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Abstract

The objective of the experimental research presented in this paper was to analyze the relationship between the cutting power and
the roughness parameters characterizing the Spruce wood and MDF panel, brush sanded with two grit sizes, namely P180 and
P220. Sets of samples were analyzed for each sanding conditions. The variables of the processing parameters were considered to
be the feed speed and the rotation speed. The power consumption was measured using a power monitor device. The roughness
was measured on a stylus based detector. The assessment of the quality of the sanded surfaces and the optimum energy was
carried out by comparing these parameters, depending on the applied processing parameters.
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Nomenclature

n revolution speed

u feed speed (similarly with f)

Rk parameter that assesses the processing roughness

Rpk parameter that assesses the raised fibres of wood
Hci height of initial contact

Mv revolution electromotor
Mu feed electromotor
h wood height

AlO Aluminium Oxide
SiC Silicon Carbide
P power

1. Introduction

In industrial environment the intensive energy consumption has drawn attention due to its adverse impact and the
exhaustion of natural resources [1]. In addition, recently rising costs for energy and natural resources imprint
responsibility for large amount of manufacturing companies all over the world. Therefore from economic and
environmental perspectives, is required an improvement of energy efficient manufacturing.

Machining processes, applied in many manufacturing companies, are considered to be the most of energy
consumption. Thus reducing the energy usability of machine tools can effectively help companies to accomplish
green production [2].

Besides by sanding wooden articles with wide belts severe problems have been observed when trying to create a
particularly smooth surface. It is well known that sanded wooden pieces show a significant number of loose fibers,
these fibers are typically 10-50 pm in length and they are the cause for the following problem: these fibers are
essentially loose when the surface is coated with lacquer. They tend to lift up and cause protrusions in the lacquer
layer, especially if this is thin enough so that either a thicker layer of lacquer is needed or an additional sanding
operation [9].

Quality of surfaces is the target for the wood furniture producers [6], as a consequence the brush sanding is
becoming a necessity to improve the obtained sanded surfaces and for achieving less consumption of coating
materials and better finishing results. This paper presents an approach which incorporates both the energy
consumption and required surface quality for brush sanding processes.

The conducted research was made on the Spruce wood and MDF panel. Wooden samples were sanded with
abrasive brushes using different feed speeds and revolving speeds, using grit sizes of P150, P180 and P220 of two
different abrasive types Silicon Carbide and Aluminium Oxide, at the same time were taken data’s of the power
consumption of the experimental stand, measurements were taken by a data acquisition board. Further were
investigated the roughness using Mitutoyo Surftest SJ-201 equipment, using a stylus detector. The results conducted
to low energy consumption and high quality surfaces obtained by brush sanding in comparison with the wide belts,
the power consumption being 90% lower and roughness parameters being 10 times smaller.

2. Objectives

The main objective of this paper is to investigate the effects of different cutting parameters (Cutting Speed, feed
rate, abrasive type, processed material) on surface roughness and Power Consumption. The assessment of the quality
of the sanded surfaces and the optimum energy was carried out by comparing these parameters, depending on the
applied processing parameters.
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3. Method, materials and equipment

The material used within the present research consisted of radial timber specimens of Spruce (Picea abies L.), and
the MDF panel. The moisture content of the specimens after drying, determined by means of an Pin-Free moisture
meter was 10-12% for Spruce wood and 9 to 11% for MDF panel.

Moisture content of wood at the time of processing is one of the most important factors affecting surface
roughness of the MDF panels. Previous studies showed that surface roughness increase with increasing moisture
content. For this reason, it stated that the most appropriate moisture content should be around 6 % [5].

Initially all the solid wood samples were sanded with wide belt at a speed of the belt 18m/s, while the feed speed
was 4.5 m/min, done in several passes with an abrasive paper grit PS0+P120+P150. One third of the parts were then
put apart while the other samples were sanded in a single pass with an abrasive paper grit of P180. Out of these, the
samples were placed apart hereinafter, while the remaining samples were sanded with abrasive paper grit P220.

For the MDF panel was used different procedure because all the surface faces come from the factory sanded to
P150 grit.

Each wooden board was trimmed into parts of approximately equal sizes (Length x Width x Thickness: 185 x 50
x 18 mm), so a total of 240 samples was obtained.

The samples which were sanded with wide belt of grit size P150 were further sanded with abrasive brush of the
grit P150, the other samples sanded with wide belt of grit P180 were sanded with brush of the grit of P180 and the
ones sanded with wide belt of grit P220 were sanded with brush of grit P220.

e 80 samples sanded with brush sanding of P150, the Spruce wood initially sanded with wide belt of grit size
P80+120+150, the MDF surfaces are provided from factory sanded with grit size of P150

e 80 samples sanded with brush sanding of P180, initially sanded with wide belt of grit size P80+120+150+180,
MDF panel was sanded only with P180

e 80 samples sanded with brush sanding of P220, initially sanded with wide belt of grit size P80+120+150+220,
MDF panel was sanded only with P180 and P220

The sanding with brushes was performed on an experimental stand composed from a belt conveyor table driven

by an electric motor developing a feed speed between 3 and 6 m/min, and the cutting tool attached to an electric
motor positioned on an height adjustable stand, the sanding brush having a rotation speed between 450 and 700 rpm.

o oM o 7 )

\

Fig. 1. (a)Experimental stand, (b) Dimensions of the sanding brush.

The main technical characteristics of the Experimental stand with brush sanding machine are as follows:

Abrasive type: Aluminum Oxide and Silicon Carbide
Abrasive grits: P150, P180, P220

Brush size: Radius x width = 105.5 x 49 mm
Lamellae length x width: 70 x 7 mm
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Sanding height: Hci (Height of initial contact) = 18 mm
Sanding speed: n =450 — 700 rpm
Feed speed: u =3 and 6m/min

According to the recommendation of the author [4] the brush sanding was done in two steps, first sanding against
the direction of wood grain and second sanding with the grain direction, that method is applied to assure a cleaner
cut, by first sanding against the grain direction the majority of microfibers will be cut, raised up or bended, and by
sanding in the direction of grain all the raised/bended microfibers will be removed.

3.1. Energy characteristics

The energy model describes the amount of energy required to remove a unit of material under different process
conditions. In general, the layout of the block scheme for measuring the energy consumption is composed as shown
in the Fig. 2.

Sanding cinematic Active power Data aquisition board Personal Computer
chain transducer

Fig. 2. Block layout of experimental stand.

In order to develop the energy model for the experimental stand, power measurements were performed under
various cutting parameter settings. The measured data was acquired with the data acquisition board Velleman K8047
connected to the PC and visualized through the software PClab 2000SE.

4. Results and discussions

Table 1 shows the results of Average Effectively Energy Consumption (AEEC) for Spruce and MDF under
varying cutting parameters.

Table 1.Power consumption values of sanding brushes for Spruce.

Grid size Aluminum Oxide — P[W] Silicon Carbide — P[W]
n[rpm] 450 700 450 700
u[m/min] 3 6 3 6 3 6 3 6
P150 0.6808 0.7314 2.1482 1.9596 0.6486 0.7176 1.9734 1.9044
P180 0.6854 0.598 2.1344 1.5778 0.5474 0.5428 2.1206 1.978
P220 0.6026 0.598 1.0442 1.0212 0.7314 0.7774 1.4628 1.3708
5 f ) b é )
1 3 A10 45013 3 A1O 45043
A0 450/6 AlO 450/6
2 A10 70043 a2 A0 70043
=3 = 410 700/6 B B A0 70046
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SiC 45046 S1C 45046
g —= = ] - m3iC 70043 g — 2 B "§ BN R B w=SiC 70043
P150 P180 P220 m3IC 70076 P150 P1%0 P220  WSiC 700/
\ Grid size y \ Grid size y

Fig. 3. Power consumption of the brush sanding for: (a) Spruce; (b) MDF.

Table 2. Power consumption values of sanding brushes for MDF.
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Grid size Aluminum Oxide — P[W] Silicon Carbide — P[W]

n[rpm] 450 700 450 700

u[m/min] 3 6 3 6 3 6 3 6
P150 0.7268 0.9154 2.0102 1.8814 0.7038 0.8878 1.9412 1.8676
P180 0.8648 0.7636 2.9394 2.07 0.6854 0.667 2.6404 2.4472
P220 0.7866 0.8602 1.518 1.472 0.8878 0.8924 1.9274 1.8814

4.1. Influence of Roughness

1499

The roughness of the 240 surfaces was investigated using Mitutoyo Surftest SJ-201 equipment with stylus
detector, which scans the analysed samples. The working parameters of the equipment were as follows:

filter: PC50
profile: R

scan speed: 0.5 mm/s
the measured length: 12.5 mm
cut — off: 2.5mm
number of data in a sampling length: 1666
resolution: 3um

standard: ISO 1997

The roughness profile was obtained after filtering the data with a Gaussian filter, automatically applied by the
software of the measuring device. The roughness parameters analysed in this paper are Rk - Core roughness depth
(parameter that assesses the processing roughness) and Rpk - mean height of the peaks protruding from the
roughness core profile[11], (parameter that assesses the raised fibers of wood) according to SR EN ISO 13565-
2:1999, as recommended by the [3],[10].

After eliminating the aberrant errors and arranging in increasing order, the roughness values obtained for the 120

surfaces look as shown in Tables 3 and 4.

By observing the value series, it can be noticed that there is no correlation between the Rk roughness and the Rpk
roughness, respectively between the processing-specific roughness and the one which characterizes the raised fibres.
This can be easily noticed on the graphic representation of the two similar series (obtained by sanding with the same
grit or grit sequence), as shown in Fig.5.

Table 3. Roughness values of Rk and Rpk parameter for grid size P220 for Spruce.

Sample Aluminium Oxide — Rk/Rpk[pm] Silicon Carbide — Rk/Rpk[pm]

n[rpm] 450 700 450 700

u[m/min] 3 6 3 6 3 6 3 6

l. 870 253 859 330 958 242 9,18 244 803 3,12 803 1,70 922 2,08 9,04 191
2 8,74 254 865 332 971 251 931 249 804 3,14 803 1,84 937 2,10 9,04 193
3 892 261 8,69 337 973 251 931 251 8§11 3,14 818 184 945 2,15 9,08 198
4. 9,18 2,63 871 338 981 25 939 254 816 3,17 826 2,02 949 2,17 9,11 2,03
5. 9,18 2,74 883 343 999 2,58 943 254 823 324 833 2,04 955 2,19 9,13 2,03
6 926 2,77 895 345 10,03 2,59 9,70 2,55 836 325 837 2,13 956 220 925 2,07
7 946 284 9,01 347 10,11 2,63 9,74 259 836 327 844 2,17 9,60 221 926 2,07
8. 9,55 290 9,06 348 10,17 2,63 9,76 2,63 837 329 856 2,18 990 223 927 221
9. 9,56 290 924 348 10,18 2,68 9,78 2,70 837 330 858 225 994 224 934 234
10. 9,65 294 937 349 10,18 2,72 986 2,75 843 333 858 229 995 228 937 240
11. 9,65 295 942 350 10,19 2,73 9,88 2,77 852 333 859 233 10,04 230 940 243
12. 9,76 297 951 352 10,30 2,75 991 2,78 855 339 8,68 243 10,16 239 942 244
13. 9,77 3,10 9,61 3,54 1031 276 993 281 8,63 345 876 251 10220 240 942 246
14. 988 3,17 9,65 3,58 10,34 2,77 994 281 868 346 879 2,58 1021 243 948 246
15. 10,04 328 9,73 3,59 10,35 2,77 10,00 2,83 871 3,50 898 2,59 1023 243 9,54 2,54
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16. 10,11 335 9,73 374 1043 278 10,05 2,88 879 3,61 9,06 266 1024 243 95 257
17. 10,75 335 9,76 3,76 10,57 2,80 10,10 2,88 880 3,66 9,08 267 1040 248 9,63 263
18. 10,92 3,37 981 3,83 10,60 2,88 10,11 297 887 3,68 9,19 284 1040 256 9,69 2,64
19. 1,01 339 989 385 10,67 290 10,13 298 890 3,68 925 305 1044 2,60 9,71 273
20. 11,02 344 994 388 10,70 2,97 10,16 3,16 899 3,68 927 3,07 1044 263 978 276
éavhe;ge 976 299 931 355 1020 27 978 273 850 338 865 236 994 232 938 233
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By brush sanding with grit size P150 the roughness parameter Rpk is varying between 2.5 to 7.7um. The best
results were obtained by revolution speed of 700 rpm and feed speed of 6 m/min using Aluminium Oxide where the
average value of Rpk is 2.99 um. For sanding with abrasive grit of P180 the Rpk values are obtained between 2.5
and 5.2 um. In this case the average was of 2.88 um, with the best sanding regime being obtained by revolution
speed of 450 rpm and feed speed of 6 m/min using Aluminium Oxide for the Spruce species. For grit size P220
were obtained average values of Rpk with the lowest being 2.32 um and highest of 3.38 um, the lowest result was

Fig. 4. Roughness values of Rk and Rpk parameter for grid size P220 for Spruce.

obtained by sanding with Silicon Carbide using a revolution speed of 700 rpm and feed speed of 6 m/min.

The roughness parameter Rk for the grit sizes P150 and P180 were between 10.5 and 25.5 pum, respectively 9.6
and 21.5 um. For brush sanding with grit size P150 the revolution speed of 450 rpm and feed speed of 6 m/min the
average was of 11.75um, using Silicon Carbide. In case of brush sanding with grit size of P180 with the same
sanding regime the average value of Rk was of 10.9 um. For the grit size P220 the Rk average values are between

8.5and 10.2 um.

Table 4. Roughness values of Rk and Rpk parameter for grid size P220 for MDF.

Sample Aluminium Oxide — Rk/Rpk[pm] Silicon Carbide — Rk/Rpk[pm]

n[rpm] 450 700 450 700

u[m/min] 3 6 3 6 3 6 3 6

1. 816 2,11 75 1,91 10 1,79 9,04 1,52 558 1,52 731 143 6,64 122 705 1,56
2. 8,17 2,13 7,74 191 1044 1,81 9,12 1,53 559 1,64 734 144 6,7 1,24 72 1,57
3. 827 2,13 7,78 192 1082 1,97 9,14 1,62 56 1,65 743 145 6,71 143 724 1,57
4. 829 2,14 7,88 193 1089 2,03 936 1,7 566 1,66 7,59 1,52 6,75 1,51 727 1,61
5. 851 2,19 79 1,93 11,38 2,19 941 181 573 1,67 7,61 1,5 68 1,57 7,36 1,61
6. 859 223 791 195 11,39 221 956 1,82 574 1,67 781 1,68 689 1,58 74 1,62
7. 8,64 224 797 196 11,48 223 985 1,84 575 1,7 787 1,79 69 1,64 741 1,66
8. 8,67 226 798 197 11,52 223 1034 196 579 1,73 8,04 185 693 1,66 743 1,66
9. 8,87 227 8,11 199 11,55 24 104 21 5.8 1,74 8,09 18 7,06 1,68 7,52 1,67
10. 9,08 228 818 2 11,59 242 1041 2,14 581 1,75 8§12 19 7,08 1,75 7,58 1,71
1. 9,1 229 831 201 11,6 2,77 1052 2,15 584 1,77 813 191 7,11 1,75 7,65 1,72
12. 911 23 835 203 11,82 3,01 10,8 225 586 1,82 82 1,96 7,18 1.8 7,67 1,73
13. 9,13 231 838 203 11,85 3,03 108 228 586 1,85 824 2 721 183 7,78 1,75
14. 925 232 879 206 11,92 3,09 10,86 232 588 1,88 824 2,01 726 1,85 7,79 1,5
15. 9,32 232 881 2,07 1195 3.1 10,92 241 594 19 825 204 729 187 78 1,76
16. 936 237 887 2,09 1233 3,17 11,06 242 599 192 851 205 747 195 791 1,77
17. 9.4 237 898 2,1 12,55 3,19 11,25 253 6 1,93 856 2,08 75 2,01 798 181
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18. 948 238 9 213 12,61 3,19 1149 268 607 193 87 208 753 206 8 1,84
19. 956 24 907 2,17 1266 32 11,74 276 6,14 193 873 221 754 207 8 1,84
20. 968 241 9,12 218 1277 357 118 277 616 193 889 222 759 213 802 186
Average 893 227 811 198 11,66 263 1039 2,13 58 178 808 185 711 173 76 170
values
é h
14 AIO 450/3
AIO 450/6
12 10 700/3
= {0 700/6
=10 i
£
=3
X
6 “‘ D 450/3
v
3 ol 450/6
o 4
D 700/6
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0 - . ) |
| 1 2 3 4 5 6 7 8NoYfShnpled 12 13 14 15 16 17 700/6

Fig. 5. Roughness values of Rk and Rpk parameter for grid size P220 for MDF.
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The roughness parameter Rpk for the MDF is varying between 2.8 and 4.7 um after sanding with brush of grit
size P150. The best value was obtained by revolution speed 450 rpm and feed speed of 6 m/min using Silicon
Carbide, the average being of 3.04 pm. The obtained values for the grit size P180 were between 2.1 and 4.1 pm with
an average of 2.3 um, using the same sanding regime as for the grit size P150. For the grit size of P220 were
obtained average values between 1.7 and 2.6 um, the lowest value is obtained by using Silicon Carbide with a

rotation speed of 700 rpm and a feed speed of 6 m/min.

The roughness Rk for the grit size P150 and P180 were between 9 and 18.8 pm, respectively 7.5 and 17 pm. The
average value for the grit size P150 and revolution speed of 450 rpm and feed speed of 6 m/min was of 10.43 um
using Silicon Carbide. In the case of grit size P180 with the same sanding regime the average value of Rk was of
8.16 um for MDF. For the grit size of P220 are obtained values between 7.6 and 11.66 um the lowest value is
obtained by using Silicon Carbide with a rotation speed of 700 rpm and a feed speed of 6 m/min.

4.2. Relationship between the power consumption and surface roughness

Table 5. Relationship between Power consumption and Roughness Rpk, parameter values of Spruce wood processed with Aluminium Oxide.

Grid size Power[W] Roughness Rpk[um]

n[rpm] 450 700 450 700

u[m/min] 3 6 3 6 3 6 3 6
P150 0.6808 0.7314 2.1482 1.9596 3423  3.399 5.990 2,994
P180 0.6854 0.598 2.1344 1.5778 2933 2.880 3,696 3,159
P220 0.6026 0.598 1.0442 1.0212 2,989 3,548 2,697 2,731
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As it is presented in Fig. 6 in both cases, for an increased feed speed the Power consumption is lower for Spruce

species.

It can be noticed in the Fig. 7 that the Rpk parameter is lower in case of sanding with a greater feed speed the

Power consumtion for brush sanding =) b [ Power consumtion for brush sanding =

with n=450 rpm, AlO by feed speed with n=700 rpm. AlO by feed speed

0.8 .
L e Y I —
E 0.4 e \
2 09 —3 M /min 21 3 m/min
- 0 6 m/min 0 6 m/min

P150 P180 P220 Pi150 P180 P220
Grid size Grid size
J \ J

Fig. 6. Power consumption by feed speed for Spruce for rotation speed of : (a) 450 rpm; (b) 700 rpm.

a i Roughness Rpk for n=450 rpm, AlO by
feed speed for Spruce

— 4

23,5 -

= h —3 N MiN
225

S e . M MiN
)

P150 P180 P220
Grid size

J

Roughness [pm]

Roughness Rpk for n=700 rpm, AlO by )

feed speed for Spruce

8
6
4 \
——— 3 m/min
2
— m/Min
0
P150 P180 P220
Grid size

Fig. 7. Roughness variation by feed speed for Spruce for rotation speed of : (a) 450 rpm; (b) 700 rpm.

species of Spruce wood.

Table 6. Relationship between Power consumption and Roughness Rpk, parameter values of MDF panel processed with Aluminium Oxide.

Grid size Power[W] Roughness Rpk[um]
n[rpm] 450 700 450 700
u[m/min] 3 6 3 6 3 6 3 6
P150 0.7268 0.9154 2.0102 1.8814 3,64 3,20 4,39 3,30
P180 0.8648 0.7636 2.9394 2.0700 2,90 2,42 3,73 2,53
P220 0.7866 0.8602 1.5180 14720 2,27 2,02 2,63 2,13
a Power consumtion for brush sanding with Y a Power consumtion for brush sanding with Y
n=450 rpm, AlOby feed speed for MDF b n=700 rpm, AlOby feed speed for MDF
* 1
2 = e
; 2 /\\ w3 m/min % 0,5 3 mmin
o e §, 11 /M < — m/min
0 0
P150 P180  P220 P150 PI180 P220
\_ Grid size Yy \ Grid size y

In Fig. 8 can be noticed that for a lower revolution speed and greater feed speed the Power consumption is

Fig. 8. Power consumption by feed speed for MDF for rotation speed of: (a) 450 rpm; (b) 700 rpm.
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smaller.
a [ Roughness Rpk for n=450 rpm, AlO by feed Y b f Roughness Rpk for n=700 rpm, AlO by feed Y
speed for MDF speed for MDF
= 4 6 -
S I E Ll V
5 e 3 M /MiN E 5 \ e 3 m/Min
2 1 ; B 2
54 g =6 mmin 5 5 e § 1 iMiN
PI50  P180  P220 P150 P180 P20
\ Grid size y \ Grid size y

Fig. 9. Roughness variation by feed speed for MDF for rotation speed of : (a) 450 rpm; (b) 700 rpm.

It can be noticed that in the case presented in Fig. 9, the roughness parameter Rpk is smaller when is applied a
greater feed speed for the MDF board.

5. Conclusions

In industrial environment the intensive energy consumption by sanding with wide belts using finer grit sizes has
drawn attention due to its adverse impact on the recently rising costs for energy, furthermore the obtained surfaces
are characterized by the high presence of loose fibers which are causing troubles on the quality of the coated
samples, also the abrasive belts are getting fast clogged and inhibits further abrasion. The result is a non-free cutting
abrasive and increased frictional forces [8].

As a solving solution for the described problems was implemented the actual research by using the abrasive
brushes based on the principles of sanding by which the aggressive sanding is accomplished by the speed of the
revolving tool [9].

Taking in comparison the sanding process between brush and wide belt, can be noticed that for a surface with
width of 450 mm the wide belt requires an power consumption of minimum 3.08 kW for the Spruce wood and 1.26
kW for MDF panel [7], for the grit size P150, at the same time for sanding with brush the same surface requires a
power consumption of 0,014 kW for Spruce and 0,013 kW for MDF.

As a first inference, can be stated that by sanding with abrasive brushes can be registered a decreased power
consumption of about 99% comparing to the wide belt sanding. The value varies between 0.5 and 2 W for the
abrasive brush compared with 1260 W to 3080 W in case of classical sanding method. According to that statement
the authors are recommending the procurement for the sanding workshops with abrasive brushes machines, which
will generate surfaces with roughness parameters Rpk and Rk having values between 2.32 to 2.5 um, and 8.5 to 10.5
pm for the Spruce and 1.7 to 2.8 um and 7.5 to 9 um for MDF, the lowest values are obtained by sanding with grit
size of P220, and the highest being the lowest values obtained by sanding with grit size P150. Hereby sanding with
abrasive brushes can be eliminated the loose fibers and in consequence is not affecting the obtained surfaces after
lacquering.

Another finding is that by sanding with grit size of P180 at feed speeds of 6 m/min are obtained surfaces with
roughness parameters Rpk and Rk of lower values, and the power consumption being in that case reduced by 12%.
An explanation for the obtained results can be the considerable decrease of friction forces at the same time with
increasing the feed speed. Therewith can be noticed that by sanding with decreased feed speed the processed
surfaces are deformed.

The last result is referred in the case of sanding the surfaces with grit sizes coarser than P220 — in studied case the
P150, it is recommended the use of to higher values revolution speeds, because it was noticed the achievement of
better results of the sanded surfaces. For sanding with abrasive brush of grit sizes finer than P150 — in studied case
the P220, it is recommended the use of lower revolution speeds to avoid the deformation of the previously sanded
surfaces with wide belt of grit size P220 which gives a smooth finish.
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Therefore taking in consideration the interrelation of power consumption and the obtained surface roughness in
the current study, the authors are recommending the previously stated sanding regimes which will influence the
elimination of surface microfibers which are affecting the results obtained after lacquering.

Further researches are proposed on different type of sanding brushes, having variable lengths of lamellas, also
investigation of data’s after processing profiled wooden samples. The research will carry out the ability of the
abrasive brush for denibbing according to the type of the tool and depending on the profiled wooden sample.
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