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SUMMARY

A three part narrative was employed to underscore the importance of strand alignment in oriented strand board. 
The review described the end use, product design, and production phases of oriented strand board with particular 
focus on features pertaining to strand alignment.

Panel applications require products to be strong in bending. This entails a resistance to the horizontal 
compression and tension forces caused by applied bending moments. There are differential strength requirements 
through the thickness of the panel such that the stress intensity decreases linearly from the surface to the neutral 
axis.

The anisotropic mechanical properties of wood stipulate a longitudinal orientation of wood product elements to 
attain maximum stress resistance in bending. Oriented strand board is constructed with the surface layers aligned 
longitudinally and the core layers cross-aligned. Cross-alignment is performed primarily to ensure dimensional 
stability in the transverse direction, but also to impart perpendicular strength to the panel. Longitudmal strength 
is decreased by core cross-orientation, but given the reduced amount of stress in this region, the consequences are 
not serious.

Strand alignment can be accomplished by electrostatic or mechanical means. Electrostatic onentation is 
performed by the application of an electric field to falling flakes. The production parameters governing the 
alignment effectiveness of the FORCELINE electrostatic device are field intensity and size, free-fall distance, line 
speed, flake geometry and moisture content. The technique is more suited to small slender particles with moisture 
contents exceeding 15 percent. Energy costs, arcing and grounding problems, and low capacity are also identified 
as limitations.

Mechanical orientation by rotary disk, vane roll, and oscillating frame devices were described and compared. All 
three techniques had alignment effectiveness governed by free-fall distance, line speed, flake geometry, and 
onentation slot width. The vane roll's performance is additionally governed by groove depth and rotational speed. 
The rotary disk method delivers superior performance with its control of alignment and ability to vertically 
classify flakes by geometry. It is best suited to mat surface layer alignment. The vane roll and oscillating frame 
methods are inferior to the rotary disk for surface layer alignment with their inability to effectively align diverse 
mixes of flake geometry. Both methods (vane roll and oscillating frame) are suitable for the alignment of core 
mat layers, where alignment is not as critical and a homogeneous mix of flake geometries is required; however, 
the vane roll has a greater capacity and provides a more even horizontal distribution of material.
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1.0 OBJECTIVES

Analyze the forming equipment used by the industry and identify limitations and opportunities for improving 
strand alignment.

2.0 INTRODUCTION

The demand for oriented strand board (OSB) and other structural panels has grown yearly by an average 730 
million board feet (3/8 inch basis) since 1980. Over the course of this growth the OSB share of the structural 
panel market has been steadily increasing from the 1980 standings of 13% in Canada and 3% in the US, to 1993 
positions of 56% and 31% respectively. (RISI 1994) This represented an enormous increase in OSB production 
as the industry struggled to keep pace with rising demand.

Satisfying the rising demand is beginning to put a strain on the once abundant, underutilized species of the North 
American forests. As with all sectors of the wood products industry, OSB producers are being forced to find 
ways of stretching their supply and maximizing yield. This feat must be accomplished without significant impact 
to product quality.

It is becoming increasingly difficult to make a profit in today's world. Wood costs currently represent 35% of the 
average variable costs to OSB producers in Canada and 41% in the US (RISI 1994). This amount is expected to 
rise in the future as the resource supply continues to diminish. Therefore, it is in the best interest of OSB 
producers to use their wood supply efficiently to minimize costs.

Two ways to manage the impact of increasing wood costs are to reduce the amount being used in the product and 
to maximize the recovery of useable raw material. The first method implies a reduction in board weight for a 
given thickness. As mentioned, this must be accomplished without an accompanying deterioration in board 
properties. Maximizing recovery entails improvements in the flaking operation and increased utilization of lower 
qualify material in the product.

Reducing board weight and to a certain extent, maximizing recovery, can be accomplished by improving the 
forming process. Numerous studies (Snodgrass et al. 1973, Talbott 1974, Geimer et al. 1975, Geimer 1976, 
Kieser and Steck 1978, Geimer 1980, Lau 1980, Shaler and Blankenhom 1990, and McNatt et al. 1992) have 
established that panel density and strand alignment have positive influences on board strength and stiffness. 
Therefore, the negative effect on panel strength and stiffness by a reduction in board density could be 
compensated by an improvement in strand alignment. Improvement in wood recovery could be accomplished by 
the efficient allocation and distribution of furnish in the product. Performance requirements differ in specific 
areas and directions of the product. Strategic placement of furnish as defined by qualify would allow maximum 
use of available material without significant decline in panel properties.

3.0 BACKGROUND

A firm grasp of the importance of alignment in OSB entails a revisitation of the basic principles of structural 
engineering and product design. All levels involved with design, production and application are cognizant of the 
fact that OSB is an engineered wood product. However, many individuals lack a clear perception of the HOW 
and WHY of it being an engineered product.
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A narrative is required to provide continuity and cohesiveness between the three phases of OSB development. 
This account does not follow a normal chronology' (design -  production - end use) because the development of a 
product follows a repetitive cycle with each phase being influenced by the others. This concept is illustrated in 
Figure 1.

The following are descriptions of some aspects of the phase relationships:

The design of a product is governed by its end use. The product must have certain properties to 
withstand final application conditions. Some of these properties are obtainable with the proper 
design and allocation of raw materials. An example of the reverse situation would be where the 
product could not be engineered to meet the end use requirements and an alternative application 
would have to be found.

The production phase is governed by the design of the product. The process must be 
manipulated to satisfy the design criteria and produce a usable product. A good example would 
be the optimization of forming processes to ensure the best strand alignment possible. The 
reverse situation would be where the production process does not have the capability to achieve 
some design criteria. In this case, the design would have to be altered to better suit the process.

The end use is governed by the production phase or, really, by the product itself. Even if the 
product had the most innovative engineering, it could be substandard if it was limited by the 
production technology. A reverse situation could be illustrated by considering the swelling 
requirements of the application condition. A portion of the swelling could be controlled by the 
design aspect, but the rest would come about from proper manipulation of the process.

The whole concept could get fairly complex if one continually attempted to address all of the intricacies of 
interconnectivity in the development process. For the sake of simplicity, it is best to concentrate on a linear 
course of action (the cycle).

The most meaningful explanation would be served by opening with a review of the end use application and 
design, followed by a review of product design, and closing with an analysis of production variables. The first 
review will identify basic physical and mechanical criteria that must be met for the panel to function in use. The 
review of product design will address how and why the board was engineered to meet the end use requirements. 
Finally, the analysis of production parameters will look at how the process can be manipulated to meet the 
product design criteria.

4.0 STAFF

D. Grant Project Leader
Research Scientist

5.0 DISCUSSION

5.1 End Use Applications

This section will be most useful to members of the production phase of the development cycle. Mill personnel 
have a basic comprehension of the product design and extensive experience in manipulating the process to meet 
those criteria. What are lacking are the fundamental engineering principles involved in the end use applications
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DESIGN

Figure 1. The development cycle of oriented strand board.

Uniformly 
Distributed Load

Span

Figure 2. Simply supported beam with uniformly distributed load. (Tuma 1969)
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and their relationships with the product design variables. The following review will briefly examine those 
concepts with a focus on those concerning alignment. Figure 2 illustrates one of the most basic design concepts 
commonly used in building systems.

Figure 2 depicts a simply supported beam that is loaded uniformly across the span. A uniformly distributed load 
(UDL) would occur when the force applied to the structure is constant over a given area. A good example would 
be hardwood flooring installed on subfloor sheathing. A point load (not shown in this figure) would occur when 
an applied force is concentrated in one place. Examples of point loads would be table legs or a stationary person's 
feet. This same structure could be used to illustrate panel applications -- specifically that of oriented strand 
board.

Using Figure 2 as a template, the component names could be replaced by some commonly used building materials 
for a more realistic illustration. A better impression could be made by visualizing a floor system step-by-step. 
Imagine the 2" x 10" lumber joists (support components) spaced apart by a span of 24 inches and stretching 
across the length of the floor. Next, 3/4 inch T&G OSB floor sheathing (similar to a beam component) is 
installed with the 8 foot length ainning across the joists. Finally, a 2" x 1" hardwood lumber surface (load 
component) finishes the floor. Figure 3 illustrates one structural unit of the floor system. It represents only one 
small chunk of the floor, but will suffice to demonstrate the system components.

NOTE: Some people will undoubtfully argue that the OSB component is simply a skin
and does not contribute much to the overall strength of the system. Well, that is 
absolutely true. In the real world of structural design the joist is the beam 
component and the OSB is part of the load. However, the simple beam concept 
can still be used for the purpose of examining the physical and mechanical 
rigours of end use applications.

When a structural system (as described above) is loaded, whether uniformly or by point load, there are numerous 
effects on the system components. The three effects that will be discussed are: stresses, reactions, and 
deformations.

Stresses are the forces and moments exerted on a material by a load. They can be thought of as the forces and 
moments transmitted internally through the material (Higdon et al. 1967).

A force is an idealized description of a load, such that the load has a magnitude and direction, 
and can henceforth be expressed as a vector quantity (Wright 1993). A simple example of a 
force could be to consider a man. The man weighs (or is a load of) 75 kilograms and the force he 
exerts on the floor (while standing) is 75 kg x 9.8 meters/sec2 (mass x gravity) = 735 Newtons.
He would be exerting the force down or in the negative Y direction of a two-dimensional 
Cartesian plane.

A moment is the tendency of a force to rotate about a point (Wright 1993). A simple example 
describing the effect of a moment would be to think about the action of a door. If one considered 
the hinge to be a point and pushed (applied a force) on the hingeless side of the door, the door 
would swing open (or rotate on its hinge). The moment is a function of the force and the 
distance from the point and, like forces, moments have magnitudes and directions (although they 
are angular directions). The angular velocity or how quick the door would open depends on the 
size of the moment.

4



Hardwood Flooring
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Figure 3. Typical floor system with lumber joists, OSB subfloor sheathing, and a hardwood floor surface.

Figure 4. Deformation (bending) of OSB sheathing under vertical loading.
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Reactions are forces and moments developed by the system components to counteract the stresses created by the 
applied load (Higdon et al. 1967).

A body at rest is said to be in equilibrium. The requirement for this state is that all forces and 
moments are balanced, such that the external loads are counterbalanced by reaction forces and 
moments. So, if there were no net forces or moments acting upon the system (ie. the sum is 
equal to zero), the system would not move or change position. The ability of a system or 
material to achieve equilibrium is a function of its shape and strength characteristics. Once the 
stress becomes greater than the material strength, the material fails or breaks. The door example 
could be used again to demonstrate this concept. If the door were locked, it would not open when 
someone pushed on it. The lock would generate forces and moments in the opposite directions 
so there would be no movement (ie. there are no net forces or moments). If one pushed hard 
enough, either the door or the lock would break.

Deformation or strain (as it is commonly called) is a change in the shape of the material caused by stress, 
moisture content, temperature and other conditions (Wright 1993).

All materials have different modes or phases of deformation. The elastic component of 
deformation is considered recoverable strain such that the material will return to its original 
shape when the load is removed (for example, think of the way a spring or an elastic band 
works). Conversely, the plastic component of deformation is considered irrecoverable strain 
with the material retaining its deformed shape upon load removal (for example, think of clay and 
the way you can mold it). Material failure could be considered to be the ultimate plastic strain.
Most load systems have a mixture of these two components, such that the material will regain a 
portion of its original shape. Flexural deformation or "bending" is the strain type most 
considered in simple beam-like applications. The bending moment produces a relative rotation 
of the two ends of the OSB so that the panel "bends", but in reality, the upper half of the panel 
shortens and the bottom half lengthens. Figure 4 illustrates the bending action.

The ability of the material to resist flexural deformation is designated as the Modulus of Elasticity (MOE). The 
MOE is derived from an equation relating the applied load to subsequent deflection (deformation). The rule of 
thumb is that "the higher the MOE, the stiffer or more able the board is to resist bending". A large MOE is 
desirable to limit movement of the system for obvious reasons (it's not fun to bounce with every step taken), but it 
is also desirable to protect other system components which do not have as great a resistance to deformation 
(imagine the effect on plaster if the sheathing bent too much). The ability of a material to resist ultimate 
deformation (or failure) is expressed as the Modulus of Rupture (MOR). The higher the board MOR, the greater 
the loading capacity before failure.

The panel in the simply supported beam example could fail in two ways. It could fail in horizontal shear (not a 
consequence of alignment) or in bending. The typical bending failure character is illustrated in Figure 5. The 
failure originates at the bottom surface and migrates up through the material to the upper surface and will most 
frequently occur directly under the load.

The maximum bending moment, maximum stress and maximum deflection occur directly below the midsection in 
both mid-span point loads and full system UDL's. The failure site is highly dependent on the presence of defects, 
but OSB. unlike some products, is free of the normal defects that plague solid wood products.

6



Load OSB

Figure 5. Normal failure mode of OSB when loaded in bending.

Compression

< ----------------------►

Figure 6. Bending moment and force couple endured by the OSB sheathing.
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The next task is to examine the moment action and the stresses it creates. Bending moments can be represented 
by force couples, such that the forces acting in conjunction will cause a rotational effect The simplest way of 
illustrating the moment or force coupling is to cut the beam in half and examine the stresses occurring internally. 
Figure 6 depicts the left half of a bisected beam.

As demonstrated in Figure 4, the top half of the beam will shorten or "compress" during bending. Conversely, the 
bottom half of the beam will lengthen or "tense" during bending. Hence, it is understandable that the force 
coupling components are called compression and tension forces. Compression forces act to compact or reduce the 
material dimensions and tension forces act to expand or elongate the material dimensions. The stress block 
(shown on the cut plane of the beam) is useful in representing the magnitude and direction of stress forces. The 
stress block shown here differs in shape from the one which represented the UDL in Figure 2. This half hourglass 
shape is characteristic of force couples. There can be only one (compression) or the other (tension) existing in 
any one place at a given time due to the additive nature of forces (opposites cancel or balance each other). One 
can see from Figure 6 that the location of maximum stress occurred at the surface and gradually diminished to 
zero at the center or neutral axis. This axis is not fixed and can shift up and down depending upon the loading 
and material character. Considering the stress distribution, it could be concluded that the strength requirement of 
the material would also diminish towards the neutral axis.

The bending moment acts counter-clockwise in this part of the beam. This could be determined even without the 
moment figure. If the neutral axis was considered a pivot point and the outermost forces considered to be arrows 
(attached to the pivot point) travelling in opposite directions, one would expect the stress diagram to spin like a 
windmill. Were the stresses examined on the other surface of the cut plane (ie. the right half of the bisected 
beam) one would find the forces acting in the opposite directions with the moment acting clockwise. The 
connotation is the same because the compression forces are still acting towards the material and the tension forces 
are still acting away from the material. The moment direction is simply governed by the respective action 
directions of the force couple.

The reason why most materials fail from the tension side is because even when compression damage occurs, it 
instantly seals by the very nature of the compression action. When a tension tear occurs, it shifts the neutral axis 
upward and effectively reduces the vertical dimension of the beam. The matenal strength is strongly dependant 
upon its vertical dimension and a reduction in size while maintaining or increasing the stress level will lead to an 
accelerating rate of failure. Therefore, a material used in bending is required to be very strong in tension (less so 
in compression) and especially so at the lower surface.

In summary, some of the stresses at work in a simple floor system containing OSB sheathing were discussed. 
These included the applied force, the bending moment, and the compression-tension force coupling. The review 
covered the typical deformation (bending) occurring in a beam system and how it is caused by stress. Common 
representations of strength (MOR) and stiffness (MOE) were defined and finally, a discussion covering the 
mechanism of bending failure wrapped up the review.

With an awareness of the application conditions and requirements, the narrative can move on to discuss the 
design of oriented strand board.

5.2 Product Design

Wood is anisotropic in nature; i.e., it exhibits different physical and mechanical properties when tested along its 
three major directional axes. The three axes, differentiated by growth pattern and spatial distribution, are the 
radial, tangential, and longitudinal directions. These axes can be envisioned as a three-dimensional Cartesian
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constructed with each direction being separated from the other by a 90° angle. Figure 7 illustrates the 3- 
dimensional representation of the axis system.

In practice, the longitudinal direction (Z axis) can be distinguished as the one that runs along the grain, or that 
runs parallel to the length of the tree. The radial and tangential directions can be differentiated by examining the 
cross-section of a log. The radial axis extends from the center to the outer surface (or vice versa) and can be 
considered the X axis. The tangential axis can be pictured by taking the tangent of one growth ring and using it 
as the Y axis. The axial assumptions are illustrated in Figure 8.

It is important to understand the directional differences of the three axes because of their significant differences in 
physical and mechanical behavior. This behavior arises from the structure and organization of cellulose in the cell 
walls, the elongated shape of the wood cells, and their longitudinal-radial arrangement resulting from the radial 
symmetry of the tree trunk (Panshin and de Zeeuw 1980). As a consequence, compressive and tensile strengths 
vary between the longitudinal and the lateral (radial and tangential) directions in the wood. Stiffness comparisons 
between the three principal directions can be demonstrated by examining the ratio of modulus of elasticity 
(Cooper 1992):

MOEl : MOEr : MOEr = 20 : 1.6 : 1

Wood is 20 times stiffer in the longitudinal direction than in the tangential direction. Stiffness in the radial 
direction is only slightly higher than in the tangential direction. Stiffness usually has a strong correlation with 
strength except where there has been substantial degradation or physical change in the wood substance. 
Significant changes in the wood could be brought about by (thermal) pyrolysis or by steam treatment to improve 
stabilization.

Panshin and de Zeeuw stated that the ratio of compression strength parallel to the grain to compression strength 
perpendicular to the grain can vary from 4 to 12, depending on species. This means that wood is 4 to 12 times 
stronger in compression parallel to the grain than in perpendicular compression. The same basic relation holds 
true for tension, but wood is stronger in tension than in compression.

Armed with the above relationships, it is not difficult to conclude that the ideal configuration would have the 
wood grain running along or parallel to the long dimension of the product. Product designers consistently attempt 
to maximize the strength characteristics of their products. In the case of wood products, they achieve this by 
capitalizing on the anisotropic character of the material. As mentioned, compressive and tensile strengths are 
greatest parallel to grain. Therefore, the strongest product would have the grain oriented parallel to the direction 
of the compressive and tensile stresses. Oriented strand board, lumber, and plywood all exemplify this design 
feature.

OSB is manufactured by forming a mass of strands into a mat and then pressing it into a panel. At the start of the 
production process, solid wood is flaked into small thin strands which somewhat mimic the structure of the tree. 
The product of the flaking operation is a thin (~.6mm) rectangular strand with the grain direction parallel to its 
long dimension (~2 - 6 inches) and its width (~3Z-inch) cut radially or tangentially (depending on the angle of the 
cutting knives relative to the log position). Figure 9 illustrates the grain angle orientation of an OSB strand.

For the most part, OSB is manufactured with the surface layers oriented more-or-less parallel to the long 
dimension of the panel (see Figure 10). Standard assembly procedure calls for the panel to be installed with its 
long direction running perpendicular to the longitudinal direction of its supports (eg. joists, wall studs, and roof 
trusses). As demonstrated above and in Section 5.1, this orientation offers the maximum resistive strength to the 
applied compressive and tensile stresses (refer to Figure 6).

9
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Three-dimensional Cartesian axis system.
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Axial system as defined by wood growth structure.
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Figure 9. Geometry of a typical OSB strand with associated grain orientation.

8 Foot Lengthk------------------------- H
A

4 Foot 
Length

i

Figure 10. Surface view of a typical OSB panel.
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In theory and in practice (Geimer 1980, Geimer et al. 1975, Higgins 1990, Kieser and Steck 1978, Lau 1980, 
McNatt et al. 1992, Shaler and Blankenhom 1990, Snodgrass et al. 1973, and Talbott 1974), the degree of 
strand alignment has a strong positive relationship with the strength of the board. One could venture that "the 
better the degree and control of alignment, the greater the board strength properties in the aligned direction".

To achieve the maximum possible board strength in the aligned direction, the entire thickness of the panel would 
have to be aligned in the same direction. This is rarely done in practice because of linear expansion and stress 
occurring across the panel width. The simple example in Section 5.1 did not investigate the stresses in other 
directions. The example assumed a two-dimensional perception when in reality the world exists in a three- 
dimensional state. Thus, if the whole system was considered in a 3-D mode (XYZ axis system), there would also 
be stresses occurring in the perpendicular direction. A panel aligned wholly in one direction would have 
maximum strength in that direction, but minimum strength in the perpendicular direction. It is partially for this 
reason that the core layer of the panel is usually cross-oriented. Cross-orientation is performed primarily for 
linear expansion reasons (dimensional stability), but also to impart some strength across the board.

Recall from Section 5.1 that the stress caused by the bending moment decreased linearly towards the middle of the 
board. Because the strength requirement in this area is not as great as it is at the surface, the core strands can be 
cross-oriented without a significant effect on the panel performance. In cross-orientation, perpendicular strength 
is imparted to the board, but at the cost of parallel strength. Depending on the application strength requirements 
for the two directions, parallel strength could be augmented by increasing the surface to core layer ratio or by 
random-orienting the core.

To summarize, the three principle axes associated with the anisotropy of wood were defined. The different 
physical characteristics of those axes were probed and abundant evidence was cited to show that maximum wood 
strength occurs along the grain, ie., in the longitudinal direction. It was concluded that the strongest composite 
wood products could be produced by ensuring that the constituents were aligned with the grain parallel to the 
acting stresses. OSB design was shown to have the surface layers oriented parallel to the board axis (to 
counteract the beam-like stresses) and the core layer cross-oriented (to impart perpendicular strength and 
dimensional stability).

Now that the product design requirements have been reviewed, the narrative can move on to the next section 
which reviews and analyzes the production parameters.

5.3 Production Parameters

This phase of the product development cycle considers the actual assembly and production of oriented strand 
board. For all practical purposes, it is the most important phase because it produces a tangible item — the 
product. In the mill environment, process variables are manipulated to yield conditions necessary for the 
achievement of the required board properties. The forming process alluded to in the Section 5.2 is the sector of 
production controlling alignment and will be the one on which this review will focus.

At the industry's current level of technology, there are two alignment techniques available to OSB producers: 
electrostatic alignment and mechanical alignment. The first method operates under the pretense that electrical 
forces are capable of aligning wood particles. The technique was developed to use with smaller particles as no 
suitable mechanical method existed for particles as small as fibers (Talbott 1974). The second method employs 
mechanical means to achieve alignment. There are several types of mechanical equipment being used to achieve 
alignment, but all are based on a free-fall design with some device configuration for separation and orientation of 
the furnish.

12



5.3.1 Electrostatic Alignment

Talbott and Stefanakos (1972) described a device which would align particles through the application of an 
electric field. The apparatus was constructed in the form of a vertically oriented open-ended box. The material 
was fed from the top and passed through an electrical field. The particles rotated during free-fall to orient 
themselves with their longitudinal axis perpendicular to the electrode surface or parallel to the field direction. 
Ensuing experimentation revealed that high field intensities and slender particles yielded the best alignment, but 
required high moisture contents (>15%) to be effective. Figure 11 illustrates the principles and operation of a 
single cell electrostatic alignment device.

The fundamental principles governing the operation of the device are based on the anisotropic dielectric 
properties of wood. Wood is normally considered to be an excellent insulating material with a direct-current (DC) 
resistivity of 3 x 1 O'7 to 3 x 1018 ohm-centimeters at room temperature and air-dry conditions (Clark and 
Williams 1933). Water, being a polar molecule, has a distinct effect on the electrical properties of wood. Wood 
becomes progressively more conductive (or less resistive) with increasing moisture content. Panshin and de 
Zeeuw (1980) stated that at 16 percent moisture content, the value of resistivity for wood at room temperatures 
decreases to 108 ohm-centimeters, and at fiber saturation point it became approximately that of water alone (105 
to 106 ohm-centimeters). Skaar (1972) reported that resistivity across the grain was 2.5 to 8.0 times greater than 
along the grain for hardwoods and 2.3 to 4.5 times greater for conifers.

A more popular measure of wood's electrical behavior can be expressed as the material's dielectric constant. The 
dielectric constant is employed as a measure of the insulating capacity of a material under an alternating current 
(AC), but the value expressed is somewhat misleading in that increases in magnitude represent decreases in 
resistivity. As with DC resistivity, the dielectric constant varies with moisture content and displays anisotropic 
differences. In general, the dielectric constant is 1.3 to 1.5 times greater in the longitudinal than in the transverse 
direction (Panshin and de Zeeuw 1980). Dielectric constants for wood range from about 2 in the oven-dry 
condition to 81 at moisture contents above the fiber saturation point (Clark and Williams 1933).

The anisotropic effects are caused by wood anatomical and chemical considerations. The wood structure is 
relatively uniform and homogenous in the longitudinal direction, but is very different transversely from one cell 
type to the next (eg. earlywood versus latewood). These differences are important to note because of the behavior 
of wood particles and fibers when subjected to an electric field. While wood is generally considered a 
nonconductor, it is made up of dipolar molecules (cellulose, lignin, water, etc,...). The dipolar aspect of their 
make-up induces the wood particles to orient themselves in an applied electric field. When the field direction in 
reversed, the dipoles will reorient themselves (Panshin and de Zeeuw 1980). The configuration of the dipolar 
substances in wood partially accounts for the anisotropy in the dielectric constant, ie., cellulose has a 
predominantly longitudinal axis and water migrates through wood easier in the longitudinal direction..

The Talbott and Stefanakos alignment device capitalized on the dielectric anisotropy of the wood particles. The 
applied field would induce polarization in the dipolar elements of the wood. Due to the anisotropic resistivities of 
the wood substance, polarization would induce a migration of charges towards the longitudinal extremities of the 
material. The applied electric field exerts a torque on the particles (or rather the torque is created by the dipolar 
tendency of the particle constituents to orient themselves) and the unhindered particle rotates to orient itself 
parallel to the field lines.

The work of Talbott and Stefanakos was continued by the Morrison-Knudsen Forest Products Company. 
Originally interested in smaller particle geometries, the company shifted its focus to larger flake-sized particles to 
take part in the growing OSB industry. Fvie. Henckel, and Peters (1980) and Peters (1983) reported the 
company's progress with the FORCEL1NE electrostatic forming machine. The basic governing concepts 
remained the same in FORCELINE, but it entailed more sophistication in technique.
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Figure 11.

Figure 12.

A

i

Principles of electrostatic alignment - single cell. (Fyie et.al. 1980)

Schematic of a single cell electrostatic alignment device with controlled transfer to a caul. 
(Fyi& et.al. 1980)
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The primary production parameters encountered which had an effect upon alignment were flake geometry, flake 
moisture content, field intensity, field size, free-fall distance, and line speed.

The same flake geometry characteristics mentioned above govern the quality of alignment. At a given field 
intensity and flake moisture content, flakes which had high slenderness ratios would align the best. The 
electrostatic alignment device performed well with relatively fine particles, but lost its effectiveness with 
increasing flake size. Possible compensatory measures would be to increase the flake moisture content or the 
field intensity, but both would cause more harm than good.

Flake moisture content has a positive relationship with alignment in the case of electrostatic forming devices. 
Water is a highly polar molecule with an extraordinary' ability to conduct electricity. High moisture contents 
coupled with the wood fiber structure increases charge migration (polarization) which augments the orientation 
effect. However, excess moisture is an anathema to conventional pressing techniques. The excess mat moisture 
would require: higher pressing pressure to increase steam pressure and temperature rise; longer press holding 
times to ensure the resin cure; longer vent times to exhaust the steam; and would result in: a thin high-density 
board due to excessive collapse brought about by moisture, temperature, and high pressure; weak internal bonds 
from excess moisture diluting the resin.

Field intensity is a measure of the strength of the electric field. This variable is probably the easiest to control, 
but the most costly and hazardous. Adjusting the field intensity would only be a matter of turning a dial, but 
managing that change would be another matter. Use of a high voltage field for any purpose presents several 
potential problems. Due to the changing nature of the furnish passing through the field, there is always the 
potential for electrical arcs and grounding. An arc could occur when a conductive material entered the field and 
acted as a conduit. Even a weak electrical arc could ignite airborne dust or cause a nasty electrical bum. 
Grounding would cause problems associated with short circuits and skewed field lines leading to poor orientation 
efficiency. There are high probabilities of both these problems (grounding and arcing) occurring given the 
overwhelming presence of metal in the processing equipment. Fyie et al. (1980) encountered such a dilemma 
with the grounded metal caul plates used for transferring the mat into the press. They were able to overcome this 
obstacle by devising a controlled transfer of the aligned particles away from the high voltage field and onto the 
caul plates. Figure 12 illustrates the FORCELINE electrostatic alignment device with the controlled transfer 
Incidentally, this controlled transfer would eliminate the free-fall variable and its effects on final flake position.

The field size between the electrodes will govern the degree to which the flakes will align themselves with the 
field. Obviously, the longer the flake is exposed to the electric field during its passage, the more time the torque 
has to act upon it. There are also some conditions that can preempt any field size. These include large flake 
geometries, low moisture contents, and weak field intensities.

The free-fall distance is the distance between the alignment device and the forming line. The flakes are no longer 
influenced by the electric field and could be reoriented during the fall by gravitational and other applied forces. 
The extent of reorientation from other influences is governed by the expanse of the drop. Free-fall distance and 
degree of alignment share a negative relationship where greater heights lead to more variable alignment.

Line speed is as important to electrostatic forming as it is to mechanical forming. Increasing line speed requires 
more furnish volume to pass through the orienter in a given time frame to maintain mat weight. An excess of 
material would retard the ability of the flake to orient itself. One flake would act as a support for another, which 
would generate reaction forces and impede flake rotation. Fast line speeds will also produce a bouncing or 
skidding effect by the flake w'hen it contacts the line. Instead of the flake being positioned the way it fell, it could 
bounce or get knocked askew.
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In summary, the main machine parameters influencing the efficiency of electrostatic alignment are field intensity, 
field size, free-fall distance, and line speed. The affective resource parameters are particle geometry and moisture 
content. In general, the optimal conditions for alignment are high field intensities, large field sizes, short free-fall 
distances, and slender high moisture content particles. The current status of FORCELINE and other electrostatic 
orienters is unknown. It seems as though this approach was discarded. It could be that the high moisture 
requirement, arcing hazard, or high energy costs precluded any commercial development of the device. At any 
rate, the technique is viable for aligning particles in oriented strand board given the right conditions.

5.3.2 Mechanical Alignment

There have been numerous studies investigating production variables and their relationships with strand 
alignment. Studies have also been conducted to compare the performance of different mechanical alignment 
methods. Mechanical alignment devices include rotary disks, vane rolls, vibrating fins, gravity chutes, 
reciprocating bars, and pairs of adjacent chains or belts traveling in opposite directions (Geimer 1976). The 
following review will describe three types of alignment devices and discuss the production parameters affecting 
alignment.

Oscillating Frame Alignment Device.

This type of alignment device has many different configurations, depending on which facility you visit. The 
oscillating frame orienter is used almost exclusively by the research community for its simplicity of construction 
and control of alignment. The apparatus is generally configured with vertically oriented plates forming 
rectangular slots. Flakes are metered vertically onto the frame and fall through the slots onto the forming belt 
aligned in the long direction of the slots. During operation the frame oscillates back and forth to facilitate flake 
entry to the slots. Figure 13 illustrates the side and top views of a typical frame-type orienter.

Zhou (1989) studied the influences of the four main factors governing the operation of an oscillating orienter, ie. 
the distance between two neighbouring plates (slot width), the oscillating frequency, the length of the slot, and the 
falling distance (distance from the orienter to the mat). He reported that slot width (plate spacing) and free-fall 
distance had significant influence on the orientation of strands, slot length only had a marginal effect, and 
oscillating frequency exerted little or no influence.

Lau (1980) examined the machine factors controlling strand alignment with a similar oscillating orienter. He 
likewise reported that the main machine factors affecting alignment were plate spacing and free-fall distance. Lau 
also concluded that oscillation frequency, while not overly affecting the quality of alignment, had a significant 
effect on the material flow-through capacity of the machine. The relationship was determined to be positive with 
increased frequency allowing more material to flow through over a given time period.

Using the same alignment device as Lau, Alexopoulos (1990) discovered horizontal density problems as a result 
of the superb control of strand alignment. The strands were essentially stacked one on top of another resulting in 
alternating longitudinal strips of high and low densities. The lack of overlapping between two adjacent strips 
would create a density gap and result in planes of weakness along the panel. The density problem was solved by 
moving the plate assembly laterally during forming.

This type of alignment device is limited almost exclusively to research applications because of its low 
productivity. The oscillating action of the frame does not provide enough force to separate a large mass of flakes 
and results in slow flow-through rates and heterogeneous distribution of flakes. The assembly would require a 
vertical oscillation component to be effective in influencing strand entry to the alignment slots.
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Figure 13. Schematic of a typical oscillating frame alignment device. (Zhou 1989)
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Figure 14. Staggered plate configuration of an oscillating frame alignment device.
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Another means to compensate for the tendency of the flakes to remain on the top of the frame is to stagger the top 
heights of the slot plates (Geimer 1976). This way. the furnish is partially distributed and funneled into the slots. 
Figure 14 illustrates the staggered configuration required to improve flake distribution and flow-through rates.

One other deficiency of the oscillating frame orienter is that there is no means to vertically distribute the flakes by 
quality. The stress character and strength requirements of the panel were discussed in the first and second 
sections of the narrative. The panel requires the highest quality material on the surfaces to withstand applied 
stresses. Even with the efficient screen classification systems currently in use, variability in flake geometry (and 
therefore quality) will still be present in the process. This method of orientation provides a homogenous mixture 
of all flake sizes throughout the mat (discounting the effect of gravity -  which is not much). The applied stress 
character allows for the material to progressively diminish in quality towards the center of the panel which 
achieves optimum usage of raw material.

In summary, the main production variables affecting alignment with an oscillating frame device are plate spacing, 
free-fall distance, line speed, and flake geometry. The most impractical feature of this type of alignment device is 
the oscillation requirement to efficiently produce a homogeneously aligned mat. The system requires oscillation 
in three different directions to achieve passable flow-through rates and homogenous horizontal distribution of 
material.

Rotary Disk Forming Machines.

Rotary disk forming machines are used in the industry to form and align the board surface layers. The gross 
components of the forming station feature a metering bin, feed chute, and forming head. Figure 15 illustrates the 
components of a typical disk-type forming head used in industry.

The overhead metering bin holds a stock of blended flakes and ensures a continuous supply of furnish for the 
head. Some pre-forming is undertaken in the metering bin to render a homogenous spread of material across the 
width of the line. Furnish is introduced to the top of the pile near the output end of the metering bin by a 
reciprocating conveyor system. The reciprocating conveyor represents one avenue for improving the horizontal 
spread of furnish by introducing a consistent volume across the width of the bin. The conveyor aperture travels 
at a constant speed back and forth across the bin. Figure 16 illustrates the distribution action of the infeed 
conveyor.

The rake back conveyor located at the top of the bin acts longitudinally (front to back) on the furnish pile to drag 
the uppermost material towards the back of the bin. This action not only contributes to a FIFO (first in - first out) 
rotation of the material, but also provides additional horizontal smoothing to minimize differences in bulk 
density. The live bottom belt operates in the opposite direction to the rake back conveyor by moving the whole 
pile towards the rotating picker rolls. The belt speed governs the mass flow of material to the heads and is 
synchronized with the line to ensure a steady mat weight. The churning action of the picker rolls dislodges a 
diffuse volume of furnish from the pile which falls down the feed chute to the forming head. The presence and 
action of the picker rolls also works to break up clumps and discourage avalanching of the furnish (ie. surge of a 
convoluted mass of flakes). The flakes encounter a series of distribution baffles on their fall.

Figure 17a and 17b illustrate the disk assembly of the forming head. The assembly consists of rows of disks 
mounted on shafts with each row's disks staggered laterally from the next. The staggering eliminates low density 
zones (mentioned in the oscillating former description) by overlapping adjacent aligned flakes. The spacing 
distance between disks is determined by flake geometry and spacing on successive shafts is graduated 
successively to accommodate increasing flake size (Kieser and Steck 1978).
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Furnish Infeed Rake Back

Figure 15. Schematic of a rotary disk forming station.

Figure 16. Operation of the reciprocating infeed conveyor of a forming station.
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Figure 17b TOP VIEW

Figure 17. Disk assembly of the surface layer forming head.

Furnish Infeed Rake Back

Figure 18. Schematic of a cross-aligning vane roll forming station.
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The disks are equipped with teeth on their perimeters to improve contact with the furnish. Flake edges are caught 
in the gaps between teeth, thereby providing better contact for the transfer of mechanical energy. The energy is 
used to change the horizontal positioning of the flake, making it easier to fall into the gaps between two adjacent 
disks, or to "fling" the flake in the direction of disk rotation. The probability that the flake will be flung is 
dependant on its geometry and the disk spacing. On any given shaft, larger flakes would have a higher probability 
of being flung than smaller flakes.

ft is the mechanical ability of the system to identify flake geometry which enables the segregation and distribution 
of flake quality through the thickness of the mat layer. For example, consider the first surface layer (bottom) of 
the board. The highest quality flakes are desirable on the bottom face of the layer to counteract the maximum 
application stresses. Placing the lower quality material closer to the core is less detrimental to board performance 
because of the diminishing strength requirements. The shafts would be configured to rotate clock-wise and fling 
the larger flakes towards the back of the forming head. This would ensure the larger ones are placed on the 
bottom of the layer with progressively higher quantities of smaller material being mixed in towards the core. The 
last shaft (with the largest gaps) would rotate clockwise to reposition the large flakes which did not pass through 
the gaps. The level of segregation of flake quality' is dependant on the disk rotational speed, disk spacing, and the 
variability of flake geometry.

A number of studies (Geimer 1976, Geimer 1980, Kieser and Steck 1978, and McNatt et al. 1992) reported that 
the machine parameters most influencing alignment were disk-spacing and free-fall distance. Line speed had 
some effect on alignment and disk rotational speed had little if any influence. Flake geometry (a resource 
parameter) also had a significant effect on alignment.

Disk spacing governs how much leeway a flake has to be off the alignment direction. This is altogether 
dependant on flake geometry, in that the smaller flakes have a larger angular range to position themselves as they 
pass through the disk gaps. As discussed above, a graduated disk spacing is the best way to control alignment of 
all flake geometries making up the furnish. Optimization of disk spacing requires the flake geometry distribution 
to be known while size frequency would determine the disk spacing within and between successive shafts.

Free-fall distance is the span from the bottom of the disk assembly to the forming line. It is over this distance that 
a flake can freely rotate while it falls to the line. The mechanical energy imparted to the flakes as they fall 
between the disks is free to act when there are no impediments to movement. Rotational energy that was 
transferred to the flakes from the disks acts to spin the flakes in free-fall and reposition them at different 
alignment angles. A good rule-of-thumb would be to assure the free-fall distance not be greater than the nominal 
length of the flakes.

In addition to the preceding orientation devices, the line speed has an effect on the final position of the flakes. 
Faster line speeds apply a directional force to the flake when they make contact. This force can knock the flake 
into a new horizontal orientation. As mentioned, to ensure proper mat weight, the line speed must be 
synchronized with the bin live bottom speed and the disk rotational speed .

To summarize, the production parameters affecting alignment with rotary disk orienting machines are disk 
spacing, free-fall distance, line speed, and flake geometry. Disk-type forming machines are used exclusively for 
the surface layers of panels. Their operation enables a qualitative distribution of flakes through the thickness, 
thereby imparting maximum bending strength and stiffness to the panel. Disk orienters provide the best 
alignment for all sizes of furnish and have superior flow-through rates
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Vane-type formers are employed in industry for the cross-alignment of the mat core layers. The forming station is 
very similar to the rotary disk orienter forming station, but with vane rolls instead of disk shafts. The rolls have a 
series of laterally arranged vanes projecting from the shaft and sport the look of a large cylindrical sprocket. 
Furnish falls on the roll and is caught in the depressions between the vanes. The rotation of the roll deposits the 
flakes on the mat at the bottom point of the revolution. Figures 18 illustrates the vane forming station and Figure 
19 depicts the orienting action of the vane rolls, respectively.

McNatt et al. (1992) reported on the aligning performance of two devices and stated that disk-type onenters 
aligned flakes better than vane-ty pe orienters. This conclusion was based on comparisons of board strength 
(MOR) and stiffness (MOE) values of the finished panels. To fully understand this assertion, the operation and 
orienting effect of the vane orienting device must be scrutinized.

The furnish falls into the groove between two vanes and becomes oriented by the combination of gravity, the 
angular force caused by the rotation of the vane roll, and the depression geometry. The groove is configured to 
ensure its base be no wider than the nominal (lake width, ie. with a nominal 3/4-inch flake width, the vanes would 
be spaced 3/4-inch apart on the shaft.

Consequently, the V-like configuration of the groove would allow only the larger flakes positioned on the bottom 
to benefit from the groove base width. Given that every groove is identical in size, this method of alignment is 
only advantageous to a certain size range of flakes. The alignment position of smaller flakes would not be 
controlled as much and they would have a greater angular range to orient themselves in the groove. Alignment 
variability increases proportionally with progressively smaller material. Figure 20 illustrates the geometrical 
configuration of the roll grooves and the positioning of furnish.

To compound the problem, the width of the groove is graduated throughout the depth of the groove. This 
represents a progressive loss in control of alignment towards the roll perimeter, even with a perfectly 
homogenous flake size. This variability in alignment is transferred to the mat in each subsequent rotation and 
deposit. On visual inspection, there would be distinct discontinuities in mat alignment quality. Sharp 
delineations in alignment levels because of patterns of degeneration of alignment would appear in the longitudinal 
(forming) direction. Further constricting groove depth in order to improve alignment would have a negative effect 
on the material flow-through capacity of the device.

Further loss of alignment could occur during the deposition of flakes on the line. The rotational action of the roll 
generates a centrifugal force which acts to propel the flakes away from the center of rotation (shaft). The 
combination of the centrifugal force and gravity induces migration of the flakes from the bottom of the depression 
out towards the perimeter and contact with the sides of the vanes in egress could shift the orientation of the flakes. 
The magnitude of the centrifugal force is dependant on the rotational speed of the roll, (ie. faster roll rotation 
generates more centrifugal force), and this relates directly to the amount of force transferred during flake contact 
with the roll. Loss of alignment is only deemed a possibility because the opposite effect on alignment could 
happen. Forced contact with the vanes during egress could possibly reorient the poorly aligned flakes and 
improve overall alignment of the furnish. Whether a loss or gain would be experienced would depend on the 
volume of flake flow-through and the roll rotational speed. Rotational speed also has an effect on final 
positioning by governing with how much force the flake will impact the line.

As with the preceding two examples of mechanical alignment techniques, the free-fall distance has a significant 
effect on alignment. The residual forces and rotational tendency imparted by the action of the device are free to 
work on the flake during its fall.

Vane Roll Alignment Machines.
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Figure 19.

Figure 20.

Orienting action of a cross-aligning vane roll.

Vane

Alignment Axis

Alignment groove and flake geometry influence on the effectiveness of the vane-type orienters.
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Line speed would have more effect on final alignment position with the vane-type orienter than with any other 
alignment method discussed. With the flakes oriented cross-wise, the directional force applied by the forming line 
would be able to act over a greater area. Recall from Section 1 that the applied moment is a function of the 
application distance. Force application on the long dimension of the flake would result in a greater tendency for 
rotation and possible loss of orientation.

The vane does not provide a segregation and spatial distribution by flake quality. The furnish is homogeneously 
deposited on the line throughout the mat layer. It is for this reason that the vane orienter is not used for surface 
layer forming. Recall that a distribution by flake quality is desired through the thickness of the surface layer to 
maximize board bending strength and stiffness. Conversely, the overall performance of the core layer would be 
better with a homogeneous mix of flake geometries. There is a diminished requirement for bending strength in 
the core, but an increased need for bond strength and a homogeneous density distribution. The random mixing of 
flake sizes tends to minimize the occurrence of localized regions of density variability by filling voids and 
providing a greater surface area for bonding.

In summary, the production parameters affecting alignment with the vane cross-orienting machine are: vane 
spacing (groove base width), groove depth, roll rotational speed, free-fall distance, line speed, and flake geometry. 
The lower control of alignment with the vane rolls is not overly detrimental to panel performance. In fact, the 
more random orientation of the core layer would augment the longitudinal strength and stiffness of the board.

6.0 CONCLUSIONS AND RECOMMENDATIONS

Oriented strand board is an engineered product which follows a distinct development cycle. The process 
progresses linearly through three cyclical stages: product design, production, and end use. The cycle is repeated 
over and over again through the development of the product. This report was in the form of a narrative covering 
the three cycle phases.

The narrative began with a review of the end use applications and structural requirements. Bending applications 
for panels were considered and the stresses caused by applied loads were defined. The critical bending stress 
encountered was the applied moment which could be divided into compression and tension force components.
The compression and tension forces were revealed to be at their maximum at the top and bottom surfaces 
respectively with a gradual reduction to null at the neutral axis. This stress distribution character required a like 
distribution of strength in the panel.

The next section of the narrative considered the product design. The anisotropic physical and mechanical 
properties of wood were identified. Optimal strength configuration dictated longitudinal orientation of the wood 
particles to withstand the applied compression and tension forces. Design of OSB was stipulated to have 
longitudinal alignment of flakes in the surface layers with cross-alignment in the core layer. Cross-alignment was 
designated mainly for dimensional stability purposes, but would also impart lateral strength to the panel. Given 
the graduation character of the stress distribution, loss of longitudinal orientation in the core was deemed less 
important to longitudinal panel performance.

The final section of the narrative covered production parameters and methods. Both electrostatic and mechanical 
alignment techniques were analyzed for operational procedures and governing production parameters.

The electrostatic alignment technique was exemplified by the FORCELINE electrostatic alignment machine. The 
device aligned wood particles through the application of a high voltage electric field. The governing variables 
were: field intensity; field size; free-fall distance; line speed; flake geometry and moisture content. The device 
achieved considerable alignment with slender particles at high moisture contents (>15%).
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However, these conditions do not lie within the normal operating range of a typical OSB mill. Potentially high 
energy costs and electrical hazards were also considered limitations of this method.

The mechanical alignment technique could be undertaken by numerous devices. All operate under the principles 
of using mechanical energy and device configuration to change the position of individual flakes to a certain 
horizontal orientation. Three methods were examined: oscillating frame, rotary disk, and vane roll.

The oscillating frame technique is typical of alignment devices employed by research organizations. The 
machinery is simple to construct and employ. The effective variables were: plate spacing; free-fall distance; line 
speed; and flake geometry. This apparatus is effective for only a limited range of flake geometries and results in a 
homogenous mix of furnish sizes throughout a mat layer. The device configuration and oscillating action limits 
the productivity and could result in heterogenous lateral density distributions.

The rotary disk method is the characteristic technique employed by industry to orient the mat surface layers. The 
controlling parameters are: disk spacing; free-fall distance; line speed; and flake geometry. The system is 
superior for surface alignment in its ability to separate and classify flakes by geometry. The qualitative 
classification is transferred to the mat layer and ensures the placement of the highest quality flakes where the 
maximum stresses occur (face) with a gradual diminishing in quality towards the core. Another benefit of 
classification results in the ability to effectively align all flake geometries. The effectiveness in flake separation 
guarantees a high material capacity with little consequence to alignment.

The vane roll technique is frequently applied in industry to form the mat core layer. The governing variables are: 
vane spacing; groove depth; roll rotation speed; free-fall distance; line speed; and flake geometry. As with the 
oscillating frame technique, the effectiveness of the vane roll is limited to a small range of flake geometries 
governed by the vane spacing and the final mat has a homogeneous mix of geometries. Given the configuration 
of the groove, alignment would degenerate with increased material flow-through. Although perceived inferior in 
terms of alignment, there are diminished strength requirements in the core and the benefits derived from 
homogeneous density distribution far outweigh any deficiencies.

The optimization of alignment and proper distribution of flakes in the production of OSB would result in an 
improvement in mechanical and physical properties of the finished product. This would ensure that the product 
met or exceeded industry standards. In the case of exceeding the standards, the volume of materials required to 
produce a quality panel could be reduced. This could represent a significant reduction in a mill's variable costs. 
Bringing the panel performance to within industry standards would result in significant reductions in customer 
claims and recertification incidents. Both situations would result in increased profits to industrial producers.

Recommendations for future work are as follows:

1. Nowhere was any information found specifying the marginal return of alignment. In most cases it was 
considered to share a linear relationship with board strength and stiffness. Research should be initiated 
to determine the character of the relationship (ie. linear or exponential). The research would also 
generate information concerning the relationships of alignment with other board properties.

2. A study relating flake geometry and rotary disk configuration to vertical geometry distribution and panel 
performance should be undertaken. A predictive model could be constructed to describe the relationships 
and would enable optimization of material placement for maximum benefit. This research would benefit 
the industry as a whole by optimizing usage of raw material
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3. Research should be performed to describe the relationships of free-fall distance, plate (disk) spacing, line 
speed, and flake geometry with the degree of alignment. An optimization model could be built to predict 
alignment which would enable industry members to control alignment and the final ensure final panel 
properties.

4. A study relating alignment level and furnish volume to panel performance should be initiated to describe 
the trade-off. This would benefit industry by specifying the proper reduction of furnish volume with the 
associated improvement of alignment to ensure maintenance of panel properties.
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