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The present paper work is part of a research project developped in Romania during last few years and applied to
several under-utilized wood species, such as alder, poplar and birch, with a view to capitalize these wood resources
for their further use in furniture industry. The paper aims to identify the best cutting schedule during the wood
sanding process when considering the power consumption as an optimization criterion. The sanding was applied
to black alder wood (Alnus glutinosa L.) by using a wide belt sander machine with variable cutting parameters,
three grit sizes, and three sanding directions. The experiments were performed under industrial conditions and all
data were processed through the regression method. The results of the present study showed the increase of power

consumption along the increase of feed speed and cutting depth, respectively.
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INTRODUCTION

The sanding process is the last machining oper-
ation applied to wooden surfaces mostly in wood-
working and furniture industry, with a view to in-
crease the surface quality of the product by enhancing
its appearance and thus increasing its aesthetic value
[1].The sanding process of wood was extensively
studied during the last decade. Threre are several
variables to be considered for the sanding process,
such as: wood moisture content, wood species, wood
density, processing direction, grit size, cutting pres-
sure, belt speed, feed speed, cutting depth, and grit
size [2—4]. The grit size influences the wood surface
quality while the speed, pressure and oscillations do
not have a certain and critical effect upon it [5]. Kilic
et al. showed the interaction wood-machine-tool with
its direct effect on wood surface quality [6]. The
material removal rate can change with the variation
of pressure and the power consumption were found
to increase with the increase of sanding pressure [7].
In his study Saloni found that the power consumption
during sanding increased with the belt speed and feed
speed [8]. Varanda et al. also confirmed that a higher
belt speed consumed more power to different types
of sandpapers [9]. Javorek et al. found that the wood
species presented a very low influence on power
consumption, but the pressure, sanding direction
and speed had an overwhelming influence upon the
cutting power [10].

The present paper aims to identify the best cutting
schedule during the wood sanding process when
considering the power consumption as the optimi-
zation criterion. The sanding was applied to black
alder wood (Alnus glutinosa L.) by using a wide belt
sander machine with variable cutting parameters,
three grit sizes, and three sanding directions.

MATERIAL AND METHOD

Defect free black alder (Alnus glutinosa) timber
pieces were purchased from a local company in Bu-
zau, Romania. The samples were cut at dimensions of
300 by 95 by 16 mm and they were sanded on a wide
belt sander machine having the following technical
characteristics: abrasive belt dimensions of about
1900 x 1130 mm, sanding speed (against the feed
direction) of about 16 m/s, contact pressure of about
4,5 bar and feed speed between 4 and 20 m/min.
The samples presented 8 % moisture content. The
feed speed and cutting depth varied as follows: 4, 8,
12,16 and 20 m/min and 0,1; 0,2; 0,3; 0,4 and 0,5 mm,
respectively. The factorial experiment with two var-
iables was applied. The sanding was performed for
a total of 39 wooden samples along three cutting
directions (13 pieces allocated for each direction)
such as parallel, perpendicular and at 45° angle to the
grain. Three grit sizes of corundum abrasive, namely
80, 100 and 120 were used for the experiment. They
were combined into three different sanding programs
having the following sequences: 80 and 120 grit siz-
es; 100 and 120 grit sizes and 120 grit size. Initially
the 60 grit size sandpaper was used for the calibra-
tion step. The power consumption of sanding and
feeding was recorded at milisecond but the efective
power during sanding was calculated as a difference
between the recorded power and the power during
idle running. The regression method with a second
degree non-linear model was used.

RESULTS AND DISCUSSIONS

The effect of sanding by using various cutting
schedules on the power consumption was shown
through the 3D surfaces obtained by mathematical
simulation for each one of the sanding sequence
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Fig. 1. Variation of power consumption during the parallel
sanding of black alder wood using the sanding sequence
of 100 and 120 grit sizes as a function of feed speed
and cutting depth

Puc. 1. Vamenenune notpeGIeHNs SHEPTHU MTPH HAPAILICTBHOM
nUIM(OBaHUU APEBECUHBI YEPHON OJIBXU C HCIOJIB30-
BaHHUEM I0CJIEIOBATEIILHOCTH HUIN(OBAHHUS Pa3MEPOM
100 u 120 3epeH B 3aBUCUMOCTHU OT CKOPOCTH IIO1auu U
[TyOUHBI pe3aHus

and sanding direction. Fig. 1 presents an example
of such variation of power consumption using the
parallel sanding sequence of 100 and 120 grit sizes
as a function of the feed speed and cutting depth.

As aresult of the performed analysis, the follow-
ing conclusions were pointed out:

— The most reduced value of the power consump-
tion of about 0,06 kW was recorded for the sanding
of black alder wood at an angle of 45 degree to the
grain orientation, during the sanding sequence of
120 grit size after calibration, for a feed speed of
4 m/min and a cutting depth of 0,1 mm (fig. 2).

— In case of parallel sanding at a feed speed of
16 m/min and a cutting depth of 0,1 mm when apply-
ing the sanding sequence of 100 and 120 grit sizes,
a minimum power consumption of about 0,13 kW
was determined, while in the case of perpendicular
sanding, for the same sanding sequence, the mini-
mum value of about 0,07 kW was determined at a
feed speed of 8 m/min and a cutting depth of 0,1 mm
(fig. 1 and fig. 3).
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Fig. 2. Variation of power consumption during the sanding of
black alder wood at an angle of 45 degree to the grain
orientation when using the sequence of 120 grit size as
a function of feed speed and cutting depth
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Fig. 3. Variation of power consumption during the perpendicular
sanding of black alder wood when using three sanding
sequences as a function of feed speed an cutting depth

Puc. 3. VI3MeHeHHEe dHEPronoTpeOieH s IPU MePIeHIUKY-
JSPHOM IUTN(OBAHNUY JAPEBECUHBI YCPHOU OJIbXU MPU
HCIOJIb30BaHUH TPEX HUTH(OBAIBHBIX MOCICA0BATEb-
HOCTEil B 3aBHCHMOCTH OT CKOPOCTH II0JauHl TIyOuHa
pe3aHus

— The power increased with the increase of feed
speed and cutting depth for all the sanding programs.

— The highest power consumption was deter-
mined, as expected, in case of perpendicular sanding
for all three sanding sequences (fig. 3). Such sand-
ing is not recommended for production because the
specific productivity represents 30...100 % of the
sanding when processed parallel to the grain.

— The cutting schedule are to be chosen based on
the criterion of a minimum power consumption and
therefore the parallel sanding is recommended.

— It appeared that the sanding sequence of 100
and 120 grit sizes generated the best results for a
minimum power consumption.

CONCLUSIONS

The results of the present work showed that the
parallel sanding with a sequence of 100 and 120 grit
sizes may be selected to fulfill the criterion of a
minimum power consumption. Based on the findings
of this work and apart of the presented approach,
by applying a joint criterion of power consumption
and surface quality, a better cutting schedule may be
obtained.

Such results are to be compiled in future works
with a view to achieve a more efficient use of the raw
material for furniture manufacturing.
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Hacrosimast paboTa sIBIISIETCS] 4acThIO HCCIIEA0BATENBCKOTO MIPOCKTA, BBIMOJIHAEMOr0 B PyMbIHUM B TeueHHUE IO-
CJICTHAX HECKOJBKUX JIET U HAIPaBIEHHOTO Ha MPUMEHEHNE HEKOTOPHIX MAJOHCIIONb3YEeMbIX JIPEBECHBIX HOPOJ,
TaKMX KaK OJIbXa, TONOJb M Oepe3a, C LEJbl0 KalUTaIH3aluK 3THX JAPEBECHBIX PECYpCOB Ul MX JalbHEHIIEro
HCIOJB30BaHUS B MEOEIbHOM IPOMBIIIJICHHOCTH. HCHB}O CTaTbHu SBJIACTCA ONPCACICHUE HAWIYYIIETO pEeXUMa
pe3aHus BO BpeMst IIpoliecca IUTN(OBAHIS IPEBECHHBI IIPH PACCMOTPEHUH ITOTPEOICHNS YHEPTUH B KaueCTBE KPU-
tepus onTuMuzanuu. lllnndosanue npesecunsr oabpxu yepHOH (Alnus glutinosa L.) mpoBoanIoCck ¢ NCONB30Ba-
HHUEM IIHPOKOJICHTOUHO-IUTH(OBATBHON MAIIMHBI ¢ IEPEMEHHBIMU PEKUMAMHU PE3aHU, IS TPEX pa3MepoB abpa-
3MBHOTO 3€pHA, B TPEX HANpPABJICHMIX NIIH(poBaHUs. VccaemoBaHus MPOBOAMINCE B IIPOMBIIIIEHHBIX YCIOBUSIX,
BCE JlaHHBIC 00pabaThIBAIMCh METOIOM PErPECCHOHHOTO aHainu3a. Pe3ynbraThl JaHHOTO MCCIIEIOBaHHS MOKA3aIH
yBEJIMYCHHE MTOTPEOICHUS SHEPTHH 110 MEPe YBEIMUYEHHsI CKOPOCTH MOIAYH ¥ DIIYOHUHBI Cpe3a, COOTBETCTBEHHO.

KoroueBble ciioBa: onbxa 4epHasi, Iponece NUIH(OBaHHs, CKOPOCTH ITOAAYH, TIIyOHHA cpe3a, IToTpeOlIeHIe YHEPT UK
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