The Mechanical Extraction of Lipids via
Traditional Wooden Wedge Presses: A
Multidisciplinary Analysis of Oilseed and

Fruit Processing

Introduction and the Historical Evolution of
Mechanical Expression

The mechanical extraction of vegetable oils and fruit lipids represents one of the most
mechanically demanding, economically significant, and biochemically complex engineering
processes developed prior to the Industrial Revolution. Before the widespread deployment of
continuous high-pressure screw expellers, advanced hydraulic presses, and volatile solvent
extraction protocols, human societies relied on the generation of immense kinetic and static
forces to rupture the highly resistant cellular matrices of oleaginous materials. Archaeological
excavations from the Indus Valley Civilization and subsequent historical records from the
Roman Empire indicate that early societies utilized primitive crushing systems, such as the
mortar-and-pestle ghani or the towering stone trapetum and mola olearia, which relied heavily
on animal traction, sheer mass, and the mechanical advantage of the simple lever'.

However, as the global demand for dietary lipids, industrial lubricants, and illumination fuels
expanded exponentially, the limitations of lever-based and weight-based presses became a
severe bottleneck. The ultimate pressure output of a traditional lever press is inherently
constrained by the tensile limits of its wooden components and the gravitational limits of its
stone counterweights'. The paradigm shifted definitively with the perfection of the wooden
wedge press. Emerging in sophisticated forms in China over 1,500 years ago and culminating in
the formidable European "Dutch oil mill" (oliemolen) of the seventeenth and eighteenth
centuries, the wedge press bypassed the limitations of direct mass'.

By harnessing the kinetic energy of massive wooden stamping poles—often lifted by the rotary
power of waterwheels or advanced windmills and dropped repeatedly onto a double-inclined
plane—these pre-industrial behemoths successfully converted low-velocity vertical energy into
catastrophic horizontal compressive forces'. The Dutch milling industry, particularly in the Zaan
region north of Amsterdam, became one of Europe's earliest large industrial districts. Aided by
the 1592 invention of the crankshaft by Cornelis Corneliszoon, which efficiently transformed
rotary motion into vertical reciprocating movement, over 1,200 mills operated in the region
over its history, with roughly 600 active simultaneously around the year 1700°. While early
mechanical operations relied on human or animal muscle, a typical Dutch windmill could
generate between 14 and 18 horsepower, equivalent to the labor of approximately 150 men,
providing the staggering force necessary to execute industrial-scale cellular rupture’.

The engineering of a heavy-duty wooden wedge press demands a rigorous synthesis of



classical mechanics, tribology, extraction thermodynamics, and orthotropic material science.
This report provides an exhaustive, expert-level analysis of the mechanical extraction of olive
oil and sunflower oil using the traditional wedge press. It details the botanical microstructure of
the raw materials, the complex non-Newtonian rheological behavior of the resulting pastes, the
thermodynamics of fluid expression, the kinematics of the wedge system, the application of
terrestrial consolidation theory to seed cake compression, and the structural verification
parameters mandated by modern timber engineering standards.

Botanical Microstructure and Extraction Kinetics

The mechanical efficiency of any oil extraction process is fundamentally governed by the
biochemical and microstructural state of the organic material being processed. Lipids in plants
are not stored in free-flowing pools; rather, they are securely bound within highly evolved
intracellular structures protected by rigid, semi-permeable cell walls composed of cellulose
microfibrils, hemicellulose, and pectin’. Understanding the distinct microstructures of oilseeds
and oil-bearing fruits is paramount to executing the correct pre-extraction processing
sequences.

In hard oilseeds, such as sunflower seeds (Helianthus annuus L.), triacylglycerols are stored in
the cotyledons within specialized, highly stable intracellular organelles known as oleosomes or
lipid bodies’. Oleosomes typically measure between 0.5 and 3.0 micrometers in diameter and
are encapsulated by a protective phospholipid monolayer embedded with highly specialized
structural proteins, predominantly oleosins, caleosins, and steroleosins’. The structural biology
of oleosins reveals a hydrophobic hairpin domain of approximately 72 residues—consisting of
two alpha helices connected via a proline knot—that is firmly inserted into the triacylglycerol
core'. The hydrophilic N-terminal and C-terminal arms extend outward into the aqueous
cytosol'™®. This unique molecular architecture provides immense steric and electrostatic
stabilization, preventing the internal oil droplets from coalescing even under conditions of
extreme environmental desiccation, a survival mechanism for orthodox seeds’.

Conversely, the lipids within olive fruits (Olea europaea) are primarily synthesized and stored in
the fleshy mesocarp tissue®. While developing olive cells also utilize oleosomes, as the fruit
matures, these organelles progressively fuse to form a much larger, dominant vacuole known
as a lipovacuole, which can ultimately occupy the vast majority of the cellular volume®. The
mesocarp cells themselves possess a high moisture content and are suspended within a
complex matrix of pectic substances and cellulose microfibrils'. Recent microstructural
analyses indicate the presence of "biomechanical hotspots,” which are highly resilient sites of
close interaction between cellulose microfibrils mediated by xyloglucans and pectins, giving
the fruit its structural integrity®.

Because of these distinct microstructures, sunflower seeds and olive fruits require
fundamentally different sequences of mechanical and thermal pretreatment before they can
be effectively processed in a wedge mechanism. The primary objective in both scenarios is to
systematically degrade the cellular architecture, dismantle the specific oleosin or pectic
barriers, and lower the viscosity of the lipid fraction to facilitate subsequent fluid flow through
the tortuous pathways of the compressed matrix'.



Thermomechanical Pretreatment of Sunflower Seeds

To achieve an optimal extraction yield from hard oilseeds like sunflower, the raw kernels must
undergo severe physical size reduction and precise thermal conditioning to overcome the
robust stabilization of the oleosomes and the surrounding cellular matrix.

The initial preparatory phase involves the careful cleaning and grading of the raw sunflower
seeds to remove chaff, agricultural debris, and stones that could damage the pressing
equipment or absorb valuable expressed oil'. Following this, the seeds are typically dehulled to
increase the relative protein content of the residual meal and decrease the abrasive wear on
the processing equipment'. The dehulled seeds are subsequently subjected to mechanical
cracking and flaking'®. Using heavy, specialized roller mills, the seeds are sheared and
compressed into thin flakes, with an optimal target thickness in the range of 0.25 to 0.37
millimeters". This profound physical size reduction drastically increases the surface
area-to-volume ratio of the material and initiates the primary physical tearing of the
parenchymal cell walls'. However, mechanical flaking alone is grossly insufficient to release the
full lipid payload due to the resilient oleosin proteins guarding the triacylglycerols at the
sub-micron level’.

Consequently, the flaked sunflower seeds must be subjected to intense thermal conditioning,
typically through roasting over a firebox or inside steam-jacketed heating vessels'. This
application of thermal energy accomplishes several vital rheological and structural objectives.
Primarily, the heat permanently denatures the structural proteins—including the critical
oleosins surrounding the oleosomes as well as the cellular structural proteins within the cell
walls'. This rapid denaturation transforms the previously pliable and sterically stabilized cellular
matrix into a highly brittle, degraded structure that readily shatters and yields under the
subsequent compressive strain of the wedge press'.

Simultaneously, the heating process tightly controls the thermodynamic state of the internal
moisture. Raw oilseeds contain varying levels of water, which acts as a plasticizer'. If the
moisture content is too high, the water acts as an incompressible fluid cushion within the press,
absorbing the immense kinetic energy of the wedge stamper without contributing to cellular
rupture, thereby dramatically lowering the final oil yield'. Alternatively, controlled heating to
temperatures between 85°C and 100°C gently vaporizes trace intracellular moisture, creating
internal pneumatic pressure that further ruptures the cell walls from the inside out'. Through
this thermomechanical sequence, the final moisture content of the conditioned sunflower
flakes is carefully titrated to approximately 8% to 10%, preparing the matrix for expression.

Pretreatment of Olives: Rheology and Malaxation

Unlike dry sunflower seeds, fresh olives contain a massive aqueous fraction—known as
vegetation water—alongside their oil content. The goal of olive pretreatment is not desiccation,
but rather the controlled coalescence of the lipid fraction within a highly hydrated, complex
non-Newtonian paste.

Traditional milling operations utilize towering cylindrical or conical granite millstones rotating
within a fixed stone basin to crush the whole olives'. These massive stones are meticulously



calibrated to crush the fleshy mesocarp while simultaneously grinding the hard inner pit (the
endocarp) into a coarse grit'®. The endocarp undergoes distinct developmental periods, with
massive sclerification and maximum hardening occurring during its growth phases®. The
inclusion of the pulverized endocarp in the resulting paste is not an accident of primitive
machinery; it is an absolute structural necessity. The sharp, rigid fragments of the pit act as an
abrasive medium that physically tears open surviving lipovacuoles during the mixing phase.
Later, within the extreme compression of the wedge press, the incompressible endocarp
particles act as a vital porous scaffolding, creating microscopic drainage macropores that
prevent the complete sealing of the matrix and allow the expressed oil and vegetation water to
percolate outward through the dense, fibrous paste™.

Once crushed, the olive paste must be continuously and slowly stirred in a crucial conditioning
process known as malaxation'®. This gentle mechanical kneading, typically lasting 30 to 45
minutes, is designed to break the transient water-oil emulsions that formed during the violent
crushing phase. The slow agitation allows the microscopic lipid droplets to collide and
agglomerate into larger, continuous drops that are significantly easier to separate under static
mechanical pressure?.

The behavior of the olive paste during malaxation and subsequent pressing is governed by
highly complex non-Newtonian fluid mechanics. Rigorous rheological analyses demonstrate
that olive paste acts unequivocally as a shear-thinning (pseudoplastic) fluid®®. At rest or under
low shear, the complex matrix of hydrated pectins, dispersed cellulose microfibrils, and trapped
oil droplets forms a highly entangled, viscoelastic network that heavily resists flow, providing
Pickering-like stabilization®. However, as the shear rate increases—such as when the paste is
driven by the internal movement of the press—the polymeric chains align in the direction of the
flow, the agglomerated structures break down, and the apparent viscosity of the paste drops
exponentially®.

This behavior is mathematically defined by several advanced rheological models. The most
commonly applied is the Power-law model (the Ostwald—-de Waele relationship), expressed as:

T=K9"

Where T represents the shear stress, 7 is the shear strain rate, K is the flow consistency
index (indicating the overall baseline viscosity or thickness of the paste), and " is the

dimensionless flow behavior index?. For olive paste, the flow behavior index (") is strictly
documented at values less than 1.0, confirming its shear-thinning nature?”.

In cases where the paste exhibits a distinct yield stress that must be mechanically overcome
before any fluid flow occurs, the Herschel-Bulkley model is more appropriate:



T=1,+ Ky"

Where 7v represents the yield stress®'. To capture the entire rheological profile, including
extreme shear rates, engineers utilize the Bird-Carreau or Cross-Power models, which
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incorporate bounds for viscosity at zero shear ( 0') and infinite shear (Voo )?°. The
Cross-Power law is formulated as:

Vy — Vo

V= Voo + :
L+ (m-4)"

Where represents the natural time constant at which linear behavior transitions to the
power law?. Variations in the maturity of the olive drupes, the specific geometry of the
crushing machinery, and the addition of trace water during malaxation heavily dictate the
consistency index and yield stress parameters, directly dictating how successfully the
non-Newtonian paste will yield under the static pressures applied by the wedges?*.

Thermodynamics of Fluid Expression: The Andrade
Equation

A core physical principle bridging the extraction of both sunflower seed oil and olive oil is the
absolute necessity of minimizing the dynamic viscosity of the target lipid prior to pressing.
According to the foundational principles of fluid mechanics, the viscosity of vegetable oils is
highly temperature-dependent, decreasing exponentially as the ambient thermal energy
increases’. This inverse relationship occurs because elevated temperatures provide the
complex lipid molecules with sufficient kinetic energy to overcome the intermolecular
attractive forces (van der Waals forces) binding them together, thereby radically reducing
internal fluid friction and allowing the lipid to flow freely®.

The specific temperature-viscosity dependency of these complex hydrocarbon mixtures is
most accurately modeled by the Andrade equation, which serves as a viscosity analogue to the
Arrhenius activation energy law*®. The classic two-parameter Andrade model is expressed as:

B
] — A+ =
n(n) + T

Where n is the dynamic viscosity (typically measured in Pascal-seconds or centipoise), T is



, A , .
the absolute temperature in Kelvin, ~ is the pre-exponential constant (representing the
theoretical high-temperature limiting viscosity or infinite-temperature viscosity), and b isa
flow-activation term*. The term B is directly related to the activation energy required for

viscous flow (Ea ) via the ideal gas constant (R ), calculated as E,=R-B 36,
Empirical testing across various vegetable oils confirms distinct rheological profiles based on
lipid composition.

Oil Type Parameter A Parameter B Activation Correlation
(K) Energy (Ea) (R2)
Sunflower Oil - - Lower relative >0.99
E,
Olive Oil - - Highest >0.99
relative ~— ¢
Avocado Oil v - - >0.99
Highest =~ *°

(Data representing general trends extracted from comparative kinetic viscosity studies
modeling the Arrhenius relationship®)

Analyses demonstrate that olive oil, characterized by a massive concentration of
monounsaturated fatty acids (specifically oleic acid), possesses a higher baseline dynamic

viscosity and a significantly larger activation energy (E“ ) than sunflower oil, which is heavily
dominated by polyunsaturated linoleic acid®. Because of this inherently high viscosity, forcing
cold oil through the tortuous, microscopic capillary network of compressed fibrous seed cake
or dense olive paste requires immense and sustained pressure’.

To optimize commercial yield, modern and historical pressing operations purposefully elevate
the temperature of the seed mass. Hot-pressing sunflower seeds at high temperatures (110°C
to 140°C) radically decreases the dynamic viscosity, allowing the oil to flow rapidly and
efficiently from the solid matrix'. However, this thermodynamic manipulation involves a strict
and uncompromising biochemical trade-off. While high heat maximizes the volumetric yield by
minimizing viscosity, it initiates rapid lipid autoxidation, encourages the Maillard reaction, and
severely degrades heat-sensitive polyphenols, antioxidants, and fat-soluble vitamins'.
Consequently, "cold-pressing" is legally and technically defined by maintaining the processing
temperature strictly below 27°C for olives, or 40°C to 45°C for seed oils'. Cold extraction



perfectly preserves the organoleptic and biochemical integrity of the extra-virgin product, but
the exponentially higher viscosity of the cold oil fiercely resists expression, leaving a significant
percentage of the valuable lipid payload permanently trapped within the residual pomace’.

Filtration Matrices, Microbiological Hazards, and
Sensory Integrity

Once the raw material is thermally and mechanically conditioned, it must be loaded into the
wedge press. Because the internal pressures generated by the kinetic wedge strikes are
catastrophic, the pulverized seed cake or semi-liquid olive paste cannot simply be poured into
the wooden trough; it must be completely enclosed within an ultra-high-pressure filtration
membrane’.

Historically, this critical function was achieved using heavy, circular woven mats. For olive
processing, these distinct mats are known regionally as scourtins (in France) or fiscoli (in Italy).
Originally hand-woven from tough, coarse natural fibers such as esparto grass, hemp, or thick
coconut fiber, these central-hole envelopes are manually stuffed with layers of olive paste and
stacked vertically®. For dry oilseeds like sunflower, linseed, or hemp, the hot, crushed seeds are
tightly packed into woven woolen or canvas bags, which are subsequently wrapped in thick,
leather-backed horsehair mats to provide extreme tensile reinforcement’.

This composite wrapping serves two conflicting but essential mechanical purposes: it must
possess sufficient structural tensile strength to prevent the highly pressurized solid paste from
violently extruding or blowing out under load, while simultaneously maintaining sufficient
weave porosity to allow the low-viscosity oil and vegetation water to percolate outward'.
While mechanically brilliant for containment, the reliance on natural fiber scourtins and fiscoli
represents the single greatest vulnerability of the traditional wedge press regarding final
product quality and food safety. Natural plant and animal fibers are inherently highly absorbent.
During the lengthy extraction cycles, the fibers become permanently saturated with lipid
fractions, cellular vegetation water, and microscopic fragments of fruit or seed pulp“. Between
pressing batches, these trapped organic remnants undergo rapid, uncontrolled enzymatic
degradation and microbial spoilage within the porous weave®.

When fresh, high-quality paste is pressed through these contaminated mats, the resulting oil is
instantly inoculated with spoilage bacteria (such as Clostridium or Pseudomonas), yeasts, and
fungi*’. This phenomenon is the direct origin of the most notorious sensory defects strictly
monitored and defined by modern European Union olive oil marketing standards, specifically
Commission Delegated Regulation (EU) 2022/2104 and Implementing Regulation (EU)
2022/2105*, These regulations mandate rigorous organoleptic conformity checks where
trained tasting panels screen for specific microbiologically induced defects:

e Fusty / Muddy Sediment: A profound defect characterized by a swampy, fermented
odor. This occurs when the oil is extracted from paste that has undergone advanced
anaerobic fermentation within the contaminated mats or when oil is left in prolonged
contact with the sediment at the bottom of traditional collection vats®'.

e Musty-Humid-Earthy: A moldy flavor indicating that the extraction mats or the stored



olives were heavily colonized by yeasts and fungi due to excessive humidity®.
e Rancidity: A stale, putrid flavor caused by the advanced autoxidation of the residual
lipids trapped in the mats from previous batches®’.
To circumvent these severe microbiological limitations while maintaining the mechanical
mechanics of the press, modern artisanal producers have completely abandoned esparto
grass and coconut fibers. They have replaced them with synthetic, food-grade polypropylene
or nylon scourtins®. These synthetic variants provide identical tensile strength and precise
filtration but possess a closed-cell physical structure that can be aggressively sterilized,
preventing anaerobic fermentation and successfully preserving the virgin chemical profile of
the oil*°.
The environmental impact of the residual waste also heavily distinguishes traditional pressing
from modern extraction. Traditional pressing yields a relatively dry solid pomace (25% to 30%
moisture)®. Modern continuous two-phase centrifugal decanters, while vastly superior in
hygiene and labor efficiency, produce a highly polluting, semi-liquid sludge known as alperujo,
which contains 55% to 70% water and poses severe ecological disposal challenges®®. Thus,
traditional pressing, if utilizing synthetic mats, presents a significantly lower environmental
footprint regarding wastewater generation.

Architectural Geometry and Classical Mechanics of
the Wedge System

The structural and mechanical core of the operation is the wooden wedge press itself, a marvel
of applied physics scaled to massive proportions during the zenith of the Dutch milling era. The
foundational backbone of the press is a monolithic timber component known as the main
beam or base log. Historical blueprints dictate the use of massive logs measuring over nine feet
in length and twenty-seven inches square in cross-section’. Mortised directly into the
longitudinal center of this main beam is a deep, precise rectangular cavity known as the trough.
The vertical end-grain shoulders of this mortise serve as the ultimate, immovable abutments
against which the entire compressive force of the kinematic system is directed'.

The seed packets, secured within their protective mats, are positioned at the extreme ends of
the trough, bearing directly against the mortise shoulders'. To maintain the elevated
temperature of the pre-roasted sunflower seed cake—actively combating the thermodynamic
rise in lipid viscosity—heavy iron plates, pre-heated in dedicated furnaces, are inserted
immediately adjacent to the seed packets'. The remaining central void of the trough is
subsequently packed with solid, end-grain hardwood spacer blocks and the active kinematic
mechanisms: a downward-pointing primary pressing wedge (the driving wedge) and an
inverted releasing wedge'.

The operational cycle relies on the direct conversion of vertical kinetic energy into horizontal
static strain. Heavy wooden stamping poles, suspended vertically above the press, are utilized
as kinetic projectiles. The mill mechanism—a massive cam rotating on a wind- or water-driven
main shaft—repeatedly raises the primary stamping pole and allows it to free-fall onto the
broad upper face of the pressing wedge'.



The total vertical energy delivered to the top of the wedge is dictated by the classical law of
conservation of energy:

E,=m-g-h

Where Ei is the kinetic energy at the exact moment of impact, m is the mass of the stamper

2
in kilograms, 9is gravitational acceleration (9‘81 m/s ), and h is the drop height in
meters’. For an industrial-scale press utilizing a 150-kilogram oak stamper dropped from a
height of 1.2 meters, the kinetic energy generated per single strike is approximately 1,765
Joules'.
Upon striking the wedge, the work-energy theorem dictates the transient vertical driving force:

E,
Favg = ?

Where d is the microscopic downward displacement of the wedge per strike. As the highly
compressed seed cake reaches its terminal density, the system becomes highly inelastic, and

shrinks to fractions of a millimeter. Consequently, the instantaneous average vertical force (

%9 ) spikes exponentially, translating the 1,765 Joules of kinetic energy into hundreds of
kilonewtons of downward driving force'.

Statics, Tribology, and the Self-Locking Wedge Condition

This massive vertical force (P ) must be successfully redirected laterally (W ) to crush the
seed cake against the mortise shoulders. The wedge acts as a mobile, double-inclined plane,
providing an immense theoretical mechanical multiplier. However, the theoretical mechanical
advantage is entirely dominated by the tribological reality of dry friction between the heavily
loaded, sliding wooden faces'.

Assuming a symmetrical wedge with a half-angle @ and a uniform coefficient of static friction

Hs across all interacting wooden surfaces, the lateral output force is governed by the
simultaneous static equilibrium equation derived from the resolution of normal and frictional
vectors:



Pow 2u,cosa + (1 — p?)sina

cos @ — 2  sin «

This relationship mathematically reveals that to maximize the lateral crushing force w for any
given stamper impact P , the press engineer must utilize the narrowest possible wedge angle

an However, narrowing the angle introduces the single most critical and dangerous failure
mode in wedge press engineering: the loss of the self-locking condition.
When the stamper is lifted by the cam to prepare for the subsequent blow, the vertical driving

force P instantaneously drops to zero. The hyper-compressed seed cake, acting as a massive
mechanical spring, exerts violent, reactive lateral pressure against the spacer blocks,
attempting to squeeze the driving wedge upward and violently eject it from the trough'. The
only physical force preventing this catastrophic, potentially lethal kinetic ejection is static
friction.

For the press to function safely, it must be inherently "self-locking." This condition dictates that

the angle of friction (¢) ), which is the arctangent of the coefficient of static friction (

_ -1
¢ = tan (MS) ), must strictly exceed the geometric half-angle of the wedge (a <¢ ). In
dry structural timber (for example, oak sliding on oak parallel to the grain), the static friction

~ 0.62 ), yielding a highly safe dry friction angle of roughly

coefficient is highly resistive (‘u 5
31.8 degrees’.

However, the oil press presents a fundamentally altered tribological environment. As the
cellular membranes of the seeds rupture during pressing, the expressed lipids perpetually
saturate every internal wooden surface. Vegetable oils act as highly efficient boundary
lubricants, dropping the static friction coefficient of the impregnated wood catastrophically to
arange of 0.35 to 0.39".

Under these perpetually lubricated conditions, the friction angle plummets:

Grupricated = tan~1(0.35) ~ 19.2°

Consequently, to ensure absolute, fail-safe self-locking functionality, the wedge half-angle (a)
must never exceed 19 degrees'. To provide a rigorous engineering margin of safety against the
dynamic shockwaves and intense vibrations induced by the heavy stamping poles, historical
and modern wedges are precisely planed to highly acute half-angles restricted to 10 to 12



degrees (resulting in a total wedge taper of 20 to 24 degrees)'. This strict geometric constraint
ensures safety but inherently requires the use of exceptionally long wedges to achieve the
necessary total lateral displacement.

Terzaghi’s Consolidation Theory and Poroelasticity

As the wedge drives laterally outward, it subjects the seed cake to profound physical
consolidation. The extraction of oil from a solid matrix under intense stress does not occur
instantaneously; it is governed by the complex interplay of solid matrix deformation and fluid
expulsion over prolonged periods. This dynamic process is mathematically characterized by
adapting Terzaghi's one-dimensional consolidation theory—originally developed in
geotechnical engineering to describe the gradual settlement of saturated clay soils under
structural foundation loads—to the biomechanics of agricultural oilseeds®’.

Biot's subsequent theory of poroelasticity expanded upon Terzaghi's foundation, establishing a
rigorous continuum model for fully saturated porous materials consisting of a solid skeleton
and an interconnected pore fluid®®. Bargale's foundational application of these theories to
mechanical oil expression demonstrates that the seed cake acts precisely as a saturated
porous medium once the initial compaction expels trapped atmospheric air and the ruptured
cellular oil floods the inter-kernel voids®*.

The flow of the highly viscous lipid through these microscopic, interconnected voids is
described by Darcy's Law:

k Ou

q:*ﬂy—wg

Where 9 is the fluid flow flux, k is the coefficient of permeability, T represents fluid density

parameters, and 8u/ 0z
the oil through the matrix

is the hydraulic gradient (the profound pressure difference forcing
)63.

In Terzaghi's paradigm, the total applied stress (0) generated by the mechanical wedge is
!

. . . o . . .
partitioned into effective stress (~ , borne exclusively by the fibrous, solid skeleton of the seed

cake) and pore fluid pressure (u , borne by the initially incompressible vegetable oil)®*. The
fundamental partial differential equation governing the dissipation of the oil pressure over time

(t) and depth (z) is defined as:
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Where Co is the critical coefficient of consolidation®. Bargale's mathematical model solves
this consolidation equation for two specific loading regimes experienced in the wedge press: a
linearly increasing load (as the stamper actively strikes the wedge) and a constant load (during
the dwell time between strikes)®“.

For the constant load phase, the volume of oil expressed (Q ) is derived as:

Q = K;[1 — exp(—Kt)]

Where Ky and Ky are complex constants heavily dependent on the specific compressibility
of the seed kernel, the average surface area of the voids, and the coefficient of permeability®*.
The consolidation curve representing this extraction demonstrates a distinct inflection point,
which engineers utilize to mathematically determine the exact coefficient of consolidation for
various seed types’®.

Crucially, as the oil slowly escapes the matrix, the void ratio (e ) of the seed cake drastically
decreases, resulting in the exponential densification of the solid material. Consequently, the

coefficient of permeability (k ) is not a static variable; it decreases continuously as the physical
pathways for fluid escape are squeezed shut by the rising effective stress on the solid
skeleton®. This poroelastic reality strictly dictates the operational rhythm of the wedge press:
the human operator must leave the wedge in its fully locked, highly stressed position for
several minutes (the "dwell time") to allow the slow, viscous diffusion of the lipids to reach
equilibrium before applying subsequent kinetic strikes'.

Structural Timber Engineering and Fracture
Mechanics (Eurocode 5)

The immense, sustained lateral pressure gradients required to drive Terzaghi
consolidation—routinely exceeding 15 Megapascals (MPa) of internal pressure to achieve
successful fluid expression—place the timber body of the press under extreme structural
duress’. Wood is a profoundly orthotropic material, meaning its mechanical properties differ
drastically along three mutually perpendicular axes: the longitudinal axis (parallel to the grain),
the radial axis, and the tangential axis (perpendicular to the grain)'. To guarantee the physical
survivability of the press, its geometry and material selection must be rigorously verified



against the advanced protocols of modern timber engineering, specifically the European
standard Eurocode 5 (EN 1995-1-1)".

Compression Perpendicular to the Grain Verification

The primary and most frequent mode of catastrophic failure in a heavy-duty wooden wedge
press is localized crushing perpendicular to the grain. As the wedge descends, it drives the
solid spacer blocks laterally into the vertical, end-grain shoulders of the mortised trough. When
timber is subjected to intense perpendicular compression, the microscopic, tubular cellulose
structures—primarily the tracheids and vessels—undergo severe plastic buckling and complete
structural collapse’.

Eurocode 5 strictly governs this failure mode, dictating that the design compressive stress (

o . . . . e
904 )y must not exceed the timber's design compressive strength (‘70'3’90"‘Z ), modified by a

highly critical enhancement factor known as kc*go E

Tc90d < kego * fe90.d

The kc*go parameter is introduced to account for the specific load configuration, the
geometric risk of splitting, and the degree of acceptable compressive deformation’. Because
the localized lateral force from the spacer blocks is exerted against a continuous inner beam
face, the highly stressed timber fibers directly beneath the blocks are flanked by unstressed,
continuous fibers extending along the remainder of the massive beam. These adjacent fibers
act as tension members, generating a reinforcing phenomenon known structurally as the "rope
effect," which can be mathematically modeled using the Boussinesq solution for stresses under

a foundation'. This mechanically increases the effective load-bearing area, permitting a c,90

multiplier greater than 1.0 (typically up to 1.5 or 1.75 for continuous supports)'.
However, even with this mathematical enhancement, standard construction softwoods (such

as structural pine or spruce) possess characteristic compressive strengths (f .90k y of only
2.0 to 2.7 MPa'. Subjecting softwoods to the 15+ MPa required for lipid extraction results in
instantaneous, catastrophic crushing of the mortise shoulders'. Therefore, the utilization of
ultra-high-density hardwood is an absolute structural necessity.

Shear Capacity and Mode | Fracture Mechanics

Beyond localized crushing, the outward lateral expansion of the wedge places the entire length
of the main beam under extreme longitudinal shear stress. The deep mortised trough acts
structurally as a massive notch in the absolute center of the beam. According to linear elastic
fracture mechanics embedded within Eurocode 5 (Equation 6.60), abrupt geometric notches
induce severe, localized stress concentrations at their internal corners’.

These sharp corners serve as the focal points for rapid Mode | crack propagation and



devastating cleavage failures along the longitudinal grain lines'. Eurocode 5 dictates that the
induced design shear stress (Td ) must remain strictly below the timber's design shear strength

(JC 4 ) modified heavily by the notch reduction factor (k'” ) to penalize the geometry:

Td < kv ' fv,d

The reduction factor ko is calculated based on the notch position, slope, and effective depth (

hef ), reflecting the fact that the resistance against crack growth is heavily dependent on the
energy release rate threshold required to propagate a fracture through the anisotropic cellular
structure’. To counter these immense splitting forces, historical Dutch millwrights intentionally
left massive excess timber extending far behind the mortise trough and frequently bound the
outer dimensions of the beam in heavy, shrink-fitted wrought-iron hoops'. These metal hoops
provided active structural confinement, drastically increasing the timber's resistance to tension
perpendicular to the grain’'.

Metallurgical-Equivalent Hardwood Selection and
Impregnation Dynamics

To satisfy the extreme, concurrent demands of parallel compressive strength (for the wedges
and stampers), perpendicular compressive strength (for the trough shoulders), longitudinal
shear capacity, and cyclic impact resistance, the meticulous selection of the hardwood species
is the paramount engineering decision'.

Based on Eurocode 5 strength classifications (EN 338), three primary deciduous species are
typically evaluated for such extreme industrial applications: White Oak (Quercus petraea),
European Beech (Fagus sylvatica), and European Hornbeam (Carpinus betulus)'.

Structural White Oak European Beech European
Property / (Quercus petraea) (Fagus sylvatica) Hornbeam
Parameter (Carpinus betulus)
Density (Air Dry, 0.67 - 0.75 g/lcm’® 0.70 - 0.74 glcm?® 0.74 - 0.83 g/cm’®
Pk )

Compressive 54 - 66 MPa 55 - 62 MPa 68 - 85 MPa

Strength Parallel (
fc,O,k )



Compressive

Strength 10 - 11 MPa 10 - 12 MPa 13 -15 MPa
Perpendicular (

fC,QO,k )

Brinell Hardness 26 - 31 N/mm? 34 - 38 N/mm? 33 - 45 N/mm?
(Perpendicular)

Impact Bending 60 - 70 kJ/m? 78 - 82 kJ/m? 60 - 89 kJ/m?
Strength

Shear Strength 11-13 MPa 12 - 14 MPa 14 - 16 MPa

Parallel (f"’=k )

(Data derived from standardized 12% to 15% equilibrium moisture content parameters')

An analysis of the mechanical matrices reveals that European Hornbeam is the unequivocal,
optimal selection for the fabrication of the wedge press. Hornbeam possesses the highest
density of native European diffuse-porous hardwoods, routinely exceeding 0.76 g/cm?® and

reaching 0.83 g/cm®'. Its towering fc,go,k value (up to 15 MPa) guarantees that the mortise

shoulders can absorb the extreme, localized crushing forces generated by the laterally
expanding wedges without plastically yielding'.

Crucially, Hornbeam is characterized by a complex, interlocked, and deeply integrated cellulose
grain structure’. Unlike straight-grained woods, this structural anomaly provides extraordinarily

high fracture toughness and shear strength (f””‘c of 14 to 16 MPa), making it remarkably
resistant to the stress concentrations and catastrophic splitting forces induced at the mortise
notch’.

Furthermore, the continuous pounding of the heavy 150 kg stampers introduces profound
low-cycle impact fatigue, which generally causes the localized kinking of cellulose microfibrils
and ultimate broom-like splintering of timber components'. Hornbeam'’s supreme impact
bending strength (up to 89 kJ/m?) allows its cellular matrix to repeatedly absorb violent kinetic
energy without suffering rapid brittle fracture’. Its elite Brinell surface hardness (peaking at 45
N/mm?) ensures that the highly acute, strictly calculated 10-degree faces of the pressing
wedges do not plastically deform or "mushroom"” under repetitive strikes, permanently
preserving the critical self-locking tribological geometry required to prevent ejection’.
High-grade Hornbeam readily satisfies the requirements for the elite D60 or D70 Eurocode 5
strength classes, earning it the historical moniker of "ironwood" among traditional millwrights'.



A final, highly nuanced dynamic in the long-term operation of the wooden press is the deep
internal impregnation of the Hornbeam timber by the extracted oils. While this saturation drops
the static friction coefficient—necessitating the acute wedge angles—it provides profound
physiochemical enhancements'. The dense, hydrophobic lipid molecules physically occlude the
cellular pits and coat the highly reactive hydroxyl groups within the cellulose matrix,
establishing a permanent hydrophobic barrier'. This radically improves the dimensional stability
of the press, reducing swelling and shrinkage coefficients by up to 33% and actively preventing
the development of microscopic shrinkage checks (cracks) that would otherwise serve as fatal
stress risers'. Furthermore, the viscoelastic nature of the oil-saturated cellular matrix acts as an
internal acoustic shock absorber, dampening the high-frequency vibrational transmission from
the stamper impacts and actively protecting the main beam from long-term acoustic fatigue'.
Finally, the constant presence of the incompressible hydrodynamic film provides boundary
lubrication between the sliding wedge faces, virtually eliminating abrasive wear and galling,
thus preserving the precise geometry of the apparatus over thousands of pressing cycles'.

Conclusion

The traditional wooden wedge press stands as a masterclass in pre-industrial mechanical
engineering, brilliantly leveraging the static mechanical advantage of the double-inclined plane
to entirely bypass the limitations of muscle and gravity. The successful extraction of lipids from
heavily guarded botanical structures—whether the sterically stabilized oleosomes of the
low-moisture sunflower seed or the pectic-bound lipovacuoles of the highly shear-thinning
olive paste—requires the precise manipulation of thermal chemistry, cellular rupture, and
extreme compressive stress.

The fluid mechanics of the process strictly dictate the necessity of elevated temperatures to
exponentially lower lipid viscosity according to the Andrade equation, while the application of
Terzaghi's consolidation theory and Biot's poroelasticity illustrates the absolute necessity of
prolonged dwell times to force the highly viscous fluids through the densifying porous matrix of
the seed cake. To successfully translate vertical kinetic impacts into the sustained horizontal
forces required for this consolidation, the press relies on a highly critical tribological balance. In
a constantly oil-saturated environment, boundary lubrication forces the wedge half-angle to
remain strictly below 19 degrees—practically engineered at 10 to 12 degrees—to maintain a
fail-safe, self-locking state against the reactive elasticity of the compressed seed cake.

These immense lateral forces generate severe stress concentrations, pushing the very limits of
orthotropic material science. Verified against the strict structural fracture mechanics and limit
state protocols of Eurocode 5 regarding compression perpendicular to the grain and
longitudinal shear capacity, standard construction timbers fail catastrophically. The
architecture exclusively demands elite, ultra-high-density hardwoods, with European
Hornbeam emerging as the definitive metallurgical equivalent due to its interlocked grain,
exceptional fracture toughness, and supreme resistance to cyclic impact fatigue. Ultimately,
the successful synthesis of fluid thermodynamics, non-Newtonian rheology, wedge statics, and
advanced timber mechanics allows the traditional wedge press to achieve modern industrial
extraction pressures entirely through organic materials and kinetic ingenuity.
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