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AeSTRACT 

An experlmental paper calender was deslgned and bullt to measure 

paper straln ln the nlp of the calender as a functlon of machine 

speed, load and calender roll radius. The effect of roll 

deflectlon due to bendlng ~ ~ ellmlnated by maklng the calendel' as 

narrow as possible whlle still l'epl'oduclng Industrlal conditions 

ln aIl other aspects. The wldth of the new machine Js 75 mm. 

Permanent paper stralns measured wlth the new equlpment r'eproduced 

prevlously publlshed results. In-nip papel' strains were obtained 

w.der a variety of calenderlng conditions. Paper strains under 

load have previously been obtained in a platen press; the new data 

also r~producc these results. 

The equipment can now be used for a full experlmental progr',a,m to 

determlne an empirlcal relationship between paper stress (ln terms 

of the calendel'~ng variables) and straln (in terms of paper 

thickness ln the nip), 
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, 
RESUME 

On a conçu et construit \me calandre expé)·imenh.le ayal'lt pour but 

de mesurer la déformation du papier dans la pince en fonction de 

la vitesse, de la charge et du rayon du rouleau. On a éliminé 

l'effet de fléchissement du rouleau en réduisant au minimum la 

largeur de la calandre, tout en reproduisant les conditions 

industrielles à t::>ut autre égard. La largeur de la nouvelle 

machi~e est de 75 millimètres. 

La déformation permanente du pap!er, mesurée au moyen du nouvel 

équipment, correspond aux résultats déjà publiés. La déformation 

du papier dans la pince fût obtenu pour plusieurs condi tions de 

calandrage. Ces données reproduisent les résultats obtenus pour la 

compression du papier dans une presse. 

L'équipment peut maintenant servir pour un programme expérimental 

complet visant à déterminer une relation empirique entre l'effort 

de compression (en fonction des variables du calandrage) el 

déformation qui ~n résulte (en fonction de l'épaisseur du papier 

dans la pince). 
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NOMENCLATURE 

A Calender'lng equation Intercept 

al Calendering equation intercept 

al FourIer amplitude 

aL Calendering equation load constant 

aM Calenderlng equatlon molsture constant 

aR Calendering equation radius constant 

as Calenderi~g equation speed constant 

aT Calenderlng equation temperature constant 

av Experimental speed constant 

Sr Final paper specifIe volume or bulk. cm3/g 

SI Initial paper specifie volume or bulk, cm3/3 

Bn In-nip paper specifie volume or bulk. cm3/g 

ev Eceentricity of lower roll with paper. ~m 

evo Eccentricity of lower roll without paper, ~m 

kl Fourier index 

L Load, kN/m 

H 

N 

Holsture content, X dry basis 

Number of terms in sum 

Paax Maximum In-nip pressure, Pa 

R Radius, m 

5 Sheet speed, rn/min 

T Temperature, 'C 

t Tlme, s 

t In-nip or final paper thiekness, ~m 

tl Initial paper thickness, ~m 

tn In-nip paper thickness, ~m 

tr Final paper thickness, ~m 

tu In-nip paper thickness due to upper roll, ~m 

tv In-nip paper thickness due to lower roll, ~m 

Ur Upper rim displacement with paper, ~m 

Uro Upper rim dlsplacement wlthout paper, ~m 

u. Upper shoulder displacement with paper, ~m 

U.o Upper shoulder displacement without paper, ~m 

Vr Lower rim ~isplacement with paper, ~m 
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Vro 

V. 

~ v.o 

au 

auo 

av 

Ep 

, En 

,.,. 

t/J 

'1 
Col 

Lower rlm dlsplacement wlthout paper, l.I.m 

Lower shoulder dlsplac~ment w1th paper, ,.,.m 
Lower shoulder displacement without paper, 
Upper shoulder to rlm distance with paper, 

j.Lm 

J.lm 
Upper shoulder to rim distance wl thout paper. 
Lower shoulder t.o rlm distance with paper. j.Lm 
Permanent strain, (BI-Be)/BI 

In-nlp straln, (BI-Bn)/BI 

,."m 

Nlp Intenslty factor, deflned by Equation 2.2.2 

Phase shlft between readings, rad 

FourIer phase shift. rad 

Frequency. radis 

-vl11-



( 

1. INTRODUCTION 

1.1 BACKGROUND 

The final step in the manufacture of rnwly grades of paper is 

calendering. This process, lllustrated schematlcally ln 

Figure 1.1.1, reduces the thlckness and roughness of a paper 

sheet by prec;slng i t between two or more heavy cast Iron 

rolls. 

The relationsh\ps between thickness reductlon and paper 

surface propertles such as roughness and glass have been weIl 

documented by de Montmorency [1] and Crotoglno [2]. In 

general, calenderlng reduces both thlckness and roughness of 

paper and 1 mproves 1 t. s pr i nt i ng pro pert i es. Thus any change 

in thickness reductlon can be related to changes in paper 

propertles by referring to published work. The focus of thls 

research ls thickness reduction; the correspondlng changes ln 

paper properties will therefore not be discussed. 

Paper thlckness during and after calenderlng depends on basis 

welght, deflned as the mass per unIt area, and on the 

calendering parameters. Slnce thls research ls prlmarlly 

concerned wlth the effect of the calenderlng parameters, the 

effect of basis welght will be eliminated by uslng the 

specifie volume of paper. Aiso known as bulk, specifie volume 

15 defined as thickness divided by basis weight. 

The bulk of a sheet after calendering depends on several 

process varIables. The load applied to the raIls, the machine 

speed and the roll radIus determlne the magnItude and 

duration of the pr'essure pulse applled to the paper ln the 

nip. These machine-dependent variables, along with the number 

of successive compressions (or nlps), determine the work done 
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Figure 1.1.1: A typical calender stack 
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on the paper. 

The quality of the final product ls also affected by Initial 

paper properties such as bulk. temperature (which May be 

altered by contact with a heated roll) and moisture content. 

These paper-dependent variables determlne the response of the 

paper' to the applled pres5ure pulse. Crotogino [14] has 

proposed the calenderlng equation. whlch descrlbes the 

relatlonship between the average bulk reductlon in a calender 

and the varlous machine and paper variables. 

Ini tial paper propertles vary in both the machine direction 

and cross direction due to variations Introduced in previous 

stcps of the papermaking process. Only cross-direction 

variations are of interest in this thesis; machine-direction 

variations will not he discussed sinee these are dependent on 

average calendering parameters. 

Sheet temperature and moisture content can vary across the 

width of a paper machine. causing variations in roll 

temperature which in turn cause local changes in roll radius 

due to thermal expansion. Along wi th variations in initial 

bulk. these thermal deformations result in variations in the 

load distribution. At steady state. in other words. 

variations in the initial paper properties can cause 

variations in aIl calendering variables except machine speed. 

These variations May be substantial in industrial-scale paper 

machine calenders, which can have rolls as wide as 10 meters. 

Cross-direction variations cannot he taken into accow.t using 

the calendering equation since local radius and nip load 

val ues carnot be measured. In order to determine the local 

bulk reduct ion or the final bulk profi le using the 

calendering equation, either the load distribution or the 
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radius distribution and its effect on the load must be known. 

It should be noted that while a typical commercial roll has a 

radius of the arder of 500 mm, paper thickness hl the nip is 

of the order of tens of micrometers. A change in roll radius 

of 5 f.UI\. which can easlly be caused by a roll surface 

temperature change of only S C [5]. is slgnlficant compared 

to the paper thickness and thus has a large effect on the nip 

load and a correspondingly large effect on final bulk. 

It is desirable to control the local roll radius, and thus 

the local shape of the pressure pulse, in order ta control 

the final bulk. The method most commonly used today is to 

heat the rolls locally where greater bulk reduction is 

required and ta cool them for less bulk reduction. The radius 

profile resultlng from a given temperature profile can be 

calculated, thanks to previous work by Pelletier et al. [3, 

4] and Journeaux [5]. Theil' work describes local heat 

transfer rates to a roll from an impinging air Jet, the 

resulting heat distribution in the roll, and the local roll 

deformation due to this internaI temperature distribution. 

In other words, it is possible to calculate the roll 

temperature profile requlred, and the local control actuator 

settlngs required to arrive at that profile, in order to 

create a desired radius or nip gap profile. However, it is 

not currently possible to determine the radius profile 

required to create a desired bulk profile since the 

rheological properties of paper in a roll1ng nip are not 

known. A relationsh1p is required between stresa (in the form 

of a pressure distribution) and strain (in the form of a nip 

gap distribution) for paper in a calender nip. These 

relationships are the final elements required for a complete 

explicit description of cross-direction calender control . 
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1.2 OBJECTIVES 

The obJectives of this proJect are therefore 

- to build an experimental calender enabling 

accurate Ileasurement of the local In-n1p paper thlckness 

during calenderlng whlle reproducing as closely as possible 

the conditions in a commercial paper machine, and 

.- to demonstrate the correct funct loning of the 

equipment by perform1ng an ir.1tlal set of measurements 

des1gned to reproduce the cross-machine resul ts obtalned by 

Crotogino et al. [14, lSJ. 
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2. RE" IEW Of PREVIOUS WORK 

2.1 CALENDERING LlTERATlJRE REVIEW 

Paper is subJected te a pressure pulse in a calender nlp. 

Since paper behaves like a vlscoelastic soUd, i t is 

compressed by the pulse. When the pulse ends, the paper 

exhibits time-dependent partial recovery of the initial 

thickness. There is u~ually some permanent deformatlon, which 

is the desired outcome of the calenderlng process. 

Chapman and Peel [6] Investlgated the effect of a pressure 

pulse on compressed and recovered paper thlcknesses uslng a 

platen press. The pressures applled were fairly constant for 

the duration of the tests, and so their work did not 

duplicate the approxlmately parabollc nature of the pulse in 

a rolling mîll. Figure 2.1.1 shows typical pressure and 

thickness versus time curves for their experiments. From this 

data they were able to deri ve relationships for compressed 

and recovered paper thlcknesses, tn and te, as a function of 

maximum pressure P.ax and pulse duration. 

The duration of a typical pressure pulse was long (the 

shortest pulse lasted 6 ms) compared to the duration of the 

pulse in a commercial calender (in the hundreds of 

microseconds). The relationships deri ved in their work are 

therefore related to the creep characteristlcs of paper; 

extrapolation to very short pulse durations was not 

performed. Furthermore, th.~ effect of successive compressions 

was not analyzed. The work was later extended by Colley and 

Peel [7] to include web temperature and moisture effects. 

Kerekes [8, 10] modified these empirical relatlonshlps to 

predict directly the thickness reduction in a rolling nip in 
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Pape!' thickness 

Time 

Pressure 

/ Typ.col cale.der pulse 

Time 

1. short duration pulse and associated recovery curve 
2: long duration pulse and associated recovery curve 

Figure 2.1.1: Typical data from Chapman and Peel [6]. 

2.2 



t~rms of the machine variables nip load, roll radius and 

machine speed, whereas Peel et al. [6, 7] defined lt ln terms 

of lIIaximum pr-es:sure and pulse duratlon. Kerekes [B) also 

ver1fied these predictions using a labol'atory-slzed lIIodel of 

an actual paper machine calender run at speeds approaching 

those typical of commercial equipment. As a result. the 

equipment approxlmated the shape and duratlon of the pressure 

pulse in an lndustrial calender more closely than dld the 

platen press used by Peel et al. 

The shape of the pressure pulse in a rolllng nlp was 

predlcted by Kerekes [lOI to be approxlmately parabolic with 

a certain amount of skew due to the t 1 me-dependent response 

of paper. This work was based on earl1er work by Hay et al. 

(11), Hunter [12] and AlbIas and Kulper5 [13J. All of these 

analyses are based on model ~ng paper using the standard 

linear solid, whlch 15 made up of a spring in paraI leI with a 

Maxwell model. I~1herent ln this cholce of model ls the 

assumptlon that the permanent thlckness reduction. or strain, 

Imposed on the paper 15 negl igible compared to the ln1 t laI 

thlckness, and can therefore be neglected. In fact, the 

permanent str3.1n ls often 20X or more [7. 91. and thus the 

standard 11near solid only approxlmates the true behaviour of 

paper ln a rolling nip. 

Haglund and Robertson [9] used optical methods to measure 

paper thickness ln the nlp of a small laboratory calender run 

at low speeds. In spite of systematlc error5 ln the 

experlmental procedure, they found ~in agreement with Colley 

and Peel (7]) that initial thlckness. had no effect Of' the 

percent reduction in bulk in a calender, but that paper wlth 

a low initial bulk showed less reduction than a bulkier 

sheet. 
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Crotogino et al. [14, 15] extended Colley and Peel's work [7] 

to include the effects of ini Ual bulk; their calendering 

equatlon is an empirical relationshlp glvlng the average 

recovered papel' thickness as a functlon of ni" load, sheet 

speed, effective roll radius and initial sheet propertles. 

Since the effect of initial bulk is taken into account, the 

calendering equat1ûn may be used repeatedly for successive 

nlps, wlth the computed ftnal bulk from one nip used as the 

initial bulk for the next. 

Hamel et al. [16] used the calendering equation to calculate 

the nip load distribution from the recovered thickness 

proflles of calendered paper. This l~everse use of the 

equatlon only yields information about local calenderlng 

condi tions after the paper has been calendered. However the 

paper thick~~ss in the nip Is still not known since the paper 

response to the nip load distribution Is not known. 
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2.2 THE CALENOERING EQUATION 

Huch of the work of ):irecedlng authors, summarlzed ln the 

calenderlng equatlon proposed by Crotoglno et al. [14, 15], 

provldes the oasis for the present work. Therefore, a 

detalled description of the calenderlng equation is in order. 

Permanent relative bulk reductlon Cp is a measure of straln 

and Is defined by 

Cp = BI - Br 
BI (2.2.1] 

where BI and Br are the Initial and final bulk, respectlvely. 

The calenderlng equatlon is an emplrlcal relatlonshlp between 

Cp and the nlp load L, machine speed S, effective roll radius 

R, paper temperature T and paper moi sture content M: 

Cp = A + IlBI 

where 
Il = a1 + aL log L 

+ as log S 
+ aR log R 
+ arT 
+ aH M [2.2.2] 

The constants A, a1, al, as, aR, aT and aH are aIl dependent 

on pulp type and paper structure and must be determined 

experimentally for each type of paper. The equation, 

1l1ustrated ln Figure 2.2. 1, 1s valid over a range of BI 

defined hy 

-A 
Il 

:s BI 1 - A 
s ~- [2.2.3] 

The lower limit Is the point beyond which no further bulk 

reduction is llkely wlthout increaslng tne nlp Intenslty Il: 

Br = BI when BI 

2.5 

-A 
Il 
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Below thls limlt. the calenderlng equation predlcts Br > BI, 

whlch is not generally the case. An accurate model of the 

calendering process should approach the line Br = BI 

asymptotlcally. The calenderlng equatlon does not do 50 

because It 15 an emplrical approximation of physlcal reallty. 

The upper 11mi t 15 the point beyond which an increase in 

initIal bulk has no effect on bulk reductlon. This occurs 

when a very bulky paper is subJected to a very high nip 

intenslty factor ~: 

[1 - A)2 1 - A Br = when BI JI: 
4~ 2~ 

[2.2.51 

This 15 the point where Br reaches a maximum: 

BI 1 - A 

) 
= 2~ dBr 

[1 - A]2 
when dBI = 0 

Br = 4~ 
[2.2.6] 

Mathematlcally. the upper limit on states that there cannot 

be two values of BI resulting ln the same Br; the 

relationshlp between Br and BI is approximately parabolic 

only as long as the derivatlve is non-negative. 

Thus the calenderlng equatlon provides an empirical 

relationshlp between machine and paper variables on the one 

hand and the recovered paper bulk on the other. The 

curve-fltting constants are material properties which must be 

determined experlmentally for each pulp type. The predlcted 

final bulk is the average of the cross-machine bulk profile, 

since both the nip gap and pressure distributions are 

dlfflcult to measure. 
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Figure 2.2.1: Effect of Initial bulk on final bulk. as 

predlcted by the calendering equation. 
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2.3 ErrEcT or CALENDERING VARIABLES ON PAPER PROPERTIES 

The physlcal response of paper to changes ln the varlous 

calenderlng parameters ls 1llustrated next uslng the 

calenderlng equatlon wlth a typical set of parameters, llsted 

ln Table 2.3.1. 

The effect of nlp load, shawn ln Figure 2.3.1 for a 

slngle-nlp calender under typ1cal 1ndustr1al candi t1ons, ls 

to reduce recovered paper bulk. A larger load lengthens the 

nlp sl1ghtly by pressing the roll further lnto the paper; 

thus both the magnitude and the duration of the pressure 

pulse are 1ncreased. the paper 15 deformed ta a greater 

extent and the bulk reducllon, or permanent strain, is 

greater. 

Varylng the mach1ne speed (Flgze 2.3.1) has the opposite 

effect. At hlgher speeds the dwell tlme ls decreased whlle 

the magnitude of the pressure pulse Is constant. The result 

ls less bulk reductlon. 

Changes ln roll radius (Figure 2.3.2) influence recovered 

bulk ln two ways. If the radl us ls changed by Install ing a 

larger roll, the nlp load will also Increase unless the new 

roll weighs the same as the oid one. In addition, a larger 

radius due to elther a new roll or thermal expansion wi 11 

cause the load to be distributed over a longer nip. If the 

radius ls lncreased Independently of load (by using a hollow 

roll to keep roll weight constant), the maximum pressure will 

decrease while the dwell tlme Increases. The effect of 

reduced pressure ls greater than that of increased dwell 

tlme, and so the net result of Increaslng roll radius while 

malntalnlng a constant J'o11 welght 15 511ghtly le5s bulk 

reduction. 
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Figure 2.3.1: Effect of load and speed on final bulk, as 

predlcted by the calenderlng equatlon . 
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Figure 2.3.2: Effect of roll radius and multiple nips on 

final bulk, as predicted by the calendering equation. 
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Bulk reductlon as a functlon of the number of nlps 15 shown 

ln Figure 2.3.2. If aIl other condItions are exactly the same 

ln each successive nlp, bulk reductlon will be less in later 

nlps than ln earller ones, due to lower initial bulk. 

The effect of Inl t iai paper variables on recovered bulk 15 

shown in Figure 2.3.3. If the paper 15 heated before enterlng 

the nip. the fibres ln the sheet become more pliable, 

resulting ln greater plastic deformatlon of the sheet and 

correspondingly lower final bulk. 

Temperature and nip load are the two variables wi th the 

greatest effect on final paper properties. They are aise the 

easlest to control while the paper machine is running. Thus a 

desired change in bulk reduction can be achieved by changing 

elther the load, the temperature, or a combination of the 

two. Since paper strength i5 reduced in calendering at hlgh 

loads, a higher temperature and lower load can resul t ln a 

stronger paper for a desired bulk reductlon. 

Increased initial moisture content aIse makes the fibres more 

pliable, leading te greater permanent deformation. However, 

as shown ln Figure 2.3.3, this effect 1s reversed at high 

moisture content, wher'e the amount of water in the sheel 

begins to hinder further compression. 

Tab le 2. 3. 1: Calendering variables illustrating Equation 
2.2.2 [15] 

A -0.415 
ao, g/cm3 0.0212 
aL, g/cm3 0.0935 Load, kN/m 25 
as, g/cm3 -0.0226 Speed, mlmin 500 
aR, g/cm3 -0.0355 Roll radius, m 0.35 
aT, g/cm3 C 0.00078 Temperature, C 35 
aH, g/cm3 0.0068 Moisture content 6.5% 
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Figure 2.3.3: Effect of paper temperature and moisture on 

final bulk, as predicted by the calenderlng equation. 
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2.4 CONCLUSION 

Paper ls pressed ln a calender, where 1t ls deformed to an 

extent which de pends on the calendering parameters. The 

calenderlng equatlon predlcts only the average permanellt 

deformation ln the cross-machine dlrectlon. 

Local control of paper deformatlon ls achleved by heating or 

coollng local areas of the roll, whlch al ters the local 

radius proflle and thus the local pressQ~e distribution. The 

amount of heatlng or cooling requlred to generate a deslred 

local radius profile Is known [3, 4. 5]. but the local 

pressure distribution and thus the bulk reduction prof! le 

resulting from that radius profile are not known since the 

materlal propertles of paper in a rolllng nip are not known. 

Slmilarly the local pressure distrl!:1utlon can be determlned 

from the recovered paper thickness prof! le using the 

calendering equation [16], but the relation between load 

distribution and roll radius profile, whlch depends on the 

material properties of the paper, 15 not known. The amount of 

heatlng or coollng nece5sary for a given recovered thlckne5s 

profile ls therefore not known. 

The goal of the present work ls to take the next step towards 

the deslgn of a closed-Ioop control system for local bulk 

reduction in a calender nlp. The unknown quant Hy ls the 

relationship between local pressure and local in-nlp bulk, 

which depends on the vlscoelastic properties of paper. The 

required next step, described in the next chapters, 15 the 

design and construction of equlpment enabling the 

simultaneous mea5urement of local pressure and local In-nlp 

paper thlckness in a calender nip. 
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3. EaulPMENT DESIGN 

3.1 INTRODUCTION 

In order to develop an 1n-nlp vers10n of the calender1ng 

equatlon. 1t was necessary to des1gn and bul1d a new 

laboratory calender speclflcally for accurate and repeatable 

Ileasurement of 1n-n1p paper thlckness as a functlon of the 

key parameters. mach1ne speed. nlp load and roll radius. 

The design and cOl'lstructlon of the equ1pment 1s the major 

portIon of the work reported ln thls thesis and Is therefore 

descrlbed in detail ln the followlng sections. 
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3.2 DESIGN CRITERIA 

Ta Dleet the goal set forth in the last section, a l1st of 

minimum design criteria was made. The list included the 

following minimum obJectives: 

1. accurate pressure profile measurement; 

2. accurate in-nip paper thlckness measurementj 

3. ac.-::urate lni Ual and final cal1per measurements; 

4. control and measurement of nlp loads from 20 to 200 

kN/mi 

5. control and measurement of machine speeds from la to 

1000 rn/min; 

6. provision for interchangeable rolls. with diameters 

from 400 to 800 mm; 

7. cons t ant initial paper temperature and moisture 

content; 

8. centrol of web tension and al1gnment to mlnlmize 

breakage; 

9. overaii ease of operation. 

Each of these criteria is described in greater detail below. 

Cross-direction pressure profi le variations in a commercial 

calender, which may be as wide as la m, are caused in part by 

roll bending. To minimlze this bending, the width of the new 

calender was minimized, thus ensuring a constant 

cross-direction pressure profile. This aiso ensures an 

invariant machine-direction pressure profile across the width 

of the mac hi ne. 

The followlng consIderations Influenced the choice of machine 

wldth: calender width had to be small enough to minlmize roll 

bending whlle allowing sufficient width to mlnimize edge 

effects and sheet breakage, and the calendered sheet had to 

be wide enough for use in standard testing equlpment, such as 
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cal1per, tear and burst gauges. 

To determlne a lower bound on paper wldth, several narrow 

reels of newsprlnt were c~t and calendered in a small 

laboratory calender at the Pulp And Paper Research Institute 

of Canada. It was found that web breakage was a problem wlth 

paper narrower than 50 mm. lt was also dU"flcul t to eut and 

wlnd a reel narrower than thls. Furthermore, most standard 

tests can be performed wlth a long sample 25 mm wide. To 

provlde a margln of safety, a calender wldth of 75 mm was 

chosen, wi th a paper wldth of 70 mm. ThIs satlsfled the 

requlrement of narrowest possible nlp wldth whlle reduclng 

the 11kellhood of repeated sneet breaks. 

,he narrow calender width and constant pressure profile also 

ensure that any measurement of the gap betweeJl the rolls at 

one edge of the sheet ls representatlve of the gap across the 

entlre wldth. The range of laper thicknesses to be calendered 

ls 50 to 200 ~m; thus the second cri terion ls met wi th 

on-line dlsplacement gauges havlng thls range, mounted 

outside the nlp and measurlng the dlsplacement of both rolls. 

Target resolu~lon was il ~m. 

InItial and fInal paper thlckness gauges were also subJect to 

the sarne range and rcsolution limitations as the in-nlp 

thlckness g3'.lges. 

The purpose of this work ls measurement of in-nip paper 

thickness as a function of the process variables nip load, 

machine speed and roll diameter. These variables control the 

shape and duration of the pressure pulse applied to the paper 

in the nlp and thus control the magnitude and rate of 

application of stress. Typlcal industrlal values were 

selected to ensure the greatest possible relevance of the 
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results: nlp loads from 20 ta 175 kN per metre of nlp width, 

speeds up to 1000 m/mln, and roll dlameters of 400, 500 and 

700 mm. 

Sheet temperature and molsture content affect the rheologlcal 

propertles of the sheet. They will not be considered ln thls 

study and 50 will be held constant. Paper temperature will be 

the amblent temperature in the laboratory, 19 to 23 'C, and 

1110 lst ure content wIll correspond to the equlli br 1 um content 

when the roll "as wound, 8 to 10Ye. 

The paper must be fed through the nip wl th a minimum of 

aUgnment and tension problems. Misallgnment of feeds can 

lead to the the paper tending to run out of the nip, and 

excessive sheet tension on a narrow web can result in 

frequent sheet breaks. 

To simplify the general running of experiments, careful 

attention was given to ease of oper~tion, including calender 

roll and paper reel replacement, initIal feeding of a new 

paper reel through the equipment and adJustment and zeroing 

of aIl sensors (particularly the gap sensors). 

The equipment designed to meet these criteria 15 described 

next. 
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3.3 MECHANICAL SYSTEM 

Overall vlews of the equlpment that meets the criteria 

outllned above are shown ln Figures 3.3.1 and 3.3.2. A full 

set of assembly dr'awings may be found ln Appendix 2. 

The calender stack conslsts of two rolls (Figure 3.3. l, #7 

and .16) supported ln a frame (#10) deslgned to wlthstand the 

hlgh nip loads desired ln thls study. The upper roll ls 

supported by an arm (#8), and the nlp load ls applied uslng a 

hydraullc cylinder (#9). 

The sheet is taken from an unwlnd reel (#12) and stand (#13): 

sheet tension on this side of the nl~ ls provlded by an 

external drum brake adJusted wlth a handwheel. This mechanlsm 

ls shown ln FIgure 3.3.7. 

The calender 1s bel t-dr1 ven by a 7.5 HP OC motor (U5) 

through an ldler shaft whlch aIse serves as a surface drIve 

roll (#2) for the wlndup reel (#1). Sheet tensIon on the 

wlndup side of the nip ls controlled by a small ne motor (#3) 

drl vlng a d1fferentlal gearbox bu1lt Into the Idler shaH; 

this gearbex and moter allow the web speed at the windup reel 

to be varled s11ghtly compared to the speed at the calender 

roll, resultlng ln fine control of the sheet tensIon. 

Sheet tension and callper are measured before and after the 

nlp (#6). In-nlp caliper ls measured using a paIr of 

dlsplacemEmt gauges, described in the following section. Nlp 

load 1s measured using a load cell mounted between the 

cyllnder (#9) and stand (#10). 

Overall, the equlpment is 4.0 m long and 2.0 m high. 

Indlvldual components are descrlbed in detal1 below. 
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Figure 3.3.2: Overall view of calender assembly (photo) 
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The smallest roll 15 111ustrated ln Figures 3.3.3 and 3.3.4. 

51ml1ar rolls wlth dlameters of 20 and 28 ln. were also made. 

The narrow wldth of the rolls precluded fabrIcation as a 

welded structurei the rolls were to be sol Id. For r~asons of 

cost, casting was el1mlnatedi this left machlnlng from a 

solid block of metal as the Dest fabricatIon method. 

Analysls of the Hertzlan contact stresses between two 75 mm 

wlde dises pressed together in the absence of paper and with 

a load of 200 kN/m showed that mlld steel would probably not 

be strong enough for long-term use as a calender roll, 

especlally glven the magnitude of the loads envlsaged. Hlgh 

carbon steel, on the other hand, ls difflcult to machine, 50 

the rolls were machlned from ml1d steel and heat-treated to a 

greater hardness before the final grindlng step. 

Three pairs of rolls were made; their dlameters are 16, 20 

and 28 ln. (404, 506 and 711 mm). The calender shafts are 

large, wl th a diameter of 75 mm, and ride ln high-quall ty 

roi 1er bearlngs for minimal radial and axial play. 

The arm supportlng the upper roll Is shown in Figure 3.3.5. 

It Is made of square section tublng welded te a pair of 

plates to provide hlgh bendlng and torslonal stiffness. The 

pivot points are widely separated for torsional reasons, and 

the large diameter pins ride in carefully machined bronze 

bushings. Both rolls are supported ln a calender stand made 

of large section C-channels (see Figure 3.3.6). 

The unwind stand (Figure 3.3.7) supports paper reels up to 

1 m ln dlameter. The reel Is mounted on a shaft pro..,lded wi th 

a brake for adJustment of sheet tension on the wlnd-up side. 

The brake Is applied by one of two means: manually, using a 
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Figure 3.3.3: 16" Calender roll 
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Figure 3.3.4: 16" Calender roll (photo) 
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Figure 3.3.6: Calender stand assembly 
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handscrew, or automat1cally in the case of a sheet break, 

uslng a small pneumatic cylinder. 

The wind-up stand (Figure 3.3.8) carries a 7.5 HP ne motor, 

whlch drives the lower calender roll and the wlnd-up reel 

surface drive by means of toothed belts. 

To avoid having to provlde an infini tely variable, 

hlgh-torque drive to the wind-up reel as the reel bUl1ds, a 

surface drlve Is used with a small control motor to provlde 

fine adjustment ta the windup pulley ratio. As illustrated in 

Figures 3.3.9 and 3.3.10, the beH ratios along with the 

surface drive and calender roll diameters were chosen to 

provide a sheet speed 6.SX faster at the wlndup reel than at 

the calender nlp. The control motor then slows the surface 

drive roll through a differential gearbox by an amount 

calculated ta malntaln sheet tension wlthln bounds. In effect 

the surface drive roll 15 drlven by two independent mot ors 

through the differentlal gearbox. 

The main bput to the dlfferentlal gearbox (Figure 3.3.9, #5) 

15 from the main motor through an idler shaft (1$1). The 

control input (#12 and #13) ls from a small DC motor. The 

output shaft (#4) of the differential gearbox (#8 throl..:gh 

#11) drives the surface drive roll (#3) at a speed 

approxlmately equal to the main input, less 1 RPM for every 

67 RPM of the control motor. Thus, at the maximum control 

motor speed of 1750 RPM, the surface dri ve roll has been 

slowed by about 26 rn/min. Under these conditions, the minimum 

speed difference between the calender nip and the surface 

drive roll is 3.8X at a sheet speed of 1047 rn/min. 

This is also illustrated in the flow chart, Figure 3.3.10, 

where gear ratios for the three calender roll sizes are 
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Figure 3.3.7: Unwind stand 
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Figure 3.3.8: Windup stand 
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slven. along wlth the correspondlng sheet speeds at a main 

aotor speed of 1750 RPM. The surface drive speed is also 

slven for the same main motor speed, as a function of control 

input speed Ne and roll circumference .d. Civen the roll 

diameter of 321 mm, the surface speed at the winder can var~ 

from 1087 to 1113 mlmin when the sur1'ace speed at the 

calende~ nip 15 1047 mlml~. a dlfference of 3.8~ to 6.3Y.. 
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3.4 SENSORS. DATA ACQUISITION AND CONTROL SYSTEM 

3.4.1 SENSORS 

Hechanically, the most Important design crI terion was the 

narrow wldth of the nlp, and the machlnlng tolerances 

requlred to provide a uniform nlp. Eiectronically, the most 

Important aspect was the equipment for measurlng In-nlp paper 

thickness. 

Severa! types of sensor were consldered. 

Lasers and other optlcal methods were reJected because of 

poor cost to performance ratios, and because other systems 

promlsed the deslred resolution with less expense. 

A varlet y of non-contactlng systems were consldered next. AlI 

Involved a capacit1ve or inductive sensor to measure the 

position of a shoulder machlned into the side of the rolls. 

Capacitlve sensors wer'e reJected because they are sensitive 

to other factors such as dirt on the surface and humidlty ln 

the air. Inductive senSOl~S were reJected because they requlre 

a well-deflned magnetic target; in the presence of large 

steel rolls they could give faise readings. 

Among the contact ing devices, linear variable different laI 

transformers (LVDT) were considered. The sensor consisls of a 

plunger and core assembly in contact with the roll. The 

plunger ls dlsplaced through the hollow centre of a 

transformer. The al tered output of the transformer as the 

core moves through the magnetic field Is proportlonal to the 

displacement of the core over a small range. Tests using an 

LVDT on laboratory calender at PAPRICAN showed that the 

resolution was as good as that of the more troublesome 

3.19 



( , 

non-eontactlng devlees. For these reasons thls type of 

transducer vas seleeted for aeasurlna both sheet thlckness 

and roll dlaplaceaent. 

To aeasur'e roll dlsple.cellent, the plunger ls aounted ln a 

llnear bearlng and earrles a earblde Hp whleh rest.a on a 

shoulder I18.Chlned ln the slde of the roll, as shown ln 

Flaures 3.4.1 and 3.4.2. The plunger ls sprlng-loaded to keep 

1 t ln c1ontact. wlth the shoulder ln spi te of sllght 

eceentrlei tles ln the shoulders, but the loadlng ls not 50 

heavy that \Indue wear of elther the tlp or the shoulder 

oceurs. 

One of the callper gauges ls shown ln figure 3.4.3. The 

plunger ls actuated by a paddle wl th a plastic face ln 

contact wlth the 1II0vlng sheet. The pressure appl1ed to the 

paddle ls about 3.5 kPa to prevent marklng of the sheet. The 

pressure ls lower than that us~d ln a standard callper gauge, 

and the readlngs from the on-llne sensors are corrected ~or 

this difference by comparlng readlngs wlth a standard callper 

gauge. 

Nlp loads are measured wl th a load cell placed under the 

clevls for the hydraullc cyllnder. The readlng ls then 

corrected for the geometry of the swlngarm, and for the basic 

load due to the welgh~ of the upper roll and arm. 

The sheet tension sensors conslst of load cells mounted under 

an ldler roll. There ls one such sensor el ther slde of the 

nlp. Figures 3.4.~ and 3.4.5 show the mechanism for 

ellmlnatlng most of the weight of the Idler roll from the 

readlng obtalned from the load cell. 
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Figure 3.4.2: LVDT mounting, nip gap (photo) 
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Figure 3.4.3: LVDT mounting, caliper (photo) 
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Figure 3.4.4: Sheet tension device (photo) 
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3.4.2 DATA ACQUISITION AND CONTROL SYSTEM 

AlI the sensors described in Section 3.4.1 are connected to a 

12-bit analog to digital conversion board Installed ln an IBM 

AT compatible computer. Data ls acqulred and dlsplayed and 

sheet speed and tension are controlled by means of a pro gram 

wrltten in Mlcrosoft's QuickC programming language. A listing 

of the pro gram appears ln Appendlx 1. 

Sheet speed ls controlled by sending a 0-10 V signal to a 

modlfled control 1er supplled by the manufacturer of the main 

OC motor. Speed control ls withln IX. 

Sheet tensIon after the nlp ls controlled using a PlO loop ln 

software to send a 0-10 V signal to a slmllarly modlf1ea 

control 1er supplled by the manufacturer of the control motor. 

Sheet tension before the nip Is controlled by the operator in 

response to the displayed value; this has proven to be 

sufflcient due to the greater strength of the sheet before 

calenderir,g. 

Nip Ioad Is also controiled by the operator by means of a 

pressure regulator in the nydraul ic circuit supplylng the 

load cylinder. 

The output from the sheet tension, nip load. caliper and nip 

gap gauges over a certain time period are saved to disk for 

further processing. The Most important processlng ls the 

calculatlon of In-nlp paper thickness from nlp-gauge data; 

this ls described next. 

3.26 



,. 
. 

1 
3.4.3 CALIBRATION OF NIP GAP GAUGES 

Determination of the ln-nlp calenderlng equatlon depends on 

accurate and repeatable measurements of ln-nlp pape 1" 

thlckness. The calibration of the nip gap gauges, assuming 

their outputs are linear, determlne the slope and Intercept 

of the dlsplacement vs. digital output curves. The curves are 

lndeed llnear, and the slopes have been determlned. Figure 

3.4.6 gives the digItal value read from the AlD board by the 

acquisition pro gram as a functlon of displacement of the 

gauge plunger. 

Ideally, the intercepts can also be determined by 

calibration. The in-nip paper thickness tn then depends only 

on the extension of the upper gauge, Us, compared with its 

extension with no paper in the nip, Uso: 

tn = Us Uso [3.4.11 

There are two problems with this approach. Flrst. the lower 

roll may show sorne small deflection (in splte of the strong 

mechanical design), especially at high loads. Thus the 

deflection of the lower gauge must aiso be taken Into account 

ta determine the true total in-nip paper thickness. Second, 

both rolls show a certain amount of out-of-round due ta the 

difficulty in creating a perfectly circular roll; as a result 

all signaIs from the gauges are superimposed on a periodic 

signal. The intercepts, or offsets, which would normally be 

obtained by calibration with a standard thickness gauge are 

therefore periodic functlons of distance around the 

circumference of any glven roll. As weIl, the shoulder 

eccentrlcl ty (which ls what i5 measured) 15 different from 

the rim eccentricity (which i5 the quantity de5ired). 
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Slnee the superlmposed sIgnal ls perfeet ly periodlc wl th a 

constant amplitude, averaging the signal over many rot.ations 

of the roll should give an accurate estimate of the average 

machine-direction paper thiekness. However, this averaging 

proeess eliminates random variations in paper thickness whieh 

might be of interest. 

An alternative solution involves taking the "signatures" of 

the rolls and approximating the eeeentrieities wlth a small 

number of Fourier terms. This data can then be used to 

subtraet the effect of roll eceentricity from the raw data. 

This system would also have to take lnto aecount the faet 

that the two rolls are not always in the same rotatlonal 

position relative to one another and that the upper roll 

rides on the lower roll. The periodic variation in the 

reading from the upper gauge therefore depends on the 

rotational position of both rolls at any given time. 

Let us first define the following variables, whieh are 

illustrated in Figure 3.4.7: 

u, position of the upper roll, positive upwards, a 

periodic funetion of radial position of the roll; 

v, pos i ti on of the lower ro Il, pos 1 t1 ve downwards, a 

periodie funetion of radial position of the roll; 

tu, tv, paper thiekness due to deflection of upper or lower 

roll; 

s, r, subscrlpts indlcating shoulder and rlm, 

respeetlvely; 

0, subscrlpt indieating the absence of paper in the 

nip; 

e, eccentrleity of lower roll rim, a periodic funetion 

of radial position of the roll, deserlblng the 

devlatlon from eireularlty. 
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The location of the lower roll rim at any time as measured 

from the arbitrary reference plane shown in Figure 3.4.1 and 

in the absence of paper is then 

Vro = V.o - (v. - vr) 

= V.o - è5v [3.4.21 

where è5v ls the known dlfference between the shoulder and rim 

out-of-rounds. Slmllarly, when paper ls Inserted ln the nip 

and a load appl1ed, the lower roll may be displaced a small 

dIstance due to deflectlons ln the bearings~ the new location 

of the lower roll rlm is 

Vr = v. - è5v [3.4.31 

The dlfference between these two readings represents the part 

of the In-nlp paper thlckness due to lower roll deflection: 

tv = Vr Vro 

= v. V.o [3.4.4] 

A siml1ar argument can be used for the upper roll, with the 

added complication that the displacement of the upper roll 

depends on the ecccntricity Evo of the lower roll since the 

upper roll floats on the lower roll. When there 1s no paper 

ln the nlp, the d1splacement of the upper roll is 

Uro = U.a è5uo + evo [3.4.5] 

Here, the relat ion between upper-roll offset ÔUo ar.d 

lower-roll eccentrici ty evo depends on the re lati ve poslt ion 

of the two rolls; there ls now the possibility of a pnase 

shlft once papel' is inserted ln the nlp since the two raIls 

are not exactly the same diameter. With paper in the nip the 

new location of the upper roll rim is 
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Ur = Us OU + ev [3.4.6] 

Paper thickness in the nip, tn, is now the sum of tu and tv: 

tu = (ua - ou + ev) - (uso - Ouo + evo) 

tn = (us - oU + ev) - (uso - OUo + evo) 

+ (vs -vso) [3.4.1] 

The eccentricities cancel if and only if the relative 

position of the two rolls does not change between taking the 

paperless reading and inserting paper; then ev and evo (which 

already have the same amplitude and frequency) also have the 

same phase. Otherwise, there is a phase difference between 

the two raIls. 

Similarly, upper-roll offsets cancel if shoulder and rim 

eccentriclt les are bath zero (in which case ou and OUo are 

both constants) or if there is no phase difference be .. ween 

the two readings. Once these phase differences have been 

removed, any remaining variation in tn shauld be due ta 

random paper thickness variations. As weIl, the displacement 

v. - Vso 1s expected to be small; if the eccentricit1es are 

also small, these approximations yield the expected 

expression for in-~ip paper thJckness due only to the 

displacement of a perfectly circular upper roll: 

tn e: Us Uso [3.4.8] 

The eccentricity of the lower roll was measured and fitted to 

a sum of periodic terms using the Fourier transform; 

components with amplitudes less than 0.5 ~m were eliminated, 

resulting in an expression for ev as a function of radial 

position of the lower roll: 
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• L as sin (k 1 Colt + '1) [3.4.9] 

1-1 

The values of al and 'S were found uslng Fcur!er analys!.: Col 

15 the base frequency, equal to the reclprocal of the total 

data acquisition tlme, and kils an Integer. When teras wlth 

al < 0.5 ~ were ellmlnated. N became equal to 12. The value 

of the correctloll ev - evo is then 

N 

ev - evo • >-: al (S1n(kl"'t + '1) - sln(klColt + '1 + 1/1)) 
1 &1 

[3.4.101 

where 1/1 1s the phase shlft between readings taken wi th no 

paper and those taken later with paper. Radial position 

sens ors were fabricated to glve an indication of the position 

of the two rolls relative to each other and to the thlckness 

data; thls was used to determlne 1/1. 

The amplitude of the FourIer term corresponding to one cycle 

per rotation of the lower roll was 13 j.lm. This signal was 

thus qulte evldent. glven In-nip paper thlcknesses of 30 to 

BD J1m. 
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4. COMMISSIONING OF' THE EOUIPMENT 

4.1 INTRODUCTION 

Two Initial se'ries of commlsslonlng experlments were 

performed to vt,rlfy the proper funcUonlng of the equlpment. 

In the flrst experlment, nlp load was held- .:onstant whlle 

sheet speed was varled; in the other load was varied at 

constant speed. Eoth runs were performed wlth a single pair 

of rolls pressing one type of paper. The results were 

encouraglng but showed that minor alteratlons were necessary 

for routine hlgh-!;peed use of the equlpment. 

Test procedures ar.d results are descrlbed ln thls chapter. 
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4.2 TEST PROCEDURES AND RESUlTS 

Several experiments were performed. Startup of the calender 

for a typical l'un proceeded as follows. 

Power supply to the sensors was switched on. The sensors were 

then left to warm up for at least 90 minutes, since e8J"ly 

tests showed that sensors and power supply were falrly 

sensitive to temperature changes. 

Next, paper was threaded through the calender. The computer 

pro gram was used to accelerate the main motor slowly up to 

speed. Once the sheet speed was constant and the wlndup-slde 

sheet tension was stable, acquis! tion of a set of data was 

Inltiated. The complete set of sensors was scanned a total of 

2048 Umes, at a rate of 500 Hz. Thus each data set 

represents an elapsed time of 4.096 s. 

The data was saved to dlsk, and the motor was accelerated to 

the next speed. The process was repeated until Interrupled by 

a sheet break or until the experlment was terminated. 

The procedure was then repeated at a single speed wlth 

varlous loads. Both experlments were repeated severai times. 

The lnl Ual data processlng did not invol ve use of the 

Fourier met110d described in Chapter 3; instead the data 

points were averaged over severai complete revolutlons of the 

lower calender roll to produce an approximation to the true 

shape of the paper. The large standard deviation in in-nip 

paper thlckness due to the slnuso!dal signal was thus 

reduced. 
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Next strlps of calendered and uncalendered paper were 

condltloned at 23 t and SOy. R.H. for 24 hours before 

thlcknesses were .easured uslng a standard mlcrometer. These 

values of thlckness were used to compute ln-nlp and permanent 

stralns, or bulk reductlon. 

The paper sample used ln thls study was a high-grade 

newsprlnt made at the Boise-Cascade mUI ln Fort Frances, 

Ontario. The furnlsh was a mixture of kraft and groundwood 

pulps, as listed ln Table 4.2.1. 

The calenderlng variables for the two experlments are given 

ln Table 4.2. 1, and a summary of the resul ts ln terms of 

relative compression or strain are shown ln Figure 4.2.1 and 

Table 4.2.2. Typlcal raw data ls glven in Appendlx 3. 

Table 4.2.1: Calendering variables for commlsslonlng 
tests 

At constant load 

Load 
Roll radl us 
Sheet speE'ds 
Paper type 

Initial thlckness 
Basis welght 
Inl Ual bulk 

39 kN/m 
0.2 m 
50, 90, 100, 150, 160, 280 mlmin 
Newsprlnt, made from 

71.5Y. Seml-bleached groundwood pulp 
2B.5Y. Bleached kraft pulp 

102 Jlm 
52 g/m2 

1. 97 cm3 /g 

At constant speed: as above, wlth the followlng changes: 

Loads 
Sheet speed 

39, BO, 140, 207, 250 kN/m 
300 rn/min 
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Table 4.2.2: Summary of commlss1onlng tests 

At constant load 

Expt. Sheet Load, Stralns 

• speed. kN/m Permanent ln-nlp mlmln 

21 a 52 39 0.1006 0.484 
18 a 58 39 0.0893 0.418 
43 a B7 40 0.0654 0.484 
27 a 94 39 0.0818 0.444 
37 b 103 39 0.0608 0.401 
20 b 103 36 0.0813 0.470 
18 b 115 39 0.0959 0.421 
59 a 160 37 0.0351 0.404 
37 c 165 39 0.0671 0.396 
18 c 167 39 0.0875 0.420 
27 b 169 40 0.0660 0.436 
65 a 173 38 0.0344 0.335 
20 c 178 36 0.0736 0.433 
37 d 284 37 0.0552 0.380 
58 a 290 38 0.0368 0.401 
28 a 293 40 0.0546 0.445 
67 a 306 40 0.0129 0.354 
54 a 535 38 0.0222 0.391 

.J,j!!. 

At constant speed 

58 a 290 38 0.0368 0.401 
28 a 293 40 0.0546 0.445 
67 a 306 40 0.0129 0.354 
67 b 304 80 0.0691 0.577 
67 c 301 137 0.1159 0.674 
58 b 284 146 0.1299 0.774 
67 d 300 207 0.1615 0.753 
67 e 297 250 0.1977 0.791 

.-
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Eaeh point in Figure 4.2.1 was the result of a single 

experl.ent. Several experllllents were performed at lower 

speeds over several days wl th the same reel of paper. fewer 

l'uns were made at hlgher speeds due to dlfflcul tles 

eontrolling sheet tensIon as speeds Increase. 

The upper eurve ln Figure 4.2.1 shows permanent and In-nip 

strain as a funetion of sheet speed. When the permanent 

strain data are fltted ta an equation of the form 

Cp = A + av 
-- 10g10 V BI [4.2.11 

where BlIs the Initlal bulk and V 1s the sheet speed ln 

rn/min, the slope av 1s -0.0408 g/cm3 • This is ln reasonable 

agreement wlth Crotogino et al. [14, 151. who found a value 

of -0.0208 g/cm3 for a different newsprlnt furnlsh. 

Intercepts are not comparable since the variable A above 

1ncludes the effect of aIl the other terms ln the calendering 

equatlon whleh were kept constant in the present study. When 

the In-nip data are fitted to Equation 4.2.1, the slope is 

-0.0444 g/cm3 • 

Similarly, when the constant speed data are fitted to an 

equat10n of the form 

Cp = A + 
aL 
BI 10g10 L 14.2.21 

where L 1s the load in kN/m, the slope aL 1s 0.0941 g/cm3 , 

which ls ln excellent agreement with Crotoglno et al [14, 

15], who reported values ranging from 0.0912 ta 0.0988 g/cm3 . 

When the In-nlp data are fltted to Equation 4.2.2, the slope 

ls 0.261 g/cm3 • The dlfference between the two slopes wIll be 

a tapie for future research. 
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The ln-nlp straln at constant load 15 about 0.45 for the 

range of speeds studled, and the permanent straln ls about 

0.10. These figures are lower than those predlcted by Haglund 

and Robertson [9] (0.52 and 0.32, respectlvely) for a slmllar 

Initial bulk: for a lerger Initial bulk calendered at 20 kN/m 

they report Cn R 0.83 and Cp = 0.40. 

Wl th the nlp length estlmated at 7 mm [8, 10). the average 

pressure across the wldth and length of the nlp al a load of 

23 kN/m ls roughly 3.0 HPa, or 450 ps1; Chapman and Peel [8] 

obta1ned data at 1000 psl giv1ng Cn = 0.48 and Cp = 0.22 

uslng a platen press and a much longer resldence t1me. 
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4.3 EXPERIMENTAL ERRORS 

Several sources of error were Identlfled in the computation 

of the varlous paper stralns. 

Errors in the measured in-nip gap were due to severai 

problems. First, the amplitude of random noise due to power 

supply variations, electro-magnetic Interference, dirt, etc., 

was ±1 J.UII. Second, the slnusoldal nature of the signal was 

ellmlnated by averaglng over several revolutlons of the lower 

roll. Raw slgnals from a typlcai run are plotted ln Figure 

4.2.2. 

Before averaging of the sinusoidal signal, the standard 

deviation of the raw data was about 5 ~m. For the purpose of 

error analysis, the standard deviation of the averaged nip 

gauge signal was est Imated at 1 ~m. Since the sinusoidal 

signal itself is unchanging over many revolutions and indeed 

over several days, the averaging method is a reasonable 

approximation. 

Errors in the measurement of initial paper thickness are due 

to the reso] ution of' the standard digi tal micrometel~, and the 

standard deviations are therefore of the order of 0.5 ~m. 

Errors in the measurement of final paper thickness were 

caused by two problems. The first 1s the resolution of the 

standard micrometer. The second was have a small but 

measurable cross-machine direction thickness variation in the 

calendered paper (of the arder of 2 ~m thicker at one eage 

than at the other) due to slight radius variations (about 20 

~m) in both rolls. These variations were caused by the 

grlnding process. 
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The standard deviation ln the final paper thlckness was about 

1. 5 f.UII when 30 readlngs were taken, ten ln the Middle of a 

strlp one roll clrcumference ln length, and ten wl thln 10 lftIII 

of the edges. To correct thls the rolls were lapped together 

as a. pair, el1lllnatlng the systematic cross-machine 

variatlon. The new standard devlatlon was then about 1.2 ~m. 

Flnally the magnitude of the load sllghtly varied from run to 

run. As a resul t, data acqui red at constant load shows a 

greater standard deviatlon than that acqulred at constant 

speed due to the load varlatlon shown ln Table 4.2.2. 

Glven these problems, the standard deviatlons were estlmated 

at 0.028 to 0.032 for In-nlp, and 0.015 to 0.020 for 

permanent strain. The higher values come from the constant 

load experlments. Colley and Peel [7] estlmate the error ln 

thelr work at 0.013 for both stralns, measured ln a platen 

press rather than dynamlcally as ln ~hls study. Crotoglno et 

al. [15] report a standard devlation of 0.1 cm3/g ln 

recovered bulk; this corresponds to a strain variation of 

about 0.015. 

The permanent strain data reproduces the values reported by 

other researchers [7, 9, 14, 15] and therefore meets the 

second objective set forth ln Section 1.2, that is, to 

demonstrate the correct functlonlng of the equlpment. 

The in-nlp data shows larger errors, partly due to difficulty 

wlth load control, and partly due to dynamlc dlfflcultles ln 

measuring small separations between large rotatlng masses. 

Nonetheless the equipment meets the first objective, that Is, 

accurate meas'.ll'ement of In-nlp paper thlckness under 

lndustrial conditions. 
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5. SlJt't1ARV ÂI'oIl CONCLUSIONS 

Calendcrlll8 1& the final stage in the manufacture of many 

grades of paper. Thl s process reduces the surface roughness 

of the flnlshed product, thus maklng 1 t lIore sultable for 

prlntlng, by pressing 1 t between two or more large Iron 

rolls. 

Calenderlng also reduces the thlckness of the sheet. The 

amount of permanent thlckness reductlon depends, among other 

thlngs, on the Initial paper propertles and on the shape of 

the pressure pulse applled to the sheet ln a calender nlp. In 

a typlcal calender, both of these may vary across the width 

of the machine, leading to cross-machine variations ln the 

permanent thlckner.s reductlon Imposed on the paper. These 

variations are undeslrable, since they lead to difficul ties 

ln wlndlng the fini shed sheet for shipping. Thus a control 

system promotlng sheet unlformlty ls necessary. 

Some of the elements necessary for a closed-loop system for 

control of local paper thlckness exlst today. In particular, 

local pp.rnlanent paper deformatlon ls controlled by heatlng or 

coollng local areas of the calender roll, thus al tering the 

shape of radius and pressure profiles. The relatlonship 

between local heat flux profile and the resulting roll radius 

profile 13 known [3, 4, 51. but the relatlol • .shlp between 

radIus and pressure profiles 15 not. This relationshlp, which 

depends on the vlscoelastlc propertles of paper, ls the 

mlss1ng 11nk ln a complete closed-loop control system for 

cross-direction paper thlckness in a calender. 

This thesis describes the next step in f1Iling thls void, 

namely the design and construction of (qulpment sul table for 
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the measurement of In-nip pressure and paper thickness in a 

calender nlp. These data can then be used to determlne the 

vlscoeiastic properties of ~~per ln a calender nip. 

The equlpment conslsts of an experlmental calender 

reproducing al! of the conditions found in an lndustrlal 

calender, except width. \li th a wldth of 75 mm, pressure 

profile varIations due to roll bendlng or bearlng deflectlon 

are effectively el1minated and precise lIeasurement of the 

local nlp gap Is possible. 

In commlsslonlng the equlpment s~veral tests were performed; 

two of the caiendering coefficients deflned by Equation 2.2.2 

were determined. The permanent paper strains measured wl th 

the new apparat us flgree weil with values publlshed in the 

llterature 114, 15]. The initial measurements of in-nip 

strain are consistent and repeatable, wi th standard 

deviations of the order of 5~ of the measured value. Further 

Improvements ln the àata processing procedure and the load 

control system, as detalled ln Sect Ions 3.4.3 and 4.3, are 

expected to improve this figure. The objectives set forth in 

Section 1.2 have thus been met. 

The equipment May now be used ta determine the vlscoelastic 

properties of paper ln a calender nip, elther as an empirlcal 

expression relating local in-nip straln ta local calendering 

parameters or as a constitutive equation based on a 

theoretical description of paper structure. Given these 

vlscoelastlc properties, the change in local perman~nt 

deformatlon due to a local control input can be determined. 

thus closing the control loop for cross-direction permanent 

strain ln a paper calender. 
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DATA ACQUISITION AND CONTROL PROGRAM 

Wrltten by Hlles Sherman. August 1990 
Last modification: December 11, 1990 

by Thomas Browne 

#lnclude <conl0.h> 
#lnclude <stdio.h> 
#include <stdllb.h> 
#Include <dos.h> 
#include <malloc.h> 
#include <graph.h> 
#include <ctype.h> 
#include "fune.11b" 

/. Declare global variables el 

lnt huge 
lnt 

-exp_buffj 
motor _bi ts, 
trlm_bits, 
apply_load._mask = 1, 
raise_Ioad_mask = 2. 
brake_reel_mask = 4. 
mask. 
sensvar, 
mintrim_blts = 500. 
maxtrim_bits = 4000. 

/- data buffer e/ 
/- main motor output. bits a/ 
/- trim motor output. bits a/ 

firstrun = 1. /a number of runs saved in a file 

char 

float 

struct 
struct 
struct 

num_chans = 8. 
num_scans = 2048. 
TMid = 500. 
tenschan = 5. 
tenserr ( 31. 
readval (B); 
fi le_name (50] • 
parJile[lO] = "info.txt"; 
cons [ 3) [ 7 J. 
Tp. 
Td. 
Ti. 
deltaT. 
adJ[ 3); 
dosdate_t ddate; 
dostime_t dtime; 
{ 

1· number of channels to read el 
1· number of channel scans e/ 
/. target windup tens ion. bits 
/. sheet tension channel ./ 
1· error h'..story al 

1· data file name '1 
le parameter file name "; 
1· call0ration constants "1 
1· proportional constant '1 
/- derlvative constant "/ 
1· Integral constant "/ 

1· control parameters "/ 

1· laboratory ambient temp "/ 
/- laboratory dew point "1 

"1 

"; 

float dry_bulb, 
dew.-J)t. 
baro. 
rel_hum. 
bas_wt, 
volt_seq[7] . 

/. laboratory barometric pressure "; 
/. laboratory relative humidity "1 
1· basis weiJht "1 
1- sequence of supply voltages el 
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( 

calroll_d1, 
calroll_d2. 1· calender reel dlamelers ln m '1 
l_vel: 1· veloclty ln meters/mln ·1 

int flle_no, 1· file identification number '1 
calroll_nl, 
calroll_n2, 1· calender roll id numbers ·1 
chan_seq(8] , 1· sequence channels read ./ 
galn_seq(8] , 1· sequence of gains el 
sens_seq(7) ; 1· sequence of sens or connections ./ 

char pap_type(301 i 1· type of paper el 
double s_rate, /. rate between channels, Hz ·1 

scan_rate; 1· rate between scans, Hz ·1 
} data; 

1····················································· ...................... ; 
mal n ( ) 
{ 

FILE 'outfbln, le data file ·1 
·lnftxt; 1· parameter flle '1 

lnt correcl_data=O, 
correct_col'lst=O, 
ans_data, ;. stores if data 1s correct ·1 
ans_cons, ;, stores if constants are correct .; 
cont, 
correct, ;. stores if motor data 15 correct .; 
num_samples, 
endflle = 11111, ;, flag at the end of a flle 1'1 
endbloek = 10000, ;, fIag at the end of a block '1 
temp, 
ase1!. 1· aseli value ·1 
l, J. 
press, j' value read from nip load cell • j 
errNum, 
pdest. 
lenglh; 

char cr, ;. carriage return 'j 
quit, j' first character enlered for velocity 
vel_char. j' following chars entered for velocl ty 
ve l_temp( 100] , /. temporary velocity 
flrst(501 = "c:\\meng\\calcs\\data\\", 
last(51=".dta"; 

_clearscreen(_GCLEARSCREEN); 
num_samples = num_scans'num_chans; 

as char string '1 

exp_buff = NULL; j' allocate storage buffer ./ 

el 
el 

If (! (exp_buff = (lnt huge') halloc (((long) num_samplesl, sizeof(int)))) 
{ 

cl ear( 17. 1 , 2) ; 
perror ("error allocating memory"); 
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,. 

'. 

} 

c learC5, 1, 2) j 
prlntfe "endi:ng program .... " ); 
exitUh 

if «(inftxt=fo;pen("control.txt","rt"» != NUl.L) 
{ 

} 

(sea.nfe Inftxt, "Xf", &Tp); 
(seanf( Inftxt. "r.f". &T1); 
fseanf(1 nftxt , "Xf", &Td); 
(scanfOnftxt, "Xf", &deI taT); 
fclose( Inftxt); 

else 
{ 

} 

perror("errol" openlng CONTROL.T>IT"); 
ex1t(l}; 

adj[O] = Tp + O.5-Tl/deltaT + Td-deltaT; 
adj[ll : -Tp + a.S-TI/deltaT - 2a Td-deltaT; 
adj[2] :: Td-del.taT; 

if «lnftxt=fopen(par_file."rt"» != NULL) 
{ 

fseanfOnftxt, "Xf" ,&data. dry _buI bl; /a Open and read INFO. TXT -/ 
fseanf( inftxl, "Xf", &data. dew-pt) i 
fscanfCinftxt, "Xf" , &data baro); 
fscanf( inftx~~, "Xf", &data. rel_hum); 
fscanfClnftxt, "Xf".&data calroll_dl); 
fscanf( inftxt, "Xd", &data cal roll_nI); 
fscanfOnftxt, "Xf" ,&data. cal ro 11_d2); 
fscanfCinftxt, "Xd" ,&data. cal ro 11_n2) ; 
fscanfCinftxt, "Xf" ,&data. bas_wt); 
fscanfOnftxt, "Xs" ,data. pap __ type); 
fscanf (inftxt. "Xlf" ,&data. s_rate); 
fscanfCinftxt, "Xlf", &datô. sL.anJate); 
for (1=0; 1 <num_chansi 1++1 

fseanf( inftxt, "Xd", &data chan_seq[ i] l; 
for (1=0; i<num_chans; i++) 

fseanf( inftxt, "Xd", &data. gain_seq[ i]); 
for (1=0; 1<7 i i++) 

fseanfOnftxt. "Xd" ,&data sens_seq[ i]}; 
for (1=0; 1<7 ; i++) 

fseanf( 1 nftxt, "Xf" ,&data. vol t_seq[ 1 J ); 
fscanf( 1nftxt. U\nXf". &data. i_vel); 
fscanfCinftxt. "\nXd". &data. fl le_no}; 
for {1=1;1<=7;1++} 

fseanf( inftxt. "%d", templ, 
for (1=0;i<=2;1++) 
{ 

for (J=0;J<=6iJ++) 
fseanf ( i nftxt. "Xf" , &cons [ i II j 1 ) ; 
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( 

) 
fclose( lnftxt); 

else 
{ 

perror( "error openlng INFO. TXT"); 
exlt(!); 

} 
_dos-Betdate(&ddate)j 
_dos-Bettlme(&dtlme)j 
mask = 0; 

AO_Conflg(l,0,l,10.0,O); 
AO_Conflg(l,l,l,10.0,0); 
DIG_Prt_Conflg(l,O,O,O); 
DIG_Prt_Conflg(l, 1,0,1); 
DAQ_Config(l,l,O); /e second parameter = 0 for software trigger e/ 

/e = 1 for hardware trigger e/ 

do 
{ 

/e main loop begins here -/ 

for (1=0; 1<3; 1++) /e reset trim control -/ 
tenserr[ 1 1 = 0; 

trim_blts = maxtrim_blts; 
mator _bl ts = 0; 
AO_Wrlte(l,Q,motor_bits); 
AO_Wrlte(l,l,trim_blts); 

le Main motor off el 
le Trim motor off e/ 
le leave load alone -/ 
le Release brake el 

mask = mask & Il; 
DIG_Out_Port(l, l,mask); 
data_screen( ); 
_settextpositlon(25,1); 
printf("P, l, D parameters: Xf, 
_settextposition(22, 1); 

/- displays current parameters e/ 

r.f, 

printf(" (enter choice)'.n\t>"); 
clearC23,10,2); 
cr = getche(); 
whlle «cr != 'q') && (cr != 'Q'» 
{ 

",Tp,Ti,Td); 

change (cr ~; le change selected parameter -/ 
c lear(23, 10,2); 
cr = getche{); 

_settextposllion(24,1); 
printf ("Lowering roll ... "); 
mask = apply_load_mask; /- lower roll e/ 
DIG_Dut_Port(l,l,mask); 
do 

AI_Read (1,6.data.gain_seqI61,&press); 
whi le (press < -50); 
mask = 0; 
DIG_Oul_Port(l,l,mask); 
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do /' experlment loop beglns here ej 
{ 

correct = 0; 
cont = 1; 
_clearscreen(_GCLEARSCREEN): 
_settextposltion(20,l); 
prlntf("Control elements: Yof, Xf, Xf ",adJ(O].adJ(1),adJ(2J); 
_settextposltlon(l,l); 
prlntf( U\t\t\t START UP"); 
_settextpos1tion(3,42); 
printf( "veloc1 ty: Yo8.2f m/mln", data.l_vel); 
_settextposltlon(5.10); 
pr1ntf( "ENTER \"Q'" IF NO VELOCITY CHANGE IS REQUlRED"); 
_settextpos1t1on(6, 10); 
while (!correct) /' get sheet speed el 
{ 

correct = 2; 
_dos-Betdate(&ddate); 
_dos-Bettlme(&dtlme); l'gets eurrent date and time'l 
_settextposlt1on(17,l); 
printf( "enter veloe1 ty( ln meters/min): "); 
cl ear l( 17, 38, 7) ; 
qui t = getehe ( ) : 
asc11 = toascil(quit): 
if (asell==13) l'if enter 1s pressed as first char ,; 

_settextposition(17,38); 
je if velocity change required el 

if «quil!='Q') && (quit!='q'» 
{ 

strepy(vel_temp,&quit); 
1=0; 
do 
{ 

1++; 
vel_char = getche(): 
ascii = toascll(vel_char); 
strnepy(vel_temp+i.&vel_ehar.100); 

} while «aseii != 13) && (i != 5»; 
data.i_vel = atofCvel_temp); j' converts vel_temp to float -; 
clear1(3,52.8); 
pr1ntf( "X8. 2r", data. i_vel); 
_settextpos1tlon(22,1); 
printf( "Aceept changes? (YIN) "); 
do /' Get keyboard 1 nput '1 
{ 

if (kbhit(» 
{ 

correct = getehe(); 
correct = toupper(correct); 
if (correct==78) correct=O; 
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( 
else if (correct==89) correct=lj 

} 
if (flrstrun > 1) 
( 

} 

AI_Read(1,tenschan,data.gain_seq[tenschan],&readval[tenschan]); 
tension(readval[tenschan]); 

} while (correct>l)j /e End get keyboard input e/ 
} /e End if veloclty change required e/ 

} /e End get sheet speed • / 
_clearscreen(_GCLEARSCREEN)j 
_settextposltlon(1,1); 
printf( ""'ESC\" - EMERGENCY EXIT"); 
_settextpositlon(7,1)j 
prlntf("\n\n\nO\tl\t2\t3\t4\t5\t6\t7")j 
cl ear ( 15, 1 , 1 ) ; 
_settextposltion(6,1); 
prlntf("starting motor .... "); 
errNum = 0; 
if (cont = motor(» /e if motor() returns without ESC e/ 
{ 

} 

mask = apply_load_mask: 
DIG_Out_Port(1,1,mask); 
if (cont = wait(» 
{ 

/e apply load e/ 
/e if wait() returns without ESC e/ 

if «cont = exprmnt(num_sampIes»==27) 
errNum = eexit(l); /e if exprmnt() returns with ESC e/ 

} 

eise errNum = eexit(2); le if wait() returns with ESC e/ 

else errNum = eexit(3); /e if motor() returns with ESC e/ 

if (errNum < 2) 
{ 

/e save whatever data was acquired e/ 

cIear(l,1,3); le prevent overwriting oid data file e/ 
cIear(5,1,3); 
Itoa(data.file_no, file_name, 10); 
pdest =strcpy( first + 19, file_name ); 
length=strIen(first); 
pdest =strcpy( first + length, last ); 
pdest=strcpy( file_name , first); 
if (firstrun==l) 
{ 

while «outfbin= fopen(fi le_name, "rb"» ! = NULLl 
{ 

fclose(outfbin) ; 
_settextposition(17,1); 
printf( "Data fi le Xd exists.", data. file_no); 
prlntf( "Fi le number to store the data? \n"); 
scanf ( "Xs" , fil e _name ) ; 
data. file_no = atoi(file_name); 
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.. 

} 

} 

pdest =strcpy( flrst + 19, fl1e_name )i 
length=strlen(flrst)j 
pdest =strcpy( flrst + length, lest )i 
pdest=strcpy( fl1e_name , flrst); 

} 
_settextposltlon(5,l); 
prlntf( "wri ting flle: Yos\nsets of data: Yod", fi le_name, firstrun); 
lf ((oulfbin = fopen( fi le_name , "ab"» ! = NULL ) 
{ 

} 

for (i=O; 1<8; 1++) 
fwrlte C&endblock, slzeof(endblock), 1, outfbin); 

fwrlte (&ddate, slzeof(ddate), 1. outfbln); 
fwrlle (&dt1me. slzeof(dtlme), 1, outfbln); 
fwrite (&data, slzeof(data), 1, outfbln); 
fwrlte (cons, slzeof(cons), 1, outfbln); 
fwrlte (&endblock. slzeof(endblock), 1. outfbln); 
for (1=0; 1<8; 1++) 

fwrlte (&endblock. sizeof(endblock). 1. outfbin); 
fwrlte (&exp_buff[O]. sizeof(exp_buff[O]). num_samples. outfbin); 
fclose(outfbln) ; 

flrstrun++; 

if (!errNum) 
{ 

} 

_clearscreen(_GCLEARSCREEN); 
printf( "\"E\" - END\n\"P\" - ENTER NEW PARAMETERS"): 
prlntf( U\n"."V\U - ENTER NEW VELOCITY"); 
while «cont != 69) && (cont != 80) && (cont != 36» 
{ le if E, V or P have net been pressed el 

} 

if (kbhll(» 
( 

cont = getch(); 
cont = toupper(cont); 

} 
AI_Read(l,tenschan.data.gain_seq[tenschanl,&readval[tenschan]); 
tension(readval[tenschan]); 

else co nt = 69; ;e end if emergency exit el 
clearO, 1,3); 
_settextpositicn(7,1); 

} while (cont == 86); 

} while (cont == 80); 
if (errNum < 2) 

;e End expel'iment loop el 
1* End main loop *; 

{ 
data.file_no++; 
wrl te_data( ); 
if (firstrun> 1) 
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.( 
.. 

} 
} 

outfbln - fopen(flle_name, "ab" >: 
for (1-0; 1<8; 1++) 

fwrlte(&endfl1e,slzeof(endflle),l,outfbln): 
fclose(outfbln) ; 

if (errNum) 
( 

/e Don't release brake untll keypressed ./ 

_settextposltlon (24,60); 
printf("Press a key to exit:"); 
do {} whl1e (lkbhlt(»; 
cont = getch{); 

} 
_clearscreen(_GCLEARSCREEN): 
DIG_Out_Port(l,l,O); 
_settextposltion (24,1): 
hfree(exp_buff) ; 
AO_Write ( 1,0,0); 
AO_Wrlte(l,l,maxtrlm_bits); 
prlntf ("Motors off \n Ol

): 

/. frees allocated memory el 
/. Main motor off '1 
/. Trlm motor off ./ 

l' END MAI N PROGRAM • 1 

1····················································· .................. / 
le SUBROUTINES BEGIN HERE '1 

1······································································1 
Int tenslonCtensval) 

tenserr[O) = TMid-tensval: 
trim_bits += adJ[O)'tenserr[O) + adJ[l)'tenserr[l) + adj[2]'tenserr[2); 
if (trlm_blts>maxtrim_blts) trlm_blts = maxtrlm_blts; 
else if (trim_bits<mintrim_bits) trim_bits = mintrlm_bits: 
tenserr[2)=tenserr[l]; 
lenserr[l]=tenserr[O]; 
AO_Write(l,l,trim_bits); l' send specified bits to trim '1 
_settextposltlanC23,23): 
prlntf("m %d t %d OI,motor_bits,trim_bits); 

; ..................................................... ·················1 
,'. TH 1 S SUBROUT 1 NE ACCELERA TES THE MOTOR TO THE DES 1 RED SPEED .; 
;' AND RETURNS 0 - ESCAPE WAS PRESSED '1 
;' 1 - ESCAPE HAS NOT BEEN PRESSED .; 

i nt molar() 
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{ 

} 

lnt d_v • 2, 
d_t = 10, 
dd_v, 
k. 
time, 
tens, 
over, 
countl, 
count2. 
v. 
again:l ; 

char cr; 
double bittovel 

1· change ln velocity ln bits ./ 
1· change ln time ln msec ·1 
le change in time in msec ·1 
1· returned value of keybrd el 
le lime spent ln loop e/ 
le sheet tension ./ 

/e tlme when loop starts ·1 
le time when loop flnlshes ·1 
j. deslred velocity in bits ·1 

= 0.017686963; /. see Design book Vol 4. 
/. 2.87711779054; 20/32. 1S" roll ./ 
/. 2.697297930; 40/60. 16" roll ./ 
/. 5.993999540; 18/60. 16" roll ./ 

/·Old value = 3.08244413969; older value = 3.3847405885; ·1 

bittovel = bittovel e 48·(60/30)/O.40375; 
v = (data.l_vel e bittovel) e 1; /. requested speed, blts el 

if (v>4095) v=4095; 
if (motor_bits>v) dd_v = -d_v; 
else dd_v = d_v: 
whlle (! «motor_bits >= (v-abs(d_v)/2» 

{ 
&& (motor_bits <= (v+abs(d_v)/2») && (again» 

time=O; 
CTR_EvCount(l,5.4,1); le starts timer ./ 
CTR_EvRead( l, 5, &o'1er. &count 1); 
while «time<d_t) && (again» 
{ 

k=keybrd(); 1· reads Key if pressed ·1 
if (k==27) again=O; 
sense); j. reads and displays ./ 
CTR_EvRead(I,5.&over,&co~nt2); 

time=count2-countl; 
} 
motor_bits=motor_bits+dd_v; 
if (motor_bits<O) motor_bits=O; 
AO_Write(l,O,motor_bitsJ; 

data.i_vel = motor_bits/bittovel; 
if (data.i_vel < 1) data.i_vel=O; 
CTR_Stop(1,S): /. stop the timer ./ 
return again; 

/ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• j 

lnt exprmnt(lnt num) 
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( 

lnt samp_tb, 
scan_tb, 
status, 
statusl, 
monitor _buffle], 
newpntlnd, 
k = 1, 
errnum, 
1 ; 

/e array whlch stores last scanned data e/ 

unsigned lnt samp_lnt, 
scan_lnt, 
retrleved; 

/e lntervals between acqs in timebase mode e/ 
/e Interval between scan of num channels e/ 
/e number of poInts of data retrleved -/ 

clearC6. 1. 2); 
printf(Ucommenclng experlment .... H); 
elearC15,1.4); 

k=O; 
DAQ_Rate (data.s_rate, 0, &samp_tb, &samp_lnt); 
DAQ_Rate (data. sean_rate, 0, &scan_tb, &scan_lnt); 
SCAN_Setup(l,num_chans,data.chan_seq,data.galn_seq); 
if (errnum = SCAN_Start(l, exp_buff, num, samp_tb, samp_int,scan_tb. 

scan_i nt» ! = 0) 

_settextposltlon(6,1); 
prl ntf (" Acquis! tion error ln SCAN_Scart ~d\nH, errnum); 
k=4; 
return k; 

_settextposition(23,1); 
prlntf("\nNumber of samples acqulred: "); 
do 
{ 

if «errnum = DAQ_Check( 1, &status, &retrieved )} != 0) 
{ 

} 

printf ("Acquis i tion error ln DAQ_Check ~d\n", errnum); 
k=4; 
return k; 

if «retrieved > num_chans) && (retrieved < (num_scans-num_chans» 
&& (! status)) 

{ 

if «errnum = 
DAQ_Monitor(l.-l,O,num_chans,monitor_buff,&newpntind,&statusl» 
! = 0) 
printf ("Acquisi tian error in DAQ_Moni tor ~d\n", errnum); 

_settextposition(13.1); 
for (1=0; i<num_chans; 1++) 

printf( "~d\t ", mont tor _buff[ i]); 
tens ion( monitol'_buffl 5 J ) ; 
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} 
_settextposltlon(24,29); 
prlntf( "r.Su\b\b\b\b\b". retrleved); 
k=keybrd( ); 

}whl1e «!status) && (k!=21) && (k!=80) && (k!=86) && 
(k!=112) && (kl=118»; 

DAQ_Clear( 1): 
return k; 

1······················································.··.·······.···1 
sense) 
{ 

_settextposltlon(13.1); 
for (sensvar=O;sensvar<num_chans;sensvar++) 
{ 

} 

AI_Read{l,sensvar,data.galn_seq[sensvarJ,&readval[sensvar); 
printf("Xd\t",readval[5ensvar]); 

tension (readval[tenschan])j 

1····················································· ............... / 
write_data() /. updale parameter file ./ 
{ 

FILE ·x; 
int i, 

J. 
endblock = 10000; 

if ((x=fopen{par_file,"wt"» != NULL) 
{ 

fprintf{x, "%5. 3f\n", data. dry_bui b); 
fprintf(x, "%5. 3f\n". data. dew-pt); 
fprintf (x, "%5. 3f\n", data. baro); 
fprintf{x, "%5. 3f\n", data. rel_hum); 
fprintf(x, "%5. 3f\n", data. calrol1_dl); 
fprintf{x, "%d\n", data. calroll_nl); 
fprinlf(x, "%5. 3f\n", data. calroll_d2); 
fprlntf(x, "%d\n", data. calroll_n2); 
fprintf{x, "%5.3f\n",data.bas_wt); 
fprintf(x, U%5\n", data. pap_type); 
fprintf{x,"%8.21f\n",data.s]ate); 
fprintf(x, "%8. 21f\n",data. scan]ate); 
for (1=0; i<num_chans; i++) 

fprinlf(x, "%ld\t", data. chan_seq[ i] ) ; 
fprintf{x, "\n"); 
for (1=0; i<num_chans; i++) 

fprintf(x, "%3d\t", data. gain_seq[ i] ); 
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fprlntf(x. "\,n"); 
for (1.0; 1<7 ; 1++) 

fprlntf(x."Xld\t",data.sens_seq(l}); 
fprlntf(x, "\,n"); 
for (leO; 1<7 ; 1++) 

fprlntf(x. "X5. 2f\t", data. vol t_seq( Il ); 
fprlntf(x, "\nX6. 2f" ,data. l_vel); 
fprlntf(x, "\nX. 4d\n". data.. flle_no); 
for (l e l; 1<=7; 1++) 

fprlntf(x,"~d",endblock); 
fprlntf(x, "\n"); 
for (1=0;1<=2;1++) 
< 

} 

else 
{ 

for (J=0;j<=6;J++) 
{ 
fprlntf(x,"~3.9f\t",cons[1][J]); 

fprintf(x,"\n"); 

perrorC "write error: can' t open INFO. TXT for wri ting"); 
ex1t(1); 

fclose(x) ; 

1···································································1 

i nt 1; 

_clearscreen(_GCLEARSCREEN); 
pr i nt f ( Il DATE: Yeu/Yeu/Yeu\t TiME: Yeu: Y.u: Y.u\n" • ddate. day, 

ddate.month,ddate.year,dtime.hour, 
dtlme.mlnute,dtime.second); 

printf( "Q. 
prlntf("l. 
prlntf( "2. 
printf( "3. 
prlntf( "4. 
prlntf( "S. 
printf("6. 

THESE VALUES ARE CORRECT\n"); 
D~y bulb temperature 
Dew point temperature 
Barometric pressure 
Relative humidity 
top calender reel - diameter (cm): 

- id #: 
prlntf("7. bottom calender reel -diameter (cm) 
prlntf( "8. -id #: 
printf( "9. basis weight (Kg): 
printf("10. paper type: 
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XS.3f \n", data. dry_bul b); 
Y.S.3f \n", data. dew-pt); 
r.S.3f \n",data.baro); 
YeS.3f \n", data rel_hum); 
YeS.3f \n", data. calroll_dl); 

Yod \n", data. calroll_nl); 
Y.S.3f \n",data.calroll_d2); 

Y.d \n",data.calroll_n2); 
YoS.3f \n", data. bas_wt) ; 

Yos\n", data. pap_type); 

------------------------------------



.1 

} 

prlntfC"l1. scan rate-one channel (scan/sec): %8.2lf\n",data.s]ate); 
prlntfC"12. -all channels (scan/sec):%8.21f\n".data.sean_rate); 
prlntf("13.channel v:"); 
prlntf(" %1d ". data. chan_seq[O]); 
for (1=1; 1 <num_chans; 1++) 

pr1ntf( "%ld ", data. chan_seq[ 11) i 
prlntf( "\n14. gain v: "); 
pr1ntf(" %3d " .data.galn_seq[Q])j 
for (t=l; 1 <num_chans; 1++) 

prl ntf( "%3d " • data. gal n_seqf1 ) ); 
prlntf( "\n15. sensor v: ") j 
prlntf(" %ld ".data.sens_seqIO]}; 
for (1=1; 1<7 ; 1++) 

pr1ntf( "%1d ". data. sens_seq[ 11); 
prlntf("\n16.volts v: "); 
prlntf(" %5.2f ". data. volt_seq[Ql): 
for Ci=1; 1<7 ; 1++) 

pr1ntf(" Y.S.2f ",data.volt_seq[i)); 
printf( "\n17. initial veloci ty (m/min): 
prlntfC"\n18. flle number: 

Y.S.2f",data.l_vel); 
Y.. 4d", data. file_no); 

; ....................................................................... ; 

int change(chl) 

char chi; 

{ 

int ascii. 
x. 
i. 
e ndfi 1 e = 11111; 

char tempe 100] , 
cr, 
ch2. 
yi 3) j 

FILE ·outfbin; 

strcpy( y. &ch1) j 
ch2 = getche ( ) ; 
strepyCy + l, &ch2); 
ascll=toascii(eh2); 
while (aseii != 13) 
{ 

eh2 = getch() j 
aseii=toasciiCch2); 

} 

x=ato1(y); 
if «x>O) && (x<=18» 
{ 

;. first character of inputted ~hoice '/ 

/e asell value ./ 

/. buffer signifylng end of file ./ 

/e second character for choice ./ 
/e final ehoice to input data ./ 

/e file for storing data acquisition '/ 
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_settextposltlonC24.6)j 
prlntf( "Yod. ". x); 
lf «xl-11) && (x!=12» 

seanf( "Yos". temp ); 
lf (x .... l) 

data.dry_bulb=atof( temp ); 
else If (x:=2) 

data.dew-pt = atof{ temp l; 
else If (x==3) 

data. baro = atof( temp ); 
else If (x==4) 

data. rel_hum ::: alof( temp ); 
else If (x==5l 

data. ealroll_dl = atof( temp ); 
else If (x==6) 

data. cal roll_nI = atoI( temp ); 
else If (x==?) 

data.calr·oll_d2 = atof( temp ); 
else If (x==8) 

data. calroll_n2 ::: atoi( temp ) j 
else if (x==9) 

data.bas_wl ::: atoi( temp l; 
else if (x==10) 

strcpy(data.pap_type. temp): 
else If (x==11) 
{ 

} 

seanf( "~l fOI, &data. s_rale): 
elearl(13,39,8); 
prlntf( "~8. 21f". data. sJate); 

else if (x==12) 
{ 

} 

seanfe "~lf", &data. scan_rate): 
clearl(14,39.8); 
prlntf( "~8. 21f". data. scan_ratel: 

else if (x==13) 
{ 

} 

data.chan_seq[Ol ::: atof( temp l; 
elearl(15,16,8): 
printf( "Xld". data. chan_seq[ 01 l: 
for (1=1; l<num_ehans; 1++) 
{ 

} 

_settextposi tion(24, 10); 
scanf(OI~s", temp l; 
oata.ehan_seq[il = atoi( temp l; 
elearl (15, (16+8* i), 8); 
printf( "Y.ld", data. \.:han_seq[ il); 

else if (x==14) 
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data.galn_seq[Ol = ato!( temp ); 
clearH 16, 13,8); 
_settextposition(16,16); 
prlntf( ""Id", data. gain_seq[Q]) i 
for (i=l; 1 <num_chans; 1++) 
{ 

} 

_settextposltlon(24,10); 
scanf( uYos", temp ); 
data.galn_seq[i] = atoll temp ): 
clearl(16, (13+8-1),8): 
_settextposltlon(16, (16+8-1»; 
printf( "Y.ld ", data. gai n_seq[ 1 ) ) ; 

else if (x==15) 
{ 

data. sens_seq [0] = ato i( temp ) i 
clearlCI7,16,8); 
printf ( "Xld" , data. sens_seq[ Q) ) i 
for (1=1; 1<7; 1++) 
{ 

_settextpositlon(24.10): 
scanf("Yos". temp ); 
data.sens_seq[il = atoll temp )i 
clearl (17, (16+8-1), Bl i 
printf( "Xld", data. sens_seq[ i); 

} 

else if (x==16) 
{ 

} 

data,volt_seqIOJ = atof( temp ); 
clearlClB.15,B); 
printf( "X5. 2f", data. vol c_seq[Ql); 
for (1=1;1<7;i++) 
{ 

} 

_settextpos1tionC24,10): 
scanf(UXs", temp )i 

data.volt_seq[il = atof( temp )i 
clearl (tB, 05+8- 1) ,8) i 
printf{ "X5. 2f", data. vol t_seql il); 

else If (x==17) 
data. i_vel = alof( temp ) i 

eise if (x==IB) 
{ 

data. file_no = aloi( temp )i 
if (firstrun> 1) 
{ 

outfbin = fopen(file_name. "ab"); 
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( 

} 
} 

) 

} 

for (1-1:1<-8:1++) 
fwrlle(&endflle,slzeof(endflle),l,outfbln); 

fclose (outfbln); 

firEtrun = 1 i 

If «x>-l) && (x< .. 10) && (x! =0) Il (x==1?) Il (x==18» 
{ 

} 

clearl ((x+2), 40, 12}; 
_settextposltlon«x+2),43); 
prlntf( tires". templ; 

/ ..................................................................... / 

lnt eexIt(1nt x) 
{ 

DIG_Out_Port(l,l,ralse_Ioad_mask); 
DIG_Out_Port(l,l,brake_reeI_mask); 
AO_\oIrlteCl,O,O); 
AO_Wrl teO. 1.4000); 
motor_blts= 0; 
trlm_blts = 4000; 
_settextposition(2l.601; 
printf ("Emergency stop"); 
_settextposltlon(22.60)j 
prlntf ("error 1* red".x); 
_settextposltlon(23.60); 
if (x==l) 

prlntf( "subrout Ine EXPRMNT"): 
else if (x==2) 

prlntf("subroutlne WAIT"); 
else lf (x==3) 

prIntf( "subroutl ne MOTOR"); 
eise if (x==4) 

printf("PANIC bar pressed"}; 
return x; 

/ ...................................................................... / 

THIS SUBROllfINE \<lAITS WliILE SENSORS ARE BEING READ 
UNTIL "5" OR ESCAPE HAS BEEN PRESSED 

l nt wall () 
{ 

1 nt k=O; 
clear(14. 1.5); 
c 1 ear{ 2. 1, 5) ; 
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l 
prlntf( .. ,"s\" - continue "); 
._settextposl tion(t7,1); 
printf( "requested speed reached of X6.2f rn/min 'n", data. l_vel); 
printf("a dJust load and type \"s\" when you are ready to begln"); 
while «(k!=27) && (k!=llS) && (k!=83» 
{ 

sens ( }; 
k=keybrd ( ) ; j. checks if calender need to be shut off .; 

} 

} 

if (k==27) k=O; 
else k=l; 
return k; 

; ...................................................................... ; 

CHECKS 1 F ESCAPE HAS BEEN PRESSED , EMERGENCY BRAKE 
HAS BEEN INITIATED OR IF SHEET BREAK HAS OCCURED 
(RETURNS 27 1 F ANY OF THE AB:"NE HAVE OCCURED ) 
OTHERWISE RETURNS ASCII VALUE OF PRESSED KEY 

lnt keybrd() 
{ 

i nt stateO=O, 
kbdval: 

j. value of digital input »26 ,; 
j' asci! value of key 'j 

DIG_In_Llne(l,O,O,&stateO); j' reads panic bar pressed .; 
if (kbhit(» kbdval = getch(); 
if (stateO~=O) 

kbdval = 27; 
return kbdval; 

THIS VERSION OF TEXT.C READS FILES CREATED BY 
ACQUlRE.C AFTER SEPT. 12,1990 

'1 
./ 

'1 
'1 

;, In particular, it expects 2048 data points from each of 8 channels. 
rather than 3000 data points from each of 7 channels. ./ 

;. Written by Miles Sherman, August 1990 
;' Last modification: Tom Browne, October 9, 1990 
;, Averaglng routine and extraction added October 9th. 1990 
j' Modified again, November 6, 1990 
/' Modifled again, January 8 1991 

#include <stdio.h> 
#include <DOS.h> 
#include <conio.h> 
#include "txlib.c" 
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( 

main() 
{ 

FILE edtabln: 
lnt end[Sl. 

scan, 
chan, 
trial JI: 0, 
fi ll!_no, 
length, 
pdest; 

char fllename[50], 
file_[101, 
ans =: ''l'; 

printf( "Enter file number\n"); 
~eanfC "r.d" , &file_no); 
Itoa(flle_no,flle_,10); 
strepy(fllename,flle_); 
pdest c strepy( flrst + 19, fllename ); 
length ., strlenCflrst); 
pdest = strepy( flrst + length, dta ), 
pdest = strepy( filenarne • flrst); 
printf( "reading file: r.s\n". filename); 

if «dtabln = fopen(filename, "rb"» == NULL) 
{ 

printf("error opening file"); 
exit (1): 

fread (end, slzeof(end), 1, dtabin), 
do 
{ 

trlal++, 
prlntf( "reading trial ..... r.d\n", trial), 
fread (&ddate, slzeof(ddate), 1, dtabin). 
fread (&dtlme, sizeof(dtime), 1, dtabin); 
fread (&data, slzeof(data), 1, dtabln); 
fread (cons, slzeof(cons), 1, dtabin), 
fread (&amount, slzeof(amount), 1, dtabin), 
fread (end, sizeof(end), 1, dtabin), 
fread (inbuff. sizeof(inbuff), 1, dtabin); 
fread (end, sizeof(end), 1. dtabin); 

printf( "\nSave the data as a PRN fi le?\n"); 
ans=getehe(} ; 
if (ans=='y' Il ans=='Y') 
< 

true_speed( ); 
average ( ), 
svetxt (fi le_); 
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} 

} while (end[7) != 11111); 
fclose(dtabln}: 
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ft 

THIS VERSION OF TEXT.C REAnS FILES CREATED BY 
ACQUlRE.C AFTF.R SEPT. 12,1990 

/' In particular, it expects 2048 data points from each of 2 channels, 
rather than 3000 data po1nts from each of 7 channels. el 

/' Wr1tten by Miles Sherman, August 1990 
/f Last modification: Tom Browne, October 9, 1990 
l' FFI subroutlne lnserted December 1990 

Ilnclude 
ttinclude 
linclude 
ttlnclude 
#lnclude 
1I1nclude 

maln() 
{ 

<stdl0.h> 
<dos.h> 
<math.h> 
"nrut11. c" 
"fourI.c" 
"txI1b. c" 

FILE edtab1n: 
Int end(B], 

trial = 0, 
fi le_no, 
length, 
pdest; 

ehar f11ename(50). 
flle_(10), 
ans = 'y'; 

fftbuff = vector(l,num_fft); 

prlntf("Enter file number: "): 
scanf( "Xd", &fi le_no) j 
itoa(file_no,file_, 10); 

printf("Enler channel: "); 
scanf( "Xd" ,&nlp); 

strcpy(filename,file_); 
pdest = strepy( first + 19, filename ): 
length = strlen(first)j 
pdest = strepy( first + length, dta ); 
pdest = strepy( fllename , flrstl; 
printf( "\nreading fi le: Xs" 1 fi lename) j 

if «dtabin:: fopen(filename, "rb"» -- NULL) 
{ 

prlntf( "error opening fi le"); 
exlt(1): 
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} 

fread (end, sizeof(end), 1, dtabin}; 
do 
{ 

trial++; 
prlntf( U\nreading tr1al. .... Yod". trial}; 
fread (&ddate, slzeof(ddate), l, dtabin); 
fread (&dtlme, slzeof(dtlme), 1, dtabln)j 
fread (&data, slzeofCdata), 1, dtabln)j 
fread (cons, sizeof(cons), 1, dtabin)j 
fread (&amourt, slzeof(amount), l, dtabin); 
fread (end, sizeof(end). l, dtabln); 
fread (lnbuff, slzeof(inbuff), 1, dtabln); 
fread (end, sizeof(end), l, dtabin)j 

printf( "\nSave the data as an FFT flle? "): 
ans=getche( } j 
If (ans=='y' Il ans=='Y') 
{ 

} 

true_speed( ); 
svefft (file_) j 

} whlle (end[7] != 11111); 

free_vector (fftbuff,l,num_fft); 
fclClse(dtabin) ; 

/ .......................•.... ~ .................................. / 
svefft(filet) 
char fi le1l50] j 
{ 

FILE 'dtatxt; 
int length. 

pdest, 
di visor, 
J, kj 

char ext [51. 
file[50 1. 
new_ext; 

do 
{ 

new_ext=' h' ; 
strepy (first,ue:\\meng\\cales\\data\\"); 
strepy (fft,u.fft U); 
strcpy(fl1e,filel); 

printf( "\nFi le extension (a, b, etc) 
scanf( "y.s". ext}; 
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} 

...... 

pdest "strepy( flrst + 19, flle ) i 
length=strlen( flrst) ; 
pdest "strepy( flrst + length, ext ) ; length=strlen( flrst) ; 
pdest =strepy( flrst + length, fft ) ; pdest=strepy( file. flrst) ; 

If ((dtatxt = fopen(flle, 
{ "rt"» 1-.- NULL) 

prlntf( U\n\nfile already exlsts - try a new 'extens1on? (yin) "); 
while «new_extl:'y') && (new_extl:'n') && (new_ext!='Y') && (new_ext!:' N' ) ) 

} 

new_ext=getche(); 
fc:lose(dtatxt); 

} 

}while ({~ew_ext==·y') Il (new_ext::'y'»; 

If (new_ext=='h') 
{ 

dtatxt = fopen(file, "wt"); 
save_data(file,ext,dtatxt); 
for (scan=o;scan<num_scans;scan++) 
{ 

} 

fftbuff[2-scan+l1= 

Cfloat)CconS[O)[nl PJ+cons[l][nlP]-inbUff[num_Chans·scan+nlp]); 
fftbuff[2-scan+2J=0.0; 

prlntf( "\nBegining FIT ... \n"); 
fourl(fftbuff,num_scans,isign); 
for (scan=1;scan«num_sCans/2)+1;sean++) 
{ 

} 

magn = 2.0.sqrtlpowlfftbuff[2-scanl,2.0)+ 
POW(fftbuff[2·scan+l1,2.0»/num_scans; 

theta = atan2lfftbuff(2.scanJ,fftbuff[2-s~an+1J); 
fprlntf(dtatxt,"Xd %10.7f %10. 4f\n", scan, magn. lhelaJ; 

fcloseCdtatxt) ; 
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SUBROUTINES FOR ALL VFRSIONS OF TX???C 

#deri ne num_chans 8 
#deflne num_chans_saved 2 
#deflne num_scans 2048 
#deflne num_scans_saved 2048 
#deflne num_avg 4 
Ideflne num_saved 512 
#deflne num_fft (2'num_scans) 
#deflne num_samples (num_chans'num_scans) 
Iderine Islgn 1 

lnt Inbuff[num_samplesl, 
outbuff[num_saved'num_chansl, 
nip, 
trigger, 
scan, 
chan; 

fioat cons[3][7]; 
double correct_vel, 

magn, 
m1nmagn = 0.5. 
theta; 

float 'fftbuff; 
char flrst[50] = "c:\\meng\\calcs\\data\\", 

prn[5l = ". prn", 
51g[5) = ".sig", 
fft[S] = ". fft", 
dta[S] = ".dta"; 

unsigned int amount; 

struct dosdate_t ddate; 
slruct dostlme_t Jtime; 
struct { 

fioat Tdry, 
Twet, 
BarP, 
RelH, 

lnt 

b~s_wt, 

vol t_seq[ 7], 
cal roll_dl. 
calroll_d2, 
l_vel; 

file_no, 
c8:1roll_nl, 

calroll_n2, 
chan_seq [ 8 ] , 
gain_seq[8] , 
sens_seq[7] ; 

char pap_type[30]; 

/'lnitial paper reel welght ln kg'/ 
l'final p~per reel weight ln kg'/ 

/'ini liaI moisture content '/ 
l'final moisture contentai 

/'basis weight'/ 
l'sequence of supply voltages'/ 

/'calender reel diameters'/ 
" desired veloclty in meters/min " 
l'flle identification number'/ 

/'calender roll id numbers'/ 
"sequence channels read'/ 
"sequence of gains'/ 
l'sequence of sensor connections'/ 
l'type of paper'/ 
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double s_rate, 

scan_rate: 
/. rate samples are scanned (scan/sec) ./ 
/. rate to repeat each scan (scan/sec) ./ 

}data; 

I············································A.~ ................ / 

float delta_tj 
int trig, 

t 1, 
Inlt; 

init = (inbuff{7]>1000)? 1 : 0; 
scan = 0; 
delta_t = l/data.scan_rate; 
do 
{ 

scan++; 
trig = {inbuff[num_chans·scan+7]>1000}? l 

} whlle (trig==inlt)j 
tl=scan; 
do 
{ 

scan++; 
trig = (lnbuff[num_chans·scan+7]>1000)? 1 

} while (trlg!=init): 
do 
{ 

scan++; 

0: 

0; 

trig = (lnbuff[num_chans·scan+7]>1000)? 1 : 0; 

1· find first edge .; 
1· start timer ./ 

1· find second edge ./ 

} while (trlg.::=inl t); ;. find third edge .; 
correct_vel = 60·3. 141592654adata.calroll_d2;«scan-tl)adelta_t); 

/ ..................................................... ...•...... ; 

average ( ) 
{ 

int index, 
ch, 
sc, 
i; 

for (ch=O;ch<num_chans-lich++) 
{ 

outbuff[ch)=O; 
for (i=O;i<num_avg+l;i++) 

outbuff[ch} += inbuff[i·num_chans+ch]; 
} 
outbuff[num_chans-l] = Inbuff[num_chans-l]; 
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} 

for (sc=l;sc«num_saved-l);sc++) 
{ 

} 

for (chcO:ch<num_chans-l;ch++J 
{ 

index = sc·num_chans+ch; 
outbuff[lndex]=O: 
for (1 =-num_avg: 1 <nllm_avg+ 1; 1 ++) 

outbuff[lndex] += Inbuff[(num_avg·sc+l)·num_chans+ch]; 
} 
outbuff[lndex+l] = Inbuff[(num_avg·sc+l)·num_chans-l]j 

for (ch=O:ch'num_chans-l;ch++) 
{ 

index = (num_saved-l)·num_chans+ch: 
outbuff[lndexl=O; 
for (l=-num_avg;l<num_avg:l++) 

outbuff[lndexl += Inbuff[(num_avg·(num_saved-t)+l)·num_chans+chJ: 
} 
outbuff[lndex+l1 = inbuff[(num_avg·sc+l)-num_chans-1J; 

/ ............................................................... / 

svetxt (fllel) 
char f 11 e 1( 50 l ; 
{ 

FILE ·dtatxt: 
Int length, 

pdest. 
divisor, 
ch, 
sc, 
J, k; 

double wrltebuff; 
char ext [ 51. 

flle[501, 
new_ext; 

do 
{ 

new_ext=' h' ; 
strepy (first,"c:\\meng\\ealcs\\data\\"); 
strepy (prn,".prn"); 
strcpy(file,fllel); 

printf("\n\nFile extension (a, b. etc)\n"); 
seanf( "Yos". ext); 

pdest =strcpy( first + 19. file ); 
length=stl'len(firs\.) : 
pdest =strcpy( first + length. ext ); 
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length=strlen(first); 
pdest =strcpy( flrst + length, prn ); 
pdest=strcpy( file, first); 

If «dtatxt = fopen(file, "rt"» != NULL) 
{ 

prlntf( "\.n\.nille already exlsts - try a new extension?"); 
prlntf( "\.n\t (y/n)\.n"); 
while «new_ext!='y') && (new_ext!='n') && (new_ext!='Y') && 

(n~w_ext! =' N' » 
new_ext=getche() ; 

fclose(dtatxt) ; 
} 

}while «new_ext==' Y') 1 1 (new_ext==' y' )) j 

if (new_ext=='h') 
{ 

dtatxt = fopen(file, "wt"); 
save_data(file,ext,dtatxt); 
divisor = num_avg i l; 
for (ch=O;ch<num_chans-l;ch++) 
{ 

} 

wrltebuff = cons[O][ch]+cons[l}{ch}·outbuff[ch]/dlvisor; 
fprintf(dtatxt, Il %4. Sf. ", w'l tebuff); 

trigger = (outbuff{num_chans-l}>lOOD)? 1 0; 
fprintf(dtatxt, Il %d \n". trigger); 

divisor = 2·num_avg+l; 
for (sc=l;sc«num_saved-l);sc++) 
{ 

} 

for (ch=O;ch<num_chans-l;ch++) 
{ 

} 

wri tebuff = 
cons[O)[ch]+cons[l][ch]·outbuff(num_chans·sc+ch]/divisor; 

fprlntf( dtatxt, Il %4. Sf, ", writebuff); 

trigger = (outbuff[num_chans·sc-l]>lOOOl? 1 0; 
fprintf(dtatxt, " ~.d \n". trigger); 

divisor = 2·num_avg; 
for (ch=O;ch<num_chans-l;ch++) 
{ 

writebuff = 
cons[O)[ch]+cons[l][ch]·outbuff(num_chans·(num_saved-l)+ch]/divisor; 

fprintf( dtatxt," %4. Sf, ", writebuff); 
} 
trigger = (outbuff[num_chans·(num_saved-l)-1]>1000)? 1 0; 
fprintf(dtatxt," %d \n". trigger); 

fclose (dtatxt); 
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} 

/ .........................................•..................... / 
/* TXSlGOLD ./ 

6veslg(filel ) 
char flle1[50]: 
{ 

FILE ·dtatxt: 
Int length, 

pdest, 
divisor, 
J, kt 

double wrltebuff; 
char ext[5], 

do 
{ 

filer 50 1. 
new_ext: 

new_ext .. ' h' : 
strcpy (first, "c: \\meng\\calcs\\dat..a\\"); 
strepy (slg,".slg"); 
strcpy(flle,fllel}; 

prlntf(<<\nFlle ext~nsion (a, b, etc) 
seanf ( "Yos" , ext ); 

pdest =strepy( first + 19, file }; 
length=strlen(first}; 
pdest =strepy( first + length, ext ); 
length=strlen(first); 
pdest =strepy( first + length, sig }; 
pdest=strepy( file, first}: 

if ((dtatxt = fopen(file, "rt"» != NULL) 
{ 

"); 

prlntf( "\n\nfi le already exlsts - try a neW extension? (yin) «); 
whlle «new_ext!='y') && (new_ext!='n') && (new_.ext!='Y') && 

(new_ext! =' N' ) ) 
new_ext=getche(); 

fclose(dtatxt); 
} 

}while «new_ext=='Y') Il (new_ext=='y' »; 

if (new_ext=='h') 
{ 

dtatxt = fopen(flle, "wt"); 
save_data(file,ext,dtatxt}; 
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} 
} 

for (scan=Oiscan<num scans saved;scan++) 
{ - -

} 

for (chan=O;chan<num chans saved;chano('+) 
{ - -

writebuff=cons[O} [chan]+(cons[2] [chan]'lnbuff[num chans'scan+chan)+ 
cons[l][chan])'lnbuff[num chans'scan+chan); -

fprlntf (dtatxt, " %4. Bf, " , wr itebuff) ; 
} 

trlgger = (lnbuff[num_ch~ls'(scan+l)-1»1000)? 1 0; 
fprlntf(dtatxt," ~d \n", trigger); 

fclose(dtatxt); 

1····················································· .......... / 
save_data(file,ext,dtatxt) 
char fi le [50 J, 

ext [5] ; 
FILE 'dtatxt; 
{ 

int j, k; 
printf( "wrl t ing fi le: ~s\n". fi le): 

fprlntf(dtatxt, "\"OATE: \"\"Xunu/%u\"\t\"TlME: 
\"\"~u/Xu/Xu\"\n",ddate.day, 

ddate.month,ddate.year,dtime.hour, dtime minute.dtime.secondl. 
fprlntf(dtatxt, "\"Ory bul b \,. %5.3f \n", data. Tdry), 
fprintf(dtalxt, "\"Oew point \" %5.3f \n", data. Twet); 
fprintf(dtatxt, "\"Barometer \" %5.3f \n", data BarP); 
fprintf(dtatxt, "\"R.H. \" %5.3f \n",data RelH); 
fprintf(dtatxt, "\"TrollO \" ~5. 3f \n", data. cal roll_dl ), 
fprintf(dtatxt, "\"id \" Xd \n",data.calroll_nll; 
fprintf(dtatxt,"\"BrollO \" X5.3f \n",data calroll_d2), 
fprintf(dtatxt, "\" id \" ~d \n", data. calroll_n2), 
fprintf( dtatxt, "\"B\oI \" %5.3f \n", data. bas_wt); 
fprintf(dtatxt,"\"paper type\"\" Xs\"\n",data.pap_type); 
fprintf(dtatxt, "\"CRate \" %8.21f\n",data sJate); 
fprintf(dtatxt, "\"SRate \"%8.21f, 

%821f\n",data.scan_rate,data.scan_rate/num_avg); 
fprintf(dtatxt, "\"channel v: \""); 
for (j=O; j<8 ; j++) 

fprlntf(dtatxt, "%ld ", data. chan_seq[ j 1); 
fprlntf(dtatxt, "\n\"gain v: \""); 
for (j=O; j<B ; j++) 

fprintf(dtatxt, "%3d ", data. gain_seq[ J) ); 
fprintf(dtatxt, "\n\"sensor v: \"11); 
for (J=O; j<7 ; j++) 

fprintf(dtatxt, "%ld ". data. sens_seq[ J l); 
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fprlntf(dtatxt, "\n\"volts v:\" "); 
for (J=O; J<1 ; J++) 

fprlntfCdtatxt," X5.2f ",data.volt_seq[J}}; 
fprlntfedtatxt, "\n\"Vel\" X6.2f X6.2f",data.l_vel,correct_vel); 
fprlntf(dtatxt. "\n\Ufile:\" X.4d \" Xs \"\n",data.f'lle_no, ext)j 
f'prlntf(dtatxt, "'n,"~allbrat!on \" \n"}; 
for eJ=OjJ<3;J++} 
{ 

} 

for (k=Ojk<7jk++) 
fprlntf(dtatxt," X.14f, ",cons[J)[k); 

fprlntfCdtatxt, "\n"); 

fprlntfCdtatxt, "'n\n"); 
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1· Fast Fourier Transform subroutine el 
1- from Numerical Recipes, by William H. Press, Brian P. Flannery, 

Saul A. TeukolsKY and William T. Vetter11ng, 
Cambridg~ University Press el 

#deflne SWAP(a,b) tempr=(a);(a)=(b);(b)=tempr 

voId fourl(data,nn,lsign) 
rioat data[]; 
Int OO,ls1gn; 
{ 

Int n,mmax,m,J.lstep, 1; 
double wtemp,wr,wpr,wpl,wl,theta; 
rioat tempr,tempi; 
n=nn « 1: 
j=l ; 
for (i=1;i<n;1+=2) 
{ 

if (J > 1) 
{ 

SWAPCdata[jl.data[ill; 
SWAP(data[j+1J,data[1+1); 

} 
m=n » 1; 
while (m >= 2 && J > ml 
{ 

} 

j -= m; 
m »= 1; 

j += m; 

mmax=2; 
while (1) > mmax) 
{ 

istep=2-mmax; 
theta=6.28318530717959/(isign-mmax); 
wtemp=sin(O.S-theta); 
wpr = -2.0·wtemp·wtemp; 
wpl=sin( theta); 
wr=1.0; 
wi=O.O; 
for (m=1;m<mmax;m+=2) 
{ 

for Ci=m;i<=n;i+=istep) 
{ 

j::si+mmax; 
tempr=wre data[j]-wi·data[j+l): 
tempi=wr·data[j+l]+wi e data[j]; 
data[J]=data[i]-tempr; 
datalj+l]=data[l+1]-tempi; 
data!i} +~ tempr; 
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} 

dala(I+1) +- templ; 
} 

wr=(wtemp~wr)·wpr-wl·wpl+wr: 
wl-wl·wpr+wtemp·wpl+wl: 

mmax=lstep; 

lIundef SWAP 
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Unwind stand details. Dimensions in inches; not to scale. 
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Unw1nd brake assembly. DimensIons ln Inches; not to scale. 
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Main stand details. Dimensions in 1nches; not to scale. 
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Th1cknesses 

Expt • Vel Load Inl tiai In-nlp Final 
Ill/min kN/m Cp Cn 

J.C.III J1lII f.tI'II 

14 a 50.74 35.9 103.60 58.28 91.87 0.1132 0.437 
14 b 98.84 35.9 103.60 58.62 92.50 0.1071 0.434 
16 a 53.41 38.3 103.00 55.61 91. Il 0.1154 0.460 
18 a 57.80 38.1 100,46 58.43 91. 49 0.0893 0.418 
18 b 115.31 38.1 100.46 58.13 90.82 0.0959 0.421 

18 c 166.80 38.9 100.46 58.25 91.61 0.0875 0.420 
20 b 102.84 36.1 102.66 54.40 94.31 0.0813 0.410 
20 c 171.91 36.3 102.66 58.21 95.10 0.0136 0.433 
21 a 51.60 38.7 102.66 53.01 92.33 0.1006 0.484 
24 a 93.61 40.9 101. 96 55.10 91. 81 0.0990 0.454 

24 b 164.55 40.9 101.96 55.95 93.83 0.0797 0.451 
27 a 93.96 39.4 100.45 55.80 92.23 0.OB18 0.444 
27 b 169.12 39.5 100.45 56.70 93.82 0.0660 0.436 
28 a 292.11 39.9 100.45 55.70 94.96 0.0546 0.445 
29 a 41.2 34.0 100.45 61.25 94.85 0.0551 0.390 

29 b 31.28 34.8 100.45 60.05 93.30 0.0712 0.402 
29 c 22.38 34.9 100.45 60.28 93.60 0.0682 0.400 
29 d 10.57 35.0 100.45 58.85 92.76 0.0765 0.414 
29 e 6.50 36.3 100.45 61.19 89.96 0.1044 0.385 ., .. 31 a 45.44 38." 101. 15 60.19 93.43 0.0763 0.405 

.. ,'. . ..] 

37 b 102.84 38.1 101. 15 60.56 95.00 0.0608 0.401 
37 c 164.55 38.9 101. 15 61. 13 94.36 CI. 0611 0.396 
31 d 284.13 39.0 101. 15 62.73 95.57 0.0552 0.380 
38 a 52.49 42.2 101. 15 57.12 90.74 0.1029 0.435 
39 a 53.41 42.5 101. 15 57.34 91.63 0.0941 0.433 

39 b 21.18 42.7 101.15 58.75 91. 09 0.0995 0.419 
40 a 50.14 42.5 101. 15 56.98 92.06 0.0899 0.437 
41 a 89.61 42.2 99.61 51.69 94.03 0.0560 0.481 
41 b 215.31 42.5 99.61 51.65 95.82 0.0380 0.481 
43 a 81.31 40.4 99.61 51. 41 93.10 0.0654 0.484 

43 b 158.26 40.8 99.61 51. 61 94.81 0.0482 0.482 
43 c 271.24 41. 0 99.61 51. 55 95.67 0.0396 0.482 
47 a 52.39 35.6 100.74 60.69 96.32 0.0438 0.398 
48 a 55.29 141.8 100.74 22.51 85.40 0.1522 0.176 
50 a 55.21 155.1 100.14 21. 83 84.45 0.1616 0.783 
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( Thlcknesses 
Vel Load In! Ual In-nlp Final 

Expt' cp en 
a/.in kN/. J.UII J'JIl f.UIl 

~ 
54 a 534.96 37.6 101. 00 61.54 98.76 0.0222 0.391 l 56 a 101. 02 146.5 101. 00 22.12 86.24 0.1462 0.781 
58 a 289.94 38.2 100.27 60.04 96.58 0.0368 0.401 
58 b 283.45 146.5 100.27 22.68 87.25 0.1299 0.774 
59 a 159.79 37.5 100.27 59.76 96.75 0.0351 0.404 

60 a 162.32 140.9 100.21 23.44 86. 13 0.1411 0.766 
65 a 172.64 37.8 100.50 66.79 97.04 0.0344 0.335 
65 b 167.32 161. 3 100.50 27.30 89.13 0.1132 0.728 
65 c 167.32 107.5 100.50 36.55 85.00 0.1542 0.636 
67 a 306.31 40.0 98.83 63.84 97.56 0.0129 0.354 

67 b 303.85 80.2 98.83 41.80 92.00 0.0691 0.577 
67 c 301.44 137.3 98.83 32.24 87.38 0.1159 0.674 
67 d 299.07 207.3 98.83 24.41 82.88 0.1615 0.753 
67 e 296.73 250.3 98.83 20.66 79.29 0.1977 0.791 
68 a 41.97 38.8 98.83 64.75 95.50 0.0337 0.345 
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