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ABSTRACT

The purpose of this study was to determine the
significance of.the variations of the pilot machine
of the Department of Paper Science and Zngineering
at Western lMichigan Univéféity by variance analysis
conducted on basis weight profiles obtained from the
Industrial Nucleonics scanning basis weight gauge.

The profiles obtained from the basis weight gauge were
subjected to a computer program which computed the
cross~direction, machineFdirection, and random com-
ponent variations and determined F-ratios. The E-
ratio shows the significance of the component vari-
ation compared to the random component variation,
Cross-direction variation was found to décrease with
speed, lachine-direction variation showed no signif-
icant trend and the random variation decreased with
speed, It was found that the P-ratio comparing the
macihine~direction component to the random component
was significant at the one per cent confidence level
and should be lessened if better operational effici-

ency for the pilot machine is desired,



PABLE OF CONTENTS

IBTRODUCTION, s o s s ves 6 ons vins o5 6 sneb s ainsbisssntis
LITSRATURE R?VILJ...........................;.....;
Importance of Uniformity....eeeececessseocans
Nature cf VariationS.........................
Manual vs, Continuous Sempling.....ceeceeeees
Varianeo ADBLYSAS s icivssvsussssmnannnssmns
STATZMENT OF THE OBJHCTIVES OF THE STUDY..seccccvss
AXPERIMENTAL DISIGN AND PROCEDURE...seeveeeeccennss
DATA RESULTS AND DISCUSSIOH..eeeeeesseoesaoscscscss
CONCLUSTIOMS, s vnie snitn ¢ v e n o bnm anisvun s dsianmsmeiy
RECOMMENDATIONS & c 4k n v vo o x4 a0 as a5 6 %4 wn b S b K anlmeh
LITDRATURE CITED..;.........;......................

APPEINDIX
- € 0 0 F 500 O 60 E OO EC OO C OO OCEQC O EC OO O OSSOSO ECCE OO

y 1y
i

22
2l
25



L
INTRODUGTION

Basis weight uniforgity is a very important asvect
of the fourdrinier paper-making process, It has been
snown that variations within the process resduce basis .
weight uniformity and therefore the quality of the
product, Any reductions in the variations bring about
increased efficiency and uniformity, Variance analysis
is a very gseful statistical tool for locating the
significant variations in a_proceés.‘ Once the signif-
icant variatiohs are located, work may be concentrated
“on reducing then,

v It is the purpose of this thesis to analyze basis
weilght profile data from the pilot machine of the Depart—
ment of,Paper Seience and Enginéering by variance anal-.
ysis to determine the significance of variations within

tihe process,
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' LITERATURE REVIEW

ITMPORTANCZ OF UNIFORMITY

Burkhard and Hfist (1) point out that paper is
influenced by every stage Qf its process and is a
valuable record of the operation, The quantity and
cuality of the paper and the speed and efficiency at
winleh it is produced gives the producer the perform-
ance of the opergtion. The single most important
criteria affecting performance is basis weight and
moisture uniformity, and uniformity influences nearly
every other factor in the process, Wet web strength

is a function of basis weight so a wide rangs of basis

b

weight variation increases the possibility of a break
or ?downtime”. There will be less load on the drying
section of -the paper machine if there is less basis
weight variation, Total variation tends to increase
with speed so by reducing the variation a higher speed
is possible,

Doering (2) explains that many benefits may be
obtained from fhe fourdrinier paper-making process by
sharper basis weight control. Sharper control brings
about a closer distribution around the basis target and
can result in a reduction in materials usage as shown
in.Figure 1. The operating target is 30 pounds per ream

and control b - manual sarpling maintained a lower procsss

limit of 208.l pounds per ream, Sharper control by



4 Operating

Targets

Lower 2¢ Level

for Basis leight

Maintained

.3 30.0
LBS/REAM

Figure 1, Optimum raw material usuag

T < ]
28,0 28,4 = 29,0



wlpio
continuous basis weight measurement allowed the oper-
ating target to be lowered to 29.3 pounds per ream and
still maintain the lower limit of 28.l)} pounds per reamn,
The net result is a reduction of 0,7 pounds per ream or
2.3 per cent of the original materials usage,. In add-

ition there is less production below 28,l. pounds per

the potential for a speed increase since more material
can be dried by the same dryer conditions, Doering
points out that avproximately a one per cent increase
in end moisture yields the potential for a three to
fifteen per cent increase-in speed, depending upon the
machine,

A reduced dryer load and lower steam consumption

can also result from reduced materials usages.

NATURE OF VARIATIONS

The fourdrinier paper~-making process has three
basic component variations which are of»concern (1),
These component variations are the cross-machine com-
ponent, machinéfdirection component, and the random
component., Deiitt (3) states that cross and machine
direction components should be the only concern for

nt as shown in Figure

w

recuction if they are significe
2. The random component is very .difficult to isolate
nd reduce,

Cross-direction components are affected basically
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by the slice adjustment, However, internal fittings,
vanes,.and guides in the headbox may also contribuve,
They are constant with time and v@ry_ﬁith position
across the sheet.(1). '

Machine-direction comnonents are of tiree t;yés
as illustrated by Figure 3. They are long term drift
long term (low frequency), and short term (high ire-
quency) variations, They sll add up to make the tota
machine-direction component znd are dependent upon
time but independent upon poéition across the sheet,
The machine~direction component may be periodic or
aperiodic, depending upon the source, Periodic vari-

ations can usually be atiributed to rotating elements

i

h

and/or electrical feedback, Aperiodic fluctuations are

usually caused_by drifts and random fluctuations in
consistencﬁ and flow.(1).

Random variations are neither constant with time
or position, They may be attributed to local fluctu—
ations in flow of sfock orin consistency and can also

be a measure of large scale turbulence in the headbox

MAWUAL V3, CONTINUOUS SAMPLING

gl

(1)

Because of the variations in the fourdrinier paper-

making process, samnpling becomes a major problem to

insure that a representative sarmle is obtained,

The total manual sampling error may be represented

“J
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by three different variables (3), Distribution error,
ESD’ has to do with the point at which the sample is
taken, Handling and preparation error, ESH’ has to do
with cutting the sample and keeping it under the correct
humidity conditions., Instrument error, B1s is the error
in the measuring device itself, Total sampling error, ET,'

then becomes:

-+
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A manual end-of-reel sample provides very little
information about the overall variations in the machine
diréction and gives only é representative cross-direction
sgmplg'if it truly represents the average proiile as
shown in Figure li,

A scanhing gauge measures coﬁtinuously and also
mnoves across the shest as the paper moves past. Its
data or prbfiie is representative of .the machine-dir-
ection veriations over the entire width of the sheet and
the profile also contains the cross-direction variations,
One scan is more representative than one end-of-reel
manual sample, Howeﬁer, the sheet 1is soaﬁned many times
during a reel so the entire reei is ménitored. A much
nore representative data set is obtained by scanning and

it is obtained nondestructively. Both of these charact-

eristics are conducive to the use of variance analysis,

-
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VARTIANCE ANALYSIS

Analysis of variance is a useful statistical tool
Tfor identifying significant component variations in a
process, From Streit (5), variance analysis minimizes
time to time variations and attempts to measure vari-
ations present at a virtual instant of manufacturing
iime.

From ferberts text on Marketing Research (h)}vari-
ance analysis détermines the significance of observed
relationships between two or more sets of sample data
or more than two statistics. Burkhard and Wrist (1)
point out that this lends itself very well to a several
component system since the total variance of a systen
'equals the sum of its component variances,

Ferber (L) outlines the procedure involved in using
variance analysis, It begins with obtaining the data
and segregating the total variance into its component
variances, From DeWitt (3), fifteen or mnore diagopal
scans of a continuous basis weight gauge are required
to obtain enough representative data so that meaningful
results may be bbtained. This datz is then divided into
cross-machine segments and entered into a matrix, The
cross-direction and machine direction component variances
mey be determined as well as the random component,
Ferber (l) explains that samplins variance is taken to

8) o

he effect of randomness on the data, Signif-

o

indicate
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icance c¢f the component variance is then found by com-
paring them to the random variance and is the F-ratio,
If the component variance exceeds the random variance
by a greater amount than should be expected merely from
sampling variations, then that compoient is s:id to be
a significant factor in the data and should be reduced,
Usually the F-ratio is compared to a null hypothesis
value or a value that takes into acéount the particular
sample size.and is the probability value of a given
confidence level that one would obtain if the component
had no significance, Burkhard and Wrist (1) have found
from their analysis of paper machine trials that a com-
ponent variance is significant at a one per cent con-

fidence level and this would be the null hypothesis,
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STATEMINT OF THE OBJECTIVES OF THE STUDY

Variance anélysis of basis Weight profiles is by
no means unique, However, to the authors knowledge,
it has never been conducted on a pilot machine.

The pilot machine of the Paper Science and ingine-
ering Department at lWestern iichigan University 1is a
very important "laboratory" tool, Many raper and allied
companies rent time for the use of the facili;ies to
conduct research., It would be economiCallj unreasable
to shutdown a producticn machine for resezrch trials,
The pilot machine provides a representative replacement
of a production machine, ‘he results obtained from the
.pilot machine should reflect the results that would be
obtained an a large scale production machine, and should
be highly reliable since many important decisions may
be made because of themn,

Because of the use of the pilot machine, its var-
iability should be kept at a minimum, The'objective of
this study was to detsrmine if the variability was great
enough to require a further study to reduce the ver-

..

iations present,
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EXPERINENTAL DESIGN AND PROC:DURE

The pilot machine of the Paper Science and Eng-
ineering Department at Western Michigen University was
used to collect the data for this thesis, An Tndustr-
ial Nucléonics basis weight and mcisture gauge was the
source of the data collected, The basis weight proriiles
sre recorded on an X-Y recorder on the control panel for
tre instrument. - Hach complete scan is recorded, Twenty
scans were obtained for each of the seven sets of data,
The first four and the last set of data were obtained
_durihg thesis trials of fellow students., The remaining
two sets were obtained during machine trials conducted
by the Hercules Corporation,

Pigure 5 shows one scan of the basis weight gauge.
The scales are calibrated in direct reading units for
the process.(6). In this case each nhorizontal line rep-
resents Q.2 pound (25 x 38-500) basis weight unit and
each of the :‘major norizontal lines represent aone pound
(25 x 38-500) basis weight unit, These values are deter-
mined by the scale of basis weight units that is being
used during overation, All data for this thesis was ob-
tained on the same scale. One recorder for the basis
weight gauge records the highest to lowest valuc per
traverse of the gauge and shows the weighted average for
the scan, This is shown in Figure 6.» By comvoaring the

record with the scale, values per line may be obtained,
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FIGURE 5

PROFILE FROM BASIS WEIGHT GAUGE
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Once this is found, data may be taken off of the profiles.‘
At each major vertical line across the profile a data
point was obtained, The number of data points for each
set of data varied from nine to fifteen, Hach of the
twenty profiles for each set of data was subjected'to
the same process of entering the data points into a matrix,-

Bach of the matrices was analyzed by the BASIC com-
putef program (Appendix) written by the author Ifrom a
procedure outlined by Burkhard and VWrist as shown in
Appendix 2, This program caiculated the average of the
rows and columns and also the grand average of the data,
From these values the component variances were calcu-
lated and compared, The results were tested to tne one
per cent significance sugrested by Burkhard and Urist
and éither accepted or rejected,

The output of the program printed the average of
the columns and rows, the grand average, the fhree com=
ponent variances, the F-ratio, and whether they were
acceptable or non-acceptable,

Data of varying basis weights and speeds were ob-

1

tained to find if any trend could be determined contri-
buted by these factors,

Profiles and data as entered into the matrices are
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DATA RESULTS -1'D DISCUSSION

The-characteristics of the various Trials are
presénted in Table I, There were four different basis
weights (25 x 36-500) of Iy, 48, 52, and 83 pounds. used
and essentially three different speeds of 78, 8, and
120 feet per minute, The dimensions of the matrices and
the null hypothesis values are given.

Table IT gives the various cross-direction cou-
ponent (CDC) variances, machine-direction component
(MDC) variances, random component (RC) variances, and
the total variances and Table III gives the standard
deviations for the data, The total variances were ob-
tained by takiﬁg the sum of the component variances.
Burkhard snd Wrist found CDC.to decrease with speed,
MDC to have no significant trend compared to speed, and

RC to show a definite upward trend with increased speed,

In this study CDC variances were found to follow tThe

- y) . 0, - { ] 2
trend as stated above, The variances ran from 1,02 pounds

g . 2 e 5 L L N o
at 78 feet per minute (fpm) through 0,29 pounds® at 88 fpm

; e caide W
to 0,1li pounds® sat 120 fpm, A more comuon term, standard

=y

deviation, shows the same trend as the values decreased

3

from 1,01 pound at 78 fpm through 0,5l pound at 6 fom o
0.37 pound at 120 Ipn,

¥DC also followed tine results found by Burkihard and

rist. o significant trend was found since high and.low values

.
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TABLE I
CHARACTERISTICS OF TRIALS

Trial Basis Ueight fpm Dimensions of Matrix Iull Hypothesis

(1bs) Rows Columns Sl/S3 | 32/33
I . L8 80 20 15 1.99 2,16
T 83 .- 80 20 15 1.99 2,16
TII 52 78 20 19 1.97 2,01
v 52 78 20 - 19 197 2.01
v N 88 20 18 01,908 2.0l
VI Iy 88 20 18 1,96 2.0l
Vit i 120 20 18 1.98 é.ou
TABLE II
VARIANCES
(pounds)2
Trial Sl 82 83 Total
CDC DG RC Variance
1 043 - 0.k2 03,31 0 100k
IT 0.59 1.90 3,16 5.65
TIT 1,02 X 37 3.5 3.53
IV 0.28 0.63 0.30 1.8
\ 0.29  -1l.43 0,65 2o 31
VI 0,29 0,77 0.32 1.38

VII Dl 1.36 0.15 1.67



-
were obtained at ecach speed range., At 08 fpm values of
Q.77 pounds2 and 1,13 pound32 were obtained or standard

deviations of 0,388 pound and 1,19 pound, At 80 fim a wider

range was obtained with values of 0,2 pounds2 and 1,90

2

vounds© of standerd deviations of 0,465 pound and 1,38 pound,

However, the RC showed a definite decrease with in-
creased speed, contrary to the reportedbfindings above,

The lowest value of 0.15 pounds2 wass obtained at 120 fpm
wnile the highest value of 3,16 pounds2 was obtained at 80
fpm, Burkhard and ¥Wrist stated ﬁhat basis weight variation
is characteristic of a particular caper machine. This may
explaih why the contradicting wvalues,

Table IV shows the same results with the coefficient
of variation, a better statistical tool for comparison than
variance and standard deviation,

o significant trends of variation were to be found
with respect to basis weight as shown by‘Figure T where
basis weight is plotted versus variance.f

Only four values were found to be significant and
all were F-ratios coﬂparing 52/83. They ﬁere on Trials

Iv, V, VI, and VII as shown in Table V, Trial IV gave an

-

"‘-ratio of 2,13 compared to the null hypothesis value of
2.01l, Trails V, VI, and VII were all compared to a null
hypotinesis value of 2,0l and the values obtained were

2,13, 2,h2, and 9,39 respectively, All of these F-ratios
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were comparing the machine-direction component to the
random component., This would suggest that the machine
direction component should be reduced, The trials

were in chronological order and Table V would suggest

that these ratios were progressively worse with time,
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TABLE IIX

- - STAUDARD DEVIATIOIS

(pound)

Trial D MD RD Total lean
I .64l .648  1.055 1.394  h7.913

II . 768 1.380 1.760 2.360 63,35
11T 1,01 1,171 1,069 1.880 51,991
v .530 79 .58 1.100 50,61

v .539 1.195 . 306 1.510 43.10

VI «539 . 876 .566 }.175 b bl
VII .37 1.175 .387 1.294 k8

TABLZ IV

(per cent)

COEBFFICIEHT OF VARIATION

Trisl __ CD MD ___-RD ___ Total
T 1.3k .35 2,21 2.92

TI 0,92 1,66 2,1l 2,86
11T 1.9 2,26 2,06 3,62
v 1,04 1,57 1,08 217

| SR TSN o S .G

VI 1,21 - 1,98 . 1,28 2,65
VIL.  0.85 2,66 0,88 2,93
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FPigure 7. Basis weight vs. variance
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"TABLE V
SIGNIFICANCE OF VARIATTIONS

Trial S,/5, Null Accept S,/8, Null Accept
' Hyvothesis Reject (x) Hypothesis Reject (x)

I 0.37 1.9% o 0.38 - 2,16

II 0,19 1,99 0,60 2,16

11T .89 1.97 1,20 2,01
v 0.9 1,97 2,13 2,01 X
v o o.hh 1.98 _ 2.18 2,0l x
VI 0.90 1.98 joh 2.L2 2,0l x

VII 0,93 1,98 A ©9.39 2,04 x
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CONCLUSIONS

The cross-direction variations of the pilot paper
machine are not significant to the operation of the mach-
ine, However, the machine-direction variations seem to
be getting worse with time and concentration should be
devoted to reducingAthe variations if overall oueration-
al efficiency is desired,

Cross-direction component variation was found to
decrease with speed while machine-direction variation
showed no trend., The random component variation tended
to decrease with speed which contradicted the findings
of Burkhard and lrist but may be inherent with the pilot
maciine,

During the course of obﬁaining data it was obseryed

that the speed fluctuated as much as plus or minus three

or four feet per minute, 7This could be a definite fac-

tor contributing to the variation in the macinine-direct-

.

ion component. Howéver, fluctuations of tnis type would
probably affect the random componcnt unless the fluctu-
ation was pefiodip_or dependent upon time,

‘ The automatic control just recently installed mnay
- help the system. Signals received by the Industrial
Nucleonics basis wieght gauge are compared to a target
and the stock flow valve is operated accordingly. The

one set of data obtaoined after the control was installed

had the same amount of variation as before., After more




-
knowledge of its operation is obtained, the benefits of

having automatic control may be obtained,



-2lj~
' RECOMVENDATIONS

The variations of the pilot machine basically are
not significant enoﬁgh to seriously produce erroneous
data, The machine direction component was found tq be
significant on the latter trials and may be looked at
with concern, If it ié consistently getting worse as
may be suggested from the data, thén some erfort may be
required to reduce the variatioﬁ'to maintain good per-
formance.

The results obtained with and without automatic
control should be examined to determine if this type
of control is beneficial at the pilot level, Better

tuning of the controller may be a goal,




wJE -
LITHRATURE CITED

1) Burkhard and Wrist- TAPPI 37(12):613,(1954)
2) Doering, George I.,- Pulp and Paper:Dec, 25,1907
3) Dellitt, John E,- Pulp and Paper:Jan, 1,1968

ly) Ferber, Robert- HMarket Research:279,McGraw-Hill(1949)
5) Streit, Fred- Paper Trade Journal:L0(1966)

6) Instruction Manual- Industrial Nucleonics Corp, 1966




=26=

APPENDIX
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APPENDIX 1
COMPUTEZER PROGRAIM FOR CALCULATING VARIANCES
10 REH VARTANCE ATALVSIS PROGRAN FOR BASIS WT, PROFILES
20 DIM A(20,20), B(20), C(20), D(20)
30 PRINT "{YPE VALUZS FOR M=! ROWS & N=¢ COLUMNS",
L0 INPUT M,N
50 MAT READ A(HM,N)
60 FOR S=1 TO N
70 LET B(S)=0
80 LT X=0
90 FOR T=1 TO I
100 LT X=X + A(T,S)
110 NILT T
115 LET D(S)=X
120 LET B(S)= X/M
130 WEXT 3
140 FOR U=1 TO 1i
150 LET C(U)=0
160 LET Y=0
170 FOR V=1 TO W
180 LaT v=Y + A(U,V)
190 NIUT V
200 LT C(U)= Y/N : ;
210 NEXT U |
220 LIT N1=il:M |
230 LET X1=0
2L0 LET X2=0
250 TOR O=1 TO i
260 LET X1=X1 + D(0) :
270 WiEXT O . » !
300 TAT X2=X1/M1

"‘.

£

L

310 LET 31=0 . - ;
320 02 Dl 1 i

330 L,F —dl + (B(Dl)-KE) 2

3)4,0 il r' Dl

350 udf S1=51/(¥-1)

360 LET =

370 FOR G=1 TO M

330 LET 7=F + (C(G)-X2)t2

L10 AT J=0
h20 POR H=1 TO N
1130 PCR I=1 O M
i '7T 2112




[ .

NIXT U |

PRINT "X2=";X2

LIT F1=S1/S3

LT F2=S2/S3

IF (F1l#100)<=1 THIN 530

PRINT "#l= "; Fl, "NOT ACCZPTABLE"
GO TO 54O -

PRINT "Fl= "; Fl, "ACCEPTABLE"

IF (F2:100)%=1 THIN 570

PRINT "F2= "; F2, "NOT ACCEPTABLZE"
GO TO 515

PRINT "F2= "; 72, "ACCEPTABLEM

APPENDIX.2
PROCEDURE FOR CALCULATING VARTIAIICES

m .

3 _ p= P.
1 m-1
n
T i =\ 2
s=1 (K.s - X)
Sa = n-1

Where: : .
n=number of positions across a strip
m=number of strips
X=grand average
X_ =hold s while varying p through range (1 - m)

De.

X =hold p while varying s through range (1L - n)

Xps=vary p and s throﬁgh range of matrix
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Appendixes III and IV may be found in the original
copy on file at the Department of Paper Science and

Engineering.
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