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, . INIRODUC] ION = PAPER ANUFACTURE' ~ PAPER SURFAC (PARAMETERS~ ~— -~

1.1 Introduction - Paper Mapufacturs

| ?' - Paper iJ/a complex fiber network formed: from a dilute

o ~ guspension of single fibers., The struct ural pro‘frtiee or
) ) -

the qetwork depend upon the nature apd pre-treatment of the U

“

“fibers and on the processes used td form and,{inish the
network. " | :
We will further. desl iba. very briefly. the process
of paper making. 80 that s general idea of tha depéndance
' or paper roughness on he various materials and pro;esses

used, and of the geéneral’ problema involved can be formed. P

>

l.l.i ":-arat16 of the‘ﬂ; . E L o
‘ In the making (5) of paﬁeé.,the,pu}p'(ﬁp stock Qélit' ‘
is called) is made from a mixture bf‘cotton.Jliheh. hardwood, -
sortwood etc., depending qn the quality of the paper wo want
to obtain. e
Paparmaking ribers produced by the pulp mill. or"’ }

partially preparcd rrom varinus matopials. are not sultublo '“'_
as such for tha manuracturc of paper.: A ggeet mado from
;ucn fibers would have - ldw utrgnsth. hlgh bulk. an open,
R P'irregular taxture. and wnd umven formatlon ‘and would 411
inttrg/rato z‘ndﬂy whcn wc’ctm by water . (unluu nparauly

f ey

troatcd with reciai tp prondn bondlﬂz), X*Lg “(3 f : .};wv‘§“ﬂ;
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T . typae: the addition of various chemicals and fillers, and
the mechapical treatment necessary to make fibers suitable
for forming into a sheet of paper. The terms beEting and
refiq}ng sre commonly used. interdhangeably to describe various
types of mechanical treatment to which the fibers are aub-
jected. ‘However, each term is also used in a more limited |
‘sense. lence "beating". may refer to the operation of a

a .
- N beater, sither in batch or continuous processing. The term

“refining" is used to describg the action of various conical
and disk-type pleces of equipment used almost entirely for g .

continuous processing.
<

oty

D : \ ;During the past decade considerable progress has been
" mede in the understanding of the effects of mechanicl treat-.
ment on the fiber and the nature of fiber bonding in paper.

s Excellent reviews of present knowledge are available (6,7,8). :

M

1.1.‘z “Fiber Structure (5) o o

o "3 ; ‘ Fibers’ere-essentially~;ong hollow cylinders. Depend-
ing‘gpon ‘theé eource, 1.e., hardwoods, softwoods. plant fibers, -
e etc.. they vary. primarily in .lengh, diameter. wall thickness.
. and flexibility, and depending on the cooking process to '
Caw which they have been eubaected. they aleo vary in their rigid-
ity. flexibilaty. and reeistanée to mechanical treatment. |
Figure 1-5 ig a. diagremmatio representation of a cell
wall in a typical wood fiber. The outermost ‘layer of the
I fiber.”the primary wall, . is very thin. ﬁrobably onlf\a faw:fj,;}l'
| 'f' hundred angstrom uhits in thickneas.' In,thiu lqyer. the ' T

N
cellulose fibrils are highly 1ndiv1dua11zed. aemewhat
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at.a lerge af S
:; o ?he ultimate tibroue unit ot tha fiber h!B not 5?ﬁ

pad

[l

irregularly diapersedr'end to aome extent interwoven. They
have a preferred orientation that is mainﬁy‘longitudinal'on
the outside of the wall but transverse on the inside. -
The aeéondary wall is mada up. usually,. of three |
distinct layers - the oute® layer (designated Sl). the middle
layer (designated S2), and the inner layer (designated s3).
The outer layer.-of the gecondary wall (Sl) is- again quite.
thin, of the order of 1, 000 t0.5,000 A in thiokness. It
coneists of two systema*of parellel fibrils which gpiral .
in oppositJ senses and are symmetrically disposed about the L -
axial direction at approximately 90 to edch other. The |
_middle secondary wall '(S2) consists of a geries of coaxial
leminaa and contains the bulk of the cellulose in the\ﬁaiure/"' ,
fivers. It varies in thickneas between wide limits, depend- '\ix\
ing upon many factors, which include the location of the ‘
fiber within the tree. the season of the year, l.e,, gummer-
wood or springwood, climatic conditions underxwhich the tree‘féﬁ
grows, etc. Typically, it varies from 1 to 5 p thick. In the ,
iddle of the secondary layer ‘the fibrils are closely packed .‘:
and generally arranged in one direction at only ' small angle o
to tnb longitudinal axie. The inner layer of”the secondary
wall ($3), again. is very thin. - Here there is agein pre--:
dominantly one. airactién oi’ fibrillar orienta%ion. this time U B

. L N
Yo . T
3

S0 < 4 : el

pan:

!

oy

‘to t
‘ ﬁ”ﬂxﬁ



D%

turn are cémpoaed\af uicroribrilb. and this subdivision
J N "
may ex%end down to the individual’ celluloae molecules. '

The interfibrillar material conaiste of lignin and
henicelluloses. The,hanicelluloeas are hydrophylic and ' .
probably amorphous. Hemleellulosas'whlchfoan be isolated

PRI . 4 ~

' - from celluloso are water-soluble, and tho native cellulose
) o will have a etrong tendency to diasolve. or at loaat to swoll.
This tendenoy to swell - ls partially counteérgoted by the bond

7. 'which exists between the interfibrill&r naterial and the .

fibrlle and by rostraint imposed by the spiral outer layer . .',1

of. tho secondary wull.

N N ‘The detailed effect that cooking and bleaching have . ;: -

on %he fider ltructuro is boyond the acope of this chapter. o

. It dbould be pointcd out, however, that these two procosapa' ',V

. ' 'roprE th only\thi intcrpolluiar‘suﬁntnnces (such aa'ligdin).

.  but algo.pqtéiiul'féoi the fiber itself. In fact, the elimina-

é . ‘ tlon of llgnld derivatives and other highly-colbr;d cdapohndé

? o rron the fiber is the reason for blnaohing. Tho houicellu-

o 1olic uatorial. which affects bo-ting chnractarintioa. is

| also atfoctod to a grcator or. lcsbcr oxtont by the oookiug ‘,; S

g e
IV

und bleaching progoascz. To. this gnnorll well-orderad CoLT
atructure of '} wood fibnr must bo ndﬂod one other reatnro. ‘fj“ﬁ:3? 
By tho tinl-lt ronchc- thc stcck propuration atagoc. oach 3

Y]

ook h& nﬂ}binn¢h4h316§§ﬂ
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X ) when' the fibeq is rewetted. .~ v\~’ ,

.o . - - é . - , ’
L e 3 .i_es_gegegzsz§5) SN 3
S The’gtetus '6f ‘the relationship between fiber eharac- o

v

terietice,and,peper propertiee. from the fundamental point

e ef“viewileen be best appnecieted.b&‘ccmpaéing the two
paragraphs belowi. ' ' - BT | ‘

L The length of the ziber in the original wood from o R

, - which the pulp is derived is of perticu;g} importance for‘ "

tearing resistance.... Pulp strength properties euch as

-~ burst tensile. and partlcularly folding endurance. are

o adversely affected by san increase in wall thickness (6) -

- . riber length, which variad from O, 6 to 3 2 mm, had

' no aignifichnt influence on paper propertiee. not ‘even on

| | _ teering strength.... The relative length (length—cver\

; L diameter retio) eeemed to be the moet importent factor for

s tearing etrength. the flexibility coefficient (lumen width

é' o %0 fiber width ratio) for teneile strength. and eomewhet

N »

, . less se far for bureting etrength (6)s. - - - .-
o Frcm the etandpoint of papermeking. it nust be

\

j‘“‘“*““‘”‘"'remembered—thet;.ﬁrmn;pcpuletipn1 even .in a. furnish ueing e <

eingle type of pulp."ie probably &8 hetercgeneoue in eize. 3 ' R
shape. or any ether phyeicel ch?racterietics ag is the humen
: race.e when this is extended,to inelude pulps from vagioue ff:fi,,




numericel values than in relative data which éan'be correla=
- ted, through experience, to the end result in the fipnished - o
gsheet of psper. This generalization has resulted in consi- |
dereble misunderstanding by those involved in fundemental . ¢5~

research, as. evidenced by the emount of "debunking of

“established theories" which they find necessary to include

x

in their published articles. . ;! ; ' :

Again. in discussing tiber geometry. we are faced
with the incompatibility of tests which are simple enough
for control purposes, yet indicetive of the complexities of

'r 1;'

sizes and shapes of the fibers in the mixed stock.

1.1. # The Fougd;ig er Paper Mggnine (5) '. R ;

Two stenderd types. of" paper mechines are used to

manufacture the meny snd varied gredee of psper. the

"fourdrinier and the cylinder machine. In addition. there .

' make & perticular produc Further, w we will, briefly, ) L

degcribe the fourdrinier machine (eee\Fig. 1-6) * )
"+ ¢ The genersl method of naking paper is essentielly '
the*eame‘tor«all~types+cf—mechineel.mhe.peper_is made by «?_“;

depositing tibers frcm a. very 1ow consietency equeeus eus-j‘

{;‘(‘

pension onto a relstively fine woven scrsen (wire)l love
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length is of the same éizé as the openings ih the screen,

so that a lot of fibers pass through the wire during the .
initial stages of drainlge. As the fibgr mat begins to form.

1

the ratention rate increases progreasively. "

The varying retention rete leads to 2. gradual vafiation

, of the sheet characteristics from one side tn “the other.

Even as 8 very wet mat, the formlng gheet hes considarable

_ strength. This is due o 'the frictional amd interlocking

forces which occur between the fivers, and its strength
increases as ‘the. web consistenoy is increased. At a later

A
stage during drying. the fibers begin~¥6 bond to one another

lohemically, until this type of bond predominatea in the, fully

dried state, o , \, ; '

The principal parts of the modern fourdrinier machine

are shown diagrammatically in Figure 1~ 7. The coursge of the

. paper through the machine is also indioated. Details’ of the

Y

several sectiohs differ\in various types of machinea.

» The stock, which is about 0 5% fiver, depanding on the
grade of paper. belng made. entere the £1owbox, or headbox, ;

'through the inlet. whenoe it is forced by its own weight.

Cwatk .

. ‘;,Iourdrinier wirg.,
A "or somatimes by the ir f@rive roll, and is supported by

orr plus air pressure, uut througﬁ‘ihe‘sltcc'on to-the endlesav-mm‘

This wira ia driven by the couch. roll..

¢

‘f-,ﬂroils. ahd the wire rolls. Much

S“and’the uuotioh bouehﬁ,‘




C . T, A [ . .
; ‘ L ’ \ R \
’ ! I\ ! '
.
. o ' - 11 - Vo f - .
. ‘ . ) o C
. , .
. ) i . R . - . ‘ , ‘ .
C . ' \ a
! . . - . . Ve .
\‘ . . \\ . ! v .
, ‘ . . . | . \
. . . . .
. . )
' : . . . P B i oL c
- o ) .
. \ . ' , .

. : L "7 Fourdrinier ' Dandy'. . Suction '

: Hydrofoils Wire
. . Headbox Hy “Table Roll Couch .

\ Breast Wire Return ' Wire Drive . :
"~ Roll Rolls  Sactlon  "gop) | -
, . P D Wringer L - o
' Press o i S
: ) " Dryer Bgz:ﬁ;r' - Dryer

Second - .
' ~ Press - .
! .
. . v
* . -
: Transfer Smoothing . -
.
: i - .
Press . Press ) .
. Al -
' ‘ "Unwind
{ Size : . Calender Reel S Slitters .
o - . tand ] .
. Press ,
1] . 1]
. .' 4 4
.l‘ i
I R S —— S i . -
» N M B v N
PR B . PO « - L . ine A
: . *. Fig,’ 1=7 Parts of a fourdrinier psper machine. - -
- N . \ » . ' . . EIEN “
t . N, ;
Lo
. S S s
. A
' H v C
. ..’ + Ty
r ': .
ooy ...n,,.',.. ¢ A a Lt
. S - A VRSN hes »"’;‘,g‘f‘,,l Tyt b IS .
-t“}r .;‘x L R A e AP PR SRR
'( X‘ o ,1 .",;il | &‘: ('1“};;.:- qﬁ}:,’é}‘i“’\:? " ! ;* 3
."-"."f AN BRI e NN RN
DRI, R LS 4 e S
Ml e A I e
Lt St LR R
WOy g ﬁ%ﬁﬂﬂvéﬁf;fﬁﬂ*“ta"?ikn&h
¥ SRS Ry o N B ey i
,,'i\;,‘:‘ 3 i.‘},’\‘ Ay il «,,3_ a ‘t:?“f\.'\‘ Eh " LR
Y A AV faxe S S VR A DR
5 Wl o Yot oY TP I LA SR R
2 '“@~ﬁ N R I O
L e ’le\(rm{" ¥ LRt T 1){,“‘:“;‘,5' 3 Y
- w,“‘}, ’.‘,sk LA AT MLP"E‘ ;’;";C“ W

?&1_'\4

,ga‘ 5



Limsundadatiststidii v SEPVRRNER SR RS o Yoyt RAEREL LTS ol S g™

/ ! a V%

‘.carryini deflectors///ometimee called "hydrofoils ' whose
purpose is to i éreaae dewetering retes. improve finee re-
;;ftention. and reduce headbox coneietenoles. A dandy roll is .

‘gometime used to improve gsheet’ formation by amoothing the

» top surface and imparting a wire design to. make the paper
a%iﬁeyon both sides. Some of the older paper machines

,n'making special papere have used a plain bottom couch roll

'with a jacketed top couch roll;’ however. the plain bottom .
' couch roll is practically obeolete. , .
Figure '1-7_shows the sﬁeet transferred to the first
pfess felt.‘whioh is an endless woolen blanket, by means:
of fhe'suotioo pickup roll. Then the sheet passes between
the top and bottom rolle of a transfer press, where more
- o ‘water is removed and the sheet furthéﬁ\pr;oa;o.“Moot modern
machines use a perforated bottom suction press roll. to |
facilitate the removri of water from the sheet. The pr!1?
felt 13 8u ported and kept tiéht by felt end stretch rolls
(“°t.3h§:2;- The next step is to transfer the sheet to the
- 'felﬁed gecond preoe. which ie sometimes“eimilor'to the first
‘ - press, and.then to the third press, in‘oas’ltho mechine is
e.w;#w__*hwﬁhao equippedoﬁﬁMany mochinea use a regggeg last,press instead
| ’Z of a etraight-through prose; ‘also a amoothing press, es

ehown in Figuro 1~7.‘ reverse—press arrangement may aleo be

round 1n first- and second-prees locatfgns. The prioery runc-
tlon of tho ehooﬁhing prose is to 1mport gmgoxnnegg_to tho
ﬁet nhpet immedietely eheod of the ﬁ:ot dryer. m.re .and felt




S13- .

at this stage of manufacture. ' | ' R i’ul‘lg”
After . the paper leaves the press part, 1tfepnfe£he )
ebout 60 to 70% weter. and it then goes over the eteeh- '
! heeted dryers. which evaporate additionel witer end make
~ the sheet 90 to 4% dry. | In its passage through;the dryer

-+ - part, the paper (unless very thick and strong) ie carried .

, through and kept in conte ct with the dryers by oenvee or <

'~"febric felts. , ¥:iv T '

A L
A fabric-felt-end-paper sandwich paeeee through the

nip of the rubberwcovered press rolls. The ability of.the

I3
’

open-mesh fabric\to store water pressed from the felt.
elmplifies removel of. weter out of the press eection entlrely."
The machine ehown in Figure l1-7 is equipped with a8’ o
_breaker stack, which is generally located about two-thirde ,f: ‘
,.of the way down the main dryer section. The primary function-
" of the breaker stack is to compact and ‘megan the sheet whiled
' it still has a fairly high moisture content. Also shown is
a size press ihetalled after the mein dryer section and prior
/%o the last dryer section. where the sheet is eubmerged in
or flooded with size and other solutions, 1.e.. etarch. etc,.‘
‘- to 1mpart to thé paper not only'reeietence to penetration of
J;ww-~w%iquide. but—other chereoterietice as well‘*‘iﬁ‘ectuel
'“practice. the paper 'ig thoroughly dried (3 to 8%). .run through
"the eize prees. and then further dried out. The dried aheet .
. ,,'[ f;fthen geeedthrough the calender etaek. whioh oonelete of: . ) .';_e-l
| “f:deriee of euonth. heayy iron rolle. end the peper ie celender- ff'f;’

?he aheet ie now wound

el e -
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on the. reelrae rapidly as formed on the machine. When one - O
of the reele is full. a new reel is eterted. and the aheet

is transferred to 'the upwind stand, from which it is run.

through the elittere to the winder. The winder part thén

glits the full-width wheel and winde it into rolls of proper ‘

width and diameter on qesired core ‘gize to suit the customer.

‘ or for further prooeeeing. In some cases the full-width

roll is further processed before slitting.

1.1.% alendering egd Effect g; Lgn g;gg on_the Pegg;

Qualitx (5) ?

After drying. the peper surface is still rough end its .

,;caliper not completely uniform. Beth properties can ‘be

‘ controlled, within certain limits, by oalendering.

q,"

The celendering of paper is the ection involved ines
eubjecting the viecoelaetic paper web to the nip preshure

of a’ set of two or more adjaceni and revolving rollsa this

action compacts the web-and ¢ _h_nsgg_;ﬂliuuﬂuuuLJuuuun;iuui S o
th ough pressure ] d friction. The" mechenism by -which the . |

changee in the paper - propertiee are produced is very oo f
importent. eince more emphaeie is being pleced on better
paper quality. o ’ "

‘The chengee which heve been introduced ‘in the deeign
of the steel roll calender eteck since it. firet.appeered.ea :.;, o,
an integral part of the pepermeking eperetion heve been N
m:inly reflnemente in beering deelgn. roll etrengﬁh, nurrece

o tinieh. and improved eontrol ot nip preeture. rheee ohhngec
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i {rements of th bl \er. There are other funotionau

" Befes in certain 8re doa of kraft paper and boaqu the chemi~

‘ -stack, ‘using wet bo Ja to ataok~finish the sheet’ with varioua
;‘additiveas ‘theae ad itponal uses aro “not includedq, since they . #w{:'

have been important in improving both the quality of the’ C L
prer and the operation and maintenance problems of this '
pagt of the paper machine.' But since the fundamentala aro
larggly intuitiVely. rather than quantitatively, known. no
theory has been evolved on which basic dasigna can be made.
The diatribution of the poi@r inputfto the séack is
one of the important factors in. datéﬁmining both the meohan-

‘ism of calendering and the affipienoy of the utilization of wt

i

the power available. The variablaa which affeot it ara )
bearing friction, nip stress: hysteresis. rolling friction.
the balt effect, and roll-to-roll slip both for the bare
rolls and for. the case when paper is. inh the ftaok.

. The .function of tha calander stack is studied hara

ag ‘it applies to production. i.a.. to provide caliper Eﬂutrol

‘across the. width of tha sheat to build even raals angd to

produce a mooth well- hed sheet to me t tab it

-

oal. as wsll as the machanioal finish is applied at the.

are. fielda of invastigation quite aaparato from tha oodaidar-

Yy .

ation of the basic maohanioal aotion of tha steel roll ataok;~,”g\
)

‘The calonder ataok ia the one part of tha papar




i e., the b331c properties of the fibers used, the uniform- '

g "céty of dlstrlbutlon and dralnage at the wet end, and the

o

. ’ “ presslng and- drylng operations whlch subsequently. oceur.

A The surface fansh .of newsprint is malnly due to calendering,

although altering the wet-end dralnage to retain different
(

- A

e i

fines ffactloﬂs‘wouid probably haVegsome effect on _the

euhiforoity are mainly effects of the fiber propenéiea and
the stock distributlon systen, respectively, although the
absolute caliper can Be éhanged at the stack byﬁbontrolling
the‘%otal-nlp pressqre; ahd caliper nonunlformitieg cag be -

o~ " . partially corrected through good localized nip pressure

A -
=~ R . . o
control.” _ , . R \\

T T e

Y ultimate surface finish; the absolute caliper and the calipér

X . The effect of the calendering mechanism on 6??§f‘;

properties must also be considered, And since the stack is
b 3

parts of the paper machine), the action of eath n1p on the

. . mip pressures on cross-machine-direction paper quality, must

_ be,exatiined.” The ac%ion of the stack on maohigé-diracﬁion

essentlally two-dlmenslonal 1n its effect (as are all other ‘:

@achine-diréction ﬁuality. as well ‘as thelefféot of localized i

g

and on cross-machine-direction oroperfIEE”orfpapar;tan—%nrA
'viéualiged7by splitting'them into two seporate. but related,

i~

'spﬁeﬁbss in the first case, the average qnality improvement .
Whlch takes place is due to the number, size, speed, and

' weight of the rolls in the stack. as well as their limits

< o .
PN

NI

v by changlng any one‘of the variébles (for existing stacks,
? «_. . the only variable which can be leffectifely controlled if th\é,,‘
B o o “
v , sy ;




iy .

number of rolls); the second case, ;ﬁat/of the cross-machi=-

ne-direction effect of the stack on paper quality, is quite

‘' geparate. With any stdck it is possible to correct partially

for cross-direction variations in the sheet (which may be

uniform ih the machine-direction) through the control of

In FPigure 1-8 two paper samples are shown before and
afte> calendering. | |

Table l:}fShbws a aypical set'ef results for news-
print quality changes’ through successi?e nips of ﬁhe machine
calender..’ | '

Table 1-2 shows the relation between Bendtsen rough-

Aness (B ml/mln) and absolute unlts (G pm)

The Bendtsen is an air fl w instrument for measuring
smqplhness and is used for industrial quality control. It
determlnes the rate of air flow at 0 25 p81 over an area
0. .006 in wide. Between B and G tﬁe following (2) relation
helds:

| G = 1.545 x B2

Figure 1-9 shows the rate of change of newsprint

!

©

'caliper through the six nips in the stack.
Flgure 1-10 shows the change in Bendtsen roughnesa

through the nips of the stack: in contrast to the change

in caliper. surface roséhness of the sheet develops linear-

19\ with each success;ve nip, contributing nearly equal

amants. . ) S~
. '4b o ”{ | ". | . ll¥‘ 

7
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lendered and calendered paper sample
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TABLE 1-1.

- 19 -

e

U=RIER T3 3" A

- .

iChange in paper .quality under normalﬁ
operating conditioris.
‘ .’ | N . .
. . ® - Smoothnesa
oy o Caliper Top Wire
Entering first "‘6TUOS?O'*“-—268—«;T3252
Leaving first 0.00460 178 207
- | Leaving second 0.00380 150 ‘177
Leaving third 0. 6\350 108\) T 12h '
Leaving fourth 0.00330 102 114 |
Leaving fifth’ 0.00319 76 88 |
Leaving sixth 0.00307 58 | 62

T

TABLE 1-2.

Bendtsen (B) to absolute. (G) units

. » conversion,
B ‘ml/min ¢ pm
C S I T 3.3
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' generally understodd‘the geometrical prpperty of phe'surfaée

— - [ - - —_— -

ST 7. -. Al - R

‘s P .

1.2 Charagteristics of a_Paper Surface - étatigtical
* . Surface Paramgters . . ‘ o

1.2,1 Roughness of Paper : . ' ' L] g

£

,By.rougﬁﬁess (or its'opposiﬁe. smpo@hness) is ’ -

*

+. dimensions of the order of 0.01 - 2.0 mm in the plane of

which mdy-bedefined-as-its devistion from (or—in-the
opposite case, closeness to) an idealiy flat'plane. Iﬁ the =
case of paper or board, the deviationg that are'perciéved ‘
ag'rdughnpss are on a very small scaleé~ahd'océuY‘as';topog-
raphic" features 6n the surface (peaks or ;;lleys) having

the paper, and about ,Ql - 0.1 in the direction normal to

the plane. S ) ' ' \

Deviations of lower frequency and largerfuimensions

no lonéer‘contributé to roughness but may come under the

designation of "waviness", or-indicate variations in

thickness, etc. a

o -

-

Consider a simplified paper surface (or«any surface

/ - Y

}inlgenerél). Fig. 1-11, and let us make’ sone definxtions

which will be usefult

R e 18 the profile “’«rgy‘,jy,d S

, . s T e
. " N . 0.
L 3 , PR PR

e 8

a 1Is the direction of lay or machinemdifection; ¢

i. .. the direction along which the paper is,

‘ .
; <, RN

manuractured., . , ‘ .

S ""‘b“is the directxon vertlcal to the machine ~_ N

~ direction, ar cross direction o L

fa

‘;

v, -
i L)

m e, b
et e,

Ad is the wévineas suaning *"mﬁ¢,;"ifﬁl’1j3'53
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‘1.,2.2. Statigtica; Surface Paramgters

Yo v Y e
o T AR o A R e

t - 22 - ! . '
J ) ;, .
e is thg waviness :
& ) , w

N f 'is the roughness, and - §

‘g is the roughness spacing

The paper surfaco can be studied by statistical

analysis by considering the measuremient signal from eit

T4 or RRU as a stochastic process. It is'importaht to note
that this prooess is related to the surface geometry but,
due to measurement distortions or errors, it is not possible

‘-

in general to reconstruct the surface geometry from the .

-meagurements. , '

 The study of certain statistical parameters calculated

from the stochastic process will give a poasiblé‘descriptioo

-of thé qualities of the surface and the means to compare

different  types of paper‘samplee or the same paper for
different production ouos. It is of course‘desirable that |

the perameters (10) to be considered describe ade&uately
&% )

" the roughness heightwise and lengthuiee (the roughnese

specing). | o .
Consider.‘Fig. 1-12, a paper aurface«piofile signal

'~§almpled at regular lntervale.:;

in continuous form, as it is recorded on the magnetic tepe.
or ag it can be aeen on: en oscilloscope. from the measurinz

devices.

After the Anelog to Digitel conversion we get a- dlofﬁf'fn,

N A.A‘-c .
"‘ dﬁfin’! ",r U “»""| e
* ' L)
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is the continuous eignal

,,/’ PR .-" - . !
o . v is the value of the ith data point of our .

i \ | .discrqte,sigpal ® g
L is the "Sampling Length"
.~ - " n is the “Sampling Interval" (constant)

3 , o ~—-¢L~—is—the_$otalﬁmﬂumber*;ﬁ;Samples ‘ e -

1

Co 1is the "Crest Excursion” (duratlon of) , -
Vo 1is the “Valley Excursion” (interval between '
' excursions) . - ~

v

Congider the areas A, and A, and suppose that we can
rind suoh a line that: S o
Y areas above the line = § areas below the line.

Such & line wili\be called-"Center Line"”

" In the discrete case, let us dé{ine_as—yj 8“9,&k the

‘values of y,; that satisfy: . - ' 1 | -
! N Z-Yj“ };ka‘_ ‘.vjj‘.vk\. k=N .

. -+ The values yy sre abdve the "Center Line" (CL) and

.

.+ the values Yy are below the “Center Line_q_

The ”Center Line“ is uéed as reference for defining

- the roughneas of tha paper . (see definition of roughneas in
R aeotion 1. 2‘1)..'x,?¥ :” S N ‘ Lo
| L ) Further. we will describe the statistical parameters

that vére examlned~in this report. Some of these paramntera' o
.r"&?’u_‘ . "'«'; . .
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1.2.3 '_Meau;) 'Valug (of a Sample) o
' Let ¥so i =1, N, be the d,,iaci-ete 'sig?xa.lllv.alu'e's; 'the_n} ¢
. - 1 N - |
Mean Value 'y'= - ¥ ¥y (1.2-1) -
1 . ‘ s
) 1.2.4 Center Line Average C :’f ' L
As CLA vﬁue is defined: ;
. . |
S . =2 |
: CLA = =5 Z _(yi -y) '(1.2-2)
1 : ,
. - A » > :
: The CLA value is uged further as our reference lavel,
‘ /1.2.5 Root Mean Square (of a'Distribution) "
', The Root Mean Square Value is defined ss: '
| N ' — ;r . . ' ) I
, (= AVEY ST L
, whnre p'v is the vertical ﬁrobability density of the data
’ . /’ , ) } . ’n N N o | ) ‘ . .
: value. -~ ~ | T

1.2.6 Mean Crest Excursio

, - S
|’ . .

The Mean Crest Excursion Valie is defined’ ast .
" . . M - N .

RN

\

\

‘\\ ‘wher

'

. of - the ;quaﬁ.’ti’z\éd} ' dfa'g.‘a‘;igly,' 1, and" Ian
Ppe i

~

MCE = } ¥i Po (l2a8) ~ o o
. N : s

I

® p, i8 the nofizontal ‘or :qud‘fé.;on,p:qpit:’;‘l;ty;'q’;:gs;fy‘z / ‘

o e e g T
4M are the lowsr and " . ..

P

¢ limits. of the. deta: lavel

. R
e 4 8
)
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f 1.2.7 Rth‘Mean Squsre_of Cfest Excursion - - :
“ ', : As Root Méan Square Value of Crest Excursionfis "
" % defined: o , .
sk = Y Vyg swemPe, (s o
s I |
' : 1.2.8 Average Nuﬁberwgf Croési s (10) :
| As Average Number of Crosaings per unit length of | \
the surface is Speciffed thefaveragé number of yhe surface
undulations about a preselected lévél. along the x-éxis' . oo
_ (see Fig. 1-12). The preselected level in our case is the o
L ' CLA value. ° : “ : A N
; . ' | Let o be the standard deviation of t(y;) l.e.,’ '
i ‘ AGZﬁ__E4¥21" 1) . |
? | ' ZJ; and let"u'2 be the standard deﬁnation of the slope Y'(yl).
§ - where Y{“=-zi“::Zi=l , i.é.. , L el
‘I . Ax - = . . L S
od . E(Y'z(y ) e

theh

where 9R ig'a preselected.referepce

* ¥

- o

ﬂfL';whare k is a multiplication factor.

W

HowQVer. as it will be sqen.:

éroséinza per unit ;cngth.i

T r“'-";

tg‘.“‘u{

MR O,
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CHAPTER 2

S ) ROUGHNESS MEASUREMENT

& ' e . '

There ere varioua methods and instruments for the

testing of paper roughness (1 2,3, b),. The best known are

. air-deak instruments such as the Sheffield the Bendetep and
o " the like. In these methods a cup-llke device eontaining |
pressurlzed gas is applied tlghtly against the surface of the
P ‘sheet. The escape of the gas from inside the cup through

the .gaps along ghe line of contact with the gurface will be

, 8 function on the roughness of the surface and will provide

’JSure of it.

. properties of sheet material. but these are mostly directed
. to the detection,of individual surface blemishes, or to the
. measurgment oflgloss. but some are aleo.directed to @he
» L‘measurement'of foughnees. A aurface roughness meter .is:
disclosed in Canadxln Patent 698 19“ wherexn a two-colour
photogeter utilizes the difference }n the ‘reflectance of .
tun_diirenenj_ﬂgzg‘{engths to deviée a measure of the-

surrace roughness. A known ‘method of evaluating aurface

, f.‘ roughnees 15 to. view a sample o the _surface through B
{fi' Lo mleroeeope under euitable magn ficatipn and 2 1ow angle

“a ”j"'j illuminatien euch that the 1 ht,wilimthruw the surface
s the ehednws'eaet by the peake

R
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é methodé are'éénerally not adapteﬂ to nn-line measurements -

/;/6f moving webs, particnlarly webs traveil;ng at presénﬁ\dny:
high speeds in the paper'machiné. ,

The "Retro-Reflective Unit" (RRU) is &n optical device . .-

and provides a non-contact method for measuring with high

‘e

speed the surface roughness of amoving sheet, or web, of

paper. | . | . - . |
. Anothér dévice is the "Talysuff h* (T4) which provides
' a reliable method for lab testing of small paper samples. ' . .

‘The RRU gnd T4 were used for experimenting (see next chapter)‘ '

| _ for the purpose of this report. with the ™ as a refprencé

method for compar1ng the results from the RRU. In fact, it

,is worth to note here. that the A1r Leak instrumepts by

% , .‘ inches, are'doing an unclear statistical analyais of the true
' o ‘ ) o° .
geometry of the surface. It seems thexefore~§310vant to - £

CL correlaée the data obtained by those,inatruments with a ./~”’5\( ‘

statlstical analysis of either Tb or RRU,
Further, in this chapter. we.will. briefly._ﬂgacribe

' the She{field T4 and RRU 1n$§yLmente. P : C ﬁ\
. ’ ~ y - N /'
. 2.1 The Sheffield Mbthgd sy . o

The Sheffield tester, gives an instantaneous meaeure- “
.ment of papef*amoothness.l‘The instrument eonsists or two f, u
main elements. the fxrst is the Precisionéire column ingtru- l
4‘ ’. ‘ 4 ujyment tor preciag indination of air flow and the second i- :g ulﬂn“:
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_ © of 0.015 in} Air from the Precisionaire column, instrument
-_3' is introduced betweenuthe two rings while tﬁey'are in contact
" with a pauer gspecimen.” The rate of air ieakage between the

smooth surface of the two rings and the top of the .paper
sample is measured 1n the Precisionaire instrumemnt and =
Lndlcates the comparatlve smoothness of the paper. Because

the rate of air flom,is indicated, the readings of tue |
1nstrument are 1nstantaneous regard%ess of the degree of
smoothness. Callbratlon of , the Prec191ona1re column instru-
ment is made by establishing a known initial rate of air- ; :
flow in each of the columns of the instrument based on fixed
metal orlfices. These callbrating orifices are a part g.!the
test fixture, providlng a ready reference at any t}me. The

" notation system. used is numerlcal. from 0 to 400 units on the .

Sheffield scale. These units are approx1mately equlvalent
to cublic centimeters of air per’minuté times 10. The 0
f- .repgesenté the "perfect” and the smoothness of the sample

g deereeses as -the value of tﬁe scale units increase. The
" ‘ Sheffield is sensitive t%sepeggs in tﬁe paper. Mii
ég' ' ‘, ' As a rule, testere_ef the air-f{ow type are fairly

_ well adapted'to the teeting ef papef smoothness. There are, -

) hewever. several shortcomings;of tnis'type of instrumént. a

The .results -are more’ affected by a few large depre351ons
than by an equlvalent area ofﬂ?hall depressions because the
air flow is proportional ‘to the “Pourth power of the surface
changels. This places undue . emph331s on accidental defaqts. .;i"

1
v

.- <. The flow of air is affected by the depth of the cavities in

Y U —

""
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the paper shrfacé. which is often not indicative of bﬁé
suitability,of-tﬁe paper for a certain purpose, for %xamplé.
inp intigg. where very d;ep bavitiqg'are'no more harmful fo»
printivg quality'than medium-ﬁeep depresgions. Qn"th;~other
. hand, the flow of air is not greatly influenced by'd£5con-
tinuous irregularities in the paper sunfaée (e.g.; wire
marks), and these lrregularltles are oftén 1mportant in the

t

‘ use of the. Qaper. In the case of very amooth papers, such
as coaté&véapers. the readlngs obtained on air flow smooth-
‘ " ness testers are principally a measure of transverse ﬁbrosity;
‘ rather than smoothness, and are therefore affected by thick-

ness.ghdyuenéity of the sample. . |

2.5 " The "Talysurf 4% Method -

The "Talysurf 4" (TH) surface measurement instrument
(11) is mainly used for measuring the surface flnlsh of metal
parts or components. _}n this case (4) it was usgd guccesful -
ly as é reference method for measuring'jhe_roughness of a
paper surface. ! )

/ -
" The prlnclple is illustrated schematlcally in Flg. 2-2,

et e ey A SR S «t‘:&M

The gearbox "drives a pick-up slowly across the surface and
a;sharply—p01nted stylus traces the profile of the surface ’
v irregu}arities. The plckwup is an 1nductive-t&pe transdué%r.
| ‘connected in a‘b:idge circuit._in which ‘the vertical move-
2 R henté of the sf&lus modulate a éarbief ﬁéveform. This signal

is amplified demodulated and used to operate 8 recorder¢

3) Rkt

P The aignal. suitably modified by filters. is also used . to
" operute the CLA ister\ |
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C . "The gearbox” includes an electrlc motor which

) s

‘ traverses the pick-up at s eelected speed across ‘the work-
) ' piece. The d;ive is }n one direction only, the pick-up |
, : beiné traversed manually to the beginning‘bf the stroke. B
| The tneveieing'leegth is adjustable and the sequence of the
meesuring cycle is controlled from precision-set eentacts o
inside the gearbox. S , f

’

"The stand” -has a lead screw by which the gearbox can

“ee raised and lowered. The gearbox mounting adepter can ‘be
adjueted'so.thet the pick-up traverse is accurately parallel |
to the'baae of- thé stand, thue’mihimieidg‘the'time necessary

- 0 - .
nt for measurement. = . a

for sef%ing-@p‘a com

ck-up" projects from -the gearbpx'End ig easily ;
.removable from it. o 1 :’ .

‘ | > "The Electronlc Unit is fully transistorized and con=

\

1 ' tains. on the Tront panel the operating conﬁrols and CLA

e A

meter.

.

"The Recorder producee a graph having rectilinear "

cq-Ordinateh. marking being by electric’aetion on an electro-‘

) I

I . : Yo

‘ ‘ ""gensitive chart paper.‘ o
. ' The eLeetrical eigﬂll from thempick~up repreeente the
thia

v““

‘ *f relative movomeht between etylus and piok-up hndyu,
‘ signal to be truly repredentative of the eurtaqe orofilq.
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comparison with the texture spacing. The skid provides a

serviceable datum only if the crests are close enough -

s 2 B ST e T T

together. If the crests are more widely spaced (Fig. 2-4)

- the sk1d tends to"kolrow the proflle and thuS‘the vertical
movement of the pxck-up body contrlbutes to the output sxgnal.

In these cases it is preferable to use a flat shoe support

for the pick-up (Fig. 2<5) which will span the irregularities. ©
The texture of a surface may include rbughhess .
irregularities of different erest spacings, superimposed on
" each other, as-in the profile ghown in Fig. 2-6. To get a. ,

,true measure of the roughness of this surface it is necessary
to choose\a'Sampling length L, long enough to include the
various roughness crest‘spscings exhibited by the surfaceT
In the electrical integrating instrument the meter cut-off
values are made equal to tﬁe'sampling 1engths. When the
1nstrument,is switched to desired meter cut-off, i.e., to
the desired sempling length, the pick-up w111 traverse the , "

surface to give average resq}ts from sever\T‘consecutlve

-~

sampling lengths. T
On finer surfaces with much closer spaced irregu~ .

, laritiee. it is possiBle to uge. 8 shorter meter cut-off. .

.»' S The filters in the Eieotronichnit conform to the = . ‘3 .
requirements 1laid down in the British. U.S. and Canadian '
Standards and do not give 8 sharp cut 1n the response to“
irregularities of vidths gronter thsn the meter eut-of!

Inetead there in a.;rsduel ottanustien e! roep‘ff:

Lok

length.,




-3  A/skid supporting the pick-up gives an a
acg.

meS t

i

straight-line movement across the s
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+

consider a surface having an irregularity spacing of 0.03 in

.(0 8 mm)., With a meter cut-off of 0.1 1n (2,5 mm) the chart
‘shows that almost the whole amplltude of the lrregularltles
“will contribute only 75% of their amplitude to the meter " LN
readihg. . .
The filters are operative only in the meter circuit
arld do not affect the graph. |
. | The'ﬁraverée‘gdald (Fig. 2-8) on the'ge§rbbx indicates ,
the position of the pick~up in relation to the traverse. The , .rl
upper scale is divided into- four divisions, each 0.1 in
(2,5 mm) wide. - The lower scale has an index line and J, K,
and L traversing length markings: as the plck-up traverses. g

the gcale moves from: left to right.

g wit VO

The 1ongest recording traversing length 0.4 in
(10,1 mm) is obtalnable when tee traverse 18 "started with

the scales aligned as shown in Fig., 2-8., Note that there is

e g SIS Sraggud™ BTt i)

" a slight overtravel beyond this position but this overtrével
L, should not be used as it is beyond the normal. working limit.

of the ligament hinge.

.

) - The end af any . traverse oceurs whan the index 1ine
is Just past tha rlght-hand mark,,the slight overtravel )
beyond the right-hand mark is occupiad by a switching aurge

.

which should be ingored on. the racordlng, T Lol

The ronovung nmitations should be noted.A | 'g e

l
|
i
|
\
\
\
|
|
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2-6 Diagram to illuétrate,samplibg '

Meter. cut-off JMe

L]

\

*

.

length.

.

¢ . K

”

ter cut-off K yosor cuteoff L -

80

T~

dication %

P
in

Meter

N N '\\ . '

OO0
.

r

Fig.

P
6 PR
TRy

0.
0,

ol

25

0.03
0,8

Roughﬁeas pbgcing : ox S ,

’
f

2-7 Chart showing effect of cut-off on meter ;Qdicggiong,f;j Do
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Crests up to 0.375 in (9,5 mm) spacing cén be recorded

most meaéurements are made the noise fighre will be

‘noise due td'external vibration.,

equal to 0.03 in (0,8 mm).

by the use of an independent datum. | |
The finite dimension of the stylus tip and other factors
limit the minimum spacing of roughness which can be

~ P
accurately recorded. For accuracy at xlOO speed and

for roughness spacings ‘down to 0,0001 in (0,0025 mm)

‘there is not much reduction in amplitude.

The minimum CLA value that can be measure&'is'limited

by the inherent noise in the instrument... The noise wil;
not exceed 0.6 pin (0, 015 pm) CLA with the Small Bore
Plck-up or 0.3 pin (0 00?5 pm) with all other pick-ups,
in the worst case, i.e., when supported by theiStraight

' Line Datum Attachment. In the conditions under which

'

less, but, of course the ébove figures do not include \y-

A ' ! vu

The "Retro-Reflective Unit" Method / ,
| Tﬁé PRetrb—Reflective Unit™ (RR&).‘see Fig. 2-9 offers

R way'of continuously measuring rou&hneea by'a non-contacting

o ;3}r”¢tfmethod.and a new way of axamining the structure of the paper

e 2

’fJ urface. As it will be seen in Chupter b, by comparing. the

a)u -

L ,.':fresults from both the Th and RRU methods appear to be compat-
- {;7jj5x§3lble. to the extehd that the fesults of the statistical
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, L Fig. 2-9w The Retro-Reflective Unit.

-

: o First commercial installatioh of the head of the ‘ ;
C R RRU in a large fine papermachine. In,the above~' . ‘

- . picture, the scan is obtained by letting ‘the papar : ,

o ‘_2““\Q1 travel above alstgtipnéfi head. .Tya.stg;ihtical’” M
,i' o ': prbcassing is done by a special purposa hybrid '
| . . A computer not shown hepe.
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an lnfrared _Light Emitting Diode and the 1ntensity of the

.

reflected radlatlon 19 measured.

An 1rregu1ar surface (b) will, in general, scatter a

PR

colllmated beam of 1nc1dent radiation diffusely. that is in

Lo

. all directions, At an angle of reflection equal tol%ﬂ
slightly greater than the angle of incidence, a specularly
reflected beam will also appear. The relative intensities of
theae two components depend on thé roughness of tha sUrface.

" This phenomenon has been considered theoretically. -

When the wavelength of the radia%ion is less than or'slightly‘
- greater than the r. m.s, roughness of the surfaa? scattering
; is genarally -considered to be a diffraction effect at the
' surface. At long: wavelengths the problem is thought of in
_terms of geometrical raflactlons. A oonslderable amount of
both'theoretical end experimental work has been published on
this subject (12,13). |
h For a random surface, with a normal—distribution of

—_—

heights and a specific autocorelation function included in

|

'

the term m, Fha reflectance 1n the specular direcgﬁon, p. is

‘given by, an equation of the form:

... . Kocos 08 2 'c{(h, -

S PTRRR Tt Roemy 3

ﬁhcre Po is the reflectance from a smooth surface under

.

roughnexa. u includesrother roughnesa tactora, } is tho anglo
L &
_of. inoidame. A is the wavelength of tha radiation. q!\im:luaea

L -
. KR M
. x RN 2“
. 5o L

"‘lmtrumnt ﬂctors and lcl Kz are cpostants. "-;., ‘-'

e ‘
:

e

:n.

-identical conditions. o-1s the root mean square (r m.s.g A

¢
!
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Distortion due to oblique illumination causes shadows

which -mask roughness to some extent. This phenomenon is

The RRU signel is very compllcated and there are two
/ays to study and understand its ' .

a) To relate it to the true geometry of the surface in s

-

stochastical menner, and ‘ .

b) To try to reconstrﬁct the surface geometry throgéﬁ real

/

© time sfgnal Progessing (which is under way),,
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CHAPTER

. [EXPERIMENTS . , -
. .

The basic coﬁc;pt of the, exparimental work done, was
to use one measurement method which in general is giving
acceptable results and has been widely accepted (the ™),
and to compare these results with the rgsults from the RRU ‘

methed:'presently under development.'

In Flg 3-1 a‘flow chart of the experimental procedure
‘followed by both the Tl and RRU methods (including data

" processing) is shown.

- 3.1 Measurements with the “Talysurf 4" | Co

1 3.1.1 B

3 «/- 1, a) ' Check of thg ampl?tiep ?é‘ if\, ‘
~ b) ﬁalance Test R 3ijf ! N . L
o) Phase Test ;‘& ' ; ,73 o | ’
a o f d)"Sencitivlty Test - B o .; ;'“%f‘v‘n
S e) ;Recordor ,djuatuaut

1) Plck-Up Tese’

)",_. '»
T :’, ‘\ DR . - LU
Y ER T PRI U DRI v
i .t 5 - ol i v TR Y S g
w b R N P N N BRI I
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" ‘The Eehﬁon 8 g ass cyllnder was used, is the fact that

~

. ,glzss hasg a minimum possxble roughness and in the case of thin

r it is deglrable that the roughness of the supporting

~ 7 \ [
//4////i.surfaqe does not affect-the roughness of the paper sample

-

’ ' »

we want to measure. Furf%er. the'sempie is placed under the '
st&lus. so that the stylub is traversing the paper;surface

parallel to the cyiinder's axis.

©

Before taking any final measurements it 'wgs desirable

to check whether the stylus was " jumping" overlfhe'fibers ‘

Q

or sllclng" them." This was checked using a gtérposcope of

;/’/’mga?Tzczent magnlfzcatlon.

- I't, wgs observed that the stylus was not slicing the
4nfibers.,so we could proceed. " . : SN

/Tﬂp maxlmum traver81ng length of the stylus on the .

A\ »
papen/used. was, 10.1 min. x oo : i

P
D
assoc1ated 1nstruments is. shown in Fig. 3-2,

A schematlovof the ‘experimental set-up with all

f

The external ampllfler. microphone and earp?ones were
used in order to be able to record; before each s1gnal

recordlng, the spec1f1cationgzof each paper sample.

4

CEre had to be taken. 80 that thq magnetlc tape

-

recorder to be properly calibrated and :the amplitude of the

¢

_gignal not to exceed the 20 Volts™(the saturatlon voltage -

.3_of.the ampl;fiers of’the recorder). ‘ ¢

-
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3.1.2 Results of the Measuremepts .
&y, : Xe were glven -10 paper qymples and for each sample

measurements were taken machlne direction and cross dlrection.

- The slgnal obtalned from each measurement was recorded on the
v magngt;c tape and the CLA yalueq were taken from the CLA
meter of the Tk, ' ,
. L ' ' - d
The results appear in Table 3-l. : .

r)

In Fig. 3-3 the record1ngs of 3 different aamples are

a shown, as they were obtained from the Th's pen recordeerd

/1

. - i
H —

. 3.1.3 Comments on the Method ' -

_“he'Tb ﬁethod appéifé to be working for lab testing.
There is consxstency in the results (CLA values). b&t there
are several drawbacks.: ' ' S

) '
a) It is an "off line" ‘instrument.

A

b) Requires direct contact between the‘st&lus and the paper

surface. \

,c)' The maximum'length of the paper sadﬁie that can be tested

s

. is approximately 10.1 mm. ‘ ,
" d) As it was geen, the stylus hasg. certain limitations qﬁ!

regarding the size of the roughneas it can measura; bht

”

‘."., it has also limitations on the bandwxdth.

L.e)

3

)

The measuring speed is very ‘slow conparing to thé produc-
_‘tioq,speed for on 1ine" appllcatxons.‘ ' .
Alao Special care ydht be taken 8o that the paper _

aumple 13 well attached oh tha glass cylindcr. and the stylua i

3 doos not preaa very hard on thp aurraco. careful anﬁ lengthy
cllibtltion 13 nocdad. <
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'TABLE 3-1.

’

A

) i

CLA values for 10'pgper samples.

CLA

value

il

S e, 5 E
Ao i,

Paper sample’ Machiﬁe. {cross ‘ Talysurf 4 ‘
. direction © Jdirection magnification
34045 ‘ 4.30 pm. | 4.50 pm . 1 (500)
300+5 4,10 pm | k.00 pm 1 (500)
210410 3.20 pm '3.80 pm "i- (566) B
180410, 3.10 pm 3.10 pm 1 (500)
| 16010 “1.50 pm 11,60 pm 2. (1000) |.
115+5 1.25 pm | 1.35 pm 2 (1000) |
1005 1\ 1.20 pm 1.25 pm ‘2 (1000) -
905 | 1.10 pm. 1.15 pm 2 (1000)
S35tz | 0.sppm | 0.130 pm 311(2000)
542 0.055 pm 0.062 pm |3 (2000)
. o . o ‘ o
. ! - .
\ ;f,a ~ ~»a?bﬁwvﬁ
Sl IR
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On the'recorded measurement signal there is Q higher
frequency'noise. which must be rejected before further
processing of the signal. This will be achieved, as it will
‘be seen later, by using a Rockland Low Pass Filter, before
feeding the signal to/the Analog to Digital Converter. '

The Tu is giving us & fairly accurate description of
the geometry o& the paper surface because the stylus size A

“is spall when compared with the smallest feature of the - —————— - -

i

gurface we are interested in. Heq&:: the Tk was uged as

reference for évaluating the RRU;

o+

3. 2 Mgasuremgnts with the "Retro-Reflect1ve Unit"

3.2.1 Brief Dgscrigtion of the g;gerimental Set-Up .
The paper sample (a strip :0f approximately 0.5 in

width and 11 in ‘length) is attached on 8 metal reel (see Fig.
3-4), The axis of the reel is vertical to the machine '
direction of the paper. |

A

L speed. We worked with the relatively slow speed of approxi--

The reel rotates. driven by a motor of adaustable

mately 1&0 RPM (= 1540 xn/hin), because we wanted 'to have
" relatively slow signal to record (see Chapter 3.3 A/D
Conversion and Data Transmiasion) Since The RRU has a

tield ef view of 0 1 mm, we have as bandwidth of the signalc

\ . L.
~, b R N P
i
B R \
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take measurements with the Th but only Machine Direction
measurements were taken, because the final on-llne instrument
is taking Machine Direction measurements.

In Fig; 3-5 a photograph of the signa& is shown as it

~ is seen on the oscilloscope. ‘ ' | '

The signal from each measurement was recorded on
magnetic tape. Before each signal the specifications of each
_paper sample were also recorded. '

y The method appears to give useful results. It offers
the advantage of continously measuring the roughness withou¥
contact with the aurface and, relatively. with high speed.

In our case we were restricted on 11 in length of paper
sample (for on-line applicationa the measuring can be done ’ »
on a contiuous basis) although for further~processing only

" fraction of this length will be used, without affecting the
accuracy of the results. This can » seen as followsz

Suppose our samples have a Gaussian Distribution. The CLA

value is given by: . . - . . ‘ , “S

:

: - 1 Yo/ o
S - ClA = Y Vv - ¥
- 1

4 @ ' 2 o 1 . - 2 ' : \ ‘ o CE
: . 8 F 7R '2: ‘yi.’,X) o - »‘\,\1"

Combining the ‘above two equations we findxf ,J,ﬂ“fﬁ
zcncmz :
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. We will ask the confidenc;linterval for'the‘measuréd varianc@
of the sample sz,'for 4000 data points and with a probaiility '
of 95%. | - o
Applying the proéedure for “Determining of a Cohf{depce

+ Interval-for thg'Variance?ofya Normal Distrifﬁ%ion"’(lS)
we find that: | ‘

92015  of £ 76523 and 4,25  CLA < 4.37

where 02, s2 is the variance of the normal distribution. So,

by uslng 4000 points we can say thh probabilxty 95% that fﬁé‘t’ T

'real value of the CLA of ‘our distrlbut}on is between 4.25 ' o,

and 4.37, K : . b -
'Furtﬁer. taking in mind-that we will be working with

4000 data points taken within approximately 10 mm of paper,

@ !

we are having one data point every "K%%Q‘“Z 5 pm, which is

sufficient if we compare it to the duration of the crest -

_excursion which. as it will be seen. is of the order of R o ;

\ -

.60 0 100 pm.

4 As it was'mentioﬁed; the signal obtainéd from.the R&g
is related to the derivative of the rpughness in an unclear
manner and it will be integnated before further broceaaing. -

'.l‘his mtegration wag thought %o be done after the A/n‘

"conversion. aolely tor“the purpose’ of this raport. o
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them \b Dlgltal form and this form to be compatlble with the

N

.'/

,

3. 3 1 The Data Llnk and the ADCAT System (16 17)

- ~ The Data Link (Hybrid Computer Hardware ‘Package) and
‘ " the ADCAT system is an-Analog to Digital Conversion package,’.
de51gned for the EAI 690 Hybrid Computer and the CDC 6400
Dlgltal Computer, ﬂﬂNhfj j
It processes signals from 2 to 8000 Hz at a sampling

rate pf twice the specified frequency (and that is why it
was imeortant to have low speed (siow sigpal)»of the reel,
when taking measunementsﬁWLth the, RﬁU) '
| In- .Chapter 3.2.1 we have seen that the bandwidth ef

‘  -the signal was approximately 642 Qp. For 2 x 8009 sampling

rate we get 3—53%%9Q'~125 samples.

The maximum numbet‘of datq points of a sample that
‘rcan be transmitted is 7500, | '
Communication with ‘the CDC 6#00 is established through
the telephone TWX system, in conjunction with the interective‘
‘subsystems of the CDC 6400, ’
; S The ADCAT ayetem is specially designed so that it
| can handle signals from the “Telyaurf 4" ag well as from
:other sources (the RRU) Firatly. it requires a §L£'br R
. "Acqu181tlon Parameters" to be specified. These parameters
‘j]f;a) Number of Data Poxnﬁs ‘and '55{‘ ﬁ;M{yg i>§5x Cfli':;fﬂf;:’ﬂ!?lx

Digital Computer to' be used. . ‘ ' j




Secondly, it requires the "Transmission Parameters” to be
. *f\ , * : -
specified. These parameters are: , \ o ‘ .

. a) Data Flle Name o> | . |
b) Magnlflcatlon (the magnification that was used on theﬁfﬁi‘ft‘*“-%
“or 1 and 10 if other signel source was uged, as the RRU)
‘snd ' ’ |
e) " Error Abort;Ostidn-(shat to.do in case of tsanssission'
errar). S ' ' o ‘ J
In Appendzx I qppears a print-out of the messages
required to esteblish communicatlon between the EAI 690 and

‘the CDC 6“00.
o

3.3.2 The Tragsm;sslon Set-Up . S - )

In Fig. 3-6 a schematic of the transmission set-up

o

is shown. . -~ . - . # e
. In Append;x I'a print-out sample is’ shown trom the -
TWK for ‘the transmission. . . |
The number of points that was transmitted per sampls
ﬁas hooo, (The compﬁter progrem was slso written to process
booo'ﬁoints ) The ssmpling frequency was 1000 Hz ifor the - N
signals from the T4 and 8000 Hz for- the signals from the RRU.
The sampling frequencies were selecteg as followscl'
The contlnuous signals from both the T4 and RRU were ‘analyzed
O with a. spectrum analyzer'snd were found to include frequenties
: .;. ' well below the speeified ssmpling frequencies (except the .
o superimposed higher nnise frequencies).g v P
o In order to peject the nnise 8 Rockland tilter wns

i'ised (an Pass Filxer)“beterd feeding the~sighals to the
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A/D converter of tﬁ?‘Hybrld,computer. The filter was set at

the following cut-off¥frequencies:
100 Hz for

he signals from the T4 - L «
25000 Hz for the signals from the RRU. - .

~

When transmitting SIgnals from the RRU the 'tape :4

recorder was set at lower speed (3.75 in/sec) than the record-

ing speed (60 in/sec), but of course different fmplifiers

were used and the recorder had to be rebalibréfedt The

™

g~ RN a2
v R ¥

a’

(ALY 35

lower recorder speed waé*uaed again, in order to héve slower
signal. | |
Because of the relativq}y small number of data points
,(uooo) and the .low speed, only‘fraction of the durati?n of ,
B " the signals (length of paper sample) was used, but this did

not affect the results (see'section 3.2.2),

9

3 3.3 Results B ' o

/

ST g gimelne @
. P oA e Wbl LS
o AR AR e e PRI e\ 205 o ol

1 - Thgﬁgransmlssion time wasg usually between 15 to 25 min.
‘per file, depending. on the work load of the CDC 6400, In

-

Appendices. II and III are shown 2 print-outs of the first

data points. of the same paper sample for measuréﬁents with
 the TV and the RRU. o : B '

- ‘ As further precaution against transmission errors

" the data points were redbnst 2 with-a plotter 1inked to . . N
L \ e
. _the' CDC 6400 and the results were compared to plotﬁ of the L ‘

- : u‘continuoua slgnalgﬁ .","x o ‘T ..

. j

Ve

In Figs. 3-? and 3—8 the 3ame signal is shown betorex

o
4
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o~ . Figs 3-7 Chart recording from the RRU..

S R T €1 mV/llne sen81t1v1ty. 5 an/sec -

S A ' speed). :

, . ’ N % "o i N o

A RRU sample 300+5. contlnuous signal as %ecorded
‘e

' . v " in the magn. tape. This portion of.the signal

- Al ‘ ‘
. [} - . '
- L aftar A/D conversion is given r“““sﬂr“°t°d in.
. ‘4,‘ ' ) |
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3.4 The ComputerjProgram

Thls program (gee Appendlx IV) was written 1n order to.
' oalculate the following geven paramiférs:~

a) YB (Mean Value of the Data)

'b) CLA (Center Line Average of the Data) , p

. ¢) AVE, (A‘Frége Value the Data)
.d) RMS (Root Mean Square of the Dsta) .
e) ANC (Averpge Number of Crossings)
« '

f> MCE ..

| RMSCE (Root Meap Squafe of Crest Excursion)

The proéram is divided in different sections, the Main"
. E;ogréﬁ and seven Subroutines.‘This program.is using simple

and repetitive caltulations and it will be, futher, analysed

- 1. section by section. o < |
o ¢ : C) ' ol | "‘ . . ',

T 3:4.1 The Main’ Prggram

‘ - In Fig. 3-9 a flow chart of the procedure followed
in the program is shown¢ |

- . ‘The step numbers in, the explanationa belowl refer to
the numbar of steps 1n the flow chart. N .

z STEP 13 The\ggta aré resd from the mags storage,ss !
they wers tranamitted' to the computer memof}. and sn array
(Y) is- forned oontaining ¥000 date points. ’

.. .. STEP 2: A main DO, LOOP starts here. On eaéh rcpetitlon

R (pass) thowData Filter ia changcd (see aub?&utinc Filtef). t

~SPEP° 3+ An othar no LOOP (nested) aturts hcre. by -

:}\calllns thp subroutinn Liuita.rbu subrouttho Lluita chqng.‘ '&;
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the data limits on each pass through the filter loop. in

order to achieve filtering effect on undesirable high valuqs;

of the data.

STEP 4: The limits are implemented here for calcula-

_ting the YB (Mean Value) and CLA (Center Line Average).

STEP 5: The YB is estimated here.
'STEP 61 The CLA is estimated herae.
STEP 7: The limits and control ‘data required for

calculations made in the next subroutine (PARCLC) are se€

here. . ) ' S A y
STEP 8: The range of data points is éef‘heré. for
calculétf‘ns‘made in the next subroutine (PARCLC).
ASTEP 9t Tﬁis subroutine PARCLC, caIculafas the'parh-

.
meters ANC .AVE, RMS, MCE,and RMSCE for the specified range

" of data points and llmits.

~STEP 10: 1In thia subroutlne the parameters (final

results) are printed.

‘3.2 ,zggbroutine Filter R

This subroutine serves to implement the filter change
by calculating the required parametars on on1y~part of the

data array. So, a filtering action is achteved.

Then calculations of the same parameters are repeated'

“

in the next section etc.. and finallyvthe resulta are aVara- :

ged to achieve the flltering effect.

i

o For IGUT - b contains 1000 pointa per aection AL

‘ Each filter section contains ditfgront number of data"
. potnter For ICUT = 1 contains 4000 pognts (no filter)

=4




The parameter KNP is the riumber of data points in each

| - filter section. ’ o !
| The parameter KUL indicates the number of passes (re-
petitiong) through the rilter loop (ngsted DO LOOP) for each
of the filter values: - For ICUT = 1 it is KUL =1 |

C For ICUT = 4 it is KUL = 300 etc.

-

;?.b.B Subroutine Limits :
| This subroutine changes the data limits on each pass
through the filter loop. in order to achieve the filterlng
.effect. t | .
The pgrametgr~KLw gets the,}ower limit of the range
of the data points to be treated during the pésé thr&ugh,fhe
filt r 1oop..0nleéch passlthe lower ;imit.is gshifted by 10 -
data points. o | h - |
The parameter KUP sets the upper limit of the range .
i o ot the-daja points. Qn each pass it is shifted by 10 data -
points higher. -

,»Thefefore. in each pass only 20 data points are changed.

3. uyw Subroutipe xgg | L '%{ 'a‘ : ‘ ;{
T __; In this aubroutine the mean value of. the data 18 ///
R C ~calculatad within the proviously specified limits. ’// ,
.'”’ 2' o y The results ror ea¢h riltor pasa are processed'furthor
| “in ordeﬁxto 0btain the tinal*(averaged)’yaluc. ,/f '
N The hean value is satimated through thé/fornula: o
LHI B f,: “ / A
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. YB is the méan.value' o . ]
' LHI is the high data limit for this filter section
LLO is the low datsa limlt for thls filter section
(I) is the data value .

The final mean value is estimated by summing the mean

values of all filter passes and dividing by the number of the

filter passges.

3.4.5 Subroutine CLAVE . - -
In this subroutine the the Center Line, Average‘of the '

data is estimated within the specifled llmits for eachlfilter.

pass. The calculation is made through the formula:

L 2

1 LHI . ’ | ’

CLA < [T ) IY(I)'- YB - £
~ Llo 0 .

The estxmates from each filter pass are summed and Vﬂ\ﬁ

"

averaged (divided by the number of passes) in order to o

obtain the final result., C )

3 u 6 Subroutine CDATA

~ In this subroutine the limits and control data’ that
will be used in the next subroutine are spaclfied.'

DY is the vertical reaolution required for calcu-'

lating the Averaze and RMS valuea.

*

YRBF is the. nnst negative ‘value of the data i\_5 ?¥;1
accépted by ‘the ptogran. | \‘;w~;‘{,%;~%;ﬁ~ ¥

e

er of lcvola above YREF:'.

qnantiae the datq. Each 1ov01 ta aore“‘

3' ,." .




Le YMAX 1is the maximum‘pdsitive value of data

hd *

acéepted by the program.
DS is the hor1zontal resolution (dagtance between
data points).
'ATIME is the time offset'used in calculating tﬁe
‘Mean Crest Excursloﬁ and the RMS of the,
Crest Excursion. _ o
o , YLEVEL is the vertical level above which}hori-.
| I ‘ zontal ‘excursions are to be detected .for

: . calculation of the MCE and RMSCE. ’

‘

LA is the maximum number of data polnts in an S
" horizontal excursion.'above YLEVEL. accept-

.o

able to the progran.

a

'3.4.7: Subroufine PARCLC '
' C .+ In this subroutine -the following five parameters are

" calculated for the specified range and limits of data'boiﬁts;

AVE (Average Value) ’ .

ANC (Average Numbéf of Crossings) | o
Rﬂs (Root Méan Square) ' L ]
MCE,
RMS
in Fig.

(Mean Crest Excursion) ST e
(Root Meen Squaqe of Creat Excursion)
3-10 s, shown a detailed flow chart ot this ‘A“'

p o Qﬁ e ’14 ‘mh,“i  i;w
E 8. the yertical probability density.ini-»u:;

subroptine,

" PDEN

Y-
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ATfME is the minimum acceptable hqrizontal excur-

| gion (the time offset initiaily gset at zero). o : o
K is thg excursion continuity indicator. When

'K = 1, an excursion is in progress. When K = fl;lan excur-

sion is not in progress. ' , \

’ I3

IDA is the- excursion length counter, 1n1tially .

( .

set at zero. | L S : .

t ' o

SUM) is the data point counter, initially set at

‘Zero.

- SUM2 isg the

cursion céunter.initially'set at

" zero.

. is calculated through the formula

é;“ 8000 S .
. " ANC = 2'x 1 x KNP where )
. ~ .SUM2 is the. nnmber of excursions. o '
e KNP is the. nuitber of data points in each filter T
-~ m’ e . . . ( | ' .
) section, . ; - , N

e %000 is the total nunber of data points. and

-

1 is the longth of the paper eample. | }
L Por the . T4 it was 1 = 0 u in (= 10155 55 pm) - equal to
5;»4 the maxinun traversing leggth of the stylns._"r .u" e
Lo ‘j“';- -"ﬂ*Y For ‘the Rnn‘it wnu“uégd th aame langth. aa folluwa‘ V;?ff*i'
' thngroel ot thb RRU} on whiﬁh ﬁhﬁre was attached ‘a. vaﬁar SRRy

o

with;l&di}:ff, jf‘




o - i ' o
i The RRU was scanning 140 x 11 = 1540 in/min, or

‘ 12%2 = 25-66°i6/sec of paper.

When transmlttlng the data. for 4000 poxnte were

)

needed 0.25 secs, and 25. 66 x 0.25 = 6. 42 - ;I Toa <\q/
‘ _When recording, the speed was 60 1n/sec. but when

transmitting the speed of the recorder was 3.75'1n/3ec. 80

the length of the paper was

éi&g%%42425- = 0,4 in, R L yoo
The AVE (Average Value of the input data) is calcu-
lated through the formula: '

AVE = i PNT(K) x PDEN(K) ‘where o
K=1 ' N .
s ,. ” AVE (RIVE) " 1is the avefage value, |
 PNT is the quantized data value,
.PDFN° is the vertical probabilit§~denaity. and
L is the number ox quantized data values.

The RMS value of the vertical excursiona is calcu-

-lated through the formulas T ///
I o
. RMS = Z \/(pwr(x) - m:)2 x PDEN(K)
w . Kel oo

I

... - The MCE (Mean Crest Excuraion of the horlzont&l EE R
excuraions) is estin&ted through the fermulac

.. ,“b_-st
.

uca . /;;/ PNT(I) x TEXG(I) mhere

o
[ L

4, u,. 1mr "acceptab‘re eﬁcursion leng,,
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LA is the\ooper’acceptable ercursion length,

PNT is tho\duantized data level, and*

.&EXC ‘is tho probabilit& density (horizontal) of
" the quantized data level. | | |
The RMSCE (RMS of Crest Excursion) is estimated

through the formula:

s

Va I”ITIME

e parameters are specified as for estimating the MCE,

This subroutine giveé a :&@nt-oué of the averaged
(over the filter'seot;ono).parame%oré."
3.4.9 The Modified Waln Program @pen& v
‘ ~ AB it was mentloned. the signal that yes recorded
from the RRU was the derivative of the slgngl we needed.
therefore the Main Program was modified for processing the
'date from the RRU by numerically integrating them.
Further. we will briefly describe the procedure.
) It was used & difference equation for stop by step.
1ntegration (fET ‘

Consider the differential equation e .
2y s Ay. (3:4-1)  with Sy
y(t ) = . and A constant.; J'

vsing the Eular~couchy toruula . AN
yk'!'l' ] yk + hyk | !3*“‘"’2) o k ' oo 1-0..-0"1

RMSCE = \/PNT(I) - MCE)Z x TEXC(I) where N
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and'substitgﬁing-eqw(B.k-z) into eg. (3 U-1) we get:
R Yeep = (1 + ARy, =0 (3.43) -

¢

which is oun difference equation. .

-

The solution of eq.(3.4=3) is:, 3 | ' ,

Yo = Vol + A" =y (14 an) (g = 2 5 )

Eor step by step application the solutlon takes

the form: . L.

Yisp = ¥l + an) (Fe1 T B/ (3.4-5)

”-;n eq.(3.4-5), Yi is known (aforedﬂin the computer),

Lnd we uged: . . L s v .

h'=-u%36 = 0.000025 (we Kave 4000. points total),

s v )
* * Iy

A =1 (arbltvary).

o Q tyey = by = 0. 25 (arbitrary)
R Before the main (filter) -DO LOOP in the Main Program
'and between STEP 1l and STEP 2 1t wag inaerted an other DO

’LOOP (with 4000 passes) in order to execute the numerical

:integration according to th€ eq. (3 4-5). . .

»

P

-~
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instrument, in Fig. 4-1 ‘are shown, for'reference purpose,
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RESULTS = COMMENTS'

9
-

In this chapter the experimental regults will be
presented w1th comments, and comparison will beégone ‘of the
results ef the methodsidaseussed in chapter 2,

During éll,meaéhremenfs.'transﬁiésions and data pro=-

ceéﬁing precautjons were taken, so that to avoid (or at -

-least to minimize) any systematic or random errors. However,

the results f£8r some of the baremeters do not coinside com- _
pletely, when comparing the two methods that we used (T

and RRU), and the\reasons for this will be discussed,

4,1 Comparison of Sheffieid and RRU Roughness
Although .no experiments were done with the Sheffield

the results of different measureMehts thh the Sheffield
and RRU instruments. for diff\;ent types of paper.

4 In Pig. 4-2, also. are shown two roughness profiles
for the. same paper. One profile is giving the average Shef—
field roughnesS;and the other the average RRU roughness.

These results suggest that ‘the correlation between .

“the Sheffield and the RRU, 13 reasonably good, henee it will

be enough to compare the RRU and Tb.

N ‘ -

ol

The Tables b-l b-z and b-3 ehow the results ror 3 ‘4/\

.JJfor each panﬂmetér ehd coument on then. IR aff?5ii%éf
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TABLE 4-1, Comparative results. Sample 340+5. -

TABLE 4-2. Comparative resultb.bSample
) .

)

Parameter - T datae RRU data
‘] cqmputer chputef',
"Mean Valge ,\TJZI.O6388 70.33568
CLA . [ . 4,35274 0.04334
ANC " 8.66521 '9.45295
RMS b.30656. © 0.06117
MCE 7. 43561 68.2326b
RMSCE — Y. 30285 ' 40.,47858
~ ".

30045,

Parametér

-

T4 data

" RRU data |,

e combuter, computei

Mean Value '5.73179 -0,28876
CLA ‘ 5.33900 0.95025 |

ANC ) 1.. . s.90810 0.39168

" RMS - 5.87945 0,06783

MCE © , 60.25630 66.16046
RMSCE .. 63.89711 5h.14564 ] .
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TABLE 4-3. Comparative results. Sample 210+10. 'y -
Parameter - T4 'T¥qata - _RRU data ‘

. > / comput | computer .} . ’
Mean Value - 3.596 =0.21054 T
cta - 3.20, | 470997 o.ou689 | .
ANC - - °5, 3T022 6.14826 “
RMS - © 4.80687 . 0.05746 | '
MCE . 100.83016 9u.81740 |
RMSCE S - | 79.6u431 71.92135 o
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5.2.1 The Moan Value

The mean values for all samples, from ‘the T4 and RRU,

. differ. This differenc is due to the variable (and dif—

ferent for each inatrument) zero level (see example in 4.2.2).

The mean values obtained by—procesging signéls from
the RRU show consistency. | , '
The mean values obtained by processing siénals,from
T4 are positive for sambles # 2 and # 3, and negative
for sample # . Tﬂis'is due, also, to the zero adjustment
-of the T4 while taking measurementa, which is difficult
«; ~8ince it deponds upon the poéitiqn of the stylos.'
The meen value as suchz'does not.carfy information

- for the T4, whereag it does for the RRU, sirnce it is related

not a factor for the comparison of the two methods.

/ b.2.2 MA_:LG.LM.

In general, we can say that there is anoiotency
 between the results from the T4 and RRU (note that the
results from the RRU have to be multiplied by 19? because
ot magnification and scaling factors) P -M  —

The zero 1eva1 adjuatment does not affcct the CLA
value, This can be seen from the following example:
- ‘ _ Consider the 4 data points as shown in Pig. h-3.

Thelr mean value 18:

‘\'.

PR
. IR
. * N +
.

to the color of the paper. For thie reason the mean value is :

R PN

oy o A Ay T A"




Vo ‘ | L

\ ' Their CLA value“ds:

L, |
R R O TR

Now. suppose we Bhlft the zero level 1ower by 1 unit,
while the ab801ute distances’ between the data points remain
~ the same., The new arrangement is shown in Fig. 4-4, and the
new mean value is:

M

B SRS R

the new CLA véqu is: o N

Yoo clAy = § 3 lyi

’ . , f.-ﬂ ~gn

| \ ; . >

i.e. although the mean value ohanged.nthe CLA value remalned cr

”

the game.

. _‘) . ) “
o : As it can be seen, the results from the CLA mete? of
' 2
the Tb are syatematically lower’ than the other results. This

'

\- waa probably due toﬂoveradamping of the CLA meter.

: y‘~ U, 2 3 _hg4uuuzuuLlumuﬁﬁ;_i;SE;s_insz N - . ,'

There is conaietancy between the fesults. with ’.'; 'J
excaption the result from the RRU for sample # 2, ﬁhcre. |

as'we believe. t speed of the real. ‘on which the paper ' e

| f' | fi In sene;at. thorciia couc&atdncy bétweon the' valudh Coam T

"’.s

o tron the wu gﬁd~thh RRU‘(pnxe that tho values from tnp RRU ':§
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‘Fig, 4-3 Relative position of data points.
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. have to be multiplied by 100 because of magniflcation and

LS.

scaling factors. | | , ~ v _

In the Table 4-4 we are testing the ratio RMS/CLA.

~
for éonflrmation of 8 rule of thumb (4) accordlng to which

vy

it must bei RMS/CLAm21.2 0.1 ' o~
4.2.5 The Mean Cregt'Excur31og

There is consistency between,the results from the TH
and the RRU, although there is a small difference between
tﬁe results for the same sample. This difference ig less

than 10%.

ency between the results

-

osult& for the same sample differ. wit th re-
ults from ‘the. RRU been conaistentiy lower than the results

from the Tu.

4.3 .Conglggiog( .
4.3.1 Comments - L

The RRU" method offers the follohing advantages:
a)'-It is a non-oontact method, -
b) It can be a continuous method, " and
,o) It is a fast method when proper-hardwaro
implemchtatlon is made (see Fig. b5 for RRU |

T

roughness, v%rsus produotion spead).'

Tho‘abovo advantaeps -are valuable ror "on line"~5*jigﬁﬁ”ﬁﬁyr§'

1odué§§ial applioatlona. wh&lo the Th ia usorul onlyofor

12Y
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TABLE' b-b, RMS/CLA/‘ratiJ for 3 samples. | |
L : oo RRU | - .
: S & 'sampl‘e"Bl&QtS ' 0.99 1.42 ' .

L | “sample 300+5 | 1.10 | . 1.34 ST :
| sample 210+10 | 1.02 1.23([; B
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‘limited to a few minu

Voo - 82 -

laboratory testing.

It is believed that the results are valid, the
discrepancles being due malq}y to experlmeﬂtal overslght and .
not procedural (or method) éef1c1ency.

The small number of samples considered does not

e

permit yet definitive and clear answe;s. N

‘4

The techniques used for the exﬁ;fiméntal set'up‘bdﬁ
the analysis were cumbersome, long, dlfficult at best.'
Systematlc sJ[face analysis requlres more sophlstlcated N
tadls. The Graphlc Laboratory of 'Concordia Univergidy is

1ntended to be such a tool. A striking comparison could be

'made by the ‘fact thatK:eeks of frustrating work will be
t

8 of on line processing.

It is too early to speculate upon the results tha;:

, the new approacﬁ will permit. This technical report indi-

reports. 4 .

\

cates that the direction of research seems prbper and ©
therefore warrants work further.

Whether further analysis will permit finer surface

]

‘feature distinction (which is of great use to the paper-

maker ) remaJnS'to be proven. Actiﬂf work is under way, and

results will be the subject of future theais pateﬁts or

) .

b.3. 2 Summary ,
Two experimental method; for obtaining information

- on the roughness of a paper su?faoe were used in this report. :

Given the paper sampies. measurements were takan with
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VTR Y

- 83 - | ‘

fhe reference method, “Talyéurf 4" and the "Retro-Reflective

Unit*".. -

‘ - . S ' ‘
The continuous electrical signals were converted to
‘digitalfand transmitted (utilizing an Hybrid Computer) to
a Digiftall Computer. The data, in discrete form now, were

furtifer processed in order to estimate certain statistical

Tace pérameters. ﬁhiéh can describe the{phper rougﬂneSSa

‘ The values of thése pap;meters (for each instrument)
were estiméted with the same program and the rgeults. for the
damézpaper sample, were coqpared in order to obtain an idea
of the efficiency of each method, specﬁélly of the nove}
"Retro-Refléctive Unit" method; |

| From an economic point of view, the cost of both T4 , -

and RRU afelsimiiar. therefore the decision to use one or_

.the other instrument is left with the specific technical

applications to be’done.

T
“3,

.......
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. . ' 4 ' ,
. In the print-out are shown the Eequi?ed aquisition :
| . ‘and trensmission parameters, data file name, magnification, :

ﬂhnuﬁber of processed data points and whether any transmission }
‘errors have occured. o ' (e |

, , . This -transmission was for the taper sample 300+5, o '

; |
o : , A ) . o |
| with signal obtained from the RRU. . - o ;
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: 74/84/25, 18,22,86, o , :
— KRONOS TINE SHARING SYSTEN - VER, 2,1-84, - , :
USER NUMBER: , DAEFN73 N -

PASSWORD . . .

MINAL: - 16,TTyY , P

T RECOVER_/SYSTEM1ADCAD . , A T

ADCAT 2.0 6AB/64D0 18,822,359,  TA/84/2%. LEVEL 812 '
AQUISITION PARAMETERS: | " R .

b ’ .

| ' N:d000 | I -
F:8800 , " . '

| -+ 1zm.288EC, | ‘ .
E _ . Lo [ b,
, " TRANSMITION PARAMETERS: : ' : '
" ' DATA FILE NAME ISt | ; o Co S
? GLSAMP2 ) ) . 4 R

: MAGNIFICATION ISt . ' ' ‘
| : 79, o A . o {

+

T UNRECOVERED ERROR ABORT OPTION IS¢ . o D

~ T
> [
3 ' . o R R , o ‘
, g . N ' . . ! ’ v
| CONAND, . | . SR 5
- ., ? /EW S ‘ S S a
| C . : o R e Co e i
| . : oo ,',\“: . ' Con . ; - - !
1 10.45.87. O . .

' TOTAL WUMBER OF POINTS PROCESSED . 1 4BEB

S T0TAL RECOVERED YRANSNITION: ERRORS: LI
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—_— . PPENDIX II = . .

. . E N .

o " T4 Data Poihts Print=Out ,
.r P . v . 5 .

. *

. : The first 329 data polnts are shown as they were

transmitted and stored in the CDC 6400. 1 K

eoe These date poin;p‘are for the paper sample 300+5,
. with signal from the Th. o ) '

‘ : .
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K ONOS [IME SHARING SYSTEM < VER 2,103,

Y}

HRERNHYBERT  DAEFH?

S ARDRREE
TERMINAL Y

o, I'TY_
HECOVER /5YS1 t:vuaAT

$HFL, 20000,

/ATTACH,SAMPLE2

/COPY.SAMPL&Z
D0 152343801
«D24902344E+0)
51209531 3E+01
A5 1600156E+01
+» 354003900E*0 |
3173028136401
» 324003900E+01
«433349609E+0 )
5371093 /5E+0)
+549310406k+0)
«034700025k+0)1
«02255B85V4k+0 |
5981 445 31 E+0 |
040 712050k+0)
WD 13130409E+0)
5893 104D6LE+0 T
262255859440 |
« 132421875E+0)
BN 14281 ED)
L9521 48438E+0 |
P Lun 2T 344E4D),
095800 /81 40
L ABB2b81250E+0)
« 42'1240004E+01
+ 451000 150E+0D1
+54931p406L«0)

w 10800181 3E+0) -

o (19345031 e+

WBYHEIA2HIEOL -

« HOHOo A2 THEw()2
129394531 E+02
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j L o APPENDIX V= N
] | " The Modified Main Program Print-Out o

. . ]

- ' The main progran is_ahown as it was modified to

2 ‘ 4 .
’

. o integréte fhe RRU data. . . . ‘ -

v

, j

, is not shown, because it remained the same. 3
1] 1 4 ‘

' The results shown are for the phper sample 300+5,

The rest of the program (1nclﬁdipg'£he suroutines)

a ‘with signal from the RRU. | . - ‘
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