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Up and forward are only two directions. 
Science should look in all directions. 

You taught me that.  

“Dr. Jack Hodkins”, Bones 

 

 

 





Abstract 

About half the total volume of sawlogs end up as sawn timber. The rest is lost 
due to drying shrinkage or is turned into byproducts like wood chips, sawdust 
and shavings. As the raw material is a large expense for a sawmill, it is important 
to fully utilize the logs. The inherent properties of timber are such that warp, 
such as bow, cup, spring and twist, is inevitable, and extensive knowledge of 
whether and to what extent warp will appear is therefore important for 
managing the production. It is also important to develop strategies to handle 
warped timber, for example in the planing process. 

This thesis focuses on how twisted timber is affected by the planing process with 
regard to twist reduction, cross-sectional shape, planer misses and cutting depth. 
This was studied in three practical tests on sawn timber with different 
approaches. In one test, sawn pine timber with a large variation of twist within 
the group was planed with standard settings, and five evenly spaced cross-
sections along the length of the sawn timber were subjected to more detailed 
studies. In the second test, the main yield from spruce logs was planed. One 
sample board from each log was planed with the normal pressure settings of the 
planing mill, while the second sample was planed with a pressure either higher 
or lower than the normal settings. In this study, seven cross-sections were 
studied in more detail, three close to the top end, three close to the butt end, 
and one in the middle of the sawn timber. In the third test, sawn pine timber 
with a more moderate twist was planed with standard settings in another similar 
planer. 
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The main findings from these studies are: 

 Twist is independent of log crook 

 Twist is changed linearly by planing and the decrease depends on the 
timber thickness. Twist is reduced by 25% in 50 mm thick timber and by 
13% in 38 mm thick timber. 

 Twist makes the cutters machine the timber in an angle causing 
o oblique cutting depths, 
o skewed cross-sections, and 
o planer misses. 

It was also found that better dry target sizes could have increased the volume 
yield for planed timber by more than 3 percentage points, which emphasizes the 
importance of thinking in several stages and considering the whole wood value 
chain. 



Sammanfattning på svenska 

Runt hälften av den totala volymen sågtimmer blir till slut sågade trävaror, resten 
försvinner då virket krymper vid torkning, eller blir till biprodukter som till 
exempel flis, såg- och kutterspån. Då råmaterial är en stor kostnad för sågverken 
är det viktigt att utnyttja timmerstockarna fullt ut. På grund av virkets 
inneboende egenskaper är formdeformationer såsom flatböj, kantkrok, skevhet 
och kupning oundvikliga, varför kunskap om dessa deformationer är viktig för 
sågverkens produktionsstyrning. Det är också viktigt att utveckla strategier för 
hur man bör hantera deformerat virke i till exempel hyvlingsprocessen. 

Avhandlingen fokuserar på hur skevt virke påverkas av hyvlingsprocessen med 
hänsyn till skevhetens storlek, samt hur skevheten påverkar skärdjup, virkets 
tvärsnitt och hyvelsläpp. Det hela studerades genom tre experiment på sågat 
virke med olika infallsvinklar. I det första experimentet användes tallvirke med 
en stor skevhetsspridning. Virket hyvlades med standardinställningar och fem 
jämnt spridda tvärsnitt i virkets längd studerades i detalj. I det andra 
experimentet användes centrumutbytet från granstockar. En representant från 
varje stock hyvlades med normala hyvelinställningar medan den andra 
representanten hyvlades med antingen lågt eller högt tryck från hyvelns 
tryckelement jämfört med de vanliga inställningarna. I det här experimentet 
studerades sju tvärsnitt närmare. Tre av tvärsnitten var lokaliserade nära 
toppänden, tre låg i närheten av rotändan, medan ett låg i virkets mitt. Det 
tredje, och sista, experimentet bestod av sågat tallvirke med mer måttlig skevhet. 
Virket i detta försök hyvlades i en annan, men liknande hyvel med dess normala 
inställningar. 
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Huvudresultaten är: 

 Skevhet är oberoende av stockens krökning. 

 Skevhet minskar linjärt genom hyvling och minskningens storlek beror på 
virkets tjocklek. För 50 mm tjockt virke minskar skevheten med ungefär 
25 % och motsvarande minskning för 38 mm tjockt virke är 13 %. 

 Skevhet leder till att kuttrarna bearbetar virket i en vinkel vilket gör att 
o skärdjupet blir snett, 
o tvärsnitten blir kilformade och 
o hyvlesläpp uppstår. 

Det visade sig också att bättre målmått skulle kunna ha ökat volymsutbytet för 
det hyvlade virket med mer än 3 procentenheter vilket understryker vikten av 
att tänka i flera led och ta hänsyn till hela värdekedjan.  



Preface 

In the vacuum after my licentiate seminar, the most straightforward path seemed 
to be downwards. After two years of wide exploration of how planing affects 
different kinds of warp, I chose to dig deeper into one of them. 

It had been found that bow was totally straightened during planing so that a 
completely flexible model seemed sufficient. Cup in the case of the investigated 
dimensions was not straightened at all during planing, so a completely rigid 
model was adequate. Crook was also best modelled as rigid, but as the direction 
of the crook probably affected the trajectory of the timber during planing, 
predictions of the outcome more difficult than for cup, but I still wanted 
something rather more complex. The choice fell on twist, both because it had a 
behaviour during planing that could not be categorized as either flexible or rigid, 
and because twist is a warp type spanning over one more dimension than the 
others. Twist seemed to be the most interesting and rewarding warp type to 
study. 

One major problem with this research area is the lack of sources which has 
prevented me from looking backwards, and sometimes it feels that I have been 
clearing a trail through unmapped territory with several dead-ends and false 
paths as a result. Hopefully the main trail is left for future research and eventual 
successors so that it is easier to move forward and to find better pathways 
without making my mistakes. 

I have not however been alone in this great unknown; there are some people 
without whom this work would not have been possible. I would like to thank 
my supervisors the three professors Mats Ekevad, Anders Grönlund, and Dick 
Sandberg, at the Division of Wood Science and Engineering at Luleå University 
of Technology in Skellefteå, where the work reported in this thesis has been 
carried out. 
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In a more practical manner, I have been aided by Birger Marklund and the 
personnel at the planing mills at Martinsons Sawmill in Kroksjön and at Norra 
Timbers sawmill in Kåge; thank you all. I would also like to thank Göran 
Forsberg formerly at SP Wood Technology who carried out some of the 
measurements, and Dr. Magnus Fredriksson for his simulations. Last but not 
least, a special shout-out to Fredrik Persson for measurements, proofreading and 
endless discussions.  

On a more general note, I would like to thank former and present colleagues 
and co-workers here at LTU Skellefteå, researchers, administrators, fellow PhD-
students and other random people haunting the hallways. 

As life consists of more than work, I end this ramble by thanking family and 
friends far and near for love and support. 

 

Ann Axelsson 
Skellefteå, April 2015 
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The problem is not the problem. 
The problem is your attitude about the problem. 

Do you understand? 

“Captain Jack Sparrow”, 
Pirates of the Caribbean: The Curse of the Black Pearl. 

 



Byberget, Sweden 



1. Introduction 

What happens when twisted sawn timber is being planed? 

This question is the focal point of this thesis, and aspects considered are how 
twist is changed by the planing process as well as the impact of twist on the 
outcome of planing and the need for planing allowance. One of the reasons why 
twist is important is that it is regarded as the most problematic warp by the end 
users (Johansson, Kliger & Perstorper 1994). 

1.1. Context 

Less than 5% of the Swedish land area is populated and if arable land and grazing 
land are included, the proportion only increases to 13%. Instead, most of the 
Swedish land surface is covered with trees. About 57% of Sweden consists of 
productive forest land, with 3.0 billion m3 standing volume of wood. In 
addition, nearly 30% of the country comprises mountains and alpine coniferous 
forest as well as bog- and marshland (Swedish Forest Agency 2014). 

The wood is used for production of furniture and interior products, construction 
material, packaging, pulp, paper and energy (Figure 1), and nearly 60,000 people 
are directly employed in the industries producing these products. If sub-
contractors are included, the number of employees amounts to nearly 200,000, 
which roughly corresponds to 35% of the total number of employees in Swedish 
industry, which coincidentally is about 35% of the total number of fulltime 
employees in Sweden (Confederation of Swedish Enterprise 2011, Swedish 
Forest Industries Federation 2013). About 75% of the sawn wood products are 
exported and the corresponding figure for pulp and paper products is close to 
90%. The export value in 2013 was EUR 13 billion which corresponds to 11% 
of the total value of all exported goods (Swedish Forest Agency 2014). 
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Figure 1: Main material flow for the Swedish forest industry 

In 2013, 46% of the total net felling volume excluding bark (70 million m3) was 
sawlogs and the total volume of sawn coniferous timber was 16 million m3 
(Swedish Forest Agency 2014). As the shape of a sawlog usually resembles a cone 
more than a rectangular beam, only 49% of the total volume ends up as sawn 
timber. Some of the volume is lost due to drying shrinkage, while the rest is 
turned into wood chips (33%), sawdust (12%), and shavings (2%) (SDC 2011). 

The production of 1 m3 of softwood timber requires 0.36 GJ electrical energy. 
Roughly half this electrical energy is consumed during sawing, while a quarter is 
used for drying and a fifth for planing. Drying this amount of timber requires  
2.7 GJ thermal energy (Milota, West & Hartley 2005, Bergman & Bowe 2010). 

1.2. Properties of wood 

Most of the properties of pine and spruce wood spring from the material 
constituents of the wood cell walls. Grossly simplified, wood consists of 
elongated cells, or fibres extended in axial direction of the trees, which mostly is 
vertical if we consider the stem or trunk. The fibres are not, however, 
positioned completely vertically; instead they grow with an inclination in 
relation to the axial direction, called the spiral grain (Forest Products Laboratory 
2010). 

The spiral grain angle depends on the radial distance from the pith. According to 
Perstorper et al. (2001), the fibres close to the centre are nearly parallel to the 
axial direction of the log with a rapid increase in the angle of deviation of the 
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axial direction towards the juvenile wood border. The maximum deviation is 
usually left-handed and located close to the aforementioned border in the 4th to 
10th annual rings. Outside the border, the grain angle commonly decreases and 
somewhere around the 40th and 70th annual rings, the fibres become parallel to 
the axial direction. In even older trees, the outermost wood can have a spiral 
grain angle opposite to that in the juvenile wood (Harris 1989). 

New fibres are formed in the cambium just inside the bark so that tree growth is 
similar to stacking cones, one on top of the other, and this gives wood an 
orthotropic character, with different properties in three different directions. It 
has both unique drying characteristics and unique mechanical properties along 
the longitudinal axis, the radial axis and the tangential axis (Figure 2). 

Figure 2: The three principal axes of wood. 

The fibre walls are composed of helical cellulose microfibrils in different layers, 
and in the dominant layer, these microfibrils grow at an angle of 5  to 30  to the 
longitudinal axis of the fibres (Forest Products Laboratory 2010). In green 
timber, the cell walls contain water molecules between the microfibrils and, 
when wood dries below the fibre saturation point, the water molecules within 
the cell walls evaporate and as a result, the fibre shrinks. Due to the helical 
nature of the microfibrils, the drying shrinkage differs in different direction of 
the fibres. The tangential shrinkage is twice as large as the radial shrinkage which 
is ten times the longitudinal shrinkage. 

A description of the elastic behaviour of wood under constant temperature and 
moisture conditions requires twelve constants, of which nine are independent. 
There is one elastic modulus for each axis (three), one shear modulus for each 

Radial 

Tangential 

Longitudinal 
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plane (three) and one Poisson’s ratio for each combination of stress and 
deformation direction (six). The twelve constants vary between species, 
individuals and with ambient conditions of temperature and humidity (Forest 
Products Laboratory 2010). 

1.3. Target sizes 

When a sawmill disjoins a log into sawn timber, it is not possible to saw the 
timber with the sought dimensions directly. Instead, timber is sawn with an 
oversize (Figure 3) due to a number of factors like sawing variations, drying 
shrinkage and warp (Brown 2000).  

Figure 3: A cross-section view of sawn timber. 1) The green target size is oversized because 
of sawing variation, 2) drying shrinkage and variation, 3) with an allowance for planing. 
The sawn timber finally ends up as 4) planed timber with the desired size.  

For economic and sustainability reasons, it is important to reduce planing 
allowances and ultimately the green target sizes. By reducing the green target 
size, it is possible to produce longer or wider timber which increases the volume 
yield. In some cases, extra sideboards can also be produced (Steele 1984, Brown 
2000), and the same number of logs can thus yield a higher volume of sawn and 
planed timber, or from another angle, a given volume of sawn and planed 
timber can be produced from fewer or smaller logs. The amounts of sawdust and 
shavings that have to be handled and removed from the production decrease 
with reduced saw kerf and smaller allowances.  

Reducing the allowances can also reduce the power consumption and energy 
requirements. By reducing the saw kerf, the power consumption can be reduced 
(Cristóvão, Ekevad & Grönlund 2013). The total power consumption can also 
be decreased by reducing the cutting depth during planing (Aguilera & Martin 
2001). Other possible energy benefits of reducing the oversize include reducing 
the amount of wood that is dried unnecessarily. 

1 
2 
3 4 



Introduction 
 

5 

 
Sawing variations are caused by a combination of instabilities in sawblades, tool 
design and wear, backsawing, external vibrations and irregularities in the wood 
that makes the saw kerf deviate from the predetermined trajectory (Mote & 
Szymani 1977, Steel 1984, Axelsson 1994, Ekevad et al. 2014). Irregularities in 
the wood depend on biology and cannot therefore be totally avoided. Other 
factors are however easier to affect. The stability of sawblades can be increased 
by, for example, inducing residual stresses by plastic deformation or tensioning 
that increases the critical speed at which a sawblade buckles and vibrates 
uncontrollably (Mote & Szymani 1977, Cristóvão, Ekevad & Grönlund 2012). 
When a circular sawblade heats up in the periphery during operation, thermal 
expansion stresses arise that reduce the critical rotational speed of the sawblades. 
The stresses can however be relaxed by slots which dampes the effect of the heat 
(Nishio & Marui 1996). 

It is not only possible to increase the stability of the sawblades; another measure 
is through guides which to reduce the vibrations to which the sawblades are 
exposed. Pads can be positioned on opposite sides of a sawblade where they can 
guide the blades, while friction can be reduced with water, air, oil or mixtures 
(Szymani & Mote 1977). Counterforces suppressing the vibrations exerted for 
example by magnets can also be used to increase the sawblades stability (Chen et 
al. 2003). 

The second “volume thief” in the sawmill process is drying. The fibre walls in 
the wood contain water molecules that affect the volume. The amount of water 
within the wood fibres is expressed as moisture content (MC) which is the ratio 
between the mass of the water within the wood to the mass of the wood when 
it is completely dry given as a percentage. As wood dries and the MC drops 
below the fibre saturation (about 30% MC), the water in the cell wall evaporates 
and the volume decreases; in other words the wood shrinks (Forest Products 
Laboratory 2010).  

The amount of drying shrinkage and how it influences the cross-section 
dimensions and shape depend not only on the MC level and the species, but also 
on the size of the logs and the sawing pattern. When Norway spruce logs are 
sawn, the width shrinkage increases further from the pith, but the thickness 
shrinkage decreases (Grönlund, Flodin & Wamming 2009). 
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After being dried, the timber usually is planed. For sawn timber with twist, the 
allowance for planing has to be large if planer misses are to be avoided 
(Grönlund, Flodin & Wamming 2009). However, according to Brown (2000), 
considerations for warp have to be taken only if the sawn timber width is about 
200 mm or more. Bow and crook seem to have a minor impact on the necessary 
cutting depth compared to twist and cup (Grönlund, Flodin & Wamming 2009). 
If cup is present, it is fairly easy to conclude that the cutting depth in the planer 
should be large enough to remove the cupping. 

The swelling and shrinkage are about twice as large tangentially as radially in 
clear wood for Scots pine and Norway spruce, and cup is an effect of this 
difference in combination with the curvature of the annual rings in the cross-
section of the timber. By extension, the cup of an individual timber board 
depends on its position in the sawing pattern (Forest Products Laboratory 2010, 
Ekevad, Lundgren & Flodin 2011). 

1.4. The story of twist 

The origin of twist is founded much earlier than at the sawmill and perhaps even 
earlier than the tree itself, as the twist potential is not influenced by the 
surroundings of the tree from which the timber comes. The correlation between 
twist and a tree’s growth rate is also very weak as well as the correlation between 
twist and density (Johansson et al. 2001). Instead, the most influential treerelated 
factor is the spiral grain angle, both its size and its gradient (Ekevad 2005, 
Warensjö & Rune 2004). 

According to Perstorper et al. (1995) and Forsberg & Warensjö (2001), twist in 
timber is also affected by the annual ring curvature. Sawn timber taken close to 
the pith is generally more twisted than sawn timber taken close to the periphery 
of the log. Another sawingrelated factor important for the final twist is whether 
the logs have been disjoined with straight or curve sawing, as this affects the 
spiral grain orientation in the sawn timber. One positive effect of curve sawing is 
the reduction in twist (Yerbury & Cooper 2010). For timber disjoined with 
straight sawing, crooked logs can produce less twisted timber than straight logs 
(Taylor & Wagner 1996).  

It is possible to assess whether a tree could lead to an excessive amount of twist 
after disjoining and drying. For Scots pine, it is possible to measure the grain 
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angle in any of the 8th to 20th inner annual rings and evaluate the twist potential 
for the main yield (Hallingback et al. 2010). In 22-year-old Scots pine, there is a 
close correlation between the grain angle on the log surface and the twist on the 
timber (Warensjö & Rune 2004), which implies that there is a potential to 
harvest the most problematic trees during thinning, provided that the harvester 
can efficiently measure the grain angle without harming the tree. The trees that 
have a greater probability of producing straighter timber can then be left until 
the final felling.  

If the spiral grain angle is unknown when a log arrives at the sawmill, it is 
possible to deduce the spiral grain angle by using computer tomography both 
manually and automatically (Sepulveda 2001, Ekevad 2004). It is also possible to 
measure the spiral grain angle at the surface by using the tracheid effect with a 
laser (Nyström 2003). The tracheid effect is that the fibres scatter light differently 
in different directions so that when a circular laser dot hits a wooden surface, the 
dot spreads out to form an ellipse in the fibre direction. It is not advisable to 
disjoin logs where the grain angle deviates by more than 3  from the axial 
direction under bark (Kliger 2001). 

As twist originates from the spiral growth habit of the wood fibres in 
combination with the different drying characteristics in the different directions 
of the fibres, it is not surprising that the amount of twist increases with 
decreasing moisture content (Perstorper et al. 1995, Warensjö & Rune 2004). 
Further, if sawn timber is subjected to a moisture cycle, the twist will return to 
its starting value. 

As knowledge about twist has increased, the models to predict twist have been 
refined. A classical way is to assume that a log consists of cylindrical shells that 
imitate annual rings. The shells are given different shrinkage properties in 
different directions to simulate the grain angle. Each shell distorts individually 
and the combined effect is calculated (Bäckström & Johansson 2006). When 
Ekevad (2005) included the spiral grain angle in the shell models, further 
refinement was achieved. 





 

 

 

 

 

 

 

 

 

Though this be madness, yet there is method in’t 

“Polonius”, Hamlet 

 



Tokyo, Japan 



2. Materials and methods 

The impact of planing on the twist was investigated on three test groups of sawn 
timber (A, B, and C). All the timber originated from logs that were sawn 
through the pith in a conventional square sawing pattern (Figure 4), and the 
sawn timber was planed by similar four-sided planers (Waco 3000) at a moisture 
content of about 7% with the top ends oriented in the feeding direction of the 
planer and with the sapwood face down. Target dimensions and species differed 
and the three groups of sawn timber came from different sawmills (Table 1). 

Figure 4: Square sawing pattern. Grey areas show the studied centre regions.  

Table 1: Properties of the timber in the groups used in the study. 
 Group A Group B Group C 

Number of boards 20 30 47 

Species 
Scots pine 

(Pinus sylvestris) 
Norway spruce 

(Picea abies) 
Scots pine 

(Pinus sylvestris) 

Origin Northern Sweden Central Sweden Northern Sweden 

Dry target  
dimensions (mm) 

50 × 150 50 × 125 38 × 150 

Planer No. 1 1 2 
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The timber in group A was selected so that the variation in the degree of twist 
within the group would be large; but, there was no record of the early history of 
the timber such as log properties, sawing or drying. Five cross-sections were 
selected along the length, two located at 10 cm from each end and the other 
three equally spaced between them. At each position, 10 marks were made with 
a 5 mm drill, three on each face and two on each edge (Figure 5). The timber 
was planed with the settings normally used at the planing mill in question. More 
information about the timber can be found in Papers I and III. This timber was 
also used in the studies reported in Papers V and VII. 

To provide the material for group B, 15 logs were sawn and dried according to 
the standard procedure at a sawmill in central Sweden. The average top diameter 
of the logs was 196 mm with a standard deviation of 7 mm.  One sawn timber 
from each log was taken to form a subgroup that was planed with the standard 
settings, while the other sawn timber from each log were collected and divided 
into two other subgroups, of which one was planed with lower pressure settings 
and one with higher pressure settings than the normal settings for the planer. On 
each timber sample in group B, seven cross-sections were selected and marked 
with drilled holes, two which were positioned on the sapwood face and one on 
the right edge seen in the feeding direction (Figure 6). The cross-sections were 
located 10, 30 and 50 cm from each end and in the middle of the timber length. 
More information about the sawn timber can be found in Paper VI. The sawn 
timber planed with normal settings was reported in Paper V, while data for all 
the sawn timber were reported in Paper VII. The sawn timber in this group was 
also a part of the sawn timber material used in the study described in Paper IV. 

Figure 5: CT-image of a sample cross-section for group A. 
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Figure 6: CT-image of a sample cross-section for group B.  

Group C came from a study in which the impact of bow height on sawn timber 
was investigated and the logs used to produce the sawn timber therefore had a 
large variation in bow height. The average top diameter of these logs was 221 
mm with a standard deviation of 9 mm. The cutting depths and dimensions 
were measured in cross-sections located 10 cm from each end and in the middle 
of the timber length. Group C was planed in a different planer from that used 
for groups A and B. The timber in group C was used in Paper VII. 

The selected cross-sections in groups A and B were scanned with a Siemens 
Somatom Emotion CT scanner before and after planing. The image-processing 
software program ImageJ was used to determine thickness, width and cutting 
depths in the CT images. In the case of group C, the thickness and width were 
measured manually with a caliper. All the thickness measurements reported in 
this thesis were taken at the edges to insure similarity and to reduce the effect of 
cup and sawing missmatch for the sawn timber. 

Image processing was also used to evaluate rectangularity for groups A and B. 
Rectangularity is a measure of how closely a shape resembles a rectangle and is 
calculated as: 

 
MBR

CS

A
A

R ,      (1) 

where R  is rectangularity, ACS is the area of the sawn timber cross-section, and 
AMBR is the area of the minimum bounding rectangle (Figure 7). 
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Figure 7: Sample cross-sections showing the area of the cross-sections (ACS) together with 
the white lines which defines the minimum bounding rectangle (AMBR). The rectangularity 
is 0.92 for the left-hand cross-section and 0.99 for the right-hand cross-section.  

Maximum twist and cup were measured according to the Swedish Standard SS-
EN 1310 (Swedish Standards Institute 1997).  Twist is when the butt and top 
end lie in different planes, and the maximum twist is the greatest deviation in 
mm from a flat surface for a 2 m long timber section (Figure 8). Positive and 
negative twist can be defined in two different ways. If the direction of the twist 
is used, a positive is the same as a right-handed twist and a negative twist is the 
same as a left-handed twist. Some, however, use the opposite notation. In this 
thesis absolute values have been used, since the twist direction was of minor 
importance in this work. 

Cup is the name given to the situation when the centre of a face is misaligned 
with the edges and the cup is the deviation from an imaginary line between the 
edges (Figure 9). A concave cup is considered to be positive while a convex cup 
is negative. For groups A and B, a measuring device using laser triangulation 
(Grönlund et al. 2009) to derive the outer shape of the timber was used to 
determine twist and cup. For group C, the measurements were made manually. 

Figure 8: Definition of twist in this thesis. In this example, the twist is right-handed and 
positive.  

2 m 

Twist 



Materials and methods 
 

7 

 

Figure 9: Definition of cup in this thesis. In this example the, cup is concave and therefore 
positive.  

In planer 1, the pressure exerted on the timber from the pressure elements was 
measured. For group A and half the timber in group B the medium pressure 
settings were used (Table 2 and Figure 10 10). No similar measurements were 
made for planer 2, but, for the planing mill, normal settings were used. 

Table 2: Force exerted on the timber from the pressure elements for groups A and B.  

Unit 
Low 
(kN) 

Medium 
(kN) 

High 
(kN) 

1: Feeding rollers 3 4 5 

2: Pressure plate 0.1 0.3 0.6 

 

Figure 10: Schematic planer with four cutters and units applying pressure. Unit 1 is 
feeding rollers followed by pressure rollers above the lower cutter. Unit 2 is the pressure 
plate immediately before the upper cutter. The final units in the feed direction are the side 
cutters. 

Feed 
direction 

Unit 2 Unit 1 

0.3 kN 

Cup 
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2.1. Definition of critical dimensions 

Critical cross-sectional dimensions in groups A and B were calculated according 
to the procedure presented in Figure 11. The largest thickness of any cross-
section within a single piece of sawn and planed timber was taken to be the 
critical thickness for that particular piece of timber. The critical width of the 
timber piece was determined in a similar fashion. As the minimum allowed 
cutting depth was set to 0.1 mm, all surfaces would be machined with at least 
that depth, but most of the surface would have a larger cutting depth. 

 

 

Figure 11: Procedure used to calculate critical dimensions for each cross-section of the sawn 
timber. The circles mark the locations of the minimum cutting depths . 

Data from the critical dimension measurements was used to calculate the possible 
improvements in volume yield through simulations using logs from the Swedish 
Stem Bank, SSB (Grönlund et al. 1995). As Magnus Fredriksson, who made the 
simulations presented in Paper V, is a nice guy he made a further simulation 
where the dimensions in groups A and B were handled individually to permit 

1. The starting point was the position of the
planed cross-section within the cross-section
of the unplaned sawn timber. 

2. Since the allowed cutting depth was
0.1mm, the planed cross-section was
positioned 0.1 mm above the highest
point of the sapwood face. 

3. The unplaned cross-section was lowered so
that the lowest point of the pith face was be
located 0.1 mm above the finished cross-
section. The critical thickness was then
calculated 

4. The same procedure was used to obtain the
critical width. 
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more thorough calculations. These calculations were based on dry sizes whereas 
the saw simulation used green sizes, so a conversion was made based on a mode 
presented by Hájek and Esping (1996). Drying from green conditions to a 
moisture content of 7% would lead to a shrinkage of 5.7% in the thickness and a 
shrinkage of 5.2% in the width for 50 × 150 mm green timber, and it was 
assumed that the percentage shrinkage was the same for the 50 × 125 mm 
timber. Had the timber been dried to a moisture content between 12 and 18%, 
the shrinkage would have been more moderate.  

The logs used in the simulation had a top diameter between 174 mm and 210 
mm. A further simulation with smaller logs (top diameter between 162 mm and 
200 mm) using the reduced target dimensions was also made. As critical sizes had 
only been investigated for the main yield, the sideboards were assumed to have 
same sizes in all simulations. In the volume yield calculations, both the sawn 
timber and the planed timber were assumed to have uniform widths and 
thicknesses, and average values were used, and the sawn timber was length 
adjusted in accordance with the Nordic Timber rules (1994). A major difference 
between the simulations in Paper V and the new simulations is that only the 
main yield was originally included, whereas the sideboards also were considered 
in the supplementary work. 

2.2. Target size models 

Several models have been presented for calculating the target sizes with different 
basic assumptions. Wang (1984) and Brown (2000) built their models on sawing 
variations, while Hájek and Esping (1996) included the influence of cup. These 
models have similar courses of action.  First the critical size (CS), or the 
minimum size that dry timber can have and still be large enough to be planed 
without planer misses, is calculated (Figure 12). If the target size (T) were set to 
this critical size, however, half the sawn timber would probably be undersized 
with planer misses. If it is assumed that the target size is normally distributed, the 
target size must be increased by adding the product of the standard deviation (S) 
and the standard normal deviate (Z) (Figure 13) 

 SZCST ,     (2) 
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where the value of the deviate it take from statistical tables of the normal 
distribution, and in this work was set to 1.28 which means that there is a 10% 
risk that the table would have planer misses . 

The standard deviation for sawn timber is commonly called the sawing variation 
and it can be presented, calculated and broken down in several ways. In this 
thesis, the total sawing variation (ST) is the standard deviation of all 
measurements taken for all sawn timbers in each group while the between-board 
sawing variation (SB) is the standard deviation of the average thickness of the 
sawn timber. The within-board standard deviation (SW) is the average standard 
deviation for each board. In the model of Wang (1984), the within-board 
sawing variation is broken down into two components: the lengthwise within-
board sawing variation (SWL) and the across the width within-board sawing 
variation (SWW) of which the latter is used in the models. Unfortunately, Wang is 

Figure 12: Dry target size components.  

Figure 13: Relationship of critical size (CS), target size (T) and the safety margin, Z×S. 

Allowance due to
variation in target size, S

Planing allowance, P
Target size, T 

Critical size, CS 
Finished (planed) size, F 
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not very clear as to how the components of the within-board sawing variations 
should be measured. In this thesis, the across the width within-board sawing 
variation is the average of the standard deviations for each cross-section. 

The different models studied have different terminologies, but after some 
modifications and homogenization they can be compared. The modification 
consists mostly in removing the drying shrinkage and adjusting the models to 
consider only dry target sizes. 

2.2.1. The Wang model 

Wang (1984) presented two models for calculating dry target sizes taking into 
consideration the sawing variation: Model I where the timber is rigid across the 
width but flexible along the length and Model II where the timber is rigid across 
both width and length. 

Model I: BB
ww

wpfww
sf

I SZ
S

SZS
Z

FT
22

2
2   (3) 

Model II: BBww
pfsf

II SZS
ZZ

FT
2

   (4) 

Some of the variables are shown in Figure 12, indices I and II stands for the 
model number, while indices sf, pf and B stand for sapwood face, pith face and 
between-board respectively. 

Wang does not use the total sawing variation explicitly but its components. The 
models are developed for thickness and not width, as timber is stiffer in the 
width than in the thickness direction and hence more difficult to bend in that 
direction. If these models are used for target width calculations, however, the 
across the thickness within-board sawing variation would be more correct than 
the across the width within-board sawing variation. Due to the lack of data and 
the assumption that the across the width variation is less important for the width 
than for the thickness, the across the width within-board sawing variation was 
set to zero during target width calculations. 

2.2.2. The Hajek and Esping model 

The Hájek-Esping (1996) expression of the  dry target size is: 
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 ZSSkFT kT     (5) 

where k is average cup and Sk is the standard deviation for cup. 

The cup value was maximum value for each sawn timber which could cause an 
exaggerated oversize. When the dry target widths were calculated, cup was 
excluded as it generally has a smaller effect on the width than on the thickness. 

2.2.3. The Brown model 

According to Brown (2000), the dry target size should be calculated as: 

 TSZPFT .     (6) 

where P is the planing allowance. 

The Brown model is the only model containing P. The Wang and Hajek-
Esping models are developed to calculate the planing allowance, whereas the 
Brown model includes warp and roughness in the total planing allowance. 



 

 

 

 

 

 

 

 

 

It is a capital mistake to theorise before one has data. 
Insensibly, one begins to twist facts to suit theories, 

instead of theories to suit facts. 

“Sherlock Holmes”, A study in scarlet 

 



At a mire edge in Lapland, Sweden 



3. Results and discussion 

The planing data came from three different experiments, and this could reduce 
the validity of the overall results and comparisons. It was shown in Paper VI that 
pressure settings have little influence on rectangularity, planer misses or twist 
reduction, and it is therefore possible to compare these properties from different 
studies as long as the circumstances are similar. 

There should be different outcomes if very dry timber with a MC about 5-8% 
or sawn timber with a higher MC is being planed. There should also be a 
difference between summer and winter, especially for timber with a high 
moisture content as water has a tendency to freeze at temperatures below 0 C. It 
was shown in Paper II that the elastic modulus of wood decreases with 
increasing moisture content and increasing temperature, so that when consider 
of the effect of planing on bow and crook it is important to keep the ambient 
conditions constant (Paper I). In the case of twist, the elastic modulus is of less 
importance but all planing experiments have nevertheless been conducted under 
similar conditions during winter time. 

Using drilled holes as reference points was rather labour intensive especially in 
the first study (group A) where 10 holes were drilled to mark each investigated 
cross-section. It was also found that most of the locations marked by the holes 
could be traced from other marked locations and the number of holes was 
therefore reduced in succeeding studies. Another lesson learned from the studies 
of group A was that the cross-sections between those near the ends and the one 
in the middle provided no extra information and they were therefore excluded 
in subsequent studies. 

Measuring the hole depths with a caliper was difficult due to some degree of 
instability, and sometimes the hole depths seemed to have increased as a result of 
planing. The hole depths measured by image analysis were more accurate and all 
the holes where the surface had been machined had indeed decreased in depth. 
Due to the large uncertainty when only a caliper was used, the cutting depth 
data for group C were not used. 
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After sawing and drying, the thicknesses and widths of the material in the three 
test groups were normally distributed with average dimensions 53.2 × 152.5 
mm, 50.2 × 126.8 mm and 40.4 × 151.6 mm for groups A, B and C 
respectively. The sawing variations in the timber after sawing and drying are 
presented in Figure 14 as standard deviations. The length was also normally 
distributed. Groups A and C had a similar variation of length between 300 and 
550 cm with an average length just below 420 cm. Group B had a variation 
between 400 and 420 cm with an average of 414 cm. 

In Figure 14, group A has in all cases the highest standard deviation of the three 
groups, probably because the timber was produced over a longer period of time, 
while the timber in the other groups was sawn at the same time without any 
change in the sawline settings. The standard deviations for groups C and B thus 
indicate how well the machines perform, whereas the standard deviations for 
group A indicates how well the process performs. The difference between group 
A and the others is most obvious for the between-board standard deviation, 
probably because the thickness settings differ slightly between tool changes, 
batches and shifts. 

Figure 14: Standard deviations for cross-sectional dimension measured at 7% MC for the 
three timber groups before planing, where SW – within-board standard deviation, SWW –
across the width within-board standard deviation, SB – between-board standard deviation, 
and ST - total standard deviation. 
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The difference between groups B and C is probably due to the difference in 
target thickness, as group C is approximately 20% thinner and wider than group 
B, so the standard deviation due to drying should differ between the two groups. 
Since the groups have been produced at different sawmills, discrepancies are to 
be expected. 

The standard deviations were in all cases larger for the width than for the 
thickness. As the measurements were made on dry timber, it is not possible to 
determine whether this standard deviation difference depends on the sawing 
process or on the drying. 

Figure 15 also shows that the timber dimensions were not uniform after planing. 
As in the case of the sawn timber, the standard deviation of the width was 
greater than that of the thickness. 

In general, the between-board standard deviation was smaller than the within-
board standard deviation, a probable consequence of the end effect, i.e. the 
cross-sections near the end of twisted timber usually become skewed which 
probably depends on the planer design with a distance between opposing cutters, 
that is discussed in Paper III. The difference in the within-board standard 
deviation between the unplaned and planed timber in group B was negligible, 
the most probable cause being the cross-sectional problem areas close to the 

Figure 15: Standard deviations for cross-sectional dimension for the planed timber, where 
SW – within-board standard deviation, SB – between-board standard deviation, and ST - 
total standard deviation.  
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ends. As the original objective of the investigations with group B was to study 
the end effects, most measurement points were located within 50 cm from the 
ends. 

The between-board standard deviation for group A decreased remarkably as a 
result of the planing (Figures 14 and 15), the process was successful in removing 
the differences between sawing batches. 

The planer used for group C gave a more uniform result with low standard 
deviations throughout, but group C had the thinnest timber, and this could 
affect the result.  

3.1. Cutting depth 

 The mean cutting depth for all the measurement points near the edges of the 
sapwood face for group A was 2.1 mm with a standard deviation of 0.8 mm but, 
Figure 16 shows a skew distribution with a the peak in cutting depths located 
between 2.5 and 3 mm. Most of the sawn timber, 14 of 20 in group A, 
exhibited planer misses. The peak of cutting depth for group B is in the  
2–2.5 mm interval, while the mean cutting depth was 1.8 mm with a standard 
deviation of 0.8 mm. More than half, 18 of the 30 sawn timbers, exhibited 
planer misses on the sapwood face. 

Figure 16: Histogram of all measured cutting depths on the sapwood face for group A and 
B. The “< 0” stacks are planer misses. 
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The mean critical cutting depth on the sapwood face, i.e. the cutting depth 
necessary to avoid planer misses for group A was 3.6 mm with a standard 
deviation of 1.23 mm. For eight of the sawn timbers, the cup had a greater 
impact on the critical cutting depth than twist, while the twist had a greater 
impact on the critical cutting depth for the rest of the sawn timber.  It seems at a 
first glance that as Browns (2000) conclusion that warp has to be considered only 
for widths larger than approximately 200 mm was slightly incorrect, as the width 
of the timber in group A was only 150 mm. The impact of twist on the critical 
cutting depth was greater closer to the top and butt end in the same manner as 
cross-sectional shape distortions due to twist (Paper IIIIII). In the whole data set, 
two cross-sections had critical cutting depths close to 4 mm. If these two cross-
sections are excluded, and second to worst cross-section of the sawn timbers 
were used instead, the mean critical cutting depth and its standard deviation 
were 3.2 mm and 0.8 mm respectively. If only high quality timber with respect 
to twist according to the Nordic Timber rules (1994) is concerned, i.e. a twist 
after planing less than 6% of the timber width (8.7 mm/2 m for group A), the 
mean critical cutting depth was only to 3.0 mm/2 m while the standard 
deviation remained at 0.8 mm.  

In group B, the mean critical cutting depth was 2.1 mm and the standard 
deviation was 0.3 mm. For most of the sawn timbers, 23, the cup was most 
important when the critical cutting depth of the sapwood face was calculated, 
again in contrast to Browns statement of where twist has to be considered. If the 
sawn timber with a twist greater than the limit for high quality timber (7.2 
mm/2 m for group B) was removed from the data set, the mean critical cutting 
depth and the standard deviation remained unchanged, probably because the 
number of sawn timbers removed from the data set in this case was small (3 of 
30). 

Even though the critical thicknesses are based on the premise that the cutting 
depth of the sapwood face can be individually adapted, the standard deviation of 
the cutting depth on the sapwood face when the outliers were removed was 
only 0.8 mm for group A and 0.3 mm for group B. Thus, the need for quick 
adaptability of the cutting depth in a planer is not really very important it should 
instead be possible to plane all the timber in one batch with the same settings 
without any quality loss. 
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3.2. Dry target sizes 

3.2.1. Simulations 

Paper V presents simulations where the dry target sizes for the main yields were 
reduced by 2.5 mm in thickness and 3.6 mm in width. The reduction led to an 
increase in volume of the main yield by 0.5 percentage points from 30.3% to 
30.8% based on log volume. As average values were used, it was expected that 
50% of the timber would risk planer misses, which would be a slight decrease 
from the real case. The sideboards were excluded from these simulations, so the 
total volume yield increase would probably have been larger. In order to 
complete the picture, new simulations have been carried out. 

According to the new simulations, when the real values for the main yield, i.e. 
53 × 153 mm for group A and 50 × 127 mm for group B, were used, the 
volume yield for sawn and planed timber was 38.1%. When the target sizes for 
the main yield were reduced to 49 × 147 mm and 47 × 121 mm for groups A 
and B respectively while the target sizes for the sideboards was unchanged, the 
volume yield increased to 41.4% for the sawn and planed timber. As the 
dimensions of the main yield was reduced to reduce the log sizes, the volume 
yield for the planed timber became 41.0%.  

By a simple reduction of the main yield dimensions, the volume yield can thus 
be increased by three percentage points. The large difference between the 
simulation in Paper V and the new simulations shows that the major potential 
for increasing the volume yield is located in the sideboards. To fully utilize this 
potential, the whole chain from log to planed timber has to be considered, and 
thus complicates the situation since it is unlikely that all the sawn timber would 
be planed at the sawmill. Another consideration is how the result would be 
affected if the moisture content of the dry timber were higher. However, these 
simulations clearly indicate that it is worthwhile to reduce target sizes. 

Since for the simulations in Paper V, half the timber from the main yield would 
risk planer misses, further action has to be taken to ensure that all surfaces will be 
machined. One possible way is to use the models presented in section 2.2 if the 
sawing pattern has to be the same for an entire batch or to quickly adapt the 
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sawing lines in combination with a thorough knowledge of the underlying 
causes of the critical sizes. 

A reduction in planing allowance should according to the simulations also lead 
to an increase in volume yield inside the planing mill. The volume yield 
increases by about 8 percentage points from 82% to 90% when the planing 
allowance is reduced. The volume yield also shows the amount of by-products 
and waste, i.e. everything that does not become planed timber. It is apparent 
that the amount of shavings and sawdust can be greatly reduced. The expansion 
factor from solid wood volume to loose volume lies roughly between 5 and 7, as 
1 m3 loose volume wood shavings corresponds to 0.15–0.20 m3 solid wood 
volume (Olsson 2003). The reduction in target size would therefore result in a 
decrease from 1.1-1.5 m3 to 0.6-0.8 m3 loose volume wood shavings for each 
cubic meter of solid volume planed timber. If only the main yield is considered, 
the loose volume would decrease from 1.0-1.5 m3 to 0.4-0.5 m3. Although the 
conversation factor is for shavings with a moisture content between 10 and 15%, 
this figure should apply equally well for shavings in this study. 

3.2.2. Comparisons between models, thickness 

A comparison between the actual thickness, the critical thickness and the target 
thickness according to the models presented earlier, where 10% of the timber is 
allowed to be undersized, i.e. to have some planer misses, is presented in Figure 
17 for group A and in Figure 18 for group B. Due to the lack of cutting depth 
measurements for group C, a critical thickness could not be calculated, but the 
other thicknesses are shown in Figure 19. For all the groups, the planing 
allowance P in the Brown model is set to 1.5 mm, which corresponds to a 
cutting depth of 0.75 on both the sapwood and pith faces. All sawing variations, 
or standard deviations, are shown in Figure 14. 

Although all the measured thicknesses are larger than the critical thicknesses for 
group A (Figure 17), some of the real thicknesses coincide well with the critical 
value. The difference between the mean real thickness and the mean critical 
thickness was 4.2 mm. Judging from this plot alone, it seems that the sawmill 
producing these sawn timber had a very high safety factor and used the worst 
case scenario when the target thickness was set. This was also the group with the  
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highest standard deviations (within, between and total) so the gap between real 
and critical thicknesses could partially be necessary for that reason. 

In group B (Figure 18) there was overall a large gap between the real and critical 
thicknesses. The average gap was 2.9 mm. The between-board standard 
deviation for the sawn timber in this group was however small (0.32 mm) so the 
repeatability was high for the sawmill producing this timber and this could be a 
strong indicator that their target thicknesses could be reduced without any great 
complications. 

It is evident in Figure 17 and 18 that the target thickness cannot be determined 
solely by the standard deviation for rough timber. The model that best meets the 
requirement that 90% of the planed timber should be without planer misses is 
the Hájek and Esping model that includes cupping, but the Hájek and Esping 
model for group A presents that 30% of the timber would have planer misses. All 
the sawn timber where the use of the model would produce timber with planer 
misses had a twist greater than 10 mm/2 m. Above 15 mm/2 m, more that 50 % 
of the sawn timber would have planer (Figure 17). 

Figure 17: Dry target thickness as a function of twist before planing for group A if 10% of 
the timber is allowed to have planer misses for Wangs model I (WI), Wangs model II 
(WII), Hájek-Espings model (HE), and Browns model (B), together with the measured 
thickness (Real) and the critical thickness (Critical).  
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Figure 18: Dry target thickness as a function of twist before planing for group B if 10% of 
the timber is allowed to have planer misses, together with the measured real thickness and 
the critical thickness. 

Figure 19: Dry target thickness as a function of twist before planing for group C if 10 % 
of the timber is allowed to have planer misses, together with the measured thickness. 
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For group B, the Hájek and Esping model was a too generous and all the sawn 
timber would have been oversized. When the results from groups A and B are 
combined, the amount of timber with skip would be 9%, which is fairly close to 
the stipulated 10%. In a larger perspective, the model was rather accurate. 

Group C in Figure 19 has real thicknesses that coincide better with the Hájek 
and Esping model, and since this model seems to be the best match for the 
critical thickness, it is possible that the sawmill from which this sawn timber was 
taken has the best use of the raw material of the three mills investigated.  

In the Hájek-Esping model, the cup measurements used for the calculation are 
the maximum measured values. This could mean that the dry target dimensions 
are exaggerated. By using the real cup distribution, the value could perhaps be 
lowered. 

3.2.3. Comparisons between models, width 

Figure 20, 21, and 22 show the dry target widths, real widths and for groups A 
and B the necessary widths. It was shown in Figure 15 that the scatter of 
measured widths was large, and the critical width was therefore more difficult to 
calculate than the critical thickness. 

Figure 20: Dry target width as a function of twist before planing for group A if 10% of 
the timber is allowed to have planer misses, together width the measured width and the 
critical width.  

Finished size

140

145

150

155

160

165

170

0 5 10 15 20 25

T
ar

ge
t 

w
id

th
 (

m
m

)

Twist (mm/2 m)

Real

Critical

WI

WII

HE

B



Results and discussion 
 

25 

 
As can be seen in Figure 20, there was one clear outlier in group A, a sawn 
timber that had a severe crook. Before planing, the crook for that particular 
sawn timber was 9.5 mm/2 m while the median crook was 2.1 mm/2 m. Apart 
from this very crooked outlier, all critical widths were smaller than the real 
widths and, if the outlier was excluded, the difference between the mean critical 
and the mean real width was 6.6 mm. For some of the sawn timber with a crook 
below 3 mm/2 m, the critical width was below 146 mm leaving a very small 
planer allowance, and this raises the question of how small a cutting depth can 
be accepted from a surface quality or tool wear point of view. 

Figure 21: Dry target width as a function of twist before planing for group B if 10% of 
the timber is allowed to have planer misses, together with the measured width and the 
critical width.  

For group B the real widths were also larger than the critical widths. The mean 
real width was 5.7 mm larger than the mean critical width. For this group, there 
appears to be no simple explanation of the large scatter in the critical width data 
in this case. It may be due to poor lateral guidance in the planer, but the sawing 
variation was also large (Figure 14), so the root of the problem may lie earlier in 
the process. 
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The combined impression of the width prediction for groups A and B is that the 
Brown model seems to have the best agreement with the critical widths together 
with the two Wang models. In this case the Hájek-Esping model underestimated 
the necessary timber width. If this model had been used for group A 20% of the 
timber would have had planer misses, and for group B 17% of the timber would 
have had planer misses. However, the influence of cup was excluded from the 
latter model, and as cup does affect the width, it is possible that the Hájek-
Esping model could be improved. 

Regardless of which of the studied models is better, it seems that the sawmill 
that had the best fit for thickness (group C) was no better than the others 
regarding width. As the across the thickness within-board standard deviation is 
set to zero for Wangs two models, the dissimilarity between the rigid and the 
flexible model decreases, since only the within-board standard deviation differed 
between them. 

The real sizes are generally larger than the dry target sizes calculated with the 
models using a safety factor that imlpies that 90% of the planed timber would be 
free from planer misses. However, in actual fact, most of the timber had planer 
misses both on the sapwood faces and on the right edges because the cutting 

Figure 22: Dry target width as a function of twist before planing for group C if 10% of 
the timber is allowed to have planer, together with the measured width.  
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depth on those sides was too small, most of the material being removed on the 
pith side and left edge. 

3.3. Twist 

Most of the sawn timber used in this study had a left-handed twist. There was 
one exception in group A and four in group B, and no twist direction was 
recorded for group C.  

The distribution of the amount of twist before planing in the three test groups is 
shown in Figure 23 where it is evident that group A, exhibit the desired large 
scatter in twist. The sawn timber in the other groups was chosen for other 
reasons, and their twist exhibits narrower, slightly skew distributions the peak for 
group B is at a slightly greater twist than for group C. It is not clear whether the 
shift in peak between the two test groups is due to their different dimensions, 
species or top diameters, or whether the difference lies in the processes. 
However, the data indicate that during everyday production the twist in the 
sawn and dried timber is usually roughly normally distributed. 

Figure 23: Frequency distribution of twist before planing. 

In Paper IV, it was concluded that there was no correlation between twist and 
crookedness, regardless of log rotation. This seems to be true for group C as well 
as the spreads were large for all groups (Figure 24). According to the earlier 
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mentioned study made by Taylor and Wagner (1996) Douglas-fir timber sawn 
from more crooked logs has less twist than timber sawn from straighter logs, at 
least for straight sawn timber. The tendency for logs with a bow height above 20 
mm is similar. For the sawmills where the timber in groups B and C were 
produced, the limit for curve sawing lies in the proximity of 15 mm depending 
on the log length. That means that for the two groups at the left in Figure 24 
the saw kerf followed the pith better than for the three groups to the right for 
which the disjoining somewhat resembles straight sawing which in its turn 
should affect the grain angles in the sawn timber. The spreads are however too 
large to draw any conclusions. 

Figure 24: Average absolute twist for sawn timber plotted against average log bow height 
for the six groups tested in Paper IV and for group C divided into five groups. “group B 
ext” is the extended group B used in Paper IV and “group B ext (90 )” is the group in 
the same paper sawn perpendicular to the horns down position. Vertical bars show the 95% 
confidence interval for the average twist of each group before planing. The data are slightly 
shifted along the x-axis for clarity.  

It was shown in Paper III that the only warp related to rectangularity after 
planing is twist. The negative correlation found between rectangularity and twist 
for group A was also found for group B (Figure 25) and linear regression models 
for the two groups have the same slope (-0.0007). It reasonable to suggest that 
skewed cross-sections and planer misses are probably a greater problem closer to 
the top and butt ends of the planed timber. 
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Figure 25: Mean rectangularity plotted against absolute twist before planing. 

3.3.1. Twist reduction 

In Paper I, i.e. for group A, it was concluded that the only information needed 
to predict twist after planing was the twist before planing according to the 
relationship: 

 RP TwistTwist 75.0 ,     (5) 

where Twist (mm/2 m) iss the maximum amount of twist and the subscripts P 
and R indicate planed and rough (unplaned) respectively. The coefficient of 
determination, R2 for this model was 0.98. 

It was later found that this model could also be applied to group B although the 
predictability decreased slightly (Figure 26 and Paper VII). The best model for 
predicting the amount of twist after planing for 38 mm thick timber in group C 
was: 

 RP TwistTwist 87.0 ,     (6) 

with R2= 0.82. 
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Figure 26: Twist of planed timber plotted against twist before planing. The solid line 
represents the model for 50 mm thick sawn timber, and the dotted line the model for 38 
mm thick sawn timber. 

Since all the studies on 50 mm thick timber (Papers I, III and VI) have shown 
that the reduction in twist probably depends on the planer design, and that it 
appears to depend on thickness it seems that geometry is more important than 
elastic properties. 
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Science, my boy, is made up of mistakes, 
but they are mistakes which it is useful to make, 

because they lead little by little to the truth. 

“Professor Lidenbrock”, Journey to the center of the earth 

 



 

 

Lidsträsk, Sweden 



4. Summary of papers 

Paper I 

Effect of planing on warp in Scots pine (Pinus sylvestris) 

In this paper, the effect of planing on twist, bow, crook and cup is discussed. 
Linear regression models with the properties length, elastic modulus, and warp 
before planing as variables were created and compared to theoretical models 
with the assumptions either that the timber was completely flexible or that it was 
completely rigid. I was found that, as far as bow is concerned, a completely 
flexible model can be assumed, whereas a totally rigid model is sufficient for cup. 
Crook and twist were more complicated. It was also concluded that it is possible 
to predict in advance whether or not planed timber will be straight enough to 
meet the Nordic timber requirements. 

My contribution: I took part in the planning, collected the data on both the sawn 
and the planed timber, constructed the models, analysed the data and wrote the 
paper. 

Paper II 

Variation of modulus of elasticity in the tangential direction with 
moisture content and temperature for Norway spruce (Picea abies) 

An increase in understanding of the stress-strain relationship in the tangential 
direction is considered to be important, as this is the direction in which wood 
has the highest shrinkage during drying. The purpose of this work was to fill in 
some of the knowledge gaps about the elastic properties in the tangential 
direction. It was shown that the temperature and moisture content gradient have 
a large impact on the modulus of elasticity during drying conditions. 

My contributions: I collected the data, did the FE-simulations and some 
calculations, and participated in the writing of the paper. 
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Paper III 

Rectangularity of planed Scots Pine (Pinus sylvestris) planks 

The cross-sectional shape of planed timber was subjected to scrutiny in this 
work. A lot of effort was put into developing and evaluating methods for 
measuring and assessing the cross-section. It was found that the alignment 
between the timber being planed and the cutters in the planer tended to change 
between cutters machining opposing faces and edges. This was possible due to a 
combination of twist and cutter arrangements. 

My contribution: I took part in the planning, collected the data on both the sawn 
and planed timber, developed methods, analysed the data and wrote the paper 

Paper IV 

Rotational position of curved saw logs and warp of the sawn timber 

As progress in scanning technology used in sawmills has made it possible for 
production control to consider internal features of logs, this paper investigated 
the possibilities and drawbacks of positioning the saw logs in other rotations than 
the horns down position. It was found that rotating saw logs the worst possible 
way increased crook (called “spring” in the paper), but did not really affect the 
twist or bow. Also, logs with a log bow height less than 15 mm can be sawn in 
any rotational position. 

My contribution: I was active in collecting data for the dried timber and in the 
analysis. 

Paper V 

Potential for waste reduction when planing wood 

This conference paper was devoted to the question of planing and planing 
allowance. It was shown that for the investigated timber with target dimensions 
50 × 150 mm and 50 × 125 mm, a possible dimension reduction could increase 
the volume yield of the main yield by 0.5%. 

My contribution: I defined the problem, and did most of the work when the paper 
was written, while my co-author did the simulations. 
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Paper VI 

How planer settings affect timber properties 

The aim of this paper was to show how pressure settings affect rectangularity, 
planer misses and twist reduction. It was thought that increasing the pressure 
setting would increase the rectangularity of the cross-sections and that the twist 
reductions would decrease. However, it was not so, and the conclusion drawn 
was that the pressure settings did not influence the characteristics investigated. 

My contribution: I planned the study, collected all data on both the sawn and the 
planed timber, did the analysis, and wrote the paper. 

Paper VI 

Predicting twist after planing 

This conference contribution tried to validate earlier work about how twist is 
affected by planing. It was found that my first linear model worked for timber 
with a give thickness, but that the coefficients had to be adjusted for other 
timber thicknesses. 

My contribution: I planned the study, collected all data on both the sawn and the 
planed timber, did the analysis, and wrote the paper. 

 





 

 

 

 

 

 

 

 

 

All this knowledge is giving me a raging brainer. 

“Professor Hubert Farnsworth”, Futurama 

 



Cardiff, United Kingdom 



5. Conclusion 

At the beginning of this thesis a question was asked: 

What happens when twisted sawn timber is being planed? 

 Some of the answers are: 

 Twist, which is a warp that is independent of log crook,  
o does not influence the dry target sizes, but 
o reduces the rectangularity of planed timber. 

 No individual production control of the cutting depth on the sapwood face is 
necessary. 

 The twist reduction by planing is: 
o linear, 
o dependent on timber thickness, 
o independent of elastic modulus, 
o independent of timber length, and 
o independent of the planer settings. 

Although the twist reduction is independent of the elastic properties of the 
wood, other aspects could be affected, and as the elastic modulus changes with 
moisture content and temperature, the behaviour could vary over the year. 

Other findings are that it is essential to include cup in target size models and that 
by careful target size calculations, the volume yield can be increased by more 
than 3 percentage points. Decreasing the planing allowance would mean that the 
loose volume of wood shavings and saw dust in a planing mill could be halved.





 

 

 

 

 

 

 

 

 

No matter where you go, there you are. 

“Buckaroo Banzai“, 
The Adventures of Buckaroo Banzai Across the 8th Dimension 



 

On the European route E4, Sweden 



6. Future work 

Many issues and questions remain to be dealt with. Some of them are mentioned 
below. 

In the area of planing and twist co-dependency, one challenge is to develop 
methods for quality assurance beyond surface quality. 

To obtain a holistic concept, other ambient conditions, equipment and 
dimensions have to be investigated and incorporated, as well as crook, bow and 
cup. 

It could also be interesting to consider energy consumption and waste 
management. 

A related problem is the excessive dimensions to which the sawn timber used in 
this thesis had been sawn. The dry sizes were in most cases much larger than the 
targets, and that could be an interesting subject to follow up. 
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ORIGINAL ARTICLE

Effect of planing on warp in Scots Pine (Pinus sylvestris)

ANN AXELSSON

Division of Wood Science and Engineering, Luleå University of Technology, Skellefteå, Sweden

Abstract
If a sawn board or plank that is warped after drying is being planed, the feed rollers and the pressure elements will more or
less straighten the wood during planing. However, when the pressure is released, some degree of warp will recur since the
wood will spring back. With a large amount of straightening, only the cross-sectional dimensions of the wood should be
affected by the planing operation, leaving warp unchanged, while a small amount of straightening should have a larger
impact on warp. The objective of this study was to evaluate how warp is affected by planing in an industrial planer with
standard configuration. A total of 20 pine planks with the dry target dimension 50 mm�150 mm were selected, of which
half were severely warped. The worst twist, crook and bow per two metres and maximum cup were measured both before
and after planing.

The planer in the experiment had different impacts on the different warp types. For the individual planks, twist was
reduced by 25% and crook was reduced by about 20% on average. Although bow decreased for half of the planks, the total
average change for individual planks was a slight increase. Cupping practically vanished.

Keywords: Bow, crook, cup, Pinus sylvestris, planing, Scots Pine, skip, twist, warp.

Introduction

In modern sawmills, green timber can be sawed with

small tolerances. However, drying and moisture

equilibration during storing and shipping generally

distorts the shapes of planks and boards, with warp

like cup, twist, bow and crook as a consequence.

Clear rules about allowable warp in different quality

grades are stated by ‘Nordic Timber’ (Anon 1994),

and recommendations for acceptable warp in the

construction industry are stated by ‘Rules for Pur-

chase of Structural Timber’ (Johansson et al. 1993).

During planing, planks are straightened to some

extent due to feed rollers and pressure elements, but

how much a planer can straighten a plank depends

on the amount of pressure applied from rollers and

other pressure elements, and also on how flexible the

material is. When the pressure is released, the wood

springs back and some degree of warp reoccurs. How

much planing influences warp depends on the

amount of warp, the planer, its settings, forces

from pressure and feeding elements and the plank’s

modulus of elasticity.

To be able to adjust the green target sizes to give

the required dimensions and shape after drying and

planing, the correlations between properties of the

raw material, the sawing process, drying process and

planing need to be considered. The early parts of this

chain of processes have been investigated by re-

searchers here at Luleå University of Technology

(Ekevad 2006, Grönlund et al. 2009b, Ekevad et al.

2010, 2011, Lundgren et al. 2011). Now the time

has come to examine the role of the planer. While

most of the research concerning the quality of planed

wood in general is focused on the finished surface

and its roughness � or lack thereof (Franz 1958,

Hernandéz and Fernando de Moura 2001, Kilic

et al. 2006, Coelho et al. 2007, Malkoçoglu 2007),

and surface properties (Naderi and Hernández

1999), or occurrence of skip areas based on surface

roughness (Wang 1984), this study concentrates on

how the planing operation affects the warp of planed

wood.

In this study, test samples with a wide spread of

properties were used. This made it possible to draw

general conclusions about which properties were the

Correspondence: A. Axelsson, Division of Wood Science and Engineering, Luleå University of Technology, Skeria 3, SE-931 87, Skellefteå, Sweden. Tel: 46
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key to determining the effect a planer had on plank

shape. A number of planks with varying degrees of

warp, lengths and modulus of elasticity were planed

in an industrial planer at Martinson Sawmill in

Kroksjön with standard settings. The different types

of warp were recorded for the rough and planed

planks, and the changes of warp were analysed.

Materials and methods

In this study, 20 Scots Pine (Pinus sylvestris) planks

with a dry target size of 50 mm�150 mm, a

moisture content of about 7% and varying degrees

of deformations were used. All of the planks were

sawn through the pith.

For all the planks, five evenly distributed cross-

sections were selected, numbered from CS1, located

10 cm from the top end, to CS5, located 10 cm from

the butt end. On every cross-section, 10 positions

were marked with drilled holes; three on each face

and two on each edge (Figure 1). The right and left

edges were defined viewed in the feeding direction.

The cross-sections were scanned in an X-ray CT

scanner the day before and the day after planing.

The image processing software ImageJ was used to

measure both the depths of the drilled holes and the

width and thickness of the cross-sections at hand.

On the same day as the planing, the rough and the

planed planks were scanned from top end to butt

end, standing on their edge in a measuring rig using

laser triangulation (Grönlund et al. 2009a) and a

Matlab program calculating maximum cup, and

maximum crook, twist and bow per two metres

(Table I). Also, the global modulus of elasticity,

MOE, was measured according to standard EN408

(2003) on the day of the experiment.

To calculate cutting depths, the depths of the

drilled holes were measured on the rough planks as

well as on the planed planks. On the sapwood face,

the holes to the right and to the left were used, and

on the right edge, the upper hole was used,

since those positions require less considerations of

cupping.

The planks were machined in an automatic four-

side planer (combined jointer and thickness planer)

at Martinsons Sawmill in Kroksjön to the dimen-

sions 45 mm�145 mm. The planks were fed with

the top end first and the sapwood side face down,

resulting in jointing on the right edge and sapwood

face and dimension planing on the left edge and

pith face. The settings on the planer and the

responding forces from the pressure rollers and

pressure plate were registered (Figure 2).

The experimental values were compared to one

theoretical model for each type of warp (cup, twist,

bow and crook) developed from simplified planks.

An assumption was used that no straightening at all

occurred in the planer, that is zero pressure from

rollers and plates. The middle cross-section, CS3,

was assumed to be straight and parallel to the top

and bottom cutters. A visual inspection of the planks

at hand led to the assumptions that twist was evenly

distributed over a quarter of the length of the planks,

while bow and crook were evenly distributed over the

entire length. Figure 3 shows the variables for the

different warp types.

The models became:

CupP ¼ 0; if CupR � dsf
CupR � dsf if CupR > dsf

�
; (1)

where CupP�Cup for the planed plank (mm),

CupR�Cup for the rough plank (mm) and

dsf�depth of cut on the sapwood face (mm),

TwistP ¼ 0; if TwistR � dsf
8
l

TwistR � dsf
8
l

if TwistR > dsf
8
l

�
;

(2)

Table I. Plank properties and rough warp of the 20 planks.

Property Minimum Maximum Average Standard deviation

Length (m) 2.9 5.5 4.2 0.65

MOE (MPa) 6500 12,000 9400 1600

Cup (mm) 1.5 3.8 2.5 0.5

Twist (mm/2m) 0.4 24.5 11.7 7.0

Bow (mm/2m) 1.0 8.6 4.6 2.2

Crook (mm/2m) 0.9 8.5 2.7 2.1

CS1 CS2 CS3 CS4 CS5 

  Butt end dne poT

Pith face 

Sapwood face

Right 
edge 

Left 
edge

Figure 1. Locations of the selected cross-sections and an example

of a CT image of a cross-section with holes.
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where TwistP�Twist for the planed plank (mm/2m),

TwistR�Twist for the rough plank (mm/2m) and

l� length of the plank (m),

where BowP�Bow for the planed plank (mm/2m),

BowtR�Bow for the rough plank (mm/2m), tR�
rough thickness (mm) and tT�target thickness (mm),

where CrookP�Crook for the planed plank (mm/

2m), CrookR�Crook for the rough plank (mm/2m),

dre�depth of cut on the right edge (mm), wR�rough

width (mm) and wT�target width (mm).

As the theoretical models only consider one type

of warp at a time without any considerations to

linked effects between the different warp types,

deviations between the experimental result and the

theoretical models were expected. To judge the size

of warp in both the experiment and in the theoretical

models, the warp was compared to the requirements

given in ‘Nordic Timber’ (Anon 1994) and ‘Rules

for Purchase of Structural Timber’ (Johansson et al.

1993).

In order to examine the importance of length, l,

modulus of elasticity, MOE, and initial deformation,

linear regression analyses using the least squares

method were used to develop adapted models for the

deformations after planing. To single out the most

important factors, initial models with the scaled and

centred variables were used. The key variables were

kept in final adjusted models with real values.

Results and discussion

Dimensions

For the rough planks, the average width was

151.7 mm with a standard deviation of 1.3 mm,

while the average thickness was 50.4 mm with a

standard deviation of 0.8 mm. After planing, the

average dimensions were reduced to 144.3 mm with

a standard deviation of 1.0 and 44.7 mm with a

standard deviation of 0.4 mm.

The average cutting depths on the sapwood face

and the right edge for the different cross-sections are

listed in Table II. In the theoretical models, the total

average cutting depths on the sapwood face and right

edge were needed. As the standard deviations in CS1

and CS5 were large in comparison with the others,

BowP ¼ 0; if BowR � tR � dsf � tTð Þ 2
l

BowR � tR � dsf � tTð Þ 2
l

if BowR > tR � dsf � tTð Þ 2
l

�
; (3)

CrookP ¼ 0; if CrookR � wR � dre � wTð Þ 2
l

CrookR � wR � dre � wTð Þ 2
l

if CrookR > wR � dre � wTð Þ 2
l

�
; (4)

Top view 

Guiding fence

Guiding ruler Vertical cutters Horizontal cutters 

Side view 

Feed roller: 
F=4 kN 

Lateral  
pressure roller: 
F=0.6 kN

Pressure plate: 
F=0.3 kN

Pressure roller: 
F=0.3 kN

Figure 2. Schematic side and top view of the planer with measured pressure positions.
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CS1 and CS5 were omitted in calculation of total

average cutting depths which were 2.3 mm for the

sapwood face and 2.8 mm for the right edge.

Common for the sapwood face and the right edge

was that the planer had removed most material in the

middle of the planks with decreasing depths of cut

towards the butt and top end, although the differ-

ence between CS2, CS3 and CS4 was minor. There

was a larger difference between CS1 and CS2 as well

as between CS4 and CS5 for the sapwood face than

for the right edge.

Cup

Very nearly all cupping was removed during planing

and the average cup reduction was 2.3 mm for the

experimental values while it was 2.4 mm in the

theoretical model. The largest difference for an

individual plank between the two cases was only

0.6 mm (Figure 4). All in all, the experimentally

planed planks’ cup follows the theoretical model

well, so the pressure roller above the bottom spindle

did not flatten the cross-section during planing.

Twist

After planing, twist for the individual planks was

reduced by 25% on average in the experiment, and

in general a larger rough twist was subjected to a

larger reduction of twist (Figure 5). According to the

theoretical model, the average twist reduction would

have been 36%. For planks with a smaller twist

(below approximately 10 mm/2 m) the twist re-

mained more or less unaltered. For planks with a

larger twist (above approximately 13 mm/2 m) the

experimental values agreed well with the theoretical

model.

A linear regression analysis with scaled and

centred variables gave the relationship:

Twist�P ¼ 8:9� 10�17 � 0:17� l�

þ 2:6� 10�3MOE� þ 1:0�Twist�R

where the star index represents scaled and centred

variables. The coefficient of determination for the

initial model was 0.98. The formula shows that the

dominant factor for twist after planing is the initial

twist, while the influence of MOE was peripheral.

A suitable twist formula from the experiments was:

TwistP ¼ 0:75�TwistR;

with an R2 value of 0.98. Since the adjusted formula

based on the experiment is independent of MOE,

there could be other mechanisms than flattening at

work. One possibility is that the distance between the

downward forces is large enough and that the

pressures are weak enough to enable the planks to

wobble in the planer, and thus it only appears like

the planks with a smaller twist have been flattened in

the planer.

Bow

Bow appears in the weakest direction of the planks

and should be the easiest warp to flatten. In the

experiment, bow only decreased for half of the

planks, while it increased for the rest and the average

change was a slight increase (Figure 6). When

looking at the cutting depths for the sapwood side,

it looks like some bow was present during planing as

there was a difference in cutting depth between the

ends and the middle cross-section. According to the

theoretical model, bow should be reduced by 29%

on average. For the experiment, bow after planing is

spread out around the case of no alterations of bow

Table II. Average cutting depths on the sapwood face and right edge for the different cross-sections.

Sapwood face Right edge
Cutting depth (mm) Standard deviation (mm) Cutting depth (mm) Standard deviation (mm)

CS1 1.9 1.0 2.3 0.9

CS2 2.5 0.4 2.8 0.4

CS3 2.7 0.4 2.9 0.7

CS4 2.5 0.5 2.8 0.5

CS5 1.6 1.2 2.8 1.0

Twist: 

Bow:

Cup: 

Crook: 

dsf 

dsf

dsf
tT tR

dre 

wT wR

Figure 3. Warp and variables for the theoretical models.
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after planing. Generally, the planks with the smallest

difference between the experimental and the theore-

tical bow after planing were the planks with a high

MOE, showing that planks with a larger stiffness

where less flattened during planing.

The theoretical model is based on the assumption

that no forces act on the planks, but there is also

another way of looking at the model. One can

consider the theoretical model as planing of a very

stiff material since the wood does not change its

outer shape except for removal of material, which

explains the poor correlation between the theoretical

model and the experiment. As stated earlier, planks

are weak in the bow direction and gravity introduces

some amount of flattening without outer pressure

forces. In the theoretical model, it is assumed that

bow only appears in one direction, which also could

be a source of error; however since bow is practically

unaffected by planing, the bow direction does not

matter; instead an alternative theoretical model

irrespective of bow direction could be used:

BowP ¼ BowR; (5)

which corresponds to the solid line in Figure 6.

Linear regression for scaled centred variables gave:

Bow�
P ¼ 2:5� 10�16 þ 0:86� l� � 0:71�MOE�

þ 0:78� Bow�
R;

which had an R2 value of 0.85. For bow, all variables

had equal importance, so the final model was chosen

as:

BowP ¼1:0� l � 3:5� 10�4 �MOE

þ 0:83� BowR

where the R2 value for the model was 0.85. Accord-

ing to the regression model, MOE has a negative

influence for bow after planing, which indicates that

a stiffer plank is harder to flatten, which results in a

decreased bow. The negative influence MOE has on

bow was an expected result. Bow was the only warp

type that showed any dependency of length accord-

ing to the final regression models.

Crook

For the majority of the planks, crook decreased

during planing, and the average change was an

approximate reduction of 20%, while the theoretical

model predicted an average reduction of 73%

(Figure 7). The model predicted that small crooks

would be planed off; but that was not the case. In the
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Figure 6. Comparison of bow after planing for the experimental

values and the theoretical model.
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experiment, a smaller original crook (below approxi-

mately 5 mm/2 m) remains unchanged after planing,

while planks with a larger original crook (above

approximately 7 mm/2 m) have been subjected to a

larger shape modification by planing in the experi-

ment than in the theoretical model.

Since crook appears in the stiffest direction of the

planks, it should be the hardest deformation to

straighten out, and the experimental values should

therefore correspond well with the theoretical model.

However, there is a large difference between the

experiment and the theoretical model, which prob-

ably depends on the simple assumption that the

middle cross-section is straight and parallel to the

top and bottom cutters. The movement of the planks

through the planer is a much more complicated

matter. There are two principal scenarios; crook can

either be directed towards or away from the guiding

fence. In one scenario, the plank should move

straight through the planer since there are two

contact zones between the plank and the guiding

fence: one in the top end and one in the butt end. As

a result, the cutting depths on the right edge of the

plank would be largest in CS1 and CS5 while they

would be smallest in CS3 with intermediate cutting

depths on CS2 and CS4. In the other scenario, on

which the theoretical model is based, there is only

one contact zone between the plank and the guiding

fence in the beginning of the planing operation. The

lateral pressure roller guides the part of the plank

located in the planer intake towards the guiding

fence. At first, the top end cross-section would be

aligned perpendicular to the guiding fence, and as

the plank progresses further in the planer, the plank’s

curvature would make the top end move left until the

point where the guiding ruler controls the planks

motion and guides the planks towards the right.

Then, the plank is steered both in the top end and in

the butt end making the plank move straight in the

planer until the butt end of the plank leaves the

lateral pressure roller. By then, the top part of

the plank is wedged between the guiding fence and

the guiding ruler making the plank move straight. In

this scenario, the cutting depth would be smallest in

CS1 and increasing in the following cross-sections

due to both a more controlled motion and the planks

curvature. After the middle cross-section, the curva-

ture of the crook would make the cutting depth

decrease, but since the motion of the plank is

controlled, the cutting depth of CS5 would be larger

then the cutting depth of CS1. This is the case in the

experiment, which shows that the crook direction

was correctly assumed in the theoretical model for

the planks at hand.

The first model with scaled and centred variables

was:

Crook�P ¼ �1:5� 10�17 � 0:11� l� þ 0:44�MOE�

þ 0:80�Crook�R;

for which R2 was 0.90. For crook, the most

influential factor was original crook, followed by

MOE, while length had a minor influence. The final

formula became:

CrookP ¼� 0:52þ 1:0� 10�4 �MOE

þ 0:64�CrookR;

for which R2�0.90. Since MOE has a positive effect

on crook after planing, that is the stiffer the material

the larger the defect after planing, some mechanism

other than forces flattening the planks is responsible

for the seemingly straightened small crooks during

planing. The real reason could be the lateral move-

ments of the plank as discussed earlier.

Approved warp

Warp for rough and planed planks was compared

with two different requirements with different bases.

‘Nordic Timber’ (Anon 1994) is a commercial

sorting rule without concerns about the final use,

while ‘Rules for Purchase of Structural Timber’

(Johansson et al. 1993) is adapted to meet the

demands of the building industry; this makes the

former more general than the latter.

When planks were rough, eight of them passed the

requirements given by ‘Nordic Timber’; and after

planing, the number of approved planks in the

experiment had increased to 10. The theoretical

models (Equations 1�5) were able to predict whether

or not bow and cup would be approved after planing
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values and the theoretical model.

Effect of planing on warp in Scots Pine 159



while they had one miss for twist and crook,

respectively. All in all, the difference between the

experimental and the theoretical case was one plank,

since planks can be discarded due to more than one

warp type.

Only one of the rough planks would pass the

stricter requirements given by ‘Rules for Purchase of

Structural Timber’, and in the experiment three

planks were approved after planing. The theoretical

models could predict if the plank’s cup would be

approved (Equation 1), but had one miss for twist

(Equation 2), two misses for crook (Equation 4) and

three misses for bow (Equation 3). If the alternative

model with unaffected bow after planing was used

(Equation 5), the difference between the model and

the experiment when it comes to approval would be

two planks.

The findings indicate that if the question is

whether or not a plank would be approved after

planing according to those two guidelines, an easy,

theoretical model would be sufficient. They also

indicate that there is no major improvement poten-

tial when it comes to meeting the requirements in

adjusting the forces acting on the planks from the

planer in the experiment while keeping the cutting

depths.

Conclusion

If the planks were completely straightened during

planing, all warps would have remained the same

after the planing process. This is not the case,

therefore some degree of warp remained present

during planing, and since bow increased in half of

the planks, the planer actually introduced more

deformation. Conclusions that can be made are:

. an increased MOE led to a decreased bow and a

increased crook, but had no effect on twist;

. an increased length led to an increased bow, but

had no effect on twist or crook;

. the planer did not flatten the planks’ cross-

sections during planing, which was shown since

the experimental results for cup corresponded

to the theoretical model;

. the only deformation that the planer did flatten

during planing was bow, since bow was nearly

unaffected by the operation;

. small amounts of twist and crook were not

affected by planing while large amounts of twist

and crook were reduced after planing; and

. simple theoretical models can be used to predict

if a plank would pass the requirements stated by

‘Nordic Timber’ or ‘Rules for Purchase of

Structural Timber’.

More experimental work is planned to validate the

study and develop an improved model with, for

example, variations in moisture contents and planer

settings.
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ORIGINAL ARTICLE

Rectangularity of planed Scots pine (Pinus sylvestris) planks

ANN AXELSSON

Division of Wood Science and Engineering, Luleå University of Technology, Skellefteå, Sweden

Abstract
This study deals with how warp affects the cross-sectional shape of planed planks. A total of 20 planks with dry target cross-
sectional dimensions of 50�150 mm were planed to 45�145 mm. The rectangularity of five cross sections of every plank
was measured before and after planing. The cutting depths were measured in 10 positions in the cross sections, and the
angles between the planks and the cutters were calculated. Also, the warp, that is, twist, bow, crook, and cup, was measured
before and after planing. All the studied properties pointed in the same direction. In terms of both rectangularity and angles
of cut, the problems were larger in the top and butt ends of the investigated planks than in the intermediate parts, and the
main reason for deviations from the desired result after planing was twist.

Keywords: Cross-section, drying deformations, warp, sawing, milling and machining, wood quality

Introduction

Ideally, all sawn timber, including planks, should

end up warp-free and with rectangular cross sections

with the target width and thickness after drying;

however, in reality this is not the case. The inherent

properties of the wood as well as the sawing pattern

influence the amount of warp after drying (e.g.

Warensjö and Rune 2004; Perstorper et al. 2001;

Grönlund et al. 2009a; Ekevad et al. 2011). Each

plank has its own individual properties, resulting in

varying amounts of warp in various planks. One way

to eliminate or partly reduce these drying deforma-

tions and to achieve the desired dimensions is to

plane the dried planks.

In the last decades, the importance of planing has

increased in Sweden. In 1990, about 1.2 million

cubic meters of planed goods were exported, which

accounted for roughly 10% of the total sawmill

production. During the following 20 years, the

amount of planed goods exported rose to 4.7 million

cubic meters, which represented 28% of the total

sawmill production in Sweden in 2010 (Skogsindus-

trierna 2011). As the volume of planed goods

increases, the volume of planed goods rejected due

to quality issues also increases unless production

development takes place. The quality of planed

goods concerns aspects like surface roughness (e.g.,

Franz 1958; Jackson et al. 2002; Coelho et al. 2007;

Malkoçoğlu 2007), occurrence of warp (Axelsson

2012), and planer misses (Wang 1984) as well as the

shape of the cross sections.

The most troublesome type of drying deformation

for building contractors is twist (Johansson et al.

1994). There are at least two ways to deal with twist:

one is to reduce the twist and the other is to reduce the

consequences of twist. Drying with restraints on

deformations (by using, e.g., fixed and loaded stick-

ers) or drying with pretwist (Ekevad et al. 2006) is a

means of reducing twist after drying. Twist after

drying can be reduced by planing; however, if the

dry target cross-sectional sizes are adjusted to cope

with planks with a high amount of twist the result is

unnecessary material waste for planks with a low

amount of twist, as the allowance for planing becomes

larger than needed for those planks. An alternative

approach is to use a small dry target cross-sectional

size and to discard individual planks that have

excessive amounts of twist either before or after

planing. In order to reduce the amount of waste, the

dry target cross-sectional dimensions could be ad-

justed for the expected amount of warp and the

necessary allowance for planing of individual planks.
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The consequences of twist can be decreased by

gluing pieces of wood together, which results in a

higher shape stability (Eriksson et al. 2004). In this

case, if thickness variations or planer misses are

present, problems with gluing between laminations

can arise. Thickness variations in the laminations can

also accumulate if they do not occur randomly. The

maximum deviation from the average thickness in a

lamination should not exceed 0.2 mm when compo-

nents for windows and exterior doors are manufac-

tured (Hägglund and Marklund 1992), and the

maximum variation in thickness in a lamination

allowed by the American standard (AITC 2004) is

also 0.2 mm across the width (i.e., in a specific

cross section). Thickness variation in a cross section

leads to a lower rectangularity of the cross section in

question.

This study was aimed at increasing the knowledge

of the effects of planing, with a focus on how warp

affects the cross-sectional shape after planing.

Method

Twenty Scots pine (Pinus sylvestris) planks with dry

target cross-sectional dimensions of 50 mm�150

mm and moisture content between 6 and 10% were

chosen for this study. Half of the planks were

selected due to their high amount of warp while

the other half had more moderate amounts of warp

(Table I). All planks had been sawn through the pith

(Figure 1a). As the study was focused on how

planing and warp affected the result after planing

the underlying causes of warp were not considered,

and there were no records of the planks’ histories in

terms of green properties or drying conditions.

The planks were machined at a sawmill in the

northern part of Sweden in an automatic four-side

Waco planer (combined jointer and thickness planer)

to the dimensions 45 mm �145 mm. The planks

were fed with the top end first and the sapwood face

down, resulting in jointing on the right edge and

sapwood face (down) and dimension planing on the

left edge and pith face (up). The settings on the

planer and the corresponding forces from the pres-

sure rollers and pressure plate were registered

(Figure 2). The positions of the cutters in relation

to the feed rollers and the pressure elements,

together with the size of the pressure, govern the

effect of the planer on the planks.

Just before and after planing, twist, crook, bow,

and cup were measured according to Swedish

Standard SS-EN 1310 (1997) in a measuring device

that uses laser triangulation (Grönlund et al. 2009b).

Five cross sections were selected for more detailed

analysis. Cross section one, CS1, was positioned

10 cm from the top end of the planks, and cross

section 5, CS5, was located 10 cm from the butt end

(Figure 1b). The intermediate cross sections were

evenly distributed between CS1 and CS5. The cross

sections were scanned in an X-ray CT scanner

the day before and the day after planing. The

image-processing software ImageJ (freeware from

the National Institute of Health, NIH) was used to

make the necessary measurements in the CT images.

Table I. Measured dimensions and absolute values of warp of the

rough and planed planks.

Property Minimum Maximum Mean

Length (m) 2.9 5.5 4.2 (0.65)

Width (mm) Rough 150 153 152 (0.96)

Planed 142 145 144 (0.54)

Thickness (mm) Rough 49 52 50 (0.66)

Planed 44 45 45 (0.16)

Cup (mm) Rough 1.5 3.8 2.5 (0.5)

Planed 0.0 0.6 0.2 (0.1)

Twist (mm/2m) Rough 0.4 24.5 11.7 (7.0)

Planed 0.8 20.1 8.7 (5.4)

Bow (mm/2m) Rough 1.0 8.6 4.6 (2.2)

Planed 1.7 8.9 4.9 (2.3)

Crook (mm/2m) Rough 0.9 8.5 2.7 (2.1)

Planed 0.7 6.2 2.2 (1.4)

Note: Standard deviation is given in parentheses.

Plank 2, CS2 

Plank 7, CS1 

CS1 CS2 CS3 CS4 CS5 

dnettuBdnepoT
Feeding direction 

Figure 1. (a) CT images of two cross sections before and after

planing. Plank 2 had a rough twist of 7.1 mm/2 m and the cross

section had a cup of 0.4 mm. Plank 7 had a rough twist of 24.5

mm/2 m with a cup of 1.6 mm in the cross section. The shaded

areas are the material removed during planing; the white rectangle

on Plank 2 is the idealized cross section before planing and the

drilled holes where cutting depths have been measured can be

seen. (b) Locations of the selected cross sections and the feeding

direction in the planer
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Rectangularity was evaluated using the minimum

bounding rectangle method (Rosin 1999), which

gives the rectangularity as the ratio between the area

of the cross section, Acs and the area of its minimum

bounding rectangle, AMBR:

R ¼ Acs

AMBR

;

where R=1 for a perfect rectangle. The fitting of the

bounding rectangle was done manually in the

images. Regarding the rectangularity measure in

relation to the maximum allowed thickness varia-

tions, according to the American Standard men-

tioned above, the following serves as an example,

assuming that both edges and one face of a 45�145

mm cross section are straight and orthogonal while

the remaining face is skewed, a maximum deviation

from the average thickness of 0.2 mm corresponds to

a minimum rectangularity of 0.99. If the deviation of

the average thickness is doubled (0.4 mm), the

rectangularity decreases to 0.98. A further doubling

(0.8 mm) corresponds to a rectangularity of 0.96.

In the selected cross sections, holes were drilled in

10 places on every cross section (Figure 1). The

cutting depths were calculated by measuring the

depths of the holes before and after planing. To be

able to compare planks with varying rough dimen-

sions and varying amounts of cup, adjusted cutting

depths were used. Idealized cross sections shaped

like perfect rectangles with dimensions of 50�150

mm were fitted to the real rough cross sections. The

idealized cross sections shared their bases with the

two lowest points on the real cross sections, and

the right edges of the idealized cross sections were

located on the points furthest to the right in the real

cross sections (Figure 1a). The depth of the holes in

the rough planks was measured from the idealized

cross section instead of from the surface of the real

rough cross section. The depth of the holes after

planing was measured from the surface except when

planer misses were present. Since the location of the

cutter in relation to the plank was of interest, the

cutting plane was extended by extending a line

aligned with the planed part of the face or edge of

the cross section in question. So when planer misses

were present, the depth of the hole after planing was

measured from the extended cutting plane, resulting

in a negative cutting depth.

To evaluate whether the cuts had been oblique,

the angle of cut (AOC, the angle between the planks

and cutters) was calculated by comparing cutting

depths of the outer holes on a face or an edge. If the

cross section was angled in a clockwise direction

during the cut, the AOC was defined as positive.

Four AOCs were calculated for each cross section:

two for the faces and two for the edges. The AOC

could be used as an indicator of how much the

planer and its pressure element had straightened the

planks during planing. If a plank was loaded with

pressure to make it straight (without twist) during

planing, the AOC would be zero and the twist

would recur after planing. On the other hand, if no

straightening at all occurred during planing, the

Feeding direction 

Side view 

Feed roller: 
F=4 kN

Lateral  
pressure roller: 
F=0.6 kN

Pressure plate: 
F=0.3 kN

Pressure roller: 
F=0.3 kN

Top view 

Guiding fence 

Guiding ruler Vertical cutters Horizontal cutters 

Figure 2. Schematic side and top view of the planer with the positions where the pressure was measured
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AOC would be equal to the angle of twist for the

individual cross section of the rough plank. In the

latter case, the twist of the whole plank would be

reduced after planing. In this study, however, the

differences between AOCs on opposing faces or

edges were the interesting features since they showed

whether or not opposite faces or edges were parallel.

For a fictitious cross section with the two edges

parallel, one face orthogonal to the edges and the

other face skewed, a maximum deviation of 0.2 mm

from the average thickness of the cross section

corresponds to a difference in AOC between the

two opposing faces of 0.2˚. A positive difference in

AOC between the opposing faces or edges corre-

sponds to a larger AOC on the sapwood face than on

the pith face and a larger AOC on the right edge than

on the left edge.

Results

A summary of the results of the scanning operation

(twist, crook, bow, and cup) and the dimension

measurements (length, width, and thickness) is

shown in Table I. Details of how warp was affected

by the planing operation have been discussed in a

separate paper (Axelsson 2012). All planks except

one had a left-handed twist.

The average rectangularity for all cross sections of

all rough planks put together was 0.94±0.013. After

planing, the corresponding numbers were 0.98

±0.012. After planing, the rectangularity of the

individual cross sections had increased for all of the

planks. On an average, the rectangularity was 0.97

±0.017 for CS1 and 0.98±0.0064 for CS2. For both

CS3 and CS4, the average rectangularity was 0.98

±0.0050, while CS5 had an average rectangularity of

0.97±0.014.

Scatter plots of rectangularity for rough and

planed planks (Figure 3) showed that rectangularity

increased after planing for all the measured cross

sections except three, which were all located in CS1.

In general, the cross sections where the increase of

rectangularity was lowest were CS1 and CS5. Only

four of the 100 cross sections had a rectangularity

larger than 0.99.

Figure 4 shows the mean rectangularity of all cross

sections of the planks as functions of twist, crook,

and bow of the planks. A linear regression gave

coefficients of determination R2 of 0.62, 0.11, and

0.02 for twist, crook, and bow, respectively. This

means that only twist was correlated to rectangular-

ity, and Figure 4 also shows that the straightest

planks had the greatest rectangularity after planing.

Cutting depths as well as the adjusted cutting

depths are plotted in Figure 5. Common to all four

sides of a cross section was that the highest AOCs

were located in CS1 and CS5, that is, the top and the

butt end.

The difference in AOC between the two opposing

faces of a cross section is shown in Figure 6, which

shows that the absolute difference increased with

increasing twist, especially for CS1 and CS5. In

general, the planks with a left-handed twist (and that

was all of the planks but one) had a larger AOC on

the pith face than on the sapwood face in CS1 and a

larger AOC on the sapwood face than on the pith

face in CS5. The AOC for the intermediate cross

sections lay between the values for CS1 and CS5.

In total, 41 of the 100 cross sections had differences

in AOC within the range �0.2˚ to 0.2˚.

Figure 3. Rectangularity after planing as a function of rectangu-

larity before planing. The dashed line marks the rectangularity

corresponding to the maximum thickness variation of 0.2 mm

allowed by the American Standard. The solid line marks the same

rectangularity after planing as before planing

Figure 4. Average rectangularity after planing for all cross

sections of a plank versus bow, crook, and twist before planing

for the planks
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The differences in AOC on opposing edges in a

cross section (Figure 7) were, with a few exceptions,

in the interval between �1˚ and 1˚. The largest

absolute difference in AOC appeared in CS5, where

the AOC was larger on the left edge than on the right

edge.

Discussion

The cross-sectional shape and dimension of a plank

are a result of the rough warp, the planer design, the

forces of the planer acting on the plank, and the

cutting depths. As the rectangularity of the planks

before drying is unknown, some skewness of the

cross sections could have been a result of sawing.

Figure 5. Measured average cutting depths with standard deviations marked and adjusted average cutting depths on the sapwood face, pith

face, right edge, and left edge. ‘‘Right’’, ‘‘middle,’’ ‘‘left,’’ ‘‘upper,’’ and ‘‘lower’’ represent the locations of the measurement points during

planing

Figure 6. Difference in AOC between the two opposing faces of a

cross section as a function of twist for the rough plank. The

dashed lines mark the interval where the maximum thickness

variation is 0.2 mm, which is the difference allowed by the

American Standard

Figure 7. Difference in AOC between the two opposing edges of a

cross section as a function of twist for the rough planks
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However, the main reason for low rectangularity of

the rough planks seems to have been cupping due to

drying shrinkage. Since cupping before planing was

equal in the measured positions throughout the

planks, the amount of cup was independent of

location on the rough planks. After planing, cup

was, with a few exceptions, eliminated, which explains

the large increase in rectangularity (Figure 3). As the

amount of cup on the rough planks was not related to

the location, the lower rectangularity in CS1 and CS5

had causes other than cup.

If cupping was excluded, only twist affected

rectangularity (Figure 4). Ideally, bow is a drying

deformation in one plane, which should affect

cutting depths on the sapwood face and pith face

evenly and should not result in oblique cutting, that

is, a large AOC. In the same manner, crook is also a

drying deformation in one plane and should affect

the cutting depth on the right and left edges evenly.

According to the low coefficients of determination,

a simplification that neither bow nor crook affected

rectangularity after planing is sufficient. Twist, on

the other hand, is a three-dimensional drying defor-

mation affecting how the planks’ edges and faces are

aligned compared to the cutters. There were no

indications that the lengths of the planks were of

importance; instead the distance from the cross

section to the nearest end influenced the result after

planing. The parts of the planks along the length

where drying deformations had the most influence

were located near the top and the butt end, that is, in

CS1 and CS5, because the absolute AOCs were

largest in those cross sections for all faces and edges

of the planks. However, a large AOC on a face or an

edge does not necessarily influence rectangularity if

the AOCs on the opposing face or edge are equal, and

the corners of the cross section are perpendicular.

In combination with the cutter arrangement in the

planer, twist gave rise to differences in how the

opposing faces and edges of a cross section were

aligned in relation to the cutters. As can be seen in

Figures 6 and 7, twist gave a difference in AOC

between the opposing faces and edges.

A limited number of planks with the same dry

target cross-sectional dimensions were subjects in

this study, and they were all planed in a specific

planer with specific settings. In order to get a more

general view of how planing affects rectangularity,

more tests with various planers, settings, and cross-

sectional dimensions need to be done.

There are several possible ways to increase rec-

tangularity and decrease the amount of planer

misses. If the pressure on the planks is increased,

the planks temporarily straighten during planing,

which results in planed planks with high rectangu-

larity and few planer misses but the same amount of

twist after planing as before planing. However,

pressure must not be so high that the cupped rough

cross sections flatten during planing, which will lead

to recurring cup of the planed cross sections when

the plank is taken out of the planer.

If, on the other hand, the goal of planing is to

obtain planks with low twist, oblique cutting is

required, but the opposite cuts have to be parallel

on opposite faces and edges, that is, the differences

in AOC on opposing faces and edges must be low. In

this case, low pressure on the planks during planing

is a requirement so that the planks are not straigh-

tened during planing. To ensure a low number of

planer misses, the cutting depths have to be in-

creased with increasing twist. This in turn leads to a

need for larger dry target cross-sectional dimensions

for planks with large twist. Since the problem of

planer misses will be larger in the top and butt end,

an alternative is to cut off length at the ends of the

planks instead of increasing the allowance for planing.

The rectangularity measure that was used in this

study can indicate if there is a low value for a cross

section but not why or which cutter is responsible.

Only four cross sections had an acceptable rectan-

gularity according to the American Standard, while

41 cross sections had differences in AOC that were

acceptable. The two criteria have different sensitiv-

ities to cross-sectional defects, which explains the

difference in approved cross sections. Rectangularity

is affected by planer misses and wane while the AOC

is not.

There are many possible explanations for the

general low rectangularity after planing. The rectan-

gularity measure is sensitive to the noise present in

the images (Rosin 1999). Many planks in the study

were extremely twisted and would be rejected in

normal sawmill production. Also there is a possibility

that the cutters of the planer were badly aligned and

that this introduced differences in AOC on opposing

faces and edges, resulting in a lower rectangularity.

Conclusions

In general, the rectangularity increased as a result of

planing, mainly due to cup reduction. The lowest

rectangularities of cross sections after planing were

present in the top and butt end of the planks. The

mechanism that decreased rectangularity was mis-

alignment between the planks’ cross sections and the

cutters, which was caused by twist in combination

with the planer’s settings and cutter arrangements.
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Rotational position of curved saw logs and warp of the sawn timber
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Abstract
With the development of scanning technology in sawmills, it is possible to optimise log rotational position when sawing.
However, choosing a different rotational position than horns down might be detrimental for the board shape after drying,
especially for curved logs. Thus, there is a need to investigate at what level of log curve it is possible to freely rotate logs
without causing board warp. This study was carried out through a test sawing that was conducted at a sawmill situated in
the middle of Sweden. The tests were made on 177 Norway spruce logs, with varying amount of curve. Half of the logs were
sawn in the horns-down position, half were sawn rotated perpendicular to horns down. Log shape and warp of the dried
boards were measured. The results indicated a relationship between board spring, log curve and choice of rotational
position. Furthermore, board bow was related to log curve but not rotational position. It can be concluded that for straight
logs, with a bow height of less than 15 mm, an unconventional rotational position does not cause excess spring in the
boards. Bow and twist are not affected by the rotational position at all.

Keywords: Board warp; compression wood; Norway spruce; rotational position; sawmill

Introduction

In the sawmill industry, one long-withstanding
dream is to be able to see the inside of logs and to
choose how to break them down individually, based
on the internal wood structure. This has to some
extent been enabled by X-ray technology developed
for sawmills (Oja et al. 1998, Grundberg 1999, Oja
1999). Another possibility to scan saw logs in real
time using X-ray is being realised based on com-
puted tomography (CT) technique (Giudiceandrea
et al. 2011). This will enable detection of, for
instance, knots and their position in logs. When
this information is available, it will be possible to
optimise the rotational position of a log when
sawing, to improve value and quality of the sawn
timber (Lundahl and Grönlund 2010, Berglund et al.
2012). A rotational position optimisation will in
many cases change the industrial praxis of today,
which is to saw logs in the horns-down position, or
to use 3D scanners to optimise rotational position
based on log outer shape. In the case of an

optimisation based on outer shape, curved logs will
in many cases be sawn horns down as well (Maness
and Donald 1994). ‘Horns down’ means that the
curve of the log is directed upwards during sawing.
Optimisation using a CT scanner will be mainly
based on knots, since this is an important factor for
deciding the value yield when sawing (Johansson and
Liljeblad 1988) and can be detected using CT
scanners (Grundberg 1999, Nordmark 2003,
Johansson et al. 2013).

However, rotating logs according to knots alone
can have adverse effects, since there are other
possible board defects that might affect the grading,
such as warp. When a sawn board is dried, the
anisotropy of the wood material together with
growth stresses in many cases gives rise to shape
deformations (Simpson 1991). This means that the
dried board dimensions will deviate from the nom-
inal dimensions of the board in several ways, and
whether these deviations are allowed or not depends
on grading rules, such as the Nordic Timber Grad-
ing Rules (Anonymous 1997a). These rules are
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constructed from a producer-perspective. Johansson
et al. (1994) suggests a different set of grading rules
for warp, based on interviews with building contrac-
tors. Thus, the latter rules can be considered closer
to the end-user requirements of timber products.

Board warp can be caused by several wood
features, but two features that severely aggravates
warp are spiral grain and compression wood, at least
in softwoods. Spiral grain gives rise to twist of the
dried board, while the effect of compression wood is
either bow or spring, depending on the location of
compression wood in the board (Warensjö and Rune
2004). The amount of bow or spring on the sawn
timber is usually higher for sawlogs with a large
curve (Öhman 2001), which have a higher amount of
compression wood (Gjerdrum et al. 2001). The
reason for warp due to compression wood is not
the compression wood itself, but compression wood
together with normal wood. Compression wood
shrinks much more during drying, in the longitud-
inal direction, than normal wood does (Boyd 1977),
causing uneven shrinkage in a board and thus warp
(Johansson 2003, Kliger et al. 2003).

When compression wood is present on the edge
side of a board that is otherwise free of compression
wood, the effect is many times an increased degree
of spring. When sawing a log horns down, this is
avoided to a large extent, since the compression
wood is often located in the outer half of a curved
log, Figure 1. The reason for this location is that this
side is normally the underside of a leaning stem,
where compression wood is formed to a large extent
(Bergman et al. 2010). The praxis of horns down or
the optimisation on outer shape would, however,
change if CT data were utilised to optimise rota-
tional position of sawlogs. Therefore, there is a need
of determining how curved a log can be if we want to

have full freedom in optimising rotational position,
without causing warp in the resulting boards.

There are other factors than compression wood or
sprial grain affecting the amount of warp in the
timber, such as curve sawing (Yerbury and Cooper
2010), drying schedule, stacking and stickering of
the timber (Simpson 1991), and so on. These factors
should be kept constant when analysing the effect of
the wood anatomy and sawing rotational position.

The main objective of this study was to investigate
how a rotational position of logs different from horns
down affect the spring, bow and twist of the sawn
centre yield. A second aim was to study the connec-
tion between warp and different levels of log curve,
that is, at what curve level of logs it should be
recommended to strictly use the horns down
positioning.

This study was limited to the species Norway
spruce, Picea abies (L.) Karst, and the tests were
conducted at one sawmill situated in Dalarna in the
mid-region of Sweden.

Material and methods

The test sawing was made at a mill specialised on
sawing Norway spruce and with a yearly production
of 400,000 m3 sawn products. The saw line,
installed in 2006, was an Arcoline from EWD that
utilises profiling and curve sawing. The minimum
curve sawing radius for the cant height sawn in this
study was 151 m, meaning that logs with a smaller
curve radius than this were not curve sawn properly.

Logs, curve and rotation scheme

The study included 177 logs that were presorted
into three groups of curve level. The presorting was
done at the log sorting plant using a 3D scanner
(Sawco 3D). The log top-diameters were in the
interval 185–242 mm. All logs had almost the same
length, around 4.1 metres. The log dimensions and
the corresponding sawing pattern were chosen by the
sawmill. Each curve level group was split into two
treatment groups; the first group was to be sawn with
horns down and the second in an alternative rotation.
To maximise possible warp of the sawn timber, a
rotation perpendicular to horns down was chosen as
the alternative position. An overview of the test setup
can be seen in Table I.

Marking and manual curve measurement

The logs were marked in both log ends with colour
and ID-number to connect the data for the sawn
planks and the corresponding logs, Figure 2. A
manual estimation of the log curve direction was

Figure 1. Schematic illustration of compression wood in a curved
log. When sawing a log horns down, the compression wood is
normally located on the face side of boards, or throughout the
board cross-section. The effect of this is usually that the board is
affected by bow when drying, but spring is avoided to a large
extent.
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made, which was also marked. Each log was rotated
to find the position with horns up that gave max-
imum bow height, and the curve direction was
marked in the butt-end with an arrow, Figure 2.

Test sawing and outer shape measurement

Square sawing of the curved logs was executed using
a sawing pattern to produce two centre yield boards
of dimension 50 × 125 mm from each log. The side
boards were not examined in this study. During the
test sawing, the accuracy of the rotation positioning
was recorded at the first saw with a digital camera.
Two examples of camera images are shown in
Figure 3.

The outer shape of each log, including bow
height, was measured by a 3D scanner (Sprecher
Automation 3D) directly after the debarking
machine and butt-end reducer. The boards were
kiln-dried to 11% moisture content. The test boards
were placed in the centre of the drying stack together
with similar dimensions. This arrangement was

made to avoid dimension errors caused by the
position in the kiln. A standard drying schedule of
the mill was used.

Dimension error measurement

All dry centre yield boards were measured and tested
according to the European standard for Round and
sawn timber-measurement of features, EN
1310:1997 (Anonymous 1997b). The study focused
on the warp measures spring, bow and twist and
Figure 4 shows how they were measured.

The data was analysed comparing the levels of the
warp of the sawn planks not only for the two
treatments but also for the possible effect of log
curve level. The bow height measurement used in
the analysis was the bow height measured in the
sawing line after debarking the logs. The scanner at
the log sorting plant was merely used for the
grouping of logs.

Table I. Amount of logs according to curve level and treatment.
‘Perpendicular’ means a rotation perpendicular to the horns-down
position.

Amount of logs

Curve level
Bow

radius (m)
Bow

height (mm)
Horns
down Perpendicular

Small 127–253 8–16 30 30
Intermediate 84–127 16–25 30 29
Large 63–84 25–33 29 29

Figure 2. Left: marking with colour, log ID and curve direction in
butt-end and right: colour and ID in top-end.

Figure 3. (a) Log sawn according to horns down. (b) Log sawn
perpendicular to horns down.
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Evaluation of measured curve direction

Additionally, an assessment of how well the curve
direction was measured and positioned was made,
using the recorded images of the log butt-ends
during sawing, Figure 3. The aim was to compare
the manually measured curve direction with the
automatically measured one. A line was drawn
through the arrow indicating manually assessed
curve direction. The shortest angular distance
between this line and the sawing rotational position
(horns down or perpendicular) was measured and
used as comparison between the manual and auto-
matic curve direction.

Results

The measured spring of each board is plotted against
measured bow height of the corresponding log in
Figure 5. For each log, there are two corresponding

(centre) boards. The quality limit on spring accord-
ing to Johansson et al. (1994), 4 mm/2 m, is also
indicated. This corresponds to the grade with the
most rigorous requirements in the Nordic Timber
Grading Rules, Grade A (Anonymous 1997a). The
observations are divided into the two rotation treat-
ments, the one that was sawn horns down and the
one that was sawn perpendicular to horns down.

For further clarification, a similar plot as Figure 5
is presented in Figure 6, but here the logs are
grouped into their six respective log groups, with
small, intermediate and large crook, and the two
treatments. Each point represents the group average,
and the vertical bars indicate a 95% confidence
interval for this average. The average spring of the
boards increases by increased average bow height,
and the difference between the two treatments
increases as well. Note the different scale on the y-
axis for the grouped plot.

Figure 4. The three different warp measures tested in the study.

Figure 5. Board spring plotted against log bow height. Crosses = boards sawn using the horns down treatment. Circles = Boards sawn
using the perpendicular treatment. Note that each log was sawn into two boards, hence, the apparent pairing of measurements.
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Figures 7 and 8 show plots for the same log
groups, where instead of board spring, bow is plotted
against log bow height. Figures 9 and 10 show the
same plots for board twist. Compared to the plot for
board spring, these types of warp do not differ as
much between treatments. Bow increases with
increased log bow height, something that cannot be
said about twist.

In Figure 11, the results of the curve direction
assessment is presented. The plot shows a larger
spread of the manually judged curve direction for
straighter logs than for more curved logs.

Discussion

Overall, the results of this study suggests that
rotational position has an effect on board spring

Figure 6. Board spring plotted against log bow height, average for each of the six log groups tested. Vertical bars = 95% confidence interval
for the average board spring of each group.

Figure 7. Board bow plotted against log bow height. Crosses = boards sawn using the horns down treatment. Circles = Boards sawn using
the perpendicular treatment.
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when sawing a Norway spruce log, however, for
straight logs this effect is negligible. Bow and twist of
boards are not affected by rotational position.

For all boards that were sawn from logs with a bow
height of less than 15 mm, the measured spring was
well below the quality limit of 4 mm/2 m set by
Johansson et al. (1994). These rules are a bit stricter
than the Nordic Timber Grading Rules (Anonymous

1997a), which are made from a producer-perspective.
The Nordic Timber Grading Rules allow 8 mm/2 m
of spring for all grades except Grade A, which
requires at most 4 mm/2 m.

This indicates that relatively straight logs can be
sawn in any rotational position with regard to the
risk of board spring. Note that in this study, logs
were sawn in the worst possible rotational position in

Figure 8. Board bow plotted against log bow height, average for each of the six log groups tested. Vertical bars = 95% confidence interval
for the average board bow of each group.

Figure 9. Board twist plotted against log bow height. Crosses = boards sawn using the horns-down treatment. Circles = Boards sawn using
the perpendicular treatment.
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this aspect, perpendicular to horns down. In a case
where one wants to optimise rotational position
based on, for instance, CT data, the rotational
position will many times be closer to horns down
than 90°, with an even lower risk of spring.

There was a statistically proven difference for the
average board spring between the two treatments in
favour of the horns-down position. This is shown in
Figure 6, with the quite conservative approach of
comparing confidence intervals. There is a differ-
ence between the treatments for the most curved
logs. For the straightest logs, the difference is smaller
and the board spring is well below the quality
requirements as presented in Figure 5.

The grouping of logs were made at the log sorting
station, so in a practical application, a sorting of logs
based on curve can be done if one wants to utilise
rotational positioning optimisation and avoid excess
spring in the sawn boards. The two lowest log curve
groups show a spring that’s well below the quality
limit, whereas the group with the largest curve and
which was sawn perpendicular to horns down had an
average board spring above the limit. It should be
noted, however, that the logs used for this sawing
pattern were rather large. For smaller logs, or a
different sawing pattern, more compression wood
will be present in the sawn planks, and the amount
of warp might be larger.

These results are consistent with previous research
(Boyd 1977, Öhman 2001, Warensjö and Rune
2004). Board spring increased in this material when
a log was sawn perpendicular to horns down, since

compression wood was then present on one edge of
many boards. The higher longitudinal shrinkage in
compression wood compared to the normal wood
meant that one edge of the board shrunk more than
the other, causing spring. Furthermore, spring
increased with log curve, which was due to the
higher amount of compression wood in curved logs
than straight ones. Board bow also increased with
log curve, for the same reason as board spring.
Rotational position had no proven effect on board
bow, however, the perpendicular treatment in gen-
eral showed a bit smaller amount of board bow than
the horns-down treatment. This could also be
attributed to a larger amount of compression wood
placed near one edge of the boards, rather than the
flat surfaces, even if the effect was less evident. This
was the only result which was difficult to explain in
terms of previous research, but at least, there was a
change in board bow with rotational position, how-
ever small. Proper stacking of the timber when
drying can mitigate the effect of bow somewhat,
which is not the case for spring (Simpson 1991).
This could be one possible explanation, but it is
rather speculative since the stacking procedure was
not documented in detail in this study. Board twist
was affected neither by log curve nor sawing rota-
tional position, which is also consistent with the fact
that twist is usually caused by spiral grain rather than
compression wood.

The spread of rotational position deviation
between the manual and automatic measurements
increased by decreasing log curve, Figure 11. Also,

Figure 10. Board twist plotted against log bow height, average for each of the six log groups tested. Vertical bars = 95% confidence interval
for the average board twist of each group.
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the cases with the largest deviations were all rela-
tively straight logs. This indicates that it was difficult
to judge in which direction these logs were curved,
either by the human observer, by the machinery or a
combination of these two. It raises the question of
whether the horns-down position is really used
correctly for this type of log today, or if the logs are
so straight that it is impossible to tell which way the
curve is oriented. Together with the measurements
of board warp this suggests that a log with small
curve can be sawn in any rotational position,
regardless of the perceived curve direction.

There are a few reasons why a completely general
conclusion cannot be made. For one thing, the test
sawing was performed at one point in time, at one
sawmill, with specific machinery and production
setup. Furthermore, the wood material was geo-
graphically limited to the central regions of Sweden.
This can affect the possibility to generalise the
results since the annual ring width and, therefore,
amount of juvenile wood in the logs were probably
quite similar, and this might affect the amount of
warp in the timber. This was not measured though,
as it was not part of the aims of this study. The
results might also be affected by the drying condi-
tions, how well the board packages were stickered,
and so on. Given the industrial nature of this study,
consistent conditions cannot be fully guaranteed,
though it was ensured that the sawmill used the same
drying schedule for all boards.

Since the results conform well to existing know-
ledge of warp in sawn and dried timber, it is
reasonable, however, to believe that they are valid
in a larger context than in this study alone.

It can be concluded from this study that Norway
spruce logs with a bow height of less than 15 mm can
be sawn in any rotational position, without increas-
ing the risk of unwanted spring in the sawn timber
compared to sawing horns down. Bow and twist of
the boards are not affected at all by sawing logs in a
different position than horns down, but bow is to
some extent affected by the curve of the log.
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Abstract In Swedish sawmills, only half of the raw material becomes the planks and boards
that is their main products. The rest turn into wood chips, saw dust and shavings. This study 
has investigated the potential to reduce waste simply by reducing the green target 
dimensions for the centre yield planks that are to be planed. It turned out that there are 
possibilities to reduce the green target thickness with 2.6 mm and the green target width 
with 3.8 mm for planks. The reduction would increase the volume yield with 0.5 % which 
roughly corresponds to 20,000 m3 timber in Sweden per year.

1. Introduction

Many people visiting Sweden, and especially the northern part of the country gets 
struck by the abundance of forests, especially coniferous (softwood) forests. It is 
not surprising as less than 5 % of the total land area is populated. The majority of 
the country consists of productive forest land, about 57 %, with 3.0 billion m3

standing volume of wood [1]. In addition, there are also 8 % mountains and alpine 
coniferous forest.

The wood is used for production of construction material, packaging, pulp, paper 
and energy (Figure 1). Nearly 60,000 individuals are employed in the forest 
industry alone and if also employees of sub-contractors are included, the number 
of jobs becomes nearly 200,000 which roughly correspond to 35 % of the total 
amount of employees in Swedish industry [2]. About 75 % of the sawn wood 
products are exported while the corresponding number for the pulp and paper 
products is close to 90 %. The export value in 2012 was 132 billion SEK which 
roughly corresponds to 15 billion EUR. All in all, in Sweden the forest industry 
really is a big deal.

Zooming in on sawmills, 46 % of the net felling volume excluding bark 
(68.9 million m3) was sawlogs in 2012. In the end, the volume of sawn and planed 
coniferous timber was 15.9 million m3. As sawlogs usually is shaped like a cone, 
while the end product most of the time is rectangular, a large amount of the 
sawlogs becomes chips and dust. The shape difference is not the only source of 



waste. When disjoining logs, sawmills have to take shrinkage, sawing variations, 
warp and planing allowance into account (Figure 2). Therefore they saw oversized 
planks and boards. Only 49 % of the sawlog volume turns into sawn timber while 
the amount that turns into wood chips, sawdust and shavings are 
33 %, 12 % and 2 % respectively [3]. Also, a part of the volume is lost due to 
shrinkage while drying.

As the drying shrinkage of spruce planks mainly are affected by the distance from 
the pith [4], [5] it is possible to adjust the green target dimensions to the position in 
the cross-section and reduce the green target size for some of the planks and 
boards. Saw kerfs can be reduced by using thinner saw blades and saw teeth [6].
Also, if the sawn timber is to be planed, the green target dimension adjustment for 
necessary planing allowance can be improved [7]. However, so far planing 
optimization practically has been neglected by wood technology researchers so 
how much there is to gain is still an unanswered question.

A complicating factor is that the planing cutting depth is uneven along a planks 
face and edge; instead the cutting depth is affected by sawing variations [8] and 
drying distortions such as twist and crook [9]. It is those properties that give rise to 
planer misses, i.e. unplaned surfaces.

One of the positive effects of reducing the allowance for planing, besides less 
waste, is that it reduces the power consumption [10] as the required power in a 
planer is related to the amount of wood removed. Reducing the allowance for 

Figure 1: Schematic material flow for the Swedish forest industry.



planing also increases the quality of planed goods as previous studies has found 
that a planing allowance over 2 mm have a negative effect on the surface 
smoothness [11].

If care is taken to adjust the oversizing to the logs properties, the volume yield can 
be improved. By careful planning, foresight and technology it is possible to 
decrease the waste. This study is a step on the way to do just that, and the target
is to decrease unnecessary large allowance for planing.

By adjusting the average allowance for planing while optimizing the cutting depth 
for each individual plank, it should be possible to reduce the green target sizes
while increasing the quality of planed goods by reducing the risk for planer misses.
In this study, a simple reduction of the green target sizes for centre yield planks is 
considered. The potential for waste reduction for side boards and other sawing 
patterns is left for later research.

2. Material and method

For the calculations of necessary planer allowances 10 Scots pine (Pinus 
sylvestris) planks and 15 Norway spruce (Pica abies) planks have been used. All 
planks had been sawn through the pith in a conventional square sawing pattern
(Figure 3). The pine planks sprung from the northern part of Sweden and had the 
dry target dimension 50 × 150 mm, but the average dimension was 48 × 151 mm
at the time of the planing. The spruce planks that originated in the middle part of 
Sweden had a dry target dimension of 50 × 125 mm and the average dimension
before planing was 50 × 126 mm.

1
2
3 4

Figure 2: The green target dimension is oversized due to 
sawing variation (1), drying shrinkage (2) and allowance 
for planing (3) to finally end up as a planed plank with the 
sought dimensions (4).



All of the planks were planed in dry condition (about 7 % moisture content) in the 
same planer at a sawmill located in the northern part of Sweden. The target 
dimension for the pine planks was 45 × 145 mm and the target dimension for the 
spruce planks was 45 × 120 mm. Even if all planks passed the requirements given 
by Nordic timber [12] after planing, they were randomly picketed so their drying 
distortion distribution should give a fair image of reality. More information about the 
samples can be found in [9] and [13].

In this study, the margin on one face or edge of a plank is called cutting depth, 
while the total margin, i.e. the cutting depth on two opposed faces or edge is called 
the allowance for planing.

The effective cutting depth of the planer was measured in three cross-sections of 
every plank, 10 cm from each end and in the middle of the planks length. The 
cutting depths were calculated by measuring the depth of drilled holes before and 
after planing (Figure 4). The measurements were made in CT images in the 
ImageJ software. For locations where the cutter had missed, the depth of the 
planer miss was estimated by extending a line from the part that had been planed 
and then measuring the distance between the unplaned surface and the line.

The minimum cutting depth per face and edge, cdmin was chosen in order to 
calculate the necessary cutting depth. The minimum needed cutting depth was set 
to 0.1 mm, so the reduction of the cutting depth, cdred was calculated as:

1.0mincdcdred

For planks with large margins that meant that the cutting depth could be 
decreased. For faces or edges with planer misses that meant an increased cutting 
depth instead. Due to drying distortions, the minimum cutting depth on one face or 

Figure 3: Square sawing pattern, 
the grey areas corresponds to 
the studied centre yield.



edge was not located directly across the minimum cutting depth on the opposite 
face or edge. The result was that the total allowance for planing, i.e. the total 
oversize, became larger than 0.2 mm for the thickness and the width. The possible 
planing allowance reduction, pared was calculated by adding the cutting depth 
reductions from two opposing faces or edges. The necessary allowance for planing 
was calculated by subtracting pared from the actual dimension. As the calculations 
were made for dry wood, and as wood shrinks as it dries, the reduction potential 
had to be adjusted to correspond to the green dimensions. According [14] the 
shrinkage of softwood can be approximated with 0.25 % per percentage unit 
change in moisture content.

In order to calculate the impact of reducing the green target dimensions, sawing 
simulations were made with logs from the Swedish Stem Bank (SSB) [15]. The 
SSB consist of data from about 600 pine logs and 800 spruce logs from primarily 
Sweden, but it also includes some samples from France and Finland. As only the 
planing allowance need for the centre yield was calculated, only the logs with a top 
diameter between 150 and 184 mm and between 195 and 209 mm were used for 
the simulations as they normally would be disjoined in a sawing pattern with two 
centre planks. Side boards were not regarded. Two simulations were made; the 
first one was made with the normal green target dimensions 52.0, 104.0, 130.0 and 
156.0 mm. The second simulation was made with reduced green target 
dimensions, i.e. the green target dimension with pared subtracted. In both 
simulations, the planed dimensions were 45, 95, 120 and 145 mm. The potential 
was defined as the difference in volume yield between the two simulations, where 
volume yield is calculated as the volume of the dried and planed planks divided by 
log volume.

Figure 4: Example of a cross-section. The shaded area is the actual allowance 
for planing, i.e. material removed by the planer.



Some assumptions were made to put cubic meters in perspective. The taper of a 
Swedish pine or spruce is approximately 10 mm/m on average while a normal log 
length is 4.5 m [16]. If it is assumed that the average top diameter for a sawlog in a 
relevant class is 185 mm, then the butt diameter would be 230 mm. If it also is 
assumed that a log is a truncated cone with a circular cross-section the volume of 
an average log becomes 0.15 m3. The sample tree, would have a length of about 
23 m, and then the total wood volume for that tree would be about 0.32 m3

excluding branches and bark. A reasonable estimation of the load capacity of a 
lorry is 45 m3 logs without bark.

3. Results and discussion

Although the cutting depth in theory was fixed for the sapwood face and one of the 
edges, the actual cutting depths varied due to distortions, mainly twist and crook. 
The dimensions were fixed, so the cutting depth on the pith face and the other 
edge depended on the rough dimensions of the planks. 

An allowance for planing of 4 mm, or a cutting depth of 2 mm/face, for the 
thickness should be sufficient to avoid planer misses. However, the average 
allowance for planing in the thickness direction was 6.5 mm with a standard 
deviation of 1.4 mm. That makes the planks 2.5 mm thicker than what was
necessary. Recalculations to green target sizes give a possibility to decrease the 
thickness with 2.6 mm without jeopardizing the quality of the planed planks.

For the width, only a planing allowance of 2.8 mm or a cutting depth of 
1.4 mm/edge is necessary. The average planing allowance was 6.4 mm with a 
standard deviation of 1.6 mm, so there was a potential for reducing the width with 
3.6 mm while avoiding planer misses on the edges. The green target width could 
therefore be reduced by 3.8 mm.

According to the simulation, if the only measure to reduce waste in connection with 
planing was to decrease the green target dimension according to above, then the
volume yield for the centre planks would increase from 30.3 % to 30.8 %. That is 
an average increase of 0.5 %. If it is assumed that a quarter of all sawn timber 
produced in Sweden is planed centre yield, then 0.5 % corresponds to almost 
20,000 m3 wood, or 60,000 spruces and pines or 130,000 coniferous logs in 
Sweden every year. In terms of timber loads that is more than 440 lorries of 
sawlogs each year.

As the measurements and calculations take planer misses into account, there is a 
possibility to decrease the green target dimensions and remove the risk for 
unnecessary planer misses if a planer/moulder could adjust the settings and 



cutting depth for individual planks. Unfortunately, to my knowledge no 
planers/moulders have the capability to adjust settings to individual planks at a 
normal production rate. However, a future sawmill, with a future planer/moulder,
could produce planed timber with less waste and with a higher quality concerning 
planer misses.

A reduction of the green target dimensions could have some effects not considered 
in this study. One is the possibility to fit more boards into a sawing pattern and in 
that way further increase the yield. Another is that there could be a possibility to 
use thinner logs for production of the same plank dimension, or at least reduce the 
risk for wane for the log diameters used today. 

Most of the waste produced by sawmills and planer mills is used as either raw 
material for the wood fibre industry or as fuel for heating and wood drying, but by 
directing the distribution of where the waste is produced, the handling of chips, 
dust and shavings could get easier and as the waste can be cleaner and more 
uniform the value would increase.

4. Conclusions

Given that a planer/moulder could adjust the cutting depth for individual planks:
the green target thickness could be reduced by 2.6 mm,
the green target width could be reduced by 3.8 mm,
planer misses would diminish, and
volume yield would increase by 0.5 %.
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How Planer Settings Affect Timber Properties

Ann Axelsson

There are different reasons for planing timber. One is to adjust the cross-
sectional dimensions of thickness and width. Another is to adjust the 
timber's outer shape, usually in order to reduce warp resulting from
drying and having the forms of cup, twist, bow, and crook. The end-result 
depends on the properties of the timber before planing and on the planer 
design and settings. In the present work it was found that increasing or 
decreasing the forces exerted on the timber by a four-sided planer does 
not affect the cutting depth or the twist reduction. The pressure settings 
do not affect the rectangularity or the amount of unplaned areas on the 
surfaces either. The possibility to impact the result with this type of
planer, apart from the cutting depth and planed dimensions, is slim to 
none.

Keywords: Drying deformation; Planer misses; Planer settings: Planing and milling rectangularity; Warp; 
Wood; Wood quality

Contact information: Luleå University of Technology, Campus Skellefteå, 931 87 Skellefteå, Sweden;
ann.axelsson@ltu.se

INTRODUCTION

Its forests are one of Sweden’s most valuable natural resources. The wood is used 
as construction material, for packaging, and for production of pulp, paper, furniture, and 
energy. In sawmills logs are disjoined into sawn timber, i.e. planks and boards. Some 
sawmills are also engaged in further processing such as planing, for example.

When planed timber is being discussed, there are many different quality aspects, 
e.g. surface roughness and dimensional accuracy. In this study, rectangularity, planer 
misses, and twist are key concepts.

When a log is disjoined in a sawmill, the external vibrations, dynamical stability 
in the saw blades, and irregularities in the wood make the saw kerf deviate from a straight 
pattern, giving rise to sawing variations (Steele 1984). When calculating the target size,
the allowance for planing has to be large enough to remove possible planer misses due to
these dimensional differences. Models predicting proper targets of size to avoid planer 
misses with considerations to sawing variations have been developed by e.g. Wang
(1984). Another property that is included in Wang’s model is drying shrinkage. As wood 
is an orthotropic material with varying shrinkage characteristics in different directions,
the amount of shrinkage depends on e.g. distance from pith in the sawing pattern. If the 
distance from the pith increases, then the amount of drying shrinkage of the width also
increases, while the drying shrinkage of the thickness decreases (Grönlund et al. 2009).

The difference in shrinkage characteristics between tangential and radial 
directions causes the wood to cup, and as the distance from the pith affects the curvature 
of the growth rings, the amount of cup decreases further from the pith (Ekevad et al.
2011). The allowance for planing has to be large enough to remove the cup; otherwise the 
planed timber will have planer misses. An additional effect of the orthotropic material 
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properties is twist, which is considered as the worst type of drying distortion by the end 
users (Johansson et al. 1994).

The origin of twist is the spiral growth habit of the grain of wood (Warensjö and 
Rune 2004). Just as the amount of drying shrinkage and cup is affected by the location in 
the cross-section, the location also influences twist (Johansson and Ormarsson 2009). As 
twist can cause planer misses and lower the rectangularity of the timbers cross-sections
(Axelsson 2013), it also has to be kept in mind when the allowance for planing is 
calculated.

Although public research on planing beyond surface quality is scarce, logical 
reasoning can be used to formulate hypothesis about the outcome of various scenarios. If 
the force exerted on the timber by the planer’s various pressure elements were extremely 
high, then all drying distortions would be straightened during planing. The result would 
be timber with a better surface quality and with the sawing variations removed but with
the amount of drying distortions unaltered as they would spring back after the planing 
process. As the sawing variation would be the only factor to be considered when 
calculating the necessary cutting depth, the allowance for planing and by extension the 
waste could be low. If it was possible to plane the timber without any forces straightening 
the timber at all, then the result would be decreased drying distortions, i.e., joint timber. 
If planer misses are to be non-occurring, the allowance for planing has to be adjusted, and 
probably increased for timber that are most likely to become twisted. In extension, this 
could lead to a large amount of waste, so it is essential that the allowance for planing is 
not too large.

The aim of this study was to investigate if it is possible to adjust the pressure 
settings on a four-sided planer in order to modify the outcome of the properties 
rectangularity, planer misses, and twist, as well as to determine how pressure settings
influence the cutting depth.

EXPERIMENTAL

Materials
In this study, the center yield from 15 Norway spruce (Picea abies) logs was used.

All of the selected logs had a length close to 4.1 m and a top diameter in the interval 185 
– 242 mm. The logs were sawn with a square sawing pattern following the pith with a 
horns down – crook up orientation to timber with a dry target size of 50 × 125 mm at a 
sawmill in central Sweden (Fig. 1). The timber had been dried with a standard drying 
scheme (Fredriksson et al 2014).

Fig. 1. Log with exaggerated crook oriented in the horns down position with center yield timber
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Methods
The sawn timber was planed down to a target size of 45 × 120 mm after several 

months of indoor storage. Before planing, however, the timber was divided into three 
groups whereby one sample from every log formed one group, which was planed in a 
normal fashion with medium pressure acting on the timber from the pressure elements. 
The other samples from each log were divided into two groups, one of which was planed 
with excessive force and the other with barely any force (Fig. 2, Table 1). All
planing was performed on a four-sided high-speed series planer (Waco 3000) in northern 
Sweden, and the pressure of the pressure rollers above the under cutter was 0.3 kN. The 
sawn timber was planed top ends first and sapwood face down; as a result the sapwood 
face was planed first, followed by the pith face. Then the right edge in the direction of 
feed was planed, and lastly the left edge.

Table 1. Pressure Settings for the Three Groups
Unit Low Medium High

1: Feeding rollers 3 kN 4 kN 5 kN

2: Pressure plate 0.1 kN 0.3 kN 0.6 kN

Fig. 2. Schematic planer with four cutters and the pressure units where the pressure forces were 
measured

Cross-sections located 10, 30, and 50 cm from both ends and one cross-section 
located in the middle of the timber length, i.e. seven cross-sections in total, were selected 
for closer examination. The cross-section numbering ranged from CS1 at the top end to 
CS7 at the butt end. The cross-sections were scanned in a Siemens Somatom Emotion CT 
scanner before and after planing. The image-processing software program ImageJ was 
employed for subsequent measurement of the CT images.

Timber thicknesses and widths were measured from the obtained CT images. 
Roughly 15 mm deep holes (Fig. 3) bored with a five mm drill in the cross-sections were 
used to determine cutting depths. On the sapwood face and on the right edge (in terms of 
feeding direction), cutting depths were calculated by subtracting the depth of the holes
after planing from the measured depths of the holes before planing. All hole depths were 
obtained by measurements in the CT images. On the pith face and the left edge, cutting 
depths were derived by comparing the dimensions before and after planing, with the 
measuring points marked by the aforementioned holes. 

Direction
of feed

Unit 2 Unit 1
0.3 kN
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Fig. 3. Sample of a planed skewed cross-section with holes used for measuring cutting depth. 
For this cross-section the rectangularity was 0.97.

Standard SS-EN 1310 (Swedish Standards Institute 1997) was used to measure 
maximum twist which is the maximum deviation in mm from a flat surface for a 2 m long 
wood section.

The extent of planer misses was measured with a folding ruler to the nearest cm,
and planer misses owed to wane were excluded from the analysis. To determine the 
proportion of the timber length with planer misses, the length of a face or edge with 
planer misses was divided by the total length of the planed timber in question.

Rectangularity R was defined as the ratio between the area of a cross-section and 
that of its minimum bounding rectangle (Rosin 1999). The rectangularity of a perfect 
rectangle corresponds to one.

RESULTS

For all samples in the study, the planer trimmed an average thickness of 50.2 ± 
0.7 mm to 45.0 ± 0.6 mm. The average width was trimmed down from 126.8 ± 1.0 mm to 
119.9 ± 0.7 mm. Twist was decreased by planing from 6.0 ± 3.6 mm/2 m to 4.1 ± 2.4 
mm/2 m. An overview of the average values for the properties of the timber in the three 
groups is given in Table 2.

There was no significant difference between the average dimensions between the 
three pressure groups after planing. The difference in cutting depths was not significant 
either. The most prominent difference was the spread for the cutting depth on the right 
edge, which was more than twice as large for the group planed with low pressure than for 
the two other groups.

As for the cutting depth, there was no significant difference between the 
rectangularity of the three groups; the average rectangularity was actually the same. The 
standard deviations for rectangularity seems, however, to have been affected by the 
pressure settings. When average rectangularity is broken down into the seven cross-
sections, as in Fig. 4, it shows that the difference in rectangularity between the high 
pressure group and the medium pressure group was larger at the top end of the timber and 
decreasing towards the butt end. The average rectangularity for the low pressure group 
and the medium pressure group on the other hand increased towards the butt end of the 
timber.
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Table 2. Properties of the Timber Divided into Groups
Pressure setting Low Medium High
Number of samples 7 15 8
Thickness
(mm)

Rough 50.0 (0.7) 50.2 (0.7) 50.4 (0.6)
Planed 44.9 (0.6) 45.0 (0.5) 45.1 (0.5)

Width
(mm)

Rough 127.1 (1.0) 126.7 (1.1) 126.7 (0.8)
Planed 119.7 (0.8) 120.0 (0.5) 119.8 (0.7)

Cutting depth
(mm)

Sapwood face 1.7 (0.8) 1.9 (0.8) 1.8 (0.7)
Pith face 5.1 (0.8) 5.2 (0.8) 5.2 (0.7)
Right edge 1.0 (1.9) 0.7 (0.6) 0.7 (0.7)
Left edge 7.4 (1.3) 6.7 (1.2) 6.9 (1.0)

Rectangularity Planed 0.98 (0.0089) 0.98 (0.0080) 0.98 (0.0070)

Share of length 
with planer 
misses (%)

Sapwood face 9 (8) 5 (6) 4 (5)
Pith face - - -
Right edge 23 (15) 21 (18) 23 (17)
Left edge - - -

Maximum twist 
(mm/2 m)

Rough 6.9 (4.5) 5.6 (2.9) 5.9 (4.1)
Planed 4.5 (3.0) 4.0 (2.1) 4.1 (2.8)

Standard deviations are given in parentheses

Fig. 4. Average rectangularity of the three groups

All planer misses on the planed timber were located on the sapwood faces and 
right edges, with pith faces and left edges exhibiting no such problems

For the sapwood face, the average share of length with planer misses decreased 
with increasing pressure but there was no significant difference between the groups, as 
the spread was large. Planer misses on the right edge did not show any consistent
tendencies to any influence of pressure settings.

There were no significant differences in average twist reduction between the 
groups (Table 2), and a linear regression analysis of the three separate groups showed
close to parallel coefficients of slope (Eqs. 1 to 3, Fig. 3). The coefficients of 
determination, R2, were 0.96, 0.89, and 0.94 for the low, medium, and high pressure 
group, respectively.
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Low: 025.065.0 RP TwistTwist (1)

Medium: 083.069.0 RP TwistTwist (2)

High: 16.066.0 RP TwistTwist (3)

In Eqs. 1 to 3, TwistP is twist after planing in mm/2 m, and TwistR is rough twist 
in mm/2 m.

Fig. 5. Comparison of twist for the rough and planed timber for the three different planing 
configurations

DISCUSSION

According to the results, it is apparent that changing pressure settings on the 
planer used in this study did not affect cutting depth, rectangularity, amount of planer 
misses, or twist reduction.

There are some possible explanations for the lack of difference between the three 
pressure groups. For one thing, the pressure applied to the timber by the pressure roller 
above the under cutter was the same for all samples, so that there were no difference 
between the three groups for the first machined surface, i.e. the sapwood face. The 
pressure exerted on the timber by the pressure roller might not have been large enough to 
straighten it before the second surface (the pith face) was machined by the upper cutter. 

In this study, no horizontal settings were altered, so the machining of the edges 
should have been similar for all samples. There were, however, two small differences 
between the pressure groups. The standard deviation for the cutting depth on the right 
edge, as well as the standard deviation for rectangularity was a lot larger for the low 
pressure group, which indicates that the pressure settings do have an effect on the 
feeding, as higher pressure seemed to bring less sideways motion of the timber during 
planing and hence a more homogeneous result (Table 2).

One positive effect with the lack of dependency of pressure settings is that it 
should be possible to adjust the cutting depths so that the amount of planer misses could 
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be customized without the need to consider the present settings. In this study all planer 
misses were located on the sapwood faces and right edges as the cutting depths were too
small, while all pith faces and left edges were machined. Since the planing allowance was 
more than sufficient, some of these planer misses could have been avoided by increasing 
the cutting depth on the sapwood face and right edge.

Possibilities to influence the rectangularity or twist reduction of planed timber are 
more likely a planer design than a planer setting issue. In the planer used in this study 
there was a distance between opposing cutters both between the upper and the lower 
cutter, as well as between the right and the left side cutters. Since the distance between 
the cutters permits temporarily straightened timber to spring back as the timber moves 
forward in the planer, the alignment between two opposite surfaces can become 
nonparallel, resulting in a skewed cross-section with low rectangularity. If the distance 
between the opposing cutters were to decrease, the possibility of a spring back effect 
should be reduced with a higher rectangularity as an effect. Another possibility to 
increase the average rectangularity is planing timber with an excessive length and then 
cross-cutting to the final length after planing as rectangularity generally is higher a 
distance from the ends. 

When maximum twist reduction is the main objective, using a straightening table
is a potential solution, but the effect of such equipment was not studied in this 
experiment. According to Fig. 3, the twist reduction behavior seems to be roughly linear, 
so it is possible that twist could be further decreased by planing twisted timber several 
times. This would probably require a larger planing allowance and hence a larger target 
size when planing timber that is prone to twist.

One major contributor to the low twist reduction could be the high pressure 
exerted on the timber from the feeding rollers, as it was approximately 10 times larger 
than from the other pressure elements. The major feeding rollers could be moved further 
away from the first planing tool so that their impact would be reduced. Moving the rollers
might however result in feeding problems towards the end of each batch, a problem that 
could be circumvented by quick machine settings during operation so that it is possible 
for the planer to run continuously.

Considering the nonexistent effect that changing pressure settings have on the 
properties investigated in this study, they can be set to meet other requirements, like the 
material flow. During the planing operation in this study there were some difficulties with 
feeding, resulting in burned surfaces. Although a major part of the problem was due to 
the small batches, the operation was smoothest for the group planed with medium 
pressure settings.

This study did not consider how surface properties were affected by the alteration 
of the planer settings and there is a possibility that the high pressure might have damaged
the cell structure near the surface of the wood. It only investigated a small number of 
samples with the same dimensions made by the same species of wood planed in the same 
planer, so the absolute numbers are not universal.

CONCLUSIONS

Conclusions that can be drawn from this study are that when planing 50 × 125 
mm spruce timber in a four-sided high-speed series planer:
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1. Pressure settings do not affect the properties rectangularity, planer misses, or twist 
reduction;

2. Pressure settings have a small impact on the stability of the lateral movements of the 
timber;

3. Cutting depth can be adjusted to reduce or avoid planer misses without regarding 
pressure settings, and

4. Pressure settings should be adjusted to facilitate smooth feeding.
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ABSTRACT 
Wood is a natural material, and as such it has irregularities and defects. After drying, different 
types of warp such as cup, bow and twist appear. By planing, sawing variations and cup can be 
reduced and removed as long as the cutting depths are large enough. As a planer straightens the 
timber during the operation, bow is practically the same after planing as it was before. For twist, 
however, the effect of the planing operation is less straightforward. 

In order to investigate just how twist is affected by planing, Scots pine and Norway spruce timber 
with three different dimensions was planed in two different but similar planers. The timber sprang 
from both the northern and the middle part of Sweden and it was all part of the main yield. 

This study found that knowledge about twist prior to planing was enough to predict twist after 
planing, and that a simple linear model is sufficient for making the predictions. 

Keywords: Milling, planing, twist 

INTRODUCTION 
More than half of the surface area of Sweden is covered with productive forest land with  
3.0 billion m3 standing volume of wood, which is used for the production of construction 
material, packaging, pulp, paper and energy. Nearly half of the net felling volume is sawlogs and 
the total volume of sawn and planed coniferous timber was 16.0 million m3 in 2013 (1). About 
75% of those sawn and planed timber volumes were exported (2). 
 
In the forest product industries, there are numerous types of waste. When it comes to planing, 
there is the potential for both waste of material and waste of production capacity. Material can be 
wasted either through unnecessarily large allowances in planing or through poor end results 
resulting in the rejection of planed timber. In the latter scenario, the timber will have been sawn, 
dried and planed in vain, so it is important to remove rejects early on. 
 
Wood is a natural material, and as such it possesses quirks and peculiarities. The growing pattern, 
for instance, gives the material an orthotropic character. One of the consequences of its 
orthotropic nature is that it deforms when it dries and one of the possible deformations is called 
twist. Twist is when the butt and top end lie in different planes, and twist is the maximum 
deviation in mm from a flat surface for a 2 m long section, as shown in Figure 1 (3). 
 
The most influential factor for the occurrence of twist for sawn timber is the spiral grain angle, 
both its size and its gradient (4–5), which seems to be independent of the original trees’ 
surroundings and growth rate (6). As the twist is also affected by the annual ring curvature, the 
sawing pattern matters. Sawn timber taken closer to the pith is generally more twisted than sawn 
timber closer to a log’s periphery (7–8).  



Figure 1: Twist.  

 
It is possible to assess whether a tree could obtain an excessive amount of twist after disjoining 
and drying. For Scots pine it is possible to measure the grain angle for any of the 8 to 20 inner 
annual rings or a distance between 30 and 70 mm from the pith and evaluate the twist potential 
for the central yield (9). For 22-year-old Scots pine, there is a close correlation between the grain 
angle on the log surface and the twist on the timber (5). All this implies that there is a potential to 
harvest the most problematic trees during thinning while leaving the trees that have a higher 
probability of producing straighter timber for the final felling. 
 
If the spiral grain angle in unknown when a log arrives at the sawmill, it is possible to deduce the 
spiral grain angle by using computer tomography either manually or automatically (10–11). It is 
also possible to measure the spiral grain angle at the surface by using the tracheid effect with a 
laser (12). The tracheid effect is when the fibres scatter light differently in different directions so 
as a circular laser dot hits a wooden surface the dot spreads out like an ellipse in the direction of 
the fibre. It is not advisable to disjoin logs where the grain angle deviates more than 3  from the 
trees axial direction under the bark (13). 
 
So far so good … but what happens when already twisted timber arrives at the planing mill? 
Unfortunately, there are few studies targeting that specific question, but in my contribution at 
IWMS-20 I concluded that for the 20 pine planks studied, the change in the size of twist could be 
estimated with a simple linear model (14). Since then, two more planing experiments have been 
carried out and the available data have increased, so it is about time the early model was revisited 
and revised. 
 

MATERIALS AND METHODS 
In this study, three test groups were used. The common denominators were that all timber sprang 
from logs that were sawn through the pith in a conventional square sawing pattern. They were 
planed in dry conditions (about 7% moisture content), top ends first and sapwood face down, by 
similar four-sided planers (Waco 3000) in the northern part of Sweden (Figure 2). The differences 
are the target dimensions, species, and the fact that they came from different sawmills. Properties 
of the test groups can be found in Table 1. 
  

2 m 

Twist 



 
 

Group A consists of timber from an earlier study and the timber was selected so that the spread of 
warp would be large; however, there was no record of the timber’s earlier history. For five 
selected cross sections along the length, 10 positions were marked: three on each face and two on 
each edge (Figure 3). Two of the cross sections were located 10 cm from each end while the other 
three were evenly distributed between them. The timber was planed with the usual settings for the 
planing mill in question. 
 
Group B comprises of 15 logs that were sawn and dried in standard fashion at a sawmill in the 
middle part of Sweden. The average top diameter of the logs was 196 mm with a standard 
deviation of 7 mm. One individual sample from each log was planed with standard pressure 
settings, while the other samples were divided into two groups of which one was planed with low 
pressure settings and one was planed with high pressure settings. In this group, seven cross 
sections were selected and marked with drilled holes. Two of the holes were positioned on the 
sapwood face and one on the right edge seen in the feeding direction (Figure 4). From each end 
the cross sections were located at 10, 30 and 50 cm, and half of the plank length. 
 
The logs used to produce the timber in group C were selected to have a large spread in terms of 
bow height. The average top diameter of the logs was 221 mm with a standard deviation of 9 mm. 
The planks were planed in a different planer to that used in groups A and B, but the planer was 
similar. 
 

Table 1: Properties of the timber groups used in the study. 

 Group A Group B Group C 
Number of samples 20 30 47 
Species Scots pine 

(Pinus sylvestris) 
Norway spruce 
(Picea abies) 

Scots pine 
(Pinus sylvestris) 

Origin North of Sweden Middle of Sweden North of Sweden 
Dry target size (mm) 50 × 150 50 × 125 38 × 150 
Planer 1 1 2 

Direction of 
feed 

Figure 2: Schematic planer of the type used in the studies with four cutters and some selected 
pressure elements. 



 
 

 
The selected cross sections in groups A and B were scanned with a Siemens Somatom Emotion 
CT scanner before and after planing. The image-processing software program ImageJ was used 
for measuring thickness, width and cutting depths in the CT images. For groups C, the thickness 
and width measurements were done manually with a calliper. All thickness measurements were 
taken at the edges to ensure similarity and reduce the impact of cup for rough (unplaned) timber. 
Twist was measured according to standard SS-EN 1310 (3). For groups A and B, a measuring 
device using laser triangulation (15) to derive the outer shape of the timber was used to calculate 
twist and cup. For group C, the same characteristics were measured manually. 
 

RESULTS AND DISCUSSION 
After disjoining and drying, the thickness and width for the three test groups were normally 
distributed with average dimensions of 53.2 × 152.5 mm, 50.2 × 126.8 mm and 40.4 × 151.6 mm 
for groups A, B and C, respectively. The corresponding dimensions after planing were 44.7 × 
144.3 mm, 45.1 × 119.9 mm and 35.0 × 144.6 mm. The lengths were normally distributed. 
Groups A and C had a similar spread of lengths between roughly 300 and 550 cm with an average 
length just below 420 cm. Group B had a narrower spread between 400 and 420 cm with an 
average of 414 cm. 
 
The majority of the sawn timber used in this study had a left-handed twist. There was one 
exception in group A and four in group B, while no twist direction was recorded for group C. 
Twist measurements can be found in Table 2. Twist, however, was not normally distributed for 
group A as it was selected to have a large distribution, so standard deviation is not really 
applicable for that group. 
 

Table 2: Twist measurements before and after planing. All values are given in mm/2 m. 

 Group A Group B Group C 
 Rough Planed Rough Planed Rough Planed 
Minimum 0.4 0.8 1.1 0.8 0.0 0.0 
Maximum 24.5 20.1 14.9 9.7 11.9 10.4 
Average 11.7 8.7 6.0 4.1 4.2 3.9 
Standard deviation 7.0 5.4 3.6 2.4 3.1 2.7 
 
 

Figure 3: CT image of a sample cross section for 
group A. 

Figure 4: CT image of a sample cross section 
for group B. 



In an earlier study based on group A (14) it was concluded that the only information needed to 
predict the amount of twist after planing was the amount of twist for rough timber as the 
correlation was quite simple: 
 
 ,       (1) 
 
where Twist (mm/2 m) was the amount of twist and the subscript P and R stood for planed and 
rough, respectively. The correlation coefficient for that early model was 0.98 (Figure 5).  
 

Figure 5: Twist for planed timber versus twist for rough timber for group A. The solid line 
represents the model while the dashed line represents the one-to-one fit. 

For the second data set, group B, the validity of the model was a little bit lower as the R2 value 
was 0.89, although that is still rather good (Figure 6). Generally the model predicted that the twist 
after planing should be larger than it actually was, so the model underestimated the impact of 
planing on the amount of twist, which implies that the timber in group B was less straightened by 
the pressure elements in the planer during planing than the timber in group A. There were three 
dominating differences between the two groups; the cause should be the different species, widths 
or planer occasions. There were no systematic differences between the different pressure settings, 
which were also shown in an earlier study (16). The insignificance of pressure settings supports 
the earlier conclusion that twist after planing was independent of elastic modulus (14). As the 
pressure settings did not impact on the result, the same result should be expected even if some of 
the planer settings are dissimilar, which leaves species and dimensions as possible sources for the 
different outcomes. 
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Figure 6: Twist for planed timber versus twist for rough timber for the three different pressure 
settings for group B. The solid line represents the original model while the dashed line represents 
the one-to-one fit. 

For group C, the R2 value was 0.76, and unlike group B, the model underestimates the twist 
reduction indicating that the timber in group C was more straightened during the planing 
operation than the timber in the other groups (Figure 7), which is also indicated by the small 
reduction of average and maximum twist (Table 2). A better model for group C was: 
 
 ,       (2) 
 
where the R2 value reached 0.82.  
 
The cause of the high amount of straightening during planing could be an effect of a difference in 
planers or of the smaller thickness than the other timber groups. Although the make and model of 
the two planers were the same, there could be differences between them that cause different 
outcomes. It is, however, very likely that thinner timber behaves differently to thicker timber. 
Although two measuring points are far too few to draw any far-reaching conclusions, one can 
always speculate. If the correlation between the twist reduction by planing and the thickness of 
the timber is linear, it would, according to the available data, look like: 
 
 ,       (3) 
 
where Red is the reduction of twist in per cent and t is the timber thickness in mm. That would 
imply that timber thinner than approximately 25 mm would have the same amount of twist after 
planing as before. In the same manner, the timber would need a thickness of 125 mm to be twist 
free after planing. Anyway, more work is needed to fully explain the thickness dependence of 
twist reduction. 
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Figure 7: Twist for planed timber versus twist for rough timber for group C. The solid line 
represents the original model, the dotted line represents the new model while the dashed line 
represents the one-to-one fit. 

CONCLUSIONS 
The conclusions that can be drawn are that when planing central yield spruce and pine timber in a 
four-sided planer: 
 the twist reduction is linear, 
 the twist reduction is affected by the dimensions, and 
 an approximate reduction of 25% is pretty good for timber with a thickness of 50 mm while 

an approximate reduction of 13% would work for 38 mm thick timber. 
All the timber used in this work was planed in similar ambient conditions during wintertime so 
the results may vary over the year. Also, all the timber was very dry and the dimension span was 
narrow, which could and should have impacted on the outcome.  
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