paper. 

Still another object of the present invention is to pro 
vide a method and apparatus for determining the con 
sistency of a pulp stock. 
And a further object of the present invention is to 

provide a method and apparatus for determining headbox 
consistency. 
Yet another object of the present invention is to pro 

vide an apparatus for measuring desired constituents of 
fibrous material from samples taken directly from a 
paper-making machine and thereafter to produce suitable 
control signals to effect control of the paper-making 
machine without interrupting the continuity of the paper 
making process. 
A feature of the invention resides in the provision 

of a maximum value detector which senses pulse signal 
information indicative of individual fiber size and con 
verts such pulse signal information into continuous signal 
information having a maximum amplitude representative 
of fiber size. 
These and other objects, features and advantages will 

be realized by the novel structure of the invention which 
includes means for removing a sample of fibrous pulp 
from a particular station of a paper-making machine with 
out disturbing the continuity of the paper-making process 
and measuring `device for determining individual fiber 
sizes. Also, there is provided means for adding a con 
trolled amount of diluting ñuid into the stream of the 
sample of fibrous material to reduce the number of fiber 
particles per unit volume of solution which is sampled. 
Additionally, there is provided means for adding electro 
lyte solution into the stream of the diluted sample so as 
to render the sampling solution electrically conductive. 
Thereafter, the fiber particles of the sample, which are 
now suspended in a relatively large volume of conductive 
fluid, pass through an aperture of a sensing head of the 
measuring device in such a manner as to produce signals 
in the sensing head indicative of particle size. The signal 
information from the sensing head is then delivered to 
suitable amplifier and control means for accurate control 
of the paper-making apparatus. 
The invention, however, will be more fully realized 

and understood from the following detailed description 
when taken in conjunction with the accompanying draw 
ings in which like reference numerals throughout the 
various views of the drawings are intended to designate 
similar elements or components and wherein: 
FIGURE l is a schematic block diagram of a pulp 

sampling system for measuring the size of fibrous par 
ticles to produce a signal pulse indicative thereof, which 
system is Vconstructed in accordance with the principles 
of this invention; 
FIGURE 2 is a schematic block diagram of a fiber 
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length analyzer which may receive signal pulses from the 
sampling system of FIGURE l; 
FIGURE 3 is a schematic block diagram of a fiber 

diameter analyzer which receives signal pulses from the 
sensing head of FIGURE 1; 
FIGURE 4 is a schematic block diagram of a consis 

tency analyzer which may receive signal pulses from the 
sampling system of FIGURE 1 so as to measure the rela 
tive consistency of the fibrous pulp; 
FIGURE 5 is a schematic block diagrams of a length 

and/or diameter analyzer which may receive signal 
pulses from the sampling system of FIGURE l to pro 
vide a measure of the total volume of the libers by adding 
the volume of each ñber passing through »the sampling 
system of FIGURE l; and 
FIGURE 6 is a schematic wiring diagram of a maxi 

mum value detector which may be used in FIGURES 2 
and 4 and which is constructed in accordance with the 
principles of this invention. 

~ IGURE 1 is a schematic block diagram of a pulp 
sampling system which is designated generally by refer 
ence numeral 10. A sampling device 11 is provided for 
taking pulp samples from a paper-making machine (not 
shown). The pulp sample is delivered to a sensing head 
v12 where individual vfibers of the pulp sample pass through 
an aperture 13 to derive pulse signal information at an 
output lead 14. The pulse signal information is then de 
livered to a counter 15 which may be used to count either 
the total length of all the fibers passing through the aper 
ture 13 and/or the total cross-sectional area of all the 
fibers passing through the aperture 13. 
The sampling device 11 delivers a sample of pulp 

stock to a conduit 21. A flow meter 16 is connected into 
the conduit 21 and measures the quantity of pulp stock 
flowing therethrough. This measurement is sensed by a 
transducer 17 and provides a signal to a iiow indicating 
control 18 in accordance with the metered flow. A ratio 
recording controller 19 is connected to the control 18 for 
further processing of the information. A valve 20 in the 
conduit 21 is connected to and controlled by the flow ín 
dicating control 18. The valve 20 regulates the flow of 
pulp sample through the conduit 21. 
A supply of diluting water 22 has the output thereof 

connected to a source of electrolyte solution 23 through 
a control valve 24. The mixture of diluting Water and 
electrolyte solution is delivered to a flow meter 26 which 
has associated therewith a transducer 27. Electrical sig 
nal information is delivered to the ratio recording con 
troller 19 through a lead 28. A set point actuator 29 is 
associated with »the ratio recording controller 19 to pro 
vide means for adjusting the proper ratio between the 
quantity of pulp sample and the quantity of diluting ñuid 
added thereto. The -ratio recording controller 19 is con 
nected to and controls a valve 30 which is in fluid com 
munication With the ñow meter 26 for controlling the 
quantity of diluting ñuid delivered from the supply 22 
and mixed with the electrolyte solution. 
The desired quantity of electrically conductive diluting 

fluid passes through a pipe 31 which is in ñuid communi 
cation with the pipe 21. As seen in FIGURE l, the elec 
trically conductive diluting iìuid is mixed with the pulp 
sample in the piping 21 whereupon the mixed ñuid con 
tinues to ñow through a single fluid path. 
A heater 32 is placed in proximity with the conduit 

21, as seen in FIGURE l, and is connected to a source 
of alternating current 33 through a potentiometer 34. A 
heat sensitive transducer 36 is associated with the conduit 
21 so as to sense the relative temperature of the ñuid 
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4 
form a closed loop temperature control system for the 
fluid in the conduit 21. 
The mixed ñuid within the conduit 21 passes through a 

conductivity cell 40. A transducer 41 is associated with 
the conductivity cell 40 for producing electrical signal 
information indicative of the electrical conductivity of 
the iluid passing therethrough. The electrical signal in 
formation from the transducer 41 is then delivered to a 
conductivity controller 42 which is connected to the con 
trol valve 24 as indicated by the dotted line 43. In this 
manner, the amount of electrolyte solution which is 
mixed with the diluting water is accurately controlled 
within prescribed limits. 
The ñuid passes through the conductivity cell 40 and 

is delivered through a conduit 44 to the sensing head 12. 
The sensing head 12 may be provided with suitable over 
ñow means 45 so as to allow the fluid carrying the pulp 
sample to pass through the sensing head and be disposed 
of or returned to the headbox. 
The sensing head 12 is provided with a pair of elec 

trodes 46 and 47 disposed on opposite sides of the aper 
ture 13. The electrode 46 is connected to a supply of 
»direct current voltage through a load resistor 46a or the 
like, while the electrode 47 is connected to ground. To 
maintain each fiber of the pulp sample substantially sus 
pended within the electrically conductive diluting fluid 
an agitator 49 is provided within the sensing head 12. By 
way of illustrative example, the agitator 49 may be con 
nected to an air-operated drive mechanism 50. 
The sensing head 12 is an electronic device which 

measures liber size within the range of 1 to 1000 microns 
in diameter by displacement of electrolyte solution with 
in the aperture 13. A continuous voltage drop is provided 
between the electrodes 46 and 47 which is determined by 
the conductivity of the electrolyte solution and the diam 
eter of aperture 13. As a particle passes through the aper 
ture 13, the ion flow through the aperture is momentarily 
impeded thereby causing an increase in voltage developed 
between the electrodes 46 and 47. The amount of voltage 
change between the electrodes 46 and 47 is determined 
primarily by the relation of fiber cross-sectional area and 
the size of aperture 13. 
Shown in FIGURE 2 is one arrangement of a fiber 

length analyzer which is constructed in accordance fwith 
the principles of this invention. Pulse signal information 
from the sensing head 12 is delivered to an amplifier 61 
wherein the electrical impulses are amplified. A clipper 
and ampliíier 62 receives the amplified signal from the 
amplifier 61 and clips the signal to a predetermined value 
whereupon the signal is delivered to an integrator 63. 
Each output pulse or signal of the clipper 62 is of con 
stant amplitude but of varying time intervals. Therefore, 
the integrator 63 produces a saw-tooth pulse of an ampli 
tude determined Iby the pulse width of each pulse signal 
received from the clipper 62. 
The output signal of the integrator 63 is delivered to 

a maximum value detector 64 which converts the saw 
tooth pulse to a direct current voltage having substantially 
the same amplitude as the saw-tooth pulse. An analogue 
to digital converter 66 receives the direct current voltage 
from the maximum value detector to derive a digital con 
trol signal indicaitve of the amplitude of the direct current 
voltage. The output of the analogue to digital converter 
66 is delivered to a computer 67 which automatically 
computes the average length of the fibers sampled. 

In operation, the flow rate of the electrically conduc 
tive diluting lluid is maintained constant through the ori 
ñce 13, of FIGURE l, so that the pulse ‘width generated 
within the sensing head 12 is indicative of fiber length. 
Therefore, the maximum output of the integrator 63 is 
proportional to the maximum fiber length passing through 
the aperture 13. The maximum value detector 64 detects 
and holds the maximum output from the integrator 63. 
After the ñber has passed completely through the orifice 
13, the analogue to digital converter 66 provides digital 



3,461,030 
5 

information to the computer 67. Following the passage 
of such information to the computer 67, the integrator 
63 and the maximum value detector 64 are reset before 
the next pulse signal. Information pertaining to fiber 
length may be computed either by digital means as shown 
or by analogue circuitry in accordance with the follow 
ing formula: 

n 

Li 
E: 

where 

Ízaverage length of the fibers, and 
L: average length of the fibers, and 
nznumber of fibers. 

Shown in FIGURE 3 is a block diagram of one arrange 
ment of a fiber diameter analyzer which is constructed 
in accordance with the principles of this invention. The 
sensing head 12 delivers pulse signal information to an 
amplifier 71. The output signal from amplifier 71 is de 
livered to a threshold circuit 72 which is connected to a 
delay circuit 73. A sample control circuit 74 receives the 
signal information from the delay circuit 73 to deliver 
a signal to a sample and hold circuit 76. The output sig 
nal from amplifier 71 is also delivered to the sample 
and hold circuit 76 as seen in FIGURE 3. The sample 
and hold circuit 76 is gated or controlled by the sample 
control 74. This gating signal is dependent upon the 
threshold circuit 72. Coincidence of two or more fibers 
is eliminated by delaying the pulse sampling for a time 
equal to the time of passage through the orifice 13 (FIG 
URE l) of a fiber of threshold length. This threshold 
length is pre-set into the threshold circuit 72 and any sig 
nal in excess of such length will not allow gating of the 
sample and hold circuit 76. If the signal is within the 
prescribed length range, the signal from the sample and 
hold circuit will be gated to an area to diameter conver 
ter 77. It is unlikely in this control function that the coin 
cident fiber could be close to the end of the primary fiber 
(0.05 mm.) and yet the effects of non-uniform fiber ends 
will have been eliminated. Further limitation can be ef 
fected by using this sampling technique and comparing 
the “held” sample value to the output of a maximum value 
detector. When the discrepancy in such a system is greater 
than, for instance, three standard deviations of the peak 
signal value (as determined from large dilutions sepa 
rately) the diameter figures could be rejected. Therefore, 
in the system as illustrated, the delay is introduced to 
sample average diameter of the fiber shortly after the 
fiber enters the sensing orifices. This delay avoids the 
possibility of two fibers being overlapped which would 
provide an erroneously high reading. 
The sample and hold circuit 76 provides a pulse of uni 

form height, depending upon the area of the fiber sampled, 
when the sample control 74 gates the input thereto. The 
output of the area to diameter converter 77 is delivered 
to an analogue to digital converter 78. The output of con 
verter 73 is delivered to a digital computer 79 whereupon 
the computer 79 displays information indicative of mean 
fiber diameter, standard deviation, skewness of fibers pass 
ing through the aperture 13, and equal distribution points 
for graphical analysis. 

Should it be desired to utilize the analogue information 
provided yby the area to diameter converter 77 an anal 
ogue computer 81 may be connected thereto as indicated 
by dotted line S2. 
Shown in FIGURE 4 is a block diagram of a consist 

ency analyzer which is constructed in accordance lwith 
the principles of this invention. An amplifier 84 is con 
nected to the sensing head 12 for amplifying the pulse 
signal information therefrom. The output of amplifier 84 
is delivered to a clipper amplifier 86 which, in turn, de 
livers the amplified and clipped signal to an integrator 
87. The output of integrator 87 is delivered to a maxi 
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6 
mum value detector 88 whereupon a direct current voltage 
is developed having an amplitude indicative of the maxi 
mum value of the integrated pulse delivered thereto. 

Pulse signal information from amplifier 88 is also 
delievered to a threshold circuit 89 which is part of a sam 
pling control 90. The signal from the threshold 89 is 
delivered to a delay circuit 91 and therefrom through a 
sample control circuit 92. The output of sample control 
circuit 92 is delivered to a sample and hold circuit 93 
which also receives pulse signal information directly from 
amplifier 84, as seen in FIGURE 4. 
The output of the sample and hold circuit 93 is indica 

tive of fiber area and is delivered to a multiplier circuit 
94 and to analogue or digital computer 96. Also deliv 
ered to the multiplier 94 is the direct current voltage 
from the maximum value detector 88 through a line 97. 
The direct current voltage from maximum value detector 
88 is also delivered to the analogue digital computer 96 
through a line 98. 
The output of the sample and hold circuit 93 and the 

output of the maximum value detector 88 are multiplied 
together within the multiplier circuit 94 and a signal in 
dicative thereof is delivered to the analogue digital com 
puter 96 through a line 99. Therefore, signal informa 
tion indicative of fiber area is delivered to the computer 
96 through the line 95, while signal information indica 
tive of fiber length is delivered to the computer 96 through 
the line 98, and finally signal information indicative of 
fiber volume is delivered to the computer 96 through a 
line 99. In this manner, all the parameters pertaining to 
the physical constituents of fibrous pulp can be auto 
matically analyzed and suitable control signals can be 
developed to automatically control the operation of a 
paper-making machine. 
The fibrous pulp consistency is determined by multiply 

ing the total fiber volume per milliliter counted by the 
dry fiber density, which may be determined empirically. 
By way of example, the fibrous pulp consistency within 
the headbox of a paper-making machine may be com 
puted from this figure by multiplying it by the dilution 
factor. 
Show in FIGURE 5 is a schematic block diagram of a 

fiber length and diameter analyzer which is constructed in 
accordance with the principles of this invention. Pulse 
signal information from the Sensing head 12 is delivered 
to an amplifier 101. The output signal from amplifier 101 
is divided and delivered to a length determining circuit 
102 and to a diameter determining circuit 103. The length 
determining circuit 102 consists of a clipper amplifiel 104, 
an integrator 106, a threshold circuit 107, and a counter 
108. Amplified signals from amplifier 101 are further 
amplified and clipped by circuit 104 and delivered to the 
integrator 106 wherein saw-tooth pulses are generated the 
amplitude of which is indicative of fiber length. The saw 
tooth pulse is delivered to the threshold circuit 107 where 
1n the pulse is compared with a threshold or reference 
voltage and pulses exceeding the threshold voltage are 
delivered to the counter 108 for tabulation. The counted 
pulses are then delivered to a computer 109 which has an 
output thereof connected to a servo drive 110 which, in 
turn, is connected back to the threshold circuit 107 for 
control thereof. 
The output pulse from amplifier 101 is also delivered to 

a threshold circuit 111, of the diameter determining cir 
cuit 103. The pulse information exceeding the threshold 
reference voltage derived within the threshold circuit 111 
is delivered to an amplifier 112 and therefrom to a counter 
113 for tabulation. Output signals from counter 113 are 
delivered to the computer 109 for evaluation. The corn 
puter 109 has an output thereof connected to a servo drive 
114 which is provided for controlling the operation of the 
threshold circuit 111. 
By way of example, the maximum threshold signal may 

be selected as being two or three increments below a nor 
mal signal value of the particles counted. Therefore, as the 
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average value changes, of the particles being evaluated, 
the computer 109 energizes the servo drive 114 to auto 
matically adjust the setting of the threshold vcircuit 111. 
The threshold 107 is controlled by the servo drive 110 to 
perform substantially the same function as mentioned 
hereinabove. 
Shown in FIGURE 6 is a schematic wiring diagram of 

a maximum value detector which is constructed in accord 
ance with the principles of this invention. The maximum 
value detector 64, which is shown in FIGURE 2, may be 
substantially the same as the maximum value detector 88 
shown in FIGURE 4. An input terminal 120 is provided 
for receiving integrated input pulses in the form of saw 
teeth. The pulse signal information is delivered to a ter 
minal point 121 through a resistor 122. An amplifier 123 
has an input thereof connected to circuit point 121. 
Shunting the amplifier 123 is a diode 124. Connected in 
series with the output of amplifier 123 is a diode 126 
which, in turn, has one end thereof connected to the cir 
cuit point 121 through a resistor 127. 

Pulse signal information applied to terminal 120 is in 
verted at the output of amplifier 123. Therefore, an in~ 
verter 128 is connected to the output of amplifier 123 
through the diode 126. The inverted signal information 
is then applied to an output terminal 129. 
The output of amplifier 123 is delivered to a capacitor 

130 through a line 131. Connected to the other lead of 
capacitor 130 is a circuit point 132 which, in turn, is con 
nected to an input of an amplifier 133. Shunting the am 
plifier 133 is a diode 134. Connected between the output 
of amplifier 133 and the line 131 is a resistor 136. 
A reset relay 137 has associated therewith a contactor 

138 which is actuated to reset the maximum value detector 
64. A negative supply voltage is delivered through a con 
tact 139 to a current limiting resistor 140 through the 
closed contactor 138. The negative voltage then appears at 
circuit point 132 thereby resetting the maximum value 
detector. 

THEORY OF OPERATION OP MAXIMUM VALUE 
DETECTOR 

A continuously increasing positive signal voltage is ap 
plied to terminal 120 and therefrom to circuit point 121 to 
render the amplifier 123 conductive. The output voltage of 
amplifier 123 is negative thereby allowing current to flow 
through series diode 126 into the line 131. The negative 
signal at terminal 132 is then amplified and inverted by 
amplifier 133 in such a manner as to produce a positive 
signal at the output thereof which, in turn, causes current 
to fiow through diode 134 back to circuit point 132 to 
maintain the amplifier 133 continuously energized. It can 
be seen therefore that the lead of resistor 136 connected 
to amplifier 133 has a positive potential applied thereto, 
and the lead of resistor 136 connected to line 131 has a 
negative potential applied thereto. This causes current to 
iiow through resistor 136 and diode 134 to maintain the 
amplifier 133 energized. Furthermore, the line 131 is con 
tinuously held at a negative potential equal to the maxi 
mum value of the positive potential applied to the termi 
nal 120. The negative signal information on line 131 has 
been inverted by inverter 128 and applied to the output 
terminal 129. 

After a predetermined time interval, the reset relay 137 
is energized thereby actuating contactor 138 and applying 
a negative voltage to circuit point 132 thereby placing the 
maximum value detector 64 in condition to receive another 
pulse signal. 

I claim as my invention: 
1. The method of measuring size of fibrous particles of 

paper pulp comprising the steps of: 
(a) detecting the rate of flow of said paper pulp, 
(b) controlling the rate of flow of said pulp as a func 

tion of the detected rate of flow, 
(c) adding electrically conductive ñuid to said paper 

pulp, 
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8 
(d) detecting the conductivity of the pulp after the 

electrically conductive fluid has been added, 
(e) controlling the quantity of electrically conductive 

fluid added to said pulp as a function of the detected 
conductivity, and 

(f) electrically sensing the size of particles in the paper 
pulp and electrically conductive fluid. v 

2. An apparatus for measuring predetermined con 
stituents of fibrous particles as they pass through a paper 
making machine comprising: (a) a conduit means for 
receiving a small quantity of pulp from the normal flow 
of pulp passing through the machine during the paper 
making process, (b) first valve means in said conduit 
means, (c) ñow detecting means connected in said conduit 
means before said first valve means for controlling said 
first valve which controls the quantity of pulping samples, 
(d) means for supplying electrolyte solution to said con 
duit after said first valve means, (e) means for sensing 
the conductivity mounted in said conduit at a position 
after the electrolytic solution has been added, (f) said 
means for supplying electrolyte solution including second 
valve means, (g) a controller connected to said second 
valve means and to said means for sensing the conductivity 
for controlling said second valve, (h) sensing means in 
said conduit after the means for sensing the conductivity, 
(i) said sensing means including electrode means for 
producing an electrical pulse signal indicative of fiber size 
as each of the fibers pass through the aperture of said 
sensing means, and (j) means connected to said electrode 
means for analytically measuring a particular~ constituent 
of each fiber of the pulp sample. 

3. An apparatus for measuring predetermined con 
stituents of fibrous particles as they pass through a paper 
making machine comprising: (a) a conduit means for 
receiving a small quantity of pulp from the normal flow 
of pulp passing through the machine during the paper 
making process, (b) a first valve means in said conduit 
means, (c) iiow detecting means connected in said con 
duit means before said first Valve means which controls 
the quantity of pulp being sampled, (d) a second valve 
means with its output connected to said conduit means 
after said first valve means and supplying electrolyte solu 
tion thereto, (e) a second flow detecting means connected 
to the input of said second valve means, (f) a ratio con 
troller means connected to said first and second flow 
detecting means and connected to control said second 
valve means, (g) means for sensing the conductivity in 
said conduit after the electrolyte solution has been added 
for controlling the electrolyte solution into the conduit, 
and (h) sensing head means in said conduit after the 
means for sensing the conductivity to determine the con 
stituents of Ifibrous particles. 

4. An apparatus for measuring predetermined con 
stituents of fibrous particles as they pass through a paper 
making machine comprising: (a) a conduit means receiv 
ing a small quantity of pulp from the normal flow of pulp 
passing through the machine during the paper making 
process, (b) a first valve means in said conduit means, (c) 
flow detecting means connected in said conduit means 
before said first valve means which controls the quantity 
of pulp being sampled, (d) a second valve means with its 
output connected to said conduit means after said ñrst 
valve means and supplying electrolyte solution thereto, (e) 
a second fiow detecting means connected to the input of 
said second valve, (f) a ratio controller means connected 
to said first and second flow detecting means and con 
nected to control said second valve means, (g) a supply 
of dilution fiuid connected to said second flow detecting 
means, (h) a third valve connected to said second fiow 
means, (i) a supply of electrolyte solution, (j) a third 
valve means with its input connected to the supply of elec 
trolyte solution and its output connected to said second 
fiow detecting means, (k) conductivity sensing means 
connected in said conduit after the electrolyte solution has 
been added and connected to said third valve to control 
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the amount of electrolyte solution, and (l) a sensing head 
mounted in said conduit after the means for sensing the 
conductivity to determine the size of über particles pass 

, ing through said conduit. 
S. An apparatus for measuring predetermined con 

stituents of fibrous particles passing through a paper mak 
ing machine according to claim 4 wherein said sensing 
heads include a pair of electrodes, and said sensing head 
includes an aperture through which the fibrous particles 
pass therethrough and said pair of electrodes produce an 
electrical signal indicative of fiber size as each of the fibers 
pass through the aperture of said sensing head. 

6. An apparatus for measuring predetermined con 
stituents of fibrous particles passing through a paper mak 
ing machine according to claim 5 comprising a maximum 
value detector connected to said sensing head for deriving 
a continuous output signal having a value proportional to 
the maximum amplitude of a particular pulse signal and 
detector means connected to said maximum value detector 
and producing an output indicating a particular constituent 
of each fiber of the pulse sample. 

7. An apparatus for measuring predetermined con 
stituents of fibrous particles passing through a paper mak 
ing machine comprising: (a) a conduit means receiving a 
quantity of pulp from the normal ñow of pulp passing 
through the machine during the paper making process, (b) 
a sensing head mounted in said cond/uit for deriving pulse 
signal information indicative of fiber size, (c) first circuit 
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means connected to said sensing head and responsive t 
the amplitude of pulse signals received from said sensin 
head, (d) second circuit means connected to said sensin 
head and responsive to the Width of the pulse signa 
received from said sensing heads, and (e) detecting mear 
connected to said ñrst and second circuit means and pr( 
ducing outputs which indicate the average length and cro: 
sectional area of the fiber particles being sampled. 
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