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Effects of counter-knife and wood temperature were studied relative to the 
size distribution of Jack pine strands processed by a strander-canter. 
Studied factors included the counter-knife angle (60°, 75°, 90°, and 105°) 
and the distance between the edges of the counter-knife and knife (6 mm, 
11 mm, and 16 mm). The nominal cutting speed was fixed at 25 m/s. 
Rotation and feed speeds were adjusted to obtain a target strand length 
of 102 mm, while the target strand thickness was 0.9 mm. The stranding 
process was performed under two log temperatures, i.e., -13.4 °C (frozen 
condition) and 18.6 °C (unfrozen condition). Results showed that the 
proportion of strands, fines, pin chips, and strands' width were affected by 
the counter-knife angle and wood temperature. The proportion of strands 
and the mean strand width increased as the counter-knife angle 
decreased, while conversely, the proportion of fines and pin chips 
decreased. Frozen logs produced narrower strands and more fines and 
pin chips than unfrozen logs. The highest strand proportion, lowest fines 
and pin chips proportions, and wider strands were obtained with a counter-
knife angle of 60° for frozen wood and 75° for unfrozen wood. 
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INTRODUCTION 

 

The forest products sector plays an important part in the Canadian economy. In 

2019, this sector contributed up to CAN $23.7 billion to the nominal gross domestic product 

and an export product value of around CAN $33 billion (NRCAN 2020). Wood product 

manufacturing is the leading sub-sector that accounted for approximately 44% of the forest 

sector contribution, followed by the pulp and paper industry (38%). Sawmills are well 

known as the principal suppliers for most of the forest products industry since that is where 

the first transformation of wood is carried out after being harvested from the forest. In 

Canada, particularly in Eastern Canada, most of the processing of the softwood logs in 

sawmills is carried out by chipper-canters followed by circular saws. This machine is 

designed to transform logs into lumber and chips, in a single operation, with very low 

sawdust production (Hernández and Quirion 1995; Hernández and Boulanger 1997; 

Hernández and Lessard 1997). On average, the lumber recovery from Canadian sawmills 

is around 43 to 51%, while 33 to 38% of the log volume is converted into pulp chips (Liu 

et al. 2009; UNECE/FAO 2010; Ghafghazi et al. 2017). Specifically, in Eastern Canada, 

the lumber recovery may reach up to 60%, depending on the log diameter and the type of 

machinery used (Spelter and Alderman 2005). As a by-product, wood chips have an 

important economic value for sawmills, contributing to 10 to 15% of total sales (FAO 1976; 
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Nagubadi and Zhang 2006; Zhang and Nagubadi 2006). Pulp and paper mills have been 

the main consumer of the wood chips from sawmills (Gouvernement du Québec 2016). 

Several sawmills even sell 100% of their chips to the industry, while up to 60% of pulp 

mill chip supply comes from the sawmills (Gardner Pinfold Consultants 2019). This shows 

the inter-dependent economy between sawmills and pulp and paper industries.  

Nonetheless, the migration of the consumers to electronic media, the use of recycled 

paper, the increase of production costs, and the competition with pulp production from 

other countries has caused the Canadian pulp and paper industry to continue to decline. 

Since 2010, although fluctuating, productions of Canadian wood pulp and paper have 

tended to decrease (NRCAN 2019). Compared to 2010, domestic production of wood pulp, 

newsprint, and printing and writing paper in 2019 decreased 17%, 42%, and 36%, 

respectively. These conditions affect the employment field and gross domestic product and 

cause other problems, especially related to the oversupply of wood chips as raw materials. 

Sawmills might be forced to limit the production of large volumes of chips that are being 

produced. According to Salmon (2018), in 2017, there were 144.500 oven-dry metric tons 

of unsold wood chips of Spruce-Pin-Fir group in Quebec’s sawmill yards, which was 

almost four times higher than in 2014. Exports could be a short-term solution. However, a 

new production capacity (i.e., either wood pulp or bioenergy/pellets) needs to be adjusted 

to make the sawmill industry survive. If not, sawmills must inevitably reduce chip 

production in the future. 

One possible solution to solve the overproduction of pulp chips is producing raw 

materials for other uses, such as bioenergy or composite panels. Oriented strand board 

(OSB) is one of the promising composite panels made from wood strands. OSB is 

experiencing very high growth throughout the world, especially in North America. 

Oriented strand boards are widely used in residential structures and have also been 

introduced in some furniture markets (Spelter et al. 2006; Iswanto et al. 2010; Jin et al. 

2016). Thus, strands production by sawmills may provide two advantages: (1) for the 

sawmill, this can be a beneficial alternative income while solving the problem of excess 

pulp chip production; and (2) for OSB mills, this type of strands could offer a potential 

source of raw materials.  

Strand geometry is the main parameter that affect properties and the OSB 

manufacturing process (Geimer and Price 1978; Barnes 2000; Iswanto et al. 2010; Mirski 

et al. 2019). Strand geometry has a greater impact on OSB performance than the wood 

species itself (Beck et al. 2009). Strand dimensions directly affect the porosity between 

strands during mat formation (Dai et al. 2005). As length and width increase while 

thickness decreases, the porosity decreases, which leads to more complete contact around 

the strand edges. Thus, longer and thinner strands are suitable to obtain better panel 

properties. 

However, the effect of strand width on panel properties appears to be associated 

with those of length and thickness. Combined with the length, the width of the strands has 

an effect on their alignment during mat formation (Chen et al. 2008). Strands between 19 

mm and 38 mm wide had better alignment than those narrower or wider than these values. 

Panels with strand alignment between 0 and 20° in the main axis showed three times higher 

flexural properties than those aligned between 20 and 40° (Chen et al. 2008). Narrow 

strands have more tendency to rotate, which could increase the misalignment and porosity. 

Meanwhile, very wide strands tend to cross the orienter disk, and while being carried across 

the top of the orienters they tend to fall through the orienter over a wider distance.  

The dimensions of strands produced under industrial conditions usually range 

between 50 to 150 mm in length, 0.3 to 1.3 mm in thickness, and 13 to 25 mm in width 

(Geimer and Price 1978; Van et al. 2019). These dimensions may differ between OSB mills 

depending on the applied machining parameters. Several studies reported that the mean 
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dimensions of commercial strands were around 25 mm wide, 100 mm long, and 0.7 mm 

thick (Dai et al. 2007, 2008), while others have 16 mm wide, 60 mm long, and 0.6 mm 

thick strands (Kruse et al. 2000).     

Another factor that affects the quality of OSBs is the volume of fines. These 

particles are typically kept in the mixture to reduce costs in board manufacturing, but their 

presence affect the mat structure and the board properties (Barnes 2000; Han et al. 2006, 

2007). According to Barnes (2000), the proportion of fines on OSB should be less than 

10%. However, Han et al. (2006) reported that increasing fines on the core layer of panels 

to a maximum volume of 20% increased internal bond strength. The modulus of elasticity 

(MOE) and modulus of rupture (MOR) varied little in the parallel direction and slightly 

decreased in the perpendicular direction. As a result, fines could be used as filling material 

in the core layer where the panel’s density is low. However, the dimensional stability of 

panels decreased as the fines content increased. 

Given that strand dimensions and fines have a great effect on OSB properties, 

research on the performance of strander machines should be encouraged. The main 

challenge of this study was to explore the production of strands by a chipper-canter, 

henceforth called strander-canter, with acceptable geometry and minimum amount of fines 

and pin chips. Since stranding and pulp chipping processes have different cutting actions, 

a new cutterhead was designed. Several technical aspects affecting the stranding, such as 

machining parameters (knife angle, counter-knife setting, cutting speed, etc.) and log 

conditions, need to be evaluated.  

The purpose of this study was to evaluate the effects of the counter-knife angle and 

the edge distance between knife and counter-knife on the quality of strands produced by a 

strander-canter from frozen and unfrozen logs. The quality of strands was evaluated using 

the proportion of strands, fines, and pin chips and the strand length, thickness, and width.   

 

 

EXPERIMENTAL 
 

Materials 
The tests were carried out with freshly felled Jack pine (Pinus banksiana Lamb.) 

logs coming from Abitibi-Témiscamingue, Quebec Province, Canada. This tree is one of 

the most important boreal species in Canada and makes up part of the SPF (spruce-pine-

fir) wood group, which is widely used in the pulp and paper industry and construction 

applications (Zhang and Koubaa 2008). 

The logs selected for this study were relatively straight, freshly debarked, with no 

visible defects, and cut at 2.4 m long. The mean small end diameter of logs was 160 mm. 

Two opposite sides of the logs were selected. The first one was processed under frozen 

conditions, while the second was machined under unfrozen conditions (Fig. 1a). The length, 

diameter, and the number of knots with a diameter of more than 10 mm of logs were 

measured. The logs were wrapped with plastic and stored green in a freezer at -19 °C to 

reduce the loss of moisture content (MC) until testing. 

 

Methods 
Specific gravity (SG) and MC measurements 

One 25 mm thick disk was cut from each end of the log to measure physical 

properties. The limit between the sapwood and heartwood was marked on the cross-section 

of the discs. The thickness of the sapwood was then measured at three points within the 

part of the disc to be transformed into strands (Fig. 1b). 

A sample of 25 mm (axial direction) x 20 mm (tangential direction) x 20 mm (radial 

direction) were then cut from each side of cutting width. The MC was reported as the ratio 
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between the sample’s weight of water and oven-dry weight, while SG was determined as 

the oven-dry weight divided by the sample’s green volume.  

 

 

  
 
Fig. 1. (a) Cutting zones and (b) sapwood thickness, MC, and SG measurement scheme 

 

Log properties were then analyzed to separate the logs into nine equivalent groups 

of 15 logs. The properties of logs used in this study are shown in Table 1. 

 

Table 1. Characteristics of Jack Pine Logs from Abitibi-Témiscamingue 

Diameter (mm) 208.8 (11.1)a 
Length (mm) 2321 (1.2) 

Taper (mm/m) 9.9 (53) 

Sapwood Thickness (mm)  34.2 (24) 

Moisture Content (%) 113.8 (18) 

Specific Gravity  0.468 (8) 
aThe number in parentheses is the coefficient of variation (%) 
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Log transformation 

Logs were processed with a laboratory strander-canter equipped with one 

experimental cutterhead manufactured by DK-SPEC (Quebec, Canada), having the form 

of a truncated cone. The cutterhead had an inner diameter of 900 mm and was fitted with 

33 straight knives installed to cut slices across the grain. These knives were radially offset 

by 0.9 mm to obtain slices of this thickness. A counter-knife was mounted on the rake face 

of each knife with a certain distance between its edge and the cutting knife-edge (Fig. 2b). 

The counter-knife should generate the strands’ width by causing the slice to break by 

transverse bending. The knife angle was 30°, with a rake angle of 59° and a clearance angle 

of 1°. Four counter-knife angles (60°, 75°, 90°, and 105°) and three distances between the 

edges of the counter-knife and knife (6 mm, 11 mm, and 16 mm) were studied. All knives 

were freshly ground to minimize the effect of tool wear on strand size. The strander-canter 

was equipped with a hydraulic feed carriage that held the log fixed during fragmentation. 

 

 

  

 
 

Fig. 2. (a) Cutting scheme on strander-canter and (b) knife and counter-knife assembly showing 
the distance between their edges 
 

The vertical position of the cutterhead was controlled to obtain a given log infeed 

position. The vertical distance from the cutterhead axis to the bedplate, on which the log is 

supported, defines this position. The log infeed position was determined so that the cutting 

edge was parallel to the wood grain in the middle of each knife cutting path or in the center 

of the cutting height (0-90° cutting mode). This was done by simulation using software 

(Solidworks, Waltham, MA, USA) (Fig. 2a).  

The cutting width was held constant at 20 mm along the log to reduce the effects of 

the log taper and cutting height on wood fragmentation. Five clamps in the carriage held 

the log firmly in place to minimize vibration during the log fragmentation. The rotation 
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speed of the cutterhead was 427 rpm, and the feed speed was 42.6 m/min. This resulted in 

a cutting speed of 25 m/s and produced a nominal strand length of 102 mm. The cutting 

parameters for all studied conditions are shown in Table 2. 

The study was carried out in two steps to simulate seasonal temperature differences 

during log processing. The same log was machined on one side under frozen condition and 

on the opposite side in an unfrozen one. A small hole (with diameter ±2 mm) was made 

with a drill at the distance ±30 cm from each end of the logs. The depth of the hole was 20 

mm, which corresponded to the cutting width. The temperature was measured by using a 

digital thermometer to the nearest 0.1°C. The logs were always fed with the small end first, 

and they were machined flat on one side under the frozen condition. Logs were then left 

overnight indoors and processed the next day (unfrozen side). The mean temperature for 

frozen and unfrozen side were -13.4°C and 18.6°C, with a standard error of 0.1°C and 

0.2°C, respectively. Cants produced were wrapped with a plastic film and stored again in 

the freezer. As soon as each log was transformed, all particles obtained were collected in 

plastic bags and stored for subsequent analysis.  

 

Table 2. Principal Cutting Parameters of the Strander-Canter during 
Fragmentation 

Counter-knife Angle (Frozen Condition) 60° 75° 90° 

Counter-knife Angle (Unfrozen Condition) 75° 90° 105° 

Edge Distance1 6 mm 11 mm 16 mm 

Cutting Speed 2 25 m/s 

Mean Cutting Width 20 mm 

Nominal Strand Length  102 mm 

Nominal Strand Thickness 0.9 mm 

 1 distance between the knife edge and the counter-knife edge 
2calculated at the diameter of the cutterhead (900 mm) 

 
High-speed photography 

A MotionPro Y4-S3 (IDT, Tallahassee, FL, USA) equipped with a 35-mm/f 1.4 

lens (Kowa, Nagoya, Japan) evaluated the mechanism of strand formation. The stranding 

was observed from different angles with a field of view of about 35 x 35 cm and focusing 

on the knives’ rake face. Videos were taken at 3000 frames per second and an exposure of 

80 to 90 μs. The images were acquired at maximum resolution (1024 x 1024 pixels) with a 

pixel depth of 24 bit. The cutting action of knives was recorded during strander-canting of 

one log per treatment under frozen and unfrozen conditions. 

 

Measurement of strand dimensions 

All particles were air-dried for 21 days up to about 9.5% MC to facilitate their 

separation. They were first screened for 15 min with a LabTech (Tampa, FL, USA) 

classifier (similar to the Williams classifier), which sorts particles by width and length and 

is more efficient in separating the smallest chip classes. The LabTech classifier retained the 

following chip classes: fines (material that passed a 4.8-mm-diameter screen hole), pin 

chips (material that passed a 9.5-mm-diameter screen hole and retained in a 4.8-mm-

diameter screen hole), and strands (chips retained in screens of 9.5, 15.9, 22.2, 28.6, 45 

mm, and 70 mm hole diameter). All chip classes were expressed as the percent weight of 

the total chips. 
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Since the Williams classifier is not well adapted for long particles, the dimensions 

of the strands were measured semi-manually. A total of 100 strands, taken proportionally 

from each LabTech screen classifier, were chosen randomly for each condition studied. 

The strands were scanned using an Epson Expression 1640XL scanner (Epson, Los 

Alamitos, CA, USA). The images were then changed into 8-bit color, thresholded, and 

analyzed with Image-J 1.53a software. The following parameters defined strand 

dimensions: length (longest axis of the strand parallel to the grain), width (mean of five 

measurements perpendicular to the grain), and thickness (measured with a micrometer to 

the nearest 0.01 mm). 

 

Statistical analyses   

Data were analyzed using Rstudio desktop software version 1.3.1093 (Boston, MA, 

USA). A multivariate analysis of variance (MANOVA) tested if the physical properties of 

nine groups of logs used in this study were similar. The SG, MC, sapwood thickness, 

number of knots, diameter and length of logs were the variables tested.  

Raw data for strand length, thickness, and width analyses were evaluated with the 

BoxCox method to show the fitted transformation if required. A factorial design with a 

mixed model analysis of covariance (ANCOVA) was then applied to the experiment. 

Counter-knife angle, counter-knife distance, and temperature were the main sources of 

variation. The counter-knife angle was nested within temperature since values of this angle 

differed between the two log conditions. The effect size of each parameter studied was 

estimated by the eta squared value. The effect size reflects the proportion of variance in the 

dependent variables that is associated with each of the main effects and the interaction 

(Tabachnick and Fidel 2001). This proportion allow to interpret descriptively how each 

variable behave in the model. The eta squared value was calculated by the ratio between 

the sum of squares of each effect and the sum of squares total. 

A MANCOVA was performed using the Aitchison approach for the fines and pin 

chips proportions (Aitchison 1982). A center log-ratio transformation (CLR) was applied 

to the raw data. For both analyses, the number of knots, SG, MC, the cutting volume, and 

the strand width were used as covariates. Only significant covariates were kept in the 

model. An ANCOVA was then done individually for each proportion. The Shapiro-Wilk 

and the kurtosis tests verified the normality of data, and the graphical analysis of residuals 

verified the homogeneity of variance. 

 

 

RESULTS AND DISCUSSION 
 

The MANOVA (not shown) revealed that the mean values of SG, MC, and 

thickness of sapwood and the number of knots and diameter of logs were similar for the 

nine groups of logs. The mean sapwood thickness was 34.2 mm with a coefficient of 

variation (CoV) of 24%, which indicates that the cutting width used (20 mm) involved 

mainly this type of wood. Means of SG and MC for sapwood were 0.468 (CoV = 8%) and 

113% (CoV = 18%), respectively.  The mean of SG was within the range of SG (0.406 to 

0.443) and was reported in previous studies conducted in Quebec province (Jessome 2000; 

Zhang and Koubaa 2008). 

According to Spelter et al. (1996), the pressure required during processing to 

achieve good board properties is related to the ratio of board SG to wood SG. A ratio of 

1.3:1.0 provides a rough guide to determine if a species is suitable. Commodity-grade OSB 

panels are made in an SG range of 0.61 to 0.64, thus requiring a wood SG not much greater 

than 0.480. The Jack pine logs studied, therefore, fall within the desired SG range.  
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Strand Formation on the Strander-Canter 
The cutting action for making strands in this experiment was similar to a disk flaker 

or a peeling machine. Knives tended to work in a 0 to 90° cutting mode, although the angle 

of orientation between the cutting edge and the wood grain varied slightly along the cutting 

path of the knife. According to Leney (1960), a continuous veneer on a 0 to 90° peeling 

mode is produced, involving mainly two strains: compression strain on the veneer face and 

a tension one on the knife rake face side or back of the veneer. These two strains should 

also be involved during the stranding process.  

The formation of strands by a strander-canter is shown in Fig. 3 by a sequence of 

high-speed photographs. At the beginning of the cutting process, the knife penetrated log 

nearly parallel to the grain with a positive oblique angle (Fig. 3a). As the wood cells in the 

cutting path were severed and separated by the cutting edge, the formed strand-sheet moved 

upward along the rake face of the knife.  

  

    
   

      
 

Fig. 3. The sequence of formation of strands of unfrozen wood by a strander-canter. Side view: (a) 
knife penetration, (b) strand-sheet bending process, (c) exit point of cutting; Bottom view: (d) strand-
sheet bending process, (e) strand width formation at the exit point of cutting; Front view: (f) strand 
length formation 

 

The strand-sheet began to bend as a cantilever beam. This bending deformation of 

wood tissue created a zone of tensile stress at the rake face of the knife (loose side) and 

another of compression stress on the side away from the knife (tight side, Fig. 4). 

Preliminary tests, performed on unfrozen logs and knives without counter-knife, mainly 
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produced continuous strand-sheets, whose width corresponded to the entire cutting height 

(similar to the peeling action). It is known that the internal cutting stresses occurring in the 

sheet are dependent on the knife angle. The stresses produced by a knife angle of 30° were 

not great enough to generate strand width formation by transverse tension fractures. Cutting 

under frozen conditions increased the frequency of strand-sheet tension fractures, although 

most of the resulting strands were still too wide. 

 

 

Fig. 4. Illustration of the stranding process at the middle of the logs (0 to 90° cutting) 

 

When a counter-knife was added, the compression and tensile stresses increased 

significantly as the strand-sheet bent further when passing through this piece (Fig. 3b, d). 

At this point, the bending stress depends on the angle and the distance of the counter-knife. 

As the counter-knife angle increased, the bending stress should increase. This stress 

increases the frequency of checking in the loose side of the strand sheet, leading to its 

complete fracture with the production of strands with a given width. Moreover, the scoring 

tip inserted into the knife assembly cut the strands into the desired length by shearing across 

the grain (Fig. 3f). 

On the other hand, the angle between the knife cutting edge and the grain direction 

(AC) can play a role in the strand production. The AC varies through the cutting path of 

the knife and depends on the cutterhead diameter and log infeed position (Fig. 2a). This 

position was chosen to have an AC of 0° at the middle of the knife path (0 to 90° cutting 

mode). The bending of the strand-sheet at this position occurred exactly perpendicular to 

the grain, which facilitated splitting and strand width generation. Given the cutterhead 

diameter used, AC varied between ± 10° within the cutting path at the maximum cutting 

height (for the mean diameter of logs of 208 mm). The strand-sheet was not bent across the 

grain at these positions, as seen on the upper knife in Fig. 3c. As a result, the frequency of 

wood splitting may be higher in the middle of the strand sheet. 

The chipping-canting process in sawmills only cut some part of logs to make the 

wood square. In the experiment, the cutting width used was 20 mm. Thus, the stranding 

process mainly involved tangential or flat cutting. Failures in the strand sheets due to the 

bending stress occurred mainly by ray tissues, in the longitudinal-radial plane. The radial 

tissues are the weakest parts in the wood structure, which makes strand-sheet splitting 

easier.  

 

Proportion of Strands, Fines, and Pin Chips  
The strands proportions ranged from 40% to 71% and 68% to 90% for frozen and 

unfrozen wood, respectively, depending on the stranding conditions. Compared to 

performances of some industrial disk flakers (Malanit et al. 2005; Stiglbauer et al. 2006; 

Stranding 

knife 
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Wan-Mohd-Nazri et al. 2011; Xing et al. 2017), the proportion of strands obtained from 

the strander-canter were relatively lower for frozen logs. However, for unfrozen logs, the 

better conditions produced generally higher volumes of strands than disk flakers. The same 

tendency was observed when the present results were compared to drum flaking 

productions (Price and Lehmann 1979; Feng and Knudson 2007). However, aside from the 

type of machine, comparisons among studies are difficult because different cutting 

parameters, wood species, log pre-treatments, and wood moisture contents are involved.  

The ANCOVA showed that the wood temperature (WT), counter-knife angle 

(CKA), and counter-knife distance (CKD), as well as their interactions affected the 

proportion of strands produced by the strander-canter (Table 3). The covariates moisture 

content (MC) and cutting volume (CV) also significantly affected the proportion of strands. 

According to the Eta squared values, the wood temperature had the highest effect on the 

strand proportion, which accounted for around 54.6% of the strand yield variation, followed 

by the impact of the counter-knife angle (19.8%). The influences of WT, CKA, and CKD 

on strand proportion are shown in Fig. 5. The proportion of strands increased as CKA 

decreased. A decrease of CKA reduced the frequency of wood fractures during the 

stranding process, thus producing wider strands and lower proportions of small particles. 

At the same CKA, stranding at the unfrozen wood condition (18.6 °C) produced 1.5 to 2 

times more strands than at the frozen condition (-13.4 °C). According to Table 4, the higher 

proportions of strands were obtained using a CKA of 60° for frozen wood and 75° for 

unfrozen wood. At these values of CKA, the influence of CKD was not statistically 

significant. Therefore, the proportions of the three distances for these CKAs were pooled. 

Thus, the highest proportions of strands obtained were 68% for frozen wood and 88% for 

unfrozen wood.  

The bending stress on the strand-sheet increases as CKA increases, which will 

increase the frequency of wood fractures, generating narrow strands. The formation of 

narrow strands led to fines and pin chips, which were the small elements produced during 

stranding. Pin chips are slightly larger than fines and have few contaminants, while fines 

may contain particles of bark and other contaminants (Fakhri 2005). Fines are not favorable 

for OSB mills because they are prone to overdrying, consume a large amount of resin, and 

reduce the strength of panels (Stiglbauer et al. 2006; Banerjee et al. 2007). Therefore, the 

production of these particles need to be reduced at the source. 

The ANCOVA showed that the wood temperature, counter-knife angle, and 

counter-knife distance, as well as their interactions, affected the proportion of fines and pin 

chips (Table 3).  According to the Eta squared values, the wood temperature had the highest 

effect on these particles, followed by the counter-knife angle effect.  

 

Table 3. F-values and Eta Squared Obtained from the ANCOVAs for Proportion 
of Fines, Pin Chips, Strands, and Strand Width 

Source of 
Variation 

F Value Eta Squared 

Fines Pin 
Chips 

Strands Fines Pin 
Chips 

Strands 

Knots 7.4** 5.1* ni 0.011 0.003 ni 

MC 5.3* 6.2* 11.2*** 0.008 0.004 0.007 

SG ni 18.7*** ni ni 0.012 ni 
CV 31.8*** 71.9*** 91.4*** 0.047 0.045 0.057 

CKA 22.0*** 121.4*** 79.1*** 0.129 0.307  0.198 

CKD 8.6*** 9.2*** 17.9*** 0.025 0.011 0.022 

WT 282.7*** 721.4*** 877.1*** 0.414 0.453 0.546 

CKD x CKA 2.9** 3.5*** 4.2*** 0.034 0.018 0.021 

CKD x WT 3.1* 4.5* 7.5*** 0.009 0.006 0.009 
*** statistically significant at 0.001 probability level; **statistically significant at 0.01 
probability level; *statistically significant at 0.05 probability level; ni: not included 
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Table 4. Means of Fines, Pin Chips, and Strand Proportions, and Width Strand 
by Wood Condition, CKA, and CKD 

Wood 
Condition 

CKA CKD Fines (%) Pin Chips (%) Strand (%) Strand Width (mm) 

Frozen 60 6 11.9(1.2)
A 17.4(1.1)

AB 70.7(2.1)
 A 12.8(0.7)

A 

60 11 14.3(1.4)
AB 18.7 (1.3)

A 67.0(2.5)
A 12.8(1.0)

AB 

60 16 13.0(1.1)
A 21.0 (1.8)

AB 66.0(2.3)
A 12.4(0.8)

AB 
75 6 18.4(1.0)

AB 39.2(2.0)
E 42.4(2.5)

BC 7.2(0.3)
CD 

75 11 15.9(1.5)
A 34.1(1.7)

DE 50.0 (3.0)
B 8.2(0.6)

CD 

75 16 16.7(1.7)
AB 34.5(1.5)

DE 48.8(2.2)
BC 9.9(0.3)

B 

90 6 27.8(2.4)
C 32.1(1.0)

CD 40.1(2.4)
C 6.4(0.3)

D 

90 11 19.1(1.7)
AB 28.3(1.0)

C 52.6(2.4)
B 7.2 (0.3)

CD 
90 16 21.8(1.7)

BC 26.0 (0.8)
BC 52.2(2.3)

B 8.1(0.3)
C 

Unfrozen 75 6 5.7(0.5)
AB 7.1 (0.5)

A 87.2(1.0)
AB 19.9(1.0)

A 

75 11 5.2(0.4)
AB 7.1(0.5)

A 87.7(0.9)
A 18.0(0.8)

ABC 

75 16 4.3(0.5)
A 5.9(0.5)

A 89.8(0.8)
A 18.2(0.5)

AB 

90 6 9.7(0.6)
BC 16.1(0.7)

CD 74.2(1.2)
CD 13.6(0.5)

DEF 

90 11 7.3(0.6)
ABC 11.9(1.2)

BC 80.8(1.8)
BC 14.9(0.9)

DEF 
90 16 5.2(0.5)

A 9.4 (0.8)
B 85.4(1.2)

AB 15.9(0.51)
BCD 

105 6 12.1(0.5)
C 20.2(1.0)

D 67.7(1.4)
D 12.4(0.6)

F 

105 11 8.1(0.6)
ABC 14.3(1.1)

BCD 77.6(1.6)
C 12.9(0.6)

EF 

105 16 7.2(0.6)
ABC 11.1(0.5)

BC 81.7(0.9)
BC 15.4(0.4)

CDE 

Means within a column followed by the same letter are not significantly different at the 5% 
probability level for frozen and unfrozen logs separately. Standard errors of means in 
parentheses 

 

Contrary to the strand behavior, fines and pin chips increased as the angle of the 

counter-knife increased (Fig. 5). Processing logs in the frozen state (-13.4 °C) generated up 

to 4 and 5 times more fines and pin chips, respectively than when processing them in the 

unfrozen state (18.6 °C). It is known that the presence of ice inside the wood increases its 

brittleness, which makes wood tend to break rather than bend when it passes by the counter-

knife (Spelter et al. 1996; Stiglbauer et al. 2006; Gaete-Martinez et al. 2008). According 

to Table 4, the lowest proportions of fines and pin chips were obtained using a CKA of 60° 

for frozen wood and 75° for unfrozen wood, regardless of the CKD. The effect of CKD on 

fines and pin chips was only significant at a CKA of 90° or higher. Thus, the edge of the 

counter-knives can be placed between 6 and 16 mm from the knife-edge without affecting 

fines and pin chips production. The best angles of the counter-knives obtained for reducing 

the fines and pin chips were the same that came out to maximize the production of strands. 

At these values of CKA, the proportions of the three distances for these CKAs were pooled. 

Thus, the lowest proportions of fines and pin chips were 13% and 19% for frozen wood, 

and 5% and 7% for unfrozen wood, respectively (Table 4). In general, the amount of fines 

produced from stranding process ranges between 20% and 40% (Cafferata 2003; Fakhri et 

al. 2006; Lau et al. 2007). Some studies report proportions lower than 10% (Stiglbauer et 

al. 2006; Xing et al. 2017). This variation can be attributed to the use of different types of 

machines, machining parameters, wood species, wood temperatures, and the variable hole 

size of screens used to separate the fines. In any case, the best conditions obtained here 

gave volumes of fines smaller or similar to those reported in previous studies.   

On the other hand, the amount of fines and pin chips obtained from the strander-

canter were relatively higher than those normally produced by a chipper-canter (Cáceres et 

al. 2015, 2016). This is due to the different cutting modes used by the two processes. As 

mentioned before, chipper-canter pulp chips are principally produced by parallel splitting 

once knives cut the wood obliquely to the grain. In contrast, the strands in this study were 

mainly obtained by a 0 to 90° cutting action, where the edge knife is oriented along the 

grain and the cutting direction is perpendicular to the grain. Moreover, because knives are 
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arranged to obtain relatively thin strands (0.9 mm), this thickness also favored the 

production of more fines and pin chips. 

 
Fig. 5. Effects of counter-knife angle and counter-knife distance on fines, pin chips, and strand 
proportions for (a) frozen wood (-13.4 °C) and (b) unfrozen wood (18.6 °C) 
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The formation of fines and pin chips was studied by high-speed video images (Fig. 

6). The analysis showed that the fines and pin chips were mainly produced under three 

situations: (1) with the knives cutting the external parts of the log (Fig. 6a), (2) during the 

strand width formation (Fig. 6b), and (3) by the scoring tip of the knife (Fig. 6c). Thus, 

knives cutting at the log surfaces only cut small portions of wood due to the natural shape 

and irregularities of logs (Fig. 6a). This barely generated fines and pin chips. The number 

of fines and pin chips produced at this stage may depend on the quality of logs after 

debarking, surface MC, and the log diameter and taper. As the cutting width increased, the 

number of strands produced increased. At this stage, fines and pin chips were produced 

when the thin slice broke along the grain to be separated into strands (Fig. 6b). 

Simultaneously, the scoring edge of the knife cut the wood by shearing across the grain at 

the end of the cutting path, also generating fines and pin chips (Fig. 6c). As discussed later, 

these three cutting situations could also reduce the length of strands. 

 

 
(a) 

 
(b) 

 
(c) 

 

Fig. 6. Fines production: (a) cuts corresponding to the external parts of the log, (b) at strand width 
formation, and (c) at the scoring edge of the knife 

   

The covariates knots, MC, and cutting volume also had significant effects on the 

production of fines and pin chips, while SG only significantly affected the amount of pin 

chips (Table 3). Wood zones with grain deviations around the knots were prone to produce 

higher fines and pin chip volumes. The effect of moisture content on fines and pin chip 

proportions depended on wood condition. Higher MCs will increase the ice volume inside 

the wood under frozen conditions, making it more brittle, producing more small particles. 

Wood with higher SG represents more material. Therefore it was more resistant to failure 

and resulted in fewer small particles. The experiment’s cutting volume was associated with 

the variation in log diameter within and among logs as the cutting width was kept constant 

at 20 mm. Higher cutting volumes corresponded thus to higher cutting heights. As a result, 

larger strand sheets had more possibilities to make strands instead of small particles. 

 

Strand Width 
Means of the strand width were below 20 mm for all stranding conditions. The 

ANCOVA showed that the strand width was significantly affected by WT, CKA, CKD, 

and the interaction between CKD and CKA (Table 5). The wood temperature on strand 

width was the most important factor observed from the F and eta squared values. The eta 

squared indicated that 55% of the variation in strand width was accounted for by wood 

temperature, followed by the counter-knife angle, which contributed to about 25% of the 

variation in strand width. The interaction between CKD and CKA on strand width was 

relatively small, contributing to only 3.3%. 
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Table 5. F-values and Eta Squared Obtained from the ANOVAs for Strand Width 

Source of Variation F Values Eta Squared 

MC 5.2* 0.003 

SG 11.2*** 0.006 

CV 78.3*** 0.043 

CKA 116.2*** 0.254 

CKD 7.3*** 0.008 
WT 1014.5*** 0.551 

CKD x CKA 7.7*** 0.033 

CKD x WT 1.4ns 0.001 

***statistically significant at 0.001 probability level; **statistically significant at 0.01 
probability level; *statistically significant at 0.05 probability level; ns not statistically 
significant 

 

As indicated before, the effect of temperature can be explained by the nature of 

wood when exposed to freezing conditions. The strand width was 9.4 mm for frozen wood 

and 15.7 mm for unfrozen wood (nine stranding conditions pooled). Frozen wood becomes 

more brittle and stiffer and, as a consequence, prone to fracture when being cut, which 

generates narrower strands (Gaete-Martinez et al. 2008). The increase in brittleness is 

predominantly due to the reinforcing effect of the ice formation in the wood cell, the 

stiffening of the wood cell itself, and the increase of cohesive force caused by thermal 

contraction (Koran 1979; Green et al. 1999; Jiang et al. 2014). The covariable moisture 

content, especially above the fiber saturation point (FSP), also played an important role in 

strand formation under frozen conditions (Table 5). Higher MC generates greater 

reinforcement of frozen wood (Hernández et al. 2014), producing narrower strands. 

Conversely, unfrozen green wood becomes softer and more pliable as temperature 

increases (Xing et al. 2017). This means that when the strand-sheet is passing through the 

counter-knife, it tends to support more bending stresses before fracturing, which results in 

wider strands. 

 

  
Fig. 7. Strand width (mm) as a function of counter-knife angle and counter knife distance for (a) 
frozen wood and (b) unfrozen wood. Each point represents a mean of 15 replicates of logs (a total 
of 1500 strands) 

 

The main role of counter-knife is to further bend the strand-sheet, which will cause 

new fractures and complete those already initiated by the knife edge. As the counter-knife 

angle increased, transverse bending of the strand-sheet increased, and the frequency of 

fractures increased, which reduced the mean strand width (Fig. 7). The multiple 
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comparisons tests showed that CKAs of 60° and 75° led to the largest strands for the frozen 

and unfrozen wood, respectively. At these values of CKA, the effect of distance between 

the knife edge and the counter-knife edge was not statistically significant (Table 4). 

Therefore, the mean values of the three distances studied for each CKA were pooled. The 

resulting average widths of strands were 12.7 mm for frozen wood (60° CKA) and 18.7 

mm for unfrozen wood (75° CKA). As mentioned before, the practical width strand 

requirements of the OSB mills ranges between 13 and 25 mm (Geimer and Price 1978; Van 

et al. 2019). Therefore, mean values of width obtained were virtually within the practical 

range required by the OSB mills. However, the dimensions of strands in the present work 

were obtained directly after stranding. Strands width at the source can be further reduced 

during the subsequent steps of OSB manufacturing (kiln drying, transport, gluing, pressing, 

etc.). For this, wider strands should be aimed for as a means to compensate for 

refragmentation due to handling during subsequent panel fabrication steps. Results from 

Fig. 7 suggest that lower CKAs than those studied should lead to wider strands. Further 

experiments considering these parameters should be conducted to better optimize the CKA 

with respect to the strand width.   

The ANCOVA also showed that the specific gravity and cutting volume had an 

effect on the strand width. Denser logs have more material, which makes the wood more 

resistant to fracture by transverse bending. Higher cutting volumes were due to higher 

cutting heights. This resulted in larger strand sheets with more possibilities to make strands 

instead of small particles. 

 

Strand Length and Thickness   
The nominal length of strands, given by the feed per knife of the strander-canter, 

was 102 mm. The mean lengths obtained ranged between 88 and 101 mm, depending on 

the stranding conditions. Strands produced from frozen wood were shorter (overall mean 

of 94 mm) than unfrozen wood (overall mean of 99 mm). This decrease in length resulted 

from the production of fines and pin chips during fragmentation of the strand sheet. 

Therefore, as fines and pin chips increased, the strand length was negatively affected by 

the increase of fractures, particularly those produced by the scoring tip of the knives (Fig. 

6c). As a result, length was better maintained for the selected CKAs, with 97 mm for frozen 

wood (means of three conditions at 60° CKA pooled) and 100 mm for unfrozen wood 

(means of three conditions at 75° CKA pooled). 

On the other hand, the nominal thickness of strands was set using the radial offset 

between two consecutive knife edges, which corresponded to 0.9 mm. Thus, the counter-

knife did not directly affect strand thickness. Strands produced from frozen wood were 

slightly thinner (overall mean of 0.96 mm) than unfrozen wood (overall mean of 0.99 mm). 

Differences between the nominal and the actual strand thicknesses can be explained by the 

stress relaxing during cutting, in which both the workpiece and chip experience spring-

back to some extent (Hoadley 2000; Thibaut et al. 2016). It is known that frozen wood has 

less elastic recovery or spring-back, as it is more rigid and brittle (Meulenberg et al. 2021). 

Because of these different behaviors, lower side clearances on circular saws are suggested 

during winter periods (Lunstrum 1985; Meulenberg et al. 2021). The less elastic recovery 

or spring-back for frozen wood could explain their thinner strands than those produced 

from unfrozen wood.  

Vibrations during cutting could also play a role in length and thickness variations. 

The higher cutting energy required for frozen wood should provoke more vibration during 

stranding. Length and thickness were measured in 100 strands per replicate (15 replicates 

per stranding condition). Thus, the coefficients of variation (CoV) of these replicates for 

strand length and thickness were greater for frozen wood (average CoV = 15% and 28%, 

respectively) than for unfrozen wood (average CoV=9% and 13%, respectively). The 
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stranding was, therefore, more homogeneous with unfrozen logs. Nevertheless, this 

variation in thickness and length between strands in each cut, particularly for unfrozen 

wood, was under the same range as reported by other studies (Nishimura et al. 2004; Han 

et al. 2006; Beck et al. 2009; Xing et al. 2017). This also indicates that the cutterhead of 

the strander-canter had a good performance in controlling strand length and thickness. 

Finally, the prototype of cutterhead tested for primary log breakdown showed good 

behavior for strand production. Thus, its utilization can be a solution for the problem of 

pulp chips’ overproduction in the Canadian sawmills. In line with that, strands produced 

can be used as an alternative by-product that will contribute to the sawmill’s revenue. 

 

 

CONCLUSIONS 
 

1. A prototype of cutterhead used for primary log breakdown showed good feasibility for 

strand production. The design of the counter-knife was in particular studied for 

stranding Jack pine logs.  

2. The results showed that the counter-knife angle and wood temperature affected the 

proportion of strands, fines, and pin chips, as well as the width of strands. The setting 

of the machine controlled the length and thickness of strands relatively well. The low 

variation observed was directly related to the production of fines and pin chips. The 

wood temperature was the main factor that affected the proportion of strands, fines, pin 

chips, and the strand width, followed by the counter-knife angle. The effect of the 

distance between the edge knife and edge counter-knife was only significant when the 

angle of the counter-knife was too high and not appropriate. 

3. The best performance of the prototype was obtained with a counter-knife angle of 60° 

for frozen wood (-13.4 °C) and 75° for unfrozen wood (18.6 °C). These angles produced 

the highest strand proportions, the lowest volumes of small particles, and the wider 

strands.  
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