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ABSTRACT

TnstaScan, developed by Frarcis Systems, ¥s
a non scanning bone dry weight sensor capa

ble of accurate measurement of both machine
directton and cross direction profiles at a
frequency of one megahertz This sensor
measures the entire sheet and replaces the
paper machine scanner as the primary source
of measurement information for both cross

machine and machine direction control of
the paper fiber. This technilogy repre

sents the first opportunity to identify,
measure and control short term cross ma

chine variations and provides accurate
separation of short term cross direction
and machfne direction variations Among
the advantages of this non scanning sensor
are- better accuracy, hetter reliahility,
control of cross direction variations at
frequencies of one half minute, and contrnl
of machine direction varfations at optimum
t{ntervals without the timitations of fast
scanning.
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SOME HISTORY
The Hictary af Paper Measiremert

1f we go back about thirty five years to
the beginning of on line measurement of the
paper web, some of the first efforts in
volved placing a single spot Eeta gauge on
the sheet to measure the machine direction
basts wefght (figure 1). It didn”t take
long to determine that this measurement
would not provide representative measure
ment and would not correlate with the back
tender”s samples, which were typically
taken as a series of samples 30 5 cm x 305
cm (twelve by twelve fnches) aTl the way
across the web. As a result, the scanner
was born (figure 2).

Inftially, the primary measurement of in
terest was machine direction basis weight
and the scanner worked, within Timfts.
Wowever, paper makers and suppliers of
scanning sensors soon realized that some
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Fig. 1- C frame and non-scanning sensor

cross direction benefits could be gained
from the scanning measurement. In fact, on
paper machines where the cross direction
varfations were significantly greater than
machine directfon variations, fairly good
cross direction information was obtained
and used by the operators to improve the
profile

When digital computers became available,
even bette~ c~oss directfo~ ‘~for~atfor was
obtained by applying exponential filtering
to a series of scans, effectively separat
ing cross directian and machine directfon
variations

The History of Control

Control on the pap»r machine has followed a
parallel course of improvement, As meas
urement has improved, control has improved
In the 60°s, we ackieved the capability to
do effective machine direction control on
the paper machine. During the 707s, ma
chine direction controls became far more
capable and automatic grade change and
prodactionr maximizing conrtrols were ac
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Fig. 2- 0 frame and scanning sensor
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cepted During the 807s, the new thr ot
has been to achierve rffective croass ar -
tion control, The 90°s will <ee firther
tmprovement in machine directinn rantrnl
and major advances in cross directian can
trol.

LIMITATIONS OF SCANNING

Scanners, for the measurement of marhine
direction and cross direction weight ani
mofisture on paper machines, have served is
well for the past thirty five years Major
quality fmprovements and economic benefits
have been achieved.

Mechanical Limitations

However, we must recognize that .canners do
have some serious limitations The mechan

fcal complexity of a devire designed to
continuously scan back and forth across the
sheet 2880 times a day or aver ane millfon
times a year means high fnitial const, higa
maintenance cost, and less than 11eal re

Tiability

Control Limitations

If you take a critical too¥ at the 1nformz
tion provided by scanning the sheet, 1t
becomes obvious that we have reached the
point in our quest for perfect rontrol
where the scanrer has becoma sne of the
timiting factors,

In any evaluation of process con rol objec
tives, 1t ts necessary tn define the pra.
tical limitations of control Far example,
how fast can paper machine stnck flow
valves and headbox slice screws respond to
correct the measured errors? Ttis becomes
the real practical) limit of control of the
paper making process even though the ideal
desired control for most papers would be
defined at the formation level Let’s make
the assumption that the typical paper ma
chine’s stock valve and slice srrews ran
respond fast enough to provide a one per
cent bone drv weight c“arye re- seccnd In
this case, to correct an error of one per
cent, the ideal sensor would have to pro
vide an accurate and representative bone
dry weight measurement at a frequency of no
less than once per second

Machine Direction Control Limitations

The response of the typical beta qauge and
mofsture sensor combination is adequate to
meet the one second frequency requtred far
optimum practical control However, for
control of the stock valve, we neel to use
scan averages {instead of 1{instantaneo s
readings The typical scanner talls short
of meeting this requirement by atovut thi-ty
seconds (the time it takes to scan the
width of the sheet and collect a scan aver

age measurement). In other words, the
scanner has become a limiting factor in the

drive for further improvement in machine
direction contrgl

fross Direction Control Limitations

For nptimum rontrol of the s)lice we fdeally
nery data, again, once every secnnd How

aver, the romposite proffle information
from tie scanner f{s available, typically,
only after 180 to 300 seconds (sjx to ten
scans) Another limitation here 1is that a
mathematically accurate composite profile
can onty be achieved 1f the profile remains
ronstant during the composite building
interval Common sense, along with recent
evidence derived from a stationary fast re

sponse prnfile sensor, indicates that rross
direction nrofiles nn paper machines dn
have significant short term varfations

Modulation nf the slice screws fnr crose
direction control also contributes to the
generation of errors 1n the bufilding of a
compnsite profile from a scanner

STATIONARY SENSOR

The obviois solution to the 1imitatinns of
sranners wourld he to tse a full cross ma

chine statinnary c<ensor with a meastrement
resol ttion prnyviding, at a minimum, an
accurate measurement for each slfce region

Lsing Beta Weight and IR Moisture Sensors

In the past, the c1ly sensors that could be
tsed in s ch a cross sheet configuration
were beta weight and infrared morsture
sensors In fact, in a few applications
{r g Teft side/right side coater applica

tions where fast control response 15 neces

sary}) a limited number of such stationary
sensors (two to four) have been (sed How

ever, this 1s nnt satisfactory on paper
machines because it 1s not possible to
recanstrict the -~ross direction profile
from 2 1imited number of measurements
across the sheet

Usina multiple beta weight and infrared
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Fig. 3 The optical sensor
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Fig. 4 Calibration of the optical sensor

moisture sensors (with discrete sensors
used for each slice and typfcally twenty to
seventy slices on the machine) is not prac

tical® The cost would be prohibitive (re

turn on investment would be negativel,
hazardous radiation levels would result
from the multiple radioactive sources, the
sensors are not suited to environments
where measurement would be optimum, and the
maintenance effort to maintain tne sensors
would be enormous In add1t on, although
these sensors are accurate long term, they
sti1) require a routine off sheet standard

fzation process to maintain accuracy by
compensating for dirt on the windows and
electronic drift A mechanism to pull all
of the sensors off sheet every thirty mn

utes for standardization would be neces

sary.

Using Optical Sensors

An alternative to using beta weight and
{nfrared moisture sensors is, however, now
available Today, the stationary sensor
design can make use ot optical senseor tech
nology providing a low cost low mainte

nance, non nazardous measurement of bone
dry weight with a much higher frequency
response and usable area of measurement
than 15 possible with the beta weight sen
sor (figure 3).

An optical sensor uses the absorption and
transmittance of photon energy by paper
fiber as a short term measure of bone dry
weight The measurement §s actually a
measurement of opacity, but, in the short
term, measuring opacity can be equated to
measuring fiber weight.

By the very nature of the measurement, the
optrca' senso~ ‘s affected by cha~ges in
opacity These changes are especially
significant when they result from the use
of additives, such as titanium dioxide,
which affect opacity without having an
equivalent effect on weight Such changes
affect the mean measurement of the optical
sensor even while actual bone dry weight
remains constant The result is that a
calibrated mean measurement under these
conditions 1s only accurate in the short-~
term

Maintaining Optical Sensor Calibration

Since paper making materfals are well
mixed, 't J4s.ally takes several min.tes o«
longer before changes in the mix become @
significant factor 1n producing errors 1n
the optica?’ bone dry measurement it is
possible, therelore, to use the lang term
accuracy of the beta weight and infrared
moisture sensors to correct the calibration
of the optical sensor so that it continues
to accurately measure the mean bone dry
weight of the sheet This method corrects
for the long term limitations of the opti
cal measurement and allows the process
control camputer access to an accurate,
high frequency response, low noise measure-
ment of the weigtt of the sheet.

Currectio™ 0° the uptfea” sersur ca'ibras
tion generally 11volves adjusting the af f
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Fig 5 Configuration one Stationary sensor with scanpning optical sensor
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Fig. 6 Configuration two Stationary sensor with scanning weight and mofsture

set used fn converting the sensor voltage
to bone dry welght, this forces the average
from the optical sensor to agree with the
dverage bone dry weight from the beta
welght and infrared moisture sensors The
stope in the conversion algorithm can also
be adjusted, but generally does not require
adjustment the variation displayed 1n the
bone dry wefght profile from tne nptiral
sensor normally maintains its accuracy even
ds the measured mean begins to devfate from
the actual mean (figure 4)

The Optical Stationary Sensor

The discrete optical sensaors tn a statfon

ary sensor can cover any area of measure

ment, typically 0.025 cm to 15 cm (0 01
inch to 6 0 tnches)., This allows the sta

tionary sensor to be precisely engincered
to the application, with discretr sensors
measuring setected areas of the shenst One
useful configuration, for example, uses
each sensor across the sheet to measure the
area controlled by a single glire crrew on
the headbox.

A statfonmary sensor based on optical sensar
technology, f{ e InstaScan, provides a
nearly instantaneous bone dry weight meas

urement across the entire width of the
Sheet It provides a short term measure of
the cross direction profite of 1he sheet a
measurement that simply has not been possi

ble with the scanning systems of the past
With a frequency response of on> megahertz,
the stationary optical sensor can provide a
measure of the cross direction variation
every micrasecond The optical sensor’s
measurement is, however, acrurate only in
the stort te=~ a~d pe=fodic reralapratian
with scanning sensors is necessary typ

cally every ten to one hundred m-nutes

Stationary and Scanning Optical Sensors

This Tow cost stationary sensor configtira
tion {figure 5) is most useful when beta

and mofsture sensors are unavailable or
when the desire is for cross direction
control! only It uses a scanning optical
sensor to marntcin the accuracy of the
stationary sensor This configuration pro

vides nearly instantaneo:s measurement of
the profile of the sheet a measurement
most useful! for crosc direaction profile
control on the parer machine As with any
strictly optical sensor configuration, this
system provides an accurate measure of the
deviation of the bone dry wejght about the
mean, but does not provide an accurate
valie for the mecn itself This configu

ration cannot be used for machine direction
control on the paper machine

The scanning optical sensor must be i1sed to
maintatn ralibration of the relative mean
of the stationary sensor across the sheet.
The stationary sensor cannot be retracted
from the sheet to standardize and compen

sate for dirt bt 1d up Also, since the
statronary s<sensor cnnsists of discrete
sensors acrnoss the sheet, varfations due to
dirfferential dairt build up and other
sources of drift hetween the individual
sensors must be c-11brated out of the meas

urements with the scanning reference sen

sor

Stationary and Scenning Weight and Moisture

This confiquration (figure 6) tses the
long term accuracy of the scanning beta
weight and 1nfrared moisture sensors to
maintain the lo1rg term acciracy of the
statfonary sensor The resulting measure
ment from the stationary sensor provides
the nearty tnstantaneous cross direction
profile and,  sim l1tanenicly_ the machine
direction mean bene dry weirght There ts
complete and instantaneous separation of
the cross direction variation from the
machine direction variatinn for the siice
screw and stock flow control algor{thms.

The accuracy of the mean bone dry weight



from the stationary sensor is equal to that
achieved by scanntng sensors, however,
useful information ¥s avallasle fron the
statfonary sensor every microsecond (versus
thirty second availability from scanning
sensors).

The accuracy of the cross direction weight
proffle from the statfonary sensor 1s far
superior to that achieved from the exponen
tially filtered composite profiles built by
scanning sensors. Useful cross direction
information ¥s available every microsecond
from the stationary sensor [versus a maxi
mumrate of every three to five minutes for
scanning sensors).

STATIONARY SENSOR ADVYANTAGES
Measurement Resolution

The stationary bone dry weight sensor can
produce both cross direction and machine
directfon information at a2 frequency of one
megahertz. One megahertz translates into a
cross direction snapshot of the entire
sheet in 0 0025 cm (0.00! inch) at a ma
chine speed of 1525 meters per minute (5000
fpm). The real Timitation to resolutfon,
therefore, turns out to be the sensor’s
minimum measurement sfze which is 0 025 cm
{v.ul incn). nis means that tor any paper
machine, regardless of speer, the sta
tionary sensor can provide highly accurate
bone dry measurement of hoth cross direc
tion and machfne directfon at a machine
direction resolution of 0 0?5 cm (0 Ot
inch) of paper through the paper machine

A typical scanner generated bone dry meas
urement, by contrast, will provide accurate
machine direction informatioa on a 1525
meters per minute (5000 fpm) machine 1n
about 762 5 meters (2500 feet) of paper and
152.5 meters (500 feet) of paper non a 305
meters per minute (1000 fpm) machine (given
a scan rate of one scan every thirty sec
onds)

The stationary sensor can produce cross
direction information with the same high
speed and accuracy as it measures machine
direction Cross direction measurement
comparisons between the stationary sensor
and the scanner are, however, more Afffi

cult. Both the time required to obtain the
measurement and the accuracy achieved with
a scanner are a function of the magnitude
of machine direction versus cross directfon
varfation atong with the short term stabil

{ty of the cross directifon profile as gen

erated by the paper machine As we gafin
more tnformation with the stationary sensor
on the short term cross direction varia

tions on paper machines we will gain a
better perspective on just how accurately
the scanner produces cross direction data

A common practice i5 to assime that scan
ners provide usable cross dire-tion infer

mation on compocites of six to tem scans.
If we use sfx scans at thirty seconds per
scan on a 305 meters per minute (1000 fpm)
machine, then the scanner would require 915
meters (3000 feet) of paper through the
michine to obtain useful profile informa~-
tion

Advantages for Machfne Dfrection Control

The stationary sensor will produce signifi-
cantly better machine direction control on
fast paper machines because accurata ma

chine direction data can be generated at an
optimum frequency for controtl Tissue
machines are an excellent example with,
typically, a ten second transport delay be-
tween the stock valve and the ree! Exist

1ng control algorithms provide best control
with a minfmum of four (4) accurate machine
direction determinations within a transport
delay. This would require a machine direc

tion update every 2.5 seconds for optimum
controd far beyond the capabilfty of a
scanner but well within the capability of
the stationary sensor

For machine dfirection contrel on heavy
weight paper machines, the primary advan
tage of a statiorary sensor over scanning
sensors is the ability to directly measure
bone dry weight at tne wet end of tne paper
machine The idez1 measurement locatfon is
between the wet presses and the dryers. By
measuring closer to the stock valve, the
transport delay will be reduced, allowing
improved machine direction control

Advantages for Cross Direction Control

Although the improvement in machine direc

tion control is significant, the major
advantages of the stationary sensor are for
crass direction contro? When the sensor
s Tocated at the wet end of the machine,
the slice to sensor transport delay 1is
typically around ten seconds This com

pares to several minutes to get representa

tive profile data from a scanner

Using a stationary sensor means much of the
effort currently required to model and
predict the probzble results of turning a
slice screw can be eliminated, since ten
seconds after an adjustment the sensor will
provide accurate results for the full width
of the sheet The stationary sensor wil)
provide both bhetlter data with which tg
define the model for control and a reduced
feed forward requ rement in the control.

BENEFITS GAINED ON THE PAPER MACHINE

We ¥now that the scanner has contributed to
significant improvements in our ability to
control the paper making process However,
the scanner has now become the limiting
factor in the technological advance toward
producing the perfect sheet of paper. The
advance can continue, though, with the use



of the stationary sensor W> have d1s

cussed some of the benefits to be gained in
the area of process control; bL., 1t woi1ld
be useful to examine the theoretical advarn

tages on the machine {f we could produce a
sheet without varfations from the desired
welight. The sheet would be expected to
form better on the wire Suctinn rolls,
suction boxes, table rolls and foils would
perform more efficiently witr a perfect
sheet press loading could be increased to
obtain optimum mechanical water removal and
felts would wear evenly, reducing the ten

dency for selective fi1ling and crushing
Dryer efficlency could be optimized with a
sheet that produced a constant cross direc

tion temperature through the dryers.

Additionally, a perfect sheet would allow
optimum savings of raw materials and, for
most paper machines, resultt in {nrreased
production Quality would be as near per
fect as possible and rejects would be
largely eliminated

We can expect it will be a while before we
can make perfect paper; but, we cantinue to
work toward that goal With each step we
encounter the next technological challenge
to be solved

TABLE 1 A Comparison of Optical Bone Dry and Beta

Weight Sensors

AREA OF MEASUREMENT RESOLUTION

Opt cat weight
< 0 cm

m

(001 to60), de
pending on the appii
cation

FREQUENCY RESPONSE

Optical Weight
1.0 megaheriz

NOISE LEVELS
Optical Weight

Beta Weight
5cm (2.0

Beta Weight
er iz e on
chamber {ntroduces an

jnherent time constant
into the measurement)

Beta Weight

STgnal to noise ratie
at 1 0 megahertz

0 012 for O to 400
GSM Eliminates the
need for smoothing and
filtering for noise
reduction

AIR GAP TEMPERATURE SENSITIVITY

QOptical Weight
Wone (Tight 1s not ab

sorbed by air}

ACCURACY AND REPEATABILITY:

Optical Weight

Beta Weight
ir emperature com
pensation necessary

(beta particles are
absorbed by air)

Beta Weight

Jtatic sample accuracy

0 01%, dynamic sam
ple accuracy 0 n5%
Repeatability D 01%

Static sample accuracy

0 15z for 10 to 150
GSM, dynamic accuracy

Q¢ 15%, Short term
repcatability 0.25%
at 50 mi1lisecond T.C.
and long term repeata
bitity 0 05% at 10 0
minute T C



TABLE 2 A comparison of Optical Baone Dry, Beta
Welght, and Infrared Moisture Sensors

/7N SOQURCE
Optical Weight Beta Weight Morsture
Light energy Radioactive en Infrared energy
ergy
DETECTOR®
Optical Height Beta Weight Moisture
Uses extremely Far Tess relia Fequires  com

reliable light ble jon chamber p ex mechanics
and signal pro and sfgnal pro and signal pro

cessing elec cessing  elec cessing elec
tronics tronics fn the tromics fin the
detector detector

SOURCE/DETECTOR GEOMETRY
Optical Weight Beta Weight Moisture
SimpTe aefec%or Temanding X, ¥, ReTatively sim

and source geo and 7 axis re ple geometry
metry require quirements for
ments source/detector

geometry Ra
diation must be
focused on the
detector

SENSITIVITY TO ENVIPONMENT
Optical Weight Beta Weight Moistu e
Relatively non Felatively sen Very sensitive
sensitive, can sitive to sheet tr environmen
be used to ac flutter, sensar tel water aid
curately mea head and air air tempera
sure bone dry gap temperature ttre, not ar
weight at the varfations, and cirate enough
wet end of pa X/Y/7 axes mis at the wet end
7~ per machines alignment of  paper ma
ctines due tn
the poor eSO
tution of IR
reflected ener

9y

LONG TERM/SHORT TERM MEASUPEMENT«

Optical Weight Beta Weight Moistire
elatively sen Through compen Frough compen
sitive to var sation for en sction for opa
fatfons in opa vironmental ef c ty, flutter,
city the bone fects, provides br ightness, and
dry measurement extremely sta besis weight,

is only accu ble long term provides a sta
rate short term mecasurement of b e, Tong term
total mass measurement of

moisture
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