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Summary 
The PrimWood method is a production system for sawing hardwood and softwood 
timber, and for further processing and refining the dried wood into knot-free boards, 
components and panels with vertical annual rings. 
This article presents an idea for a technical realisation of the PrimWood method. The 
method has in the first place been adapted to the sawing of quantities which correspond 
to the available volume of hardwood existing in Sweden, but the system is also well 
suited for softwood. 
The basis of the production system is that the log is sawn according to the star-sawing 
pattern in a vertical band saw with a carriage. The carriage is fitted with equipment for 
rotating and changing the position of the log or log parts in the vertical or horizontal 
directions in order to make it possible to saw pieces of wood with either a rectangular 
or a triangular cross-section. 
After it has been dried by conventional methods, the sawn wood is further processed by 
cross cutting, jointing, planing and gluing into knot-free components with vertical 
annual rings. 
The system seems to be well adapted to the conditions which apply in the small-scale 
processing of hardwood and softwood, and high-quality products can be produced with 
a high volume yield.  

1. Introduction 
Today, the Swedish forest consists to 16 % of hardwood. The annual growth of this 
stand is 14 million m3Vub while the felling amounts is ca. 6.3 million m3Vub. Of this 
amount, only about. 300 000 m3Vub is used for wood-mechanical refinement (the 
National Swedish Board of Forestry 2003, Rytter et al 1999). 
In Sweden and in many other countries, the wood manufacturing industry which bases 
its production on hardwood timber generally consists of small companies with poor 
profitability. Because of the poor profitability, new investments are rare and the 
companies' products show very little development (see e.g. Bowe et al 2001, Johansson 
2003). 
There is a great need to seek a renewal of the Swedish hardwood manufacturing 
industry. This applies not only to the technology and the production systems for sawing 
and post-sawing refinement, but also to the products which are to be produced. 
If new products and new production systems can be developed, the wood-mechanical 
industry should be able to use the existing hardwood timber more efficiently and 
increase its profitability. This could mean that the Swedish forest owners would receive 
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a better income from their forest possessions, at the same time as new attractive 
products would be added to the market. 
The customers' requirements with regard to wood for use in high-quality furniture, 
furnishings and joinery include features such as accuracy in dimensions and geometry, 
and the absence of cracks, and a demand that the wood shall show controlled 
movements with changing moisture content. These requirements can be fulfilled if the 
wood material is sawn so that it has vertical annual rings (Sandberg 1998). Tactile and 
appearance requirements such as colour and texture are also important.  
Traditional sawing methods for producing wood with vertical annual rings have been 
shown to be inefficient in their utilization of the material and to give high production 
costs (Paulsson 1938, Desch et al 1996). 
Sandberg (2004a) has developed a system for the production of boards, components and 
panels which have vertical annual rings, figure 1. The production system, which is 
called the PrimWood method, gives a volume yield in the production of knot-free 
boards and panels of pine which is much higher than that reached by conventional 
sawing and post-sawing processing (Sandberg 1996a, 1998, 2004a, Sandberg et al 
1996, 1998). 
The PrimWood method has been tested in industrial applications and it has been shown 
to have a good profitability potential, Sandberg (2004a). Important properties for the 
utilization of the wood produced by the PrimWood method have been investigated by 
Holmberg (2000) and Sandberg (1996b, 1997a, 1997b, 1999, 2004b). 
The aim of this article is to present an idea for a production system based on the 
PrimWood method, adapted particularly to the conditions which apply for the Swedish 
mechanical hardwood industry taking into consideration factors such as the raw 
material and the structure of the industry. 
 

   
 
Figure 1. The PrimWood method is a production system for the manufacture of 

boards, components and panels with vertical annual rings. The log is 
sawn according to the star-sawing pattern and most of the juvenile wood 
is removed, after which the dried wood is further processed into knot-
free components and panels. 

 - 2 -



2. Description of the production system and the products 
The PrimWood method in the version which is presented here is intended for the further 
processing of up to 5 - 6 000 m3Vub timber per year and shift. Besides the actual 
sawing unit, the installation also includes the further processing of the dried wood into 
knot-free components with vertical annual rings. 
In the description which follows, sawn wood with rectangular and triangular cross-
sections will be called rectangles and triangles, respectively.  
The products obtained with this production system are: 
•  Sawn rectangles and triangles which will be further processed. 
•  Knot-free components of rectangles. 
•  Knot-free components of glued triangles with either a rectangular or a rhombic 

cross-section.  

2.1 Description of the raw material 
The timber to be used in the production system is in primarily hardwood, but the 
technical performance is such that softwood can also be sawn. The top diameter must 
be greater than 28 cm and the length should not exceed 4.5 m, because of the negative 
influence of the tapering on the volume yield. Large ovality and crook should be 
avoided in order to try to minimize the effects of reaction wood. In other respects, there 
are no special requirements, e.g. with regard to the number or size of the knots. The 
timber must of course be free from decay or other quality-reducing damage which is not 
normally acceptable.  

2.2  Sawing and drying 
The saw consists of a fixed vertical band saw with a carriage. The carriage is equipped 
with attachment and alignment devices for the log and its sawn parts, and it can be 
tilted ± 30° from the horizontal plane. Figure 2 shows schematically the different stages 
which are necessary in the division of the log, viz: 
I. The log is placed on the carriage and aligned so that the pith and most of the juvenile 
wood can be included in the centre board. The log is fixed in this position with the help 
of clamping devices at the ends of the log and it is thereafter sawn into two coffin lids 
and one centre board. The coffin lid which is fixed with the help of the clamping device 
is kept on the carriage for continued sawing, while the other coffin lid is temporarily 
stored before the sawing continues. 
II. The coffin lid is aligned and the carriage is then tilted and locked at – 30°. A triangle 
is first sawn from the coffin lid, which is then transferred in a parallel direction towards 
the band saw and a rectangle is sawn.  
III. The carriage is then tilted to + 30° without changing the position of the sawn coffin 
lid. A parallel movement is made to give the correct setting and a triangle is then sawn. 
The wood block on the carriage is subjected to a further parallel transfer and a rectangle 
is sawn. The fixed triangle is released. The next coffin lid is taken from its intermediate 
storage position and is sawn in the same way as the first coffin lid.  
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IV. The centre board is taken to a separate saw unit, e.g. a simple circular saw, for 
further division. The centre board is aligned so that the kerf can be placed through or as 
close to the pith as possible and it is thereafter split into two rectangles. 
The edging of the rectangle is carried out parallel to the sapwood so that the wood 
becomes straight-grained and has almost the same heartwood distribution over the 
whole wood length, so-called taper edging, figure 3a. Before the edging, the rectangles 
have three different cross-section shapes. The two rectangles which come from the 
centre board are edged more on the face towards the pith in order to remove the pith 
and the juvenile wood. Operation IV and the edging of a rectangle are best done in an 
edging circular saw with a vertically adjustable middle saw blade (three-saw edger).  
The edging of a triangle follows the sawn point, and this gives no taper edging, figure 
3b. The edging is carried out e.g. in a horizontal band saw or circular saw with feeding 
devices adapted for the triangular shape.  
Both the rectangles and the triangles are dried in a conventional compartment kiln. The 
triangles are stacked in groups of three or in blocks across the whole width of the 
package (Sandberg 2004a). It is very important that the drying and the subsequent 
conditioning are carried out so that the wood becomes stress-free and has uniform 
moisture content.  

Figure 2. Principle of the method for sawing 
in accordance with the PrimWood method. 
I. The log is placed on the carriage, fixed 
and aligned so that the pith and most of the 
juvenile wood can be enclosed in the centre 
board. Two so-called "coffin lids" and one 
centre board are sawn. 
II. A coffin lid is aligned after which the 
carriage is tilted and fastened in the – 30° 
position. A triangle is sawn from the coffin 
lid. The coffin lid is then moved in a parallel 
direction towards the band saw and a 
rectangle is sawn.  
III. The carriage is thereafter tilted to the  
+ 30° position without changing the position 
of the sawn coffin lid. A parallel transfer is 
made to give the correct setting of the 
blades and a triangle is sawn. Thereafter, 
the block on the carriage is subjected to a 
further parallel transfer and a rectangle is 
sawn. The clamped triangle is then released. 
IV. The centre board is divided in a separate 
sawing unit, where it is aligned so that the 
saw kerf can be placed through or as close 
to the pith as possible and the board is then 
split into two unedged rectangles. 
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Figure 3. Edging of (a) a rectangle and (b) a triangle The rectangles are taper-

edged and the wood closest to the pith is removed. The triangles are 
edged practically parallel with the pith. 

2.3 Further processing into components 
After sawing and drying, the rectangles and triangles are processed to form knot-free 
components by removing defects and finger-jointing. All defects and knots are cut 
away. The intermediate defect-free pieces are either used as components or are finger-
jointed into long lengths. The finger-jointing is carried out with high precision and this 
gives a tight joint, which is a market requirement.  
These production stages give knot-free components of rectangles and triangles, all with 
vertical annual rings. The rectangles have a traditional cross sectional shape which is 
accepted by the market, whereas the triangles so far have fewer fields of application.  
In order to produce wood with a rectangular cross section, triangles can be glued 
together in pairs with the tangential surfaces towards each other so that a rhombic cross 
section is obtained. Thereafter, these rhomboids can be split into boards with vertical 
annual rings, figure 4. These boards can thereafter be edged so that the cross section 
becomes rectangular.  
The machine equipment which is to be used for further processing is conventional, but 
the holding and feeding devices may need to be adapted to the shape of the triangles.  

 
Figure 4. Principle for the manufacture of components with a rhombic cross 

section from triangles. 
 I. A triangle is planed on its tangential surfaces. 
II. Triangles are glued together in pairs.  
III. The glued component is divided into thinner components. 
IV. The thinner components with rhombic cross sections can, if 

required, be edged so that they are given a rectangular cross 
section. 
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3. Discussion 
The volume of sawable hardwood in Sweden is small in relation to the sawable volume 
of softwood. Nevertheless, the logging volumes of available hardwood forest stands are 
in some cases sufficiently large for it to be economically justifiable to saw them. One 
problem is that the broad-leaved trees are often found in local stands or are included as 
a small fraction of larger conifer stands, and this means that the volume of hardwood 
timber in a cutting is relatively small. Transport to the industry therefore becomes 
complicated and expensive (Nylinder et al 2001). The PrimWood method uses only 
timber with a top diameter greater than 28 cm, and this limitation also means that the 
available volumes are limited. Most (52.3 %) of the hardwood timber is found in 
southern Sweden (Götaland), however, where the proportion of thick timber is also 
greatest (the National Swedish Board of Forestry 2003). This means that the best 
conditions for sawing hardwood timber in Sweden in accordance with the PrimWood 
method are to be found in the southern part of the country. The availability of hardwood 
timber with a dimension greater than 28 cm and the logistic conditions mean that an 
installation for the PrimWood method should be smaller than a conventional softwood 
sawmill. An estimate is that a plant for the PrimWood method for hardwood in Sweden 
should have a capacity which permits the sawing of 5 - 6 000 m3Vub per year in an 
eight-hour working shift. 
For the sawing of softwood, such conditions do not apply, but it may well be justifiable 
to have an installation for the PrimWood method with a relatively low capacity, e.g. for 
market or investment reasons. 
Sandberg (1998) has shown that a quality increase is obtained for wood of pine and 
spruce if it is processed and refined according to the PrimWood method. It is probable 
that corresponding property improvements can be obtained in the application of the 
PrimWood method to hardwood. This can be justified by the fact that vertical annual 
rings in general counteract the tendency towards deformation in the cross section of the 
wood because of the transversal anisotropy. The wood closest to the pith which is 
removed in the PrimWood method also has quality-reducing properties in most types of 
broad-leaved trees; knots, which are also removed in the PrimWood method, cause 
problems in the mechanical processing and surface treatment of both hardwood and 
softwood. In the field of traditional handicraft folklore, hardwood with vertical annual 
rings (quarter sawn) is considered to be of a higher quality than the corresponding 
square sawn wood (see e.g. Paulsson 1938, Polaczek 1990, Lohmann 2003).  
In the development of the system now presented for the PrimWood method, it is 
presupposed that wood which is processed in accordance with this method will show 
better quality than it would have shown if the wood had been refined conventionally. 
This is supported by previous investigations and by handicraft folklore, but it is of little 
importance for the technical design of the system. Nevertheless, the quality yield must 
be verified for each specific type of wood that is to be processed using the method. 
The economic potential of the method is of course dependent on the solvency of the 
market, as well as on the volume and quality yields of the process.  
Market aspects have not been considered in the present investigation, which has 
concentrated on finding a technical solution for the PrimWood method developed on 
the basis of the existing raw material supply and current logistic conditions. The market 
for hardwood products which are manufactured in accordance with the PrimWood 
method will be investigated in greater detail.  
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The volume yield for the method can be partly assessed on the basis of information 
presented by Sandberg (1996a, 1998, 2004a) and Sandberg et al (1996, 1998). 
According to Sandberg (2004a), the volume yield in the sawing of pine from log to 
edged, length-adjusted and dried rectangles and triangles is on average 56 %. In the 
sawing of pine according to the now proposed method, there is no reason to expect a 
volume yield which deviates strongly from that reported in the previous investigations. 
The sawing of hardwood timber can however give a different volume yield due to the 
different distributions of the dimensions and geometric shapes of the sawn timber. This 
must be investigated in greater detail for the specific types of hardwood that it is 
intended to saw by the method.  
The volume yield of the further processing after drying is more difficult to assess for 
hardwood on the basis of previously performed investigations. This applies in particular 
to the volume reduction in the removal of defects in the wood. In the defect-cutting of 
pine, according to an investigation reported by Sandberg (2004a), there was a volume 
reduction of 20–25 %. Considering these volume yields, it is not relevant to try to 
assess the volume yield in defect-cutting of different types of hardwood. This must be 
investigated further.  
The volume yield from jointed triangles to boards with a rectangular cross section has 
been investigated theoretically and in practical tests by Johansson et al (2004). The 
results show that a realistic mean value for the volume yield, from triangles with 
defects to a defect free board with a rectangular cross section, is 59 %. 
This indicates that the volume yield in the application of the now proposed system for 
the PrimWood method in the refinement of hardwood is higher than would be obtained 
if the logs were refined to the same degree by conventional methods. 
The quality result for products obtained by the PrimWood method is well documented 
for pine by Sandberg (1998, 2004a), but no corresponding investigations for hardwood 
have been carried out. This is partly because there are no uniform grading rules in 
Sweden for sawn hardwood. Priority is however being given to further investigations in 
this field. 

4. Conclusions 
The proposal for a production system for the PrimWood method given in this 
investigation is judged to have a great potential for application in a commercial 
production unit. The results indicate that the method gives a high volume yield at the 
same time as quality-raising advantages for the sawn wood are introduced. This is 
supported by extensive investigations which have been carried out for pine, but it must 
of course be verified for all the types of wood which it is planned to process by the 
procedure here proposed. 
It is believed that the system is well adapted to the conditions which apply in the small-
scale industrial processing and refining of both hardwood and softwood. 
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