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(57) ABSTRACT 

Ascanner for moving sheet materials such as a paper making 
machine provides the gauging heads Which measure param 
eters such as basis Weight and moisture entirely inside an 
enclosed tubular beam. Each gauging head is driven in a 
cross direction perpendicular to the moving sheet direction 
and includes a seal belt for dust and dirt protection by 
covering a slot in the beam, except Where the gauging is 
located. 
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FIG. 6 



Patent Application Publication Mar. 27, 2003 Sheet 6 0f 11 US 2003/0056582 A1 

/ GAUGING HEAD 
FIG. 7 

52 



Patent Application Publication Mar. 27, 2003 Sheet 7 0f 11 US 2003/0056582 A1 

f? 1 
r 

/ w ‘3 q 

i- J 
i} [21 

b L 

i 00. 
CD 

mi L“ 

GAUGING HEAD g k 17 

f 



Patent Application Publication Mar. 27, 2003 Sheet 8 0f 11 US 2003/0056582 A1 

1+ _. Q 

T a H 

F 25 $2 
1 E U“ 
M $61 2 

Q __/ 

g 

r“) 



Patent Application Publication Mar. 27, 2003 Sheet 9 0f 11 US 2003/0056582 A1 

FIG. 11 
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SCANNER WITH INTERIOR GAUGING HEAD 
AND DUST BELT 

RELATED APPLICATIONS 

[0001] The present application is a continuation in part of 
US. application Ser. No. 09/487,058, ?led Jan. 19, 2000. 

INTRODUCTION 

[0002] The present invention is directed to a scanner for 
measuring at least one parameter of a sheet material such as 
the basis Weight or moisture content of paper and, more 
speci?cally, to a scanner Which has a dust belt Which 
protects a gauging head Which is contained entirely Within a 
tubular beam suspended across the sheet material. 

BACKGROUND OF THE INVENTION 

[0003] For the measurement of the properties or param 
eters of a moving paper sheet a pair of gauging heads are 
used Which scan the sheet of material in a cross direction 
(CD) With material moving in a machine direction (MD). 
The gauging heads themselves are mounted on a pair of 
spaced upper and loWer beams as more fully disclosed or 
shoWn in the above pending application. Normally, the 
gauging heads are eXternal to the beams Which are in a cross 
direction across a moving paper sheet and since the gauging 
head operates in an extremely hot or moist environment, 
cooling Water or cooled air must be supplied by a separate 
unit in the beam to the gauging heads. Also, the upper and 
loWer gauging heads must move in perfect synchronism to 
reduce measurement errors. 

OBJECT AND SUMMARY OF INVENTION 

[0004] It is a general object of the present invention to 
provide an improved scanner for measuring at least one 
parameter of a sheet of moving material. 

[0005] In accordance With the above object, there is pro 
vided a scanner for measuring at least one parameter of a 
sheet of material moving in a machine direction(MD) 
including gauging head means mounted for cross direction 
(CD) movement across the sheet, and perpendicular to the 
MD, from one edge of the sheet to the other comprising at 
least one tubular beam suspended over or under the sheet in 
the CD from one the edge to the other, the beam having a 
continuous slot in the CD in proXimity to such sheet to alloW 
the gauging means to measure the parameter. Guide means 
are inside the tubular beam on Which the gauging head 
means is interiorly mounted for CD movement Within the 
tubular beam, such gauging head means having a face 
eXposed through the slot to the sheet Without physical 
interference for measuring a the parameter of the sheets. 
Seal belt means are substantially contained Within the tubu 
lar beam and connected to the gauging head for sealing the 
length of the slot in the CD to protect the interior of the beam 
and the gauging head from ambient dust, dirt, and air, the 
sealing belt means including an opening at the gauging head 
to alloW direct communication, Without interference, 
betWeen the gauging head face and the moving sheets. 
Means are provided for driving the gauging head in the CD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a side vieW of a scanner incorporating the 
invention Which is partially cut-aWay. 
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[0007] FIG. 2 is a cut-aWay top vieW of FIG. 1. 

[0008] FIG. 3 is a cross-sectional elevation vieW of a 
scanner similar to FIG. 1 but Which illustrates a different 
embodiment. 

[0009] FIG. 4 is a cross-sectional vieW of FIG. 1 or 2 but 
illustrating a modi?cation of the invention. 

[0010] FIG. 5 is cross-sectional vieW similar to FIG. 4 
illustrating another embodiment. 

[0011] FIG. 6 is a cross-sectional vieW similar to FIG. 5 
but illustrating another embodiment of the invention. 

[0012] FIG. 7 is a cross-sectional vieW similar to FIG. 4 
but illustrating another embodiment. 

[0013] FIG. 8 is a cross-sectional vieW similar to FIG. 4 
but illustrating another embodiment of the invention. 

[0014] FIG. 9 is a cross-sectional elevational vieW similar 
to FIG. 1 but illustrating another embodiment of the inven 
tion. 

[0015] FIG. 10 is a top vieW of FIG. 9 partially cut aWay. 

[0016] FIG. 11 is a bottom vieW of a modi?cation of FIG. 
3. 

[0017] FIG. 12 is a side elevational vieW partially cut 
aWay of a scanner embodying the present invention. 

[0018] FIG. 13 is a diagram useful in understanding the 
operation of FIG. 12. 

[0019] FIG. 14 is a top vieW of a scanner shoWing another 
embodiment of the invention Which is partially cut aWay. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] FIG. 1 illustrates a scanner 10 Which is suspended 
in a cross-direction (CD) across a moving sheet material 11 
such as paper Which is moving in a machine direction (MD) 
Which is perpendicular to the cross-direction in the same 
plane. Referring also to FIG. 2, a gauging head 12 is 
mounted for a cross-direction movement across the sheet 
and is mounted for slideable movement on a pair of rails 13 
and 14. Gauging head 12 is completely contained Within the 
interior of a tubular beam 16, as illustrated in FIG. 4, and is 
suspended across the moving paper sheet 11. Thus the 
gauging head 12 moves from one edge of the sheet to the 
other Within the beam. It is protected from the severe heat 
and moisture environment Which is normal in the paper 
making industry by a seal belt 17 Which covers a continuous 
slot 18 in the bottom of the tubular beam 16. Gauging head 
12 has a face 19 exposed through an opening 21 (FIG. 1) in 
the belt 17 so that the infrared red light or radiation may pass 
through the opening and through the sheet to measure, for 
eXample, moisture and/or a basis Weight. Normally, another 
gauging head on the other side of the sheet Would receive 
any transmitted radiation or infrared light. 

[0021] Referring back to FIG. 1, the seal belt 17 provides 
the opening 21 by being ?Xed at the end points 22 and 23 of 
the gauging head 12. The foregoing is more fully discussed 
in the above copending application. As discussed in that 
application, and more fully illustrated in FIG. 12 of this 
application, the gauging head 12 Which normally moves 
With the sealing belt 17 may also be driven by the motor 26 
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driving the pulley system 27. Alternatively, as illustrated in 
FIG. 1 and FIG. 2, the seal belt 17 may be freely moveable. 
See the pulley system at 26 Which includes a tensioning 
pulley. Instead the gauging head may be driven by a shaft 27 
journaled in the beam in a cross-direction driven by a motor 
28 Which drives, via a pair of dual pre-loaded ball screW nuts 
29, the gauging head since the ball screW nuts 29 are 
attached to gauging head 12. At the end of the motor 28 there 
may be placed a rotary encoder 31 to determine the location 
of the gauging heads Within a scan. 

[0022] FIG. 3 is an alternative to FIG. 1 Where the same 
type of drive; that is the shaft 27 With the dual pre-loaded 
screW nuts 29 is utiliZed for driving the gauging head 12. 
HoWever, here the seal belt 17‘ is actually clamped at the 
ends of the beam 32 and 33. In order to provide an opening 
21 the belt is looped in a loop 34 via the pulleys 36a-36a' 
over the rear of the gauging head 12 in the interior of the 
beam 16. This effectively provides a suitable opening 21 
While still sealing the remainder of the slot in the beam 16. 
Roller 36b is a seal belt tensioning roller as indicated by the 
dashed outline. It is spring loaded to maintain tension in the 
belt; in other Words, it is ?exibly biased. 

[0023] Referring noW to FIG. 4, as Well as FIG. 2, the 
gauging head is normally slideably mounted on the bearings 
41, 42 and 43 Which slide on the rails 13 and 14. HoWever, 
the modi?cation of FIG. 4 shoWs rather than normal bear 
ings such as ball bearings, that magnetic levitation may be 
used for interacting With the rails. Thus, the bearing blocks 
41‘ and 42‘ are specially ?tted With electromagnetics Which 
are 120 electrical degrees apart in order to provide a mag 
netic levitation system. 

[0024] FIG. 5 illustrates another type of bearing block in 
Which bearing blocks 41‘ and 42‘ include specialty machined 
air inlets 46 to provide air bearings. These are fed from an 
air supply 47 mounted Within the beam 16. 

[0025] FIG. 7 illustrates yet another bearing system 
Where, rather than the precision linear rails 13 and 14 
illustrated for example in FIG. 2, one rail 48 maybe ?at and 
L-shaped and mounted to the interior of the beam 16 and the 
other rail 49 cantilevered from the side of beam 16. Then a 
pair of opposing ?at rollers 51 are used to ride on the ?at rail 
48 and a pair of concave rollers 52 ride on the cantilevered 
rail 49. This rail also provides positioning to keep the 
movement of the gauging heads centered along the slot. 

[0026] Referring noW to FIG. 6, this is a cross-sectional 
vieW similar to FIG. 4 Where hoWever the belt 17‘ forms a 
fairly moveable loop. Here the gauging head 12 still rides on 
tubular rails 13‘ and 14‘ Which are electrically isolated from 
the beam 16 to alloW them to be electrically charged to 
achieve linear motion. Such linear motion is achieved by the 
pair of bearing blocks 53 Which have specially ?tted elec 
tromagnetics 120 electrical degrees apart. Thus in a manner 
similar to that used for magnetic prime motion in the railroad 
?eld, the gauging head 12 may be scanned. In other Words, 
a linear motor is provided. 

[0027] FIG. 8 shoWs yet another suspension system for 
the gauging head 12 Where a faceted rail 54 Which is 
fastened to the bottom of 16 alloWs the gauging head 12 to 
be cantilevered by use of a high moment capacity linear 
bearing 56 attached to the side of the gauging head 12 
interacting With the faceted rail 54 to alloW it to slide. Seal 
belt 17 Would normally be a driven belt. 
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[0028] NoW referring to FIGS. 9 and 10, here the sealing 
belt 17 is freely moveable but the gauging head 12 is 
scanned in the cross direction by an integrally mounted drive 
motor 57 Which meshes With a linear belt 58 ?xed in a cross 
direction inset in the beam 16. A tensioning device is 
provided at the end of belt 58. The belt may be of a timing 
belt type With grooves or a roller chain. For the position of 
the gauging head 12 either a rotary decoder may be used at 
the end of the freely moveable seal belt 17 indicated at 59 
or a sonic linear transducer 61 may be mounted on a 
tensioned stainless steel band 62 to provide periodic pulses 
as the gauging head 12 moves along the band 62. 

[0029] FIG. 11 illustrates an alternative embodiment of 
the sealing belt 17 Where it is still placed in a slot 18, but it 
is divided into ?exible strips 63 and 64 Which extend the 
length of the slot 18. The sensor WindoWs of gauging head 
12 are provided at opening 66 by use of tWo pairs of spaced 
rollers 67 and 68 mounted to the gauging head 12 Which 
spread the strips 63 and 64 apart as the gauging head scans 
across the moving paper sheet. Appropriate ?attening rollers 
68 and 69 are attached to the gauging head to again reclose 
the seal belt. 

[0030] Referring noW to FIG. 12 for transmitting infrared 
information from the gauging head 12, Which Would nor 
mally contain moisture information, rather than using a 
?exible continuous cable a mirror 71 may be utiliZed. See 
also FIG. 13. Here the infrared sensor box 72 at the receiver 
end of the scanner beam transmits an infrared beam 73 
Which is absorbed by the moving paper sheet and then the 
amount of attenuation shoWn by the re?ected beam 74. As 
discussed above, the gauging head 12 is driven by a com 
bined driving/seal belt 17, and driven by motor 26 in the 
pulley system 27. 

[0031] FIG. 14 shoWs another information transmission 
technique for infrared information Where rather than trans 
missions into the air, a ?ber optic cable 75 is ?exibly 
mounted to the gauging head 12 and connected to the 
gauging head optics 76. 

[0032] In summary, a scanner having an interior gauging 
head has been provided. 

What is claimed is: 
1. A scanner for measuring at least one parameter of a 

sheet of material moving in a machine direction(MD) 
including gauging head means mounted for cross direc 
tion(CD) movement across the sheet, and perpendicular to 
the MD, from one edge of the sheet to the other comprising: 

at least one tubular beam suspended over or under the 
sheet in the CD from one the edge to the other, the beam 
having a continuous slot in the CD in proximity to such 
sheet to alloW the gauging means to measure the 
parameter; 

guide means inside the tubular beam on Which the gaug 
ing head means is interiorly mounted for CD movement 
Within the tubular beam, such gauging head means 
having a face exposed through the slot means to the 
sheet Without physical interference for measuring a the 
parameter of the sheet; 

seal belt means substantially contained Within the tubular 
beam and connected to the gauging head for sealing the 
length of the slot means in the CD to protect the interior 
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of the beam and the gauging head from ambient dust, 
dirt, and air, the sealing belt means including an open 
ing at the gauging head to allow direct communication, 
Without interference, betWeen the gauging head face 
and the moving sheet; 

and means for driving the gauging head in the CD. 
2. A scanner as in claim 1 Where the driving means 

includes a driven rotary ball screW shaft journalled in the 
beam in the CD and the gauging head includes at least one 
ball screW nut driven by the shaft. 

3. A scanner as in claim 2 Where the seal belt means is 
clamped. 

4. Ascanner as in claim 2 Where the seal belt means forms 
a freely movable loop. 

5. A scanner as in claim 3 Where the opening in the belt 
means is provided by a portion of the belt means looping 
around the interior portion of the gauging head carried by a 
plurality of rollers. 

6. A scanner as in claim 5 Where one of the rollers is 
?exibly biased to provide tensioning for the belt. 

7 A scanner as in claim 1 Where the belt means forms a 
freely movable loop Within the beam and the driving means 
includes a drive motor integrated into the gauging head 
means and meshing With a linear belt ?xed in a cross 
direction in the beam for driving the gauging head means. 

8. A scanner as in claim 1 Where the belt means forms a 
freely movable loop Within the beam the guide means 
including a pair of rails and the gauging head means includes 
spaced electromagnets for interacting With the rails to pro 
vide a linear motor for driving the gauging head. 

9. A scanner as in claim 1 Where the belt means forms a 
loop Within the beam and Where the driving means includes 
a motor for driving the loop and Where the guide means 
includes a pair of rails the gauging head means including 
spaced electromagnets for interacting With the rails to form 
magnetic levitation bearings. 

10. A scanner as in claim 1 Where the belt means forms a 
loop Within the beam and Where the driving means includes 
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a motor for driving the loop and Where the guide means 
includes a pair of rails and the gauging head includes bearing 
block means for riding on the rails and having air outlets to 
provide air bearings. 

11. A scanner as in claim 1 Where the belt means forms a 
loop Within the beam and Where the driving means includes 
a motor for driving the loop and Where the guide means 
includes a pair of rails, one of the rails being ?at and the 
other cantilevered from a side Wall of the beam and the 
gauging head means including opposed rollers for gliding on 
the rails the cantilevered rail providing positioning. 

12. A scanner as in claim 11 Where the belt means forms 
a loop Within the beam and Where the driving means 
includes a motor for driving the loop and Where the guide 
means includes a single faceted rail on Which the gauging 
head is cantilevered for CD movement. 

13. A scanner as in claim 1 Where the seal belt means is 
?xed along the entire length of the slot and is formed by a 
pair of ?exible seal strips the gauging head means including 
tWo pairs of rollers for spreading the strips to provide the 
opening. 

14. Ascanner as in claim 7 Where the drive motor includes 
a rotary encoder. 

15. A scanner as in claim 7 Where the gauging head 
includes sonic linear transducer means for indicating posi 
tion by use of a tensioned metal band clamped in the beam 
in a CD. 

16. A scanner as in claim 1 Where the belt means forms a 
loop Within the beam the driving means includes a motor for 
driving the loop and the gauging head means includes mirror 
means for re?ecting infrared parameter information to a 
receiver mounted at an end of the beam. 

17. A scanner as in claim 1 Where the belt means forms a 
loop Within the beam the driving means includes a motor for 
driving the loop and the gauging head means includes a 
?exible ?ber optic cable for transmitting infrared parameter 
information to a receiver mounted at the end of the beam. 

* * * * * 


