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ABSTRACT OF THE DISCLOSURE 

A system for measuring the values of a parameter, such as basis 
weight or moisture content, of a sheet of material is provided. The system 
includes a scanner head, having a radiation source and detector, which can 
pass transversely across the sheet material as the sheet material is fed 
axially. The head has a gap which accommodates the sheet material. The 
amount of radiation detected provides an indication of the parameter in 
question. It has been found that the precise spacing of the gap influences 
the results and so the invention provides a distance correction system to 
correct the measured parameter for variations in the gap dimension. 



The present invention relates to an apparatus and process for mea-
suring certain parameters of a sheet of material. 

Systems are well known for measuring certain parameters of various 
sheet materials. For example, United States Patent 3,757,122 teaches a system 
fox measuring the basis weight of a moving sheet of paper. According to the 
patent, a gauging head is disposed with one part of the head on either side 
of the moving sheet of paper and the head is mounted in a frame and adapted to 
travel in the frame transversely of the sheet of paper. A radiation source is 
located in the lower head and a radiation detector is located in the upper head 

10 to receive radiation from the source. The amount of radiation received by 
the sensor is related to the basis weight of the paper, amd thus the gauging 
system monitors the basis weight as the paper travels between the two heads. 

Parameters other than the basis weight of paper can be measured by 
systems similar to the one described in United States Patent 3,757,122. For 
example, United States Patent 3,793,524 teaches a system fox measuring the 
moisture content of a sheet of material such as papex. The system includes a 
source of infrared radiation located in a gauging head member disposed on one 
side of the sheet of material and a detector to receive the radiation located 
in a head member disposed on the other side of the material, Other parameters 

20 of a sheet material such as opacity and thickness or caliper can also be mea-
sured by similar gauging systems. 

In gauging systems of the type discussed above, we have found that 
the distance between the two gauging head parts can sometimes be significant 
in determination of the value of the parameter being measured. For example, 
in a system of the type discussed above to measure the basis weight of paper, 
we have found that measurement of the basis weight can be affected by the 
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distance between the radiation source and the radiation detector 
even when the actual basis weight of the paper remains constant. 
We have also found that in practice, the distance between the 
two head members can sometimes vary in an unpredictable manner 
as they travel across the sheet of paper. Thus, the measured 
value of the basis weight can sometimes deviate from the actual 
value. 

It is an object of the present invention to provide a 
system and process for measuring parameters of a sheet material 

10 wherein the measured value is corrected according to the separa-
tion of the head parts. 

It is a further object to provide a distance sensing 
system in a gauging system whereby the distance between the two 
parts of the gauging system head can be continuously measured, 
and means to apply the information developed from the distance 
sensing system is used to correct the measured value of a 
parameter. 

According to a first broad aspect, the present invention 
provides a process for measuring the values of a parameter of a 

20 sheet of material at various points by a sensor system disposed 
in a head member, and for correcting the measured values of the 
parameter to account for variability of the separation of the 
head member from a reference member, the process comprising; 
a) measuring the values of the parameter with the sensor system 
to provide measured values at a plurality of points; b) deter-
mining the separation of the head member from a reference member; 
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and, c) correcting the measured values according to the separation 
of the head from the reference member. 

According to a second broad aspect, the present inven-
tion provides a system for measuring the values of a parameter 
of a sheet of material at various points by a sensor system 
located in head means, and for correcting the measured values of 
the parameter to account for variability of the separation of 
the head means from a reference means, the system comprising; 
a) head means having a first part disposed on a first side of 

10 the sheet; b) reference means disposed on the opposite side of 
the sheet; c) distance sensing means coupled to the head means 
to measure the distance between the head means and the reference 
means ; d) sensor means coupled to the head means for measuring 
the values of a parameter of the sheet; e) parameter determina-
tion means coupled to receive signals from the sensor means and 
from the distance sensing means for correcting the measured 
values according to the distance between the head means and the 
reference means. 

Further objects and advantages of the present invention 
20 can be ascertained by reference to the drawings and specification 

hereof, which are offered by way of example and not in limita-
tion of the invention which is defined by the claims and equi-
valents thereto. 

Figure 1 illustrates the general configuration of a sys-
tem according to the present invention for measuring a parameter 
of a sheet material; 
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Figure 2 is a schematic 
the system of Figure 1; 

Figure 3 is a schematic 
another part of the system of Fi 

Figure 4 is a schematic 
3 but showing an alternative arr 

Figure 5 is a schematic 
of a modification 

illustration of one part of 

illustration of a detail of 
gure 1j 
illustration similar to Figure 

angement; 
view depicting the operation 
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of the present invention; 
Figure 6 is a graph illustrating one of the problems the present 

system is designed to overcome; and 
Figures 7-9 are graphs illustrating how the invention overcomes the 

problem illustrated in Figure 6. 
In Figure 1 there is shown a scanner 10 which in operation would be 

disposed across a moving sheet o£ paper 27, The scanner includes two beams 
12 disposed one above and one below the sheet of paper. A gauging head system 
includes an upper part 20 and lower part 22 mounted on the beams 12 so that 
they can move along the beams generally from left to right and right to left. 
A gap 23 is formed between the upper and lower parts 20 and 22 so that the 
paper 27 can be disposed in the gap 23. A co-ordinate system is shown on the 
paper indicating the machine or "X" direction, the cross-machine or "Y" direc-
tion and the "Z" direction which is perpendicular to the "X" and "Y" directions. 

With reference to Figure 2, the parts 20 and 22 include a sensor 
system comprising a radiation source 24 and radiation detector 26. The 
radiation source is located in the lower part 22 and emits beta radiation which 
passes through the paper 27. The beta radiation from the source 24 is in the 
form of particles generated by a succession of events due to radioactive decay. 
In some applications, alpha, gamma, and x-ray radiation are also feasible. The 
radiation detector 26 is located in the upper part 20 and is capable of sens-
ing radiation from the source 24. The radiation detector receives radiation 
from the source 24 and produces an electrical signal in response to the amount 
of radiation received. A preamplifier 28 is coupled to receive the electrical 
signals from the detector 26 and to amplify the signals so that they can be 
transmitted to a computer 30. 
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The scanner and sensor systems described thus far can be of the type 
taught in United States Patent 3,757,122. The patent teaches that the inten-
sity of radiation received by the detector is related to the basis weight of the 
paper by the formula I = IQe . In the formula I is the intensity of radia-
tion reaching the detector when there is no sheet material in the gap; u is 
the mass absorption coefficient; x is the weight per unit area of the sheet 
material being measured; and I is the intensity of received radiation when the 
sheet material is in the gap. We have found that this formula can be used if 
the radiation source and detector are spaced a constant distance from one an-

10 other and the system is calibrated with the source and detector a predeter-
mined distance from one another. However, in practice we have found that the 
separation between the beams 12 of the scanner 10 is not precisely the same 
throughout the length of the beams. Consequently, as the heads move along the 
beams the separation between the heads will change. Also, we have found that 
in practice the beams and the head systems can change temperature during opera-
tion. For example, in the paper making process the paper is often quite hot, 
which causes the scanner to be hot. However, if the paper breaks and the pro-
cess is shut down for some time, the scanner system can become relatively cool. 
When the process resumes, the scanner begins to heat due to the heat of the 

20 paper. Thus the scanner beams 12 can deform slightly so that as the beams 12 
get warmer, the spacing between the parts 20 and 22 of the head system changes. 
Consequently, we have found that in some applications it is important to 
correct the measured values of the basis weight as measured by the radiation 
detectors to account for the variability in the distance between the head parts. 

The parts 20 and 22 contain distance sensing means comprising a trans-
ducer 32 affixed to the upper part 20 and reference means affixed to the lower 
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part 22. Transducer 32 is spaced apart from the lower part 22 and moves with 
the head system. The transducer is located near the face 33 of the lower head 
part so that the distance to the lower part 22 is minimized. The transducer 32 
generates an electrical signal according to the distance between the transducer 
32 and the reference means affixed to the lower part 22. The transducer 32 is 
connected to a preamplifier 36 which is in turn connected to the computer 30. 

We have found that a suitable distance sensing means can be of the 
type described in United States Patent 4,160,204 titled "Non-Contact Distance 
Measurement System". With reference to Figure 3, the distance sensing means 

10 includes a coil 42 located in the upper head part 20 and face 33 of the lower 
head part 22. The co.il 42 is coupled to an electrical circuit, not shown, to 
measure the current in the coil. The impedance of the coil is related to the 
distance between the coil 42 and the face 33. The lower part 22 and, in 
particular, the face 33 represents the reference means for the transducer or 
coil 42. 

Alternatively, the distance measuring system can be as illustrated 
in Figure 4. According to Figure 4, there is a transmitter 50 and a receiver 
52. The transmitter 50 includes a first member 54, substantially cylindx-ical 
in shape, of a magnetically susceptible material such as iron. Wound around 

20 the first member 54 is a first wire 56. The transmitter 50 is positioned such 
that the axis of the first member 54 is substantially perpendicular to the sheet 
of paper. The receiver 52 comprises a second member 58, substantially cylin-
drical in shape, also of a magnetically susceptible material. Wound around 
the second member 58 is a second wire 60. The member 58 is positioned such that 
the axis of the second member 58 is substantially aligned with the axis of the 
first member 54. A source of alternating current, not shown, is coupled to 
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the first wire 56 so that when current is passed through the wire, a magnetic 
field with a varying amplitude is generated by the transmitter 50. The magne-
tic field induces a second magnetic field in the second member 58, and the in-
tensity of the magnetic field is a function of the distance between the trans-
mitter 50 and the receiver 52. As the distance between the transmitter and 
the receiver increases, the amplitude of the magnetic field sensed by the re-
ceiver decreases. In this case transmitter 50 can be considered the reference 
means and receiver 52 the transducer. 

The distance measuring system in Figure 4 includes two small coils of 
10 wire 62 and 64 disposed adjacent the receiver 52. The transmitter 50 induces 

magnetic fields in the coils 62 and 64, and the magnitude of the induced 
field depends upon the distance between the transmitter 50 and a particular 
coil. Thus it can be determined when the transmitter 50 and receiver 52 are 
not aligned with one another. In some circumstances misalignment could result 
in inaccurate measurement of "D"; however, the coils 62 and 64 can be used to 
correct for such inaccuracies. The coils 62 and 64 can be located that they 
are in the "X" or "Y" direction relative to the receiver 52, depending upon the 
direction of misalignment which is of interest. Also, two coils can be located 
in the "X" direction and two in the "Y" direction to permit measurement of mis-

20 alignment in both directions. 
It can be seen that the system shown in Figure 3 does not include small 

coils 62 and 64 shown in Figure 4. Such small coils are not utilized in the 
Figure 3 system because in the Figure 3 system, if the transducer 42 moves left 
or right but the distance D remains constant, the output of the transducer re-
mains constant. Thus the system accurately measures displacement in the "Z" 
direction even though there may be misalignment in the "X" or "Y" direction. 

- 6 -



1205925 

The. system described above is for measuring the basis weight of paper. 
However, it should be understood that the present invention can also be util-
ized in the measurement of other parameters of sheet material. For example, 
in Figure 5 there is illustrated part of a system for measuring the moisture 
content of a sheet of paper. Such a system is taught in United States Patent 
3,793,524. The system will not be described in detail herein, and for further 
description of the system reference should be made to the patent. The system 
includes upper and lower paper guides 70 and 72, respectively, which can be 
mounted on the faces 33 of the upper and lower head parts 20 and 22, or the 

10 guides can be integral with the parts 20 and 22. The guides 70 and 72 have 
reflective surfaces which can be formed by polishing or in other ways as taught 
in the patent. A source of infrared radiation 74 is disposed in the upper 
guide 70, and a detector to detect the radiation is also mounted in the upper 
guide 70 to receive radiation from the source 74. Radiation from the source 
74 is reflected from the surfaces of the guides 70 and 72, and the radiation 
is in part transmitted through the paper while part is reflected from the paper, 
as illustrated by the dotted lines. 

Measurement of the radiation received by the detector 76 is utilized 
to determine the moisture content of the paper. 

2q In operation, the head system scans back and forth across the paper 
which is moving transversely to the scanning direction. Meanwhile, as a para-
meter of the paper such as basis weight or moisture content is being measured, 
the distance sensing means is measuring the distance between the heads, and 
the measured values of the parameter and the distance are transmitted to the 
computer 30. The distance between the heads can vary during the operation of 
the system and the system automatically corrects the measured parameter to 
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account for the variability din the distance between the heads. In certain 
applications the basis weight or moisture content and the distance between the 
sensors can be measured periodically at predetermined time intervals. Thus, 
both measurements are in fact a series of values representing the basis weight 
and the distance between the heads at specific points in time and at specific 
points on the paper. In practice, these points can be made close together to 
provide virtually continuous measurement. 

As mentioned above, we have found that as the head system scans across 
the paper sheet there are two primary sources of variability of the distance 

10 between the head parts. In particular, separation can vary because the beams 
12 of the scanner are not spaced apart the same distance throughout their 
length. Also, during Operation of the system the head system and the beams can 
heat up thereby causing the distance between the head parts to change over time. 
An illustration of some of our test results verifying the heating effect is 
shown in Figure 6. 

Figure 6 shows a plurality of curves, each of which indicates the 
separation between the parts of the head system at a particular time along the 
length of the scanner. (It should be noted that the graphs are not to scale 
and that the "Position" axis does not represent zero separation.) To develop 

20 these curves, we operated a scanner from a cold start and measured the separa-
tion between the head parts with the present system as the system heated up. 
Curve A illustrates the separation of the head parts throughout the length of 
the scanner at the beginning of the run when the system was relatively cool. 
As can be seen from the curve A, the distance between the head parts was 
greater when the head system was near the ends of the scanner than when the 
system was near the center of the scanner. Also, it should be noted that the 
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curve is not smooth but that there are certain local irregularities in the 
distance between the head parts. Curve B illustrates the separation of the 
head parts five minutes after the curve A was developed. It can be seen that 
in curve B the separation of the head parts throughout the length of the scanner 
is somewhat less than the separation of the head parts shown in curve A. 
This illustrates the effect of heating upon the system. In general, the same 
local irregularities throughout the curve as were found in curve A axe also 
found in curve B. Curves C through F were taken at progressively later times 
(from about 5 to 30 minutes between curves), and the progression of the curves 

10 indicates that the separation between the head parts generally decreased as the 
system heated up. Also, it should be noted that the local irregularities in 
the curves are not constant through time but change somewhat as the system 
heats up. Furthermore, the local irregularities can change rapidly. Thus, it 
can be appreciated that it is important that the present system can continu-
ously measure the distance between the head parts and compensate for the vari-
ability in distance. 

Figures 7-9 illustrate an example of a test we have donducted showing 
the effectiveness of the present system in correcting for variation between 
the head parts. Figure 7 is a graph of the position across the scanner versus 

20 the separation of the head parts* In this test, we altered the scanner to 
reduce the distance between the parts, i.e., the gap, substantially near the 
middle of the scanner, and this reduction in the gap is illustrated as a large 
"bump" in the middle of the graph. Figure S shows the position across the 
scanner versus the measured basis weight of the paper without the application of 
the present invention. As can be seen, the measured basis weight of the paper 
increases dramatically at the location of the "bump". However, we know from 
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other tests that in fact the basis weight of the paper did not increase 
toward the center of the scanner. 

Figure 9 illustrates the operation of the present system. The graph 
shows the measured basis weight across the scanner and illustrates that with 
the coi-rection applied to compensate for the "bump" in the middle of the scanner, 
the basis weight does not show a large increase in the center of the sheet of 
paper. 

The system described above and shown in Figure 1 includes a scanner 
wherein the head parts 20 and 22 are movable relative to the beams 12. It 

10 should be understood that the present invention is also applicable to other 
types of scanning systems such as so-called C-frame systems in which the head 
parts are rigidly affixed to a frame. 

Furthermore, the embodiments discussed above include two head parts 
20 and 22. However, the present invention is also applicable to a system 
including a single head member disposed on one side of the paper. Such an 
embodiment includes a fixed member such as a roller or a low-friction, plastic 
guide disposed on the opposite side of the paper and spanning the full width of 
the paper. This embodiment would be appropriate for utilization with an x-ray 
backscatter-type sensor, for example. In such an embodiment the fixed member 

20 would support the paper across the width thereof and would provide a reference 
point for measuring distance from the transducer 32. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A process for measuring the values of a parameter of a sheet of 
material at various points by a sensor system disposed in a head member, and 
for correcting the measured values of the parameter to account for variability 
of the separation of the head member from a reference member, the process 
comprising; a) measuring the values of the parameter with the sensor system 
to provide measured values at a plurality of points; b) determining the sep-
aration of the head member from a reference member; and, c) correcting the 
measured values according to the separation of the head from the reference 
member. 

2. A process according to claim 1 wherein the correction is made based 
upon separation of the heads in only the "Z" direction. 

3. A process according to claim 1 wherein the correction is made based 
upon separation in a direction-other than the "Z" direction. 

4. A process according to claim 1 wherein the sheet of material is 
disposed between the head member and the reference member, and the separation 
is determined without contacting the sheet material. 

5. A process according to claim 4 wherein the separation of the head 
member from the reference member is determined by electromagnetic induction. 

6. A process according to claim 1 wherein the separation of the head 
member from the reference member is determined while the values are being 
measured. 
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7. A process according to claim 1 wherœin the separation of the head 

member from the reference member is determined when the head member is at a 

plurality of positions, each of said positions corresponding to a position at 

which a value of the parameter is measured. 

8. A system for measuring the values of a parameter of a sheet of 

material at various points by a sensor system located in head means, and for 

correcting the measured values of the parameter to account forvariability of 

the separation of the head means from a reference means, the system comprising; 

a) head means having a first part disposed on a first side of the sheet ; b) 

reference means disposed on the opposite side of the sheet; c) distance sensing 

means coupled to the head means to measure the distance between the head 

means and the reference means; d) sensor means coupled to the head means for 

measuring the values of a parameter of the sheet; e) parameter determination 

means coupled to receive signals from the sensor means and from the distance 

sensing means for correcting the measured values according to the distance 

between the head means and the reference means. 

9. A system according to claim 8 wherein the reference means is station-

ary. 

10. A system according to claim 8 wherein the reference means is affixed 

to a second part of the head means. 

11. A system according to claim 10 wherein the sensor means includes a 

source located in said first part of said head means and a detector located in 

said second part of said head means. 
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12. A system according to claim 10 wherein the sensor means includes a 
source and a detector both located in one part of said head means. 

13. A system according to claim 10 wherein the distance sensing means 
includes a transducer mounted in one part of the head means. 

14. A system according to claim 10 wherein the distance sensing means 
includes a transmitter mounted in one part of the head means and a receiver 
mounted in the other part of said head means. 

15. A system according to claim 14 wherein the transmitter generates a 
magnetic field. 

16. A system according to claim 14 wherein the signal from the transmitter 
is substantially unaffected by the sheet of material. 
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