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ABSTRACT e This paper presents granulometric analyses of dry pine sawdust produced by narrow-kerf frame
sawing machine, type PRW-15, in the process of longitudinal sawing of wood, and dry spruce sawdust produced
by narrow-kerf frame sawing machine, type CLASIC 150/200, in the process of longitudinal re-sawing of spruce
wood. The dry sawdust is a polydisperse bulk material with grain dimensions ranging between 84.7 um and 28.2
mm. In view of the shape of grains, coarse and medium coarse fractions of dry sawdust mostly consist of fibrous
grains. The fine fraction consists of isometric grains - cube shape. The analyses of conditions of separation of dry
spruce and pine sawdust in separators and filters shows that battery separators with elements T4/630 and filters
are suitable for the separation of sawdust produced in re-sawing operations of wood carried out with narrow-
kerf frame sawing machines, type CLASIC 150/200 and PRW 15.

Key words: narrow-kerf frame sawing machine, dry sawdust, granulometric analysis, separation,
environment

SAZETAK *® U radu se prikazuju rezultati granulometrijske analize suhe borove piljevine nastale u procesu
uzduznog piljenja drva na uskolisnoj pili jarmaci, tip PRW-15, te suhe smrekove piljevine nastale na uskolisnoj
pili jarmaci, tip CLASIC 150/200, takoder u procesu uzduznog piljenja drva. Suha je piljevina polidisperzni sipki
materijal velicine Cestica izmedu 84,7 m i 28,2 mm. S obzirom na oblik, frakcije krupnijih i srednje krupnih ces-
tica uglavnom su sastavljene od vilaknastih Cestica, a frakcije sitnijih cestica uglavnom sadrzavaju izometric¢ne
Cestice - Cestice kockastoga oblika. Analiza uvjeta odvajanja Cestica suhe smrekove i borove piljevine od zracne
struje u centrifugalnim i filtarskim odvajacima pokazala je da su odvajaci s elementima T4/630 i filtarski odva-
Jjaci pogodni za odvajanje odsisane piljevine nastale u procesu uzduznog piljenja drva na uskolisnim jarmacama
tipa CLASIC 150/200 i PRW 15.

Kljuéne rijeci: uskolisne pile jarmace, suha piljevina, granulometrijska analiza, odvajanje, okolis
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1 INTRODUCTION
1 UVOD

In the late 20t century, narrow-kerf frame saw-
ing machines were designed for efficient and econom-
ical re-sawing operations for the production of thin
lamellas from dried timber, intended for the production
of multi-layered construction boards, floorings, boxes
(cases) for fruits and vegetables, but also for manufac-
turing products of cabinet making - construction pro-
duction and sport equipment. In the process of sawing
with narrow-kerf frame sawing machines not only the
main product - lamella is produced, but also the waste
- sawdust. The shape, dimensions and amount of saw-
dust in the process of chip-splitting of wood depends
on physical and mechanical characteristic of the sawn
material, but also on the shape, dimensions and sharp-
ness of the saw teeth of the used sawing machine and
technical and technological conditions of the sawing
process, as well as on the machine kinematics (Prokes
1978, Hejma 1981, Goglia 1994, Lisican 1996, Wasie-
lewski 1999, Dzurenda 2002, Orlowski 2003,
Orlowski Et al. 2003).

In reference literature, sawdust is characterised
as a polydisperse bulk material consisting of coarse or
medium coarse fractions (Hejma Et al. 1981) - bulk
material with the size of granules exceeding 0.5 mm,
not excluding the share of fine fractions with the size
even smaller than chips. According to the classifying
indicators of bulk materials introduced in STN
260070, dry sawdust is classified as B-45UX - bulk
material of fine granularity (0.5 - 3.5 mm), hygroscop-
ic and abrasive material with tendency to agglutinate.
Microscopic analysis of dimensions and shapes of
spruce sawdust, with the use of the method of micro-
scopic analysis carried out in the research (Dzurenda

and Mazal 1999), showed that spruce sawdust also
includes dust particles with the size smaller than 70
pm.

One of the alternatives for the removal of chips
from the place where they are produced to the place of
their further processing or storage is an air-technical
transport - exhaustion. Separation of sawdust from
transport air may be achieved in unicameral separators,
battery separators or filters. Optimal technical solution
of air-technical systems and conditions for the separa-
tion of sawdust from transport air can be determined
upon getting precise information about physical char-
acteristics, granularity and geometrical shapes of chips
of exhausted bulk material.

The objective of this paper is the analysis of
dimensions, shapes and granulometric composition
(distribution) of sawdust produced in the process of
longitudinal sawing of dry timber with the use of nar-
row-kerf frame sawing-machines CLASIC 150/200
and PRW 15. The efficiency of separation of dry saw-
dust is analysed by means of characteristics of frac-
tional separation of mechanical separators and materi-
al filters.

2 MATERIAL AND METHODOLOGY
2 MATERIJAL | METODE

Samples for granulometric analyses of dry
spruce and dry pine sawdust were taken iso-kinetically
from the exhaust pipe of the frame sawing machine
CLASIC 120/200 and from the exhaust pipe of the
sash gang saw PRW-15 in accordance with STN ISO
9096 during the sawing process of timber with thick-
ness 2 =100 mm at feed speed vy = 0.5 m/min. Stellite

tipped saws with pitch P = 13 mm were used on both
sash gang saws. Humidity of spruce sawdust w = 8.0 %

Table 1 Technical and technological conditions of sawing during sampling (www.neva.cz, www.rema-sa.pl ).
Tablica 1. Tehnicki i tehnoloski uvjeti piljenja tijekom uzimanja uzorka

Narrow -kerf frame sawing machine CLASIC 150/200
Uskolisna pila jarmaca CLASIC 150/200

Stroke of the saw sash
Duljina stapaja

mm 210

Number of saw blades
Broj listova pila

Cutting kerf — Sirina propiljka mm 1.4

piljenog materijala

Max. height of sawn
material

Najveca mm 200

visina

Max width of sawn materia 1
Najveéa Sirina piljenog materijala

Narrow-kerf frame sawing machine PRW 15
Uskolisna pila jarmaca PRW 15

Stroke of the saw sash
Duljina stapaja

mm 160

Number of saw blades
Broj listova pila

Cutting kerf — Sirina propiljka mm 1.3

piljenog materijala

Max. height of sawn
material

Najveéa visina

Max width of sawn materia 1
Najveéa sirina piljenog materijala
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and pine sawdust w = 8.5 % were set by the weight
method. Technical and technological conditions of
sawing timber with narrow-kerf frame sawing
machines used in the tests are shown in Table 1.

The basic granulometric analyses were carried
out by sieving, which means by screening of dry saw-
dust on a set of sieve screens sized as follows: 2 mm;
1 mm; 0.5 mm; 0.25 mm; 0.125 mm; 0.090 mm during
the time 7= 15 min on a RETSCH automatic vibration
sieving machine AS 200. The weights of fractions were
determined on sieves by use of a BOSCH laboratory
balance EP 200 with the weighting precision 0.001 g.

For the purpose of specifying the information
about the size of the smallest particles of fine fraction
of dry sawdust, a microscopic analysis of granules of
dry sawdust fraction with the size lower than 125 pm
was performed. The proposed analysis of dry spruce
and pine sawdust was carried out by an optical method
- analysis of the image obtained from the microscope
Nikon Optiphot-2 with the objective Nikon 4x in the
Biometric Laboratory FLD MZLU Brno. Granules of
sawdust were scanned by three chip television CCD
cameras HITACHI HV-C20 (RGB 752 x 582 pixel),
with horizontal resolution 700 TV lines and evaluated
by a software LUCIA-G 4.0 (Laboratory Universal
Computer Image Analysis), installed on a PC with the
processor Pentium 90 (RAM 32 MB) with the graphic
card VGA Matrox Magic under the operation system
Windows NT 4.0 Workstation. The program of image
analysis LUCIA-G enables the identification of indi-
vidual particles of disintegrated wood material, quanti-
tative determination of individual particles situated in
the analysed image and establishment of basic infor-
mation such as: width and length of particles, circular-
ity expressing the measure of deviation of projection of
a given chip shape from the projection of the shape of
a circle according to the formula:

4.1-S

(1

Where: S - particle surface (povrsina cestice), m2,
O - particle perimeter (opseg Cestice), m.

3 RESULTS AND DISCUSSION
3 REZULTATI | RASPRAVA

The results of sieve analysis - granulometric con-
sistence of dry spruce and pine sawdust produced in
the processes of sawing with narrow-kerf sawing
machines - CLASIC 150/200 and PRW - 15 at feed
speed v¢= 0.5 m/min are presented in Table 2.

The results of sieving analysis show that the saw-
dust produced by sawing dry pine timber with thin-cut-
ting frame saw PRW 15 at feed speed v¢ = 0.5 m/min

is more homogeneous than spruce sawdust produced
by use of a frame saw CLASIC 150/200.

The basic dimensions of the granules of dry
spruce and pine sawdust were evaluated under the
terms set for the identification of particle sizes, includ-
ing their sizes larger than 1 mm and also the granules
of the fine fraction lower than 0.125 mm. The dimen-
sions of the largest granules of coarse fraction and the
smallest particles of the fine fraction of dry spruce and
pine sawdust are shown in Table 3.

Image analyses of shapes and dimensions of
spruce and pine sawdust particles of coarse and medi-
um coarse fractions have shown that the preponder-
ance of sawdust granules of these fractions created in
the process of longitudinal sawing of spruce and pine
wood belong to the group of polydisperse fibrous
materials, which have stick shapes with considerable
elongation in one of their dimensions. Microscopic
analyses of sizes and shapes of fine fraction particles
of dry sawdust have revealed that particles of this frac-
tion with their shape belong to the group of isometric
particles, which means particles with the same values
in all 3 dimensions. This finding is quantitatively sup-
ported by the share of granules in individual fractions
with values of circularity ranging between = 0.7 - 1.0
in a bar chart as shown in Figure 1.

Figure 2 presents the investigation of separation
of dry spruce and pine sawdust of granularity ranging
between 84.7 um and 28.2 mm in mechanical separa-
tors and material filters by means of integral curves of
residues Z, of spruce and pine sawdust produced in the
process of sawing on narrow-kerf sawing machines.
Furthermore, characteristics of fractional separation of
unicameral mechanical separators, battery mechanical

Table 2 Granulometric consistence of dry spruce and pine sawdust produced by frame sawing machines

CLASIC 150/200 and PRW 15

Tablica 2. Granulometrijski sastav suhe smrekove i borove piljevine nastale na jarma¢ama CLASIC 150/200

i PRW 15
. o
Dimensions of sieve screen , mm Mark of fraction Ftra.ctlons. l n dry sayv (.il.mtf A)
L . .. Udjeli frakcija u suhoj piljevini, %
Velicine otvora sita, mm Oznaka frakcije h
spruce - smreka pine — bor

2.000 Coarse - krupna 4.37 0.92

1.000 i 438 151

0.500 Medium coarse 41.38 36.74

0.250 srednje krupna 30.63 41.30

0.125 15.63 16.37

0.090 Fine - sitha 2.75 2.71

>0.090 0.37 0.45
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Table 3 The measures of the largest particles of dry spruce and pine sawdust and the smallest particles in
analysed fine fractions of dry spruce and pine sawdust
Tablica 3. Dimenzije najvecih i najmanjih Cestica suhe smrekove i borove piljevine u analiziranoj frakciji

sitnih Cestica

Maximum measures of sawdust Planar measures of minimal sawdust
Material granules particles
Materijal dimenzije najvecih Cestica dimenzije najmanjih Cestica
mm ém
Dry spruce sawdust 1.1 x 1.8 x28.2 87.88 x 87.37
suha smrekova piljevina 1.0x13x254 87.64 x 84.49
09 x3.2x104 85.38 x 7831
Dry pine sawdust 2.5x3.8x14.0 88.52 x 87.37
suha borova piljevina 1.5x3.2x12.6 86.67 x 82.35
1.8x29x 6.4 84.71 x 78.89

separators with elements T4/630 and filters (Stallherm

1973, Hajzok 1986, Dolny 1999) are also given.
Based on the comparison of integral curves of

residues Z, of dry spruce and pine sawdust with curves

of fractional separation of unicameral mechanical sep-
arators, battery separators with elements T4/630 and
filters, it results that the finest fraction of granularity of
dry spruce and pine sawdust is on the limit value of
separation set for unicameral mechanical separators
(SLp = 80 um). Battery separators with elements
T4/630 and filters are suitable for the separation of
sawdust exhausted from sash gang saws CLASIC
150/200 and PRW 15. Isometric granules of the small-
est size of dry spruce and dry pine sawdust are con-
siderably lower than the separation limit value not only
of the battery mechanical separators with elements
T4/630 (SLg = 18 um) but also of filters whose sepa-

ration limit is SL = 3.5 um.

100

4 CONCLUSIONS
4 ZAKLJUCCI

The results of the granulometric distribution of
sawdust produced by longitudinal sawing of dry
spruce and pine wood with narrow-kerf frame sawing
machines: CLASIC 150/200 and PRW 15 characterise
dry sawdust as a polydisperse bulk material with the
size of granules ranging between 84.7 um and 28.2
mm.

The largest share of dry pine sawdust have frac-
tions with granule dimensions ranging as follows a =
125 - 1000 m, which is equal to 87 - 94 % of pine saw-
dust exhausted from narrow-kerf frame sawing
machines.

From the point of view of granules shape, coarse
and medium coarse fractions of dry pine sawdust
mainly consist of fibrous granules - of stick shape.
Fine fraction consists of 86 - 88 % of isometric gran-

90
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The share of isometric granules in dry sawdust %
udjel izometricnih Cestica u suhoj piljevini, %

a>1 mm

a=1000-125 pm

a<125um

Fractions ofdry spruce and pine sawdust
[frakcije suhe smrekove i borove piljevine

Figure 1 The share of particles of isometric granules in dry spruce and pine sawdust with circularity value

ranging between = 0.7 - 1.0

Slika 1. Udjel Cestica izometri¢nog oblika u suhoj smrekovoj i borovoj piljevini (= 0,7 - 1,0)
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Figure 2 Separation analysis of dry spruce and dry pine sawdust in the process of sawing with sash gang saws:
CLASIC 150/200 and PRW 15 in individual types of separation technology: 4 - unicameral mechanical
separators, B - battery separators with elements T4/630 and C - filters, SL, - separation limit unicameral
mechanical separators, SLp - separation limit battery separators with elements T4/630, SL - filters, Z,-SPRUCE
- integral curves of dry spruce sawdust residues, Z,_piyg - integral curves of dry pine sawdust residues

Slika 2. Analiza odvajanja Cestica suhe smrekove i borove piljevine nastale u procesu uzduznog piljenja na pilama
jarmac¢ama CLASIC 150/200 i PRW 15 u razli¢itim tipovima odvajaca: 4 - mehanicki centrifugalni odvajaci, B -
odvaja¢ s elementima T4/630 i C - filtarski odvaja€, SL, - granica odvajanja mehanickim centrifugalnim
odvajacem, SLp - granica odvajanja odvaja¢em s elementima T4/630, SL - granica odvajanja filtrima, Z,_gprycE
- integralna krivulja odvajanja Cestica suhe smrekove piljevine, Z, pj\g - integralna krivulja odvajanja cestica
suhe borove piljevine
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