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4- Multiple linear regression

5- Partial least squares regression
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1- Split-sample cross validation

2- Predicted residual sum of squares
3- Euclidean Distance

4- Variable Importance for Projection
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Table 1- Descriptive statistics of newsprint properties

et s 2

S Gl

oSSk A1y sl S sla S
Coeffi_cit_ant of Standgrd Mean Unite Newsprint properties
variation deviation

0.84 0.41 49.3 g/m? (Basis Weight) L 055
38 0.33 8.6 % (Moisture) <. ;b

4 3 75 pm (Caliper) culbes

4 0.06 151  Cmg (BUIK) o
10.7 0.73 6.8 Km (Breaking Length MD) . J b
7.7 0.15 2 Km (Breaking Length CD) S, J b
95 0.13 1.4 % (Elongation MD) J b !5l
10.5 0.32 3 % (Elongation CD) Jsb 215!
13.9 14.3 102 kPa (Burst) iS5 & e slie
10.3 22.5 218 mN (Tear MD) 5L « conslis

9 27.4 304 mN (Tear CD) S)L « cwnslis
35 6.5 18 S (Air resistance) s ;e 4 oo slis
2.3 0.1 4.4 % (Roughness Top) s, (5 e
2.9 0.14 4.9 % (Roughness Bot.) .5 s 5 4ess

2 1 50.8 % (Brightness) .5,
10.4 0.82 7.8 % (Yellowness) 35
1.1 1 91.3 % (Opacity) st
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Table 2- Descriptive statistics of stock preparation variables.

Sl 2

Bives k_B._)Du.

Coefficient Standard S "\?._J Process variables Sl sla
of variation deviation Mean Unit

3.42 0.14 4 %  Cons. CMP refiner SV 53 e (Sl d
11 2.77 24.9 % Cir. val. CM refiner SV s 03 5k e
13.66 5 38 °C Temp. CMP refiner CMP 15 e S2VL (sles
21.25 85 401 kW.h  Load refiner RV b as Ol
9.56 0.37 3.92 %  Cons. BKP refiner AV s ael U S
94.8 185 195  kWh load 1 BKP refiner et S5V L
9.46 7.2 29 %  Cir. valve BKP ref. bWl per KW ok 03 5L
5.86 241 41 % Temp. BKP refiner SV Ul s gles
2 1.68 81 % CMP ratio CMP L8 oot Ao

9 1.68 19 % BKP ratio LU IS ot A
38.67 23 59.5 % Broke ratio S LS et s
27.67 5.95 215 % Clay ratio oo S ds s
21 0.88 4.2 % Dye ratio Sy Aoy
40 1.25 31 Lmin Retention aid 21385 SaS
17.4 0.62 3.58 % Blend consistency oS b o 5 Sa o
157 0.06 4 % Machine chest cons. Oeble O3 p3 (St Ao
5.1 0.2 3.95 % Broke consistency SES BB et S Aoy
4.51 13 29 % Stock valve ool ezt 3 0351 5k Aoy
8.39 550 6564  L.min  Fan pump additives s G258 g b 2
4 42 1084 rmin  RPM fan pump 1 Ko ey B p 92
437 38 87 % Out. fan pump 1 S T
6.55 0.03 0.48 bar G2-cleaners £33 05,5 GlaediS s 5L
31.95 0.16 0.5 bar G3-cleaners poms 03,5 Sl poes LS
443 0.03 0.76 bar G4-cleaners ol 05,8 glaediS s 5L
4.62 1.9 41.76 °C Temp. deculator okylsy Sl gles
6.1 46 758 mm  Level deculator adylss ol 53 et s
9.34 0.1 1.1 bar Pressure deculator olglsy Sl s LS B
18.45 17.6 95.6 mbar  Vacuum deculator R R
8.1 68.6 848 r.min  RPM fan pump 2 35 ey Ak )0
8.8 6.62 75 % Out. fan pump 2 P Nty
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Table 2- Descriptive statistics of stock preparation variables.

;:.;Z:ﬁ ;;;T );;nj:r:. S "\?._J Process variables Sl sla
of variation deviation Mean Unit

6.49 0.48 7.36 - pH screen Jus pH
31.24 0.03 0.09 bar No.1 Pres. screen S e jlas vl
1.47 8.2 559  rmin  RPM saveall Igoe aiBs 1 553
47 0.77 1648 %  Wh. Wa. cha. valve koo N O ek 03550
2.95 1.2 41 % Saveall drain rate I 50 s
4.99 104 2081  L.min  Stock saveall Il et 3

9 2149 23807 L.min  W.W. saveall I i Ol
8.38 0.3 352 % Reco. cons. saveall Il B3 et S5
3.81 0.15 3.96 % Pre-refiner cons. SVl 15 e S
6.27 23 367 ml Pre-refiner CSF SV S et Sl 5

4 0.16 4 % After-refiner cons. SV e (S
6.71 21.4 319 ml After-refiner CSF SV et g a3
257 0.1 3.93 % Level box cons. oSL S g e (S
7.72 17.6 228 ml Level box CSF oSU S S e Glse s
1.61 0.12 7.46 - Head box pH 4% am 53 e PH
6.1 0.06 0.98 % Head box cons. LA A 0 et (SO
13.91 11.16 80 ml Head box CSF S a3 et Sl 4
12.94 0.05 0.42 %  White Water cons. Lk Ol S a5
6.88 3.96 57.6 % First pass retention SIS sl s el e U

6 0.22 3.68 % Long fiber cons. dily G e S
451 22.4 497 mi Long fiber CSF Al SUI et Sy, a0
6.32 0.05 0.84 bar Air pres. head box LIRS 5o e HLAS
10.3 72 700 mm  Head box level adid a3 et ol
8.47 0.96 113 mm  Slice open head box e Llass g 5L Ol
5.2 38 726 m.min  Speed-wire L il g5 S e
144 3.94 -2.73 m.min  Rush.Drug ratio oy 4 o S8 e
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1- Over-fitting
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Newsprint properties Latent vectors Stock preparation variables

()Y oS 505 523 (G3 cleaners)
(Caliper) cabss )
) G5 4 Cor o Cund
(Bulk) o> ) (Rush/Drag ratio)

) g ez > (Stock saveall)

(Opacity) b ) ()Y Gaypb >3~ (Out. fan pump 2)

) bl e LN L
(load BKP ref.1)

(58 558 & Sl (+)

(Air resistance) B
! () kil o S22
(Cir. valve BKP ref.)

(+) ¢ oS 55 lis (G4 cleaners)

(+) Lo f 0 s i (W.W.Ch.Valve)
MD S5t dsb () 4

. 3 Y (=) wdss 4> &Slas (Slice O. head box)
(Breaking length MD) /

MD g i ) / (+) X2V Sés wo s (Co. CMP ref)

(Elongation MD) (=) 31345 S s (Retention aid)

(Moisture) <. b, (+) () a8 b us S s 55 (Ble. cons.)

(=) s Sl 4o s (Clay ratio)
(Rough. top) 5, s 23 )
()Y b 5,7 (Out. fan pump 1)
CD 8L & cuslis (+)

(Tear CD)

()Y Ju s s okl (No.1 Pres. Scr.)

Y (+) g5 < (Speed-wire)

MD ;;L & Cuslas (+)

(Tear MD) e () RV 5 S S ds s
, (Pre-refiner cons.)
CD Sk dsb @)/ e ) B, iy B
(Breaking length CD) (After-refiner cons.)
CD U s )
(Elongation CD) .
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Wby, B b Sy e sl g a5 lweslel gla ke
Newsprint properties Latent vectors Stock preparation variables

() 505 4 o 0
(Rush/Drag ratio)

(Burst) 048 5 4 cwglis <)
(=) 051345 SaS 3 (Retention aid)
CD S Jdsb &) (=) KV gbs (Temp. CMP ref)
(Breaking length CD)

(=) B o K2y ¥
(Cir. valve BKP ref.)
(Moisture) <5b, (+) ¢
: ) dhs S o
MD St Jdb ) (W.W.Ch.Valve)
Bl -
(Breaking length MD) * ©) 45 omm iy Bmys

(Head box CSF)

CD ‘_,_f,li 4 Cwslan ()
(Tear CD) ™

() KV Sis o)
# (Co. CMP ref)

(=) ZaVy b 0 5 (Load refiner)
MD 5k 4 cwlis )
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Figure 1- PLS model network relating influential stock preparation variables to newsprint
properties.
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Abstract

Background and objectives: Pulp and paper industries have provided great
research opportunities to control systems. Among different methods, partial least
square (PLS) regression is a common software modeling used where the variables
are numerous and collinear in industrial applications. Broderick et.al. (1995, 1996),
Grage (2004), Nordstrom et.al. (2005), and Ortiz-Cordova et.al. (2006) have used
this method successfully using experimental or real pulp and paper industry data.
Mazandaran pulp and paper industry as the largest paper manufacturer in Iran and
the largest wood-based paper manufacturer in the Middle East suffers from some
process control problems to reach acceptable newsprint quality for it has the
variable fluctuations in production line. The objective of this study was to
investigate the relationships between 56 process variables of stock preparation, and
17 newsprint quality properties in Mazandaran Wood and Paper Industries (MWPI)
and to develop predictive models.

Materials and methods: After preparation of suitable data series considering the
time needed for pulp to paper, the relations between process variables and
newsprint properties were determined using partial least square regression (PLS)
and SAS and SPSS software. After model development, Split-sample cross
validation was done to calculate the best number of vectors. Variables Importance
for Projections (VIP) statistic was used to determine the importance of independent
variables in PLS model and to summarize it.

Results: Developing PLS model, 8 calculated latent vectors could categorize and
relate variables and determine more than 60 percent of newsprint properties
changes. The first vector as the most important factor, determined changes of 7
newsprint properties including; Caliper, Bulk, Breaking Length MD, Elongation
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MD, Burst, Opacity and Air Resistance from some of stock preparation variables
including; stock pressure in the third group cleaners, rush to drug speed, stock
save-all flow, output of second fan pump, head-box slice opening degree, white
water chamber valve. The majority of these process variables influence on fibers
bonding quality in newsprint paper.

Conclusion: Mazandaran pulp and paper industry as one of the largest and most
complex manufacturing units in Iran confronts some production alternations.
Nevertheless, huge amount of process data is being measured and recorded all day
and night in different parts of this complex. Therefore, using PLS model and real
data of a part of factory, this research was done and could relate stock preparation
variables to final newsprint properties among many variables by 8 calculated latent
vectors. Determination of newsprint properties changes from defined stock
preparation variables among many of them is quite beneficial and facilitates better
and more precise control in the factory.

Keywords: Newsprint, Statistical model, PLS regression, Stock preparation
variables
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