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Abstract

Wood surfaces might be considered as geometrical
structures combined with position dependent chemical
properties. It is possible to access surface properties
only from a methodical point of view, e.g., by measuring
roughness, colour, surface energy and other features.
This type of characterisation remains incomplete
because it does not account for the complex interactions
of the properties, which are caused by the machining
process. A better approach might be to describe the sur-
face as a system of time dependent properties including
the history of machining operations performed for a spe-
cific purpose. This work presents the advancements in
the understanding of wood surfaces achieved in the
course of the COST Action E35. The interaction between
raw material, machining, and techniques of measurement
will be discussed in terms of surface characteristics
including the tactile properties of wood surfaces.
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Introduction

The surface of manufactured wood is the result of par-
titioning achieved usually by one or more consecutive
cutting and smoothing steps. The process might include
a traditional sawing, planing, milling or sanding, or a
modern laser-cutting or waterjet-cutting. All of these
processes have their unique features and will produce
surfaces with different properties. Alongside the different
geometries of the machined surfaces caused by different
tool kinetics, the surface chemistry might also differ with

the partitioning process applied. A temperature rise dur-
ing processing and cutting the cell walls in different ana-
tomical positions may influence the surface chemistry.

From the point of view of materials science, surface
properties might be broken down into three categories:
1) properties of the bulk present at the surface, e.g., ana-
tomical and chemical features of various wood species;
2) structural properties of the machined surface, depend-
ing on machining parameters, state of tool and machine;
and 3) non-structural properties: chemistry of surface,
physical properties, such as surface free energy, and
optical properties.

The properties in category 3 are generally time
dependent, because the surface is in dynamic exchange
with the environment and tends to approach a low energy
state. The latter is called ‘‘surface inactivation’’ in the lit-
erature. According to Back (1991), at least five inactiva-
tion mechanisms are possible: 1) within a few hours or
days, oleophilic, low-molecular weight substances con-
centrate at the wood surfaces to form a structured mono-
layer or a multilayer of low surface energy; 2) hydrophilic
low-molecular weight substances in wood, such as oli-
gosaccharides, phenols and tannins, diffuse to the wood
surface during drying; 3) the pH of lignocellulose wood
material decreases during storage due to the cleavage of
acetylic and metoxylic groups, which produces acetic
and formic acid; 4) hypothetically, a realignment of lignin
molecules at the wood surface can produce a low-energy
surface; 5) during drying and aging of wood, micro-
checks form slowly on the surface.

Figure 1 summarises the surface properties of wood
produced for a certain application, e.g., for coating.
Sometimes the surface is of scientific interest, e.g., for
studying the surface free energy (Gindl et al. 2000; Sinn
et al. 2007). As Figure 1 illustrates, the surface of wood
is the result of a complex interaction of raw material,
processing and time.

The judgement of a wood surface is driven by the pur-
pose of its use. For example, the optical impression of
the visible parts of a piece of furniture and its tactile
properties are essential. A good wettability of surfaces is,
on the other hand, important in the context of gluing,
finishing and weathering.

The main emphasis of this work is placed on the influ-
ence of the machining process onto the properties of the
processed surface. It covers mainly, but not only, the
achievements of COST Action E35 in this field.
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Figure 1 The wood surface represented as a summary of time dependent properties, suitable for a certain application and produced
by a specific process from the raw material.

Figure 2 Various surfaces created by different cutting pro-
cesses: (a) band-sawing, (b) planing, (c) circular sawing, (d)
sanding.

Surface properties and machining

Properties coming from the bulk

During cutting, various anatomical parts of wood are sep-
arated. The properties of separated pieces are anisotro-
pic: the grain pattern and the physical and mechanical
properties of the samples will differ in each direction.
Moreover, the micro-geometry of the created surfaces is
also heterogeneous. Effects of grain direction on the
machined surface geometry, and especially the occur-
rence of certain surface defects, e.g., fuzzy grain, was
studied systematically by Goli (2003), Goli et al. (2004)
and Goli et al. (2005). These authors discussed the
mechanisms of defect formation, such as kinematics,
cutting forces, shear induced splitting, transverse com-
pression and tension, and presented experimental obser-
vations. These studies might give directives for optimised
cutting procedures.

An additional phenomenon related to microstructure is
surface waviness after a tool has passed. Assuming a
cut along the grain and perpendicular to the bark, the cut
surface will show a year ring pattern corresponding to a
density pattern. The latter is the reason for the waviness:
the less dense parts recover more than the high dense
part after cutting. Additionally, the low-density wood
below the tool may be more compressed than cut
depending on the bluntness of the cutting edge. These
phenomena are closely related to the mechanical weak
boundary layers (MWBLs) as defined by Stehr (1999) and
Stehr and Johansson (2000). A MWBL can be defined as
a layer formed from damaged cells produced by the
machining operation; it may have a thickness of some
tenth of millimetre. Topography measurement systems,
such as profilometers, permit only a 2D characterisation
of surfaces, but they do not account for the depth of
modification in MWBLs. On the other hand, the layer of
damaged and densified cells may be of special impor-
tance for the performance of glued joints.

Structural properties of the machined surface:
kinetics of the cutting process

Depending on the process parameters applied for cut-
ting, various types of surface textures can be produced.
Figure 2 presents examples of theoretical surfaces
obtained by sawing (Figure 2a,c), planing (Figure 2b) and

sanding (Figure 2d). All have different shapes, contours,
wavelengths or heights. All these characteristics depend
on the tool geometry, cutting direction and machining
parameters, such as cutting- and feeding-speed, and
thickness of the uncut chip. Because these machine
parameters are preset, the geometry of the cut surface
can be predicted. Deviations from an ideal surface can
be attributed to vibrations and workpiece properties and
are of actual research interest.

Classification of defects and the ordinary process con-
ditions for defect generation have been presented (Goli
et al. 2004). Wood surface and chip formation were
researched even more intensely. Chip formation in
orthogonal cutting with low cutting speed was studied
by Goli (2006). Goli et al. (2007) analysed the surface
creation and chip formation as a result of cutting wood
orthogonally with higher speeds. A Hopkinson-split-bar
(HSB) technique was used for the experiments and a high
speed video system for process analysis. (The HSB
technique is suited to measure the stress-strain response
of materials at high strain rates, typically in the range
102–104 s-1.) Stiffening of the material and less pro-
nounced deformation zones were found at higher
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speeds. More knowledge on influence of cutting kinetics
would be favourable to process optimisation.

Machine conditions

Kinematics of the machining process can be used for
accurate modelling of theoretical surfaces created during
machining. However, other factors must be taken into
account when describing real surfaces. The surfaces pre-
sented in Figure 2 are more random in reality, due to the
effect of additional factors related to the machine and/
or tools used. These include: design of the machine,
machine vibrations, tool wear, tool maintenance (quality
of sharpening, jointing of the cutting knives) and other
factors, such as strength of the positioning of the work-
piece, and stiffness of the tool holder.

The influence of the machine condition, tool state,
process settings and workpiece properties on the quality
of sawn wood have been discussed by Orlowski (2006).
The appropriate selection of the process parameters and
proper maintenance of the tool and machine are critical
for accurate sawing, especially when a thin kerf is
required. Orlowski (2006) explained the mechanisms of
defect formation, such as the washboard pattern, in
detail. Similar discussions, but related to circular sawing,
were also a subject of analysis (Sandak et al. 2007).

Other actions performed during manufacturing, such
as staining and coating, may also influence the surface
quality. Martins et al. (2007) and Coelho et al. (2008) pre-
sented a statistical model for the quality of a finished
surface depending on machining conditions. A five factor
study was performed including species, machining level,
grit size, polishing level and type of varnish. Each manu-
facturing step influenced the surface quality, which was
evaluated by an artificial vision system and a panel of
experts. By changing the level of influence of each step
(e.g., rotation speed, feed speed), a model to predict sur-
face quality was developed. This model may be used to
optimise either the product or the process in the future.

During cutting, the tool edge changes its shape and it
may become dull, delaminate, corrode or be otherwise
damaged. A less smooth and irregular surface is the con-
sequence. The change of the edge quality of particle-
boards was investigated by Palubicki et al. (2007). The
study shows an evident link between tool wear and
surface quality, which becomes clearly unacceptable
after reaching a given level of the tool edge recession.

The quality of veneers was also evaluated (Denaud et
al. 2007). Indirect online monitoring of veneer peeling
(roughness and lathe checks) was obtained by analysis
of acoustic signals and vibrations. Such signals were
afterwards correlated to the surface features scanned
from the veneer. The process control proposed in this
study has a great potential as a source of information for
peeling lathe operators. The information could also be
used to optimise the pressure bar rate, especially for
heterogeneous species, such as Douglas fir.

Surface quality and process optimisation

Problems of raised fibres and small defects on the
machined surface are very common when processing
medium density fibreboard MDF (Cramond et al. 2004).

A method to reduce the surface roughness of the milled
edges of MDF by ironing has been presented by Fuchs
et al. (2007). MDF boards were heat- and pressure-treat-
ed for a specified period of time. It was observed that
such a methodology could significantly reduce the
roughness of the boards, especially along the edge pro-
files. The surface produced with this method is formed
primarily with traditional cutting and followed by thermo-
mechanical treatment.

Different cutting procedures, such as helical planing,
face milling and sanding, were analysed by Hernández
and Cool (2007) in order to determine the effect of the
type of machining on wetting properties, and adhesion
strength of a water-borne and a solvent-borne coating to
wood surfaces. Each surfacing method generated differ-
ent surface roughness, and this affects the long-term
adhesion strength. The best machining operation for
long-term use was helical planing, because the coating-
substrate-bond created was of better quality and low
level subsurface damage occurred.

The condition of the edge is especially significant when
processing panels for high-end products, such as furni-
ture. The defects scratches and chipping are dominant.
Sawosz et al. (2007) developed a scratch measurement
system and a suitable signal processing and parameter-
isation technique for chipped edges. The device meas-
ures the quantity of the light reflected from the particle
board surface very close to the edge. As the reflectivity
of the laminate and substrate panel is different, the
delamination of the edge can be detected. The signal
intensity obtained from the damaged board is less than
50% compared to the undamaged board, thus the meth-
od might be suitable for on-line application.

Measurement and evaluation of surface roughness

Human senses of touch and vision are in the first
instance very sensitive but also subjective. Replication
techniques, e.g., either by rubbing the surface across
with a carbon paper or by covering it with a layer of wax,
and analysing the cast, may improve this type of quality
control. Touching measures height distribution along
a line, whereas optical evaluation registers the whole
surface and detects knots, grain orientation or colour
variances.

The surface assessment has advanced from a quali-
tative to a quantitative analysis. Nowadays, various
sophisticated methods are available, suitable for different
length scales. Most of them mimic the human eye, and
others imitate the sense of touch. Properties inherent to
wood, such as cell types and arrangement, porosity, den-
sity and colour variations, make measurements of sur-
face roughness a challenge (Sandak et al. 2003). Most of
the novel techniques have been developed for evaluation
of the surface geometry of homogeneous materials,
generally metals. Consequently, not all of them are appli-
cable for wood. Measurement of standard surface rough-
ness parameters and characterisation by a single, more
or less simple, parameter, e.g., arithmetic average of the
surface roughness (Ra) or the root-mean-square rough-
ness (Rq) (ISO 4287 1998), may be erroneous, due to the
introduction of artefacts by standard roughness filters at
the edges of deep valleys, e.g., cut vessels. In recent
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Figure 3 Effect of the measurement direction on the surface sections and roughness parameters: measurement (a) along the grain,
(b) 458 to the grain, (c) perpendicular to the grain.

years, several attempts have been made to overcome
this drawback by introducing new roughness filters, e.g.,
the local valley excluding filter by Fujiwara et al. (2001)
and Fujiwara (2004). Additionally, orientation and
arrangement of wood cells influences the determination
of the roughness parameters. Thus, it might be of interest
to distinguish between the surface geometry originating
from the cell structure and the geometry due to machin-
ing operation.

Measurement systems for roughness working contact-
less with light as sensor are important, because they are
fast and robust; these are the prerequisites for applica-
tion in a production line. The interaction between a
porous wood surface and light reflected from it is very
complex. Hence, all results obtained by instruments
based on optical principles are impaired to a certain
extent. The simulation of the measurement by scanning
the surface with a laser beam was analysed by Honkanen
and Hughes (2007). Finite size of an area illuminated by
a laser spot limits the spatial and height resolution of the
system, and acts like a high-cut filter to the roughness.
Moreover, the light might be absorbed differently by dif-
ferent cells and reflected in different directions in such a
way that the real surface outline is misrepresented.

Today, the majority of sensors in evaluation of the
surface smoothness are designed to perform single axis
measurements. They simply measure the distance
between the base of the sensor and the measured
surface. When the sensor is moved relative to the sur-
face, a 3D-profile can be scrutinised. Depending on the
technique employed, the probe may contact the meas-
ured element or may be contact-free.

The stylus technique is the standard for roughness
assessment. There are various modifications of this
method, such as with or without a skid, or varying stylus
tips (geometry, materials). The stylus method has some
important limitations, e.g., contacting method: possible
damage of the surface; non-zero tip radius: missing fine
irregularities (high-cut filter properties); cone angle of the
tip: sliding on the steep fragments of the profile; slow
feed: limitation for in-process evaluation.

An alternative to the stylus method could be the
measurement with a laser displacement sensor (LDS).
Various types are already available at the market and
there is a continuous technological progress resulting in
an increase of accuracy, speed and machine readability
of these sensors (Sandak et al. 2004a,b). Although meas-
urement systems with LDS are superior to systems
based on stylus, both possess a common constraint:
they can scan only one surface section at a time, i.e.,
they permit only a 2D evaluation. It is a critical limitation
for the evaluation of anisotropic surfaces. Figure 3 pres-
ents profile sections obtained after measurement of one
piece of wood with a stylus, differentiating just in the
direction of feed. It is obvious that there are significant
differences concerning the profile and the derived para-
meters calculated from them.

Honkanen (2005) studied the influence of the scanning
direction on the roughness parameters by computer sim-
ulations of anisotropic surfaces. Mainly the amplitude,
wavelength and shape of wave on the average rough-
ness (Ra) were discussed. The significant influences of
the parameters clearly show the limits of 2D roughness
parameters for anisotropic surfaces and indicate the
preferable use of 3D evaluation.

A 3D measurement can be realised by a stylus or a
LDS by multiplication of the scanned sections through
multi-pass parallel scanning or an increase in the number
of sensors. However, this approach is time consuming
and the special traction system required limits the appli-
cation area to laboratory experiments. Increasing number
of sensors leads to higher scanning density, but this
approach is costly. Therefore, more suitable scanning
techniques are required, which are able to analyse a larg-
er region. These systems can be based on triangulation,
e.g., laser line sectioning, shadow scanner, Schmaltz
microscope, stereovision, depth of focus, interference,
Moiré fringes or other technologies. Sandak et al. (2003)
formulated the requirements for a robust method: resis-
tance to harsh environments, sufficient measurement
range and accuracy, high scanning speeds, cost-effec-
tive installation and low maintenance costs, easy
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integration into existing production lines and simple
operation.

Sandak et al. (2004) compared various systems: stylus,
various types of laser displacement sensors and camera-
based vision systems. The author presented and dis-
cussed weaknesses and strengths of the techniques and
defined their application areas. Results can be used as
a guide for sensor selection.

Haptics of machined wood

In the furniture industry, surface quality evaluation is still
performed by sensorial graduation of trained operators.
These characterisations are subjective since they rely on
the perceptual senses of the observer. Several studies
have been performed in order to improve the judgement
of a woodworker and to find a useful quantitative repre-
sentation of the perceptual evaluation.

Sadoh et al. (1997) reported relationships between tac-
tile roughness and 2D profile and roughness parameters,
i.e., maximum height of primary profile Hmax, root mean
square roughness Rq (Yasuda et al. 1983), or the skew-
ness and the kurtosis of the primary profile (Fujii et al.
1997). However, in some cases, these parameters failed
to represent the tactile roughness. Four possible expla-
nations were proposed: 1) contact profile acquisition may
not be suitable for sensual surfaces like wood; 2) wood
is an anisotropic surface that cannot be described on the
basis of 2D parameters; 3) fingers explore roughness in
a 3D space; 4) traditional profile filtering processes are
not adequate because they generate artificial peaks
around the edges of deep valleys. Such artificial peaks
are not real but influence roughness values.

A robust Gaussian regression filter that eliminated arti-
ficial peaks has been proposed (Fujiwara et al. 2003). It
is characterised by the iteration of the filtering process
using a Gaussian regression filter and an additional ver-
tical weighting. Two parameters wcore roughness depth
Rk and reduced peak height Rpk (ISO 13565-2 1996)x
obtained from the valley-removed roughness profiles
were correlated with tactile roughness. Distribution of
roughness-profile peaks and relative area of the rough-
ness-profile peaks (3D parameters) above a threshold
height correlated with tactile roughness of wood surfaces
(Fujiwara 2004) within a defined range of cut-off wave-
lengths used for filtering.

A 3D confocal-laser-profilometer was proposed by Lar-
ricq et al. (2004) in order to improve the performance of
2D approaches. MDF and maritime pine boards were
sanded with various grit sizes. Sensorial characteristics
were evaluated by a group of test individuals, and 3D
roughness parameters were computed from profilometer
data. As a starting point, linear correlation between
roughness parameters and tactile roughness score were
assumed. For sanded MDF surfaces, the root mean
square deviation of the surface sRq parameter was the
best predictor of the tactile score. Results obtained with
pine wood were not as good; sRq did not reflect reason-
ably well the human impressions. It was concluded that
a single parameter is not enough to describe sensorial
grading, because it could not clearly explain the differ-
ence between some surfaces. Nevertheless, the deter-
mination of adequate 3D surface roughness parameters

is necessary for objective and automatic surface charac-
terisation. On the data presented by Larricq et al. (2004),
Ramananantoandro et al. (2005) performed a multidi-
mensional scaling analysis. The objective of this proce-
dure was to derive a description of the tactile perception
by a number of independent 3D surface parameters.
Principal component analysis was performed on 13 inde-
pendent roughness parameters and the dimensions of
perceptual space. Finally, three dimensions of tactile per-
ception space have been highlighted: one dimension
characterised the roughness intensity taking into account
information on amplitude and summit density (Sds); the
second dimension characterised the fraction of surface
consisting of small peaks above the main plateau (Sr1);
the last dimension defined spatial isotropy of the surface
texture (Str). The combination of these parameters was
enough to predict tactile roughness perception on sand-
ed MDF and maritime pine surfaces.

International standards exist for analysis and consum-
er sensory evaluation. These are applied extensively in
food manufacturing companies (Association Francaise¸
de Normalisation 1995). But a comparable international
standard concerning tactile perception of materials does
not exist. Subjective tactile appreciation tests have been
presented by Larricq et al. (2004). Subjects were asked
to rank 6 samples in order of preference. The average
ranking score obtained through subjective assessment of
sanded MDF boards indicated that test individuals prefer
smoother surfaces to rougher ones. Results on wood
samples show the same trend. Another subjective test in
this study was roughness determination only by vision,
without touching the samples. Whereas test individuals
were able to distinguish between smooth and rough MDF
samples, in case of pine no significant differences were
found; colour and texture of wood might influence visual
ranking.

Standardisation and correlation of subjective tests with
automatic test procedures is an important topic for the
acceptability of modern test systems. More research is
required on definition of suitable 3D surface parameters.

Wettability and surface free energy

Surface wettability is an important factor when wood is
glued or coated. Good wettability is a precondition for
good spreading of the liquid in question and a successful
adhesion. Wettability measurements provide qualitative
judgment of the interaction of a liquid with a surface.
Measurements of surface free energy (SFE), however,
need test liquids and can provide quantitative indicators
of tested surfaces. Nevertheless, a standardised meth-
odology in this field is not yet available.

The interaction of a droplet with a surface is usually
analysed with Young’s equation (Young 1805). In this
equation, the cosine of the contact angle u0 is correlated
to the surface energy of a solid, gsv, the solid-liquid inter-
facial energy, gsl, and the surface energy of the liquid, glv

(indices denominate the interfaces: solid-vapour sv, sol-
id-liquid sl and liquid-vapour lv) wEq. (1)x:

g cosu sg -g . (1)lv 0 sv sl
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This equation is valid only for homogeneous, flat sur-
faces in thermodynamic equilibrium. Such conditions
cannot be fulfilled for wood surfaces, which are rough,
chemically heterogeneous, and swellable in contact with
some liquids, especially with water. Nevertheless, the
analysis according to this equation is widely used,
because it is simple and no better alternatives are avail-
able. To solve Eq. (1) for the unknown SFE of the solid,
gsv, the interfacial energy is approximated by an inter-
action law. Usually, the acid-base approach developed
by Good (1993) and van Oss et al. (1988) is applied,
where the interaction is a combination of electron-donor-
acceptor exchanges and van der Waals forces. It was
shown by Della Volpe et al. (2004) that this interaction
rule is only a semi-empirical approximation of the inter-
action forces, because it cannot be derived from ther-
modynamic considerations. Reviewing the mathematical
structure of the equations, Della Volpe and Siboni (1997,
2000) and Della Volpe et al. (2004) demonstrated that the
original scale introduced by Good (1993), choosing the
acid and base component for water as equal, is only one
of an infinite number of possible scales. Della Volpe and
Siboni (1997) proposed a non-linear procedure for a
simultaneous calculation of the surface tension compo-
nents of the test liquids and the surface energy compo-
nents of the solids. Based on literature data, they
calculated and proposed a new scale where the problem
of overwhelming basicity from the original scale is over-
come. This new scale was compared with the traditional
scale by Sinn et al. (2007) and used for evaluation of
knots properties. In contrary to the traditional scale, the
new results can explain the better wettability of spruce
knot and pine stem with water.

Beside the acid-base theory, older approaches are still
in use, e.g., Owens Wendt (Owens and Wendt 1969) or
Fowkes (Fowkes 1964). In these theories, the interaction
between liquid and solid is described by two parameters
(instead of three in the acid-base approach). Outahyon
et al. (2007) compared both theories to study the influ-
ence of cutting speed and storage time on SFE of Doug-
las fir. An increase of SFE with cutting speed was found.
This is of interest for process optimisation, but variations
of surface roughness may influence the results.

Another experimental challenge is the surface geom-
etry. To measure SFE data with Young’s equation, the
surfaces have to be flat per definition. Usually, this con-
dition is violated, especially for wood. If roughness has
to be considered, often the concept of roughness factor
r Eq. (2) as introduced by Wenzel (1936) is found in
literature:

actual surface
rs G1. (2)

geometric surface

As a consequence, the Young’s equation has to be
modified as follows wEq. (3)x:

cosurough
g cosu sg s g -g (3)Ž .lv 0 lv sv slr

urough is the apparent contact angle on a rough surface.
Since rG1 and therefore thecosu Gcosu ;u F908rough 0 0

contact angle measured on a rough surface is smaller
than the contact angle on a flat surface for wettable liq-
uids. Knowing the roughness factor r, it would theoreti-
cally be possible to calculate the correct SFE with Eq. (3)
by measuring . A direct computation of SFE fromcosurough

urough without consideration of the roughness is mislead-
ing. Surprisingly, it is commonly found in the literature as
no consistent methodology for determination of r is
known.

The input of measured urough, wrongly defined as u0, in
wEq. (1)x for determination of SFE leads to an apparent
dependency of solid surface energy from roughness. On
the other hand, a change in SFE could have its origin in
local variations of surface chemistry. Both effects would
overlap, if a change of roughness appears together with
a change in surface chemistry. Sinn et al. (2004) pro-
posed a methodology for the separation of roughness
from chemical effects by computing the ratio of acid to
base component from urough. The ratio would be equal for
differently rough but chemically identical surfaces. The
validity of this methodology was proven by independent
chemical analysis with photoelectron spectroscopy.

A general drawback in the comparison of SFE data of
wood, obtained from diverse orientated surfaces of the
same wood species, is different chemistry and rough-
ness. Therefore, wetting behaviour of wood is given in
the literature usually for radial surfaces, and contact
angles are measured between the wetting front and fibre
direction.

Contact angle hysteresis is another basic problem
related to SFE measurements. In general, the hysteresis
can be attributed to the measurement of contact angles
in a meta-stable equilibrium. To overcome the problem,
Della Volpe et al. (2001, 2002) and Meiron et al. (2004)
proposed the application of vibrations onto the samples.
This should promote energy relaxation and a global ener-
gy minimum should be approximated. Indeed, vibration
allowed the drop to relax to this minimum and urough could
be correctly determined. Lam et al. (2002) found a
decrease of contact angle hysteresis with increasing
molecular chain length. In another study, Lam et al.
(2001) observed that hysteresis might be connected to
liquid penetration and surface swelling, or at least liquid
retention.

SFE determination is of interest in wood technology.
Despite much work dedicated to this topic, reliable meth-
odology and knowledge are not yet available.

Summary

Wood surface characteristics are the result of a time
dependent complex interaction of raw material and
machining. Alongside the difficulty of describing a wood
surface in a correct way, some of the methods for surface
characterisation are still under development. For exam-
ple, 3D-roughness measurements or SFE measurements
are promising. This overview presents the established
and new methods and tries to illuminate the problems in
their application for industrial processes. The study of
human sensorial impression (tactile and visible) and its
correlation with data measurable by machines plays an
important role in this context.
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studi di Firenze. Ecole nationale superieur d’arts et metier –
Cluny.

Goli, G. (2006) Chip Formation. COST E35 Workshop. Hønefoss,
Norway.

Goli, G., Marchal, R., Uzielli, L. (2004) Classification of wood
surface defects according to their mechanical formation dur-
ing machining. In: Proceedings of the 2nd International Sym-
posium on Wood Machining. Eds. Stanzl-Tschegg, S.E.,
Gindl, M., Sinn, G. BOKU – University of Natural Resources
and Applied Life Sciences, Vienna. pp. 315–324.

Goli, G., Fioravanti, M., Sodini, N., Uzielli, L., Taglia, A.D. (2005)
Wood processing: a contribution to the interpretation of sur-
face origin according to grain orientation. COST E35 Roe-
senheim Workshop. Eds. Stanzl-Tschegg, S.E., Sinn, G.
BOKU – University of Natural Resources and Applied Life
Sciences, Vienna.

Goli, G., Wyeth, D., Atkins, A., Jeronimidis, G., Fioravanti, M.
(2007) Orthogonal cutting of wood at high speed using a
modified split Hopkinson bar and a high speed camera. In:
Proceedings of the Third International Symposium on Wood
Machining. Eds. Navi, P., Guidoum, A. Presses Polytech-
niques et Universitaires Romandes, Lausanne. pp. 31–34.

Good, R.J. (1993) Contact angle, wetting, and adhesion: a crit-
ical review. In: Contact angle, wettability and adhesion. Ed.
Mittal, K.L. VSP, Utrecht. pp. 3–36.

Hernández, R.E., Cool, J. (2007) Evaluation of water and solvent-
borne coating performance for three surfacing methods on
paper birch wood. In: Proceedings of the Third International
Symposium on Wood Machining. Eds. Navi, P., Guidoum, A.
Presses Polytechniques et Universitaires Romandes, Lau-
sanne. pp. 55–59.

Honkanen, J. (2005) Measuring heterogeneous and anisotropic
surfaces with profiling techniques. COST E35 Workshop.
Rosenheim, Germany. BOKU – University of Natural Re-
sources and Applied Life Sciences, Vienna.

Honkanen, J., Hughes, M. (2007) Challenges in the characteri-
zation of the wood surface: a simulation approach. In: Pro-
ceedings of the Third International Symposium on Wood
Machining. Eds. Navi, P., Guidoum, A. Presses Polytech-
niques et Universitaires Romandes, Lausanne. pp. 225–228.

ISO 4287. (1998). Geometrical product specifications (GPS) –
Surface texture: profile method – terms, definitions and sur-
face texture parameters. Beuth, Berlin.

ISO 13565-2. (1996). Geometrical product specifications (GPS)
– Surface texture: profile method; surfaces having stratified
functional properties – Part 2: Height characterization using
the linear material ratio curve. Beuth, Berlin.

Lam, C.N.C., Ko, R.H.Y., Yu, L.M.Y., Ng, A., Li, D., Hair, M.L.,
Neumann, A.W. (2001) Dynamic cycling contact angle meas-
urements: study of advancing and receding contact angles.
J. Colloid Interf. Sci. 243:208–218.

Lam, C.N.C., Wu, R., Li, D., Hair, M.L., Neumann, A.W. (2002)
Study of the advancing and receding contact angles: liquid
sorption as a cause of contact angle hysteresis. Adv. Colloid
Interfac. 96:169–191.

Larricq, P., Ramananantoandro, T., Bacou, M., Eterradossi, O.
(2004) Two compared analysis of roughness on sanded sur-
faces: how to replace sensorial measure by mechanical
measure. In: Proceedings of the 2nd International Symposi-
um on Wood Machining. Eds. Gindl, M., Stanzl-Tschegg,



Wood surface characteristics 203
Article in press - uncorrected proofArticle in press - uncorrected proof

S.E., Sinn, G. BOKU – University of Natural Resources and
Applied Life Sciences, Vienna. pp. 367–375.
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