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(57) ABSTRACT 

A process for determining the tension in a moving Web is 
provided. The process includes the step of providing a Web 
that is moving at a determined speed. The speed has a 
determined basis Weight. A Wave is created in the moving 
Web. The speed of the propagation of the Wave is deter 
mined. Also, the tension on the moving Web is determined 
through a mathematical relationship betWeen the Wave 
speed, the basis Weight of the Web, and the speed of the Web. 
The instability index of the Web is greater than or equal to 
0.5. 

66 

so. 70 401101 
74 



Patent Application Publication Feb. 17, 2005 Sheet 1 0f 12 US 2005/0034831 Al 

O 
m 

28 



Patent Application Publication Feb. 17, 2005 Sheet 2 0f 12 US 2005/0034831 Al 

CD 
P’) 

38 

46 



ent pplieation Publication Feb. 17, 2005 Sheet 3 0f 12 

\ 

\\J 

\ 
\ \ 

Q 

///// 

US 2005/0034831 A1 



Patent Application Publication Feb. 17, 2005 Sheet 4 0f 12 US 2005/0034831 A1 

38 ‘ v' 66 

38\'\ l9 (66 I 64 

?/m WM 

74 /68/ r 72 62 



Patent Application Publication Feb. 17, 2005 Sheet 5 0f 12 US 2005/0034831 A1 

mm cm 

b 

m6; AQEV. > 83m no; m? 

2 

od 

CORE: 6;“: \O. 12 no; 

c222. 5%: 

,3: 
2N 32 

-odn 

:222. 

0.3 

A3 | 2 “Q3 62% Ema? :2 C228 52 96 x22 



Patent Application Publication Feb. 17, 2005 Sheet 6 0f 12 US 2005/0034831 A1 

_ m6; @555 n :65 >8 8 0E; 

mono? Q92 . 35F None 093 

$6 

$5 

a: | ES 

5226 328.5: 
8.0 cod 8;‘ cod 

8%? B386: 3 2m 

cod 00.2 
Lil/1N) uogéual 

00.3 

0:500: 02mm; :o 22:25 tconoEmI a: IE3 O mctzb comwcoh. 

cog 



Patent Application Publication Feb. 17, 2005 Sheet 7 0f 12 US 2005/0034831 A1 

3.0; @2355 DE; 

_ @392. @292. 

an: E5 

>> 

mwuooun _ 8d 8N 8+ 23 . 3w 8.2 25 8.: 8.2 

4% 2282 25m; :0 228$: :65? a: .. EB o 55v :223 

(ZVLU/N) uogsuai 





Patent Application Publication Feb. 17, 2005 Sheet 9 0f 12 US 2005/0034831 A1 

om 

mm mm 

wfoc @225 62% 3%? E0: 8565. 
B mm mm .2 mm mm 

on 

i“ 3382 26m; 625 2.85 8 

coat and cod omd 8.9 3.3 8.: 3.: QQNP 
(Zvw/N) uogsuai 



Patent Application Publication Feb. 17, 2005 Sheet 10 0f 12 US 2005/0034831 A1 

E oz 

$9.01 @2555 @E; 
21 omumw . 2a 919 in 9mm; , 

E 03 

.& 2282 3mm; :0 :obBw 285:8 o £525 2385 :222 

F 

cad OQN ooé cod oQm 8.9 
(zJu/N) uogsuel 



Patent Application Publication Feb. 17, 2005 Sheet 11 0f 12 US 2005/0034831 A1 

NZ: 

A8555 2:; 
mo“? we“? won? can? BN9 LBHN r B§ 

. . , . . .w . . 2B 

oQm cos 
, om.“ 

8w 

8&2 =2 mama 

. , and 

_ Z 5... . 
3%??? J 121%. $3 §B9ZE<$>§Z< . 8 m 

. _ . Ed 

03: 

..¥.3E82 26m; Co 86862 E6 82E :2 Q25 9: ,5? @2385 c223 

(ZVLLl/N) uogsuei 



Patent Application Publication Feb. 17, 2005 Sheet 12 0f 12 US 2005/0034831 A1 

FIRING OF AIR PULSE 66 

I 

SIGNALS FROM LASER DISPLACEMENT 
TRANSDUCERS 68 AND 70 

BANDPASS’ FILTERINGI OF DATA 
. I . 

L I SIGNAL IS DIFFERENTIATED 

SIGNALS ARE MATHEMATICALLY 
CROSS~CORREIATED TO DETERMINE 

TIME DELAY 

I 

WAVE SPEED _vd CALCULATED THROUGH 
TIME DELAY AND DISPLACEMENT NOTED 
BY LASER TRANSDUCERS 68 AND 70 

II 
CONTROL OF PROCESS CONDITION 

' AS A FUNCTION OF T 

‘I 
CONTROL OF LASER DISPLACEMENT 

TRANSDUCER-S 68, 70 AND AIR PULSE 66 

FIC.I5. ' 



US 2005/0034831 A1 

METHOD TO MEASURE TENSION IN A MOVING 
WEB AND TO CONTROL PROPERTIES OF THE 

WEB 

BACKGROUND 

[0001] Products made from base Webs such as bath tis 
sues, facial tissues, paper towels, industrial Wipers, food 
service Wipers, napkins, medical pads, and other similar 
products are designed to include several important proper 
ties. For example, the products should have a soft feel and, 
for most applications, should be highly absorbent. The 
products should also have good stretch characteristics and 
should resist tearing. Further, the products should also have 
good strength characteristics, should be abrasion resistant, 
and should not deteriorate in the environment in Which they 
are used. 

[0002] In the past, many attempts have been made to 
enhance and increase certain physical properties of such 
products. Unfortunately, When steps are taken to increase 
one property of these products, other characteristics of the 
products may be adversely affected. For instance, the soft 
ness of non-Woven products, such as various paper products, 
can be increased by several different methods such as by 
selecting a particular ?ber type or by reducing cellulosic 
?ber bonding Within the product. Increasing softness accord 
ing to one of the above methods, hoWever, may adversely 
affect the strength of the product. Conversely, steps normally 
taken to increase the strength of a ?brous Web typically have 
an adverse impact upon the softness, the stiffness, or the 
absorbency of the Web. 

[0003] In order to produce products of desired character 
istics, and to ensure the processes that create these products 
runs smoothly, properties of the Web during production are 
often monitored. One such property that alloWs for the 
characteristics of the Web to be controlled is the tension of 
the Web. Properties Which can be controlled based on the 
tension of the moving Web include but are not limited to 
strength related properties such as machine direction modu 
lus, basis Weight, moisture, and properties that relate to 
softness. HoWever, other measurements of different proper 
ties of the Web must sometimes be made in order to control 
some of the aforementioned properties. 

[0004] Measurement of the tension is also helpful in 
preventing breaks of the Web during production of a paper 
product. A papermaking machine can be modi?ed if the 
recorded tension is high enough to subject the Web to 
breaking. Such a modi?cation of the production process to 
avoid these Web breaks can prevent doWntime of the paper 
making machine. 

[0005] Various Ways of measuring the tension of a moving 
Web are knoWn in the art. For instance, US. Pat. No. 
4,833,928 discloses a non-contacting tension measurement 
method by Which a microphone induces sound Waves in the 
Web Which are subsequently detected by microphones 
installed close to the Web. Additionally, the tension in a 
moving Web may be measured by contacting the Web With 
rolls that have force transducers or load cells mounted 
therein to measure the tension in the moving Web. Such a 
Way of measuring the tension of a moving Web is knoWn in 
the art as a contacting tension measurement system. A 
non-contacting method to measure the tension in a moving 
Web eXists by forming a Wave on the Web by means of a blast 
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of compressed air. The subsequent Wave is then measured 
and this measurement is used to calculate the tension of the 
Web. 

[0006] Another patent indicative of a process and appara 
tus that measures tension in a moving Web is US. Pat. No. 
3,854,329. This patent is directed toWards a non-contacting 
method that makes use of a loud speaker and a microphone 
to create and measure a vibration in the moving Web to 
determine the tension. 

[0007] A method of measuring the tension in a moving 
Web When the tension is loW, and the Web speed is high is 
unique to this application. Additionally, a process of mea 
suring the tension on a Wide commercial tissue machine at 
both high speed and loW tension is unique to the present 
application. Also, a method that is suitable for commercial 
production is further unique. Current machines do not dis 
close a Way of measuring the tension on a moving Web When 
the instability indeX of the Web is greater than 0.5 . Current 
machines measure the tension by using either a contacting 
method that typically Will not Work on a tissue Web at high 
speeds, or by means of a sonic method that is only suitable 
for stiff Webs Where the instability indeX is loW, typically less 
than 0.5 . 

SUMMARY 

[0008] Objects and advantages of the invention Will be set 
forth in part in the folloWing description, or may be obvious 
from the description, or may be learned through practice of 
the invention. 

[0009] The present invention provides for a process for 
determining the tension in a moving Web. The process 
includes the steps of providing a Web that is moving at a 
determined speed. The Web has a determined basis Weight. 
A Wave is created in the moving Web, and the speed of 
propagation of the Wave is determined. The tension on the 
moving Web is determined through a mathematical relation 
ship betWeen the Wave speed, the basis Weight of the Web, 
and the speed of the Web. The instability indeX of the Web 
is greater than or equal to 0.5. 

[0010] The process also includes an exemplary embodi 
ment Where the instability indeX of the Web is greater than 
about 0.8. 

[0011] The present invention also encompasses a process 
for producing a paper Web that has substantially uniform 
properties. The process includes the steps of providing a 
moving paper Web, and the determination of the tension on 
the paper Web While the Web is moving. The process also 
includes the step of adjusting a process condition of the Web 
that effects modulus based on the determined tension to 
produce a Web that has more uniform properties. The 
instability indeX of the Web is greater than or equal to 0.5 . 

[0012] The present invention also includes an eXemplary 
embodiment as immediately discussed Where the step of 
determining the tension on the paper Web includes the steps 
of creating a Wave in the moving paper Web and the 
determination of the speed of the propagation of the Wave. 
Also, the step of determining the tension includes the step of 
calculating the tension on the moving Web through a math 
ematical relationship betWeen the Wave speed, the basis 
Weight of the paper, and the speed of the Web. 
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[0013] The present invention also includes an embodiment 
as previously discussed Where the step of determining the 
tension on the moving Web occurs When the instability index 
of the Web is about 0.8 or higher. 

[0014] Another exemplary embodiment of the present 
invention includes a process for controlling a moving Web. 
The process involves the provision of a Web that is moving 
at a determined speed. The Web has a determined basis 
Weight. A Wave is generated in the moving Web and the 
speed of the Wave in the Web is measured. The process 
further includes the determination of the instability index. 
The instability index is in a desired range, that being 
betWeen about 0.6 and 1.0. 

[0015] Alternatively, the immediately identi?ed exem 
plary embodiment of the present invention may also be 
modi?ed in accordance With the present invention Where the 
desired range of the instability index is betWeen about 0.6 
and about 0.9, betWeen about 0.8 and 1.0, and betWeen 0.7 
and 1.0. 

[0016] Also provided in accordance With the present 
invention is an apparatus for measuring the instability index 
in a moving Web. The apparatus includes an air pulse that is 
used to apply a pulse of ?uid to the Web to create a Wave in 
the Web. As least tWo laser displacement transducers are 
present for measuring the displacement of the Web as the 
Wave moves through the Web. A computer is also present 
Which obtains signals from the at least tWo laser displace 
ment transducers. The computer calculates the instability 
index in the Web based on the speed of the Wave in the Web 
and the speed of the Web. 

[0017] Alternatively, the present invention includes an 
exemplary embodiment of the apparatus as immediately 
discussed Where the computer calculates the tension in the 
Web While the instability index of the Web is greater that 
about 0.8. 

[0018] The present invention also includes an exemplary 
embodiment of a process for producing a paper Web that has 
substantially uniform properties. The process includes the 
steps of providing a moving paper Web, and determination 
of the tension on the paper Web While the Web is moving. 
The instability index of the Web is greater than or equal to 
0.5. Further, the process includes the step of adjusting the 
cross directional dryer coating of the Web based on the 
determined tension of the Web. Additionally, the creping 
chemistry is adjusted based on the instability index. 

[0019] Another exemplary embodiment of the present 
invention includes a process for producing a paper Web that 
has at least tWo ?oWs of different strengths. The process 
includes the step of providing a moving layered paper Web, 
and providing at least one hardWood How and at least one 
softWood ?oW. These ?oWs form at least one hardWood layer 
and at least one softWood layer of the paper Web. The tension 
on the paper Web is determined While the Web is moving. 
The tension of the paper Web is controlled by increasing the 
hardWood How and decreasing the softWood How in regions 
of high tension, maintaining a uniform basis Weight. Further, 
softWood How is increased and hardWood decreased in 
regions of loW tension so that the tension is uniform, 
maintaining a uniform basis Weight. 

[0020] Also, the present invention includes an exemplary 
embodiment of the process as immediately discussed Where 
the instability index of the Web is greater than or equal to 0.5. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] An embodiment of the present invention is 
described by Way of example With reference to the accom 
panying draWings, in Which: 

[0022] FIG. 1 is a schematic diagram of a Web forming 
machine that illustrates one exemplary embodiment for 
forming a Web that has multiple layers in accordance With an 
exemplary embodiment of the present invention. 

[0023] FIG. 2 is a schematic diagram of a Web forming 
machine that crepes one side of the Web. 

[0024] FIG. 3 is perspective vieW With cut-aWay portions 
of a Web forming machine that includes a through-air dryer 
for removing moisture from the Web. 

[0025] FIG. 4 is a schematic vieW of an exemplary 
embodiment of the present invention. FIG. 4 shoWs the Web 
before a blast of ?uid contacts the Web. 

[0026] FIG. 5 is a schematic vieW of an exemplary 
embodiment of the present invention. FIG. 5 shoWs a Wave 
propagating through the Web. 

[0027] FIG. 6 is a schematic vieW of an exemplary 
embodiment of the present invention. FIG. 6 shoWs a Wave 
passing over a ?rst laser transducer and being measured by 
the ?rst laser transducer. 

[0028] FIG. 7 is a schematic vieW of an exemplary 
embodiment of the present invention. FIG. 7 shoWs a Wave 
passing over a second laser transducer and being measured 
by the second laser transducer. 

[0029] FIG. 8 is a graph of the Web speed versus the 
tension in an exemplary embodiment of the present inven 
tion. The graph shoWs a 0.5 to 1.0 instability index for a 15 
gsm Web. 

[0030] FIG. 9 is a graph of time versus tension for another 
exemplary embodiment of the present invention. FIG. 9 
shoWs the tension during a turn-up With Hercobond addition. 

[0031] FIG. 10 is a graph of time versus tension for 
another exemplary embodiment of the present invention. 
FIG. 10 shoWs the tension during a turn-up Without Herco 
bond being added. 

[0032] FIG. 11 is a graph of crepe ratio versus tension for 
another exemplary embodiment of the present invention. 
FIG. 11 shoWs the changes in tension from different crepe 
ratios on tissue machine #1. 

[0033] FIG. 12 is a graph of the distance from the edge of 
a sheet versus tension for an exemplary embodiment of the 
present invention. FIG. 12 shoWs the cross directional 
pro?le under tissue machine #1. 

[0034] FIG. 13 is a graph of time versus tension for an 
exemplary embodiment of the present invention. FIG. 13 
shoWs the tension measurements through a continuous soft 
roll on tissue machine #1. 

[0035] FIG. 14 is a graph of time versus tension for 
another exemplary embodiment of the present invention. 
FIG. 14 shoWs the tension measured With a DDWS foil that 
is raised and retracted on tissue machine #1. 

[0036] FIG. 15 is a How diagram of a process of an 
exemplary embodiment of the present invention. FIG. 15 
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shows the process of creating a Wave in the Web, obtaining 
signals from the laser displacement transducers, processing 
the signals, calculating the tension, and controlling the 
process as a result of the calculated tension. 

DETAILED DESCRIPTION 

[0037] Reference Will noW be made in detail to embodi 
ments of the invention, one or more examples of Which are 
illustrated in the draWings. Each example is provided by Way 
of explanation of the invention, and not meant as a limitation 
of the invention. For example, features illustrated or 
described as part of one embodiment can be used With 
another embodiment to yield still a third embodiment. It is 
intended that the present invention include these and other 
modi?cations and variations. 

[0038] The present invention relates to a process and 
apparatus for measuring the tension in a moving Web. In 
particular, exemplary embodiments of the present invention 
alloW for the tension of a high speed moving Web to be 
monitored and then used to modify various properties and 
conditions of the Web and of the process producing the Web. 
Layer splits of the Web may be maintained by monitoring 
and adjusting the tension pro?le of the Web. 

[0039] Webs that may be used in the process of the present 
invention can vary depending upon the particular applica 
tion. In general, any suitable Web or ?lm may be used in the 
process in order to measure the tension of the Web. Further, 
the Webs can be made from any suitable type of ?ber. It 
should be understood that in the claims, the Word “Web” is 
de?ned to include Woven Webs, non-Woven Webs, and ?lms. 

[0040] For example, the manner in Which the Web of the 
present invention is formed may vary depending upon the 
particular application. In one exemplary embodiment, the 
Web can contain pulp ?bers and can be formed in a Wet-lay 
process according to conventional paper making techniques. 
In a Wet-lay process, the ?ber furnish is combined With 
Water to form an aqueous suspension. The aqueous suspen 
sion is spread onto a Wire or felt and dried to form the Web. 
Alternatively, the Web of the present invention can be air 
formed. In this exemplary embodiment, air is used to 
transport the ?bers and form a Web. Air-forming processes 
are typically capable of processing longer ?bers than most 
Wet-lay processes, Which may provide an advantage in some 
applications. 
[0041] Referring to FIG. 2, one embodiment of a process 
for producing a Web that may be used in accordance With the 
present invention is illustrated. The process illustrated in the 
?gure depicts a Wet-lay process, although, as described 
above, other techniques for forming the Web of the present 
invention may be used. 

[0042] As shoWn in FIG. 2, the Web-forming system 
includes a headbox 10 for receiving an aqueous suspension 
of ?bers. Headbox 10 spreads the aqueous suspension of 
?bers onto a forming fabric 26 that is supported and driven 
by a plurality of guide rolls 34. Avacuum box 36 is disposed 
beneath forming fabric 26 and is adapted to remove Water 
from the ?ber furnish to assist in forming the Web. 

[0043] From forming fabric 26, a formed Web 38 is 
transferred to a second fabric 40, Which may be either a Wire 
or a felt. Fabric 40 is supported for movement around a 
continuous path by a plurality of guide rolls 42. Also 
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included is a pick up roll 44 designed to facilitate transfer of 
Web 38 from fabric 26 to fabric 40. The speed at Which 
fabric 40 can be driven is approximately the same speed at 
Which fabric 26 is driven so that movement of Web 38 
through the system is consistent. Alternatively, the tWo 
fabrics can be run at different speeds, such as in a rush 
transfer process, in order to increase the bulk of the Webs or 
for some other purpose. 

[0044] From fabric 40, Web 38, in this exemplary embodi 
ment, is pressed onto the surface of a rotatable heated dryer 
drum 46, such as a Yankee dryer, by a press roll 43. Web 38 
is lightly pressed into engagement With the surface of dryer 
drum 46 to Which it adheres, due to its moisture content and 
its preference for the smoother of the tWo surfaces. As Web 
38 is carried through a portion of the rotational path of the 
dryer surface, heat is imparted to the Web causing most of 
the moisture contained Within the Web to be evaporated. 

[0045] Web 38 is then removed from dryer drum 46 by a 
creping blade 47. Creping Web 38 as it is formed reduces 
internal bonding Within the Web and increases softness. 

[0046] In an alternative exemplary embodiment, instead of 
Wet pressing the base Web 38 onto a dryer drum and creping 
the Web, the Web can be through-air dried. A through-air 
dryer accomplishes the removal of moisture from the Web by 
passing air through the Web Without applying any mechani 
cal pressure. 

[0047] For example, referring to FIG. 3, an alternative 
exemplary embodiment for forming a base Web for use in the 
process of the present invention containing a through-air 
dryer is illustrated. As shoWn, a dilute aqueous suspension of 
?bers is supplied by a headbox 10 and deposited via a sluice 
11 in uniform dispersion onto a forming fabric 26 in order 
to form a base Web 38. 

[0048] Once deposited onto the forming fabric 26, Water is 
removed from the Web 38 by combinations of gravity, 
centrifugal force and vacuum suction depending upon the 
forming con?guration. As shoWn in this embodiment, and 
similar to FIG. 2, a vacuum box 36 can be disposed beneath 
the forming fabric 26 for removing Water and facilitating 
formation of the Web 38. 

[0049] From the forming fabric 26, the Web 38 is then 
transferred to a second fabric 40. The second fabric 40 
carries the Web through a through-air drying apparatus 50. 
The through-air dryer 50 dries the Web 38 Without applying 
a compressive force in order to maximiZe bulk. For example, 
as shoWn in FIG. 3, the through-air drying apparatus 50 
includes an outer rotatable cylinder 52 With perforations 54 
in combination With an outer hood 56. Speci?cally, the 
fabric 40 carries the Web 38 over the upper portion of the 
through-air drying apparatus outer cylinder 52. Heated air is 
draWn through perforations 54 Which contacts the Web 38 
and removes moisture. In one exemplary embodiment, the 
temperature of the heated air forced through the perforations 
54 can be from about 170° F. to about 500° F. 

[0050] As stated, properties of the Web 38 and also of the 
apparatus that produces the Web 38 can be controlled and 
monitored if the tension in Web 38 is knoWn. The tension in 
Web 38 can be correlated With several process conditions in 
order to determine the process conditions during a particular 
build of Web 38 and make adjustments. Some of the process 
conditions Which can be varied based on the tension in Web 
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38 include the following: the chemical addition rate, the 
cross directional pro?le of the basis Weight and moisture in 
Web 38, draWs on Web 38, crepe ratio, and the Winding 
pro?le of a tissue roll off of a tissue machine. By taking the 
correlation betWeen the tension in Web 38 and these various 
process conditions, one can incorporate the speed of Web 38 
and the basis Weight of Web 38 With the tension to produce 
an on-line method that controls the machine direction 
strength and/or modulus of the tissue Web 38. HoWever, 
adjustments to the machine and process can be made based 
on only the tension alone. 

[0051] FIG. 4 shoWs a schematic vieW of an exemplary 
embodiment of a tension apparatus 74 that can monitor 
and/or control properties of the Web 38 and the process that 
produces Web 38. The exemplary embodiment of the tension 
apparatus 74 includes a computer 72 that is connected to 
both an air pulse 66 and a ?rst and second laser transducer 
68 and 70 respectively. HoWever, it is to be understood that 
in other exemplary embodiments of the present invention, 
air pulse 66 along With the ?rst and second laser transducers 
68 and 70 do not need to be directly controlled by computer 
72. The tension apparatus 74 is located adjacent to a run of 
the Web 38 that is betWeen tWo rollers 60 and 62. The Web 
38 is moving in the direction shoWn by arroW V in FIG. 4, 
and is moving at a velocity v. Web 38 is Wound onto a Wound 
roll 64. 

[0052] Tension apparatus 74 can calculate the tension in 
the Web 38 by a non-contacting process. First, the air pulse 
66 can ?re a ?uid, for instance air, onto Web 38 Which causes 
a disturbance in Web 38. Such a disturbance is shoWn in 
FIG. 5 as being a Wave 75. Wave 75 Will travel in a direction 
vd shoWn in FIG. 5 at a velocity vd aWay form the air pulse 
66. Wave 75 travels through Web 38 much like a stone that 
is throWn into a pond Which causes ripples to travel across 
the surface of the pond. Here hoWever, since Web 38 is 
moving in a direction v, the analogy to a stone in a pond is 
not entirely accurate. A closer analogy Would be to that of a 
stone throWn into a moving river since the Web 38 is moving 
at a velocity v. FIGS. 6 and 7 shoW the Wave 75 being 
situated above the ?rst laser transducer 68 and the second 
laser transducer 70 as the Wave 75 moves across the surface 
of Web 38. As Wave 75 moves across each one of these laser 
transducers 68 and 70, the tension apparatus 74 can measure 
the speed of Wave 75. The use of laser transducers 68 and 70 
alloW for high speed measurements, an advantage of the 
present invention. 

[0053] The ?rst and second laser transducers 68 and 70 
therefore determine the exact time that Wave 75 travels 
above the respective transducer 68 and 70. From this infor 
mation, the computer 72 can use an algorithm to determine 
the speed of the Wave 75. The tension apparatus 74 is also 
capable of measuring the speed v of the Web 38. HoWever, 
in other exemplary embodiments of the present invention, 
the speed v of Web 38 is determined not by the tension 
apparatus 74, but by some other method. The tension appa 
ratus 74 may use a similar algorithm to calculate the speed 
v of Web 38. The tension in Web 38 may be determined by 
the computer 72 by taking into account the Wave speed vd, 
the Web speed v, and the basis Weight of the Web 38. 

[0054] In one exemplary embodiment of the present 
invention, the pulse of air from the air pulse 66 is a short 
duration pulse. The pulse may be about 15 milliseconds of 
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air at a pressure of about 80 pounds per square inch. The ?rst 
and second laser transducers 68 and 70 may be high speed 
transducers With a response time faster than one millisecond. 
Faster transducers, such as those that have response times as 
fast as 10 microseconds may also be used. The ?rst and 
second laser transducers 68 and 70 are aimed at the Web 38 
and are positioned upstream from the air pulse 66. In one 
exemplary embodiment, the ?rst and second laser transduc 
ers 68 and 70 are positioned 50 millimeters from the air 
pulse 66. HoWever, it is to be understood that in other 
exemplary embodiments of the present invention, the ?rst 
and second laser transducers 68 and 70 may be positioned 
doWnstream from the air pulse 66 or at other distances 
upstream from the air pulse 66. In another exemplary 
embodiment of the present invention, the ?rst laser trans 
ducer 68 is spaced 40 millimeters from the second laser 
transducer 70. 

[0055] A computer program that is administered by com 
puter 72 can control the air pulse 66 to create a Wave 75. The 
computer program Will then record the displacement output 
from each laser transducer 68 and 70. This resulting data is 
bandpass ?ltered to eliminate any short and long Wave 
length ?utter associated With the Web 38. The signal may 
then be differentiated to amplify any change in position that 
is due to the Wave 75 passing in front of the laser transducers 
68 and 70. The tWo signals may than be passed through a 
WindoW ?lter to force the end points to a Zero level. 
HoWever, in other exemplary embodiments of the present 
invention it is not necessary to pass the tWo signals through 
a WindoW ?lter to force the end points to a Zero level. Next, 
the signals may be mathematically cross-correlated to deter 
mine the most likely time delay betWeen the tWo signals. 
This time delay, in accordance With the displacement from 
the ?rst and second laser transducers 68 and 70, yields the 
actual Wave speed vd. 

[0056] The tension is determined by the folloWing equa 
tion: 

[0057] In this equation, BW is the basis Weight, vd is the 
measured Wave speed, and v is the Web speed. The addition 
of the Wave speed vd to the Web speed v is necessary because 
the Wave 75 is traveling upstream and is thus sloWed doWn 
by the movement of Web 38. If the laser transducers 68 and 
70 Were positioned doWnstream of the air pulse 66, the 
equation for the tension Would be changed accordingly. 

[0058] The Web speed v and the basis Weight may be 
measured independently from the tension apparatus 74 in 
other exemplary embodiments of the present invention. 
HoWever, the Web speed v can be measured using the tension 
apparatus 74 by recording the light intensity of the re?ected 
laser light from the ?rst and second laser transducers 68 and 
70 and then ?ltering the signal over a speci?c frequency 
range. 

[0059] The instability index of Web 38 is a measure of the 
relative instability of the moving tissue Web. As the insta 
bility index approaches unity, the Web 38 becomes unstable. 
At an instability index of 1.0, a Wave 75 Would not be able 
to travel across the surface of Web 38. Additionally, When the 
instability index is high, greater than 0.5, the tension mea 
surements in current machines Will not Work. The instability 
index is governed by the folloWing equation: 

Instability Index=v/c=v/(v+vd) 
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[0060] Here, v is equal to the Web speed and vd is equal 
to the measured Wave speed. In the equation, c is the critical 
speed Which is equal to the Web speed v plus the measured 
Wave speed vd. However, it may be the case that the critical 
speed c is equal to measured disturbance speed vd minus the 
Web speed v in other exemplary embodiments of the present 
invention. This Would be the case, for instance, When the 
laser transducers 68 and 70 Were located doWnstream of the 
air pulse 66 instead of upstream in relation to the direction 
of travel of the Web 38. The instability index as stated in the 
claims is one of these tWo formulas depending on the 
relative location of the laser transducers 68 and 70 and the 
air pulse 66. 

[0061] Therefore, an exemplary embodiment of the 
present invention may utiliZe modern laser transducers 68 
and 70 and high speed computers 72 to measure the tension 
in Web 38. Computer 72 may then separate the natural ?utter 
of the moving Web 38 from the desired measurement. This 
is not required When a stable Web is measured. 

[0062] A tension pro?le of Web 38 may be taken by 
placing an array of laser transducers on the cross direction 
of Web 38. Other exemplary embodiments of the present 
invention may use multiple laser transducers to obtain a 
tension pro?le of the Web 38 in order to adjust other 
properties of Web 38. 

[0063] Knowledge of the tension in Web 38 alloWs for the 
process that produces the Web 38 to be monitored or 
controlled so that the properties of Web 38 are improved or 
maintained, and the machine that produces Web 38 is con 
trolled or maintained. FIG. 15 shoWs a process algorithm of 
a tension apparatus 74 in accordance With an exemplary 
embodiment of the present invention. Asample listing of the 
process conditions that may be monitored or controlled by 
knoWledge of the tension are as folloWs (this list is not 

inclusive): 
[0064] Wear on blade 47 in order to determine When 

to change blade 47; 

[0065] the draW on a Winder to maintain uniform 
tension in each section of the Web 38; 

[0066] the tension in a Wound roll 64 of the Web 38; 

[0067] How adjustments to control the cross-direc 
tional dryer coating of the Web 38; 

[0068] control of the cross-directional moisture pro 
?le based on a given basis Weight pro?le and a single 
point moisture; 

[0069] control of the cross-directional basis Weight 
based on a given moisture pro?le and an average 
basis Weight from a softroll Weight; 

[0070] control of the Web 38 during turn-ups by 
optimiZing the sequence to maintain a desired ten 
sion; 

[0071] control of the Web 38 during turn-ups by 
chemical addition on Web 38 to maintain a desired 

tension; 

[0072] control of the Web 38 instability by adjusting 
foils in response to the instability index calculated 
When performing the tension measurement; 
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[0073] control of the Web 38 instability by creping 
chemistry in response to the instability index calcu 
lated When performing the tension measurement; 

[0074] control of the Web 38 handling by keeping the 
instability index in a desired range by adjusting the 
creping chemistry at a certain Web speed v; 

[0075] control of the Web 38 handling by adjusting 
foil positions to maintain the runability at a given 
Web speed v based on the instability index. 

[0076] In addition, other control properties may be con 
trolled based on the tension measured in Web 38. 

[0077] FIG. 8 shoWs a plot of the Web speed v in relation 
to the tension in accordance With another exemplary 
embodiment of the present invention. Here, the basis Weight 
of the Web 38 is 15 gsm. The cross-hatched area of FIG. 8 
represents an instability index of 0.5 to 1.0.; Although an 
exemplary embodiment of the present invention is capable 
of measuring an instability index of 0.5 to 1.0, it is to be 
understood that the present invention also encompasses 
exemplary embodiments Where the instability index may be 
less than 0.5. Therefore, the present invention is not limited 
to only a tension apparatus 74 that can measure instability 
indexes from 0.5 to 1.0, but a tension apparatus 74 that may 
measure at various instability indexes. 

[0078] An exemplary embodiment of the present inven 
tion also includes a process for producing a paper Web 38 
that has at least tWo ?ows of different strengths. The at least 
tWo ?oWs may be placed to form ?ber layers such as those 
shoWn in FIG. 1. Here, one of the ?ber layers 22 may be 
formed by a softWood While another ?ber layer 20 may be 
formed by a hardWood. The process Would involve the 
provision of a moving Web 38 along With at least one 
hardWood layer 22 and one softWood layer 20. The tension 
of the Web 38 is measured and may be controlled by 
increasing the How feeding into the hardWood layer 20 or 
decreasing the How into the softWood layer 22 in regions of 
high tension. The How into the softWood layer 22 is 
increased or the How into the hardWood layer 20 is decreased 
in regions of loW tension on Web 38. Such modi?cations 
alloWs for a uniform tension in the Web 38. Additionally, a 
uniform basis Weight may be maintained in the process by 
adjusting the ?oWs of the hardWood or softWood layers 20 
and 22. Therefore, the How of layers onto the Web 38 can be 
controlled based on the tension in the Web 38. 

[0079] In an alternative exemplary embodiment, a strati 
?ed Web can be used that has outer layers having a greater 
tensile strength than a middle layer. There are various 
methods available for creating strati?ed Webs. For instance, 
referring to FIG. 1, one exemplary embodiment of a device 
for forming a multi-layered strati?ed ?ber furnish is illus 
trated. As shoWn, a three-layered headbox 10 may include an 
upper headbox Wall 12 and a loWer headbox Wall 14. 
Headbox 10 may further include a ?rst divider 16 and a 
second divider 18, Which separate three ?ber stock layers. 
Each of the ?ber layers 24, 20, and 22 comprise a dilute 
aqueous suspension of ?bers. 

[0080] An endless traveling forming fabric 26, suitably 
supported and driven by rolls 28 and 30, receives the layered 
stock issuing from headbox 10. Once retained on fabric 26, 
the layered ?ber suspension passes Water through the fabric 
as shoWn by the arroWs 32. Water removal is achieved by 
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combinations of gravity, centrifugal force and vacuum suc 
tion depending on the forming con?guration. 

[0081] Forming multi-layered Webs is also described and 
disclosed in US. Pat. No. 5,129,988 to Farrington, Jr. and in 
US. Pat. No. 5,494,554 to EdWards, et al., Which are both 
incorporated herein by reference, in their entirety for all 
purposes in the present application. 

[0082] In forming strati?ed base Webs, various methods 
and techniques are available for creating layers that have 
different tensile strengths. For example, debonding agents 
can be used as described above in order to alter the strength 
of a particular layer. 

[0083] Alternatively, different ?ber furnishes can be used 
for each layer in order to create a layer With desired 
characteristics. For example, in one exemplary embodiment, 
softWood ?bers can be incorporated into a layer for provid 
ing tensile strength, While hardWood ?bers can be incorpo 
rated into an adjacent layer for creating a Weaker tensile 
strength layer. 

[0084] More particularly, it is knoWn that layers contain 
ing hardWood ?bers typically have a loWer tensile strength 
than layers containing softWood ?bers. HardWood ?bers 
have a relatively short ?ber length. For instance, hardWood 
?bers can have a length of less than about 2 millimeters and 
particularly less than about 1.5 millimeters. 

[0085] In one exemplary embodiment, the hardWood 
?bers incorporated into a layer of the Web 38 include 
eucalyptus ?bers. Eucalyptus ?bers typically have a length 
of from about 0.8 millimeters to about 1.2 millimeters. 
When added to the Web 38, eucalyptus ?bers increase the 
softness, enhance the brightness, increase the opacity, and 
increase the Wicking ability of the Web. 

[0086] Besides eucalyptus ?bers, other hardWood ?bers 
may also be incorporated into the Web 38 of the present 
invention. Such ?bers include, for instance, maple ?bers, 
birch ?bers and possibly recycled hardWood ?bers. 

[0087] In general, the above-described hardWood ?bers 
can be present in the Web 38 in any suitable amount. For 
example, the ?bers can comprise from about 5% to about 
100% by Weight of one layer of the Web 38. 

[0088] The hardWood ?bers can be present Within the 
loWer tensile strength layer of the Web 38 either alone or in 
combination With other ?bers, such as other cellulosic ?bers. 
For instance, the hardWood ?bers can be combined With 
softWood ?bers, With superabsorbent materials, and With 
thermomechanical pulp. 

[0089] As described above, stronger tensile strength layers 
can be formed using softWood ?bers, especially When adja 
cent Weaker tensile strength layers are made from hardWood 
?bers. The softWood ?bers can be present alone or in 
combination With other ?bers. For instance, in some exem 
plary embodiments, staple ?bers, such as synthetic ?bers, 
can be combined With the softWood ?bers. 

[0090] The Weight of each layer of a strati?ed base Web 38 
in relation to the total Weight of the Web 38 is generally not 
critical. In most exemplary embodiments, hoWever, the 
Weight of each outer layer Will be from about 15% to about 
40% of the total Weight of the Web 38, and particularly from 
about 25% to about 35% of the Weight of the Web 38. 
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[0091] The basis Weight of Webs made according to the 
present invention can vary depending upon the particular 
application. In general, for most applications, the basis 
Weight can be from about 5 pounds per 2,880 square feet 
(ream) (8.5 gsm) to about 80 pounds per ream (136 gsm), 
and particularly from about 6 pounds per ream (10.2 gsm) to 
about 30 pounds per ream (51 gsm). In one exemplary 
embodiment, the present invention can be used to construct 
a single ply bath tissue having a basis Weight of from about 
20 gsm to about 40 gsm. Some other uses of the Webs 
include use as a Wiping product, as a napkin, as a medical 

pad, as an absorbent layer in a laminate product, as a 
placemat, as a drop cloth, as a cover material, as a facial 

tissue, or for any product that requires liquid absorbency. 

Experiments Involving Exemplary Embodiments of 
the Present Invention 

[0092] Applicants have conducted experiments in regards 
to the tension apparatus 74 in measuring the tension in a 
moving Web 38. The objective of the experiments Were to 
verify that the tension apparatus 74 could accurately mea 
sure the tension on a commercial loW tension, high speed 
machine. Additionally, the experiment Was carried out in 
order to determine Whether the tension could be monitored 
over a long period of time on both a tissue machine and a 
Winder or reWinder. It Was found that the tension in the Web 
38 Was related to certain properties and problems concerning 
the Web 38 and the machine that processes Web 38. 

[0093] A tension apparatus 74 Was placed on a tripod 
under a moving Web 38 on a tissue machine. The tension 
apparatus 74 Was betWeen 50-60 inches from the drive side 
edge of the Web 38 Which Was approximately 204 inches 
Wide. On the tissue machine, the tension apparatus 74 Was 
able to pick up changes after the addition of processed 
chemicals, crepe ratio, and the cross directional pro?le. 

[0094] During a selected number of turn-ups, a chemical 
strengthening agent, Hercobond, Was added. Hercobond 
increases the Web 38 strength so that there is a more likely 
probability of a successful turn-up. When the tension appa 
ratus 74 Was placed under the tissue machine, the tension 
apparatus 74 Was able to accurately pick up the addition of 
Hercobond. Before the Hercobond Was added, the tension 
Was approximately 10.3 NeWtons per meter squared. After 
the addition of Hercobond, the peak of the tension averaged 
to 12.4 NeWtons per meter squared. FIG. 9 shoWs the 
tension being increased as Hercobond Was added 2000 yards 
before the turn-up. The Web speed v Was 3906 feet per 
minute, meaning that the chemical addition occurred 92 
seconds before turn-up. The timing of Hercobond addition is 
noted in FIG. 9. The doWnWard spike of tension immedi 
ately before the turn-up is unrelated to the Hercobond 
addition as this is the moment When the Web 38 is being 
bloWn over a neW roll before being attached thereon. After 
the turn-up, it took approximately 5 minutes before the 
tension returned to its original level While the Hercobond 
Was phasing out of the process. 

[0095] FIG. 10 shoWs a turn-up Without Hercobond for 
comparison. FIG. 10 demonstrates that the tension does not 
increase before the turn-up as it did When Hercobond Was 
added. Tissue samples Were taken from the ends of both rolls 
once they Were on the reel to verify the increase in tension. 
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Below is a table listing the data from each roll and it shows 
that the roll With Hercobond had higher strength properties: 

Without 
Herccobon Hercobon 

d d 

MD Strength 1420 1060 
CD Strength 834 630 
Wet CD 199 149 
MD Stretch 30.9 31.6 
GMT 1090 814 
MD/CD Ratio 1.7 1.68 
WCD/CD Ratio 23.8 23.8 

[0096] The tension apparatus 74 Was also able to note a 
change in crepe ratio. A machine onto Which the present 
experiment Was conducted, tissue machine #1, normally 
runs at a 1.28 crepe ratio. For approximately tWo minutes the 
crepe ratio Was changed to 1.26 to determine Whether the 
tension apparatus 74 could pick up the change. FIG. 11 
shoWs the change in crepe ratio that the tension apparatus 74 
detected. The error bars shoWn are With a 99% con?dence 
level. At 1.26 crepe ratio, the average tension Was 9.4 
NeWtons per meter squared, and at the 1.28 crepe ratio the 
average tension Was 8.9 NeWtons per meter squared. For a 
higher crepe ratio, the tension should be loWer, meaning that 
the tension apparatus 74 accurately picked up the change. 

[0097] Across a tissue Web 38, the goal is to keep the 
moisture pro?le and basis Weight uniform. Here hoWever, 
the moisture pro?le and basis Weight Was not uniform. 
Therefore, the tension across the tissue Web 38 is also not 
uniform. When the tension apparatus 74 Was placed under 
the Web 38, it Was moved in siX different positions Within 
one foot to determine Whether there Were any variations in 
the cross direction. Data Was collected at each position for 
approximately tWo minutes and then Was repeated in a 
random manner to eliminate time variables. FIG. 12 shoWs 
the cross directional pro?le that the tension apparatus 74 
recorded. The error bars shoWn are With a 99% con?dence 
level. At 56 inches from the drive side, the tension averaged 
to 10.6 NeWtons per meter squared. At 75 inches across, the 
tension averaged to 9.5 NeWtons per meter squared. Using 
data from tissue samples correlating With previous strength 
properties, this 11.4% increase in tension relates to an 18.2% 
increase in cross directional strength and a 19.4% increase 
in MD strength. There is a statistical difference betWeen the 
last four inches on the chart. HoWever, upon examining the 
scanning pro?le of the basis Weight and moisture pro?les, 
the differences Were not correlated to any speci?c variable 
on the pro?les. 

[0098] Tension sensor 74 Was used to examine a full 
softroll to determine Whether there Were any noticeable 
trends throughout the roll. A typical softroll takes approXi 
mately 30 minutes to run. FIG. 13 shoWs data obtained 
through a measurement of the softroll. In the present experi 
ment, before the softroll Was started, the roll prior to it had 
broken on the turn-up. When this occurs, Hercobond Was 
added to help get the Web 38 back onto the roll. The addition 
of Hercobond eXplains the doWnWard trend in the tension for 
the ?rst siX minutes as the Hercobond Was phased out of the 
system. Throughout the rest of the roll, there Were not any 
dramatic trends. The roll maintained a fairly constant tension 
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at around 9.0 NeWtons per meter squared. FIG. 13 includes 
a turn-up at the end Without using Hercobond. 

[0099] Another measurement that Was conducted involves 
the installation of a DDWS foil onto the tissue machine. In 
theory, the foil provides a layer of air onto Which the Web 38 
rides along, therefore stabiliZing Web 38. Usually, the foil is 
under the Web 38 and is rarely used by the operators since 
CD and MD stability does not seemingly bene?t. The foil 
Was raised for a feW minutes to determine Whether or not it 
helped With stability. FIG. 14 shoWs that the tension Was 
fairly stable at about 8.8 NeWtons per meter squared While 
the foil Was not contacting the sheet. Once the foil Was 
raised, the tension became unstable and higher at about 9.0 
NeWtons per meter squared. Presumably, the increase in 
tension is caused by the foil pressing against the Web 38. The 
variability could possibly be a result of the layer of air not 
consistently hugging the Web 38 onto the foil. 

[0100] The tension apparatus 74 Was able to pick up 
changes in many process variables as shoWn in the preced 
ing experiments. Knowledge of changes in the process 
variables can result in a quicker, more reliable response to 
successfully controlling the strength in a Web 38. Instead of 
having to Wait for lab tests to verify properties, this on-line 
method can alloW for changes during the production of a 
rolled product. The tension apparatus 74 disclosed in the 
present invention is therefore capable of being able to read 
Webs 38 that travel at high speeds v and also have loW 
tensions associated thereWith Without contacting the Web 38. 

1-8. (Canceled) 
9. A process for producing a paper Web having substan 

tially uniform properties, comprising the steps of: 

providing a moving paper Web; 

determining the tension on the paper Web While the Web 
is moving; and 

adjusting a process condition of the Web that affects 
modulus based on the determined tension to produce a 
Web having more uniform properties, Wherein the insta 
bility indeX of the Web is greater than or equal to 0.5. 

10. The process for producing a paper Web of claim 9, 
Wherein the step of determining the tension on the paper Web 
is accomplished in part by use of an air pulse onto the 
moving Web. 

11. The process for producing a paper Web of claim 9, 
Wherein the step of determining the tension on the paper Web 
comprising the steps of: 

creating a Wave in the moving paper Web; 

determining the speed of the propagation of the Wave; 

calculating the tension on the moving Web through a 
mathematical relationship betWeen the Wave speed, the 
basis Weight of the paper, and the speed of the Web. 

12. The process for producing a paper Web of claim 9, 
Wherein the tension that is determined on the Web is betWeen 
about 10 Nt/m and about 35 Nt/m, and the speed of the 
moving Web is about 25 m/s, and the basis Weight of the Web 
is about 15 gsm. 

13. The process for producing a paper Web of claim 9, 
Wherein the step of determining the tension on the moving 
Web occurs When the instability indeX of the Web is about 0.8 
or higher. 




