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ABSTRACT  

The objective of this work was to the 

characteristics of the planing tests on 

the wood of Pinus caribaea Morelet var. 

caribaea Barret and Golfari, Acacia 

mangium Willd, Gmelina arborea Roxb, 

Samanea saman (Jacq.) Merril and 

Eucalyptus saligna Sm. The study 

material was obtained in plantations 

located in the agroforestry companies 

Pinar del Rio, Macurije and Costa Sur 

in the provinces of Pinar del Rio and 

Artemisa, Cuba. The planning tests, 

the evaluation of defects and 

classification were carried out 

according to ASTM D-1666-2004 and 

DIN/ISO 1302:2002.ASTM D-1666-

2004 and Norma DIN/ISO 1302. In 

general, the woods studied were 

classified as species with excellent 

workability, so they can be used in the 

production of products with higher 

added value. 

Keywords: workability; processing; quality; furniture; added value. 

 
RESUMEN  

El objetivo de este trabajo fue 

determinar las características de los 

ensayos de cepillado en la madera de 

Pinus caribaea Morelet var. caribaea 

Barret y Golfari, Acacia mangium 

Willd., Gmelina arborea Roxb., 

Samanea saman (Jacq.) Merril y 

Eucalyptus saligna Sm. El material de 

estudio se obtuvo en plantaciones 

localizadas en las empresas 

agroforestales Pinar del Río, Macurije y 

Costa Sur en las provincias de Pinar del 

Río y Artemisa, Cuba. Los ensayos de 

cepillado, la evaluación de los defectos 

y clasificación se realizaron según las 

Norma ASTM D-1666-2004 y DIN/ISO 

1302:2002. En general, las maderas 
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estudiadas fueron clasificadas como 

especies con excelente trabajabilidad, 

por lo que pueden ser utilizadas en la 

elaboración de productos con mayor 

valor agregado.

  

Palabras clave: trabajabilidad; procesamiento; calidad; mueble; valor agradado. 

 
INTRODUCTION  

The adequate adjustment of the 

machining conditions is essential to 

obtain the required surface quality, 

implies a reduction in the loss of raw 

material and, at the same time, a 

decrease in defects that produce 

product rejections and useless tool 

wear; which involves projecting, in the 

long term, a greater utility for the 

wood industry. Koch, (1964). 

Álvarez et al. (2013) comment that 

wood machining is carried out by 

means of two cutting elements, per 

tooth or per blade. With either of the 

two types, its intervention can be 

carried out in various ways. Numerical 

values are used for their 

representation. The first corresponds 

to the angle formed by the direction of 

the cutting edge and the fibre of the 

wood and the second, the angle 

formed between the direction of 

displacement of the tool and the fibre 

of the wood (Table 1).

 

 

 

This concludes that the brushing is one 

of the most important in the 

development of most wood products, 

and consists of obtaining a flat surface 

and good quality after the sawing 

process or during the development of 

a particular product. That wood with 

bad quality in the brushing will have 

little acceptance in the market, mainly 

in products where the superficial 

quality is of great importance Moya 

and others, (2012).  

 

One of the most important properties 

of surfaces is roughness. It can be 

defined as the measure of the fine 

irregularities of a surface. Its size and 

frequency establish the quality of this 

Hiziroglu, (2005). Aguilera et al., 

(2016), Andrade et al., (2016), Hazir 

et al., (2017) and Laina et al., (2017), 

which expose that surface quality is a 

factor that directly affects different 

wood machining processes.
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In general, the parameters used to 

measure roughness can be interpreted 

as parameters proper to the statistical 

distribution of profile heights or surface 

under analysis. The roughness 

parameters most used in engineering 

are the average roughness (Ra), the 

total depth of the roughness (Rt), the 

height of ten irregular points (Rz) and 

the mean quadratic roughness (Rq), 

López, (2003).  

The objective is to demonstrate the 

feasibility of use in the furniture 

industry from characteristics of surface 

finish by brushing the wood of the 

species Pinus caribaea Morelet, Acacia 

mangium, Gmelina arborea, Samanea 

saman and Eucalyptus saligna; having 

as objectives to evaluate the surface 

finish of the wood in the species 

identified for use in the furniture 

industry; as well as to generate the 

appropriate combinations for the 

brushing of each one of the species 

identified according to the Ra value.

MATERIALS Y METHODS  

Characterization of the study area  

The study area of this paper comprises 

three agroforestry companies, two of 

which are located in the province of 

Pinar del Río and one in the province of 

Artemisa (Figure 1).
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To obtain the surface roughness 

measurements a portable roughness 

meter model TM-TR200 was used, 

commonly used to measure the surface 

roughness of parts that have gone 

through a machining process, calculate 

the parameters according to the 

selected measurement conditions and 

clearly display all measurement 

parameters and profile graphs on its 

LCD screen.  

The data processing was carried out 

with the help of the statistical software 

IBM SPSS Statistics for Windows, 

version 22.0 and the calculation 

processor for Windows Microsoft Excel 

2016 in version 16.0.7167.2060, 

allowing the comparison of the values 

of the four parameters: arithmetic 

mean roughness (Ra), total roughness 

depth (Rt), height of the ten irregular 

points (Rz) and mean quadratic 

roughness (Rq), thrown by the 

equipment for each species and taken 

to a bar graph.  

A normality test was performed in 

order to determine if the data obtained 

from the variable Ra follow a normal 

distribution, using the statistic of 

Kolmogorov Smirnov. The non-

parametric Kruskall-Wallis test was 

used to check whether or not there is 

a significant difference between the 

means of the values of the variables of 

the brushing test and the parameter 

Ra.  

There were analyzed the existen 

relations among:  

I. The brushing variables (cutting 

angle, feed speed, number of knives, 

head rotation speed).  

II. Parameter Ra values obtained by 

the roughness meter.  

III. The correlations between the 

variables of the brushing of the wood 

and those of the roughness parameter 

(Ra) were also determined, with four 

different combinations to define their 

relationship in each of the proposed 

species. Knowing that most of the 

variables studied do not follow a 

normal distribution, the nonparametric 

correlation coefficient of Spearman 

(Rho de Spearman) was determined 

and a significance probability of 5% 

was considered; this will give the 

measure of the linear intensity of 

association that exists between the 

variables analyzed. The Bisquerra 

proposal (2004) was used in this 

analysis (Table 3).
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RESULTS AND DISCUSSION  

The roughness study for each species 

was carried out from the use of the 

roughness meter, establishing a 

measurement point in each of the 

brushed segments from the four 

combinations established for the 

experiment shown in figure #2. The 

results for each roughness indicator 

(Ra, Rz, Rq and Rt) of all samples 

analyzed are shown below (Figure 2).

 

 

From the results obtained from the 

average of the roughness parameters 

of the different test tubes for each 

species, it is observed that Samanea 

saman has the best performance in 

three (Ra, Rz and Rt) of the four 

parameters studied, indicating that, of 

the five species analyzed, the carob 

tree presents the best characteristics 

to be used in the furniture industry 

with very good results from the quality 

of its surface finish.  

Of these four parameters, Ra was 

selected as the most suitable indicator 

to determine the quality of the surface 

finish of the species selected in this 

research; taking into account the 

aspects indicated by González and 

Vásquez (1999), the correlations are 

structured on the basis of the existing 

relations between them and the values 

of Ra. Because Ra is the most used 

parameter in the world, it is used to 

compare the roughness of surfaces 

manufactured by the same process of 

shaving detachment, Ra is the 

parameter that is used when it is 

necessary to control the roughness in 

a continuous way in the production 

lines, due to the ease of obtaining the 

result; almost all of the equipment 

present this parameter in analogical or 

digital form.  

The value obtained in this process 

coincides with the Gauss curve that 

characterizes the amplitude 

distribution, coinciding with the 

authors Aguilera and Vega (2004), who 

used the parameter Ra to correlate it 

with variables that intervene in the 

formation of the chip to infer the 

behavior of the surface finish of the 

wood.  

Comparing the values of Ra for each of 

the species in the selected point, it is 

observed that the lowest values are 

obtained for the species Samanea 

saman and Acacia mangiun, which is 

an indicator of a better surface finish 

for these species from the combination 
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of two. An analysis of the dispersion of 

Ra at one point in each test tube in the 

five species (Figure 3).

 

In figure #3, it is noted that, at the 

same point with repetitions, the 

greater value of Ra is obtained in the 

third repetition for Pc, Ga, and Eu, 

achieving homogeneity from the fifth 

replica. These results correspond to 

those found by Aguilera and Vega 

(2004) in Pinus radiata in Chile, where 

they used three repetitions due to the 

homogeneity of the results obtained.  

The arithmetic mean of the 160 Ra 

values for species places Acacia 

mangium (2,74), Samanea saman 

(1,86), Pinus caribaea (3,05) and 

Eucalyptus saligna (3,20) between 

Classes 7 and 8 according to the 

definition of DIN/ISO 1302. In the case 

of Gmelina arborea (3, 36), according 

to its value for the indicator Ra, its 

classification falls into Class 9 of that 

standard.  

Taking into account the results 

obtained and the standardized 

parameters of Ra according to DIN ISO 

1302, it can be inferred that wood 

species in the country with values of Ra 

less than 3.50 can be valued by the 

furniture industry as production 

alternatives from the good surface 

finish they can achieve.  

The resulting value of Ra shows the 

behaviour of the surface, but what 

defines its quality is the final use of the 

product, in this case the manufacture 

of furniture. Lemaster and Jackson 

(2000) indicate the importance of 

controlling the surface state of the 

wood, pointing out that surface 

roughness is directly related to the 

intended use of a part; in addition, an 

effective control of surface quality 

allows for the correct assembly of parts 

and determines the application of 

adhesives and finishing products.  

According to DIN/ISO 1302:2002, the 

species according to Ra can be used in 

the manufacture of furniture. For the 

present case, the five species studied 

presented values of Ra lower than 

these specifications, so it can be 

asserted that the five can be used 

depending on the quality of their 

surface finish, by the Cuban furniture 

industry as an alternative for replacing 

species currently overexploited, such 

as the cases of Swietenia mahagoni, 

Cedrela odorata, Cordia gerascanthus 

and Tectona grandis.  
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The five species presented, according 

to the standard ISO 1302: 2002, 

values of Ra within the ranges 

established for brushing: Samanea 

Saman 1.86; Acacia mangium 2.74; 

Pinus caribaea 3.05, occupying an area 

not frequent but favorable for its good 

behavior before the machining 

process. Eucalyptus saligna 3,20 and 

Gmelina arbórea 3,36 are among the 

best results of the area for the most 

frequent values of specifications in the 

aforementioned standard. In this way, 

it can be asserted that the five species 

can be used by the Cuban furniture 

industry.  

Correlation between the variables 

of the brushing and the Ra of the 

surface finish  

When the assumption of normality of 

the variables Ra, Advance Speed (VA), 

Cutting Angle (AC), Number of Blades 

(NC), and Speed (VGC) is not fulfilled, 

using the Kolmogorov Smirnov Pe 

"0.05 test, the non-parametric 

correlation matrix of Spearman is 

obtained (Table 4).

  

As can be seen from table 4, 

Spearman's non-parametric 

correlation is showing that all the 

variables of the brushing are related to 

the parameter Ra, with the cutting 

angle being the most influential. This 

behaviour is supported by a 50 % 

probability.  

These results coincide with those 

reported by Moya, (1986), as well as 

Serrano and Sáenz, (2001), who state 

that the advance speed of the wood 

will depend on the magnitude of the 

advance of the cutting element, or 

marks left by the cutting tool for each 

inch (fz); will also depend on the 

number of cutting elements (Z) and 

the number of revolutions executed by 

the driving axis of the movement (N), 

as well as factors specific to the species 

of wood such as hardness, grain 

orientation and abrasiveness, 

parameters of the cutting tool such as 

the cutting angle and the quality of the 

edge and details of the conditions in 

which the operation is performed 

(width and depth of cut, speed of cut 

and advance, adjustment of 

equipment), which are of great 

importance to achieve high quality 

surfaces in an efficient manner.  

Finally, it can be defined that in order 

to achieve a good surface finish it is 

necessary to have a relationship 

between the variables of the brushing, 

these can be directly proportional or 

not, but they are related to each other 

and influence the quality of the surface 

finish.  

Using the Kruskal-Wallis non-

parametric comparison test, the best 

combination was sought from the ratio 

of the brushing variables and the value 

of Ra (Table 5).
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According to the Kruskal-Wallis test 

there is a significant difference 

between the average range of the 

different combinations used in 

brushing the wood of all species 

studied with p d "0.01, resulting in 

combination two as the best 

performance in terms of the lowest 

value of the roughness parameter Ra; 

indicating the same an increase in 

surface quality of wood after brushing 

for the species Pinus caribaea, Acacia 

mangium and Gmelina arborea and 

combination one as the best 

performance for the species 

Eucalyptus saligna and Samanea 

saman.  

 

Table 6 shows the values of Ra for each 

of the species from the combination 

used in the brushing process applied to 

them.
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When analyzing the results of table 6, 

it can be observed that the average 

value of Ra for each species is less than 

four, a value defined as excellent for 

the brushing test in current standards, 

being Samanea saman the one that 

best value of Ra (1.86) presented 

before the machining. (See table 6)  

In this regard, others argue that in 

wood processing there are several 

variables that should be considered to 

achieve an optimization of workability 

operations and that, based on the 

study of these variables, it is possible 

to recommend the appropriate 

combination for the proper brushing of 

wood.  

These results coincide with those 

obtained by Aguilera and Vega (2004), 

which state that both feed and rotation 

speeds show safe behaviour in terms 

of their effect on surface roughness, 

where an increase in feed speed 

generates lower quality surfaces for 

constant rotation speeds. An increase 

in rotational speed produces less rough 

surfaces for constant forward speeds. 

At present, the fundamental problem 

of the wood industry is the lack of 

knowledge of the cutting conditions to 

achieve correct machining, where 

quality problems are not always 

associated with the quality of raw 

materials but, importantly, with poorly 

planned and executed processes; 

aspects coinciding with the results 

obtained by Baysal and others (2014), 

Belleville and others (2016a) and 

Belleville and others (2016b).  

The results of Ra show that, due to the 

quality of the surface finish, Pinus 

caribaea, Eucalyptus saligna, Samanea 

Saman, Gemelina arborea, and Acacia 

mangium, after the brushing process, 

can be used in the Cuban furniture 

industry, taking into account the 

specifications of DIN/ISO 1302, as well 

as ASTM D 1666-87, re-approved in 

2004.  

Of the combinations used was the most 

suitable for the species Pinus caribaea, 

Gmelina arborea, and Acacia mangium 

the combination two (feed speed 7.32, 

number of blades 3, cutting angle 30° 

and speed in the rotation of the head 

6200 RPM). For the species Eucalyptus 

saligna and Samanea saman the 

combination one was the most suitable 

(feed speed 7.32, number of blades 3, 

cutting angle 20° and speed of rotation 

in the head 6200 rpm).  
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