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ABSTRACT 

 

When sawn timber is planed, the timber is to some extent flattened by the feeding rollers and 

other pressure elements inside the planer, with the plank middle affected to a greater degree 

than the top and butt end. As a result, any twist present in rough timber influences the planing 

process in the proximity of the latter two areas. This is manifested primarily as reduced 

rectangularity in the affected zones of the planed timber, but also as an increased risk of 

planer misses. One way to avoid these unwanted features in the end product is to plane an 

excess length of timber, then cross-cutting to the required final length after planing. 

This study found low rectangularity to be a larger problem than planer misses, with the top 

end most affected. The study also indicates that simple models could be used to predict the 

size of the zone affected by twisting near the ends of planed timber, and thus also the length 

that must be removed in order to produce an acceptable cross-sectional shape throughout the 

length of planed timber. 
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INTRODUCTION 

 

In order to decide upon a strategy for the maximization of yield value, considerable 

knowledge of all aspects of the quality of planed goods is required. Twist in sawn timber 

introduces skewed cross-sections and planer misses (Axelsson 2013) in the proximity of the 

plank ends. Several methods are available with which to reduce the impact of twist when 

planing, such as increasing the planer-induced pressure acting on the timber in order to 

increase the rectangularity of the planed timber. The present study focuses on a second 

solution, that of planing an oversized length of timber and cross-cutting to the final desired 

length after planing, removing any affected areas. 

 



MATERIAL AND METHODS 

 

Material 

A total of 15 Norway spruce (Picea abies) planks that had been sawn through the pit to dry 

target dimensions of 50 × 125 mm in a sawmill in central Sweden were used in this study. The 

sawn timber had also been dried using a standard drying scheme. 

 

Methods 

After several months of indoor storage, the sawn timber was planed top end first and sapwood 

face down using standard settings to a target size of 45 × 120 mm. The planing was performed 

on an older four-sided Waco planer located in northern Sweden. 

Before and after planing, seven cross-sections through each plank were scanned in a 

CT-scanner. The selected cross-sections, numbered CS1 to CS7 according to their position 

along the timber length, were located 10, 30 and 50 cm from either plank end, with the final 

cross-section in the middle of the length of sawn timber. The image-processing software 

program ImageJ was employed for subsequent measurement of the CT images. 

Holes (Figures 1 and 2) drilled 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 depths of the holes 

before planing. 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. Maximum twist was measured according to standard SS-EN 1310 

(Anon 1997), which is a measure of the largest deviation from a plane on a 2 m long 

representative part of the sawn timber. Unfortunately, sawn timber can exhibit shape variation 

along its length and thus in the present study, end twist was used instead of the standard twist 

concept. To this end, the height of the highest sapwood face edge with respect to the 

corresponding height of the middle cross-section was used (Figure 1). As the length of the 

planks varied between 405 and 420 cm, the distance between the compared cross-sections 

Figure 1: Definition of end twist. 



varied between 193 and 200 cm; end twist could therefore roughly be considered as measured 

in mm/2 m. However, for clarity and to reduce the risk of confusion, the choice to use mm as 

the unit of end twist measurement was made. Since sawn timber has two ends, each plank was 

subject to two readings. 

Two characteristics of the top and butt ends of the planed timber were studied: planer misses 

on the timber faces, and rectangularity. 

The extent of planer misses was measured using a folding ruler to the nearest cm; planer 

misses due to wane were excluded from analysis. Although rectangularity, R, is typically 

defined as the ratio between the area of a cross-section and that of its minimum bounding 

rectangle (Rosin 1999), assuming that the face of a cross-section is flat, R can be 

approximated as: 

 𝑅 ≈
𝑡𝑚𝑎𝑥+𝑡𝑚𝑖𝑛

2∗𝑡𝑚𝑎𝑥
,        (1) 

where tmax is the thickness of the thick edge of the cross-section, and tmin is the thickness of 

the narrow edge (Figure 2). Plank thicknesses were measured using the previously obtained 

CT images. In the present study a rectangularity of 0.99, which corresponds to a maximum 

thickness difference of 1 mm between the cross-section edges, was considered to represent 

adequate timber quality. Linear regression analysis was employed in order to both find the 

location at which cross-sections reached this approved level (Figure 3), as well as to construct 

models with which to predict the length of the affected zones for both planer misses and 

rectangularity. 
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Figure 2: Measurements used to calculate rectangularity. For 

this cross-section, R=0.97. 



RESULTS AND DISCUSSION 

 

The mean cutting depths on the sapwood face, pith face, right edge and left edge were 1.8 ± 

0.8 mm, 5.2 ± 0.8 mm, 0.8 ± 1.0 mm and 6.9 ± 1.2 mm, respectively. 

When maximum twist was measured according to the standard SS-EN 1310 (Anon 1997), 

planing was found to reduce the average twist for all timber from 6.0 ± 3.6 mm/2 m to 4.1 ± 

2.4 mm/2 m. Top end twist decreased slightly from 5.7 ± 5.7 mm to 5.1 ± 4.4 mm, while butt 

end twist was reduced after planing from 6.1 ± 4.7 mm to 5.4 ± 4.3 mm. 

All planer misses on the planed timber were located on the sapwood faces, with pith faces 

exhibiting no such problems. According to linear regression analysis, the length in cm of the 

zone of planer misses, LM, can be expressed in terms of the following equation: 

 𝐿𝑀 = 1.20 ∗ Endtwist − 1.04,      (2) 

for which the coefficient of determination, R2, was 0.42. As the cutting depth was smaller on 

the sapwood face than on the pith face, it was unsurprising that the planer misses were all 

observed on the former. 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 simultaneously decreasing the cutting depth on the pith face.  

When all planks and all measured cross-sections were considered, the average rectangularity 

after planing was calculated as 0.994 ± 0.006. Figure 5 illustrates the average rectangularity 

for the 15 specimens according to cross-section position. Combined analysis of Figures 3 and 

5 reveals that low rectangularity after planing is a problem particularly associated with plank 

ends, especially the top end. 

  

Figure 3: Example of calculation for affected zone length. The solid 

line corresponds to R = 0.99. 



According to linear regression analysis, the length (in cm) of the zone characterized by 

rectangularity below 0.99, LR, can be expressed in terms of the following equation: 

 𝐿𝑅 = 1.96 ∗ Endtwist − 3.57,      (3) 

where R2 is equal to 0.56. 

When the actual affected lengths for both ends were added and compared to the calculated 

affected lengths (Equations 2 and 3), the difference was found to represent an overestimation 

of 0.1 cm with a standard deviation of 9.5 cm per plank for planer misses, with the 

corresponding numbers for rectangularity being 0.7 cm and 10.4 cm. 

As can be seen in Figure 4, and Equations 2 and 3, low rectangularity is of greater concern 

than planer misses, especially in cases where end twist is large. The reason for this is that low 

rectangularity is the symptom which appears first when the alignment between timber and 

cutter is deficient. In other words, a cross-section can exhibit low rectangularity and be 

without planer misses, but planer misses typically lead to reduced rectangularity. In the 

present study, the length of the affected zone was sometimes larger for planer misses than for 

rectangularity, likely as a result of the rather generous quality threshold values (i.e. 0.99 

rectangularity and a cross-section edge thickness difference of 1 mm). 

As the present study investigated only one species of wood, one plank size and one planer, 

with the same setting used for all planks, the developed models cannot be considered 

generally applicable to all species/plank sizes/planers. However, the principle of an expanding 

problem zone with increasing twist should be universal. 

 

  

Figure 4: Length of the affected zone of planed timber versus end twist size for rough 

timber. The solid line represents Equation 3 and the dashed line Equation 2. 



CONCLUSION 

 

 Low rectangularity is particularly problematic near the top end of planks. 

 Rectangularity is of larger concern than planer misses for twisted planks. 

 Simple models can be used to predict how far into sawn timber such problems with 

cross-sectional shape extend. 
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Figure 5: Average cross-sectional rectangularity of 

planed timber according to position on plank. The 

dashed line represents the average rectangularity for all 

specimens and all cross-sections. 
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