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ABSTRACT

Knowledge about how tree properties affect the final product is necessary to utilise each log and 
tree in the forestry production chain fully. So far, the Swedish Pine Stem Bank (SPSB) has been 
used  extensively  for  sawing  simulation,  but  not  for  simulation  further  down  the  production 
process. Hence, it is desirable to model the further processing of sawn timber using the SPSB. In 
this study, a simulation tool for cross cutting and finger jointing of boards has been developed 
and tested. The simulation program utilises the SPSB and the results from a sawmill simulation 
program to simulate a cross-cutting and finger-jointing process. The tool has been tested against 
an empirical material consisting of defect data from an industrial scanner, used at a producer of 
finger-jointed furniture products. To illustrate the potential use of the finger-jointing simulation 
program,  two  investigations  have  also  been  carried  out.  The  first  deals  with  comparing  the 
recovery  for  finger  jointing  and  cutting  of  solid  boards  for  different  products.  The  second 
investigation is an attempt to estimate the impact of process-related defects on the recovery of 
finger-jointed products. The results show that the simulation tool produces similar results as the 
real  process,  and  the  use  of  the  SPSB  provides  adequate  predictions  of  the  real  system’s 
behaviour.  The  first  of  the  investigations  shows  that  finger  jointing  generally  has  a  better 
recovery than cutting of solid boards, but for short products, the latter might be a viable option. 
The second investigation suggests that process-related defects reduce recovery by up to 5% units 
in the finger-joint process studied. Thus, there is future potential  for using the finger-jointing 
simulation tool to investigate production strategies and/or raw material selection in the forestry 
production chain.

INTRODUCTION

In recent years,  there has been an increased interest in an integrated approach to the forestry 
production chain. This means that forest and tree characteristics are seen as linked with end-user 
requirements  on wood products  [1,  2,  3,  4].  The aim of  an integrated  approach is  to  utilise 
knowledge  of  the  end-user  requirements  for  different  wood products  and  knowledge  of  the 
properties of timber to control the flow of material from the forest to market, thus achieving a 
more optimised use of the raw material. However, the forestry production chain is complex in its 
nature as a result of the complexity of the raw material, as well as the various production stages, 
actors, and decisions involved, such as in harvesting, breakdown, crosscutting, final processing, 
and marketing [1].

Simulation is the use of various techniques to imitate the operations of real-world facilities or 
processes, often to study it in a scientific way in order to understand its behaviour. It is one of the 
most  common operations-research and management-science techniques employed.  Among the 
advantages of simulation are that it allows for experimentation with complex systems without 



disrupting the system itself, achieving better control over experimental conditions, and studying a 
system with a long timeframe in compressed time [5]. This makes simulation an excellent tool for 
studying the forestry production chain, which is both complex and has a long timeframe.
 
Simulation  efforts  in  wood  research  have  focused  mainly  on  the  early  parts  of  the  forestry 
production chain, such as the different log breakdown simulation tools described by [6, 7], or the 
numerous  commercial  programs  on  the  market.  Another  area  of  interest  is  production  flow 
simulation for both sawmills and the secondary wood industry [8, 9, 10]. There are also tools 
available for the simulation of traditional cross cutting [11, 12]. In the area of finger jointing, 
cross cutting and finger jointing of wood with unwanted defects have been described by Åstrand 
[13]. Eliasson and Kifetew [14] have studied the impact of raw material quality on finger-jointed 
Scots pine boards. In their study, knot-free finger-jointed boards were produced together with 
solid knot-free boards in a production line using an industrial scanner, with a recovery of 55–62% 
depending on which sawmill the boards came from. Clément et al [15] studied the impact of 
process-induced defects on lumber volume recovery, finding an average recovery reduction of 
10% resulting from manufacturing defects.

There is a need for a simulation tool that focuses on the secondary wood industry and the process 
of converting lumber to a final product, especially finger-jointed products. If such a tool can use 
the Swedish Pine Stem Bank (SPSB) [16], or other databases of real but virtual logs, it would 
provide  means  to  test  different  production  strategies  and  raw  material  choices  for  different 
products without the need for time-consuming and expensive test sawing. The in-data will be 
constant,  which is an advantage for comparison purposes. It would also mean that the whole 
production chain can be studied, as well as the impact of various decisions on the entire system.

Based on a case study with empirically collected data, the main objective of this study was to  
develop a flexible computer model of a finger-joint production process, resulting in a simulation 
tool. It was intended that this simulation program would use the SPSB as in-data. The study had 
two subordinate objectives designed to show the potential usability of the simulation tool:

1. To compare the simulated length recovery from finger jointing and cutting of solid boards 
for three wooden furniture products. This aimed to show the feasibility of finger jointing 
these three products.

2. To compare the simulated length recovery in the finger-joint process considering only 
biological defects, with the simulated recovery considering both biological and process-
related defects in order to highlight the potential for recovery by reducing process defects.

MATERIAL AND METHODS

The material

The study was based on two datasets; the first set was obtained from a case study where the 
material was followed through a process of manufacturing a finger-jointed furniture component, 
from the forest to final product. The raw material consisted of 178 Scots pine (Pinus Sylvestris L.) 
logs from the north of Sweden. Within the finger-joint mill, the sawn boards were scanned using 
industrial scanning equipment, WoodEye [17]. The sawn boards were then cross cut and finger 
jointed. The WoodEye in this study was equipped with four grey-scale cameras (one for each side 
of the board) and laser equipment to indicate fibre deviations. The components produced in the 



finger-jointing process were sent to a furniture manufacturer for processing, final sorting, and 
packaging.

WoodEye generated data for the length and defects (type, position, size) of every cross-cut piece 
in addition to the board from which the piece was cut. This made up the first dataset used in the  
development of the finger-jointing simulation program, which contained data from 354 boards. 
Because the WoodEye data were based on optical scanning of boards, they included defect types 
such as bark, cracks, pitch pockets, and dimensional errors, in addition to knots and wane. The 
board dimensions were 31 × 115 mm, of various lengths. The final finger-jointed components 
were 2,018 mm long, with the same cross section. The quality requirements for knots were that if  
both the longitudinal and tangential diameter of the knot exceeded 35 mm for dead knots and 45 
mm for sound knots, then the knot was considered unaccepted. Similar quality rules, with various 
limits, existed for other kinds of defects. There were also other limits, for instance, a minimum 
acceptable distance between cutting positions and defects. Another important criterion was the 
maximum and minimum length of the cut pieces. In this case, technical considerations in the 
production process limited the length to between 170 and 650 mm. Additionally, piece lengths 
greater than 400 mm were more desirable than those below 400 mm.

The second dataset was obtained from the SPSB, which is a database consisting of properties of 
246 Scots pine trees. The trees, from 41 well-documented sites at different locations in Sweden,  
have been documented thoroughly both in terms of tree properties and silvicultural treatments. 
They  have  also  been  CT scanned  in  order  to  record  internal  properties  such  as  knots,  pith 
location, and heartwood border. This gives a parametric description of each tree in terms of these 
properties, as well as for surface structure [16].

A sawmill  breakdown simulation  tool  developed by Nordmark  [6]  was used  to  simulate  the 
breakdown of the SPSB logs into boards, providing board and defect data for the cross-cutting 
and  finger-jointing  simulations.  This  resulted  in  1,257  boards,  with  information  regarding 
dimensions and defects (type, size, position). At the time of this study, the defects included in the 
sawing simulation results were dead knots, sound knots, and wane. Hence, these were the only 
defect types studied here. The boards were of the same dimensions as in the first dataset, 31 × 
115 mm, and all boards of these dimensions were used, regardless of quality and length.

Development of the simulation tool

A computer program imitating the cross-cutting and finger-jointing process was developed in the 
programming language C++. The program reads board and defect data from plain text files, with 
information regarding board dimension, defect position, type, and size. It also reads a second file 
containing various settings, including product dimensions, maximum and minimum acceptable 
length of cross cut pieces, length losses in finger joints, quality requirements regarding maximum 
size of defects on the product, minimum acceptable distance between defect and cutting position, 
and so forth. This arrangement makes it convenient to change the parameters of the simulation.

The program generates a list of cutting positions for each board according to the settings, thereby 
generating  pieces  that  are  considered  either  rejected  or  accepted  depending  on  quality 
requirements. Pieces longer than the specified maximum length are cut into several maximum-
length pieces if possible. If not, for instance, if the remaining piece will be too short, the long 
piece is cut in half, and the algorithm is repeated on the two resulting pieces. The program also 
includes a function for avoiding cutting within defects.



The above procedure results in a length recovery for every board, taking into account various 
losses such as those generated in the finger jointing. The defect data from the accepted pieces are 
carried over into finger-jointed components, and these data are stored in plain text files. Total 
length recovery, number of components, number of cross cut pieces and all cutting positions for 
each board are also recorded. Length recovery is defined as the total length of the finger-jointed 
products divided by the total length of the boards that are cut and jointed.

A comparison was made of simulation results using the two datasets, and then only knot defects 
were taken into consideration. This was because the SPSB does not contain any data regarding 
other types of biological defects, and the non-biological defects are not simulated in the sawmill 
breakdown simulation. From the dataset taken from the SPSB, two subsets were also tested; one 
with trees taken from high site index (SI) (T28) plots, and one from low SI (T16) plots. In order 
to facilitate comparison, the same products as in the case study were used for the simulations; 
finger-jointed boards with the dimensions 31 × 115 × 2,018 mm.

To show the potential use of the simulation tool, two production strategies were tested, finger 
jointing and cutting of solid products, for three different product lengths, comprising a total of six 
different scenarios. Simulation was made on each one using the SPSB data and testing different  
quality rules. The recovery was compared for the six cases. One of the products was the original 
length of 2,018 mm, one was 1,400 mm, and one was 900 mm, but with the same cross section 
dimensions of 31 × 115 mm. All products were produced by the same furniture manufacturer as 
the case study.

The  study of  the  effect  of  process-related  defects  was  made  using  the  WoodEye  data.  One 
simulation  run  was  made  where  all  defects  were  taken  into  account,  and  one  where  only 
biological defects such as knots and pitch pockets were accounted for. The results were then 
compared in terms of recovery.

RESULTS AND DISCUSSION

Choosing  industrial  scanning equipment  to provide the first  dataset  had both advantages  and 
disadvantages.  The equipment  was  not  designed to  provide  a  true  picture  of  the  boards  and 
defects,  but  rather  to  make  production  decisions  as  fast  as  possible  given  the  information 
available. On the other hand, the simulation model was designed to imitate the behaviour of a real 
production  system.  As  such,  using  a  real-world  production  system for  comparison  and  as  a 
reference can be deemed acceptable.

The SPSB contains almost 250 trees from different geographical locations in Sweden. Although 
not  representative  of  Swedish  pine  forests  in  their  entirety,  the  differences  in  silvicultural 
treatment, geographical location, site fertility, and so forth makes this sample sufficiently large to 
provide a representational cross-section of Swedish pine forests.

Validating the simulation model

The aim of the present study was to compare the simulations with the empirical data in order to 
validate the model. The simulation used the data obtained from the WoodEye equipment, taking 
into account all types of defects, with the same product and quality rules as the case study. This  
resulted in a simulated length recovery (length of products divided by length of boards) of 82.8%, 
compared to the real length recovery of 81.8%. A review of the cutting positions chosen by the 



simulation program compared with the positions chosen by the WoodEye  algorithm shows a 
large degree of conformity. Figure 1 shows some typical examples.

Figure 1. Six boards, with simulated (top) and real (bottom) cut positions. Dark areas are rejected, light 
accepted. In many cases, the small differences are a result of minor differences in optimisation strategies 

employed by the simulation program and the WoodEye equipment.

Another  analysis  was  made  on  the  empirical  WoodEye  data,  where  the  number  of  pieces 
produced of various lengths was counted (Figure 2). The same analysis performed on simulated 
data shows that the cutting decisions are similar. The high number of pieces between 400 and 410 
mm long is a result of a setting that is designed to avoid pieces less than 400 mm in length. This  
is performed by the simulation tool by using some of the neighbouring piece (if it is long enough 
to be accepted).

Figure 2. Number of pieces produced in different length classes, simulation compared with the empirical 
results. The simulation was made on the same dataset that yielded the correct lengths (WoodEye). Long pieces 

are preferable in order to reduce the amount of cuts on each board.



The  comparison  between  the  simulated  data  and  the  results  of  the  case  study  shows  some 
differences between the two. In some cases, these differences can be explained by the different 
strategies employed when cutting up a long, accepted piece into small enough pieces. WoodEye 
uses a value optimisation procedure, while the strategy employed in the developed simulation 
tool  is  more  oriented  towards  minimising  the amount  of  cuts  (i.e.  making pieces  as  long as 
possible). Other minor discrepancies are more difficult to explain. In some cases, the WoodEye 
system rejected a piece even though there is no apparent reason for this label. No ‘non-accepted’ 
defects can be found on the piece, and if it was to be joined with the neighbouring accepted piece, 
then it would still be shorter than the maximum acceptable length for the piece. These cases make 
up the majority of the 1% difference between the simulation and the WoodEye data. However, 
the total recovery and the vast majority of the cutting positions are very similar, or in most cases 
identical, to the WoodEye system. This is a good indication that the simulation is representative 
of reality.

Applying the simulation program on the Stem Bank

When the SPSB was used as data for the simulation, it was compared with a simulation on the 
WoodEye data. The whole stem bank was used, as well as two subsets, one containing high SI 
trees  and  one  containing  low SI  trees.  The  WoodEye  material  originates  from the  north  of 
Sweden,  so  it  is  probable  that  it  originates  from a  low SI  location.  Differences  were  found 
between the two main datasets, and between the SPSB data and the two subsets (Figure 3). The 
WoodEye data show a pattern similar to the low SI subset, but with a higher recovery in the 
whole interval. The low SI subset results in relatively high recovery when the acceptable knot 
size is high, with a dramatic decrease in recovery when the requirements are stricter. The high SI  
subset, on the other hand, has a relatively low recovery when only large knots are cut away, but 
the recovery decrease is much less substantial than for the low SI subset when the maximum 
acceptable knot size is lowered.

Figure 3.  Recovery comparison between the case study and the SPSB. Both the results for the Stem Bank as a 
whole and for the two high and low SI sets are plotted. These are compared with the empirical reference data, 

from WoodEye. The quality rules of the case study are indicated in the chart, 45 mm maximum acceptable 
diameter for sound knots and 35 mm for dead knots.



The difference in results between the two datasets in terms of length recovery can perhaps be 
explained by three factors: the raw material is different,  and the scanning and image analysis  
techniques are different. These factors are discussed below.

Raw material
The  SPSB contains information about trees from very different sites all over Sweden. That is 
probably why the  full  SPSB recovery curve  is  in  between the low and high SI  curves.  The 
WoodEye data, however, came from trees in the north of Sweden, which explains why the plot 
looks similar to the low SI one, albeit at a constantly higher recovery level. Unfortunately, all we 
know about the site from which the trees were harvested is that it is located somewhere in the 
northern part of Sweden. For instance, no information regarding SI or silviculture was available.

Scanning technique
Grönlund  [18]  compared  the  results  of  CT scanning  and  image  analysis  with  manual 
measurements of knots. The comparison showed that CT scanning overestimates the knot size by 
an average of 5 mm. Grundberg’s [19] validation of a sawmill  simulation program using the 
SPSB showed that the simulated knot diameter on the boards was an average of 2.3 mm larger 
than a manual measurement.

In order to investigate this further, a new simulation decreasing the knot sizes in the SPSB data 
by 3 mm was carried out. Similar to Figure 3, Figure 4 shows the recovery with the changes 
mentioned above. From these changes, we can see that the WoodEye data and the SPSB data 
align to a much higher degree.

Figure 4. Recovery plot with the knot size of the SPSB data, both as a whole and the two subsets, decreased by 
3 mm. The reference data remain unchanged. The quality rules of the case study are indicated in the chart, 45 

mm maximum acceptable diameter for sound knots and 35 mm for dead knots.

The fact  that  the  recovery  for  the  low fertility  site  is  high with  large  acceptable  knots,  and 
decreases dramatically when the requirements are hardened, is not surprising considering that low 
fertility  sites  usually  result  in  trees  with  smaller  knots  than  do high  fertility  sites  [20].  The 
opposite is true for the high fertility site. Another factor that influences the recovery is the shorter 
distance between whorls  for low fertility sites.  This  means that  if  one considers all  knots as 
unwanted defects, it is usually impossible to fit even a minimum length piece between whorls,  
thus, the recovery decreases dramatically.



Finger jointing and cutting of solid products

The aim of this investigation was to compare the recovery between finger jointing and cutting of 
solid products for three different product lengths. The dataset used is from the SPSB.

As can be seen in Figure 5, the length recovery for the 2,018 mm product is significantly higher 
for finger jointing compared with cutting of a solid product. This is especially true when the knot 
size limits  are more restricted than in the case study.  For the other  two products,  which are 
shorter, the difference is less significant. In addition, the finger-jointing curve is almost the same 
regardless  of  product  length.  It  is  important  to  bear  in  mind  that  these  results  are  based on 
simulation on the whole SPSB, and only knots are considered as defects.

Figure 5. Length recovery for the six scenarios based on different products and production strategies. Note 
that the scale on the x-axis is different from that in earlier plots, and that the three finger-jointing scenario 

curves are almost identical, at least in this scale. The quality rules of the case study are indicated in the chart, 
45 mm maximum acceptable diameter for sound knots and 35 mm for dead knots.

The results suggest that solid board cutting may yield a recovery of almost the same magnitude as 
finger jointing, provided that the product is short enough. Thus, if one considers the production 
cost of finger jointing together with the difference in recovery,  it  may be feasible to produce 
shorter  products  with  traditional  cross  cutting,  as  opposed to  finger  jointing.  This  may  also 
increase the visual quality of the final product given that the finger joints are absent. However, if 
the product length is large enough, then the difference in recovery makes finger jointing the most 
profitable choice. The finger-jointing recovery is not as affected by product length as it is by the 
minimum and maximum length of the cut pieces. In a real-world application, a mixture of the 
different products would probably be employed, resulting in better optimisation possibilities and 
thus better production economy.

The impact of manufacturing defects

The present investigation was an attempt to estimate the effect of process-induced defects on the 
recovery  in  the  finger-joint  process.  This  was  conducted  using  simulation  on  the  WoodEye 
dataset.



Figure  6  shows  that  the  difference  in  recovery  in  the  finger-jointing  process  is  around  5% 
between data with only biological defects and data with all defects included, in the category of 
quality rules used at the present day (45/35 mm).

Figure 6. Length recovery using the WoodEye data, considering only biological defects and considering all 
defects, respectively. The quality rules of the case study are indicated in the chart, 45 mm maximum 

acceptable diameter for sound knots and 35 mm for dead knots. The potential recovery gain in the process 
studied, if all process-related defects could be eliminated, is around 5% units.

As Figure 6 indicates, there is room for improvement in terms of damage to the wood induced by 
the manufacturing process. If spike and conveyor marks were reduced, measurement and control 
in the sawmill  was improved, along with improved planing operations resulting in less wane, 
bark, dimension errors, and so forth, then this could result in a potential recovery increase of up 
to 5% in the finger-jointing process studied alone. This is in 5% less potential improvement than 
the results obtained by Clément et al [15]. An improved process would also obviously result in an 
improved visual quality of the final product, resulting from a reduction of the defects that are 
accepted or perhaps even missed by the WoodEye, but still visible to the final customer.

CONCLUSIONS

The developed cross-cutting and finger-jointing simulation program produces results that closely 
represents the real-world system.

The  differences  between  the  results  obtained  when  using  the  SPSB as  data  source  and  the 
empirical data can be explained and largely accounted for using reasonable assumptions. The 
simulation results seem to behave in a manner that is expected for different raw material.

This study also shows that cutting of solid boards is a viable option for producing relatively short 
wood-furniture components when the correct strategies are utilised. If the product length is too 
high, then finger jointing is a better choice.



The simulation also shows that there is potential for an improved recovery of up to 5% units in 
the  finger-jointing  process  studied,  if  defects  resulting  from  manufacturing  errors  could  be 
completely eliminated.

The simulation tool provides ample scope for future research. For instance, sawmill breakdown 
simulation using the SPSB together with this simulation program would allow investigation of 
the impact  of different  sawing patterns,  other  breakdown strategies,  and raw material  on the 
whole  forestry production  chain,  including the further  processing.  Future research using data 
from X-ray log scanners installed at  sawmills  to increase the size of the SPSB would vastly 
increase the amount of available data, thus improving simulation results.

REFERENCES

1. Bengtsson,  K.,  Björklund,  L.,  Wennerholm,  H.  (1998)  Value  optimised  wood  
utilisation. Department of Forest-Industry-Market Studies, The Swedish University of  
Agricultural Sciences, Uppsala, Report No 50. 86 p.  (In Swedish, English summary.)  
ISSN 0284-379X.

2. Broman,  O.,  Nyström,  J.,  Oja,  J.  (2007)  Effektiv  produktion  av  golvprodukter  
med krav på estetiska egenskaper. Division of Wood Technology, Luleå University of 
Technology, Skellefteå, Teknisk rapport 2007:09. 65p. 1-17.  (In Swedish) ISSN 1402-
1536.

3. Houllier, F., Leban, J-M., Colin, F. (1995) Linking growth modelling to timber quality 
assessment for Norway spruce. Forest Ecology and Management, 74: 91-102.

4. Ikonen, V-P. (2008) Modelling the growth and properties of stem and wood of Scots  
pine (Pinus sylvestris  L.) as related to silvicultural management with implications for  
sawing yield and properties of sawn pieces. Faculty of Forest Sciences, University of  
Joensuu. Dissertationes Forestales 65. 41 p.

5. Law, A.M. (2007) Simulation Modeling and Analysis,  fourth edition, McGraw-Hill,  
New York.

6. Nordmark, U. (2005) Value Recovery and Production Control in the Forestry-Wood  
Chain using Simulation Technique. Division of Wood Technology, Luleå University of 
Technology, Skellefteå, Doctoral Thesis 2005:21. ISSN 1402-1544.

7. Usenius, A. (2007) Flexible and Adaptive Production Systems for Manufacturing of  
Wooden Components. Proceedings of the 18th International Wood Machining Seminar, 
Vancouver, Canada, 187-196.

8. Adams,  E.L.  (1984)  DESIM:  A  System  for  Designing  and  Simulating  Hardwood  
Sawmill  Systems.  United States Department  of Agriculture,  Forest  Service,  General  
Technical Report NE-89.

9. Kline, D.E., Wiedenbeck, J.K., Araman, P.A. (1992) Management of wood products  
manufacturing using simulation/animation. Forest Products Journal, 42: 45-52.



10. Reeb, J.E. (2003) Simulating an extra grader in a sawmill. Forest Products Journal, 53: 
81-84.

11. Giese, P.J., Danielson, J.D. (1983) CROMAX A Crosscut-First Computer Simulation  
Program to Determine Cutting Yield. United States Department of Agriculture, Forest  
Products Laboratory General Technical Report FPL-38.

12. Thomas,  R.E.  (1998)  ROMI-CROSS:  An  analysis  tool  for  crosscut-first  roughmill  
operations. Forest Products Journal, 48: 68-72.

13. Åstrand,  E.  (1996)  Automatic  Inspection  of  Sawn Wood.  Department  of  Electrical  
Engineering, Linköping University, Linköping, Doctoral Thesis. ISSN 0345-7524

14. Eliasson, L., Kifetew, G. (2010) Volume yield and profit in the production of clear  
finger jointed Scots pine (Pinus sylvestris L.) boards.  European Journal of Wood and 
Wood Products, 68 (2): 189-195.

15. Clément, C., Lihra, T., Gazo, R., Beauregard, R. (2006) Maximizing lumber use: The 
effect of manufacturing defects on yield, a case study. Forest Products Journal, 56: 60-
65.

16. Grönlund,  A.,  Björklund,  L.,  Grundberg,  S.,  Berggren,  G.  (1995)  Manual  för  
furustambank.  Division  of  Wood  Technology,  Luleå  University  of  Technology,  
Skellefteå, Teknisk rapport 1995:19T. (In Swedish.) ISSN 0349-3571.

17. Innovativ vision AB. (2011) http://www.ivab.se [Accessed 4 January 2011].

18. Grönlund,  U. (1995) Quality improvements  in  forest  products  industry.  Division of  
Wood  Technology,  Luleå  University  of  Technology,  Skellefteå,  Doctoral  Thesis  
1995:172. ISSN 0348-8373.

19. Grundberg, S. (1999) An X-ray LogScanner – a tool for control of the sawmill process. 
Division of Wood Technology, Luleå University of Technology, Skellefteå, Doctoral  
Thesis 1999:37. ISSN 1402-1544.

20. Björklund, L., Moberg, L. (1999) Modelling the inter-tree variation of knot properties  
for Pinus sylvestris in Sweden. Studia Forestalia Suecica 207. ISSN 0039-3150.


	A simulation tool for the finger jointing of boards
	ABSTRACT

