Engineering the Traditional Wooden
Wedge Press: Mechanical Physics,
Material Selection, and Oil Extraction

Dynamics
Introduction and Historical Lineage of Mechanical Oil
Expression

The extraction of vegetable and seed oils through mechanical expression represents one of the
oldest, most economically significant, and mechanically demanding biochemical engineering
processes in human history. Prior to the advent of modern hydraulic presses, high-pressure
screw expellers, and volatile solvent extraction protocols, the heavy-duty wooden wedge press
served as the primary industrial apparatus for achieving the immense pressures required to
rupture organic cellular matrices. Archaeological excavations from the Indus Valley Civilization
reveal that oleaginous materials such as sesame, rapeseed, and mustard seed were being
processed as early as 2000 BCE, with evidence of early pressing mechanisms dating back
nearly 5,000 years'. The linguistic and archaeological records suggest that these early
methods relied heavily on mortar-and-pestle arrangements, known regionally as the ghani or
chekku, which utilized animal traction to slowly grind and press the seeds'.

As the demand for cooking fuels, dietary lipids, and industrial lubricants expanded, so too did
the scale and mechanical sophistication of extraction technologies. During the zenith of the
Roman Empire, the development of the mola olearia and the trapetum introduced a
factory-style methodology for processing olive paste. These systems utilized massive
cylindrical or conical grindstones rotating within a fixed basin, followed by the application of
towering wooden lever presses weighted by heavy stone counterweights or actuated by
perpendicular wooden screws®. While these lever presses represented a significant leap in
scale, their maximum pressure output was inherently limited by the mass of the counterweights
and the tensile limits of the wooden screws. Traditional stone pressing in this era could extract
up to twenty percent more oil than the primitive wooden presses used by less technologically
advanced communities, establishing oil as a commodity so valuable it frequently served as
regional currency and tribute®.

The paradigm shifted definitively with the perfection of the wooden wedge press. Historical
evidence points to the use of highly evolved Chinese wedge presses over 1,500 years ago, a
design that relied entirely on human kinetic energy and the mechanical advantage of the
inclined plane®. By the seventeenth and eighteenth centuries, European mechanical engineers
adapted these principles into the formidable "Dutch oil mill." These pre-industrial behemoths
were driven by massive waterwheels—often measuring 17.5 feet in diameter and yielding up to
six horsepower at a rotational speed of 7.5 revolutions per minute—which transferred power



through complex cam shafts to lift towering wooden stamping poles®. The Dutch wedge press
transformed relatively low-velocity, high-mass vertical kinetic energy into catastrophic
horizontal compressive forces, fundamentally revolutionizing the efficiency of linseed and
hemp oil production®.

Designing a functional, heavy-duty wooden wedge press in the modern era requires a rigorous
synthesis of classical mechanics, tribology, extraction thermodynamics, and orthotropic
material science. The immense lateral forces generated within the press body demand
uncompromising structural timber design, specifically regarding compression perpendicular to
the grain and the longitudinal shear capacity of the selected hardwood. Furthermore, because
the internal working surfaces of the press are perpetually saturated with highly lubricative
vegetable oil, the tribological properties of the timber interfaces rigidly dictate the geometric
limitations of the wedge itself. This exhaustive report details the mechanical physics governing
the wedge system, the extraction kinetics of the seed cake, the structural verification
parameters mandated by modern timber engineering standards such as Eurocode 5, and the
metallurgical-equivalent selection criteria for the optimal hardwood species.

Thermomechanical Pretreatment and Extraction
Kinetics

The mechanical efficiency of a wedge press is fundamentally intertwined with the biochemical
state of the organic material being processed. Oilseeds are complex cellular structures wherein
the lipid fractions are securely bound within semi-permeable cell walls composed of cellulose,
hemicellulose, and pectin. To achieve an optimal extraction yield, the raw oilseeds must
undergo a rigorous sequence of thermal and mechanical pretreatments designed to
systematically degrade this cellular architecture before any mechanical pressure is applied'.
The preparatory phase begins with the careful selection, cleaning, and grading of the raw
seeds to remove stones, chaff, and damaged kernels, which would otherwise absorb expressed
oil or damage the pressing equipment®. The seeds are subsequently subjected to atmospheric
drying for one to two days to reduce their internal moisture content. Controlling the moisture
content is a critical thermodynamic parameter; excessive moisture causes severe foaming
during the pressing stage and acts as an incompressible fluid cushion that absorbs mechanical
energy without contributing to cellular rupture, thereby dramatically lowering the final oil yield®.
Following desiccation, the seeds are mechanically cracked or flaked. This physical size
reduction drastically increases the surface area-to-volume ratio of the material and initiates the
physical tearing of the cell walls'®. However, mechanical flaking alone is insufficient to release
the full lipid payload. The flaked seeds must be subjected to precise thermal conditioning,
typically through roasting or steaming. Elevating the temperature of the seed mass
accomplishes several vital rheological and structural objectives. First, the thermal energy
denatures the structural proteins within the cell walls, transforming the previously pliable
cellular matrix into a highly brittle structure that readily shatters under subsequent compressive
strain'’. Second, the applied heat causes the trace internal moisture trapped within the cells to
vaporize and expand, creating internal pneumatic pressure that further degrades the
intracellular framework'.



Most crucially, heating the seeds significantly alters the fluid dynamics of the extracted oil.
According to the principles of fluid mechanics, the kinematic viscosity of vegetable oils
decreases exponentially with an increase in temperature. A lower viscosity allows the lipid
fraction to flow rapidly and efficiently through the tortuous, microscopic capillary network of
the compressed fibrous seed cake'™. In a cold-pressing operation—defined strictly by
maintaining the processing temperature below 40 to 45 degrees Celsius—the structural
integrity of the heat-sensitive polyphenols, antioxidants, vitamins, and essential fatty acids is
preserved, yielding a biochemically superior product'. However, the high viscosity of the cold
oil and the surviving elasticity of the cell walls result in a drastically reduced extraction yield'. To
balance commercial yield with nutritional retention, modern pressing operations tailor the
hot-pressing temperature precisely to the specific botanical profile of the crop.

Oilseed Crop Recommended Pressing Primary Processing
Temperature Range Objective and
Biochemical Constraints

Coconut 60°C -80°C Low-temperature pressing
is mandatory to preserve
the highly volatile aromatic
compounds and prevent
the degradation of the
delicate coconut
fragrance".

Soybean 110°C - 140°C High heat is required to
maximize yield and
effectively neutralize the
undesirable "beany" flavor
profile inherent to raw
soybeans".

Peanut 120°C - 150°C This temperature band
balances optimal lipid
extraction with the Maillard
reactions necessary to
develop the characteristic
roasted nutty aroma'’.

Sesame 120°C - 130°C Provides an optimal
equilibrium between
structural cellular



breakdown for high yield
and the preservation of
sesame's distinct flavor
notes'’.

Palm Fruit 130°C - 140°C Extreme temperatures are
necessary to liquefy the
dense, semi-solid fats
locked within the fibrous
pulp of the palm fruit".

Rapeseed / Canola 90°C - 110°C Elevated temperatures
lower viscosity, but
overheating causes severe
protein denaturation and
negatively impacts the
quality of the residual
meal'®,

Once the seeds are properly roasted and their lipid viscosity minimized, the material is
prepared for the wedge press. In traditional operations, the hot, crushed seeds are tightly
packed into specialized filtration envelopes. Historically, these consisted of tightly woven
woolen or canvas bags, which were subsequently wrapped in heavy, leather-backed horsehair
mats. This composite wrapping acts as an ultra-high-pressure filtration membrane; it permits
the low-viscosity oil to percolate outward while providing immense tensile strength to prevent
the pulverized seed cake from extruding or blowing out under the catastrophic internal
pressures generated by the wedge®.

Architectural Geometry and Operational Cycle of the
Wedge Mill

The structural backbone of the traditional wedge press is an monolithic timber component
known as the main beam or base log. The physical dimensions of this timber must be vast to
accommodate the internal hardware and survive the continuous outward radial pressures.
Historical blueprints of 18th-century Dutch oil mills dictate the use of massive base logs
measuring up to nine feet in length and twenty-seven inches square in cross-section®.

A deep, rectangular cavity, referred to as the trough, is mortised directly into the longitudinal
center of this beam. The precision of this mortise is critical, as its vertical end-grain shoulders
serve as the ultimate abutments against which the entire compressive force of the system is
brought to bear. The physical components are loaded into this trough in a strict geometric
sequence designed to maximize energy transfer and facilitate extraction®.

Positioned at the extreme ends of the trough, bearing directly against the mortise shoulders,
are the seed packets housed within their horsehair mats. Adjacent to these packets, heavy iron



plates are inserted. In sophisticated historical setups, these iron plates were pre-heated in a
dedicated furnace prior to assembly; their thermal mass served to maintain the elevated
temperature of the seed cake throughout the lengthy pressing cycle, actively combating the
cooling of the oil and the subsequent rise in viscosity?®.

The central void of the trough is subsequently packed with a highly specific arrangement of
solid timber components. Thick, solid blocks of end-grain hardwood, known as spacer blocks,
are inserted to consume the excess volume and act as rigid force-transmission mediums®. The
active mechanical components consist of two distinct wedges. The primary active component
is the pressing wedge, or driving wedge, which is oriented with its acute point facing
downward. The secondary component is the releasing wedge, an inverted wedge oriented with
its wide base facing downward.

The operational cycle relies on alternating kinetic impacts. Heavy wooden stamping poles,
suspended vertically above the press, are utilized as kinetic projectiles. The press operator
engages the lifting mechanism—nhistorically a cam rotating on a waterwheel-driven main
shaft—which repeatedly raises the primary stamping pole and allows it to free-fall onto the
broad upper face of the downward-pointing pressing wedge®. As the pressing wedge is driven
deeper into the trough, its inclined planes force the spacer blocks laterally outward. This lateral
displacement violently compresses the seed bags against the iron plates and the immovable
mortise shoulders®.

Modern industrial hydraulic and continuous screw presses operate by applying pressures
ranging from 30 to 60 Megapascals (MPa) to the seed cake". While the traditional wooden
wedge press cannot match these peak dynamic pressures, it achieves comparable cellular
rupture through the application of sustained static strain and prolonged dwell time. Following a
sequence of forty to sixty heavy blows from the stamper, the pressing wedge is driven deeply
into the trough, establishing a massive internal pressure gradient®. Because the wedge is
mechanically self-locking, it remains permanently wedged in position without requiring
continuous external force. The seed cake is held under this extreme compressive strain for
several minutes, providing the necessary dwell time for the viscous oil to overcome the
capillary resistance of the compressed fibers, exit the filtration bags, and trickle down into the
collector pans situated beneath the main beam®.

As the oil evacuates the matrix, the volumetric footprint of the seed cake physically shrinks,
resulting in a gradual drop in internal pressure. The operator responds by re-engaging the
primary stamper, driving the wedge further down to restore peak pressure, and repeating the
cycle until the oil yield ceases. Once extraction is complete, the immense stored elastic energy
within the compressed wooden blocks and the residual seed cake must be safely dissipated.
The operator engages a secondary stamping pole positioned above the inverted releasing
wedge. Striking the releasing wedge downward instantly collapses its effective horizontal
width, breaking the mechanical lock, relieving the tremendous static pressure within the
trough, and allowing the operator to safely disassemble the components and extract the
dense, solid discs of defatted press cake®.

Classical Mechanics and Kinematics of the Wedge



System

To engineer this apparatus effectively, one must quantify the conversion of vertical kinetic
energy into horizontal compressive force. A wedge is fundamentally a mobile, double-inclined
plane. It bypasses the limitations of direct human or animal strength by trading a large vertical
displacement for a minuscule, yet exponentially more powerful, horizontal displacement?®.

The physics governing the operation begin with the generation of kinetic energy by the falling
stamper. The energy delivered to the top of the wedge is dictated by the law of conservation of
energy, where the gravitational potential energy of the raised stamper is entirely converted into

kinetic energy (Ek ) at the exact moment of impact®:

E,=m-g-h

In this equation, m represents the mass of the stamper in kilograms, 9 is the standard

. 9.8l m/s? h. i
acceleration due to gravity ( ),and " is the drop height in meters. For an
industrial-scale traditional press utilizing a 150-kilogram oak stamper dropped from a
cam-lifted height of 1.2 meters, the kinetic energy generated per strike is approximately 1,765
Joules.
Upon striking the wedge, this kinetic energy performs physical work. The work-energy theorem

states that Work is equal to the average force (Fa”g ) multiplied by the distance (d) over
which that force is applied®:

E}

Fa’v —
7 d

During the initial stages of pressing, the seed cake is relatively fluffy and compressible,

resulting in a large vertical displacement (d) of the wedge per blow and a correspondingly low
average impact force. However, as the seed cake reaches terminal density, the system

becomes highly inelastic. The downward displacement (d) per blow shrinks to microscopic

fractions of a millimeter. Consequently, the instantaneous average vertical force (F“"g ) spikes
exponentially, translating the 1,765 Joules of kinetic energy into hundreds of kilonewtons of
transient vertical driving force.

This vertical force must then be redirected laterally. The theoretical mechanical advantage (

MA

) of an idealized, frictionless wedge is determined solely by its geometry, specifically the
ratio of its penetration length to its maximum width?®. An acute wedge with a long length and a



narrow width provides a massive theoretical multiplier. However, in applied statics, frictional
forces entirely dominate the mechanical reality of the press®.

The actual lateral output force (W ) applied to the seed cake by the vertical input force (P )
delivered by the stamper is governed by the simultaneous static equilibrium of the wedge and

the adjacent spacer blocks. Assuming a symmetrical wedge defined by a half-angle a ,and

assuming a uniform coefficient of static friction Hs across all interacting wooden surfaces, the
complex relationship is defined by the following equilibrium equation derived from the
resolution of normal and frictional vectors®*:

2u,cosa+ (1 — p?)sina

P=W

cosa — 2 sin o

This mathematical relationship reveals that the horizontal compressive force w is highly
Hs

sensitive to both the wedge angle @ and the coefficient of friction . To maximize 4 fora

given stamper impact P , the press engineer must utilize the narrowest possible wedge angle.
A narrower angle geometrically forces the denominator of the equation to shrink, exponentially
increasing the lateral force multiplier, thereby achieving the extreme internal pressures required
to rupture the oilseed cell walls'".

Tribological Dynamics and Boundary Lubrication

While a highly acute wedge angle maximizes crushing force, it introduces the most critical
failure mode in wedge press engineering: the loss of the self-locking condition. When the
stamper is lifted by the cam mechanism to prepare for the next blow, the vertical driving force

drops to zero. Simultaneously, the intensely compressed seed cake acts as a massive
mechanical spring, exerting immense reactive lateral pressure against the spacer blocks, which
in turn attempt to squeeze the driving wedge upward and violently eject it from the press?.
The only force preventing this catastrophic ejection is static friction. According to Coulomb's

Law of Dry Friction, the maximum static frictional force F resisting motion is the product of

the coefficient of static friction Hs and the normal force N pressing the surfaces together®.
The fundamental physics of wedges dictate a critical parameter known as the angle of friction

¢

can act relative to the surface norma

, which represents the steepest angle at which the resultant of the normal and friction forces
2. The angle of friction is mathematically defined as:



¢ = tan™" (1)

For the wedge press to safely function, it must be inherently "self-locking." This condition
dictates that the frictional forces alone must be sufficient to counteract the reactive lateral
ejection forces without requiring any external vertical holding pressure. For a wedge to be

self-locking, the angle of friction ¢ must strictly exceed the geometric half-angle @ of the
wedge?:

a< ¢

If the wedge angle o is engineered to be larger than the friction angle ¢ , the wedge will
instantly and violently shoot upward out of the trough upon the removal of the stamper,
resulting in a total loss of extraction pressure and presenting a lethal kinetic hazard to the press
operators?’.

In general structural timber engineering, meeting the self-locking criteria is relatively simple
because dry wood possesses a high coefficient of friction. For example, the static friction

coefficient (”5 ) for clean, dry oak sliding on oak parallel to the grain is highly resistive,
measured empirically at 0.62°%'.

bary = tan '(0.62) ~ 31.8°

Under dry conditions, a wedge with a half-angle of up to 30 degrees would remain securely
locked. However, an oil press presents a fundamentally altered tribological environment. As the
cell walls of the seeds rupture and the lipid fractions are expressed, the vegetable oil
permanently saturates every wooden surface within the trough. Vegetable and seed oils
possess low surface energies and act as highly efficient boundary lubricants®*.

Tribological laboratory studies evaluating the friction dynamics of wood coated with natural
vegetable oils demonstrate a catastrophic drop in frictional resistance. The static friction
coefficient for heavily oil-impregnated wood drops from 0.62 down to a range of 0.35 to 0.39.
Recalculating the self-locking condition for the lubricated state reveals the severe geometric
constraints imposed on the press designer:

gblubricated — tanil (035) ~ 19.2°



Therefore, to ensure absolute, fail-safe self-locking functionality in a perpetually oil-saturated

environment, the wedge half-angle a must never exceed 19 degrees. To provide a rigorous
engineering margin of safety against the dynamic shockwaves and vibrations induced by the
stamping poles, the wedge half-angle is typically restricted to an acute 10 to 12 degrees
(resulting in a total wedge taper of 20 to 24 degrees)®. This highly acute geometry guarantees
that the press remains locked under maximum strain, but it also necessitates the use of
exceptionally long wedges to achieve the required total lateral displacement.

Orthotropic Timber Engineering and Eurocode 5
Verification

The immense lateral forces generated by the 10-degree wedge place extreme mechanical
demands on the wooden body of the main beam. Wood is a profoundly orthotropic material,
possessing mechanical properties that 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 structural survivability of the press, its
geometry and material selection must be rigorously verified against modern timber
engineering standards, specifically the protocols outlined in Eurocode 5 (EN 1995-1-1)%°,

Verification of Compression Perpendicular to the Grain (f 90k )

The primary and most frequent mode of catastrophic failure in a heavy-duty wedge press is
localized crushing perpendicular to the grain. As the wedge descends, it drives the spacer
blocks laterally outward. This lateral force is transmitted directly into the vertical side walls of
the mortised trough. When timber is subjected to intense compression perpendicular to the
grain, the microscopic, tubular cell walls—primarily the tracheids and vessels—undergo severe
plastic buckling and eventually collapse entirely, offering a fraction of the load-bearing
resistance observed when the timber is loaded parallel to the grain“°.

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

Te,90.d ) acting on the mortise walls must not exceed the design compressive strength of the

timber (f ¢90.d ) modified by a critical enhancement factor known as kc*go 42

Tc00d < keoo * fe00d

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 before
ultimate failure“°. In the specific geometry of the oil press, the lateral force acts as a
concentrated block load against the continuous inner face of the main beam. Because the
highly stressed timber fibers directly beneath the spacer blocks are flanked by unstressed,
continuous fibers along the remainder of the beam, these adjacent fibers act as tension



members, providing a reinforcing phenomenon commonly referred to as the "rope effect"*°.

This phenomenon artificially increases the effective contact area (Aef ) and permits the use of

a kc’go multiplier greater than 1.0—typically up to 1.5 for hardwoods resting on continuous
supports, provided the overhang lengths are sufficient*°.
Despite this mathematical enhancement, the baseline characteristic compressive strength

perpendicular to the grain (f 90,k ) for standard construction softwoods, such as structural
spruce or pine, is dangerously low, hovering between 2.0 and 2.7 MPa*. Because the internal
lateral pressure exerted by the compacted seed cake routinely exceeds 15 MPa to achieve fluid
expression, attempting to construct the main beam of the press from softwood will result in the
immediate, catastrophic crushing of the mortise shoulders®'. Therefore, the utilization of an
ultra-high-density hardwood is an absolute structural necessity. Hardwoods inherently exhibit

fC’QO’k values approximately three times higher than their softwood counterparts due to their
densely packed cellular matrices, significantly thicker secondary cell walls, and higher ratios of
structural lignin“°.

Shear Capacity (f v+ ) and 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. Structurally, the mortised trough
acts as a massive, deep notch in the center of the beam. According to the structural mechanics
detailed in Eurocode 5 (Section 6.5.2), notches induce severe, localized stress concentrations
that serve as the focal points for rapid crack propagation and devastating cleavage failures
along the grain lines®.

When the spacer blocks push laterally against the end-grain shoulders of the trough, the force
attempts to shear a massive rectangular block of wood directly out of the center of the beam.

The design must verify that the induced design shear stress (Td ) remains below the timber's

design shear strength (f v,d ), heavily modified by the notch reduction factor (k" ) to account
for the stress concentration at the internal corners®’.

Td < k"u ' fv,d

Furthermore, this lateral force exerts a wedge-splitting action that attempts to pry the beam
apart longitudinally. In advanced orthotropic fracture mechanics, the structural integrity of the
beam relies entirely on the material's resistance to Mode | fracture, quantified by the energy
release rate required to initiate and propagate a crack through the anisotropic cellular
structure®. To counter these immense shear and splitting forces, historical Dutch press
designers intentionally utilized massive excess cross-sectional timber areas extending far
behind the mortise trough. To further elevate the energy release rate threshold, the outer



dimensions of the wooden beam were frequently bound in heavy, shrink-fitted wrought-iron
hoops. These hoops provided active structural confinement, drastically increasing the timber's
resistance to tension perpendicular to the grain®.

Cyclic Impact Fatigue and Hysteretic Degradation

A defining characteristic of the traditional wedge press is that the immense loads are not
applied smoothly or statically; they are generated through violent, repeated kinetic impacts.
The continuous pounding of the heavy stamping poles introduces profound cyclic fatigue into
the cellular matrix of the timber. While wood exhibits remarkable resilience to low-cycle fatigue,
the repeated application of extreme high-strain impact loads causes the gradual, insidious
accumulation of microscopic fractures within the fiber walls®.

When timber is subjected to cyclic compression parallel to the grain—a stress state
experienced continuously by both the wooden stamper and the vertical driving wedge—the
repeated yielding causes the formation of microscopic compression kinks in the cellulose
microfibrils. Over thousands of cycles, these localized kinks propagate and coalesce into visible
macroscopic creases, ultimately resulting in the complete mechanical crushing and broom-like
splintering of the cell ends®.

Furthermore, cyclic loading in a viscoelastic, porous material like wood invariably results in
hysteretic energy loss®’. The area enclosed within the stress-strain hysteresis loop represents
mechanical energy that is permanently dissipated as heat during each loading cycle. Under
high-frequency cyclic loading (such as modern ultrasonic fatigue testing or high-speed rotary
machinery), this hysteresis causes a massive localized temperature spike within the timber,
rapidly degrading the lignin binder and accelerating mechanical failure®. Fortunately, the
traditional wedge press operates at extremely low frequencies. The manual or
waterwheel-driven lifting of the stamping pole typically limits impacts to a frequency of 0.1 to
0.5 Hertz®. This vast duration between impacts allows the trace thermal energy generated by
hysteresis to dissipate harmlessly into the ambient environment, preventing thermal
breakdown. Nevertheless, to survive the cumulative mechanical damage over a commercial
lifespan, the press components must be fabricated from a hardwood species exhibiting
exceptional impact toughness (measured in kilojoules per square meter) and towering fatigue
limits.

Metallurgical-Equivalent Hardwood Selection

To satisfy the extreme, concurrent demands of parallel and perpendicular compressive
strength, towering longitudinal shear capacity, and unwavering cyclic impact resistance, the
meticulous selection of the hardwood species is the paramount engineering decision in the
construction of the press. Based on the rigorous strength classifications outlined in EN 338 and
advanced mechanical property testing protocols, three primary European deciduous species
are traditionally evaluated for heavy industrial applications: White Oak (Quercus petraea),
European Beech (Fagus sylvatica), and European Hornbeam (Carpinus betulus)®®.

Comparative Mechanical Data Matrix

Structural White Oak European Beech European



Property / (Quercus petraea) (Fagus sylvatica) Hornbeam

Parameter (Carpinus betulus)
Density (Air Dry, 0.67 — 0.75 0.70 — 0.74 0.74 — 0.83
Pk glem? glem?® glem?
Compressive 54 — 66 55 — 62 68 — 85
Strength Parallel ( MPa MPa MPa
fc,O,k )
Compressive ~ 10— 11 ~ 10— 12 ~ 13 —-15
Strength MPa MPa MPa
Perpendicular (
fc,QO,k )
Modulus of 11,300 — 13,500 14,000 — 16,000 12,200 — 17,700
Elasticity (MOE)

MPa MPa MPa
Brinell Hardness 26 — 31 , 34 — 38 5 33 — 45 2
(Perpendicular) N/mm N/mm N/mm
Impact Bending 60 — 70 i 78 — 82 K im? 60 — 89 KJJm?
Strength
Shear Strength 11 — 13 12 — 14 14 — 16
Parallel to Grain ( MPa MPa MPa
fv,k )

(Note: Data values represent aggregated engineering ranges evaluated at a standardized 12%
to 15% equilibrium moisture content®®).

The Biomechanical Superiority of Hornbeam (Carpinus betulus)

While Oak provides unparalleled natural resistance to fungal decay, and Beech offers excellent
elasticity and high impact strength, an analysis of the mechanical data reveals that European
Hornbeam emerges as the unequivocal, optimal selection for the fabrication of a heavy-duty
wooden wedge press.



Hornbeam possesses the absolute highest density among native European diffuse-porous
hardwoods, routinely exceeding 0.76 g/cm® and reaching up to 0.83 g/cm®®. Its compressive
strength parallel to the grain approaches a staggering 85 MPa, allowing the physical wedges
and stampers to resist catastrophic crushing. Most critically for the main beam, Hornbeam's
compressive strength perpendicular to the grain significantly outperforms both oak and

beech®. This exceptional f 90,k yalue guarantees that the mortise shoulders of the main

beam can absorb the extreme, localized crushing forces generated by the laterally expanding
wedges without yielding or plastically deforming over time.

Furthermore, Hornbeam is highly renowned in historical timber framing and wheelwrighting for
its complex, interlocked grain structure. Unlike straight-grained softwoods or easily cleaved,
ring-porous hardwoods, the interlocked and deeply integrated cellulose fibrils of Hornbeam

(fv,k )69.

provide an extraordinarily high fracture toughness and unparalleled shear strength
This structural anomaly makes the wood remarkably resistant to the severe splitting forces and
stress concentrations induced by the wedge-action within the deep mortise notch. Due to
these extreme mechanical properties, historical millwrights explicitly reserved Hornbeam for
the most highly stressed mechanical components, such as gear wheels, heavy levers, mill cogs,
and specifically, pressing wedges and stampers, earning it the highly accurate colloquial
moniker "ironwood"”?.

When Hornbeam components are subjected to the brutal, cyclic pounding inherent to the oil
extraction process, its high impact bending strength—measuring up to 89 kJ/m*—allows the
cellular matrix to absorb the violent kinetic energy of the stamper without suffering rapid cyclic
fatigue failure or catastrophic brittle fracture®. Its supreme Brinell surface hardness, peaking at
45 N/mm?, ensures that the acute impact faces of the wedges do not rapidly deform, flatten, or
"mushroom"” under repetitive strikes, thereby permanently preserving the highly specific
geometric angles required to maintain the mechanical advantage and the critical self-locking
condition®®. Under the Eurocode 5 material strength classifications, high-grade Hornbeam
readily satisfies the requirements for the elite D60 or D70 strength classes, placing it at the
absolute pinnacle of structural timber capabilities®®.

Physiochemical Effects of Deep Oil Impregnation on
Hornbeam Timber

A highly nuanced, third-order dynamic in the long-term operation of a traditional wooden oll
press is the inevitable, deep internal impregnation of the structural timber by the extracted
vegetable oil. As established previously, this saturation poses a severe tribological challenge by
drastically lowering the coefficient of static friction, necessitating highly acute wedge
geometries®!. However, this deep lipid penetration also provides several profound, highly
beneficial mechanical and physiochemical enhancements to the Hornbeam timber.

First, the infusion of oil radically improves the dimensional stability of the press. Wood is an
inherently hygroscopic material that relentlessly swells and shrinks in response to fluctuations
in ambient atmospheric humidity. When the dense Hornbeam is deeply impregnated with



extracted lipids—such as linseed, rapeseed, or walnut oil—the hydrophobic oil molecules
physically occlude the cellular pits and coat the highly reactive hydroxyl groups within the
cellulose matrix’®. This permanent hydrophobic barrier dramatically reduces the timber's
capacity for moisture absorption. Empirical testing demonstrates that deep impregnation with
drying oils, such as linseed oil, reduces the swelling coefficients in both the tangential and radial
directions by 25% to 33%’°. By locking the timber into a state of permanent dimensional
stability, the oil prevents the development of microscopic shrinkage checks (cracks) that
frequently occur during dry seasons. Preventing these checks is absolutely vital, as any internal
crack serves as a severe stress riser that significantly lowers the energy release rate threshold
and accelerates shear failure along the grain”’.

Second, the impregnation of dense, viscous oil into the microscopic cellular voids of the timber
noticeably increases the internal dampening coefficient of the wood. When the stamper strikes
the wedge, the resulting high-frequency acoustic shockwaves propagate violently through the
press structure. The viscoelastic nature of the oil-saturated cellular matrix acts as an acoustic
shock absorber, dampening the vibrational transmission and dissipating the kinetic energy as
trace amounts of thermal energy, thereby actively protecting the rigid structural integrity of the
main beam from long-term acoustic fatigue®”.

Finally, the continuous boundary lubrication provided by the penetrating oil virtually eliminates
the destructive effects of abrasive mechanical wear between the sliding faces of the driving
wedge and the spacer blocks®. In a dry friction scenario, the massive lateral compressive loads
would cause the wood fibers on the wedge faces to aggressively tear, splinter, and gall against
one another, rapidly destroying the geometry of the tool. However, in the oil-saturated
environment of the press trough, the heavily loaded timber elements glide smoothly past one
another on a microscopic, incompressible hydrodynamic film. This ensures the longevity of the
moving parts and maintains the precise, acute taper angle required for safe and effective
operation over thousands of pressing cycles.

Conclusion

The engineering, construction, and operation of a heavy-duty traditional wooden wedge press
represents a highly sophisticated, multi-disciplinary manipulation of physical forces, brilliantly
conceived to bypass the limitations of pre-industrial power generation. By exploiting the static
mechanical advantage of the double-inclined plane, the press architecture seamlessly
translates the high-velocity vertical kinetic energy of a falling stamper into immense, sustained
lateral compressive forces. These forces, often equating to tens of Megapascals of internal
pressure, are precisely what is required to overcome the structural limits of thermally
pre-treated, roasted oilseeds, rupturing their cellular membranes and expressing their valuable
lipid contents.

A rigorous mathematical analysis of the system's kinematics dictates that to maintain a safe,
self-locking state within a heavily oil-lubricated environment, the half-angle of the wedge must
be kept highly acute—strictly below 19 degrees, and practically engineered between 10 and 12
degrees—to compensate for the drastic, lubrication-induced drop in the static friction
coefficient. Furthermore, evaluating the catastrophic internal stresses via the rigorous
protocols of Eurocode 5 reveals that the intense compression perpendicular to the grain,



coupled with severe longitudinal shear stresses and relentless cyclic impact fatigue, far
exceeds the structural capacity of standard construction timbers.

Therefore, the successful execution of this design dictates the exclusive use of
supreme-density, interlocked-grain hardwoods. European Hornbeam (Carpinus betulus) stands
as the optimal metallurgical-equivalent material for this demanding application. Its unmatched
perpendicular compressive strength, extreme Brinell surface hardness, and profound
resistance to splitting ensure that both the main beam and the active wedges can withstand
decades of immense hydrodynamic pressure and cyclic pounding, effectively cementing the
traditional wooden wedge press as a marvel of organic material science and heavy industrial
extraction kinetics.
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